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Pemem1eM 33-ii ceccun reuepanLnoii Kon4>epe11111111 IOHECKO 100-nenie co AHH 

po~emm aKa.i:.e1m1Ka Hopaupa Mapn1poc0B11'1a CncaKHna BKJIIO'Ieno 

B Kanen.i:.apb ro611ne1111blx J:(3T IOHECKO na 2006-2007 rr. 

III MeJK.n;yuapO.z:IHbIH CHMl1031IYM «Tipo6neMbI 6noxnMHH, p3.z:1na11nouuoii II 

KOCMnqeCKOH 6nonornn» (MOCKBa, ,[(y6Ha) 11p0X0.[lllJI B 11epno.z:1 C 24 110 28 l!HBapll 

2007 r. u 6bm opraHH30BaH PoccuiicKOH 3K3.[leMHeii HayK, OT.[leJieHHeM 

6uonornqecKUX HaYK P AH, HHCTUryTOM 6noxnMHH UM. A.H. Baxa P AH, HHCTHTYTOM 

Me.n;nKo-6uonornqecKnx 11po6neM PAH, Ha11noHaJibHOii aKa.[leMneii HayK Pec11y6nnKH 

ApMeHull, HHCTHTYTOM 6uoxnM11u UM. r.x. ByHanma HAH PA, EpeBaHcKuM 

rocy.i:.apcTBeHHblM YJIHBepcHTeT0M, MelK.[lyttapo.[IHbIM YHHBepcnTeT0M 11pnp0.[lbI, 

o6m:ecrna u qeJI0BeKa «,[(y6Ha» u O61,e.z:1uueHHblM HHCTIITYT0M l!.[lepHbIX 

llCCJie.[IOB3Hllll. 

CHMl103HYM CTaJI TPMHIIII0HHblM MeCT0M BCTpeq J:(Jlll 6HOXIIMUKOB, 

p3.z:1uo6nonoroB u crre11uan1ICT0B B o6nacTU KOCMHqecK0H 6HOJIOrllll u Me.[IHIIIIHbl 

pa3Hb!X UHCTHTYT0B II CTpaH. B :HOM ro.n;y OH HMeJI CTaTyc J06UJieHHOro u 6bm 

11puypoqeH K 100-nernJO co .z:IHll polK.[leHHll aK3.z:1eMnKa Hopaiipa MaprnpocoBmia 

CncaKl!Ha. 

AKMeMHK H.M. CncaKl!H (1907-1966) - Kpy11Heil:rrmil: yqeub1il:-6uoxUMHK, 

0.[IUH ll3 0CH0B0l10JI0JKHUK0B KOCMHqecKoii 6uonornn, Bbl.[laJOID;UllCll opraHH33T0p 

HayKH U MelK.[lyHap0J:(H0r0 C0TPY.z:IHHqecTBa yqeHb!X. 8 TeqeHne Pl!.z:13 JieT aKa,[leMHK 

H.M. CncaKl!H 6bm qneHoM ITpe3H.z:1UYMa AH CCCP, l!BJllll!Cb aKa.[leMuKoM-CeKpeTapeM 

OT.n;eneHHll 6uonornqecKHX HaYK n rJiaBHbIM yqeHbIM ceKpernpeM ITpe3UJ:(llYMa AH 

CCCP. Hopail:p MapTnpocoBU'I l!BJil!JICll .n;eil:cTBHTeJibHbIM qneH0M u BHI.1e-

11pe3HJ:(eHT0M MelK.[lyttapOJ:(HOll aK3.[leMUU aCTP0HaBTUKll, 11pe.z:1ceJ:(aTeJieM KoMUTeTa 

110 6noaCTPOHaBTHKe MelK.z:lyHapo.n;Hoil: acTpoHaBrnqecKoil: cpe.z:1ep311nn. OH CT0l!JI y 

UCT0K0B ITaryOIIICKOro .[IBUJKeHllll yqeHbIX 33 Mllp, B 1964-1966 rr. 6bIJI ITpe3HJ:(eHTOM 

XIII ceccnn feHepanbHOii KoucpepeH11nu IOHECKO. · 

B pa6oTe CUMII03HYMa rrpuHl!Jlll yqacTue CBbIIIIe 150 yqeHblX ll3 Poccnu, 

ApMeHHH, fpY3uu, Benopyccun, HTanun, KaHa.[lbI, CIIIA. Ebmo CJ:(eJiaH0 18 

11neuapHbIX, 50 ceKIIU0HHblX n 20 110CTepHbIX .[I0KJI3.[I0B. 
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OTKpbITHe CHMl103HYM3 C0CT0l!JI0Cb 25 l!HBap.SI B MOCKBe B 11pe3U.[leHTCK0M 

3ane p AH. Ha 11epeM0HUll T0plKeCTBeHH0ro 0TKpbITllll BbICTyl1UJIU Bbl.[laJOm;uec.SI 

yqeHble II ,[lel!TeJIH H3YKH: 3K3.[leMHKU PAH H.A. ITJiaT3, o.r. fa3eHKO, 

A.H. fpnropbeB, aK3.z:1eMnK HAH PA A.A. ranol!H, .n;IlpeKTop HHcTuryTa 6I10XI1MHH 

nM. A.H. Baxa 11pocp. B.O. IT0110B, oTBeTcTBeHHbIH ceKpeTapb Poccnil:cKoro 

ITaryowcKoro K0MIITeTa P AH M.A. Jie6e.n;eB. qpe3Bbiqail:Hbiii n 110JIHOMOqHbIH 11ocon 

Pecrry6JIIIKH ApMeun.SI B P<t> A.B. CM6arnH 3aq1ITan rrpI1BeTcrneuub1il:_ 3.z:1pec OT 

Tipe3IIJ:(eHTa ApMeHIIII P.C. Koqapl!Ha, rrpI1BeTcTBne OT reHepanbuoro .n;IlpeKTopa 

IOHECKO K.Ma11yypb1 ornacI1JI .z:IIlpeKTop 6IOpo IOHECKO B MocKBe ,[(eHJ:(eB 

B3.z:1apq. ITpnBeTCTBeHHblll 3.z:1pec yqacTHUKaM cpOpYMa 6blJI HaiipaBJieH II 

pyK0B0J:(llTeJieM <l>eJ:(epanbHOro areHTCTBa no HaYKe U UHH0B311II.SIM P<t> 

C.H. Ma3ypeuKo. 

Bo BpeMl! BbicryrrneHHH 6bIJIO cKa3aHo MHoro TeIIJibIX cnoB o H.M. CI1caKl!He, 

ero orp0MH0M BKJI3.[le B HayKy, opraHH3aTopCKIIX crroco6HOCT.SIX, YMeHHll crrnaqnBaTb 

K0JIJieKTIIBbl II pa6oTaTb c JIIO.[lbMII. Oco6oe BHIIMaHHe BblCTyrraJOm;ue y.n;eJIIIJill 

11peeMCTBeHH0CTll IIOKOJieHHll II BaJKH0CTll rrepe.z:1aqI1 Bcero nyqwero, qTo 6bmO 

HaK0l1JieH0 rrpe.n;weCTBeHHHKaMII, M0JI0J:(b!M yqeHbIM II UCCJie.[I0BaTeJillM. 

8 J:(HII pa60Tbl CIIM1103HYM3 BIIJ:(Hb!M yqeHbIM II opraHil33T0paM H3YKH 6bmII 

BpyqeHbI MeJ:(aJIII IIMeHH aKa.[leMUKa H.M. CucaKl!Ha, yqpelK.[leHHbie PoccIIHCKOH 

3K3.[leMI1eil: ecTecrneHHblX HayK. 

HayqHYJO qacTb rrporpaMMbl C0CTaBHJIII TPII CeKIIHll: 6IIOXHMII.SI; K0CMuqecKal! 

6HOJIOrllll n MeJ:(UIIIIHa; o6m;al! n K0CMilqecKal! P3.z:III06HOJIOrH.SI. no eJ:(HH0J:(yrnH0MY 

MHeHIIIO BCeX yqacTHUK0B CllMII03HYMa, OJ:(HOll Il3 ero xapaKTepHbIX oco6eHHOCTell 

l!BJllleTCll B03M0lKH0CTb 03HaK0MIITbC.SI C pa3pa60TKaMII, ocym;eCTBJllleMb!Mll 

crre11I1aJIIICTaMU, pa6oTaJOID;HMll B CMelKHbIX o6nacT.SIX H3YKU. 3ro 3HaqI1TeJibH0 

o6oram;aeT n pacnmpl!eT HayqHbIH Kpyro3op 6nonoroB, pa6oraJOm;ux B pa3nnqHbJX 

o6naCTl!X C0BpeMeHHOH H3YKH, II03B0JI.llll cocpeJ:(0T0qllTb BHIIMaHile Ha ee aKryaJibHblX 

npo6neMax, J:(aeT B03M0lKH0CTb KpHTHqecK0ro aHaJIH3a II0J:(X0.[I0B K peIIIeHl!IO 

co6crneHHb!X 33.z:1aq B C0TPY.z:IHllqecrne C K0JIJieraMH U3 .n;pyrnx llHCTllryT0B u 

na6oparop11il:. 
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Mrnrn pa6on,I CIIMII03IIYMa 6hmII IIO]IBe]leHbI B XO.Lie 3aCe]laHIIJI Kpyrnoro 

CTOJia «HaY'JHOe Hacrre]IIIe aKa]leMJIKa H.M. CIICaKJ!Ha II COBpeMeHHbie rrpo6rreMbl 

6IIOXIIMIIII II KOCMJiqecKoii Me.LIIIIIIIHbD>, KOTOpoe rrpoXOJIIIJIO ITO.LI rrpe]ICe]laTeJibCTBOM 

aKa]leMIIKa HAH PA A.A. rarroJ1Ha II rrpo<p. E.A. KpacaBIIHa. 

Crre]lyeT oco6o OTMeTIITb aKTIIBHOe yqacn1e B pa6oTe CIIMII03II)'Ma MOJIO.Llb!X 

yqeHblX. MMII 6bm rrpe.LICTaBJieH Pll.LI IIHTepeCHb!X II rrepcrreKTIIBHb!X pa6oT. Ilo IITOfaM 

KOHKypca JIOKJia]IOB MOJIO]lb!X yqeHbIX 6hill0 rrpoBe]leHO Harpall(J(eHIIe JIIIIIJIOMaMII II 

rrpeMIIJIMII~(O.LIHa rrepBal!, .LIBe BTOpbie II .LIBe rrooru:pIITeJibHbie rrpeMIIII) IIJ!Tepb!X 

MOJIO]lb!X yqeHbIX II crreIIIIaJIIICTOB. Ee3yCJIOBHO, pa6oT, JIOCTOHHbIX Harpall(J(eHIIJI, 

6bmO ropa3.LIO 60JibIIIe, II C]leJiaTb BbJ6op B IIOJib3Y Toro IIJIII IIHOro .LIOKJia]la 6bmo 

JI0CTaToqHo CJIOlKHO. 

IlpO.LIOJilKeHJie I06IIneiiHbIX MeporrpIIllTIIii rrpOXO.LIJIJIO B ApMeHIIII. 

Mell(J(yHapOJIHblii CIIMII03IIYM «IIpo6neMbl 6IIOXIIMIIII, MOJieKynllpHoii, Pa.LIIIaIIIIOHHOii 

6IIonornII II reHeTIIKII» rrpowen ITO.LI JrHJIOii IOHECKO 2-4 arrpenl! 2007 r. B 

r.EpeBaHe II B r.AwrnpaKe, rAe po.L1IIJICJ1 H.M.CIICaKJIH. OpraHII3aTOpaMII JTOro 

HayqHoro q>Op)'Ma CTaJIII HaIIIIOHaJibHaJI aKa]leMIIJI !IayK Pecrry6rrIIKII ApMeHIIJI, 

MHCTIIryT 6IIOXIIMIIII JIM. r.x. bYffaTJ!Ha HAH PA, EpeBaHCKIIii rocy.L1apcTBeHHbiii 

YHIIBepcIITeT, EpeBaHCKIIii <pII3JiqecKIIii IIHCTIITYT IIM. A.H. AnIIXaHJ!Ha, PoccIIiiCKaJI 

aKa]leMIIJI HaYK, MHcrnryr 6IIOXIIMIIII JIM. A.H. Eaxa P AH, O61,e.L11IHen11b1ii IIHCTIITYT 

JI.LlepHbIX IICCJie]IOBaHIIii. 

OTKpbITIIe CIIMII03IIyMa cocToJ1nocb B 3arre Ilpe3II.LIIIYMa HAH PA. C 

rrpIIBeTCTBIIJIMII BbICTyrrIIJIII rrpe3JI]leHT HAH aKa]leMIIK p .M. MapTIIpOCJIH II MIIIIIICrp 

KynhrypbI ApMeHIIII A.C. IIorocllH. IlpIIBeTCTBIIe OT IIMeHII ITpe3II.LIIIYMa P AH 

3aqJITarr aKa]leMIIK P AH M.A. OcrpoBCKIIii. OT IIMeHH OIUIM yqacTHIIKOB 

CIIMII03II)'Ma rrpIIBeTCTBOBaJI Cb!H aKa]leMIIKa H.M. CIICaKJ!Ha, qneH-KOppecrrOH]leHT 

P AH AneKceii HopaiipOBJiq CIICaKJIH. OT IIMeHII .LIIIpeKIIIIII II KonneKTIIBa MHCTIITyra 

6IIOXIIMIIII JIM. A.H. Eaxa c rrpIIBeTCTBeHHbIM CJIOBOM BblCTYIIIIJia rrpo<peccop 

H.II. lOpIIHa. PJ1.L1y BIIJIHbIX yqeHbIX 6bmII BpyqeHbI Me]larrII P AEH IIMeHII aKa]leMIIKa 

H.M.CIICaKJ!Ha C rrneHapHbIMII JIOKITa]laMII BhICTYIIIIJIII aKa]leMIIK M.A. OcrpoBCKIIii 

(P AH), aKa]leMIIKII HAH PA A.A. rarroJ1H II M.A. .lJ:aBTJIH, rrpo<peccop 

II. CrrIInnaHTIIHII (MTarrIIJ!) II .Llpyrne. CeKIIIIOHHhie 3ace.L1aHIIJ1 CIIMII03II)'Ma 
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npoXO]IIIJIII Ha 6JIOJIOfJiqecKOM <paKy Jib TeTe EpeBaHCKOro rocy]lapCTBeHHOfO 

yHIIBepcIITeTa. Pa6oTa ceKIIIIii rrpoXO]IIIJia no .LIBYM HarrpaBJieHIIJIM: 6IIOXIIMIIJI II 

MOJieKyJIJ!pHal!, Pa.LIIIaIIIIOHHaJI 6IIOJIOrHJI II reHeTIIKa. 

Herrh3JI He OTMeTIITb KYJihTYPHYID rrporpaMMY CIIMII03II)'Ma. YqacTHIIKII 

rrocenrnII r. AIIITapaK, po.LIIIHY H.M. CIICaKJ!Ha, ruKony ero IIMeHII, .LIOM-My3eii, 

B03JIOlKIIJIII IIBeTbl K ero IlaMJITHIIKY, BCrpeTIIJIIICb B MeCTHOM .ll:BOpIIe KYJihTYPbI C 

)KJITeJIJIMII ropo]la, KOTOpbie 6epelKHO xpaHJIT IIaMJ!Tb O Bbl.LlaIOI.U:eMCJI 3eMJIJ!Ke. 

He3a6bmaeMbIM 6hmo rroceru:eHIIe .LlyxOBHOro IIeHrpa ApMl!HCKOii aIIOCTOJibCKOii 

IIepKBII B 3qMJia]l3IIHe, r]le AerreraIIIIJI yqacTHIIKOB CIIMII03IIYMa 6bma rrpIIHJ!Ta 

KaTaJIIIKOCOM Bcex apMl!H raperIIHOM II. B CBOeM o6paru:eHIIII OH IIO]lqepKHYJI 

Hepa3pbIBHYIO CBJl3b apMl!HCKOro II pyccKoro HapO.LIOB, KYJibTYP, o6ru:HOCTb .LlyxOBHbIX 

IIeHHOCTeii. B MHCTIITyre BIIHO.L1eJIIIJ1 II BIIHOrpa.Llapcrna HAH, rAe B 1940-1950 rr. 

pa6oTarr H.M. CJICaKJIH, COCTOJIJIOCb OTKpbITIIe MeMOpIIarrbHOii JIOCKII B ero IIaMJ!Tb. 

IlO.LIBO.LIJI IITOrII pa6oThI cIIMII03IIYMa, aKa]leMIIK A.A. rarroJ1H CKaJarr: «Hae 

Bcex cero.L1H.J1 co6parr Hopaiip MapTIIpocoBJiq CIICaKJIH, II MbI OT]laeM rny6oKYIO JlaHb 

IlaM.JITII 3TOMY CBeTIIJIY 3a TOT orpOMHbiii BKJia]I, KOTOpbIH OH BHec B HaYKY»-
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Opz«oMumem CUMll0JUyMa 

A.Llpec CIIMII03IIYMa B IIHTepHere: 

www .sissakian.ru 



Bbl CTYIIJIEHIUI 



A.H. rpuropbeB 
AKa,z:ieMHK PAH, aKa,L\eMUK-CeKpernph OT.L1eneuu11 6uonornqecKux uayi< PAH, 

11upeKT0p fHI.J: P<f> - I1MEII 

YBIDKaeMbie KOJIJiern! 

MHe JI0CTaBJIHeT 6oJihIIIOe Yll0B0JihCTBUe npl!BeTCTB0BaTh Bae B 

npe3llJleHTCK0M 3aJie PoccuiicKOll aKa,L(eMHU uayK, U H xoqy Bae Bcex n03/lpaBUTh C 

J{HeM po)K)leHU.!1 6necrnll(ero 6uoxuMUKa, npeKpacuoro 6uonora, BeJIHK0Jienuoro 

opraHH3aTopa, qeJioBeKa IIIupoqaiiIIIeii 11yIIIu aKa,L\eMuKa CucaKHHa Hopaiipa 

MapTl!pOCOBuqa. CerOJIH.!I, 25 HHBap.11, ucn0JIH.!leTC.!I 100 JleT co JIH.!I ero po)I{JleHUH. B 

3T0M 3aJie cer0JIH.!I CUJl.!IT Te, KT0 UMeJI cqaCTbe C HUM pa6oTaTh - ero yqeHllKU, u Te, 

KT0 He pa6oTaJI C HUM BMeCTe, HO 3HaJI ero qepe3 ero yqeHl!K0B u no rry6JIUK~UHM. 

MHe X0TeJI0Ch 6bI CKaJaTh HeCK0JlhK0 CJI0B 06 JT0M 3aMeqaTeJihH0M yqeHQM, KOTOphlll 

pOJ{IIJIC.!I B He6oJihIIIOM apM.!!HCK0M ceneuuu AIIITapaKe. HaM, npe11cTaBUTeJIHM 

):lenerim11u Pocc11iicKoii aKa,L(eMuu uayi<, no6hIBaBIIIeii 11Ba ro11a Ha3a.z:1 B ApMeHuu, 

YJ:laJI0Ch YBH}:leTh JT0T ropo11, noceTUTh ceJihCKYJO IIIK0JIY, r11e yq11JICH TaJiaHTJIUBhlll 

MaJib'IIIK, paH0, B 12 JleT, JlllIIIUBIIIllllC.!I MaMhI. Ou C }:leTCTBa T.!IHYJIC.!I K 3HaHUHM, 

IlOCJie IIIK0Jihl nocrynuJI B EpeBaHCKUll YHUBepcuTeT, n0T0M nepeBeJIC.!I B 

JieH11Hrp8,LICKllll CeJihCKOX03.!lllCTBeHHhlll l!HCTHTYT U 3aKonquJI CB0e o6pa30BaHlle B 

TIIM11p.!!3eBCKOll aKa,L(eMUU. TaJiaHTJIUBhlll MOJIOJIOll qeJI0BeK 6hm npurnarneH 

aKa}:leMIIK0M ,n:.H. ITp.!!HUIIIHUKOBhIM B acnupaurypy, OH pano 3all(l!TUJI KaH}:IU}:laTCKYJO 

Jll!CCepTim1110, a qepe3 4 ro11a, B 1940 r., 6necrnll(e 3all(HTHJI JI0KTopcKyro 

J{IICCepTaqllIO. 

YlKe B TO BpeM.11 TpYllhI Hopaiipa MapTupocoBuqa no 6uoxuMHU pacTenuii 

6bm11 BbIC0K0 0TMeqeHhl uayqnoii o6ll(eCTBeHHOCThIO. Ou 6hm npurnaIIIeH B UHCTllTYT 

Eaxa - CTapeHIIIUll aKa,L(eMuqecKUll UHCTUTYT, C K0T0phIM <paKTuqecKU 6bma CBH3aHa 

BC.!! ):laJibHellIIIa.!I nayqna.11 CYJlb6a Hopaiipa MapTI!pOCOBuqa. OKOJIO Tpl!JlqaTU JleT OH 

pa6oTaJI B JT0M 3aMeqaTeJihH0M UHCTUTYTe, u 0CH0BHhie ero uayqHhie JI0CTUlKeHUH 

CB.!13aHbl UMeHH0 C JTUM K0JIJieKTUB0M. y Hero 6hlJIU YllUBUTeJihHhJe yquTeJI.!I -

aKa}:leMIIK A.H. Bax u, KoHequo lKe, ero CTapIIIuii TOBapull( aKa,L\eMuK A.H. Onapuu. K 
Hec'!aCThIO, MUpHhiil: TPYll 6hm npepBaH Boiiuoii. B nepH0JI BOHHhI Hopaiip 

MapTl!pOCOBllq 3aHl!MaJIC.!I B 6oJihIIIell CTeneHll npllK!Ia,L(HOll 6HOXllMl!ell, a He 

!pYHJ:laMeHTaJihHOll. .51 llYMaIO, qT0 06 JTOM no11po6uee paccKIDKeT cero}:IH.!I 

B.O. IlorroB B CB0eM JI0KJia,L(e. I1M 6hm npellJI0lKeH opHruHaJihHhlll MeT0ll coxpaHeHUH 

BIITaMIIH0B npll cyIIIKe OBOJ.I.(eii, KapTO<peJI.!I, ~o 6hIJIO Kpaiiue BIDKH0 B TOT T.!llKeJihlll 

nepno11 JIJI.!I uaIIIeii CTpaHhI ll JIJl.!I apMHU. Ilocne 3aBepIIIeuu.11 BeJIHKoii OTeqecrneuuoii 

BOHHbl ero <pYHJlaMeHTaJihHhie llCCJie}:I0BaHll.!I np0JI0JllKl!Jll!Ch YlKe B n0JIH0M 

Macrnra6e. OHll B 0CH0BH0M 6bIJill n0CB.!lll(eHhl KJieToquoii 6l!OJIOfllll ll 6l!OXl!Mllll 

- pacreHllll. P.1111 6JieCTHJ.I.(llX pa6oT "6hm noCB.!lll(eH XJI0ponJiaCTaM. 11, HaBepuoe, JT0 

OT):leJihHhlll, oqeHh BIDKHhlll ll oqeHh 60JihIIIOll PaJlleJI 11e.11TeJihH0CTll JT0ro 

3aMe'!aTeJihHoro yqeuoro. 

O11naKO ero 11e11TeJihH0CTh He orpaull~Banacb T0JihK0 <J:>yu11aMeHTaJihHOll 

6110Xl!Mlleii • .51 HMeIO B BllllY ero pa60Thl B o6naCTll MOJieKyJI.!ipHOll 6HOJIOrnu, K0r11a B 

KOHqe 1940-x - uaqane 1950-x rr. BMecTe c B.A. 3urenbrap11ToM u 11pyrnMH 

K0JIJiefaMll OH uaquuan B HaIIIell CTpaHe UCCJie}:I0BaHllH no KJieToquoii MOJieKyJIHpHOll 
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6noJiorm1, npO){OnJ!<a.ll y){elli!Tb MHOfO BHIIMaHII.ll acneKTaM nplIKJia){HOH 6HOXIIMIIII. 

Hanm apM.l!HCKHe KOJIJierlI, naaepnoe, paccKmKyT, KaKa.ll :no 6bma 3aMeqaTeJibHa.ll 

Jia6opaTopn.ll. HecKOJ!bKO JieT TOMy Ha3a){ Mlle YAMOCb rro6bIBaTb B JTOH Jia6opaTopHII 

B EpeaaHe, r){e rro-rrpei1rneMy oru;yru:aeTc.ll Ayx aKa){eM1IKa H.M. CncaK.l!Ha II r){e 

rrpO){OJilKaTeJIII ero ){eJia rrpOBO){.l!T HCCJie){oBaHII.ll no 61IOXHMIIII pacTeHIIH, a 

qaCTH0CTH, rrpo){0JilKfilOT IICCJie){oBaHH.ll 6noXIIMHII BIIHa. On 6bm O){HIIM II3 TeX, KT0 

pa3pa6oTan nayqHbie II0){X0){bl K 6nOXIIMHH BIIH0){eJIH.ll, II 3TH pa60Tbl HMeJIII H m.1eIOT 

rp0Ma){H0e rrpaKT!I'IeCK0e 3naqenne. HM 6bm H3){aH rrpeKpaCHblH c6opHHK ITO 

6nOXIIMllll BllH0){eJIII.ll, K0T0pblH crreIIHMllCTbl ){0 CIIX rrop 0IIeHHBfilOT KaK 

3aMeqaTeJibHblll TPYA B 3TOH o6JiaCTII, II, K0Heqno JKe, 3TH pa6oTbl rro-rrpelKneMy 

BOC1'pe6oBaHbl. 

Mne KaK rrpe){CTaBIITeJIIO KOCMJiqecKOll 61IOJIOflllI XOTeJI0Cb 6b! II0){qepKHYTb 

oco6yro 3HaqlIM0CTb Tex IICCJie){OBaHIIll, K0TOpbie rrp0B0){llJI aKa){eMIIK H.M. CIICaK.l!H 

B 3TOH o6JiaCTII nayqHb!X 3HaHllll. B KOHi.ie 1950-x rr. 3TII IICCJie){OBaHII.ll 6binll HaqaTbl 

O.f. fa3eHKO, KOTOpbill BMeCTe C HopaiipOM MapTHpOCOBJiqeM CT0.l!JI y IICTOK0B 

KOCMJiqecKOll 6HOJ!Ofllll. QqeHb BalKH0 6blno a TO BpeM.ll rrpaBIIJlbHO orrpe){eJIJITb 

0CH0BHble nanpaBJieHH.ll, K0T0pbie rrpe){CT0.lln0 pa3BHBaTb a 6JI1IlKaHIIIIIe fO){bl a TaKOll 

He06bNHOH HOBOll o6JiaCTll 3HaHJIH, KaK K0CMJiqeCKa.ll 6JIOJ!Ofll.ll. H HaIIIII yqJITen.ll BO 

rnaae C HopaiipoM MapTIIpOCOBJiqeM YJ:lllBIITeJibHb!M o6pa30M paCCM01'peJIJI II 

BbI6panH Hall60Jiee 3naqJIMble narrpaarreHJI.ll pa3BIITH.ll KOCMJiqeCKOll 61IOJ!Of!III. 3TO 

6binll q>yn){aMeHTMbHbie rrpo6JieMbl BJIH.l!Hll.ll rpaBIITaIIHH II H3JiyqeHH.ll Ha 

q>H3HOJIOrnqeCKIIe, 6HOXIIMHqecKIIe MexaHII3Mbl, II3MeHemrn B pa3JIHqHblX 

6HOJ!Of!IqecKHX 061,eKTax. 3To 6bmll II rrpHKJia){Hble acrreKTbl KOCMJiqeCKOH 6JIOJ!Ofllll, 

TaKlle KaK C03){aHIIe CIICTeM lKII3Heo6ecrreqeHH.ll, oco6eHHO 6JIOJ!OfllqecKHX CllCTeM 

lKII3Heo6ecrreqeHII.ll, qJ"0, KoneqHo, 6bmo 6JIJilKe aKa){eMIIKY H.M. CIICaK.l!Hy, 

II0CK0J!bKY OH B CBOeii HayqHoii ){e.l!TeJibH0CTll y){eJI.l!JI oqenb MH0fO BHHMaHH.ll 

6HOXIIMllll pacTeHIIll. 

QqeHb IIHTepeCHbie pa60TbI 6bmll BbIIIOJIHeHbl B o6JiaCTll KOCMnqecKOH 

PaJ:lll06HOJ!OflllI. MHe YAMOCb n03HaKOMIITbC.ll C q>llJibMOM, KOTOpblll 6bm CH.l!T B qecTb 

3TOfO I06JIJie.ll. Ha MOH B3fJl.ll){, q>llJibM IIOJiyqlIJIC.ll oqeHb xopOIIIIIM . .51 He 3HaIO, 6y){eT 

Jill OH IIOKa3aH no TeJieBII){eHJIIO, II0-Bll){IIM0MY, ){a, II Bbl YBII){IITe, KaK HaqJIHanaCb 

K0CM1IqeCKa.ll 6JIOJ!Orll.ll II qJ'O a nacTO.llru;ee BpeM.ll ){eJiaeTC.ll a pa3BIITJie JI){eii, KOT0pb!e 

6hlnll polK){eHbl HopaiipoM MaprupOCOBJiqeM II ero KonneraMII a KOHIIe 1950-x rr. B 

3TOH o6JiaCTll Mb! JIMeeM 6e3yCJIOBHbie ycrreXII, H B 3HaqlITeJibHOll CTerrenll 0HII 

orrpe){eJieHbl TeM, KaK 3T0 Bee HaqnHanOCb. ApHCTOTeJib fOB0pHJI, qJ'O rrpaBIIJ!bH0e 

Haqano - II0JI0BHHa ycrrexa, 3T0 ){eHCTBJITeJibHO TaK. Haqano 6bmo HaCTOJibK0 

3HaqJIMbIM II HaCTOJ!bK0 rrpaBIIJ!bHbIM, qJ'O Mbl ){0 CIIX rrop, BOT ylKe no rrpoIIIeCTBIIII 

II.l!Tll){eC.l!Tll JieT, MHOflle II3 TeX rrpo6JieM, K0TOpbie 6bIJill IIOCTaBJieHbl, cqJITaeM 

B!llKHeiiIIIIIMll. 3To KacaeTC.ll ne T0J!bK0 B0HpOC0B KOCMIIqecKOll 6HOJ!Ofllll, HO II 

BOIIpOC0B KOCMIIqeCKOH q>ll31IOJ!Ofllll II Me){JIIIIIHbl. KcTaTJI, 6JIOJIOr H.M. CHCaK.l!H 

MH0flle fO){bl BXO){IIJI B cocTaB rnaanoii Me){IIIIIIHCKOii KOMIICCIIH ITO oroopy 

KOCM0HaBT0B. O.f. fa3eHKO KaK Bpaq MH0rne fO){bl B03fJiaBJI.lln JTY KOMIICCIIIO, H B 

3T0ll KOMHCCIIH 6bm p.ll){ Bbl){aIOru;HXC.ll nanmx yqeHbIX, TaKHX KaK B.H. qepnnrOBCKHll 

n H. M. CncaK.l!H. 

MHe oco6o xoTeJIOCb 6b1 CKa3aTb o CB.ll3H aKa){eMnKa H.M. CncaK.l!Ha c 

){e.l!TeJlbHOCTbIO AKa){eMnn HaYK, Bo-rrepBbIX, JTO ){llpeKTopcTBo B HncTHTYTe 

6HOXHMHH p AH, H Mlle oqenb rrpll.l!THO, qJ'O 3){eCb npHCYTCTBYeT MHoro COTPYAHHKOB 
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JTOfO IIHCTHTYJ'a. HEX ){eiiCTBJITeJibH0 npeKpaCHblll IIHCTHTYT, II TO, qTO Bbl 

npo){OJilKaeTe HaCJie){He Hopaiipa MapTHpOCOBJiqa, - qeCTb H xaana BaM 3a 3TO. 

Ey.Qyqn ){npeKTopoM nnCTHTYTa, Hopaiip Mapmpocoanq 6bm paHO 1!36paH B 

AKa){eMHIO HaYK CoaeTCK0fO CoI03a (qneHOM-KOppeCII0H){eHTOM, a 3aTeM 

aKMeMIIKOM). 3To xopoIIIO, qJ"O OH pano 6bm II36paH, oco6eHHO no TerrepeIIIHIIM 

B03pacTHbIM MepKaM, qeJIOBeK OH 6bm 3Heprnqnblll, ){e.l!TeJibHblll, oqeHb 

opraHII30BaHHblli, II, ecTeCTBeHH0, 3T0 Bll){eJI0 pyK0B0){CTB0 aKa){eMIIII. HecKOJ!bKO JieT 

on npopa6oTan 3aMeCTIITeJieM rnaanoro yqenoro ceKpeTap.ll aKa){eMIIII, necKOJibKO JieT 

OH 6bm aKMeMIIKOM-CeKpeTapeM OT){eJieHH.ll 6noJIOfJiqecKIIX HayK, a 3aTeM, B 

1963-M r., OH 6bm 1!36pan rnaBHbIM yqeHbIM ceKpernpeM AKMeMIIII HayK CoBeTCKOfO 

CoI03a. On npo6bm B 3T0ll ){0JilKH0CTll He ){0JifO, acero Tpll ro){a, HO 3aIIOMHIIJIC.ll 

MHOfIIM HelICC.l!KaeMOll JHeprIIeii, CaM00TBeplKeHH0CTbIO a pa6oTe, npe){aHHOCTbIO 

AKMeMIIII HaYK, 06 3T0M M0lKH0 npoqIITaTb, KCTaTII, B KHIIre, K0TOPYJO BbIIIYCTIIJIII K 

I06HJieIO Hopaiipa MapTIIpocoaIIqa, TaM Bbl YBII){IITe nepenIIcKy pyKoBo){cTBa 

AKMeMIIll nayK no TeM IIJIH llHb!M BonpocaM c PYKOBO){CTB0M CTpanbI. 3){eCb 

npIICYTCTByIOT COTPYAHIIKII ll3 HaIIIero HayKorpMa Ilyru;IIH0, a Be){b B 3HaqIITeJibHOll 

cTeneHII 6Jiaro){ap.ll ycIIJIII.l!M KeJI){bIIIIa II CIICaK.l!Ha YAM0Cb naqaTb C1'p0IITeJibCTBO 

3T0f0 nayKorpa){a B Te cp0KII, K0TOpbie 6bIJill 3aIIJiaH1Ip0BaHbl B AKa){eMIIII HaYK, HO 

KOT0pbie He oqeHb no){){eplKIIBMIICb HeK0TOpb!MII pyKOB0){IITeJI.l!MII MocKOBCKOll 

o6JiaCTll, CIICaK.l!H H.M. 6bIJI oqeHb ){e.l!TeJibHblM qeJioBeK0M II pa6oTan CJIIIIIIKOM 

MH0fO, II0-BII){IIM0MY, 3TO H II0BJIII.l!JI0 Ha TO, qT0 OH oqenb pano YIIIeJI II3 lKII3Hll, Be){b 

eMy ne 6hmo eru;e II 60 JieT. 
OH 3aIIOMHIIJIC.ll BCeM pa6oTaBIIIIIM C HIIM He T0JibK0 KaK yqeHblll, HO II KaK 

3aMeqaTeJibHOll .QYIIIII qeJI0BeK. Mne nocqaCTJIIIBHJI0Cb rrpHCYTCTB0BaTb Ha KpyrnoM 

CT0Jie II CJibIIIIaTb, KaK ero yqeHIIKII paCCKa3bIBMII TeM, K0MY He npHBeJIOCb C HIIM 

pa6oTaTb II KT0 3HaeT 06 3T0M YAIIBIITeJibH0M qeJI0BeKe, B 0CH0BH0M, no 

B0Cn0MIIHaHII.l!M, KaKHe TenJibie, cep){eqHbie OTH0IIIeHII.ll CKJia){bIBMIICb MelK){Y HIIM II 

ero no){qIIneHHbIMH. H 3TO neCM0TP.ll Ha TO, qJ'O 6bIJI OH oqeHb 1"pe60BaTeJibHblM 

qeJI0BeK0M II K ce6e, II K 0KpylKaioru;HM II oqenb HeMH0fOCJI0BHb!M. 3TO Bbl MOlKeTe 

noqyacTB0BaTb B CTIIXax ero CbIHa, AJieKCe.ll HopaiipoaIIqa, KOTOpblll oqenb IIHTepecno 

0IIIICbIBaeT, KaKIIM o6pa30M OTeII nbITMC.ll B0CIIIITbIBaTb ){eTeii, XOT.ll y Hero 

npaKTIIqecKII He 6bmO BpeMeHII Ha 3T0. Ho B ceMbe 11apIIJia aTMOCq>epa nayKH, BJITana 

HaYKa, II cynpyra ero IIMeJia OTH0IIIenIIe K arpo6IIOJ!OfllII, II ace ){eTII ero CTMII 

yqeHb!MII, Cb!H - qnen PocCIIHCKOll aKa){eMIIII nayK. EcTeCTBeHHO, qJ'0 B 3naqIITeJibHOll 

CTerrenH 3T0 onpe){eJIHJI0Cb ceMbell:. MolKeT 6bITb, Hopaiip MapTIIp0C0BJiq He oqeHb 

MH0ro BHIIMaHII.ll y){eJI.l!JI BOCnHTaHIIIO ){eTeii a 06b1qnoM n0HIIMaHIIII - noMOll PYKII, 

IIOKalKII ){HeBHIIK II T.){. BII){IIMO, He B 3TOM 3aKJIJOqaeTC.ll BOCnIITaHIIe, BOCIIIITbIBfilOT 

CTapIIIIIe, rnaBHblM o6pa30M, CBOIIM rrpIIMepoM. DbinO oqeHb 3HaqIIMblM 6paTb npIIMep 

c TaKoro qeJioBeKa, npe){CTaBAABIIIero HaIIIY AKaAeMIIIO HayK II HaIIIY CTPaHY 3a 

py6eJKoM. Be){b Hopaiip MapTIIpocoaJiq Hee oqeHb 6oJibIIIYJO narpy3KY no yqacmIO 

CTpaHbl B' ){e.l!TeJibH0CTII pa3JIIIqnbJX MelK){ynap0){HblX opraHII3aIIllll. Mb! 60JibIIIe 

3HaeM o ero pa6oTe B IOHECKO, ){eiicTBJITeJibH0, JT0 6bmo Heo6bNHO ){JI.ll Toro 

BpeMeHII - rrpeACTaBIITeJib CCCP 6hm H36paH npeACe){aTeJieM ceccIIH JToii 

opraHII3aIIIIII. B 3HaK 6Jiaro){apnocm IOHECKO coqna B03M0lKHbIM ro){ CTOJieTH.ll 

3T0ro 6Jiecrnru:ero yqeHOfO 060.l!BIITb fO){OM H.M. CIICaK.l!Ha, 3T0 oqeHb npll.l!THO. 

OMaKO noMIIMO 3T0f0 OH COCTO.l!JI BO MHOfllX MelK){ynapO){HbIX KOCMIIqecKIIX 
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opraHH3au;m1x H npe,ncTaBJUIJI CoBeTCKHH Co103 oqeHb ,IIOCTOHHO. OH CTaJI nepBbIM 

BHD;e-npe3H,lleHTOM MeJKJzyHapo,IIHOll acrpoHaarnqecKOH aKa,neMHH, MeJK,nyHapo,nHOH 

acrpoHaBTHqecKOll cpe,nepau;HH, BnepBble B03fJiaBIIJI KOMIITeT 611oacrpoHaBT1IKII. Ilo 

ero IIHIID;llaTHBe B 1961 r. 6hm npoae,neH nepBbIH MelK,llyHapo,nHblll CIIMII031IYM «Man 

in Space» - qeJIOBeK B KOCMOCe. B 3TOM ro,ny, B Mae, B K1ITae npoil:,neT yJKe 

lli!THa,IID;aTblli TaKOH MelK,llyHapo,nHblH CIIMII031IYM, HO Haqano eMy IIOJIOJKeHO 

H.M. CHCaIUIHOM II ero KOJIJieraMII. 5I MHOro Mory paCCKa3bIBaTb O TOM 6oJiblIIOM 

BKJia,ne, KOTOpb!H Hopail:p MapTHpOCOBIIq BHec B ,IIOCTOHHOe npe,nCTaBJieHHe HayqHOH 

JKII3HII Hallleil: crpaHbl 3a py6eJKOM. 11 yaepH!O Bae, B 1960-e rr. 3TO 6bmo He TaK 

npOCTO. XoTH, KOHeqHo, HayKa 6hIJia TOr,na Ha IlO,ll'beMe B CoBeTCKOM CoJ03e, 

oco6eHHO KOCMIIqecKM HaYKa, KOTOpyJO OH npe,nCTaBJIHJI. HeKOTOpbie 113 Bae IIOMHHT 

Te nepBbie npecc-KoHcpepeHu;1111 nocne noneTa l0p1rn rarap11Ha II nocne nonera 

BaneHTIIHbl TepelIIKOBOH, r,ne BMeCTe C aKa,neMHKOM M.B. KeJI,llbillleM aKa,neMIIK 

H.M. C11caIUIH npe,ncTaBJIHJI AKa,neM1110 HayK II pocc11il:cKyJO HayKy. 

,n:opor11e ,npy3bH, y Hae eCTb B03MOJKHOCTb B TeqeH11e rpex ,IIHeil: (0,1111H ,neHb B 

MoCKBe, ,IIBa ,IIHH B .ll:y6He) pa60TaTb Ha 3TOM CIIMII031IYMe. Mb! 6y,neM He TOJibKO 

,neJil!TbCH BOCIIOMl!HaHUHMII, HO 6y,neM paCCKa3b!BaTb O TOM, KaK pa3B11Ba!OTCH Te 

HayqHbJe HanpaBJieHHH, KOTOpb1e B CBOe BpeMH Haq11Han 3TOT 6necrniu;HH yqeHblH. 

QqeHb BaJKHO II npaBHJibHO, Kor.na MOJIO,llble JII0,1111 B HayKe 3HaJOT, qbll 11,ne11 OHi! 

pa3B11BaJOT. KoHeqHo JKe, 3TH 11.ile11 co BpeMeHeM MO,llllqJIID;llpyJOTCH, HO OCHOBHbie 

IIOCbillKII 6bIJIII 3aJIOJKeHbl MHor11e-MHOr11e ro,nbl TOMy Ha3a,11. 

5I xoqy acex aac no3,npaa11Tb eiu;e pa3 c ,nHeM polK,lleHHH Hopail:pa 

MapT11pocoa11qa II no6naro,nap11Tb 3a TO, qro Bbl COqJIII B03MOJKHbIM np11il:rn CJO,lla, B 

JTOT 3an, r,ne Hae acex 06ne,1111HHeT Hopail:p Mapr11pocoa11q! .D:oporue ,npy3hH, 

pa3pellll!Te MHe OTKpb!Tb Halli CIIMil031IYM II, ecTeCTBeHHO, nepaoe CJIOBO MHe 

XOTeJIOCb 6u npe,nOCTaBIITb B1ID;e-npe311,neHTY Hallleil: AKa,neMIIII HayK HHKOJiaJO 

Anbcppe,noa11qy IlnaTJ, KOTOpblil: JIJ06e3HO IIPIIHHJI np11rnallleH11e OprKOMl!TeTa 

np11exaTb CJO,lla cero,nHH. H11Konail: Anbcppe,noa11q Bcer,na IIpHHIIMaJI yqaCTHe B 3TIIX 

MeponpHHTIIHX, H ,nyMaJO, He TOJibKO IIOTOMY, qro OH BIID;e-npe3H,lleHT, KOTOpbIH 

KypHpyeT 611onor1110, II He TOJibKO IIOTOMY, qTo OH MHOrlle rO,llbl 6hm TaKJKe 

Y.IIIIBl!TeJibHO HpKIIM yqeHbIM ceKpeTapeM AKa,neMIIII HaYK, HO II IIOTOMy, qTo Hae acex 

np11rnruaaeT B 3TOT 3aJI JIIIqHOCTb Y.IIIIBIITeJibHOro yqeHoro II qenoaeKa 

H.M. C11caIUIHa. 

Enaro,nap10 3a BHHMaH11e. 
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H.A.Ilnan 

AKa,neMHK P AH, a11u;e-npe311,neHT P AH 

YaaJKaeMhie yqacTHHKH CHMIT03HYMa, KOJIJier11, ,npy3hH! 

HaqHy BOT c KaKoil: npocrnil: Mb1cn11. Hopail:p MapT11pocoa11q C11caIUIH po.1111ncH 

25 HHBapH B ,naneKOM cene AlIITapaK. 25 HHBapH .IIAA Pocc1111 CTapoil: II cero,nHHlIIHeil: -

JTO npa3,IIHIIK MOJIO,llelKII II cry,neHqecrna. 3TO HeBOJibHOe COBIIa,lleHHe, KaK MHe 

KaJKeTCH, CIIMBOJIII31IpyeT e,nHHCTBO, B3a1IMO,lleil:crn11e II ,npyJK6y apMHHCKIIX II 

pocc11il:CKIIX JIJO,lleil:. Hopail:p MaprnpOCOBIIq no ,nyxy 6bm IICTIIHHbIM 

IIHTepHaD;HOHaJIIICTOM - qenoBeKOM, KOTOpbIH He pa3,neJIHJI HIIKaKIIX 

Hall;IIOHaJIIICTl!qecKIIX 11,neil: II 3a60TIIJICH O HaYKe C 6oJiblIIOll 6YKBbI, pa3BIIBM ee II 

3alIIIIlIIM IIHTepeCbl rocy,napcrna. MHe KaJKeTCH, qTO np11Mep ero JKII3HII: yqe6bI, 

pa60Tbl II aceil: ,neHTeJibHOCTII, oqeHb HpKO ,neMOHCrp11pyeT TaJiaHT apMHHCKOro Hapo,na, 

TO ecTeCTBeHHOe II po,nCTBeHHOe e,1111HeH11e .IIYlll, IIOMbICJIOB, KOTOpble 06'be,!11IHHIOT 

Halli II ,nae Hall;IIII. 

TaK cnyq11noch, qro H 6bm 3HaKOM c Hopail:poM MapT11pocoa11qeM n11qHo. He 

Mory CKa3aTb, qTo H C HIIM .IIPYJKIIJI, TaK KaK 6bma 60JiblIIM pa3HHD;a B B03pacTe II 

pa3HHD;a a IIOJIOJKeHHHX TOJKe cyiu;ecTBeHHM. IlepBbJe Bcrpeq11 COCTOHJil!Cb B 1965 r., 

Kor,na H OKa3aJICH BMeCTe C Hopail:pOM Mapn1pocoa11qeM B Kpail:He IIHTepeCHOH 

3apy6eJKHoil: KOMaH,1111poaKe. .D:enerau;11H AKa,neM1111 HayK CCCP BO rnaae c 

McTHCJiaBOM Bceaono,noa11qeM Ken,nhillleM 0Tnpaa11nacb B AHrJI1110. CocTaa 

,nenerau;1111 6hm yttHKaneH: M.B. KeJI,llhIIII, H.H. CeMeHoB, H.H. Eoron1060B, 

H.M. C11caIUIH. MHe nocqacTJIHBIIJIOCh OKa3aTbCH B cocTaBe JTOH ,nenerau;1111. 11 HMO 

CKa3aTb cpa3y, qro Hopail:p MapTHpOCOBIIq np0113BeJI Ha MeHH oqeHb CIIJibHOe 

BI1eqaTJieH11e HeCKOJibKIIMII CBOIIMII qenoaeqecKHMII KaqecTBaMH. Bo-nepBbIX, 

q>eHOMeHaJibHbIM npocpecc110HaJIII3MOM, o6pa30BaHHOCTb!O B CaMbIX lllllpOKIIX 

o6nacrnx XIIMIIII, 6110XIIMIIII, 6110TeXHOJIOru11, B rocy,napCTBeHHbIX ,nenax, ,llaJKe B 

IICIIOJib30BaHIIII aTOMHOll 3Hepru11. B AHflIIIII Mb! IIOCeTIIJIII npaBHTeJibCTBeHHyJO 

ceJibCKOX03HHCTBeHHyJO CTaHD;Hio. Tor,na Haq11Hanach Jnoxa 6110TeXHOJioruqecKoro 

Pa3BIITIIH II np11cnoco6neHIIH paCTl!TeJibHbIX 6eJIKOB ,IIJIH 113roTOBJieHIIH IIIIItieBbIX 

IIp0,11YKTOB ,IIJIH qenoBeKa. B Hallleil: crpaHe 11,ne10 C03,llaHHH IICKyccrneHHOH IllllIIII II 

611q>I1ITeKCOB 113 paCTl!TeJihHbIX 6enKOB npo,na11ran AneKCaH,np H11KOJiaea11q 

HecMeHHOB. A a AHflIIIII 6bma npaBHTeJibCTBeHHM nporpaMMa no nepepa6oTKII 6enKa 

113 rpaBHHOH Macchi .IIAA Toro, qTo6bI c,nenaTb qTO-TO C'be,no6Hoe ,IIJIH qeJIOBeKa. Hae 

TaM yroiu;aJIII 3TIIMII npO.IIYKTaMII, HO Hopail:p MaprnpoCOBIIq Cpa3y He KYIIIIJICH Ha 3TH 

6necrniu;He IIHapoBCKIIe XO,llbl Hallll!X X03HeB II 3a,llaBaJI TaKl!e BOIIpOCbl, KOTOpbie 

IIOKa3b1BaJIII, qro 3TOT qeJIOBeK cpeHoMeHaJibHO rny6oKO BCe 3TO BII,IIIIT II IlOHl!MaeT Bee 

xopom11e II orp11u;aTeJihHbie CTOpOHbl 3TOro ,nena. BcH Rama ,nenerall;IIH 6yKBaJibHO 

CMorpena Hopail:py MapTHpOCOBHqy B poT: BOT, KaK Bbl CKaJKeTe, TaK II 6y,neT. 11 Ha,110 

npe,nCTaBl!Tb ce6e, Te, KOMY npHXO.IIIIJIOCb pa60TaTb C McTIICJiaBOM BceBOJIO,IIOBl!qeM, 

CKaJKeT, qro 3TO 6bmO HexapaKTepHoe .IIAA npe311,neHTa AKa,neMHII HayK IIOBe,neHHe, 

TaK KaK OH IIMeJI Ha ace CBOIO qeTKyJO II JKeCTKYIO TO~Y 3peHHH. 3To 6bma peaKD;HH Ha 

npocpecc110Han113M 11 ,neM0Hcrpau;11eil: Toro, KaK ace 3TH ToJKe aen11K11e JIJ0.1111 
OTHOCIIJil!Cb K Hopail:py MaprnpocOBHqy. BTOpM qepTa - 3TO cpeHOMeHaJibHM 

06ie,n;1rneHHbIH HHCTHTYT 

sr,r:i;epmrx l?ccrre,r:i;oBamrfr 
BHBTTMOTEKA 



TaKTIItJH0CTb a o6parneHIIII c JJIO)lbMII. B Harneil: .neneral\IIII 6hIJJO .naa M0JJ0)lb!X 

tJeJJ0BeKa, .SI 6hrn KaH)lII)laT0M nayK, HO He 0lllYTIIJJ HIIKaKoro BbIC0K0MepII.S!, HIIKaKOH 

«)laBIIJJ0BKII» aBT0pIITeT0M, Hao6opoT, MaKCIIMaJJbH0e yaaJKeHIIe K M0JJ0)l0My 

tJeJJ0BeKy, KOTOpb!H 0K!l3aJJC.SI a o,nnoil: K0MllaHIIII c MaCTIITbIMII yqeHbIMII. 51 6hIJJ 

XIIMIIK0M, Cllel\IIaJJIICT0M C0BCeM 110 .npyroil: Cllel\IIaJJbH0CTII; II0MHIO, KaK OH, llb!Ta.S!Cb 

B0BJJe'lb MeH.H B Kpyr CB0IIX IIHTepeC0B, pacCK!l3blBaJJ 0 11po6neMax 6IIOXIIMIItJeCKIIX, 

6IIOTeXHOJJOrHtJeCKHX, 0TH0C.S!Cb coaeprneHH0 CIIOKOHHO II YBaJKIITeJJbH0 K M0IIM 

B0llpocaM, K0T0pbie, M0JKeT 6b!Tb, IIH0r)la 6hIJJII )laJKe HaHBHbIMII, II0CK0JJbKY 3T0 He 

MO.SI Cllel\IIaJJII3al\II.SI. I1 BOT JTa ypaBH0BeIIIeHH0CTb, c6anaHCIIpOBaHHOCTb II TaKT 

Bb!CO'lail:rnero IIHTeJJJJIIreHTa, K0T0pbIMII 6bIJJ Ha,neneH Hopail:p MapTIIpOCOBII'l, - ace 

3T0 rrp0H3BeJJ0 Ha MeH.SI 0'leHb CIIJ!bH0e BIIetJaTJJeHIIe. Crrycrn KaK0e-To BpeM.SI .SI 

acrpetJaJJC.SI c Hopail:poM MapTIIpOCOBIItJeM a l111CTIITyre 6IIOXIIMIIII, K0r)la MHe 

rroHa,n06IIJJlICb OT Hero KaKIIe-T0 K0HCYJJbTal\IIII. On MeH.SI C Y.ll0B0JJbCTBIIeM rrpIIH.SIJJ II 

0tJeHh BHIIMaTeJJbH0 ornecc.H. 11, KaK .SI CJJbllliaJJ OT MH0rIIX ero M0JJ0)lblX yqeHIIK0B, 

3T0T tJeJJ0BeK 6hIJJ TaK B0CIIIITaH, B0CIIIITaH, II0-BII)lIIM0MY, p0)lIITeJJ.SIMII, HO II CaM ,nJJ.SI 

ce6.H OH Bbi6IIpan TaKYIO JJIIHIIIO II0Be)leHII.SI. 

qepe3 KaKoe-T0 )l0CTaT0tJH0 rrp0)l0JJ)J(lITeJJbH0e BpeM.SI .SI 0K!l3aJJC.SI B cnyJKe6HOM 

Ka6IIHeTe Hopail:pa MapTIIpOCOBIItJa B 3)laHIIII Ilpe3II.llIIYMa AKa,neMIIII HayK, 3aHIIMa.H 

TY )l0JJJKH0CTb, K0T0PYIO OH 3aHIIMaJJ 3a 30 neT )l0 MeH.H. 3TO 6bmo B 1996 r. 51 rrp0CTO 

CTaJJ IIHTepecoBaTbC.SI KpyroM B0IIp0C0B, K0T0pb!e BX0)lIIJJII B rrpo<peccIIOHaJJbHYIO 

o6.H3aHHOCTb yqeH0ro CeKpeTap.S!. P!l36IIpa.H KaKIIe-To 6YMarII, tJIITa.H TeKCTbl 

BbICTyrrJJeHIIH, .SI rrp0HIIKaJJC.SI ace 60JJblliIIM II 6oJJhlliIIM yaaJKenIIeM K 

rocy.napcrneHnoil: .ne.HTeJJbH0CTII aKa,neMIIKa H.M. CIIcaK.Hna. Ha.no 0TMeTIITb, 'ITO c 

11pIIcymeil: eMy IIHTeJJJJIIreHTH0CTb!O, B0CIIIITaHIIeM II yrropCTB0M TIIrpa co JJbB0M OH 

cpaJKaJJC.SI 3a IIHTepeCbl AKa,neMIIII nayK. On Mor C YJJbI6Koil: nax0,nIITb KaKIIe-To 

aprYMeHTbl .nJJ.SI llpaBIITeJJbCTBa, HO TaKJKe Mor CJKaTb ry6bi II fOB0pIITb JKeCTKIIe CJJ0Ba 

TeM tJIIH0BHIIKaM, K0T0pb1e He II0HIIMaJJII, KaK eMy K!l3aJJ0Cb, B TOT M0MeHT 

11eo6XO)lIIMOCTII rrpIIH.SITII.SI pernenIIil: 110 p!13BIITIIIO HaYKII, I1 K HeMy rrpIICJJYIIIIIBaJJIICb. 

AnaTOJJIIH 11BaHOBII'l rpIIropbeB C0BeprneHH0 rrpaB, K0r)la BCII0MHIIJJ, 'ITO a !leJJ0M 

p.H,ne cnyqaeB TaH)leM Ken,nhIIII-CIICaK.SIH BO MH0fOM 011pe)leJJ.SIJJ Te II0JJ0JKIITeJJbHbie 

11porpeCCIIBHbie rnarII B opraHII3al\II0HH0M IIJJaHe, K0T0pbie B 1960-x IT. y.naaanocb 

peIIIIITb AKa,neMIIII HaYK, A Be)lb JT0 6bIJJII C0BCeM He IIJJ0XIIe fO)lbl .nJJ.SI AKa,neMIIII 

HaYK II .nJJ.SI aceil: narneil: 11ay1m. KaKoil: MHororpannoil: 6hrna JJII'lH0CTh JToro tJenoaeKa, 

KOTOpblH CYMeJJ 061,e)lIIHIITb B CBOeil: )le.HTeJJbH0CTII OTJJIItJHeil:rnIIe caeprneHII.SI 

<pytt,naMeHTaJJbHOH II rrpIIKJJa,nnoil: nayKII C 3aH.SITlleM rocy.napcTBeHHblX )lQJJ)J(H0CTeil:. 

51 YJKe He roaop!O rrpo K0CM0C II Me)lIII.\IIHCKIIe rrpo6neMbl OT6opa K0CM0HaBT0B. Be.SI 

3Ta 11porpaMMa rrpoB0)lIIJJaCb C ero yqacTIIeM II 0'leHb aKTIIBH0. 

BcrroMHIO cnyqail:, K0TOpblH .SI llpIIB0JKY, l\IITIIpy.H AHaTOJJII.SI I1BaHOBII'la 

rpIIropbeBa, KOTOpb!H yrroM.HHYJJ, 'ITO Hopail:p MapTIIpOCOBII'l 3aHIIMaJJC.SI BIIH0)leJJIIeM 

II IIMeJJ K JT0MY IIHTepec. Mne KaJKeTC.SI, TPY.llH0 rrpe)lCTaBIITb ce6e HaCT0.SllllefO 

apM.S!HIIHa, K0T0pblH He IIHTepecyeTC.SI xop0IIIIIM BIIH0M. Cy)lb6a caena Mell.SI c OMIIM 

II3 TaJJaHTJJIIBblX rrpe)lCTaBIITeneii 0II.S!Tb JKe apM.S!HCK0fO napo.na - C 

KanycTOM AKorroBHtJeM KanyH.S!Hl\eM, OH 3aBe)l0BaJJ Ka<pe.npoil: BIIH0)leJJII.SI 

MocKOBCKoro TeXH0JJ0rntJeCK0fO IIHCTIITyra IIIIllleBOH rrp0MbIIIIJJeHH0CTII, a .SI KaK 

XIIMIIK-II0JJIIMepmIIK 3aHIIMaJJC.SI TeM, 'ITO IICKaJJ crroco6bi CTa6IIJJII3al\IIII BIIH 6e3 

BBe)leHll.SI )l0II0JJHIITeJJbHblX K0HCepBaHT0B, T.e. crroco6oM y6IIpaHII.SI «orraCHblX» 

aemecrn, K0T0phie c11oco6crnoaanII rrpelK,LleBpeMeHH0MY CTapenIIIO xopornero II 
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)l06poro BIIHa. Mb! BeJJII necK0JJbK0 C0BMeCTHblX pa6oT, TaK BOT K.A. KanyH.HHI.\ 

llHTIIPoaan H.M. CncaK.Hna KaK 6ora, KaK Eaanrenne OT MaT<pe.H. On TaK K JTOMY 

oTHOCHJIC.SI. 11 na.no CK!l3aTh, 'ITO T0r)la .SI T0JKe 11pO'IHTaJJ HeCK0JibKO pa6oT Hopaiipa 

MapTnpoC0BHtJa II yam:1en, 'ITO n B 3T0ll o6nacTII, 0 KOTOpoil: 60JJblliIIHCTBO roaopIIT C 

ynb16KOll, HO na CaMOM .nene TaM cymecTBYIOT CJI0lKHbie 6nOXIIMIItJeCKIIe rrpo6neMbl, 

OH rrpeycrren ll peIIIIIJJ MHOfO CJI0JKHblX 3a,natJ. 

51 cep,lletJH0 11pH3HaTeJieH opraHlI3al\II0HH0MY K0MIITeTy 3a tJeCTb, K0TOpa.H Mlle 

rrpeJ:I0CTaBJieHa, BbICTyrrIITb 3)leCb II X0TeJJ rrepe.naTb OT IIMeHII acero Ilpe3IIJ:IIIYMa 

p 0 ccniicKoil: aKa,neMIIII nayK II OT IIMeHn rrpe3IIJ:IeHTa AKa,neMIIH lOpII.H CepreeBIItJa 

OcmmBa caMbie JJYtJIIIIIe II0JKeJJaHII.SI aceM, KTO co6panc.H B 3TOM 3ane, II BbICOtJaHIIIIIe 

cnoBa yaaJKeHII.SI K 11aM.S1Tll JTOro otJeHb He3ayp.H)lHOfO tJeJJ0BeKa, .SI 6bi CK!l3aJJ, 

JJH'IH0CTH, K0T0pa.H B03BbIIIIaeTC.SI, KaK xoporna.H BbIC0Ka.SI ropa, Ha K0TOPYIO na.no 

CM0TpeTh n, ecJJII Thi M0JKeIIIb, II0CTe11e11110 rrpII6JIIIJKaThC.SI K Beprnnne 3TOH ropb!. 11 

ecnn HaM y.naeTC.SI ytJHTbC.SI y tJeJJ0BeKa, KOTOpbIH 0JIII!leTBOp.HeT 3TY ropy, TO, 3HatJHT, B 

JKH3Hll HaM IIOBe3JJO. 

bOJibIIIOe crracII60 3a BHHMaHIIe. 
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OS. ra3CHKO 

AKa,lleMHK p AH, rnaBHbIH HayqHbIH corpy,llHHK rm~ P<l> - HMEII 

,[(o6pb!H ,lleHb, YBIDKaeMbie TOBapHIIIH ! 

IIpe)K){e Bcero, xoqy rro6naro,napHTb 3a B03M0)KH0CTb CKa3aTh HeCK0JibK0 CJI0B 

B .neHb IIaMJITH Hopail.pa MapTHpocoBHqa CHcaKJIHa . .5I He YBepeH, qm yno)Kycb B 10 

MHHYT, H, KpoMe Toro, JI ,ll0CTaT0qHo MH0ro BbICTYIIaJI C ,ll0KJia,llaMH 0 )KH3HH H 

,lleJITeJibHOCTH Hopail.pa MapnrpOCOBHqa, Hamrcan B0CII0MHHaHHJI, II03T0MY 

IIOCTapaIOCb CefO,llH.SI 0CTaH0BHTbCJI Ha Tex Borrpocax, K0T0pbre paHbllie He 0CBeuran. 

IIpe)K){e BCero, 3TO OTH0CHTCJI K o6JiaCTH K0CMHqecK0H 6HOJIOrIIH - o6JiaCTH, K0T0paJI 

)!(HBO HHTepecoBaJia H YBJieKaJia Hopail.pa MapTHpOCOBHqa, .5J: xoqy BCn0MHHTb 0 TOM, 

KaK OH 0Ka3aJICJI BOBJieqeHHbIM B 3TY ,lleJITeJibH0CTb. Haqano 3TOH pa60TbI 0TH0CHTCJI K 

CaMOMY KOHIIY 1940-x - Haqany 1950-x rr., K0r,lla Ha npHBe3eHHb!X H3 I'epMaHHH 

qacTJix paKeThr <l>AY-2 HaqaJIHCb HCnbITaHHJI paKeTHoro opy)KHJI B «KanycTHHOM JIPY» 

Ha rpaHHIIe OpeH6yprcKoil. o6naCTH. Y)Ke B 1949 r. C.II. KoponeBy npHwna B roJioBy 

MbICJib, qTQ CTOHT HCn0Jib30BaTb npo6Hbie cy6op6HTaJibHbie 3anycKH paKeT ,llJIJI T0fO, 

qT06bI nonyqaTb noJie3H)10 HayqHyio IIH<pOpMarrmo, K0TOpaJI Kacanacb 6hr, HanpHMep, 

COCTOJIHHJI, oco6eHHOCTeil. H CB0HCTB BepXHHX CJI0eB aTMOccpepbI. 3aTeM p0,llHJiacb 

MbICJib O B03MO)KHOCTH npoBe,lleHHJ'r Ha 3THX paKeTax H Tex, K0T0pbre 6y,nyT nocrpoeHbl 

Ha HX OCHOBe, 6HOJIOrHqecKHX 3KCnepHMeHT0B, n0CKOJibKY y)Ke T0r,na OH .llYMaJI 0 

6y.nyurHx noJieTax qeJI0BeKa B K0CM0C. Ho OH He oqeHb xopowo ce6e npe,llCTaBJIJIJI, 

Ky,na nyqwe o6paTHTbCJI, qTo6bI npHBJieqb mo,nen, MoryurHx ocyurecrnJIJITb 3TH 

6HOJIOrHqecKHe 3KcnepHMeHTbI. OH nocoBeT0BaJICJI C A.H. TynoJieBbIM, H TOT eMy 

CKa3aJI, qTo He,llaBHO B MOCKBe opraHH30BaJIH I1HCTHTJT aBHaIIH0HH0H Me,llHIIHHbl 

BOeHHO-B03,llYllIHbIX CHJI, KOTOpbIH eMy, TynoneBy, H Pll.llY .npyrHX aBHaIIH0HHbIX 

KOHCTpYKTOpOB IIOMoraeT C T0qKH 3peHHJI cornac0BaHHJI TeXHHqecKHX B03M0)KHOCTeil. 

JieTaTeJibHoro annapaTa C cpH3HOJIOrHqecKHMH B03M0)KH0CTJIMH qeJioBeKa. 3To 

nocJiy)KHJIO OCHOBaHHeM ,llJIJI T0ro, qT06bI C.IJ. KopoJieB o6paTHJICJI B B0eHH0e 

Be,llOMCTBO H npHBJieK corpy,llHHK0B 3T0ro HHCTHTJTa K npoBe,lleHHIO 6HOJIOrHqecKHX 
3KCnepHMeHT0B. 

B 1950-M r. Haqanacb no,llfOTOBKa 3THX HCCJie,ll0BaHHH, 3T0 6bmH noJieTbI C 

yqaCTHeM co6aK, H EBreHHH AJieKCaH,llpOBHq fubHH, HaBepHoe, HaM cero,llHJI 06 3T0M 

paCCKIDKeT. HcnbITaHHJI np0B0,llHJIHCb Ha TaK Ha3bIBaeMbIX aKa,lleMHqecKHX paKeTax. 

J13 HHX 3HaqHTeJibHaJI qaCTb ynana, He ycneB T0JIK0M n0,QHJ!TbCJI, HO BCe-TaKH 

HeKOTOpbre H3 HHX nO,llHJIJIHCb B aTMoccpepy, 3KcnepHMeHTaJibHbie Ka6HHbI 0T,lleJIHJIHCb 

H Ha napamroTax crryCTHJIHCb Ha 3eMJIIO. B TO BpeMJI o6uree PYK0B0,llCTB0 HayqHbIMH 

HCCJie,llOBaHHJIMH BeJI0Cb no TeMe «BepxHHe CJI0H aTMoccpepbr», He 6bmo H pe~ 0 

KOCMOce. TOJibKO MH0ro II03)Ke, K0r,lla 6bmH C03,llaHbI npe,lln0CbillKH ,llJIJI 3anycKa 

HCKYCCTBeHHbIX cnYTHHK0B 3eMJIH, HaqaJIH I'OB0pHTb 06 HCCJie,ll0BaHHH K0CMHqecKoro 

npOCTpaHCTBa, XOTJI 3TH nepBbie paKeTbI ,ll0CTHraJIH ,ll0B0JibH0 60JibllIOH BbIC0TbI, ,ll0 

200 c JIHllIHHM KHJI0MCTp0B, TO eCTb cpaKTHqecKH BblX0.QHJIH B K0CMHqecKoe 

npocrpaHCTBO. B nepBbie fO,llbI BCJI HayqHaJI nporpaMMa 6bma He06brqail.HO CeKpeTHa, 

060 Bcex 3THX HCnbITaHHJIX 3HaJI oqeHb orpaHHqeHHbIH Kpyr JIHII, Hy, CKIDKeM, 

npe3H,lleHT AKa,lleMHH HayK, ero 6JIH)KaHmHe noM0IIIHHKH H 60Jibllie HHKT0. DbIJia 

C03,llaHa TaK Ha3bIBaeMaJI «K0MHCCHJI N2 1 » no,n npe,nce,naTeJibCTB0M M.B. KeJI.Qbnrra, 
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KOT0Pall 3aHHMaJiaCb paccM0TpeHHeM npoeKT0B, npe,llCTaBJIJieMbIX paKe~HKaMH .QJIJ1 

peanH3aUHH, Ho Kor,na ,lleJI0 ,ll0llIJI0 ,ll0 paCCM0TpeHHJI TOI'O, qTo co6HpaIOTCH ,lleJiaTb 

npe.acTaBHTeJIH J1HCTHTYTa aBHaIIHOHHOH Me,llHUHHbI, TO PYK0B0,llHTeJIH AKa.aeMHH 

HayK 6bIJIH HeCK0JibK0 CMyureHbI TeM, HaCK0JibK0 xopowo n0HHMfilOT B0eHHbie BpaqH, 

qT0 0HH .aenaroT. PellIHJIH npoBeCTH Bbie3.UHYIO ceCCHIO AKa.aeMHH HayK H AKa,lleMHH 

Me,llHUHHCKHX HaYK Ha 6a1e 3T0fO I1HCTHTJTa aBHaIIHOHHOH Me,llHIIHHbI. BpeMH 6bmO 

HenpocToe, noToMy qT0 nporrma ceccHH BACXHHJIJI, TaM Koro-To J)l(e «BhI6HJIH», 

roT0BHJiaCb o6be,llHHeHHaJI ceCCHH no yqeHHIO 11.II. IIaBJIOBa, TO eCTb npecc y)Ke 6bm 

,llOCTaTOqH0 CHJibH0 3aKpyqeH. IT03TOMY Ha TOH Bbie3,llHOH ceCCHH co6paJIHCb Te, KT0 

BbIJKHJI B 3T0T rrepH0,ll BpeMeHH. Cpe.aH JIIO,lleH, K0T0pbie 6bmH Ha 3T0M C0BeuraHHH OT 

AKa.aeMHH Me,llHI!HHCKHX HaYK, 6bm aKa,lleMHK B.H. l.JepHHI'OBCKHH (OH- 6hm H B 

- AKa.aeMHH HayK, HO 0,llH0BpeMeHH0 OH 6bIJI BHIIe-rrpe3H,lleHT0M AKa.aeMHH 

Me,llHUHHCKHX HaYK), DblJI B C0CTaBe 3TOH Bbie3,llHOH ceCCHH H Hopail.p MapTHpOCOBHq 

CHcaKHH, a TaKJKe pH.ll .apyrHX JIHU, HanpHMep, KoHCTaHTHH MHXaHJIOBHq DbIKOB, 

ceil.qac H He n0MHIO BCex. ,[(JIH HHX, ecTeCTBeHH0, 3T0 HanpaBJieHHe HayqHbIX pa6oT 

T0)Ke 6bIJIO oqeHb CBe)KeH o6JiaCTbIO. He oqeHb HCH0 6bIJIO, qTQ Ha,ll0 .aenaTb. KaKHe-TO 

TeopeTHqecKHe npe.an0Cb!JIKH 6bmH, HO 3TH npe.anoCb!JIKH OTHOCHJIHCb K nepHo.ay 

1934 r., Kor.aa npoxo.UHJia B Haweil. crpaHe 3HaMeHHTaJI crpaToccpepHaJI ceccHH, 

KOTopoll: PYK0B0,llHJI H.11. BaBHJIOB, r,ne 6bIJia ceKUHH 6HOJIOrIIH H Me,llHI!HHbI, KOTOpOH 

pyK0B0,llHJIH r.A. Ha.acoH - B TO BpeMH oqeHb H3BeCTHbIH MHKp06HOJIOr H 

JI.A. Ap.aeJIHH - oqeHb H3BeCTHbIH H aBT0pHTeTHbIH cpH3HOJIOr. I1MeHHO T0r,lla, Ha 

ceCCHH 1934 r., 6bma BnepBbie ccpopMyJIHpOBaHa nporpaMMa H3yqeHHH BJIHHHHH Ha 

JKHBble opraHH3MbI BepXHHX CJI0eB aTMOCcpepbl, B qacTH0CTH, B ,ll0KJia,lle 

JI.A. Ap.aeJIHHa. TaK HJIH HHaqe, 6bIJIO npHHHT0 peweHHe, qTo OT AKa,lleMHH 

Me,llHUHHCKHX HaYK KypHp0BaTb, Ha6JIIO,llaTb H K0HTp0JIHp0BaTb .aeHTeJibH0CTh 

BOeHHbIX BpaqeH 6y.aeT aKa,lleMHK B.H. l.JepHHfOBCKHH, a OT AKa.aeMHH HaYK -

aKa,lleMHK H.M. CHcaKJIH. KpoMe JToro, 6bm npHBJieqeH H B.A. 3Hrenhrap,nT. TaKHM 

o6pa30M, 6bIJia o603HaqeHa rpynna JIHU, K0T0pbre ,ll0JI)l(HbI 6bIJIH HeCTH 

OTBeTCTBeHH0CTb nepe,ll HayKOH 3a TO, qTo .aenaeTCH B 3T0M HanpaBJieHHH. Eure pa3 

no.aqepKHBfilO, qTo BCe 6bIJIO He06brqaHHO ceKpeTH0, Ha3BaHHe, TaK CKa)KeM, paKeTbI, 

JI0TKa ,llJIH lKHB0THbIX He M0rJio HHr,lle nHCaTbCH. 3To nHCaJI0Cb TaK: «arperaT H0Mep 

TaKOH-TO)) HJIH «H3,lleJIHe H0Mep TaKOH-TO». I1 3T0 He Morna neqaTaTb MallIHHHCTKa, 

3T0 TOJibKO HCn0JIHHTeJib Mor OT pyKH qepHHJiaMH BH0CHTb BO Bcex ,ll0KYMeHTax, 

K0TOpbre IIIJIH B K0HTp0JibHbie opraHbl H MHHHCTepcTB0 o6opOHbl, BoT B 3T0 BpeMH 

MHe nocqacTJIHBHJI0Cb Il03HaK0MHThCH H C Bna.aHMHpOM HHKOJiaeBHqeM 

l.JepHHI'OBCKHM, H c HopaiipoM MapTHpOCOBHqeM CHcaKJIHOM. 3TOMY cnoco6cTBOBaJIO 

TO o6CTOHTeJibCTBO, qTQ B TO BpeMH y MeHH y)Ke 6bIJI aBTOM06HJib, H H Mor 6bICrpee 

nepe,llBHraTbCH no MocKBe - no3T0MY MHe H 6bIJIO nopyqeH0 no,ll,llep)KHBaTb CBH3b C 

aKa.aeMHqecKHMH yqpe)K,lleHHHMH. 3.aecb 6bIJia C0BCeM .npyraJI aTMoccpepa, B 0TJIHqHe 

OT B0eHHOH cpe,llbl, 3T0 6hma .apyraJI ITJiaHeTa. 3.aecb JIIO,llH 0TH0CHJIHCb .npyr K ,npyry 

.1106po)KeJiaTeJibHO, C HHTepeC0M H, qT0 oqeHb BIDKH0, C YBIDKeHHeM. CJIOBOM, H xoqy 

CK33aTb, qTQ JIHqff0 ,llJIH MeHH 3T0T nepH0,!( )KH3HH 0KpaweH 3HaK0MCTB0M, K0HTaKTaMH 

H o6ureHHeM c JIIO,llbMH c .apyroii nJiaHeTbI. Ho nJiaHeTbl oqeHb xopoweii, 

HHTeJIJIHreHTHOH, YMHOH H .amoureii oqeHb MH0I'O ,llJIH BbIIT0JIHeHHJI Tex 3a,llaq, 

K0T0pbie 6bIJIH nocTaBJieHbI CHaqana He60JibllIOH, a IT0T0M Bee B03paCTaIOIIIeii no 

21 



qucJieHHOCTH rpyrrrre BOeHHbIX Bpaqen, KOTOpbie 3aHHMaJIHCb pa3BHTHeM KOCMHqecKOH 

Me,UII.\HHbI. 

Hy)l<HO CKa3aTb, ~o yqacTHe AmmeMHH HayK 6bIDO CBoeo6pa3HbIM. OHO 

IIO)lPITTYMeBaJIO, rrpe)K)le BCero, 03HaKOMJieHHe Haumx aKa)leMuqecKHX Ha6JIJO)laTeJieH 

C IIOJiyqeHHbIMH pe3yJibTaTaMH. OHH HX )lOJI)l(HbI 6bIDH rrpocMaTPHBaTb, )laBaTb 

He06XO)lHMbie peKOMeH)laIIHH, 3aMeqaHHH H BH3HpOBaTb. TOJibKO IIOCJie 3TOro 

CBepxceKpeTHbie o~eTbI rrpuo6peTaJIH BH)l, KOTOpbIH Mor 6bITb rrpHro)leH )lJIH 

0TIIpaBKH PYKOB0)lCTBy. l1HTepeCHO, ~o Ta qacTb, K0T0paH Kacanacb 3THX pa6oT B 

quCT0 q>H3HOJIOrnqecKOH qacni:, a HMeHH0: orrepaUH0HHaH IIO)lroT0BKa )l(HB0THbIX, 

propa6oTKa HeK0T0pbIX q>H3HOJIOruqeCKHX )laTqHK0B, MeT0)lHK Ha6JIJO)leHHH 

HCCJie)lOBaHHH - 3T0 Bee 6bIDO 0THeceH0 K K0MIIeTeHUHH B.H. 1IepHHroBCKOro. A TO, 

~o BbITeKaJIO H3 IIJiaH0B 1934 r., - o6me6HOJIOrnqecKHe H 3BOJIIOUH0HHbie IIO)lX0)lbI K 

pa3BHTHIO 3THX HCCJie)loBaHHH - BCeM 3THM 3aHHMaJICH Hopanp MapTHpOCOBHq. 11 

Ha)l0 CKa3aTb, 3aHHMaTICH oqeHb 3q>q>eKTHBHO, II0TOMY ~o, KaK y)l(e cero)lHH 06 3T0M 

roBopun A.11. fpuropbeB, OH 6bm oqeHb umpoKo o6prooBaH B o6mux rrpo6neMax 

6HOJIOrHH. HaM BCeM 6bIDO oqeHb rrpHHTHO o6maTbCH H pa60TaTb C HHM. OH 6bm 
oqeHb BHHMaTeJibHbIM H )l06po)l(eJiaTeJibHbIM qenoBeK0M, X0TH 6bm H, KaK 

crrpaBe)lJIHB0 6bmo CKa3aH0 cero)lHH, CTPOr u TPe6oBaTeJieH. Ho JilfqHo H eMy 

6eCKOHeqHo rrpH3HaTeJieH, IIOT0MY qTo qyBCTBOBaJI, ~o OH KO MHe xopomo 

0TH0CHJICH. MHe rrocqacTJIHBHJI0Cb 6bIBaTb He T0JibK0 B ero Ka6HHeTe Ha pa6oTe, HO u 

y Hero )lOMa, II03HaK0MHTbCH C ero BeJIHKOJieIIHOH ceMbeH. 

.51 eMy o6H3aH TaK)l(e, B KaK0M-T0 CMbICJie, Kapbepon • .51 BCII0MHHaJO, KaK-T0 H 

rrpuexan K HeMy B aKa)leMHIO. 11 IIOCK0JibKY H KypHJI )lOB0JibHO MH0ro, TO CTOHJI B 

K0pH)l0pe rrepe)l BX0)l0M B ero Ka6HHeT H KYPHJI 0K0JI0 rrerreJibHHUbI. Hopanp '1 
MapTupocoBuq BhIIIIeJI B rrpueMHYJO u crrpocun: «A r)le TYT rrpoqieccop froeHKo?» A H 

He 6bm TOr)la rrpoqieccopoM. Ero ceKpernpb, JlJO)lMHJia l1BaHOBHa, cKroana: «.51 cenqac 

ero II030By». .51 Bee CJibIIIIaJI, II0CK0JibKY )lBepb 6bma 0TKpbITa. 3ameJI K HeMy B 

Ka6HHeT u CKa3aJI: «Hopanp MapTHpOCOBHq, MHe KaK-T0 HeJIOBKO, Bbl MeHH Ha3bIBaeTe 

rrpoqieccopoM, a H Be)lb He rrpoqieccop». - «KaK TaK He rrpoqieccop?!» - «Hy, He 

rrpoqieccop». OH B3HJI TPY6Ky H II03BOHHJI B.TI. EJIJOTHHY (MHHHCTPY o6pa30BaHHH 

CCCP): «TiocnymaHTe, froeHKO, 0KITTbIBaeTcH, He rrpoqieccop, KaK TaKoe MO)l(eT 

6bITb?!» He 3HaJO, qTo TOT eMy 0TBeTHJI, HO OH MeHH crrpoCHJI: «KaKaH y Bae 

Oq>HUHaJibHaH )lQJI)l(HOCTh?» - «3aBe)lYJOII.lHH OT)leJI0M». - «Y Bae eCTb COTPYJlHHKH, 

K0T0pbie )lHCCepTauHH IIHIIIYT, H CKOJibKO?» .51 0TBeTHJI: «CeMb qeJioBeK». CJIOBOM, OH 

)l0roB0pHJICH C EJIJOTHHbIM, ~o6u H CTaJI rrpoqieccopoM, H H HM CTaJI! BoT TaK 3T0 

6bmo B TO BpeMH. 

Crracu6o 3a BHHMaHHe. 
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E.A.Hm,Hu 
3aM. )lttpeKTopa no HayKe fHU. P<l> - l1M6TI, pyK0BO)lHTeJib rrporpaMMbI 

6HOJIOruqecKHX HCCJie)lOBaHHH Ha 6ecrrHJIOTHbIX 061,eKTax 

fny6oKoyBa)l(aeMbie Konnern! 

Ilpe)l()le BCero, MHe X0TeJIOCb 6bI Bblpa3HTb 6naro)lapHOCTb oprK0MHTeTy 3a 

rrpe)lOCTaBJieHHYJO B03MQ)l(H0CTb BbICTYIIHTb Ha CHMII03HYMe, IIOCBHII.leHHOM 100-

JieTHIO co )lHH po)l()leHHH Bb.l)laJOII.lerocH yqeHoro, Ramero COOTeqecTBeHHHKa, 

aKa)leMHKa Hopanpa MapTnpocoBH% CucaKHHa. 

,[vrn poCCHHCKOH KOCM0HaBTHKH 2007 r. 6oraT co6bITHHMH, J06HJieHHbIMH 

)laTaMH, J06nneHMH JIJO)leH, K0T0pbie BHeCJIH cymecTBeHHbIH BKJia)l B pa3BHTHe Hamen 

KOCMOHaBTHKH H C03)laHHe HOBbIX o6JiaCTeH ecTeCTB03HaHHH, K0CMHqecKOH 6HOJIOrHH. 

B 3TOM ro)ly Mb! 6y)leM OTMeqaTb 150-JieTne co )lHH p0)l()leHHH K.3. 11.HOJIKOBCKOro, 

100-neTHe co )lHH po)l()leHHH C.TI. KoponeBa, 110-JieTHe co )lHH po)l()leHHH 

A.JI. qH)l(eBCKoro. EcTeCTBeHHO, He Mory He HaII0MHHTb, qTo B 3T0M fO)ly 

HCIIOJIHHeTCH 50 neT co )lHH 3arrycKa rrepBoro B MHpe HCKYCCTBeHH0ro CIIYTHHKa 

3eMJIH H 50 JieT C M0MeHTa rrepBoro IIOJieTa )l(llBOro cymecTBa B OKOJI03eMH0M 

rrpOCTPaHCTBe. ~YrHMH CJIOBaMH, )lJIH PocCHH 2007 r. MO)l(H0 c II0JIHbIM 0CHOBaHHeM 

Ha3BaTb fO)lOM KocMoca. 

IlpnMeqaTeJibHO TO, qTo BKJia)l aKa)leMHKa H.M. CucaKHHa, ero H)leH, ero 

B3rJIH)lOB B C03)laHHe H pa3BHTHe KOCMHqecKOH 6uonorun HBJIHeTCH HCKJIJOqnTeJibHO 

60JibIIIHM. KaK aKa)leMHK-CeKpernpb OT)leJieHHH 6uonornqecKHX HayK AKa)leMHH HayK 

CCCP H KaK qenoBeK mupoKoH 3PYJlHUHH OH BCHqecKu rroMoran, rroompHn 

rrpoBe)leHHe rrepBbIX 6nonoruqeCKHX 3KcrrepnMeHT0B B K0CM0Ce. KaK yqeHbIH-

6noXHMHK OH rrp0BO)lHJI HCCJie)l0BaHHH aMHH0KHCJIOTH0ro COCTaBa 6eJIKOBOH q>paKUHH 

XJIOpeJIJibI, 0)lH0ro H3 II0TeHUHaJibHbIX K0MIIOHeHT0B 6uonoruqecKHX CHCTeM 

)l(J13Heo6ecrreqeHHH )lJIH 6yJlymux )lJIHTeJibHbIX, CK0pee Bcero, Me)l(IIJiaHeTHbIX 

KOCMnqecKHX rroneT0B. EcTeCTBeHHO, KaK cero)lHH y)l(e 0TMeqanocb, aKa)leMHK 

H.M. CncaKHH pa6oTaJI B TeCH0M K0HTaKTe c Be)lyII.lHMH yqeHbIMH HaIIIeH CTPaHbI, 

BOBJieqeHHbIMH B KOCMHqeCKYIO )leHTeJibH0CTb, - 3T0 aKa)leMHK O.f. fITTeHKO, 

aKa)leMnKu B.H. qepHHroBCKHH, B.B. IlapHH, rrpoqieccop A.M. feHHH. Pa6orn B TaK0M 

TeCHOM KOHTaKTe II03B0JIHJia BrrepBbie rpyrrrre yqeHbIX HaIIIeH CTPaHbI B 1962 r. 

IIOJlp06Ho orrncaTb rrpe)lMeT KOCMnqecKoH 6nonornn, rrepeqeHb ee rrpo6neM H 3a)laq, 

rrepeqeHb q>aKTOpOB KOCMnqecKoro II0JieTa H KOCMnqecKoro rrp0CTPaHCTBa, HX 

B03MO)l(H0ro He6narorrpHHTHOro BJIHHHHH Ha opraHH3M H, ecTeCTBeHH0, HaMeTHTb 

rrepcrreKTHBbI )laJibHeHIIIHX HCCJie)l0BaHHH rrpnMeHHTeJibH0 K Me)l(IIJiaHeTHbIM 

rroneTaM, K )l(H3HH Ha 3eMJie. B 1962 r. AKMeMHH HayK CCCP cTana H3)laBaTb 

c6opHHK «Tpy)lbl H rrpo6neMbI K0CMnqecKOH 6HOJIOrHH». B rrepB0M T0Me 3THX TPYJl0B 

6bm PHJl 0CHOB0II0JiaraJOmux H TeopeTuqecKHX CTaTeH, K0T0pbie q>aKTHqecKH HBHJIHCb 

4>YHJlaMeHTOM K0CMHqecKOH 6uonorun u rrpe)lorrpe)lemrnH ee )laJibHeHmee pa3BHTHe. 

Ha rrepB0M MeCTe B TO BpeMH CT0HJia rrpo6JieMa HCCJie)lOBaHHH BJIHHHHH q>aKTopoB 

KOCMHqecKoro rrp0CTPaHCTBa, ecTeCTBeHHO, BKJIJOqaH q>aKTOpbI K0CMHqecKoro II0JieTa 

Ha rrpouecCbI )l(lf3He)leHTeJibH0CTH opraHH3MOB. IloCKOJibKy CaM Hopanp 

MapTupocoBuq y)leJIHJI BHHMaHHe rrpoueccaM )l(H3He)leHTeJibH0CTH paCTHTeJibHbIX 

opraHH3MOB, TO ero, K0HeqHo, B 60JibIIIeH CTerreHH HHTepeC0BaJI BKJia)l 3THX o6'beKTOB 

B C03)lami:e 6y)lymnx K0CMHqecKHX CHCTeM )l(H3Heo6ecrreqeHHH. 6e3yCJIOBHO, ero 
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TaIOKe HHTepecoBarra TaKilll npo6JieMa, KaK <popMbl H ycJI0BHll: lKH3HH Ha .npyrnx 

nnaHeTax. K C0JKarreHHIO, s ,noKJia,ne Mb! He M0JKeM no,npo6Ho 0CTaH0BHTbCll: Ha Bcex 

npo6JieMax K0CMI!'IeCKOH 6nonornn. TeM He Menee nocrnpaIOCb no,npo6HO H3JI0lKHTb 

TY nepByIO npo6JieMy, K0T0pyIO Mb! o603naqnJin B A0KJia,ne, ll Te 0CH0BHbie 3a,naqu, 

K0TOpbie B :noi1: npo6JieMe HMeIOTCll:. 

O,nHa ll3 BaJKHei1:umx 3a_naq, KaK C0BMeCTH0 co CB0HMH K0JIJieraMH nncarr 

H.M. CncaKll:H, - :no u3yqenne BJIHll:HHll: <paKTopoB K0CMnqecKoro nonera Ha 

pa3JillqffbJe CT0p0Hbl lKH3He,ne»TeJibH0CTH 3eMHbIX opraHH3M0B C TeM, qT06b1 Ha 

0CH0BaHHH 3TIIX HCCJie,noBaHIIH peIIIHTb Bonpoc 06 HX B03M0lKH0M noBpelK,naIOIIJeM 

,nei1:CTBHH ll 0 pa3pa60TKe KaKHX-T0 cpe,nCTB 3aIIJHTbl. YlKe B 1962 r. CT0ll:JI B0npoc 0 

TOM, qTo qeJI0BeKa ll lKHBbie opraHH3MbI, K0T0pbie 6y,nyr 0TnpaBJill:Tb B K0CM0C, 

npn,neTCll: 3aIIJHIIJaTb OT Bpe,n0H0CH0ro B03,nei1:CTBHll: <paKTOpOB K0CMHqecKoro 

npocrpaHCTBa. IlepBblM op6HTllJibHbIM 3KCnepnMeHTaM npe,nIIIeCTB0BllJIH 3aIIYCKH 

reo<pH3HqecKHX paKeT, Ha K0T0pbIX 6bIJIH npose,neHbl 3HaqnTeJibHb!e 3KCnepnMeHTbI Ha 

co6aKax. B 3KcnepnMeHTaX yqacTB0BaJI0 6onee 60 co6aK. HeKOTOpbIX ll3 HUX 

3anycKaJIH no HeCK0JibK0 pa3 B Bepxmi:e CJI0H aTMOC<pepbI, HO MaKCHMaJibHilll 

AJIHTeJibH0CTb 3KCn03HUHH K ycJI0Bllll:M HeBeC0M0CTH H B03,nei1:CTBllll: K0CMnqecKoi1: 

PMH~llll C0CTaBJill:Jla BCero-HaBcero 20 MHHyr. B 1957 r., 6yKBaJibHO qepe3 Mec»u 

nocne 3arrycKa nepBoro HCKYCCTBeHH0ro cnyrHIIKa 3eMJIH, 6bIJI npoBe,neH 

HCTOpnqecKHH 3KCnepnMeHT C nepBbIM lKHBb!M cymeCTB0M, K0T0poe 0TnpaBHJIH B 

K0CM0C no 0K0JIOKpyroBOH op6nTe. 3KcnepnMeHT 6bIJI 3anJiaHnpoBaH TaKHM o6pa30M, 

qro co6aKH Jiai1:KH A0JilKHbl 6bIJIH np0lKHTb Ha op6nTe 7 ,nHei1:, H TY HH<pOpMaUHIO, 

K0T0pyIO noJiyqanH no KaHaJiaM TeJieMerpHH, npe,nnonaraJI0Cb HCn0Jib30BaTb AJilI 

6y,nymnx noJieT0B qeJI0BeKa. O,nHaKO cnyqHJI0Cb TaK, qro Hen0JIMKH B CHCTeMe 

TepMoperynHp0BaHHll: Ka6HHbI C lKHB0THb!MH npHBeJIH K T0MY, qro qepe3 5 q nonera 

TeMnepaTypa n0BbICHJiaCb ,no 41 ° C H, ecTeCTBeHH0, 3T0 6bIJI npe,neJI nepeH0CHM0CTH 

lKHBblM opraHH3M0M TaKOH TeMnepaTypbl, qTo npHBeJI0 K <paKTHqecKOMY 

npeKpaIIJeHHIO 3KCnepHMeHTa. TeM He MeHee nepBb!e TPH BHTKa yqeHbie n0JI)"IaJIH 

xopoIIIero Kaqecrna HH<pOpMaUHIO 0 C0CT0ll:HHH lKHB0THbIX. PacCTOll:HHe, Ha K0Topoe 

nepe,naBaJiaCb HH<pOpMau1rn, C0CTaBJill:JI0 300 KM OT 3eMJIH, H <paKTHqecKH 3T0 6bIJIO 

HaqaJIQM TeJieMeAHUHHbl, Toro HarrpasneHHll:, K0T0poe cei1:qac oqeHb ycneIIIH0 

pa3BHBaeTCll: H B HaIIIei1: crpaHe, H 3a py6elKOM. B 3T0 BpeMll: y C.Il. KoponeBa yJKe 

6bIJIH nJiaHbl nocbIJIKH B K0CM0C qeJI0BeKa. CTaJIH H3roTaBJIHBaTb C00TBeTCTByIOIIJHe 

arrnapaTbI AJ1lI nonera qenoBeKa. B nepHo,n, npe,nIIIeCTByIOIIJHH nepB0MY nonery 

qeJI0BeKa B K0CM0C, B 1960 - 1961-M rr., 6bIJIH npoBe,neHbl 3arrycKH KOpa6nei1: 

«BOCTOK», MO,nH<pHUilpOBaHHb!X no,n 3a_naqH npoBe,neHHll: 3KcnepHMeHT0B HM 

lKHB0THb!MH. OcHOBHOH ueJibIO 3TIIX 3KcnepHMeHT0B ll:BJill:JiaCb npoBepKa 

lKH3He,ne»TeJibH0CTH BbIC0K0pa3BHT0ro lKHB0ro opraHH3Ma npH nonerax 

AJIHTeJibH0CTbIO 0K0JI0 29 q, oueHKa 6e3onaCHOCTH Ha Bcex 3Tanax noJieTa, oueHKa 

pa60Tbl CHCTeM o6ecneqeHHll: lKH3He,ne»TeJibH0CTH H oueHKa pa6oT CHCTeM 

TeJieMerpHH. <l>aKTHqeCKH BCll: 3Ta nporpaMMa HCCJieAOBaHHH Ha Kopa6Mx «CnyrHHK» 

(3TO HX O<pHUilaJibHOe Ha3BaHHe) 6bma HanpaBJieHa Ha peIIIeHHe B0npoca 0 

B03M0lKH0CTH 3arrycKa qeJI0BeKa B K0CM0C H B03M0lKH0CTH ero 6e3onacHoro nonera. 

3TH HCCJie,n0BaHHll:, B xo.ne K0T0pbIX Ha 3eMJIIO nepe,naBaITCll: 60JibIIIOH 06'beM 

TeJieMerpHqecKoi1: HH<pOpM~HH, nJIIOC MH0roqncJieHHbJe HCCJieA0BaHHll:, K0T0pb!e 

np0B0AHJIHCb nocne 0KQHqaHHll: nonera, no3B0JIHJIH c,neJiaTb BbIB0,n O TOM, qro noJieT 

qeJI0BeKa B K0CM0C B03M0lKeH. 
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I, 

8 npe,nIIIeCTByIOII!HX Bb!CTynneHHll:X rosopHJIH O Hopai1:pe MapmpoCOBHqe KaK 

06 eH0M- OH 6bIJI He np0CTO Bb!AaIOIIIHMCll: yqeHbIM, HO 60JibIIIHM 3HTY3HaCTOM H 

yq TeJibHblM opraHH3aT0p0M HayKH. Ilo ero HHHUHaTIIBe B CHCTeMe AKa,neMHH 
3ru,1eqa _ 
Ha CCCP 6bIJI0 C03,naH0 ,necll:Tb Jia6opaTOpHH, K0T0pbie 3aHHMllJIHCb npo6JieMaMH 

yK ·qecKOll 6H0J10rHil. fJiaBHyIO ponb B 3THX HCCJie,noBaHHll:X Bb!IIOJIHll:JI 
K0CMH _ A aunoHHblll HHCTHTyr, K0T0pbIH Bnocne,nCTBHH 6bIJI nepeuMeHOBaH B l1ncTHTyr 

K:;MHqecKHX H aBnauHoHHbIX uccne,noBaHHi1: MHHHCTepcrna 06oponb1 CCCP. Hopai1:p 

Mapni:poC0BHq snec 6oJibIIIOH BKJIM He T0JibK0 B K0CMnqecKyIO 6HOJIOrHIO, HO H s 

ocMIIqeCKYIO MeAHUHHy. On pa60TaJI B K0MHCCHH no ouenKe rOTOBHOCTH 

~ocMOHaBTOB K K0CMHqecKHM noJieTaM. On pyK0B0AHJI KOMHCCHei1: no qiop~HpoBaHHIO 

HayqHblX H 6HOJ10rHqecKHX nporpaMM HCCJie,nOBaHHH B K0CM0Ce. Ha npecc

KOH<pepeHUIIH «Yrpo KOCMHqecKOH 3pb!», K0T0pilll np0B0AHJiaCb nocne nonera lOpHll: 

AJieKceeBHqa rarapHHa, aKa,neMHK H.M. CHCaKll:H BMeCTe C aKa,neMHKOM 

A.H. HecMell:H0BblM BbICrynHJIH nepe.n MHp0BblM coo6mecTBOM c nayqHblMH 

,noKJIMaMH no HT0faM 3T0r0 HCT0pHqecKoro nonera. 
K C0lKaJieHHIO, noJI)"IHJI0Cb TaK, qro nocne nepBb!X ycneIIIHblX K0CMHqecKHX 

noneT0B HHTeHCHBH0CTb npoBe,neHHll: 6HonornqeCKHX HCCJie,noBaHHH B KOCMOCe 

HeCK0JibK0 CHH3HJiaCb. TeM ne Menee K0CMHqecKilll 6uonorHll: npo,nOJIJKaJia 

pa3BHBaTbCll:. EyKBaJibH0 qepe3 ,nBa ro,na nocne C03AaHHll: l1HCTHryTa Me,nHK0-

611onornqeCKilX npo6neM ero corpy,nHHKaMH 6bIJI npoBe,nen 3KCnepHMeHT na ,nByx 

co6aKax B K0CMHqeCK0M noJieTe npo,n0JilKHTeJibH0CTbIO 22 AHll:, qTQ CaMO no ce6e 

ll:BHJI0Cb orpoMHblM ,n0CTHlKeHHeM. B TO BpeMll: MaKCIIMaJibHilll npo,noJilKHTeJibHOCTh 

noneT0B K0CM0HaBT0B C0CTaBJill:Jia 5 cyT0K. Ha 0CH0BaHHH 3T0r0 3KCnepHMeHTa 

yqeHblMH 6bIJIH c,neJiaHbl BbIB0Abl, K0T0pb!e 3uaqHTeJibH0 onepelKaJIH pa3BHTIIe 

K0CM0HaBTHKH. 3m 22 AHll: noneTa Bblll:BIIJIII, qTo ,nJIHTeJibH0e npe6bIBaHHe B 

HeBeC0M0CTH npHB0AHT K cymecTBeHHb!M H3MeHeHHll:M B MbIIIIeqHQH CHCTeMe, B 

cKenemoi1: cHcTeMe, B cep_neqno-cocy,n11cToi1: CHCTeMe, B MeTa6oJIH3Me opraHH3Ma. 

Kor,na 3Tll AaHHbie 6bIJill npoaHaJIH3Hp0BaHbl, cneUHaJIHCTbl B o6naCTll KOCMHqecKOH 

6110JIOrHH 11 MeAHUilHbl npHIIIJIH K o,nH03HaqnoMy BbIB0AY, qro ,naJibHeHIIIHe 

MllTeJibHbie K0CMHqecKue noJieTbl npocT0 HeB03M0lKHbl 6e3 npHMeHeHllll: B noJieTe 

cpe,ncTB 3aIUHTbl OT ne6naronpllll:TH0ro ,nei1:CTBHll: neBeC0M0CTH. TaKHM o6pa30M, 

3KCnepuMeHTaJibH0 6bIJIO II0Ka3aH0, qro B paMKax KOCMHqeCKOH Me,nliUHHbl 

neo6xo,n11Mo pa3BHBaTb narrpaanenHe pa3pa6oTKH cpe,ncrn 3aIIIHTbI H 11poqi11naKTHKJ1 

OT .nei1:CTBllll: K0CMJlqecKHX <paKTOpOB. 

B K0HUe 1960-x - uaqane 1970-x rr., Kor,na B HaUiei1: crpane cTarra aKTIIBHO 

11p0B0AIITbCll: pa6oTa 110 C03AaHHIO op6HTaJibHb!X CTaHUIIH H 110 ocymecTBJieHHIO na 

HHX MIITeJibHb!X K0CMHqecKHX II0JieT0B qenoBeKa, IIHTepec K 6HOJIOr11qecK11M 

llCCJie,noBaHHll:M B K0CM0Ce cymecTBeHH0 110,nHll:JICll: H aKTHBH3Hp0BaJICll:. 

IlpaBHTeJibCTBOM 6bIJIO BbIIIYIIIeH0 II0CTaH0BJieHHe 0 C03,naHHH ClleUHaJibHb!X 

cnymHK0B Mll: 6HoJiornqecKIIX HCCJie,noBaHllll c ueJiblO peIIIeHHll: 11po6neM 

K0CMnqecKoi1: MeAHUHHbl, Mll: o6ecneqeHHll: noneT0B qeJI0BeKa pa3JIHqff0ll 

npo,nonJKIITeJibHOCTH H pa3JIHqHoro na3uaqenH». Kor,na :na 11porpaMMa cTana 

<pOpMHpOBaTbCll:, TO, ecTeCTBeHH0, npHIIIJI0Cb CH0Ba o6paTHTbCll: K TeM 

0CH0Bononara10mHM pa60TaM aKa,neMHKa H.M. CHCaKll:Ha, aKa,neMHKa o.r. fa3eHK0 H 

RX Konner, K0T0pbie 6bIJIH ony6JIHKOBaHbl a 1962 r. DbIJia 0TKpb!Ta K0MnneKCHall: 

nporpaMMa «El1OH» AJill: <pH3HOJIOrnqecKHX, MOp<ponornqecKHX HCCJie,noBaHIIH 110 

ouenKe MeXaHH3M0B B03M0lKH0ro II0BpeJKAaIOIIIero ,nei1:cTBHll: <paKTOpOB K0CMHqecKoro 
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TaK)Ke IIHTepecomurn TaKIDI npo6JieMa, KaK <popMbl II ycJI0BIIll )KH3HII Ha .11pyrnx 

nJiaHeTax. K C0)KaJiemno, a ,!I0KJia,!le Mb! He M0)KeM no.11po6Ho 0CTaH0BIITbCll Ha Bcex 

npo6JieMax KOCMIIqecKoii: foIOJIOfHII. TeM He MeHee nocrnpaIOCb no.11po6Ho II3JI0)KIITb 

TY nepayio npo6JieMy, K0TOPYJO Mb! o603HaqlIJIII B ,!I0KJia,!le, II Te 0CH0BHbie 3a,!laqlI, 

K0T0pbie a :noii: npo6JieMe IIMeIOTCll. 

O.11Ha II3 Ba)l(Heii:urnx 3a,!laq, KaK C0BMeCTH0 co CB0IIMII K0JIJieraMII nlICaJI 

H.M. CIICaKHH, - :no H3yqeHIIe BJIIIllHIIll <paKTopoB K0CMIIqecKoro noJieTa Ha 

pa3JIIIqHbie CT0p0Hbl )KII3He,!lel!TeJibH0CTII 3eMHblX opraHII3M0B C TeM, ~06bi Ha 

0CH0BaHIIII 3TIIX IICCJie,!IOBaHIIll peIIIllTb Bonpoc 06 IIX B03M0)KH0M II0Bpe)K,!laIOJneM 

.11eii:CTBIIII II 0 pa3pa60TKe KaKIIX-T0 cpe,!ICTB 3aJnlITbl. Y)Ke B 1962 r. CT0llJI B0llp0c 0 

TOM, ~o qeJI0BeKa H )KIIBbie opraHII3Mbl, K0T0pbie 6y.11YT 0TllpaBJil!Tb B K0CM0C, 

11p1I,!1eTCll 3am1ImaTb OT Bpe,!I0H0CH0ro B03,!leii:CTBIIll <paKTopoB K0CMIIqecKoro 

11p0CTPaHCTBa. IlepBblM op61ITaJibHbIM 3KC11ep1IMeHTaM 11pe.11IIIeCTB0BaJIII 3anyCKII 

reO<plI31IqecKIIX paKeT, Ha K0T0pbIX 6bIJIII 11poae.11eHbl 3Haq1ITeJibHbie 3KCnep1IMeHTbl Ha 

co6aKax. B 3KCnep1IMeHTax yqaCTB0BaJI0 6onee 60 co6aK. HeKOTOpb!X H3 HIIX 

3anycKaJIII no HeCK0JibK0 pa3 B BepXHIIe CJI0II aTMOC<pepbi, HO MaKCIIMaJibHIDI 

,!IJIIITeJibH0CTb 3KCII031IIJIIII K ycJI0BIIllM HeBeC0M0CTH II B03,!leii:CTBHll KOCMnqecKoii: 

pa,!IHaIJIIH C0CTaBJil!Jia Bcero-HaBcero 20 MIIHYT. B 1957 r., 6yKBaJibHO qepe3 MeCl!IJ 

II0CJie 3arrycKa 11epaoro IICKYCCTBeHH0ro CIIYTHHKa 3eMJIII, 6bIJI 11poae.11eH 

HCT0pnqecKnii: 3KC11ep1IMeHT C 11epBbIM )KllBbIM cymecTB0M, K0T0poe 0TllpaBIIJIII B 

K0CM0C 110 OKOJIOKpyroaoii: op61ITe. 3Kc11ep1IMeHT 6bIJI 3a11JiaH1Ip0BaH TaKIIM o6pa30M, 

qTo co6aKII Jiaii:KII ,!I0JI)KHbl 6bIJIII rrp0)KIITb Ha op61ITe 7 ,!IHeii:, n TY IIH<pOpMaIJHIO, 

K0T0PYJO rronyqaJIII no KaHaJiaM TeJieMeTPHII, 11pe.11rroJiaraJI0Cb IICII0Jib30BaTb ,!IJill 

6y.11ymnx II0JieT0B qeJioBeKa. O.11HaKO CJiyqlIJI0Cb 'raK, qTo HeII0Jia,!IKII a CIICTeMe 

TepMoperyJIIIp0BaHIIll Ka61IHbl C )KIIB0THbIMII rrplIBeJIII K T0MY, qTQ qepe3 5 q II0JieTa 

TeMrrepaTypa II0BbICHJiaCb .110 41 ° C II, ecTeCTBeHH0, 3T0 6bIJI rrpe.11en rrepeH0CIIM0CTII 

)KIIBbIM opraHII3M0M TaKoii: TeMrrepaTYPbl, ~o rrplIBeJI0 K <paKTHqecKOMY 

rrpeKpameHHIO 3KCrrep1IMeHTa. TeM He MeHee rrepBbie TPII BIITKa yqeHbie II0JiyqaJIH 

xopoIIIero KaqecTBa IIH<pOpMaIJHIO 0 C0CT0llHIIII )KIIB0THbIX. PaCCTOllHIIe, Ha K0T0poe 

11epe.11aaanacb IIH<pOpMaIJIIll, C0CTaBJillJI0 300 KM OT 3eMJIII, II <paKTHqecKII 3T0 6bIJIO 

HaqaJioM TeJieMe,!IHIJIIHbI, Toro HanpaaJieHIIll, K0Topoe ceii:qac oqeHb ycrreurno 

pa3BIIBaeTCll II B HaIIIeii: CTPaHe, II 3a py6e)KOM. B 3T0 BpeMll y c.rr. KopoJieBa y)Ke 

6bIJIII IIJiaHbl II0CblJIKH B K0CM0C qeJI0BeKa. CTaJIII H3roTaBJIIIBaTb C00TBeTCTB)'IOJnlle 

anrrapaTbl ,!IJ!ll II0JieTa qeJI0BeKa. B neplI0.11, npe.11IIIeCTB)'IOIIJllll 11epB0MY II0JieTY 

qeJI0BeKa a K0CM0C, a 1960 - 1961-M rr., 6bIJIII 11poae.11eHbl 3a11ycK1I Kopa6neii: 

«BOCTOK», MO,!III<pllIJIIPOBaHHbIX ITO.II 3a,!laqn rrpoBe,!leHIIll 3KC11epnMeHT0B Ha,!I 

)KIIB0THbIMII. OCHOBH0ll IJeJiblO 3TIIX 3KCrrep1IMeHT0B llBJil!JiaCb rrpoaepKa 

)KII3He,!lellTeJibH0CTH BbIC0K0pa3BIIT0ro )KIIB0ro opraHII3Ma rrplI noneTax 

,!IJIIITeJibH0CTblO 0K0JI0 29 q, 0IJeHKa 6e3onacHOCTII Ha Bcex 3Tarrax noneTa, 0IJeHKa 

pa60Tbl CIICTeM o6ecrreqeHIIll )KII3He,!lel!TeJibH0CTH II 0IJeHKa pa6oT CIICTeM 

TeJieMeTPIIII. <l>aKTnqecKII BCll 3Ta rrporpaMMa HCCJie,!IOBaHIIll Ha Kopa6JlllX «CIIYTHHK» 

(3TO IIX O<pHIJllaJibHOe Ha3BaHne) 6bIJia HallpaBJieHa Ha peIIIeHIIe Borrpoca 0 

B03M0)KH0CTII 3arrycKa qeJI0BeKa B K0CM0C II B03M0)KH0CTH ero 6e3011acHoro II0JieTa. 

3TH IICCJie,!I0BaHHll, B XO.lie K0T0pb!X Ha 3eMJIIO 11epe.11aBaJICll 60Jiblll0ll 061,eM 

TeJieMeTP1IqecKoii: IIH<pOpMaIJIIII, IIJIIOC MH0ro~cJieHHbie IICCJie,!I0BaHHll, K0T0pb!e 

np0B0,!IIIJIIICb nocne 0KQHqaHIIll II0JieTa, 1103B0JIIIJIII C,!leJiaTb Bb!B0,!I 0 TOM, ~o II0JieT 

qeJI0BeKa B K0CM0C B03M0)KeH. 
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B npe,!IIIIeCTB)'IOJnlIX BbICTYIIJieHIIllX roaoplIJIII 0 Hopaii:pe MapT1Ip0C0BIIqe KaK 

06 yqeH0M. OH 6bIJI He rrp0CT0 Bbl,!laIOJnlIMCll yqeHbIM, HO 60Jib!IIIIM 3HTY31IaCTOM II 

m,1eqaTeJibHblM opraHH3aT0p0M HayKII. Ilo ero IIHIIIJHaTHBe B CIICTeMe AKa,!leMIIII 

~ayK CCCP 6hmo co3,!laHo ,!leCl!Tb Jia6opaTOp1Iii:, K0T0pbie 3aHHMaJIIICb rrpo6JieMaMII 

KOCMliqecKOll 6IIOJI0fHII. fJiaBH)'IO p0Jib B 3THX IICCJie,!I0BaHIIllX Bb!IIOJIHllJI 

AmrnIIIIOHHblll IIHCTIITYT, KOTOpb!ii: BII0CJie,!ICTBIIII 6bIJI nepe1IMeH0BaH a 11HCTIITYT 

KOCMIIqeCKIIX II aBIIaIJII0HHbIX IICCJie,!IOBaHIIll MIIHIICTepcrna o6opOHbl CCCP. Hopaii:p 

MapTIIp0C0BIIq BHeC 60Jiblll0ll BKJia,!I He T0JibK0 B K0CMIIqeCK)'IO 61IOJIOrlIIO, HO II B 

KOCMIIqecK)'IO Me,!IIIIJIIHy. OH pa6oTaJI a K0MIICCIIII no 0IJeHKe rOTOBHOCTII 

KOCM0HaBT0B K K0CMIIqeCKIIM noJieTaM. OH pyK0B0,!IIIJI KOMIICC1Ieii: 110 <pop~1IpOBaHHIO 

HayqHblX n 61IOJI0fHqecKHX rrporpaMM HCCJie,!IOBaHHll a K0CM0Ce. Ha rrpecc

KOH<pepeHIIIIll «YTPO KOCMnqecKoii: 3pbI», K0TOpIDI rrp0B0,!IIIJiaCb II0CJie n0JieTa IOpllll 

AJieKceeanqa raraplIHa, aKa,!leMHK H.M. CncaKHH BMeCTe C aKa,!leMIIKOM 

A.H. HecMellH0BblM Bb!CTYIIHJIH nepe,!1 MHp0BbIM coo6mecrnoM c HayqHblMH 

,!I0KJia,!laMH no HT0raM 3T0ro HCT0pnqecKoro II0JieTa. 

K C0)KaJieHHIO, rroJiyqnJI0Cb TaK, ~o II0CJie rrepBbIX yc11eIIIHbIX K0CMnqecKHX 

rroJieT0B IIHTeHCHBH0CTb 11poBe,!leHHll 6nonornqecKHX HCCJie,!IOBaHIIll a KOCMOCe 

HeCK0JibK0 CHH3HJiaCb. TeM He MeHee K0CMnqecKIDI 6noJiornll llp0,!I0Jl)KaJia 

pa3BIIBaTbCll. EyKBaJibH0 qepe3 ,!IBa, ro,!la rrocne C03,!laHHll I1HCTHTYTa Me,!IHK0-

6noJI0rHqecKHX rrpo6neM ero C0TPY.!IHHKaMH 6bIJI rrpoBe,!leH 3KCllepnMeHT Ha .!IByx 

co6aKax a K0CMnqecK0M II0JieTe rrp0,!I0Jl)KHTeJibH0CTbIO 22 ,!IHll, ~o CaM0 no ce6e 

l!BIIJI0Cb orpoMHblM ,!I0CTH)KeHHeM. B TO apeMll MaKCHMaJibHIDI rrp0,!I0JI)KIITeJibH0CTb 

noJieT0B K0CM0HaBT0B C0CTaBJillJia 5 cyT0K. Ha 0CH0BaHHH 3T0r0 3KCrrepnMeHTa 

yqeHb!MH 6bIJIH C,!leJiaHbl Bb!B0,!lbl, K0T0pbie 3HaqnTeJibH0 onepeJKaJIH pa3BHTHe 

K0CM0HaBTHKH. 3TH 22 ,!IHll II0JieTa BblllBHJIH, qTQ ,!IJIHTeJibH0e rrpe6bIBaHne B 

HeBeC0M0CTH npHB0,!IHT K cymecTBeHHblM H3MeHeHHllM B MbIIIIeqHOll CHCTeMe, B 

CKeJieTHOH CHCTeMe, B cep,!leqHo-cocy,!IIICTOll CHCTeMe, B MeTa6oJIH3Me opraHH3Ma. 

Kor,!la 3TH ,!laHHbie 6bIJIH npoaHaJIH31Ip0BaHbI, cneIJHaJIHCTbl B o6naCTH KOCMnqecKOll 

6HOJIOfllll H Me,!IHIJHHbl rrpHIIIJIH K 0,!IH03HaqH0MY Bb!B0.!IY, qTo ,!laJibHeHIIIHe 

,!IJIHTeJibHbie K0CMnqecKne noneTbI rrp0CT0 HeB03M0)KHbl 6e3 rrpnMeHeHHll B II0JieTe 

cpe,!ICTB 3aJnHTbl OT He6JiarorrpHllTH0ro .11eii:CTBHll HeBeC0M0CTH. TaKHM o6pa30M, 

3KCrrepnMeHTaJibH0 6bIJIO II0Ka3aH0, ~o B paMKax KOCMnqecKOll Me,!IHIJHHbl 

He06XO.!IHMO pa3BHBaTb HarrpaBJieHne pa3pa6oTKH cpe,!ICTB 3ainHTbl H rrpo<pHJiaKTHKH 

OT ,!leii:CTBHll K0CMnqeCKHX <paKTOpOB. 

B K0HIJe 1960-x - Haqane 1970-x rr., K0r,!la a HaIIIeii: CTPaHe CTaJia aKTHBHO 

npOB0,!IHTbCll pa6orn 110 C03,!laHHIO op6HTaJibHb!X CTaHIJllll H no ocymeCTBJieHHIO Ha 

HHX ,!IJIHTeJibHblX K0CMnqecKHX II0JieT0B qeJI0BeKa, HHTepec K 6noJiornqecKHM 

HCCJie,!I0BaHHllM B K0CM0Ce cyIIJeCTBeHH0 II0,!IHllJICll ll aKTHBH3Hp0BaJICll. 

IlpaBHTeJibCTBOM 6bIJIO BbIIIYIIJeH0 noCTaH0BJieHne 0 C03,!laHHH cneIJIIaJibHbIX 

cnYTHHK0B ,!IJ!ll 6nonornqecKHX HCCJie,!IOBaHHll c 11eJiblO peIIIeHHll npo6JieM 

K0CMHqecKOH Me,!IHIJHHbl, ,!IJ!ll o6ecneqeHHll noJieT0B qeJI0BeKa pa3JillqHOll 

rrp0,!I0JI)KHTeJibH0CTH ll pa3JIHqHoro Ha3HaqeHHll. Kor,!la 3Ta 11porpaMMa CTaJia 

<pOpMnpoBaTbCll, TO, eCTecrneHH0, rrpHillJI0Cb CH0Ba o6paTHTbCll K TeM 

0CH0B0n0JiaraIOIIJHM pa60TaM aKa,!leMHKa H.M. C1ICaKHHa, aK!l,!l;eMHKa O.f. fa3eHKO ll 

HX K0JIJier, K0T0pbie 6bIJIH ony6JIHKOBaHbl a 1962 r. DbIJia 0TKpbITa K0MIIJieKCHIDI 

rrporpaMMa «EHOH» .!IJill <pn3HOJiornqecKnx, MOp<ponornqecKnx nccne,!IOBaHHii: no 

0IJeHKe MeXaHH3M0B B03M0)KH0rD II0Bpe)K,!laIOIIJero ,!leii:CTBllll <paKTopoB K0CMnqecKoro 
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nom:-ra Ha JKllBble CllCTeMbl C ueJibIO pa3pa6oTKll peKOMeH,!(aUHH no B03M0JKHbIM 

MHTeJibHbIM II0JICTaM qeJI0BeKa. B paMKax 3TOH rrporpaMMbl B nepll0.!! C 1973 r. no 

1996 r. 6bIJIO 3anyi.neH0 0.!(llHHa,!(UaTb 6nonoruqecKHX crryrHHK0B, MaKCllMaJibHM 

MHTeJibH0CTb HX II0JieTa C0CTaBJuma .!!Ba,!([laTb ,!(Ba .!!Hll H, B OTJmqne OT Toro rrepH0.!!a 

ceKpeTH0CTll, KOTOpbIH 6bm .!!0 Haqana 1960-x IT., 3Ta rrporpaMMa, HaqnHal! C TpeTbero 

nonera, rrpeBpamnacb B MeJK.!(y1rnpo.!!HYIO rrporpaMMy. B 3TOH nporpaMMe 

yqacTB0BaJill rrpaKTnqecKn Bee eBporreiicKne CTpaHbI, CIIIA, Katta.!(a n Knrnii. CrreICTp 

061,eKTOB llCCJie,!(OBaHllH npn peanll3al(llll rrporpaMMbl «EI1OH» 6bm .!!0CTaTQqHo 

nmp0K. 11Mn l!BJll!JlllCb KaK rrpocTeiinme MllKp0opraHll3MbI ( 0.!(H0KJieTOqHbie 

6aKTepnn), TaK ll BbIC0K0opraHll30BaHHbie opraHH3Mbl (Kpb!Cbl, o6e3bl!Hbl), T.e . .!!Jill 

TOro qro6bI 0TBeTllTb Ha B0IIp0CbI, K0T0pbie CT0llJill rrepe.!! KOCMHqecK0H 6nonorneii, 

6bm BbI6paH nmpOKllH cneKTp 061,eKTOB llCCJie.!(0BaHllll (6onee 20 HaHMeHOBaHHH 

pa3JillqHbIX Bll.!(0B opraHll3M0B, CT0llll(llX Ha pa3JillqHbIX yp0BHJIX 0HToreHe3a, 

reHeTnqecKoro H 3B0JIIOI.(ll0HH0ro pa3BllTHll). 11ccne,!(OBaHllll, K0T0pbie rrpoB0.!!llJlllCb 

no nporpaMMe «EI1OH», M0JKH0 ycJI0BH0 pa3.!(eJIHTb Ha HeCK0JibK0 HarrpaBJieHHH: 

rpaBHTa[lll0HH0e, <pll3HOJIOrnqecKoe, PMH06HOJIOrHqecKOe. OT.!(eJibHO ll3yqaJJacb 

npo6JieMa HCKYCCTBeHHOH CHJibl TJIJKeCTll. qTO noKa3aJill rrpoBe,!(eHHble llCCJie,!(OBaHllll? 

OHH He Bbll!BllJlll KaKOro-nn6o II0BpeJK.!(aIOII.(ero BJlllJIHllll HeBeC0M0CTll n 

KOCMnqecKOH pa.!(naunn, xapaKTepuoii MH op6nT, no K0T0pbIM rrpoX0.!(llJIH n0JieTbl, Ha 

KJleTQqublli UHKJI, Ha HacJie.!(CTBeHHbIH arrrrapaT KJieTKll, Ha BHyTpHKJieTQqHble 

npouecCbl. 11, K Y.!!llBJieHHIO yqeHbIX, He 6bIJIO o6Hapy:lKeHO HapyweHHH B 

3M6pnOHaJI'J,HOM H 0HT0reHeTnqecK0M pa3BllTllll opraHH3M0B, KOT0pbie Hax0,!(llJlllCb B 

0TC}'TCTBHe 3eMH0H CllJibl TllJKeCTll. BMecTe C TeM npn rrpoBe,!(eHllll llCCJie.!(OBaHllH 

qlll3llOJIOrnqecKoro nJiaHa 6bm BbIJIBJieH orpoMHbIH nepeqeHb qJYHKUllOHaJibHbIX, 

CTpYKT}'PHbIX ll MeTa6onnqecKHX ll3MeHeHHH B pa3JilfqHbIX CllCTeMax opraHll3Ma. 

CKpynyne3HbIH aHaJill3 3TllX ll3MeHeHHH Bbll!BllJI, qro 0Hll H0CJIT o6paTHMbIH xapaKTep, 

He l!BJIJIIOTCJI naT0JiornqeCKllMH, ll cnycTJI HeK0Topoe BpeMJI rrocne 0KQHqaHllll n0JieTa 

np0HCX0.!!llT H0pMaJill3a[lllll 4JYHKI.(llH Bcex llCCJie.!(0BaHHbIX CllCTeM opraHll3Ma. Ha 

0CH0BaHHH nonyqeHHbIX pe3yJibTaT0B 6bma no.!(p06HO onncaHa qieHoMeHOJIOrull, 

ll3yqeH . MeXaHH3M pa3BlfTlfll 3TllX ll3MeHeHllH. Pe3yJibTaTbl 0Tpa:lKeHbl B 

MHoroqncneHHblX ny6JIHKal(llllX n K0JIJieKTHBHbIX MOHOrpaqinllX, ll3.!(aHHbIX 

11HCTHTyrOM Me.!!HKo-6nonoruqecKnx npo6neM. 

AKa.!(eMnKa H.M. CncaKl!Ha n MHornx .!!pyrnx nccne.!(oBaTeneii HHTepecoBana 

rrpo6neMa II0JieT0B Ha .!(pyrne nnaHeTbl. O.!(HllM lf3 B0IIp0C0B, KOTOpblli CT0JIJI rrepe.!! 

llCCJie.!(oBareJillMH, 6bill0 H3yqeHlle BJllll!Hllll BCIIbIIIIeK Ha COJIHI.(e ll BJilll!Hlle 

HeBeC0M0CTll Ha PMllaQH0HHYIO qyBCTBllTeJibH0CTb opraHH3M0B. ,lvill Toro qro6b1 

0TBeTllTb Ha 3Tll B0np0Cbl, Ha 0.!(H0M ll3 CII}'THHK0B 6bIJI YCTaH0BJieH y-o6nyqaTeJib C 
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Cs. Ha ,!(eCJITble cyrKn II0JieTa B HeBeC0M0CTH 6bill0 rrpoBe,!(eH0 

o6nyqeHne JKllB0THbIX B .!!03ax,. npllB0.!(l!IIIllX K pa3BllTllIO nyqeBOH 6oJie3Hll. ,IJ;anee 

II0JieT np0.!(0JIJKaJICll ell(e ,!(eCl!Tb cyroK, a 3areM llCCJie,!(0BaHllJI 6bmll IIP0.!!0JIJKeHbl Ha 

3eMJie. Pe3yJibTaTbl llCCJie,!(0BaHllll n0Ka3aJIH, qro HeBeC0M0CTb cyll(eCTBeHH0 He 

MO.!!llqlllUllPYCT 0CTpbJe PMlla[lll0HHble 3qiqieKTbJ. Ko3<pqlllUlleHT MO.!!llq>llKa[lllll 6bm 
6Jllf30K K e,!J,lfHlll(e, H T0JibK0 no HeK0T0pbIM noKa3aTeJIJIM, rrpe)K,!(e BCero, no 

II0KaJaTeJIJIM Kp0Bll K03<pqJlll(lleHT C0CTaBllJI 1,2. O6pawaIO BHHMaHlle, qTQ 3T0 6bill0 

II0Ka3aH0 HMeHH0 .!(Jill 0CTpbIX .!!03 o6nyqeHllll. Ecnn JKe paccMaTpHBaTb II0JleT 6e3 

TaKllX 0CTpbIX B03.!(eHCTBllH, a KaK KOM6llHllp0BaHHOe ,!(eiicTBne HeBeC0M0CTll ll 

II0BbIIIIeHHbIX ypoBHe.il: KOCMnqecKOH pa,!l,lia[lllll, TO, K C0JKaJieHHIO, 3Ta rrpo6JieMa .!!0 
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rrop ocTaeTCll HepeweHHOH. B HaIIIeM llHCTIITyre Mbl TOJibKO nnaHnpyeM 500-
cnx 

6 
u 

cyroqHbJH 3KCnepnMeHT Ha 0 e3bl!Hax, B03,!(e!-!CTBYll Ha HI-IX xpoHnqecKHM ll3JiyqeHHeM 

C TeM, qT06bl l\l0JKH0 6bill0 npe.!(CTaBll.Tb I-!CTIIHHYIO KapTHHY OT.!(aJieHHbIX 

nocJie.!(CTBllH ll 3KCTpanon1-1poBaTb ee Ha qeJI0BeKa. 3TO ,!(eJiaeTCll C ueJibIO 

o6ecneqeHllll 6e3onaCH0CTI-I noJieT0B qenoBeKa Ha Mapc. ECJII-1 pa3BI-!BaTb TeMy 

6y.!!ywnx MeJKrrJiaHeTHblX noneT0B, TO O.!(HOH I-13 npo6nel\l B paMKaX 3a.!(aqn 

pa3pa60TKI-I cpe.!!CTB npoqrnnaKTIIKll I-I 3aII.(I-!Tbl qeJI0BeKa OT He6narorrpllllTHOro 

,!(eliCTBllll .!(JIHTeJibHOH HeBeC0M0CTll llBJilleTCll npo6neMa C03,!(aHHll llCKyCCTBeHHOH 

rpaimTaUHll B K0CMI-lqecK0M II0JieTe. BnepBble B nporpaMMe «EI10H» Ha pll.lle 

cnyrHHK0B npoB0.!(HJIHCb llCCJie.!(oBaHHll C HCII0Jib30BaHHeM 6opTOBbIX l(eHTpllqJYr, 

K0T0pbie BO BpeMll norreTa C03.!(amum I-ICKYCCTBeHHYIO CHJIY Tl!JKeCTH (TaKYIO JKe, KaK 

Ha 3eMJie ). CpaBHHTeJibHbJe llCCJie,!(0BaHHll 6nonornqecKHX 061,eKTOB, HaxO,!(llll(llXCll B 

ycJI0BilllX llCKyCCTBeHHOH rpaBHTaUllH, II0Ka3aJIH, qTQ ll.!(ell 1.(noJIKOBCKOro 0 

uenecoo6pa3H0CTH C03,!(aHHll ncKyccTBeHHOH CilJlbl TJIJKeCTll B 6y.!!ymllX 

MeJKIIJiaHeTHblX norreTax Hax0.!(HT 3KCrrepnMeHTaJibH0e IIO.!(TBepJK.!(eHne. 3TO 

HanpaBneHne 3acnyJKnBaeT Toro, qrn6h1 ero npo.!!0JIJKaTb B HaJeMHbIX n B 6y.!!ymnx 

MeJKnJiaHeTHbIX ycJI0illll!X. HeCM0Tpll Ha ycrrexn HaIIIeH IIllJIOTHpyeMOH KOCMOHaBTllKll 

n nccJie.!(0BaHHll no rrporpaMMe «EI1OH» MH0rne B0IIp0Cbl eme 0CTaIOTCll OTKpbITbIMll. 

B qaCTH0CTil, Mb! II0JiaraeM, qro B 6y.!!yll(HX HCCJie.!(oBaHllllX HaM Ha.1(0 60JibIIIe 

y.!(eJIHTb BHHMaHllll IICCJie,!(oBaHlll!M Ha M0JieKyJillpH0M II M0JieKynllpHo-reHeTHqeCKOM 

ypoBHe. Mb! rrorraraeM, qTo rrpo6neMa 0HToreHe3a rrpn MHOroKpaTHOH penpO.!!yKI.(HH 

TaKJKe np0.!(0JIJKaeT 0CTaBaTbCll aKTYaJibHOH. Ee aKT}'aJibH0CTb o6ycJIOBJieHa 

Heo6XO.!(llM0CTbIO C03.!(aHHll 6noJiornqecKHX CllCTeM JKH3Heo6ecneqeHHJI. 

IlpnMeHHTeJibH0 K MapcnaHCK0MY II0JieTy rrpe.!(CTaBJilleTCll BaJKHblM II3yqHTb 

npoTeKaHHe B K0C]l,fllqecK0M noneTe pa3JillqHblX naT0JiornqecKHX rrpollBJieHIIH H 

3a60JieBaHHH. EcTecrneHH0, BaJKHa rrpo6neMa ycnoBHH B03HllKHOBeHllll II 

pacnpocTpaHeHIIll JKll3HH BO BceJieHHOH. Ecnn roB0pHTb 0 6nnJKaHIIIllX nJiaHax, TO 3TO 

6nonoruqecKne llCCJie,!(0BaHllll Ha K0CMnqecK0M anrrapaTe «<l>OTOH». B 2010 r. Mb! 

IIJiaHllpyeM np0.!(0JIJKIITb nporpaMMY «EI1OH» Ha oqepe.!(H0M 6nonornqecKOM 

crryrHnKe. B HOBOH qie.!!epaJibHOH KOCMnqecKOH rrporpaMMe Poccnn 

npe.!(ycMaTpHBaeTCll Tpll 3anycKa TaKHX K0CMnqecKHX annapaTOB. B 2010 r. 

nnaHnpyeTCll yqacTne B nporpaMMe nonern KocMnqecKoro annapaTa Ha <l>o6oc 

(cnyrHnK Mapca), r.!!e MbI nnaHnpyeM npoBecTn 6noxnMnqecKne, reonornqecKne 

IICCJie.!(0BaHllll rrpo6 rpyHTa Ha npe.!(MeT B03M0JKH0ro o6HapyJKeHllll JKll3Hll Ha 3TllX 

nnaHeTax. 
EnonoruqecKHe llCCJie,!(0BaHllll, K0T0pbie HaMll npoBe,!(eHbl, HMeIOT 

cymecTBeHH0e 3HaqeHne .!!Jill KOCMHqecKOH Me.!!HUllHbl, .!!Jill peIIIeHHll rrpo6JieM 

6y.!(yll(HX Me)J(IIJiaHeTHbIX IT0JieT0B, HO yJKe ceiiqac MHorne pe3yJibTaTbl BHe.!(peHbl B 

KJlllHHKy. HeKOTOpble pe3yJibTaTbl HCII0Jlb3)'IOTCll .!(Jill 6orree rrry6oKoro nOHllMaHllll 

p0JIH ecTeCTBeHH0H 3eMHOH CllJlbl TJIJKeCTII B rrpoueccax JKll3He,!(el!TeJibHOCTH, B 

npoueccax 4JYHKUllOHHpOBaHllll pa3JIHqHbIX CllCTeM ll opraH0B opraHII3MOB. B 3TOH 

CBJ13H npe.!(CTaBJilleTCll, qTQ BCe TO, qro IIllCaJill B 1962 r. aKa.!(eMHK H.M. CncaKJIH, 

aKa.!(eMHK o.r. faJeHKO, npocpeccop A.M. feHHH, 6bIJIO HayqHbIM rrpe.!(Bll.!(eHneM Toro, 

qro llCCJie.!(0BaHHll no KOCMnqecKOH 6norrornn II03B0JIJIT He T0JibK0 HaHTll perneHllll, 

CBll3aHHbJe C 6y.!(}'IIIllMll MeJKIIJiaHeTHbIMll II0JieTaMll qerroBeKa, HO 0Hll 6y.!!yr 

cnoco6crnoBaTb rrocTpoeHHIO Han6onee o6mnx KOHUenunii 6nonornn, Kaca10mnxcJ1 

npo6neM JKH3Hll Boo6me. Cnacn6o 3a BHHMaHne. 
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A.A. raJIOHH 

AKa.neMHK HAH PA, ,llHpeKTOp I1HCTHT)'Ta 6HOXHMHH HM. r.x. EyHanrna HAH 

ApMeHHH 

rJiy6oKoyBalKaeMhiii HHKOJiaii Allb¢pe.uoBHq, rny60KoyBalKaeMuii AHaTOJIHii 

I1BaHOBHq, rny6oKoyBalKaeMblii AJieKceii HopaiipOBHq, yBalKaeMbie yqaCTHHKH 

KOH¢epeHl(HH! 

IlpelK,lle Bcero, xoqy Bbipa:mTb Ilpe3H.UHYMY PoccniicKoii aKa,neMHH HaYK, 

oprKOMHTeTY CHMll03HyMa 6Jiaro.uapHOCTb 3a OKa3aHHYJO qecTb BblCTYIIHTb B ,lleHb 

OTKpb!THH III MelK,llyttapO.UHOfO CHMll03HYMa «ITpo6JieMbl 6HOXHMHH, pa,nHal(HOHHOii 

H KOCMHqecKOii 6HOJIOfHH», IIOCBHll(eHHOfO 100-JieTHIO co ,llHH polK,lleHHH BeJIHKOfO 

Cb!Ha ApMeHHH H PocCHH, KpyrrHeiimero 6HOXHMHKa xx BeKa aKa,neMHKa Hopaiipa 

MapTHpOCOBHqa CHCaKHHa. ,[(eJieral(HH ApMeHHH HH3KO CKJIOHHeT fOJIOBbl 11epe.u 

CBeTJIOii llaMHTb!O Ramero BeJIHKOfO COOTeqeCTBeHHHKa aKa,neMHKa Hopaiipa 

MapTHpOCOBHqa CncaKHHa. 51 He co6Hpal0Cb B 11pe,llOCTa.BJieHHOe MHe BpeMH ,llaTb 

IIOJIHYJO xapaKTepHCTHKY MHOfOrpaHHOii .ueHTeJibHOCTH aKa,lleMHKa H.M. CHCaKHHa 

,llJIH ApMeHHH, Ee pe3yJihTaTbl xopomo H3BeCTHbl, 011y6JIHKOBaHbl BO MHOfHX CTaTbHX 

KpynHbIX yqeHhIX ttameii CTPaHhI. 

Ilo3BOJibTe BeCbMa KpaTKO' 110.uqepKHYTh HaH60Jiee BalKHbie acneKTbl BKJia,na 

aKa.L\eMHKa H.M. CHcaKHHa B pa3BHTHe 6HOXHMHH H 6HOJIOfHqecKHX HayK ApMeHHH, 

KOTOpb!e opraHnqeCKH nepe11JieTaIOTCH co BCeMH .upyrHMH yc11exaMH, KOTOpb!X OH 

,llOCTHf B PocCHH. BMeCTe c TeM B BbICTYIIJieHHH XQTeJI 6bl OTMeTHTb HenpepbIBHOCTb 

Hayqttoro COTPY.UHHqecTBa, 0 qeM fOBOpHJI aKa,neMHK H.A. I1JiaT3, OTHOCHTeJibHO 

cpaCTaHHH npo6JieM aKa,neMHii HalIIHX CTPaH H paHbme, H ceiiqac. 0 Heo6XO,llHMOCTH 

coxpaHeHirn H IIPHYMHOlKeHHH pOCCHHCKo-apMHHCKHX HayqHhlX CBH3eii Bcer.ua fOBOpHJI 

aKa,neMHK H.M. CncaKHH, KOTOpblli CaM 6hm 11pHMepOM 3TOH BeJIHKOii .upylK6bI MelK,lly 

PoccHeii H ApMeHHeii. 03HaKOMHBmHCb C apXHBHb!MH MaTepHaJiaMH, 11epe11HCKOH 

yqeHblX ApMeHHH H H.M. CncaKHHa, MOlKHO C,lleJiaTb Bb!BO,ll O ero orpoMHOii pOJIH B 

pa3BHTHH HaYK ApMeHHH, B qaCTHOCTH 6HOJIOrHqecKHX HaYK- CymecTBOBaHHIO HayKH 

m,11pOXHMHH B Pecny6JIHKe ApMeHHH Mb! BO MHOfOM o6H3aHbl aKa,neMHKY 

H.M. CncaKHHY, KOTOpb!H B TeqeHHe HeCKOJibKHX JieT 6opoJICH c 11paBHTeJibCTBeHHb!MH 

qifHOBHHKaMH, ~06b! ,llOKa3aTb KpaiiHIOIO Heo6xo,llHMOCTb ,llJIH MaJI03eMeJibHOii 

ApMeHHH fH,llpOXHMHH H rH,llpOIIOHHKH. BOT qTO nmlleT 06 3TOM aKa,neMHK 

r.c. ,[(aBTHH B IIHCbMe K H.M. CHCaKHHy: «,[(oporoii Hopaiip-,lllKaH, MOH Jia6opaTOpHH 

CTaJia ¢YT60JibHb!M ]lfHqHKOM. IloMOrH MHe coxpaHHTb 3TY Jia6opaTOpH!O». I1MeHHO 

Hopaiip MapTHpocoBHq qepe3 11paBHTeJibCTBO ApMeHHH H ITpe3H.llHYM AKa,neMHH HaYK 

CCCP .uo6HJICH coxpaHeHHH JTOro Hayqttoro 11eHTPa B ApMeHHH H, 6oJiee Toro, BMecTe 

c r.c. ,[(aBTHHOM 11pHHHJI CaMOe aKTHBHoe yqacTHe B yCTaHOBJieHHH HaH6onee B3lKHbIX 

H ¢YH.uaMeHTaJibHbIX HarrpaBJieHHii pa3BHTHH 3T0f0 yqpe:lK,lleHHH. CerO,llHH 3TOT 

HHCTHTYT ycnernHO H IIPO.ZlYKTHBHO pa60TaeT 110,ll PYKOBO,[ICTBOM qJieHa

KoppecnOH,lleHTa HAH PA C.X. MaiiparreTHHa. Heo6xo.uHMO 110.uqepKHYTh orpoMHbIB 

BKJla.L\ aKa,neMHKa H.M. CHCaKHHa B pa3BHTHe 6HOXHMHH BHHO,lleJIHH, 0 qeM oqeHb 

KpacHopeqHBO fOBOpHJIH B npe.umeCTBYJOll(HX Bb!CTYJIJieHHHX. HuHe I1HCTHT)'T 

BHHO,lleJIHH ycnemtto H npo.UYKTHBHO pa6orneT. ITo.u pyKoBO.llCTBOM H.M. CttcaKHHa 

11pOBO,llHJIHCb MHOfOqifCJieHHhie MHOfOCTOpOHHHe HCCJie,llOBaHHH 6HOXHMHH 

BHHOrpa,nHoii JI03bl H IIJIO,lla B 11po11ecce poem H pa3BHTHH pacTeHHH. OH y.ueJIHJI 
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6oJiblllOe BHHMaHHe XHMHqeCKHM oco6eHHOCTHM MHOfllX copTOB apMHHCKOfO 

BHHOrpMa C l(eJiblO BbIBCHHTb Te oco6eHHOCTH H noTeHl(IlaJibHble B03MOlKHOCTH, 

ncnoJib30BaHHe KOTOpbIX 1103BOJIHJI0 6b! noJiyqHTb Bb!COKOKaqecTBeHHOe BHHO H 

KOHbHK, 
K 3TOMY BpeMeHH ylKe 6billll H3BeCTHbl Bbl.lla!Oll(HeCll OTKpb!THll 

H.M. CHCaKl!Ha, Kaca!Oll(HeCll cy6KJieToqHb!X qaCTHIJ pacTeHHii H lKHBOTHbIX, KOTOpbie, 

no CyTH .uerra, CTaJIH ¢y11.uaMeHTOM ,llJlll pa3BHTHll MOJieKyJillpHoii 6HOJIOfHH H ¢H3HKO

XHMHqecKOH 6HOJIOfHH B HaIIIHX CTpaHax. no ero HHHl(HaTHBe B EpeBaHe B I1HCTHTYTe 

BHHO,lleJIHll H BHHOrpa.napcrna 6hma C03,[laHa c11el(HaJibHall Jia6opaTOpHll 6HOXHMHH 

BHHOrpMa, ee HayqHb!M pyKOBO,llHTeJieM n KOHCYJibTaHTOM .uorrrHe fO,llbl 6hm HMeHHO 

H.M. CncaKHH, ITpoBe,[leHHb!e yHHKaJibHble HCCJie,llOBaHHll xepeCHb!X BHH II03BOJIHJIH 

opraHH30BaTb npoH3BO,llCTBO no BbIIIYCKY 3THX BHH Ha ero pO,llHHe B AIIIrnpaKe H B 

KpbIMY, ITpOH3BO,llHMbie BHHa 110 CBOeMy KaqecTBY He ycTynarrH H3BeCTHb!M BO BCeM 

MHpe nc11aHCKHM H rropryrarrhCKHM xepeCHb!M BHHaM. 
BeJIHKH 3acrrym H.M. CncaKl!Ha B no.uroTonKe HayqHhIX KMpon n o6JiacTH 

6HOXHMHH, 6HOTeXHOJ!Ofl!H H ¢tt3HKO-XHMHqecKOH 6HOJIOfHH KaK B PocCHH, TaK H B 

ApMeHHH, Mttome ero yqeHHKH )lO CHX nop ycneIIIHO pa6oTa!OT B Hayq11bJX l(eHTPax 

naumx cTPaH. H.M. CncaKHH TaKlKe y)leJillJI 11pHCTaJibHOe BHHMaHHe MOJieKyJIHpHo

reHeTHqeCKHM CBOHCTBaM pa3JIHqHbIX copTOB nmeHHIJbl ApMeHHH. YKa3aHHall 

npo6rreMa B CBOe BpeMll 3aHHTepeconarra neJIHKOfO pyccKOfO yqeHOfO aKa,[leMHKa 

HHKOJlall BaBHJIOBa, KOTOpb!H 6I,m B ApMeHHH H )laJI Bb!COKYJO OIJeHKY reHeTHqeCKHM 

oco6eHHOCTllM copTOB 11IIIeHHIJbl, H.M. CucaKHH COBMeCTHO co CBOIIM yqeHHKOM 

JI.C. MapKOCl!HOM 11p0B0,[IHJIH HCCJie)lOBaHllll 6HOXHMHqeCKHX oco6eHHOCTeii 

pa3JIHqHblX copTOB mneHHIJbl, 11pOH3pacTaBIIIHX B pa3JIHqHhlX KJIHMaTHqecKHX 30Hax: 

Bh!COKOrOpHb!X, 11pe,11ropHblX H B )lOJIHHax ApMeHHH. 
B ApMeHHH H.M. CncaKHHOM 6bmn 3aJIOlKeHhI ocnoBhI HOBhIX nanpanJiemiii 

¢ytt,11aMeHTaJibHOH H 11pHKJia,[IHOii 6HOXHMHH 110 11pOH3BO)lCTBY IIHJIJeBb!X npo)lYKTOB, 

CTOJlb nalKHbIX TOr)la .llJIH Ramero Hapo.ua. H.M. CHCaKllH crroco6cTBOBaJI TaKlKe 

C03,[laHHIO HOBb!X rra6opaTopHii 6HOXHMHH B I1HCTHT)'Te 6oTaHHKH H 6HOXHMHH 

MHKpOopraHH3MOB, B I1HCTHTYTe 6HOXIIMHH AKMeMHH HaYK ApMeHHH, bbillH C03)la!Ibl 

HOBh!e 6HoTeXHOJIOfHH ,llJ!ll nOJ1yqenHll aMHHOKHCJIOT, caxapHCTblX neJIJeCTB, 3TaHOJia, 

oprannqecKHX KHCJIOT, HHYJIHHa H KpaxMarra. ITo HHHIJHaTHBe H.M. CncaKHHa B 11eJIHX 

pa3BHTHll KOCMHqeCKOii 6HOJI0fllll B I1HCTHTyTe MHKpo6HOJIOfHH HAH p A 6bmH 

pa3BepHyThI 110.ll pyKOBO/lCTBOM aKa,neMHKa HAH PA 3 .r. A¢pHKHna nccJie)lonaHHll 

110 6nopa3pyIIIeHHIO CHHTeTHqecKHX MaTepHaJIOB, npHMeHl!eMb!X B KOCMHqeCKHX 

an11apaTax. IToJiyqeHbl opHrHHaJibHb!e )laHHbie 110 6nopa3pyIIIeHHIO noJIHMepoB, a 

TaKlKe 6HOJIOfHqecKOH 6e3011aCHOCTH KOMIIOHeHTOB 3aMKHYTOH CHCTeMbl. EoJiee Toro, 

HncTHTYT MHKpo6noJIOrHH HAH PA 6blJI roJIOBHbIM HHCTHT)'TOM CCCP B o6JiaCTH 

HCCJie,[loBaHHH 6nopa3pymaIOJIJefO )leiicTBHll MHKpoopraHH3MOB Ha noJIHMephl H 

CHHTeTHqecKHe MaTepHaJibl. 
AKa,neMHK H.M. CncaKHH nMecTe c aKa,neMHKOM B.A. AM6apIJYMllHOM H 

aKa.L\eMHKOM r.X. IiyHaTllHOM CblrpaJIH 60JiblIIYJO pOJib B OpfaHH3aIJHH I1HCTHT)'Ta 

6HOXHMHH HAH PA. B I1HCTHT)'Te 6HOXHMHH OTKpb!Tbl HOBhie ropMOHaJibHb!e 

CHCTeMbl M03ra, BbIBCHeHbl neiipoxHMHqeCKHe OCHOBbl peryJIHIJHH HMMYHHOH CHCTeMbl 

M03ra. 3a,naqH ¢yHKIJHOHaJibHOH Heil:poXHMHH - pacKpb!Tb ¢tt3HKO-XHMHqecKHe H 

MOJleKyJIHpHo-reHeTHqecKHe OCHOBbl ¢ll3HOJIOfHqecKHX ¢eHOMeHOB, OTKpb!TblX 

KpyrrHeiimHMH Heiipo6noJioraMH PoccHH: 11.M. CeqeHOBhlM, 11.IT. IlaBJIOBhIM, 
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A.11. Be.neHCKIIM, A.A. YxToMCKIIM, X.C. KoIIITOJIH[(eM, A.<l>. CaMoil:JIOBbIM II 

.npyrIIMII, K0T0pbie 3aJI0lKIIJIII 0CH0BbI <pytt)laMeHTaJibHOil: Heil:poXIIMIIII. KaK BII)lIITe, 

MbI onJ!Tb JIBJIJ!eMCJI CBII.I{eTeJIJIMII BKJia.I{a PoccIIil:CKOil: aKa.I{eMIIII HayK B pa3BIITIIe 

Heil:pOXIIMIIII II .npyrnx Heil:po6IIOJIOrHqecKIIX HaYK ApMeHIIII II .npyrnx CrpaH. 

Ilpo.nomKaeTCJI TaH)leMHaJI CIICTeMa PocCIIJI - ApMeHIIJI, II Kpail:He BalKH0 B HaCT0Jll[(ee 

BpeMJI npo,noJilKIITb .rryqIIIIIe rpa.nIIL\IIII corpy,nHIIqecrna HaIIIIIX crpaH. ,Uo pacna.na 

CoBeTCKoro C0103a I1HCTIIryT 6IIOXIIMIIII p AH 6bm K00p)lIIHa[(II0HHbIM neHrp0M 

Heil:poxIIMIIII B CCCP, II MHe Bbmarra qecTb, no npe.I{JI0)KeHIIIO aKa.neMIIKa 

C.E CeBepIIHa II E.M. Kpenca, .noJiroe BpeMJI B03rnaBJIJ!Tb HayqHyIO ceccIIIO no 

Heil:poXIIMIIII HayqHoro C0BeTa no 6uoXIIMIIII qeJI0BeKa II lKIIB0THbIX AKa,neMIIII HayK 

CCCP. YqIITbIBaJI nporpeccIIpyiomee pa3BIITue Heil:poxIIMIIII B ApMeHIIII, 

,nIIpeKTHBHb1e opraHhI CCCP II Ilpe3II.I\IIYM AKa.neMIIII HaYK CCCP B 1981 r. 

n0CTaH0BIIJIII C03)laTb COBMeCTHbIH )KypHarr «Heil:pOXIIMIIJI», qTo JIBJIJ!eT co6oil: eme 

0)lIIH npIIMep ycneIIIHOil: TaH)leMHOil: pa6oTbI aKa,neMIIH HaYK ApMeHIIII II PocCIIII. 

IlocJie pa3BaJia CCCP no 3K0H0MIIqecKIIM npIIqnHaM ~pHarr He Mor BhmycKaTbCJI B 

ApMeHIIII. Poccm1 npIIIIIJia Ha n0M0l[(b, II B HaCT0Jll[(ee BpeMJI 3T0T lKypHarr II3)laeTCJI 

II3)laTeJibCTB0M «HayKa» no.n rJiaBHOH pe,naKnIIeil: aKa,neMIIKa A.A. faJIOJ!Ha. qTO 

Ba)KH0, lKypHarr n0JIH0CTbIO nepeB0)lIITCJI B CWA. 

He,naBHO B MocKBe C0CT0JIJI0Cb C0.BMeCTH0e 3ace,naHIIe Ilpe3II)lIIYMa AKa.neMIIII 

HaYK PoccIIil:cKoil: <l>e.nepa[(IIII II HanIIoHaJibHOil: aKa,neMIIII HayK Pecny6JIIIKII 

ApMeHIIJI, r.ne 61,m 3aKJIIOqeH HOBbIH .noroBop 0 corpy.nHIIqecrne )lByx aKa,neMIIH HayK. 

3ToT .noroBop 61,m no,nnIIcaH BII[(e-npe3II,neHTOM P AH aKa,neMIIK0M H.A. IlJiaTJ, 

KOTOpbIH CbirpaJI orpoMHYJO p0Jib B no,nroT0BKe 3T0ro )l0KYMeHTa. l13 IIIeCTII)leCJITII 

IIIeCTII C0BMeCTHblX TeM )lBa,nnaTb qeTbipe 0TH0CJITCJI K 6IIOJIQrHqecKIIM HaYKaM. 

.UYMaIO, qTo )laHH0e corJiaIIIeHIIe IIMeeT IICT0pIIqecKoe 3HaqeHIIe, qTo BalKH0 IIMeHH0 B 

3TOT nepII0)l pa3BIITIIJI 0THOIIIeHIIH HaIIIIIX )lByx crpaH. MbI noqYBCTB0BaJIII 

IICKJIIQqIITeJibHYJO .no6polKeJiaTeJibHOCTb II rny6oKoe noHIIMaHIIe 3HaqIIM0CTII 

C0BMeCTHbIX IICCJie)lOBaHIIH yqeHbIX ApMeHIIII II PocCIIII. ~eHbI Ilpe3II.I\IIYMa 

PoCCIIHCKOil: aKa.I{eMIIII HaYK 0Ka3aJIII CaM0e 6oJibIIIOe BHIIMaHIIe yqeHblM ApMeHIIII, 

~o JIBJIJ!eTCJI 3aJI0roM .npylK6bI II ycnexoB HaIIIIIX )laJibHeHIIIIIX C0BMeCTHbIX 

IICCJie)lOBaHIIH. M1,1 IIMeeM 35-JieTHIIil: onbIT corpy,nHIIqecrna AKa,neMIIII HaYK PoCCIIII 

II HayqHblX neHrp0B ApMeHIIII. HHCTIIryT 6IIOXIIMIIII IIM. r.x. EyHaurna HAH PA 

)l0JirHe rD)lbI IIMeJI Jia6opaTOpIIIO B I1HCTIIryTe 6IIOXIIMIIII IIM. A.H. Eaxa P AH. 

HMeHHO B 3T0M neHrpe H8M y.narrocb pa3BepHYTb IIIIIpOKIIH <ppOHT IICCJie)lOBaHIIH no 

ycTaH0BJieHIIIO H0BblX ropM0HaJibHb!X CIICTeM M03ra, IIMeIOl[(IIX BalKH0e 3HaqeHIIe B 

n0HIIMaHIIII p0JIII M03ra B peryJIJl[(IIII IIMMYHH0il: CIICTeMbl opraHII3Ma. CrnpTOM )lJIJI 

Haqarra IIIIIp0KIIX H0BblX IICCJie)lOBaHIIil: II 0TKpbITIIJI H8MII Kap,nII0aKTIIBHbIX II 

IIMMytt0M0)lYJIJITOpHbIX Heil:poropMOHOB M03ra 6wm 3ace,naHIIe Ilpe3II)lIIYMa 

AKa,neMIIII HayK CCCP 28 IIIOHJI 1967 r. ,UJIJ1 MeHJI 61,mo 6oJibIIIOil: qecTbIO 

npe.I{Jlo)KeHIIe npe3II)leHTa AKa,neMIIII HaYK CCCP aKa,neMIIKa McTIICJiaBa 

BceBOJIO)lOBIIqa KeJI.I{bIIIIa BbICTyrrIITb C )l0KJla.I{0M 06 0TKpbITIIII H8MII H0BblX 

ropM0H0B M03ra. HMeHHO nocJie 3T0ro 3ace.naHIISI 6wrn OTKpbITbI B03M0lKH0CTII l 
qmHaHCIIpoBaHIIJI II npo,noJilKeHIISI HaIIIIIX pa60T. KaK Mbl BII.I{HM, 0IIS!Tb ycneurno I' 
.neil:crnyeT TaH)leMHaJI CIICTeMa. EyKBaJibHO Ha )lHJIX B apxIIBHbIX )l0KJMeHTax i 

npoqnTaJI nIICbM0 aKa,neMIIKa B.A. AM6apnYMHHa K aKa,neMIIKy H.M. CIIcaKHHY c iii 
npoc1,6oil: n0MQqI, B pa3BIITIIII 3TIIX IICCJie)lOBaHIIH C qeXOCJIOBa[(KOH aKa,neMIIeil: HaYK. .· 

IlocJie no.n,neplKKII H.M. CIICaKHHa 3TII C0BMeCTHbie pa6oTbI CTaJIII B03M0lKHbI. 3a i 
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nocJie,[IHIIe TPII ro.na C0BMeCTH0 c yqeHbIMII I1HCTIITYTa 6IIOJIOrHII reHa P AH H8MII 

oBe)leHbI C0BMeCTHbie IICCJie,noBaHIIJI B Jia6opaTopIIII qJieHa-Koppecn0H)leHTa P AH 
~ V V 

JI.H. KopoqKIIHa no II3yqeHIIIO ,neIICTBIIJI 0TKpbITblX H8MII H0BbIX HeIIporopM0H0B 

1\IIT0KIIH0B Ha M0JieKyJIJ!pHo-reHeTIIqecKIIe MeXaHII3MbI reMaTonoII3a K0CTH0ro M03ra. 

3ro oqeHb BalKH0 )lJIJI Me)lII[(IIHbI, .I{JIJI K0CM0HaBTIIKII, raK KaK peqI, II)leT 06 

IIMMyttHOll CIICTeMe, 0 3al[(IITHI,IX MexaHII3Max Kp0BII II T.)l. l·hyqeHIIe peryJIJIT0p0B 

KOCTH0rD M03ra IIrpaeT orp0MHYIO p0Jib B pa3BIITIIII IIMMYH0JI0I'IIII, reMaTaJI0rIIII, 

rpattcnJiaHTa[(IIH II T.)l., IIMeeT, 6e3yCJIOBHO, orp0MH0e npaKTIIqecKoe 3HaqeHIIe. 3a 

YKa3aHH0e BpeMJI H8MII noJiyqeH0 )l0CTaToqHoe K0JIIIqeCTB0 3KcnepIIMeHTaJibHb!X 

)laHHbIX, CBII)leTeJibCTBYIQl[(IIX 0 cnenmlmqHQM B03,neil:CTBIIII 3TIIX ropM0H0B Ha 

CTB0JI0Bble KJieTKII K0CTH0ro M03ra. AKa,neMIIK r.rr. reoprneB Ha nocJie)lHeM 

3ace,naHIIII Ilpe3II)lIIyMa p AH n0,[{HJIJI B0npoc 0 He06XO,[{IIMOCTII C03,[{aHIIJI C0BMeCTH0il: 

Jia6opaTOpIIII B HHCTIITYTe 6IIOJIOrIIII reHa P AH ,[{JIJI Be,[{eHIIJI ,[{aJibHeHIIIIIX 

3qJqJeKTIIBHblX IICCJie,[{OBaHIIH. 

Il03B0JlbTe CKa3aTb HeCK0JibK0 CJI0B 0 qieHOMeHe H.M. CIIcaKSIHa. B CB0IIX 

B0Cn0MIIHaHIIJIX 0 HeM aKa,[{eMIIK C.E. CeBepIIH nIICaJI: «3TO Y)lIIBIITeJibHblll (3TO 

CJI0B0 OH n0BT0pl!eT HeO,[{HOKpaTHO) qeJI0BeK, KOTOpblll lKIIJI, pa60TaJI .I{JISI ,LlpyrIIX. 0 

ce6e OH )lyMaJI B n0CJie,[{HIOIO oqepe,[{b)). y ,[{IIBIITeJibHblll qieHOMeH CIIcaKHHa 3TIIM He 

orpaHIIqIIBaeTCJI. HMeHHO Hopail:p MapmpoCOBIIq CIICaKSIH ,[{0 16 JieT He noJiyqIIJI 

)lalKe HaqaJII,H0ro IIIK0JibH0ro o6pa30BaHIIJI. bOJlbllIOMY ero HayqH0My no.nneMy 61,mo 

y,[{eJieH0 Bcero-HaBcero 30 JieT. 3a 3T0 BpeMJI OH ycneJI C03,[{aTb H0BYIO IIIK0Jiy no 

6IIOXIIMIIII II MOJieKyJillpHOH 6IIOJIOrHII. 3aJIOlKIIJI 0CH0Bbl ,[{JIJI pa3BIITIIJI pa3JIIIqHI,IX 

o6JiacTeil: qJII3IIKO-XIIMIIqecKoil: 6IIOJIOrHII. C1,1rparr Be,[{yl[(yIO p0Jib B pa3BIITIIII 

KOCMIIqecKoil: 6IIOJIOrIIII, cTarr KpyrrHbIM opraHII3aTopoM AKa,neMIIII HayK CCCP II 

0,[{HOH II3 Bbl)laIOl[(IIXCSI JIIIqHQCTeil: xx BeKa. KpoMe ero reHeTIIqecKoil: 

npe,Llpacn0JIQ)KeHH0CTII, Moryqero TaJiaHTa, 6oJibllIOro IIHTepeca K HayKe BalKHeHIIIYIO 

p0Jib B pa3BIITIIII ero TaJiaHTa CblrpaJia HayqHaJI cpe,[{a PoCCIIII. HMeHHO aKa,neMIIK 

A.H. Eax, 0,[{IIH II3 OCHOBaTeJieil: 6IIOXIIMIIqecKOH HayKII xx BeKa, 61,m ero HayqHI,IM 

PYK0B0,[{IITeJieM. OH no-oTeqecKII n0M0rarr II CJie,[{IIJI 3a HayqHbIM p0CT0M CB0ero 

yqeHIIKa. 06 3TOM Heo,nH0KpaTH0 roBopIIJI caM H.M. CIIcaKHH. HMeHHO cpe,[{II 

KpyrrHeHIIIIIX poccIIHCKIIX yqeHblX Bbip0CJia 60JiblllaJI nJieSI,[{a apMJIHCKIIX yqeHbIX: 

aKa,neMIIK JI.A. Op6eJIII, KOTOpbIH 0,[{H0 BpeMJI 6bm BIIne-npe3II,[{eHT0M AKa,neMIIII HayK 

CCCP; ,[{IIpeKTop 3pMIITalKa, KpynHeil:IIIIIil: B0CT0K0Be,[{ aKa,neMIIK H.A. Op6eJIII, 

6paTbJI AJIIIxaHbJ!Hbl, aKa,neMIIK B.A. AM6ap11yMJ1H II ,Llp. B 3T0M CeKpeT qieHOMeHa 

CIICaKJ!Ha, II Mbl ,[{0JilKHbI qeTK0 npe,[{CTaBJIJ!Tb 3T0, n0T0MY ~o HbIHellIHeMy 

M0JI0,[{0MY noKoJieHIIIO He06XO,[{IIMO 3HaTb 0 6JiarOTBOpHOM BJIIIJIHIIII poccIIHCKOH 

HaYKII. B nepII0)l n0JIIITIIqecKIIX II 3K0H0MIIqecKIIX 6aTaJIIIH Heo6xo,[{IIMO CBJITO 

6epeq1, p0CCIIHCKO-apMJIHCKIIe 0TH0llleHIIJI II aKTIIBH0 .neil:CTB0BaTb no coxpatteHIIIO 

)KH3HeYTBeplK)laIOl[(eil: poJIII PoccIIII B pa3BIITIIII HayKII B ApMeHIIII. IloJiaraIO, qTo C 

TaKIIMII Mb!CJIJIMII Hopail:p MapmpocoBIIq CIIcaKHH o6paTIIJICSI 61,1 K H8M ceil:qac, II60 

OpIIeHTa[(IIJI apMS!H Ha PocCIIIO IIMeeT MH0roBeK0BbJe IICT0pIIqecKIIe K0pHII. 

Xoqy CKa3aTb HeCK0JibK0 CJI0B o qeJioBeqecK0M no,[{BIIre H.M. CIIcaKSIHa. B 

TJl)KeJioe )lJIJI crpaHbI BpeMJI OH BCTaJI Ha 3al[(IITY onarrbHbIX yqeHbIX. B nepII0,[{ 

opraHII30BaHHb!X Hana,noK Ha reHeTIIKY, KpynHbIX reHeTIIK0B II rparIIqeCKIIH nepII0)l 

CMepm 0)lH0ro II3 ee KOpII<peeB H.H. BaBIIJIOBa np0JIBIIJICJI <peHOMeH CIIcaKHHa -

I)'MaHIICTa, Kpyrrnoro MblCJIIITeJIJI II IICTIIHH0ro narpII0Ta PocCIIII. 
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Y AIIBIITeJibHa ero np030pJI1IBOeTb II aKT!IBHllil ,nel!TeJibHOeTb no e03,naHIIIO 
Ha}"IHbIX KOHTaKTOB e KpynHblMII 3apy6eJKHb!MII yqeHb!MII apMl!HeKoro 
npo1IeXoJK,neHirn. MHe noeqaeTJIIIBIIJIOeb ,nBa pa:m BerpeTIITbell e HopaiipoM 

Mapr1IpoeOB1IqeM. 3ro 6bIJIO B 1957 r., TOr,na ll TOJibKO 3aIIUITIIJI KaHAIIAaTeKyio 

,n1Ieeeprau1Iio, H HaAO farno BerperlITb 3apy6e,1rnoro rrpoqieeeopa MaHaee CeBaKa 
(KpynHeiiwero B MIIpe 61IOXIIM1IKa M1IKpoopraHII3MOB) Ml! Toro, qro6bl pa3BIITb :no 
HanpaBJieHHe B CoBeTeKOM COJ03e H, B qaCTHOeTII, B ApMeHIIII. IT03BOHIIJI npe31I,neHT 

Haweii aKa,neMIIII B.A. AM6apuyMl!H: «3HaeIIIb, re6e Ha,no 3aiim K H.M. C1IeaKSIHY II 
X.C.KoIIITOl!HUy. BaM HaAO opraHII30BaTb Berpeqy 3apy6eJKHOro KOJIJiern II ompaBIITh 
ero B ApMeHIIIO». Ka61IHeT C1IeaKSIHa HaXOAIIJiel! Ha BTOpOM :naJKe B ITpe31IAIIYMe 
AKa,neMIIII HayK CCCP, II, 6e3yenoBHo, ll e HeKoropoii onaeKoii Bowen B np1IeMHYJO, 
HO, K eBoeMy YAIIBJieHIIIO, 6bIJI oqeHb eKopo II pa,nyrnHO IIPIIHllT. TexH1IqeeK1Ie 
BOnpoebI 6bIJIII peIIIeHbl ,noeTaTOqHO 6b1erpo, 6onee Toro, H.M. C1IeaKSIH enpoe1IJI 0 

MOeM MHeHIIH no eoeraBy Berpeqaiomeii ,neneraUIIII II eornae1IJiel1 e TeM, qro eMy 
TaKJKe HaAO 6bITb B qlieJie BerpeqaJOIUIIX. 3TO 6bIJIO npaBIIJibHb!M peweHIIeM, TaK KaK 
,naJKe B MaIIIHHe H.M. C1IeaKSIH II x.c. KoIIITOllHU lKIIBO o6eyJK,naJIII nepeneKTIIBHbie 
3a_naq1I 61IOXIIMIIII M1IKpoopraHII3MOB. 

B 3aKJIJ0qeH1Ie eme pa3 xoqy BOeeJiaBIITb TaJiaHT 3TOro BeJIIIKOro II IIeTIIHHOro 
}"IeHoro XX BeKa. Hawa 3a_naqa - npo,nonJKIITb pa3BIIBaTb Haene,n1Ie H.M. C1IeaKSIHa B 

6y.nymeM. 

Cnae1I60 3a BH1IMaH1Ie. 

32 

B.IO.XoMnq 
AKa.neMIIK p AH, pyKOBOAIITeJib PoeeliiieKoro qJOH,na qiyn,naMeHTaJibHblX 

1Ieene,noBaH1Ill 

,[(oporne Konnern, ,npy3hl!! 

OT IIMeHII Poee1IiieKoro qJOH,na qiyn,naMeHTaJibHblX 1Ieene,nOBaHHH xoqy 

nonp1IBeTeTBOBaTb Bae H no6naro,nap1ITb 3a TY pa60TY, KOTOPYJO Bbl npOBOAIITe 
eeiiqae. ITpoBOAJI 3TY KOHqiepeHUIIIO, Bu .nenaere oqeHb BaJKHbIH BKJiaA B 
eospeMeHHYJO HayKy. Xoqy HeeKOJibKO eJIOB ,no6aBIITb OT esoero 1IMeH1I. K 
eoJKaneHIIIO, MHe He AOBeJIOeb JIIIqHo Berpeqarbel! e HopaiipOM MaprnpoeOBIIqeM 

C1IeaKSIHOM, HO ll llBJil!IOeb }"IeHIIKOM ero ehrna, BbI,naiomeroel! }"IeHoro l1oe1Iqia 
Hopaiip0B1Iqa CIIeaKSIHa. 11 xoqy eKa3aTb, MOJKeT 6hITb, ,naJKe TaKyIO HeOJKIIAaHHYJO 
semb. Bbl 3Haere, H.M. CIIeaKSIH BHee oqeHh 6onbIIIOii BKJiaA B qiyn,naMeHTaJibHYJO 
HayKy: B qJII31IKY, B HayqHoe np1I6opoerpoe1me, B l!,nepHyio qJII31IKY, B qJIIJIOJIOr!IIO -

qepe3 eBOIIX ,nereii. HaBepHO, no naJibUaM MOJKHO nepeeqlITaTb eeMblI B Hawen erpaHe, 
B KOTOpb!X Bee ,neTII eTaJIII 6b! Bb!AaIOIUIIMIIell, 3aMe'laTeJibHblMII }"IeHblMII. JlIOAMIIJia 

HopaiipOBHa - BbI,naIOIUIIttell qJIIJIOJIOr. Hoeliqi HopaiipOBII'l (paHO ywe,nIIIIIll OT Hae) 
6b!JI oeHOBOnOJIOJKHIIKOM KOMnbIOTepHOll onTIIKII. ITpo AJieKeel! HopaiipOBII'!a MHe 
,naJKe Hey,no6HO roBOplITb, Bbl Bee ero npeKpaeHO 3Haere, OH qJieH AKa,neMIIII HayK, 

BbI,naIOIUIIttell !pll31IK, ,nnpeKTOp O61,e,nlIHeHHOro 1IHeT1ITyra MepHbIX 1Ieene,nOBaHIIll, 

3ro BKJiaA Hopaiipa MapmpoeOBII'la C1IeaKSIHa qepe3 ,nereii B pa3BIITIIe 3TIIX 
o6rraereii HayKII ll qepe3 }"IeHIIKOB ero ,nereii, KOTOpb!X HeMaJIO eH,nlIT B 3TOM 3aJie. 

Mb! BnlITaJIII TY My,npoeTb, KOTOpllil HanOJIHl!Jia ny eeMb!O. 5.1 oqeHb MHOro eJibTIIIaJI OT 

l1oe1Iqia HopaiipOBII'la o eeMhe. Oren AJill Hero 6brn HenpepeKaeMbIM aBT0PIITeTOM II 
}"IIITeJieM KaK B HayKe, TaK ll B JKII3HII. y Hero 6bIJIO ,nBa TaKIIX yqHTeJill - ,ne,nyrnKa (no 
MaTeplIHeKOll JIIIHIIII) ll oreu. 11 3TII ynaene,noBaHHbie 3HaHIIll II My,npoeTb OH nbITaJiel! 

nepe,naTb yJKe eB0IIM yqeHIIKaM. ITo3TOMY 60JibIIIOe errae1I60 BaM, 60JibIIIOe errae1I60 
eeMbe II, eereerneHH0, 6onbrnoe errae1I60 Hopaiipy Mapr1IpoeoB1Iqy C1IeaKSIHY, 
K0T0pblll TaK MH0ro e,nenan Ml! HayKII II 3aJI0JKIIJI 3TII eeMeHa B eBOIIX ,nereii II B Hae, B 
}"IeHIIK0B ero }"IeHIIKOB. 

Crrae1I60. 
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A.Ji. CM6arnu 
Ilocon Pecrry6JIHKH ApMeuH.11 B PoccHH 

YBIDKaeMbie 'lJleHbl PocCHHCKOH aKa.D;eMHH uayK, ,llaMbl H rocrro,lla, ,llOporne 

.LlPYJh.ll! )J.Jl.ll MeH.ll OrpOMHa.ll qeCTb KaK ,llJl.ll IIOCJia HaXO,llHTbC.ll 3,lleCb cpe,llH Bae, cpe,llH 
uayquoil: JJIHTbl PoccHH, ll MHe oco6euuo IIpll.l!THO, qro 3,lleCh rrpHCYTCTByeT TaKrur 

rrpe,llCTaBHTeJihHrur ,llenera11n.11 H3 ApMeHnH. KaK .11 BHJKy, CJO,lla rrpHexann Kpyrrueil:nme 

yqeHhie - aKa.D;eMHKll ll3 EpeBaHa, qT06b1 BMeCTe C BaMH yqaCTBOBaTb B CllMII03HYMe, 

rrocB.l!IIJeuuoM 100-neTnJO co ,llH.ll polK,lleHH.ll H.M. CncaKHua. 51.LlYMaJO, qro JTO oqeub 

xoponmil: mar ,llJl.ll BOCCTaHOBJieHH.ll TOH TBOpqecKOH aTMOccpepbl, KOTOprur 6hma, KaK 

Bbl rOBOpllJIH, B 1960-1970-e rr. Il03BOJlhTe MHe 3aqHTaTb TenerpaMMY OT rrpe3H,lleHTa 
ApMeunn Po6epra Ce,llpaKOBnqa Koqap.11ua. 

<USUUSU'\,Jl <U,,PU"l.{;SnM,N3U1., uUluUq,U<I> UCluUSUtill!Hf 

ATIIIAPAT ITPE3H)J.EHTA PECIIYSJIHKH APMEHIUI 

TE . .'IEil'AMMA 

0-r: IlpC'lHN'ttTa Pecny6,m1m Ap>teilllll, r-na P.C.KO•(APJIIIA 
24 1111uapH 2007 r., rop. Epe1um 

Y'larmHKUf l\fe"',IJ.YHapommro 
CH\IDOJHyMa "Ilpo6JICMLI 6HOltllMHII, 

p3,llll8QD0llHOil H IC0Ofll'lec1<oli 

6110.10nm," llOCBSl!Il0HJnffO 100-.UTltlO 

aKa,1n1ui.:a Hopaiipa C11ca1<■Ha 

TipllRc:TCTBYIO opral!l13aTOpOR H )''ll!L"1.HHKOH Me)l(.l)'HUp0)U!OfO CHMn03H}'Ma ~llpo6JJCMbl 

6HOXIIMHK, PXlHa!ll!OHHOII II KOCMH'ICCKO~ 6110.~ornn." llOCBll!I(Ofll!Oro I 00-JICTIIIO ara,.,e,,mxa 

Hopal!pa Map-r1tpocouuqa CncrucAna. 

AKll.Jl,e,mx CncOKllll IIMC;J <:>rp<>Mnr~A RXJ!ll,il II CTaH0&1e1111e II p:lJBHTIIC kOCMlf'ICC.KOI! 

611ononm H Me,111UHHbl. Ho -r10 e1.11e 6o:ree eaxmo 011 ~ csoeil '"'J3ll&JO CJIY'A<llJl 11p1u1epo"I 
<JenoBeKOmo6111 H rJMa1111oe111. 11"4emro Jm <npall<-eHO II pemcHHH IOIIECKO o Bl(JI]()'lCHIIH 

ro6HlICJI ax3,leMHKa C1<cax,rHn n 1Canen11ap~ ro61rneilHW:< )lllr npccnrnmoli Mel!UlynapoJl!loll 
oprauH3aUmt. 

Ou IICKpe!IHe HeplUI 11 BIIOCllJI !ICOUCHHMhlli mrnll,II B pa3WTTHC 1mym 6"3 rp:urnu. 
C1woonwmo, •rro 1o61U1eilKb1C Mcponpmrrna 6}',1)-'T nposo1111r1,e,r H e ApMemrn. 11 s Pocom, Ha 
OaJ.: 06uA!IUeRHOm HHCTHT)'TB RAC'plll,IX IICC1leJ:10Ba11Hli r. ,/zy6Ha, .'lClrtCJILHOCTL KOTOporo 

uemumM COOTIICTCTRyeT ~y MCl!QlyHapo.!Uloro co,py~H'-ICCTBa, JilJJ.OllCCUIIOMY B cnoe BpeMH 

aK•ACMHKOM Cnc.akl!UOM. 

Eme J)3l np11BeTcmya )"lllCTIIHKOB C!IMn01HyMa. )Ke;(IIJO mm:pecttoli H JIJtOJIOTROpnoil 
pa6on1. 

Pooep-r KO'IAP.HH 
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.Li:euJJ,eB naJJ,apq 
PyKOBO,llHTeJih ocpnca IOHECKO B MocKBe 

YBaJKaeMblH roCIIO,llllH rrpe,llCe,llaTeJih, yBaJKaeMbie yqacTHHKH KOH<pepeHIJHH, 
,llaMhI H rocrro,lla! 

Ilo3BOJlbTe MHe rrorrpHBeTCTBOBaTb Bae OT HMeHH reuepaJibHOrO ,llHpeKTOpa 

IOHECKO KoHrnpo Ma11yyph1 H rro3,llpaBHTh c OTKpbITHeM cnMII03HyMa, 

rrocBJIIIJeHHOro 100-neTmo co ,llH.ll pOlK,lleHH.ll Kpyrruoro yqeuoro H Bhl,llaJOIIJeroc.11 
MelK,llyuapo,llHOro )le.l!Ten.11 aKa,neMHKa H.M. CHCaK.l!Ha. Mue Bhmana 6oJihlllrur qecTb 

3
aqIITaTh rrocnauHe reuepanbuoro ,llHpeKTopa IOHECKO no 3TOMY cnyqaJO. 

Message from Mr Koichlro Matsuura, 

Dlre-i;tor-General of UNESCO 

on the occasion 

of the Third International Symposium 

"Problems of Biochemistry, Radiation and Space Biology" 

dedicated to the centenary of Academician Norair Sissakian 

24 January 2007 

I am honoured to send my greetings to the Third International Symposium on 

"Problems or Biochemistry, Radiation and Space Biology·, which is being held to 

commemorate the t001
h anniversary of the birth of Academician Norair Sissakian. 

His name has added a truly remarkable page to the history of our Organization_ At 

the decision of the 33'" session of UNESCO's General Conference, the centenary 

of Norair Sissakian has ooen included in the list or celebrations of anniversaries 

associated with UNESCO in 2006 and 2007. 

The memory cf this outstanding scholar and organizer of scientific activities lives on 

in UNESCO, and among people in science, culture and education worldwide. Noralr 

Sissakian was a member of both the UN ESCO Advisory Board on research in the 

fields of mathemalical and natural sciences, and the UNESCO Executive Board. 

From 1964 to 1968 he was also Presideflt of the 131
h Session of UNESCO's 

General Conference - the first time in the history of this Organization that such a 

high position was occupied by a citizen of your great country, Academician 

Sissakian initiated many promising international projects. One such example is the 

Soviet-American project, "Backgrounds of Space Biology and Medicine•, and 

another is the Russian-American five-volume "Space Biology and Medicine·. He 
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was one of the organizers of 111e Fifth International Biochemical Congress, held in 

Moscow in 1961, recognized as one of the world's most prestigious fora for 

scientists. He was Vice-Presidont of 111e lnlemational Astronautics Academy and 

Chairman of the Bioastronautics Committee of lhe International Astronautics 

Academy. During the Cold War, Norair Sissakian initialed tM symposium "Man a11d 

Space·, which has now met for 45 years under the auspices of UNESCO. His 

contribution to the promotion of a culture or peace was also remarkabl0. His activity 

in UNESCO was inspired by the idea of developing peacofuJ co-existence among 

states through fruitful international cooperation. Norair Sissakian was convinced 

that science belongs to everybody, that cooperation unites peoples and nations, 

and that those who solve problems together would never kill each other. Though 

absort,ed by the problems of space biology and medicine, ho was first and foremost 

a citizen of the planet earth who considered the world as a single, great Motherland, 

a home for all nations to live in peace and love. In spaco research itself, he 

dreamed of partici paling in a great project uniting the arrorts of different countries 

and peoplos that would make space flights available for all of humanity. 

Academician Norair Sissakian disappeared at the young age of 59. But this short 

life included so much! He connected the vastnoss of space with earth's horiz.ons. 

He started on his journey in the Armenian village of Ashtarak, at the foot of lhe 

famous Mount Ararat, and completed it within the walls of a scientific research 

laboratory. The marfls of his great life also exist in outer space. One of tha craters 

on Iha Moon was named aftar Norair Sissakian. 

As you know, UNESCO promotes international cooperation among ils Member 

States and Associate Members in the fields of education, science, culture and 

communication In order to achieve the most ambitious goal: to build peace in the 

minds ol men. UNESCO is working to create 1he conditions for genuine dialogue 
oasea upon respect ror me snarea varues ana a1gnny or each crvmzation am:t 

culture. 

We must take as our guide the global vision of sustainable development based 

upon the observance of human rights, the promotion of mutual understanding and 

tho alleviation of poverty, all of which He al the heart or UNESCO's mission and 

activities. Today's Symposium offers an opportunity to address vilal topics of 

intornaUonal research in the sphere of the life sciences. It is an invitation to extend 

the borders of human knowledge and ta unveil the mysleries of the universe. The 

partnership of scientists is highly valued by UNESCO, and this Symposium 

furnishes an excellent chance to strength an our cooperation still further. 

I wish you every succass in your common work_ 
?C. ~ 

Kokhiro Matwura 
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JipnBeTCTBeHHLIU aApec <l>eAepaJILHOr0 areHTCTBa no uayKe II IIHH0BaQHHM 

liJ'lAH!CilPABHTEJibCmEHH08 
TEJIEI"PAMML[ 

vn. )ICOJIHO-KJOPH. 6 
r . .z:tY6HA, MOCKOBCXAJI 06JIACTL, 141980 

OB'hB,lOlltEHHLtlt HHCTHrYT JWlP}lhIX HCCJIE,!IOBAUml 

,!!HPEKTOPY OJ;bB,l.lHHl!HHOro HHCTHTYT A Jl,llEPHblX HCCJIE,llOBA~ 
tUIEHY-KOPPECilOH,IllllITY PAH CHCAKJD-lY AJIBKCBlO HOPA1lPoBWIY 

,i,~Alll,HOB AT'EHTCTBO no HAYl<E H HHHOBAQMJIM {103,!ll'ABJll!BT 

BCllX Y'JAcrnm<OB H OPrAHH3ATOPOB ru MID!Q:IYHAPO,ll,HOro CHMII03HYMA 

«I!POSJIBMhI 6HOXHMHH, PA.nHAUHOHltO8 H KOCMH'll!CI<08 6HOJ!On!li» 

RAttAJIOM PABOThl, 
9A,llA'IH, PBllJAEMh!B 61-!0XUMl.fEU, PNn-!AilHOHl-108 H KOCMH'{ECJ(Ol-t 

&lionommt, HMElOT li>YH,llAMflHTA/IbHO.ll 3HA'IBHHB IJ)IJ[ IlOHHMAHWl 

CAMHX OCHOB JKH3HH HA IIJIAHETE, EA 3BOJDO~H H ,ltlU! PEAJ!H3AUHH 

BBKOBOlt MElfll,I WIOBEt!ECTBA - BblXO)'IA lWIOBl:lKA B ,!IAJll,HHlt 

KOCMOC, 
BAIJl CHMil03HYM Ill'HYPO'IEH K 100-JllmfIO CO ,ltHJI PO)t(,llBHW[ 

KPYilHOrO YIJHHOrO-OHOXHMHKA AKNU!MHXA HOPARPA MAP'll!POCOBH'IA 

CHCAKSIHA, CTO.IIBWBl'O Y HCTOICOB I<OCMH'IBCKOI!: 1m:o.nonrn B CCCI'. 

YBEPl!H, BAW CUMT!03HYM IlOCJJYlfOIT YJCPEllJIEIOlIO ~,lijil,IX 

crm:m8 H OTKPOtiT HOllldll BOOMmKHocrn ~ rIJ!OAOTllOPHOro HA V'U-!Oro 

COTPY~. 

~ YCTIEWHOA. PAOOTbl BAlllEMY CS>OPYMYI 

J>Yl(QB()~ 
~ll,!lEPAJIJ,HOrQ ArEHTC113A 
no HAYICE H lfiiHOB~ 

Tupcw y.rr, n. 11,0TJ>. I 
Mocna, 12$-009 
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C,1-1, MA3Yl'BHICO 

Py,.011o,:uneru, 
,i,~arcmcna 
no aayr;e II Hl!IIOIIIIJIIM 

C.H. Mal)'l)CUO 



A.H. CucaKHH 
qJieH-KOppecnOH)];eHT PAH, /J:HpeKTOP O61,e)];HHeHHOro HHCTIITyra JI)J;epHbIX 

HCCJie)];0BaHnil: 

,[{oporne Konnern, /J:PY3bJI! 

,[{nJI MeHJI 3T0 YHHKaJibHaJI B03M0)KH0CTb Bb!CTynHTb cero)];HJI, B )J;eHb CT0JieTHJI 

0T1(a. B nepBYJO oqepe.zu, xoqy CKa3aTb CJI0Ba 6naro)];apHOCTH BaM 3a TO, ~o Bbl 

xpattnTe naMJITb 06 0T1(e, xpattnTe naMJITb 06 HCT0pnn, 0 JIIO)];JIX Toro noK0JieHHJI, K 

K0TOpoMy npnHa)];Jle)KaJI OTen. IloTOMY ~o 3T0 6blJIO BeJIHK0e n0K0JieHne. Ha HeM 

CT0HT cero)];HJIIIIHJIJI HayKa, B TOM qncne H B Poccnn. KoHeqHo, xoqy Bb!pa3HTb CJI0Ba 

6naro)];apHOCTH qneH0B ceMbll cy)J;b6e 3a TO, ~o 0Ha no)];apnna HaM cqaCTbe 6bITb 

)J;eTbMH TaK0f0 0T1(a. Tor)];a, K0r)];a Mb! 6blJIH )J;eTbMH, HaM Ka3aJI0Cb, qTo Bee TaK n 

)J;0JI)KH0 6bITb. Mo)KeT 6bITb, Mb! )];a)Ke o6H)KaJIHCb Ha TO, ~o OH y)];eJIJieT HaM MaJI0 

BHHMaHHJI. Ho ceil:qac, no npoIIIeCTBHH MH0fHX JieT, Mb! n0HHMaeM, qTo HaM B )Kll3HH 

oqeHb noBe3JI0. BcnoMHHaJI 06 0Tlle, a Mb! )];enaeM 3T0 Ka)K)];b!H )J;eHb, Mb! CBepJieM 

CB0H noCTyIIKH C TeM MaCIIITa6oM, KOTOpb!H OH 3MaJI. 51 qacT0 BCn0MHHaIO CJI0Ba, 

K0T0pbie npHHMJie)KaT repneHy (Y/J:HBHTeJibHO, ~o OH 3T0 CKa3aJI, TaK KaK o6pa3, 

KOTOpb!H OH HapnC0BaJI, CK0pee, 6hm 6b! npncyIIl KaKOMy-Hn6y)J;b 6nOXHMHKy). OH 

CKa3aJI: «JJuqHOCTb no)];06Ha 6pO)J;HJibHOMY qiepMeHry, KOTOpb!H, )];a)Ke YMHpaH, 

npo)];0JI)KaeT )J;eil:CTB0BaTb Ha 0Kpy)KaIOIIlYIO cpe)];y». Y)J;HBHTeJibHO, noqeMy repneHy 

3Ta Mb!CJib npnIIIJia B ronoBy, HO JI /J:YMaIO, ~o 3T0T o6pa3 HMeeT K nane npJIM0e 

0TH0IIIeHne, n O)];HH m npnMepoB T0MY - cero)];HJIIIIHHH )];eHh. Ilana 6onee copoKa JieT 

T0My Ha3M YIIIeJI H3 qJH3HqecKOH )Kll3HH, HO no-npe)KHeMy np0)];0JI)KaeT co6npaTb 

JIIO)];eil:. Cero)];HJI OH co6pan Hae C BaMH B 3T0M 3ane H0Boro 3)];aHHJI AKMeMHH HayK. 

KcTaTH, 3MaHHe Ha npoeKT 3T0ro 3)];aHHJI 6blJI no)];nHCaH HM KaK rnaBHb!M yqeHblM 

ceKpernpeM AKMe!lmH HaYK C0BMeCTH0 C McTHCJiaBOM BceBOJIO)];OBHqeM KeJI)];hIIIIeM. 

HMO CKa3aTb, ~o 6naro)];apJI nane )];a)Ke B 3TH nocne)];HHe oqeHb TJI)KeJibie )];JIJI HayKn 

r0)J;bI He pa3 co6npannch 6nonorn ApMeHnn, Poccnn n /J:pyrnx CTPaH. Enonorn 

co6npannch C qJH3HKaMH, ~o T0)Ke oqeHb neHH0. 

3To He 0TMeqeH0 HH B KaK0H 6norpaqinn, HO JI Mory T0qHQ CKa3aTh, ~o 3T0 

TaK. Ilana roBopnn HaM, ~o B )];eTCTBe OH X0TeJI CTaTb q>H3HKOM HJIH MaTeMaTHK0M. 

Ero 60JibIIIe npHBJieKaJIH T0qHb!e HayKH, HO BpeMH 6blJIO oco6eHHOe, H nyreBKll 

K0MC0M0Jia 6h1JIH T0f)];a T0JibK0 Ha arpoHOMnqecKnil: q>aKyJihTeT EpeBaHCKOro 

ymrnepcnTeTa. OH noIIIeJI H CTaJI 6nonoroM, HO Hae OH n0)];TaJIKHBaJI K q>H3HKO

MaTeMarnqecK0H CTe3e. I1 TO, qTQ 3aBTPa Harne C0BeIIlaHne npo)];0JI)KHTCJI B .[{y6He, 

T0)Ke CHMB0JinqH0, TaK KaK 3T0 T0)Ke C0I03 6nonoroB H q>H3HKOB, KOTOpb!il: )];0JI)KeH 

6bITb. HMO CKa3aTb, ~o CJI0Ba O e)];nHeHHH HayKH JI oqeHb qacT0 CJib!IIIaJI OT nanhl, 

TaK )Ke KaK H OT CB0HX yqHTeJieil:. B HaYKe 3TH CJI0Ba CJIUIIlaJI OT HnKOJiaJI 

HnKonaeBnqa EoroJII06oBa. I1ropb EBreHbeBnq TaMM 06 3T0M oqeHb qacTo roBopnn 

TaK, ~o K0f)];a-T0 HaCTyrrHT BeK, K0f)];a qJH3HKa H 6nonornJI /J:MYT BMeCTe oqeHh 

6oJibIIIoil: npopbIB Bnepe/J: n 6nonornJI CTaHeT napnneil: Bcex HayK. MHe Ka)KeTCJI, qrn 

ceil:qac Mbl CT0HM Ha nopore 3T0ro BeJIHK0ro co6blTIIJI, K0T0poe no3B0JIHT H np0)];JIHTb 

)KH3Hb qenoBeKa, n peIIIHTb MH0f0 /J:pyrnx npo6neM. rnaaHoe, ~o6bI n0JIHTHKH BCe 

3T0 npaBHJibH0 noHHMaJIH, a yqeHble roT0Bbl 3)J;eCb aKTIIBH0 pa6oTaTb. 

Ecnn np0/J:0JI)KHTb paccMaTPHBaTb q>eHOMeH 3T0ro Moryqero 6po)J;HJibHOro 

qiepMeHTa, TO cero)];HJI B 3aJie 60JibIIIe noJI0BHHbl JIIO)];eil:, K0T0pb!e nany B006Ille 
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,rra He BH)];eJIH. Mnxann AneKcaH)];pOBHq Jie6e)J;eB, KOT0pb!H Bb!CTynan c 

HHK0 ,-,. · 
KJia)];0M o IlaryoIIICK0M )];BH)KeHHH, - BHYK Mnxanna ,[{MHTPHeBnqa MnJIJIHOHIIlHKa, 

:~ue-npe3n)];eHTa AKMeMnn HayK CCCP. OHn c nanoil: 6b!Jm 6onhIIIHMH npHJITeJIJIMH, 

B )J;aqHblX noceJIKax 6bIJIO MH0ro C0BMeCTHb!X BCTpeq_ KaK BH)];HM, 3TH CBJI3H 
H ~ 
nepe)J;aIOTCJI B n0K0JieHHJIX qepe3 )];eTen H yqeHHK0B, HO MHorne JIIO)];H non~n B 

op6HTY nannHoro BJIHJIHHJI, y)Ke He HMeJI HHKaKHX reHeTnqecKHX CBH3en H 

B3aHMOOTHOIIIeHHH yqnTeJih-yqeHHK. To JIU npn pa6oTe HM q>HJibMOM, TO JIH pa60TaJI 

HM KHHfOH, TO JIH npn no)];roT0BKe /J:pyrnx MaTepnanoa, TO JIH, Ka3aJI0Cb 6bI, nona)];aJI 

B 3TY op6nzy cnyqail:Hb!M o6pa30M. Ho 3T0 ace paBH0 Ba)KH0, TaK KaK JinqHQCTb nallbl 

o6nMaeT YHHKaJibHOH cnoco6HOCTblO npnrnrnaaTh K ce6e JIIO)];eil:, )];a)Ke lpll3HqeCKH 

oTcyrcTByJI. 
KoHeqH0, 6blJIO TPY/J:H0e ape11rn, HO 6bIJI BCnJieCK B HayKe H 6blJIO MH0roe, qTo 

C)];eJian:0 0T1(a TaKHM, KaKHM OH 6blJI. Ho fJiaBHYIO p0Jib B ero )Kll3HH Cb!rpana HaIIIa 

111aMa. Cero)];HJI ee HMO o6JI3aTeJibHO BCil0MHHTb. OHa 0TKa3aJiaCb He T0JibK0 OT 

Kapbepbl yqeHoro. Ey/J:yqn HOCHTeJibHH1(eil: CHJibHb!X poccnil:CKHX reH0B, 0Ha no111orana 

nane copneHTnpoBaTbCJI a poccnil:CKOll o6CTaHOBKe. HMO CKa3aTb, qTo BCer)];a eCTb 

TaKHe no)];p06HOCTH, M0)KeT, 0HH Ka)KyTCJI He3HaqnTeJibHhIMH, TeM He MeHee 0HH 

TaK)Ke xapaKTepn3yIDT qeJI0BeKa. Ilana acer)];a oqeHb TIIlaTeJibH0 roT0BHJICJI K CB0HM 

Bb!CTynneHHJIM, n0T0MY ~o ace-TaKH p0)];H0H ero JI3b!K 6hlJI apMJIHCKHH. Yqacb 

)];eil:CTBHTeJihH0 oqeHb K0p0TK0e BpeMJI H oqeHb K0p0TK0e BpeMJI )];eHCTBYJI B HaYKe 

(rnK y)K cy)J;b6a pacnopJI)J;HJiaCb), OH 3HaJI )];0CTaToqHQ MH0f0 HH0CTPaHHb!X JI3b!K0B, HO 

no-pyccKH OH roaopnn C aKneHT0M. I1 nepe)]; Ka)K)];b!M BblCTyrrJieHHeM OH Ca)];HJICJI C 

MaMOll H TPeHnpoBaJICJI npaBHJibH0 npoH3H0CHTb CJI0Ba. TaK 6h1JIO 6yKBaJibHO )];O 

nocne)];HHX )];Heil: ero )Kll3Hll. Ma'da 6blJ!a ero /J:pyro111 n C0BeTqnK0M. OHa BCIO ce6JI 

0T)];ana HaM n no)Keprnoaana caoeil: nayqnoil: )KH3Hhl0 PMH )];eTeil:, BHYK0B n 

npaBHYK0B. J1 cero)];HJI Mb! )J;eHCTBHTeJibHO n111ee111 npaao roaopHTb 0 HeKOH nayqHoil: 

')];HHaCTHH, K0TOpall: CYIIleCTBYeT ceil:qac. 

. Bqepa, KCTaTn, ncn0JIHHJI0Cb CT0 JieT co )];HJI po)K)];eHHJI MaMHH0ro 6paTa 

AneKceJI IleTPOBnqa AneKceeaa, K0TOpb!H 6blJI nanHHb!M )];pyroM H n03HaK0MHJI MaMY 

c narroil: CeMb)J;eCJIT rneCTb JieT T0My Ha3a)];. On 6b!JI yqeHhIM-arp0XHMHK0M, 

KaH)];H)];aT0M HayK, Mail:opoM COBeTCKOH apMHH H norn6 B 1944 r. - TaK ace 3T0 B 

)KH3HH nepenneTaeTcJI. To, qTo nana n TO aennKonennoe n0Konem:1e, K K0Topo111y on 

npnHa)];Jle)KaJI, nepe)];aJIH HaM, cqnTaIO HaIIIHM CBJITb!M )];0JiroM nepe)J;aTb CJie)];yioIIleMy 

IlOK0JieHHIO - 3T0 a6cOJIIOTHOe, TPeneTH0e ll CBJIT0e 0TH0IIIenne K HaYKe, K nayqH0MY 

pe3yJihTaTy, BOT K 3TOH HaYKe, K0TOpall: He eCTb pa6oTa, 0TJII:lqHaJI OT )KH3Hll, K HayKe 

KaK K 3JieMeHTY )KH3Hll. Ilepeq>pa3npyJI CTaHllCJiaBCKOro, M0)KH0 CKa3aTb, qTo 0Hll 

mo6nnn HaYKy a ce6e, a He ce6H B HayKe. I1 ecnn 3T0 0THoIIIeHne K HaYKe nepe)];aCTCJI 

CJie)];YIOIIleMy n0K0JieHHIO, TO /J:YMaIO, qTQ 3T0 6y)];eT oqeHb Ba)l(Hb!M pe3yJihTaTOM 

,!{eHTeJibHOCTH Moero n0K0JieHHJI no 0TH0IIIeHHIO K M0JI0)];0MY noK0JieHHIO. KoHeqHO, 

oqeHb npaBHJibH0 roBopnnn ace Bb!CTynaarnne, ll Te CJI0Ba B lpllJibMe, 0 K0T0p0M IIIJia 

pe%, ll TO, qrn roB0pHJI P.M. MapTnpOCJIH (npe3ll)];eHT HannoHaJibHOH aKMeMHll HayK 

ApMeHnn), ~o n )];eJia, n HMJI nanbI npnHa)];Jle)KaT ll Poccnn, ll ApMeHnn. TaK OHO ll 

ecn. Ilana, KoHeqHo, oqeHb n106m1 n apMJIHCKne, n poccnil:cKne TPMHIIHH n 6b!JI 

I'p8.lK)J;aHHHOM ll Ch!H0M CoBeTCKOfO Co103a, K0Toporo cero)];HJI, K C0)KaJieHHIO, ~e He 

CYIUecrnyeT. B111ecTe C TeM no Mllp00IIlYIIleHHIO OH 6b!JI rpa)K)];aHHH0M IlJiaHeTbl 
3

eMJIH. OTCIO)];a ero aKT!IBHaJI n ycneIIIHaJI )J;eHTeJibH0CTb a IOHECKO, B IlaryorncKoM 

/:lBll)KeHnn. Tpy)];HO, K0HeqHo, 061,JITb Bee cqiepbl ero )J;eJITeJibH0CTH, HO Ha)];0 CKa3aTb, 
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'ITO OH OCTaBHJJ CBOHX yqeHHKOB B Eenopyccnn, rpy3nn, Ka3aXCTaHe, qexnn, 

CnoBaKHH n ,na)Ke MaJJeHbKOll qyaaumn, T.e. OH ,neiiCTBHTeJJbHO 6bIJJ 'leJJOBeKOM, 

KOTOpblll 6bIJJ OTKpbIT ,nmi: acero MHpa. Ha.no CKa3aTb, 'lTO OH ,na)Ke HHor,na o6H)KaJJCSI, 

Kor,na K HeMy o6paUiaJJHCb 3a IIOMOUib!O H roaopnnn, K rrpnMepy, 'lTO po,noM H3 

AnITapaKa, - B cep.nIIax OH roaopnn, 'lTO 3a'leM 3TO roaopnTb, IIOTOMY 'lTO OH 6bI H TaK 

IIOMOr. IloTOMY 'ITO y Hero 6bma O'leHb OTKpbITM ,nyUia n MHpOOUIYUieHne, KOTOpoe 

HCXO,l(HJJO H3 o6UIHOCTH JJIO,l(eii, KOTOpbie He ,l(OJJ)KHbl ,neJJHTbCSI Ha HaIIHOHaJJbHOCTH. 

EbIJJO MHpOOUIYUieHne, 'lTO H HayKn He ,neJJSITCSI Ha HayKn. HayKa e,nnHa, H ace 

,neJJeHne rrponcxo,nnT B HaUieM CO3HaHHH, H 3TO IIOJJHTH'leCKHe ycJJOBHOCTH. KoHe'lHO, 

Ha,no ueHHTb TPMHIIHH JJI06oro Hapo,na H ueHHTb Tpa,nnunn JJI06oro Hay11Horo 

HarrpaBJJeHHSI. 

BeK <pH3H'leCKHll, KOTOpblll 6bIJJ OTIIyUieH rrarre; KOpOTKHll, HO, TeM He MeHee, 

cero,nHSI Mb! OTMe'laeM ero BeK. Ecnn Mb! coxpannM TPMHIIHH ero lIOKOJJeHHSI, TO BeK 

3TOT rrpo,nOJJ)KHTCSI ,l(aJJbllle H ,l(aJJbUie ••• 

Crracn6o. 

40 



25
 J

1H
Ba

pJ
1 

20
07

 r
., 

M
oc

K
B

a,
 Il

pe
3H

A
eH

TC
IG

IH
 3

aJ
I P

A
H

. O
rK

pb
IT

H
e 

M
el

K
.!z

yH
ap

0A
H

0r
o 

C
H

M
il0

3H
y'

M
a 

«I
T

po
6J

ie
M

bl
 6

H
O

XH
M

H
H

, p
aA

H
aI

JH
O

H
H

O
H

 
JI

 K
O

C
M

H
qe

C
KO

H
 6

H
O

JI
O

rH
H

»,
 I

l0
C

B
JI

Il.
le

H
H

0r
o 

10
0-

Ji
eT

H
IO

 c
o 

AH
JI

 p
o)

K
,lle

H
H

JI
 a

K
aA

eM
H

K
a 

H
. M

. 
C1

1c
aK

J1
Ha

. 
C

ne
aa

 H
an

pa
ao

: q
Ji

eH
-K

0p
pe

cn
oH

A
eH

T
 P

A
H

 A
. H

. C
H

ca
KJ

1H
, 

aK
aA

eM
H

K
 A

. 
H

. 
Ta

ax
eJ

IH
A

Je
, 

qp
e3

Bb
1q

a1
1H

bI
H

 1
1 

no
JI

H
O

M
O

qH
bI

H
 n

oc
oJ

I 
P

ec
ny

6J
IH

K
H

 A
pM

eH
H

H
 B

 P
oc

cH
H

 A
. 

E
. 

C
M

6a
TJ

1H
, 

no
qe

TH
bI

H
 n

pe
A

C
eA

aT
eJ

!h
 C

H
M

TI
03

H
y'M

a 
aK

aA
eM

H
K

 0
. 
r. 

fa
Je

H
K

O
, 

np
eA

C
eA

aT
eJ

ib
 C

H
M

il0
3H

y'
M

a 
aK

aA
eM

H
K

-C
eK

pe
Ta

pb
 O

rA
eJ

ie
H

H
JI

 6
H

O
JI

Q
rH

qe
cK

H
X

 H
ay

K
 P

A
H

 a
K

aA
eM

H
K

 A
. 

H
. 

fp
11

ro
pb

eB
, 

B
H

IJ
e-

np
eJ

H
A

eH
T 

P
A

H
 a

K
aA

eM
H

K
 H

. 
A

. 
I1

Ji
aT

3,
 A

H
pe

K
To

p 
11

H
C

TH
ry

Ta
 6

11
ox

H
M

H
H

 P
A

H
 n

po
q>

ec
co

p 
B

. 
0

. 
Il

o
n

o
a

, 
aK

aA
eM

H
K

 H
A

H
 P

A
 A

. 
A

. 
fa

JI
O

JI
H

, A
H

pe
K

To
p 

6I
O

po
 I

O
H

E
C

K
O

 B
 M

oc
K

B
e 
)l

 E
aA

ap
q 



Q.) 
:,:: 

I 
~ 
Q.) 
0 

~ 
:,:: 
Q.) a 

BHue-npe3H,ZJ;eHT PAH aKa,ZJ;eMHK H. A. ITnaTJ OTKphrnaeT nneHapHoe 3acep;aHHe 

Bhlcrynaer noqeTHhIH npep;cep;arenh CHMTI031fYMa aKap;eMHK 0 . r. faJeHKO 



BhlcryrraeT AHpeKTop l1Hcrnryrn 6HOXHMHH HM. A. H. Eaxa PAH rrpoqieccop B . 0. Tiorroa 

qpe3BhI'!aHHhIH H rroJJHOMO'IHhIH rrocon Pecrry6JJHKH ApMeHHH B PoccHH A . E. CM6aTl!H 
Ja'IHThIBaeT rrpHBeTCTBeHHhIH aApec Tipe3HAeHTa Pecrry6nHKH ApMeHHH P. C . Koqapl!Ha 

BbICTYJiaeT AHpeKTop 06'beAHHeHHOro HHCTHTyTa l!AepHb!X HCCJJeAOBaHHH 
'IJ!eH-KoppecrroHAeHT PAH A. H . CHcaKl!H - ChIH aK~eMHKa H. M. CHcaKl!Ha 



a Harrpaao: qJieH-Koppecrr0H,LleHT PAHA. H. 
eM11K HAH PA 3. r. AcbomuIH, 11cTop11K E. P. K 

CJieaa Harrpaao: yqeHhIH ceKpernph c11MIT03M)'Ma 11. B. KonrnaHb, 
qJieH-KoppecrroH,LleHT PAH A . H. C11caiurn, a,L1M11H11CTPaTOp Cl1MIT0311YMa r. M . Ap3YMamrn, 

yqeH11K11 aKa,L1eM11Ka H. M . C11ca10rna - .LI0KT0p 6110Jior11qecKMx HayK M . C. O.L111HI.\OBa, 
aKa,L1eM11K AH I'py31111 T. r. Eep11me 

Y qacTH11Kl111 fOCTl1 Cl1MIT03M)'Ma B03JI0)1(11Jil1BeHK1111 I.\BeTbl K rraMRTHl1K)' 
aKa,L1eM11Ka H. M. C11ca101Ha Ha Hoao.i1ea11qbeM KJia,L16m11e a MocKBe 
(aBTOpbl rraMRTHl1Ka: CK)'JibilT0p P. Mypa,z:vIH, apx11TeKT0p P. EeK)'HI.\). 

Ha qioTO aaepxy JI. H. Ey.i1aroaa-C11cai0IH 11 A. H. C11ca101H -
,L1eT11 aKa,L1eM11Ka H. M . C11ca10IHa 



26 llHBapll, ,[{y6Ha, ,[{OM Me)KJJ;yHap0,!IHhIX COBell\aHHH. 
BhICTYJiaeT qpe3BhrqaJ;iHhIH IT0CJiaHHHK IT0C0JihCTBa ApMeHHH B Pct> A. E. MaHyKllH. 

3a CT0JI0M npe3H.IIHYMa cnpasa HaJieso: aKa,!leMHK B. r. Ka,11hIIIIeBCKHH, 
3aM. rnashr r. ,[{y6HhI C. <I> . ,[{3I06a, npoq>eccop E. A . Kpacas11H, 

aKa,11eM11K HAH PA A. A. rano,rn, qneH-KoppecnoHµeHT PAH A. H. C11caKJ1H 

Cnesa Hanpaso: aKa,11eM11K HAH PA A. A. ranol!H, npoq>eccop r . A. resopKlll;I, 
npoq>eccop A. A . TpqyHllH, npoq>eccop E. A. Kpacas11H 

I 
t 

IlocTepHal! ceKI.\Hll. Mono,11hre yqacTHHKH CHMIT03HYMa 11 A. H. C11caKJ1H 

B 3ane 3ace,11aHHH 



.D:oKJJM rrpoqieccopa II. CmmJJaHTHHH (l:ITaJJm1) 

IIpoqieccop Q. M. ABaKl!H (cJJeBa) H qJJeH-Koppecrrott.11eHT HAH PA A. A. TpqyHHH 

PeKTOp MelK):{yttapo.11Horo YHHBepcHTeTa rrpHpOJJ;hl, o6w;ecTBa H qeJJOBeKa «.D:y6Ha» 
rrpoqieccop 0. JI. Ky3Hel\OB (crrpaBa) If .1\HpeKTOp mum A.H. CHC3KllH 

.D:oKTop qJHJJOJJOr!fqecKHX ttayK JI. H . Ey.11aroBa-CHcaKS1H 
If aKa.11eMHK HAH PA A . A. raJJOllH 



ITpe3H,lleHT PAEH 0 . JI. KyJHeuos spyqaer .LIHIIJJ0M H Me,llaJih 
HM. aKa,lleMHKa H. M. CHca10rna, yqpe)l(,lleHHhie PoccHiicKoii aKa,lleMHeii ecTecTBeHHhIX 

HayK, rrpoq>eccopy JI. C. MapKOCllHY - yqeHHKY aKa,lleMHKa H . M . CHcaKl!Ha 

CeKUHOHHOe JaCe,llaHHe 

Cnesa Harrpaso: yqeHhJH ceKperapb CHMIT0JH)'Ma H. IT. IOpHHa, 
rrpoq>eccop H. B. Kaparrerl!H, aKa,lleMHK T. r. EepH,L13e 

.[.loKTop q>H3HKO-MaTeMaTHqecKHX HaYK A. B. lllaqrnpKHH (cnesa) 
H aKa,lleMHK M. A. OcTpOBCKHH 





A. H. C11cai0rn 11 r. M . Ap3)'Mamrn c no6e.n:11reJU1MH K0HKypca Mono.n:h1x )"leHhIX 

I'pynna )"laCTHHK0B CHMCT03H)'Ma B ,ll;oMe Me)l()l.yHapo,n:HhIX coaeiu;aHHH B ,ll;y6He 

EpeaaH- ArmapaK, 2-4 anpellil 2007 r. 
,ll;enerau;m1 np11rnarneHHhJX )"laCTHHK0B Ha CHMTI03H)'Me «ITpo6neMhl 6HOXHMHH, 

MOneKyniipHOH, pa,n:ttau;HOHHOH 6ttonorHH tt reHeTHKH», noCBi!Iu;eHH0M I 00-neTliJO 
co ,n:Hil po)l()l.eHHil aKa,n:eMttKa H. M. CttcaKi!Ha 

EpeaaH, ITpe3Hll:HYM HAH PA. ITpe3H,LleHT Hau;ttoHanhHOH aKa,n:eMHH HayK 
Pecny6nHKH ApMeHHli P. M. MapT!ipOCi!H 0TKphrnaeT CHMTI03H)'M 



YqacTHHKJ,I nJJeHapHOro 3aCeA8HIDI 

EpeBaHCKHH rocyAapCTBeHHb!H YHHBepCHTeT. 
Y Ka<PeApb1 AeKaH 6HonornqecKoro <PaKyJJhTeTa npo<Peccop 3. C. fesop101H. 

B npe3HAH}'Me KpaiiHHH cnpasa - peKTop EfY qneH-KoppecnoHAeHT HAH PA 
A. r. CHMOIDIH. KpaiiHHH cnesa - aKaAeMHK HAH PAM. A. ,ll;aBTllH 

IlJJeHapHoe 3aCeAaHHe B EpesaHCKOM rocyAapcTBeHHOM YHHBepCHTeTe 

IlaMl!THHK H. M. CHca101ey 
Ha ero poAHHe s r. AwTapaKe 
( CKYJJhTTTOp A. Asa101H, 
apXHTeKTop r. flopA)l(HaH) 



3'-IM11aA311H, u.eHTp ApW!HCKOH arrocTOJlbCKOH u.epKBl1. 

,ll;enerau_IDI yqaCTHl1KOB Cl1MI10311YMa Ha rrp11eMe y KaTOJil1KOCa BCex apMllH faper11Ha II 

8 CBOeM BbicryrrneHJ111 KaTOJil1KOC 

scex apwiH faper11H II OTMer11n 

Hepa.3pbIBHYIO CBll3b apW!HCKOro 

11 pyccKoro HapoAOB, 11x eynbryp, 

0611].HOCTb AYXOBHblX u.eHHOCTeH 

A. H. C11caKl!H Aenaer 3arr11cb 

B KHJ1fe AJill IlO'-leTHbIX rocrelf 
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,rt; 0 KJIA,[t;bl 



ct>OTOCIIHTE3 II ct>OT03Atll1ITA Y l(IIAH06AKTEPIIH 
Kaparrenm H.B. 

lfncmumym 6uoxll.lWUU ll.lW. A.H Eaxa PAH, z. MocKea, PoccWl, nkarap@inbi.ras.ru 

CBeT Jrnm1eTCH He TOJibKO HCTO'IHHKOM :meprnn ,llJIH q>OTOCHHTe3a; H36b!TOK CBe

Ta Be,lleT K q>OTO,lleCTPYK!lllll q>OTOCHHTeTH'leCKOfO arrrrapaTa. <l>oTOCHHTe3HPYIDI.lllle 
opraHH3MhI crroco6nhr K 11nccnrraunn H36bITO'IHOil: :meprnn, Be.llYI.lleil: K crn6mrH3aunn 
q>OTOCHHTeTn'!eCKOfO arrrrapaTa. OrrTHMaJibHhIH qJOTOCHHTe3 3aBHCHT OT 6ananca Me)K
.llY IIOfJIOI.lleHneM 3Heprnn B036y)K,lleHnn ll llCIIOJib30BaHneM rrpn q>OTOCHHTe3e, T. e. OT 
COOTHOIIIeHnn aKTHBHOCTblCTa6nJihHOCTb qJOTOCHHTernqecKoro arrrrapaTa. KoHe'IHM 
3q>q>eKTHBHOCTb q>OTOCHHTe3a orrpe,lleJIHeTCH He TOJlbKO aKTHBHOCTbIO - rrepenoca 
3JieKTPOHa n q>HKCaunn CO2, HO n cTa6HJibHOCTbIO q>OTOCHHTeTn'leCKOfO arrrrapaTa. 
,[{nccnrraunn H36b!TO'IHOH 3Heprnn rrponCXO.llllT C yqacTneM q>OTOCHHTeTn'leCKHX 
rrnrMeHTOB: Te )Ke rrnrMeHTbI (xrropoq>HJIJibI, KapOTHHbI) yqaCTBYIOT KaK B qJOTO
CllHTeTH'leCKOM rrpeBpaI.lleHnn 3Heprnn CBeTa, TaK n B 11nccnrraunn n36bITO'IHO 

IIOfJIOI.lleHHOil: 3Heprnn. 
Ilpouecchr Mnrpaunn 3Heprnn B036y)KJleHnH B rrnrMeHTHoil: aHTeHHe, pa3,lleJieHne 

3apH,llOB ll rrepeHOC 3JieKTPOHa B qJOTOCHHTeTn'leCKOM arrrrapaTe Bb!CIIIHX pacTeHnil: ll 

unaH06aKTepnil: rrponcXOMT no 0,llHOMY n TOMY )Ke MeXaHH3My. O,llHaKO, B OTJIH'llle OT 
BhICIIIHX pacTeHnil: n BO,llOpOCJieil:, y unano6aKTepnil: OCHOBHbIM CBeTOC60pI.llHKOM 

CJiy)KaT q>HK06HJIHCOMbI. y unano6aKTepnil: OTCyTCTBYIOT XJIOpOq>HJIJI-CO,llep)KaI.lllle 
CBeTOco6npaIOI.lllle KOMIIJieKCbl, n Beeb xrropoq>HJIJI JIOKaJIH30BaH B KOp aHTeHHe n B 
peaKunoHHhIX ueHTPax q>oTocncTeM 1 n 2 (<l>Cl, <l>C2). 

B 3TOH pa6oTe 6y11YT rrpe,llCTaBJieHhI ,llaHHbie O porrn XJIOpOq>HJIJIOB n Kapo

TllHOH.llOB B 11nccnrraunn 3Heprnn y unaHo6aKTepnil:. U:naHo6aKTepnn KaK Han6onee 
,llpeBHHe qJOTOCHHTe3HpyroI.llne opraHH3Mbl MOfYT. o6rra,llaTh YHHKaJibHbIMH IIYTHMH 
,lle3aKTHBaunn H36bITO'IHOH 3Heprnn ,llJIH 3aI.llllTbl q>OTOCHHTeTn'leCKOfO arrrrapaTa. 

HaIIIn .llaHHbie CBH,lleTeJibCTB)'IOT O Ba)KHOH ponn ,llJIHHHOBOJIHOBbIX xnopoq>HJIJIOB 
(,[{BX) <l>Cl B rrpoueccax 11nccnrraunn 3Heprnn [1, 2]. 

OpraHn1a1.1uH u poJib )];BX ct>Cl 1.1naH06ainepuii n MHrpa1.1uu 3Hepruu K 
peaK[IH0HHblM I.ICHTpaM 

YcTaHOBJieHo, 'ITO unano6aKTepnn cyI.llecrneHHO o6orameHbI <l>Cl [3]. ,[{0Ka-
3ano, 'ITO KOMIIJieKc <l>C 1 B MeM6panax unano6aKTepnil: cyI.llecrnyeT rrpenMyI.llecT

BeHHO B BM.lie TPHMepoB, KOTOpbre o6oraI.lleHbI ,[{BX [4]. O,llHH MOHOMepHbIH KOMIIJieKC 
B TPHMepe <l>Cl (nnn B rrepectJeTe Ha Il700) unaHo6aKTepnn A. platensis co11ep)KHT 7-8 
MOJieKyn xnopoqimma c rrornoI.lleHneM rrpn 708 HM n 3 MOJieKyJihI xnopoqimma c 
rrornoI.lleHneM rrpn 740 HM [5]. YcTattOBJieHo, 'ITO Han6orree ,[{BX TpnMepoB <l>Cl 

unaHo6aKTepnn A. platensis, rrornoI.llarolllM rrpn 740 HM n qinyopecunpyroI.llM rrpn 
760 HM (77 K), B03HHKaeT B pe3yJihTaTe B3aHMO,lleil:crnnn xnopoq>HJIJIOB, JIOKaJIH30BaH
HbIX Ha pa3HhIX MOHoMepHbIX K0MrrrreKcax TPHMepon <l>Cl [6]. B ornnqne OT <l>Cl 

O.llHOKJieTO'IHhIX unano6aKTepnil:, BhIXO.ll qirryopecueHunn Han6onee ,[{BX HHT'laTOil: 
unano6aKTepnn A. platensis cyI.lleCTBeHHO 3aBHCHT OT pe,llOKC COCTOHHHH Il700: MaKCH
MaJieH rrpn BOCCTaHOBJieHHOM Il700 n CHH)KaeTCH 6onee qeM Ha rropH,llOK rrpn 

OKHCJieHHOM Il700 [7]. Ilpn ll3yqeHHH KllHeTHKll Mttrpaunn 3Heprnn B aHTeHHe 

TPHMepoB <l>Cl A. platensis ycTattOBJieHo, 'ITO cKopocTh Mnrpaunn 3Heprnn OT aHTe

HHhI K OKHCJieHHOMY Il700 cyI.lleCTBeHHO (6onee 'leM Ha ,llBa IIOpH,llKa) BbIIIIe, 'leM K 
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BOCCTfillOBJieHHOMY II700 [8]. Ilo,[(o6mui 3aKOHOMepHOCTb OTKpbmaeT HOBbie rryrn: MH 

H3yqemrn B3aJIMOCBH3H rrepeHoca :meprHH B anTeHHe B 3aBHCHMOCTH OT pe,[(OKC 
COCTOHHHH KO<paKTOpOB peaKl(HOHHOfO l(eHTpa <I>C l. 

B YCJIOBHHX He,[(OCTaTKa ::meprnH CBeTa )],BX <pyttKl(HOHHpyeT KaK CBeTOc6op
II:IHK: ::meprnsr, rrornomeHHM 3TOH <pOpMOll XJIOpD<pHJIJia, C BbICOKOH 3<p<peKTI!BHOCTb!O 
MHrpHpyeT K II700 B XO,[(e o6parnoro rrepeHoca 3HeprnH (uphill), BbI3bIBM OKHCJieHHe 
II700 [7]. C HCIIOJib30BaHHeM <peMTOCeKyH,[(HOH qinyopecl(eHTHOH CIIeKTpOCKOIIHH 
<I>C l ITOKa3fillO, 'ITO )],BX 3aMe,[(JIHIOT ycTaIIOBJieHHe 3Heprern:qecKoro paBHOBeCHH H 
yJiaBJIHBaIIHe 3HeprnH II700; YCTfillOBJieHHe 3HepreTH'IeCKOf0 paBHOBeCHH B reTepo
reHHOll anTeHHe H pa3,[(eJieHHe 3apH,[(0B TeM Me,[(JleHHee, 'IeM HH)I(e 3Heprnsr ,[(BX [9]. 
3aMe,[(JIHH ynaBJIHBaIIHe 3HeprnH B036J)I(,[(eHHH peaKl(HOHHbIM l(eHTpOM II700, 3Tll: 
<popMbI XJIOpO<pHJIJia pa3rpy)I(aIOT TeM CaMbIM peaKl(HOHHblli l(eHTp <I>C l 
l(HfillOfiaKTepHH OT H3fibITO'IHOfO IIpHTOKa KBaHTOB CBeTa. 

Y-'IaCTHe .z:t:BX Cl>Cl n ~ucc11nal(HH m6bITO'IHO nornom:euuoii :meprnH 
XoTsr HaH6onee ,[(BX ,[(OCTaTO'IHO y~aneHa OT II700 (oKOJIO 40 A), oKHCJieHHM 

qiopMa I1700 (I1700+) B TpHMepe <I>Cl l(Hano6aKTepHH A. platensis TYIIIHT qinyo
pecl(eHl(HIO rrpH 760 HM Ha ,[(Ba IIOpH,[(Ka 3<p<peKTHBHee, 'IeM BOCCTaHOBJieHHblll II700 
[5,8]. Kor,[(a KO<paKTOpbI peaKl(HOHHOfO l(eHTpa <I>Cl (<pHJIJIOXHHOH H )I(eJie3o-cepHblll 
l(eHTp) BOCCTaIIOBJieHbI, ,[(HCCHITal(HH H36bITO'IHOH 3HeprHH rrpOHCXO,[(HT qepe3 TpHIIJieT 
II700, KOTOpblll TyrnHT <pnyopecl(eHl(HIO rrpn 760 HM [5]. O6napJ)I(eHO 3HepreTH'IeC
KOe B3aIIMO,[(eHCTBHe XJIOpO<pHJIJIOB anTeHHbI MOHOMepHbIX KOMIIJieKCOB B TpnMepe 
<I>Cl l(nano6aKTepnH A. platensis c yqacrn:eM Han6onee ,[(BX; B3aHMO,[(eil:crnne 
KaTll:OH-pa,[(IIKaJia II700 c ,[(BX Be,[(eT K ,[(OITOJIHIITeJibHOll ,[(HCCHITal(IIH H3fihITO'IHOH 
3Heprnn, 3arnnmasr TeM CaMbIM KOMIIJieKC OT <pOTO,[(eCTpYKI.lIIH [IO]. 

Ilp11po~a uecjJOTOXIIMH'ICCKOro rymeHHH y qHa1106aKTep11ii 
TaK KaK l(HaII06aKTepHH JIHIIIeHbI BHOJiaKCaHTHHOBOfO l(HKJia, B ITpOl(ecc 

He<pOTOXHMH'IeCKoro TyrneHUH C yqacTHeM KapOTHHOH,[(0B y l(HaH06aKTepHil: 
BKJIIO'IaIOTCH ,1lpyrne MexaHH3MbI ,[(HCCHITal(HH 3Heprnn. HaMn ycTaHOBJieHO, 'ITO rrpH 
ocaemeHUH KJieTOK l(HaH06aKTepnil: CBeTOM 500 HM, rrornomaeMbIM Kaporn:HOH,[(aMH, 
rrpOHCXO,[(HT TyrneHHe qinyopecl(eHl(HH <pHK06UJIHCOM [ 11]. Ha OCHOBaHHH HCCJie,[(O
BaHHH 3TOro HBJieHHH y MYTaHTOB l(IrnHo6aKTepHn Synechocystis sp. PCC 6803, 
,[(e<peKTHBHbIX IIO <I>C2, ITO IsiA KOMIIJieKcy, H no aJIJIO!pHKOl(HaHHHY (apcE) IIOKaJaHO, 
'ITO yqacTHHKaMH 3TOfO ryrneHHH CJIJ)I(aT B0,[(0paCTBOpHMbill Kaporn:H-6eJIKOBblll 
KOMIIJieKC n aJIJIO<pHKOl(HaHHH <pHK06HJIHCOM [12, 13]. HccJie,[(OBaHne TeMITeparypHOH 
3aBHCHMOCTH HH,[(yl(HpOBaHHOfO CHHHM CBeTOM rymeHHH qinyopecl(eHl(HH H BJIHHHHH 
fJIHl(epHHa H caxap03bI Ha 3TOT rrpol(ecc YKa3bIBaeT Ha TO, 'ITO B3aIIMO,[(eHCTBHe 
B0,[(0pacrnopHMbIX KOMIIJieKCOB OCP-aJIJIO<pHKOl(HaHHH ITpOHCXO,[(HT ITO THIIY 6eJIOK-
6eJIKOBOro B3aIIMO,[(eHCTBHH [ 14]. 

BbIBO~bl 
l{Han06aKTepHH KaK Han6oJiee ,[(peBHHe <pOTOCHHTeTll:KH o6Jia,[(aIOT YffHKaJib

HbIMH IIYTHMH ,[(e3aKTHBal(HH H36bITO'IHOH 3Heprnn ,[(JIH 3aIIIHTbI qJOTOCHHTeTH'IeCKOfO 
arrITaparn. HarnH ,[(aHHhre cBn,[(eTeJibCTBYIOT o TOM, 'ITO ,[(BX <I>C l: (i) crroco6HbI 
3<p<peKTHBHO rrepe,[(aBaTb rrornomeHHYIO 3Heprn!O K II700 B ycJIOBHHX He,[(OCTaTKa 
ocaemeHHH, 'ITO Be,[(eT K yaeJIH'IeHmo ceqeHHH IIOfJIOIIleHHH, (ii) B YCJIOBHHX 
H36bITO'IHOH 3Heprnn B036J)I(,[(eHHH ,[(BX yqacTBYIOT B ,[(HCCHITal(HH 3HeprnH B TeIIJIO. 
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KpoMe Toro, HaMH o6Hapy)I(eH HOBblll IIYTb ,[(HCCHIIal(HH :meprHH y KJieTOK l(Hfill0-
6aKTepHil: Ha paHHHX CTa,[(HHX CBeToc6opa: 3Heprnsr, IIOfJIOIIIeHHM KapOTHHOH,[(aMH, 
TYIIIHT qinyopecueHl(HIO <pHK06HJIHCOM, rrpe,[(OTBpaIIIM TeM CaMbIM ,[(OCTyII 3HeprnH 
aoJ6y)I(,[(eHHH K <I>C2 H <I>Cl. 

Hacrnsrmasr pa6orn rroMep)I(aHa rrporpaMMOil: MK5 PAH n P<I><I>H (rpaHT 05-04-

48526). 
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B COBpeMeHHOH pa,nII03KOJIOrHII MOiKHO BhI,neJIIITb TPII OCHOBHbIX HarrpaBJieHmI: 

1. l1cCJ1eooamme Mu2pa1JUU u nepepacnpeoe11e11UR paouonyKJ1uoo6 nona6utUX 6 3KO

cucmeMy. IlpaKTH'IeCKII 80 % Bcex pa6oT IIOCBJUIJeHo 3TOMY HarrpaBJiemuo pa,nII03KO

JIOrnqeCKIIX IICCJie,L\OBaHIIii. AKTIIBHO II3yqaIOTC.SI rrapaMe-rpbl KH - K03qlqlIIIJIIeHTbl Ha

KOIIJieHH.SI pa,nIIOHYKJIII,L\0B OT a6IIOTIIqecKIIX KOMIIOHeHT 3KOCIICTeM (Bo,na, rroqBa II 

T.rr.) K 6II0Te. TaKIIe ,naHHhie H)'iKHhI ro:rn OIJeHKII II rrporn03a rrepexo,na pa,nIIOHYK

JIII.L\OB B 6IIOTy II 3aTeM K qeJIOBeKy, qepe3 opraHbl .L\bIXaHII.SI II IIHIIJeBapeHII.SI II ,L\030-

Bb!X HarpY30K Ha qeJIOBeKa. 3To HarrpaBJieHIIe pa,nII03KOJIOfIIII ,L\eTaJihHO OCB.SIIIJeHO B 
JIIITeparype. 

2. OlfeHKa 6llURHUR 003bl om paouonyKJ1u006 nona6utUX 6 6uomy 3KocucmeM. 

3HaqIITeJibHO MeHbIIIe IICCJie,noBaHIIH ( OKOJIO 15 % pa6oT) IIOCB.SIIIJeHo TeMe OIJeHKII 

BJIII.SIHII.SI pa,nIIOH)'KJIII,L\OB II ,L\03 OT HIIX Ha 6IIOTy, ,[(OMIIHIIpyeT CJie,nyIOIIJa.SI rrapa,nIIrMa 

pa,nIIOJIOrHII - eCJIII xopOIIIO qeJioBeKy B )'CJIOBII.SIX pa,nIIOH)'KJIII,L\HOro 3arp.SI3HeHII.SI, TO 

6IIoTe XOpOIIIO II rro,naBHO. Ha Hall B3fJI.Sl,L\ 3Ta rrapa.nIIrMa He Bcer,na BepHa, a TOqHee 
rroqrII Bcer,na HeBepHa. 

Ilpo6JieMa COCTOIIT B TOM, KaK OIJeHIITh Mepy B03,neiiCTBII.SI ,L\03bl Ha 6IIOTY 
3KOCIICTeM. 

,[(JIJI OIJeHKII COCTO.SIHII.SI II 6JiarorroJiyqH.SI 3KOCIICTeM IICIIOJib3YJOT ,no 3 0 pa3JIIIq

HhIX IIOKaJaTeJieii II rrapaMe-rpoB - OT pa3Hoo6pa3H.SI Bn,noB ,no 6II0MaCcb1 II T. ,n. 

BaiKHa.SI oco6eHHOCTb 3TIIX IIOKaJaTeJieii, qTo rrpaKTIIqecKII BCe OHII HaqI!HaIOT cy

IIJeCTBeHHO II3MeH.SITbC.SI TOJibKO Kor,na 6IIOTa rrpereprreBaer 3HaqIITeJibHhie II3MeHeHI!.SI. 

IlpaKTHqecKII oqeHb BaiKHO I!MeTb IIOKaJaTeJIII II rrapaMe-rpb!, KOTOpb!e II03BOJI.SIJIII JIII 

6b! orrepeiKaIOIIJIIM o6pa30M OIJeHIIBaTb COCTO.SIHI!e 6IIOTbl 3KOCIICTeM II oco6eHHOCTJI 

pacrrpe,neJieHII.SI II rrepepacrrpe,neJieHII.SI IIOJIJIIOTaHTOB B peaJihHhIX JiaH,nIIIaq>Tax. Ha 

OCHOBe TeopemqecKoro aHaJIII3a II 3KCrrepIIMeHTaJibHbIX IICCJie,L\OBaHIIH HaMII rrpe,nJio

iKeHO IICIIOJib30BaTb TaKYJO Mepy - KaK pa,nIIOeMKOCTb IIIIIJIII q>aKTop Pa.nIIOeMKOCTII 

3KOCIICTeM II ee COCTaBJI.SIIOIIJIIX. Pa,nIIOeMKOCTb orrpe,neJI.SieTC.SI KaK rrpe,neJibHOe KOJIIl

qecrno IIOJIJIIOTaHTOB (pa,nIIOHYKJIII,L\0B) KOTopoe MOiKeT aKaM)'JIIIpOBaTbC.SI B 6IIOTII

qecKI!X KOMIIOHeHTax 3KOCIICTeMbl, 6e3 HapyIIIeHII.SI IIX OCHOBHbIX ql)'HKIJIIH (Bocrrpo

II3B0,L\CTBO II KOH,L\IIIJIIOHI!pOBaHIIe cpe,nbl 06I1TaHII.S!). <I>aKTOp pa,nIIOeMKOCTJI orrpe,ne

JI.SleTC.SI KaK ,L\OJIJI IIOJIJIIOTaHTOB, qro HaKaIIJII!BaeTC.SI B TOM IIJIII IIHOM KOMIIOHeHTe 3KO

CIICTeMbl (B JiaH,nIIIaq>Te). HaMII 6bIJIO rrpe,nJIOiKeHo ,L\JIJI OIJeHKII 6JiarOIIOJiyqII.SI 6HOTbl B 

3KOCIICTeMe IICIIOJih30BaTb B KaqecTBe orrpe,neJIJIIOIIJIIX - ,L\Ba rrapaMe-rpa - 6HOMacca 

BII,L\OB B 3KOCIICTeMe II IIX crroco6HOCTb oqIIIIJaTb - KOH,L\IIIJIIOHIIpOBaTb cpe.ny OT 

OTXO,L\0B iKII3He,ne.SITeJibHOCTII II IIOJIJIIOTaHTOB, IIOIIa,naIOIIJIIX B 3KOCIICTeMy. B Ta6-

JIIIIJe l IIOKa3aHbl ,L\03bI, KOTOpble )'CTaHaBJIIIBaIOT B03MOiKHblH rrpe,neJI B pa,nHoeMKOCTII 

6IIOTbl 3KOCIICTeM, IIOCJie rrpeBbIIIIeHI!.SI KOTOporo B03M0iKHO IIOpaiKeHIIe 6IIOTbl II 

COCTaBJI.SIIOT OHII 0,4 fp/ro,n ro:rn iKIIBOTHbIX II 4 fp/ro,n ro:rn pacTeHIIii. 

,[(JI.SI OIJeHKII ,L\030Bh!X Harpy30K Ha 6IIOTy rrepcrreKTJIBHO IICIIOJih30BaTb MO,L\eJib II 

pacqeTbl E. A~mpo, pe3)'JibTaTbl KOTOpb!X rrpe,nCTaBJieHbl B Ta6JIIIIJe 2 B BII,ne «,L\030-

Bb!X IJeH» WI.SI HeKOTOpb!X pa,nIIOHYKJIII,nOB IIOIIaBIIIIIX B 3KOCIICTeMy. Ha OCHOBe lIIKa-
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-------, ---- ,----.,- -------...-. - ---------- -----·---,------- ------.----- .----...---

3OHA MOIIJHOCTb IIOfJIOIIJeHHOH ,L\03hl (rp/ro,n) 

3oHa pa,nHaUH0HH0ro 6JiaronOJIY'!Hll < 0,001-0,005 

3otta dm3HOJIOfll'leCKOH MaCKp0BKH 0,005-0,05 

3otta 3KOJIOfHqeCKOH MaCKHp0BKH: 

,llrlll Ha3eMHhIX lKHB0THbIX 0,05-0,4 

,llrlll rH,npo6HOHTOB " Ha3eMHblX pacTeHHH 0,05 -4 

3oHa llBHbIX 3K0JI0fH'leCKHX 3<jl<j>eKTOB: 

.[(paMaTH'leCKHX: 

,llrlll Ha3eMHblX lKHB0THbIX >>0,4 

,llrlll rH,npo6HOHTOB tt Ha3eMHbIX pacTeHHH >> 4 

Karncrpo<j>w-1ecKHx: 

,llrlll lKHB0THbIX H pacTeHHH >> 100 

Jlbl ,L\030Bb!X Harpy30K Ha 3KOCIICTeMhl II IIX 3JieMeHThl y,naJIOCb OIJeHIITb rrpe,neJihHb!e 

KOHIJeH-rpaIJIIII pa,nIIOH)'KJIII,L\OB, BbIIIIe KOTOpbIX MOiKHO OiKJI,L\aTb 3aMeTHOfO BJIH.SIHH.SI 

Ha c-rpyKTYPY, 6HOJIOfllqecKIIe xapaKTepIICTIIKII II rrapaMe-rpbl pa,nIIOeMKOCTII 3KO

CIICTeM. ,[(JIJI 
137Cs rrpe,neJibHblll ypoBeHb pa,nHOeMK0CTII- pa,nHOHYKJIII,nHOfO 3arp.S13-

HeHII.SI He ,llOJiiKeH rrpeBbIIIIaTb 600 KEKIKr MaCCbl 6IIOTbl. TaKIIM o6pa30M, MOiKHO rrpo

BeCTII o60CHOBaHHOe 3KOJIOfIIqecKoe HOpMIIpOBaHIIe II ycTaHaBJIIIBaTb rrpe,neJihHb!e 

ypoBHII IIOCTyIIJieHII.SI pa,nHOH)'KJIII,L\0B B pa3Hb!e TIIIIbl 3KOCIICTeM. 

3. Ilp11Me11e1111e 611ore1111L1x pa,1111ouyKJI11,11on KaK Tpacepon, oTpamaIOIIJHX 

C0CT0HHHe II ::i4>4>eKTL1 ua 611ory pa,1111aQ1111, TH:IKCJILIX MeTaJIJI0B II ,npynix 

Il0JIJIIOTaHT0B. 

Ta6Jmua 2. BeJIHqHHbl 3HaqeHHll ,L\030BbIX K03<j><j>HUHeHTOB ,L\Jlll 6HOTbl 3K0CHCTeM no 

------ --.----·- r-· ----- -----.-..-··- (B. Amira) 
Beyrpettttee Btteurnee o6Jiy'leHHe 

Pa,nHO- o6ny'!eHHe, 

ttyKJIH,n rp/ro,u/EKIKr 

so.na, B03.n)'X, Ilo'lsa, sererauIIJI,rp/ro,u/EKIKr 

rp/ro,u/EKIM3 rp/ro.u/EKIM3 rp/ro,u/EKIKr 
137Cs 4,110 .. 2,710·• 1,72 10-0 4,02 10-0 1,.72 10-0 

'"K 3,44 10"
0 

1,76 10"' 1,43 10·0 
2,6410"" 1,43 10"" 

"'Am 2,86 10·> 1,48 10•1V 7,73 10·• 2,22 10" 7,73 10·• 

,,,Pu 2,64 10·> 3,72 10·11 2,35 10·• 5,58 10·• 2,35 10"' 

""Sr 9,92 10"' 3,07 10·1V 2,83 10·1 
4,61 10· 2,83 10· 

3aKOHOMepHOCTII rrepepacrrpe,neJieHII.SI pa,nIIOH)'KJIII,nOB--rpaccepoB B pa3Hb!X TII

rrax 3KOCIICTeM, OIIIICbIBaeMb!e MO,lleJIJIMII pa,nIIoeMKOCTII, II03B0JIIIJIII Ha OCHOBe 3KO

JIOfIIqecKOfO H0pMI!pOBaHII.SI orrpe,neJII!Tb rrpe,neJibHO-,norrycTIIMb!e c6pOCbl II Bb!6pocb! 

pa,nIIOH)'KJIII,L\OB B KOHKpeTHbie BII,nbl 3KOCIICTeM. Ilpe,nJiaraeMh!H MeTO,L\ orrpe,neJieHH.SI 

3K0JIOrIIqecKII o60CHOBaHHbIX rrpe,neJihHO-,norrycTIIMhIX pa,nIIOH)'KJIII,L\HbIX 3arp.S13HeHIIH 

3KOCIICTeM II IIX KOMIIOHeHTOB MOiKeT CJI)'iKIITb TeopeTIIqecKoii OCHOBOH WI.SI CIICTeMhl 

3KOJIOrnqecKoro HOpMnpOBaHII.SI c6pocoB II Bb!6pocon pa3Hb!X II0JIJIIOTaHT0B B OKpy

iKaIOIIJYJO cpe,ny. Ilo,nxo,n Ha ocHoBe rrpIIMeHeHH.SI 6IIoreHHhIX -rpaccepoB II03BoJIJ!eT B 

paMKax TeopIIII II Mo,neJieii pa,nIIOeMK0CTII O,L\HOBpeMeHH0 OIJeHIIBaTb rrpoIJeCCbl MIIrpa

lJIIII pa,nIIOH)'KJIII,L\OB, orrpe,neJIJ!Tb ,L\030Bb!e Harpy3KII Ha 6IIOTy 3K0CIICTeM, II YCTaHaB

JIIIBaTb ql)'H,naMeHTaJihHb!e rrapaMe-rpbl CK0pOCTeii rrepepacrrpe,neJieHII.SI pa,nIIOH)'KJIII-
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J:I0B II ,npyrIIX IT0JIJIIOTfillT0B B mo6bIX TIIITIDC 3K0CIICTeM C }"IeT0M B03M0)l(H0ro 

CIIHeprn3Ma HX 3cpcpeKTOB Ha 6I10Ty. 

Oco6yio ITp06JieMy ITpe,nCTaBlliIIOT peam,Hbie JlfillJ:IIIIacpTbI, K0r,na OIIeHKH 

ITapaMe-rp0B pa,nI1oeMK0CTH OTHOCHTCH K 60JII,IIIHM TeppIIT0pIIHM, r.ne ,neiicTByioT CIIC

TeMI,I q>aKTOpOB BJIHHIOIIIIIX Ha ITepepacITpe,neJieHI1e pa,nII0HYKJIIIJ:I0B ITO 6I10THqeCKHM 

II a6I10TI1qecKIIM K0MIT0HeHTaM 3K0CHCTeM. OITpe,neJieHbI rnaBHbie q>aKTOpbI BJIIIHHHH 

Ha ITapaMe-rpbI pa,nn:oeMK0CTH - KPYTil3Ha CKJI0H0B, BIIJ:I paCTHTeJibH0ro ITOKpbITIIH 

IT0BepXH0CTII, CK0p0CTII CT0Ka, TIIIT IT0~I,I. Ha ITPIIMepe BbI6paIIHOro IT0JIIlr0Ha-3aJ<a3-

HIIKa B KoHqe-3acITe B03Jie KileBa ITpoBe,neHI,I 0IIeHKH JiaH,nmacpTa TeppIIT0pIIH II 

ITapaMeTP0B ero pa,nI1oeMK0CTII - Bep0HTH0CTII y,nep)l(fillllH IT0JIJIIOTaJITa B 3JieMeHTIDC 

naJI,nmacprn (pilc I). 

·+ 

--
PIie 1. Pe3yJII,TaThl npHMCHeHHJI aHaJIHTHqeCKOll rue TeXH0JI0rHH: a) KapTa PMII0CMK0CTH 

II0JIHroHa; 6) Ka~ nepB0HaqaJII,H0ro paBH0MCpHoro 3arpl!3HCHHJI II0JIHroHa; B) Kapm 

pacnpe,11eneHHJ1 
1 7Cs Ha rronuroHe qepe3 10 mrr noCJie aaapIIH Ha 1IA3C; r) Kapm 

pacnpe,11eneHHJ1 
137Cs Ha rronHroHe qepe3 30 mrr noCJie aaapHH (qeM BbIIIIe IIJIOTH0CTb qepHott 

0KpacKH JiaH,!IIIIaqJTa, TeM BI,IIIIe ypoBeHI, pa,!IH0ffYKJIH,!IH0r0 3arpll3HCHHll) 

TaKHM o6pa30M, MI,! pa3pa6oTaJIII MeTO,n II ITpHMeHHJilf fillaJIIITHqecKyio flfC

TeXH0JI0ruIO ,nnH 0IIeHKH II ITporn03a ITepepacITpe,neneHIIH IT0JIJIIOTaHT0B B peaJibHbIX 

naH,nmacpTruc. 
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BKJIA,LJ; AKA,LJ;EMIIKA H.M. CIICAirnHA B CTAHOBJIEHIIE II PA3BIITIIE 
IIArYOIIICKOrO ,Il;BII)KEHIDI yqEHbIX 

Jle6e,neB M.A. 

PoccuiicKUii IlazyoutcKuii KOMumem npu Ilpe3Ui'JuyMe PAH. MLebedev@pugwash.ru 

B 2007 r. IICITonmreTCll I 00 neT co J:IHH po)l(,neHIIH aKa,neMIIKa Hopaiipa 

MapTI1p0C0BHqa CHCaKHHa II 50 neT ITaryomCKOMY J:IBil)l(eHHIO yqeHblX - OJ:IHOll m 

crnpettlIIIIX HeITpaBIITeJII,CTBeHHhlX HayqHbIX opraHH3fil!Illl, IT0JI0)l(IIBIIIIIX HaqaJIQ J:IIla

nory BeJ:IYIIIIIX }"IeHbIX Milpa ITO B0ITp0CaM 6e30ITaCHOCTII, pa3opy)l(eHHH II HayqHoro 

C0TPYJ:IHilqecrna II y,nocTOeHHOii Ho6eneBcKoil: ITpeMIIII Milpa 1995 r. 

AKa,neMIIK Hopail:p MapTHp0COBHq CIICaKllH ITpirna,nne)l(IIT K qI1cny KPYITHelllIIHX 

}"IeHblX Milpa, CT0HBIIIIIX y HCT0K0B ITaryomcKoro J:IBil)l(eHIIH. 

K cepeJ:IHHe 1950-x rr., HeCM0TPH Ha Tl!)l(enoe Me)l(,nyHap0J:IH0e IT0JIQ)l(eHile, 

o6ycnoBneHHoe HapaIIII1BaHI1eM CCCP H CIIIA CB0IIX H,nepHbIX apceHaJI0B, C0BeTCKoe 

pyK0B0J:ICTB0 (Bo MH0r0M 6naro,!!apH ITpHHIIIIITHaJII,HOH IT03Il!IIIII IIpe3IIJ:IIIYMa AH 

CCCP) oco3HaJI0 Heo6xo,nnMocTr, pacmnpeHIIH Me)l(,nyHap0J:IHbIX HayqHbIX CBl!3eii 

AKa,neMIIII nayK. 
CoBeTCKile yqe111,1e, naxo,nHCI, 3a (()l(eJie3HI,IM 3aHaBeC0M» II ITpaI<TilqecKH He 

HMeH Ha}"IHI,JX K0HTaKT0B B IT0CJieB0eHH0e BpeMH C yqeHblMII 0CTaJibH0ro Milpa, 

CTPeMIIJIIICI, J:I0HeCTII J:I0 pyK0B0J:ICTBa CTpaHbl 11eo6xo,nI1MOCTI, HaqaJia llIIlp0K0r0 

Me)KJ:IYHapo,nnoro J:IIlaJI0ra 06 0ITaCH0CTllX, K0T0p1,1e rp03l!T MIIPY B cnyqae B03M0)1(

H0ro ITpHMeHeHilll H,nepH0ro opy)l(Illl. 

9 HIOJill 1955 r. B JloHJ:IOHe fam ornall!eH Ma11I1cpecT Paccena - 3iinIIITeiiHa, B 

K0T0P0M 11 KpyrrHellllIIIX }"IeHI,JX Milpa rrpI13BaJIII IT0JIIITHK0B 0TKa3aTI,Cll OT pell!eHIIH 

Me)l(,nynap0J:IHI,IX CIT0p0B II KOHq>JIIIKTOB C IICII0JII,30BaJIIIeM H,nepHoro opy)l(IIH. 

ABTOpbI J:I0KYMeHTa TaK)l(e o6paTIIJIIICI, K Be.nyIIIIIM }"IeHbIM c rrpeJ:IJI0)l(eHIIeM 

co6paTbCll Ha Me)l(,nyHapo,nHyio KOHcpepeHIIHIO .nnx 0IIeHKII TOH 0ITaCH0CTII, K0T0pal! 

B03HIIKJia B CBH3II C B0eHHbIM IICIIQJII,3QBaJIIIeM aTOMHOll 311eprnn. K CQ)l(aJieHIIIO, 

cpaMnnnii C0BeTCKIIX }"IeHI,IX IT0J:I 3THM J:I0KYMeHT0M HeT. 3TO ITp0II30IIIJI0 B CBH3II C 

TeM, ~o PYK0B0J:ICTB0 CCCP BeCbMa HaCT0p0)l(eHH0 0TH0CIIJI0CI, K II0JIIITIIqecKHM H 

q>HJIOCOq>CKIIM B3rJIHJ:IaM EepTpan Paccena, KOTOpblll fam nerrocpe,ncTBeHHI,IM IIHIIIIIla

TOp0M C03J:IaHIIH MaHncpecTa. 

KoHcpepeHIIIIH yqeHbIX, IIHIIIIIIIIP0BaHHal! MaIIncpecTOM Paccena - 3iiHllITeiina, 

cocrnxnacr, c 7 no 11 n10nx 1957 r. B Kana,ncKoii ,nepeByllIKe IIaryollI (Pugwash). Ha 

Heil: co6paJIHCI, 22 }"IeHbIX Il3 10 CTPaH, BKJIIOqal! qeTblpex ITpeJ:ICTaBIITeneii AKa,neMHH 

HaYKCCCP. 
Ha q>OpYMe II0MIIM0 o6cy)l(,neHIIH TeX onaCHOCTeii, K0T0pb!e yrp0)l(aIOT qeJI0Be

qecrny B CBH3II C HapaIIIIIBaHIIeM H,nepHb!X apceHaJI0B, o6c~aJillCI, II K0HKpeTHbie 

cpopMbI B3aHMOJ:IeiiCTBIIH }"IeHbIX Mnpa no pa3BHTHIO Me)l(,nyHapo,nH0ro HayqH0ro 

C0TPYJ:IHilqecTBa II ycTaH0BJieHIIH 6onee J:I0BepI1TeJII,HI,IX OTHOllieHilll BHYTPII Mllp0B0-

ro HayqHoro coo6IIIecrna [1]. 
KoHcpepeHIIIIH 1957 r. II0JI0)l(IIJia HaqaJIQ llIIIp0K0MY Me~ap0J:IH0MY ITary-

0llICK0My J:IBil)l(eHIIIO }"IeHbIX 3a Milp, pa3opy)l(eHHe II nayqH0e C0TPYJ:IHilqecTB0. 

BrrepBhle aJ<a,neMIIK H.M. CncaKHn rrpIIHHJI }"IacTHe B pa60Te IIaryoll!cKoro 

J:IBil)l(eHIIH }"IeHI,IX B 1959 r. B 4-ii KOHcpepeHIIIIII «KOHTPOJII, Ha,n B00p~eHIIHMII II 

Me)l(,nynap0J:IHal! 6e30IIaCHOCTI,)), K0TOpal! C0CT0HJiaCb B Ea,neHe (ABCTPIIll) C 25 HIOHH 
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ITO 4 momr. Hopaiip Maprn:pocoaIIq He T0JibK0 yqaCTB0BaJI B KOHq>epeH[IIIII, HO 6w1 II 

pyKoB0,llIITeJieM ,11enera11IIII AKa,11eMIIII HayK CCCP, a TaK)!(e rrpe,11ce,11aTeJieM m1TOro 

ITJieHapHoro 3ace,11aHIIJI KOHq>epeH[IIIII, IT0CBJIIIIeHH0r0 K0HTpomo Ha,11 IICITbITaHIIJIMII 

Jl,llepHoro opy)KHJI. 

BbICTYITaJI Ha rrepB0M 3ace,11aHIIII YKa3aHHOll KOHq>epeH[IIIII C rnaBHblM ITJieHap

Hb!M ,ll0KJla,ll0M «MIIpHoe cocyl[leCTB0BaHIIe, yperyJIIIp0BaJIIIe Ba)!(Heilrrmx rrpo6JieM II 

C0BpeMeHH0e Me)!(,llYHapo,llH0e C0Tpy,llHIIqecTB0», aKa,lleMIIK H.M. CIICaKJIH rro,11qep

KIIBaJI: «HaM - pa6oTHIIKaM HayKII He CBOllCTBeHHO 6b!Tb YT0ITIICTaMII. HaKaITJIIIBaJI 

0ITbIT, ,llBIIraJ!Cb OT 3KcrrepIIMeHTa K 3KCrrepIIMeHry, OT 0,/IH0ro OTKpb!TIIJI K ,11pyroMy ITO 

,11opore HayqHoro rrporpecca, Mb! yMeeM 11eHIITb, KaK HIIKTO ,11pyroi1, Ka)!(,ll0e, X0TJI 6bi 

He60JibITIOe, 3aB0eBaHIIe HayqHoro coo6111eCTBa, Ka)!(,llblll, XOTJI 6bi CKpOMHblll Illar, 

06oral[laJOI[IIIll COKp0BIII[IHII11Y HayqHOll Mb!CJIII. PYKOBO,llCTBYJ!Cb TeM )Ke MeTO,ll0M II B 

Me)!(,llyHapo,11HbIX 0TH0ITieHIIJIX Mb! He ,ll0JI)!(Hbl IICKaTb HII «q>IIJIOCOq>CKoro KaMHJI», HII 

qy,110.n;eilcTBeHHbIH «rraHa11ei1», crroco6HbIX propeITIIITb Bee Me)!(,llyHapo,11Hble rrpo6-

neMbI II pacrryTaTb BeCb y3eJI HaK0ITIIBITIIIXCJI ro,llaMII Me)!(,11yHapo,11HblX rrpoTIIBopeqIIil. 

ITpe,llOCTaBIIM IT0IICKII Toro II ,11pyroro ,lleMaroraM II IT0JIIITIIqecKIIM ITiapJiaTaHaM. Ho C 

TeM 60JiblliIIM BHIIMaHIIeM Mb! ,ll0JI)!(Hbl 0THeCTIICb K TeM Me)!(,llyHapo,11HbIM Mepo

rrpIIJITIIJIM, K0TOpbie M0I'yr, XOTJI 6bI qaCTIIqHo, ocna6IITb orracH0CTb aTOMHOll BOllHbl». 

3TII CJI0Ba II3 ,ll0KJia,lla aKa,lleMIIKa H.M. CIICaKJ!Ha 1959 r., K C0)!(aJieHIIIO, aKTYaJibHbl II 

B HaITIII ,llHII. CIITya[IIIJI B MIIpe ace 6onee CTaH0BIITCJI Harrpl!)!(eHH0ll, 0 qeM KpacHO

peqIIB0 CBII,lleTeJibCTByeT IT0JI0lKeHIIe Ha bJIII)!(HeM BocTOKe II B Ceaepo-BOCTOqHoil 

A3IIII, a TaKJKe TYITIIK B rreperoaopH0M rrpo11ecce ITO C0Kpal[leHIIIO II Hepacrrp0CTpa

HeHIIIO Jl,llepHoro opy)!(IIJI. 

«JI m1qHo y6e)!(,lleH, - OTMeqan Ha 4-il ITaryoITICKOll KOHq>epeH[IIIII 

H.M. CIIcaKJIH, - qro rropa TOp)!(ecTBeHHbIX ,11eKnapa11IIi1 06111ero xapaKTepa 06 

orraCH0CTJIX Jl,llepHOll BOllHbl, 0 He06XO,llIIMOCTll C Heil 6opOTbCJI II T.II., 6e3yCJIOBHO, 

CbirpaBlliaJI CB0IO II0JI0)!(IITeJibHYJO p0Jib Ha orrpe,11eJieHH0M IICTOpIIqecK0M 3Tarre, y)!(e 

MIIH0BaJia HJIII, BO BCJIK0M cnyqae, II0,llX0,llllT K K0H[ly. OT Hae, yqeHbIX, Hap0,llbl )!(,IIYT 

< ... > K0HKpeTHbIX ,11ei1CTBllll II rrpe)!(,lle acero YKa3aHIIJI Tex MeT0,110B, IIpII II0M0IIIII 

KOTOpb!X MO)!(eT 6bITb ocna6JieHa aTOMHaJI orraCH0CTb n pacqIII[leHa ,llopora K 

0K0HqaTeJibH0MY ee YCTpaHeHIIJO)) [2]. 3TIIM 3aJIBJieHIIeM BO MH0I'OM HMeHH0 

H.M. CIIcaKJIH 3aBepITIIIJI ,11IIcKyccIIIO Me)!(,lly yqeHbIMII CCCP n 3arra,11a o q>opMax II 

MeTO,llax ,11eJ1TeJibHOCTII IIaryoITICKOro ,llBII)!(eHIIJI. On OTqeTJIIIB0 0C03HaBaJI, qTO 

TOJibK0 0TKp0BeHHbie ,llIICKYCCIIII B rrpIIMeHeHIIII co CTporoil nayqHOll JIOrIIKOll, M0I'yr 

,Ila Tb peaJibHbJe pe3yJib TaTbl ITO C0Kpal[leHIIIO opy)!(HJI MaCC0B0ro YHIIqro)!(eHIIJI II 

KOHTp0JIIO Ha,11 Boopy)!(eHIIJ!Mll. 

B ,ll0KJia,lle Ha 7-il ITaryOITICKOll KOHq>epeH[IIIll, C0CT0JIBITiei1cJ1 a CTOy (ITIT. 

BepMOHT, CIIIA) 5-9 ceHrn6pJ1 1961 r., «Me)!(,llyHapo,11Hoe c0Tpy,11Hnqecrno a o6nacTII 

6nonornqecKIIX HayK», aKa)leMIIK H.M. CncaKJIH C,lleJiaJI KOHKpeTHble rrpe,llJI0)!(eHHJI ITO 

HayqHoMy C0Tpy,llHHqecrny B o6JiaCTII llCCJie,110BaHIIJI q>OpM )!(ll3Hll, 3aKOH0B 

B0Cilp0II3B0,llCTBa, 6IIOJIOrIIqecKOll perrp0,llYKTIIBH0CTII MIIpOBOro 0KeaHa, rrpnp0,llbl 

q>OTOCHHTe3a, M03ra qeJI0BeKa, 6opb6b1 co CMepTeJibHb!Mll 60Jie3HJIMII [3]. Ero H,lleII 

HaIIIJIH B0ITJI0I[leHHe B ,lleJ!TeJibH0CTII pll,lla Me)!(,llyHapo,11HbIX HayqHbIX opraHH3a[IIIll. 

Ha 8-il I1aryoITicKoi1 KoHq>epeH[IIIH, rrpoITie,11ITiei1 TaK)!(e B CTOy 11-16 ceHTx6pJ1 1961 r. 

aKa,lleMIIK H.M. CncaKJIH C0BMeCTH0 co crre[IIIaJIHCTOM ITO B0eHHOll IICTOPIIH reHepa

JI0M H.A. TaneHCKHM rrpe,llCTaBHJI ,ll0KJia,11 ITO,ll Ha3BaHIIeM «Mepbl ITO YMeHbllieHHIO 
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orraCH0CTII Herrpe,llHaMepeHHOll BOllHbl, Me)!(,llynapo,11Hble CIIJibI 6e3orracnocTII, MeT0,llbl 

yperynIIpoaaHIIJI crropHbIX aorrpocoa». BcTpeqII H.M. CIIcaKJ!Ha c aMepIIKaHCKIIMII 

yqeHb!MII II rroce111eHIIJI pl!,lla HayqHbIX yqpe)!(,lleHIIll CIIIA, K0T0pbie C0CTOHJIIICb BO 

apeMJI ero yqaCTIIJI B 7-il II 8-il IIaryoITICKIIX KOHq>epeu[IIIJIX CblrpaJIII cy111ecTBeUHYJO 

pOJib B orrpe.n;eJieHIIII B03M0)!(Hb!X HarrpaBJieHIIll HayqHoro COTpy,llHIIqeCTBa Me)!(,lly 

CoaeTCKIIM CoI030M II Coe,11IIHeHHbIMII IIIrnTaMII. KoHq>epeu11nJ1 rrpoxo,llIIJia qepe3 

HeCK0JibKO MeCJl[leB rrocne rrepaoro IT0JieTa qeJI0BeKa B K0CMOC, II IIHTepec K 

coBeTCKIIM yqeHb!M co CT0p0Hbl IIH0CTpaHHbIX K0JIJier 6bIJI oqeHb 60JiblliIIM. AKa

,11eMIIK H.M. CIIcaKJ1H a xo.n;e CB0IIX BCTpeq II IIHTepBbIO B CIIIA aKTIIBuo BbICTYITIIJI 3a 

ne,11orryl[leHIIe IICIT0Jib30BaHHJI K0CMIIqecKoro rrpocTpaHCTBa B B0eHHbIX [leJIJIX, rrpII 

3TOM rro,11qepKHYB Heo6XO,llIIMOCTb Me)!(,llyHapo,llH0r0 C0TpY,llHIIqecTBa ,llJIJI MIIpHoro 

0CB0eHIIJI K0CM0Ca. OrpOMHblll HayqHblll aBT0pIITeT Hopailpa MapTIIpOCOBIIqa crro

co6cTBOBaJI BKJIIOqeHHIO B rroaecTKy ITaryoITICKIIX KOHq>epeH[IIIll o6cy)!(,lleHIIJI q>OpM II 

MeT0,110B Me)!(,llYHapo,11Horo HayqHoro C0TpY,llHIIqecTBa B cq>epe OCBOeHIIJI KOCM0Ca. 

3TO IT03BOJIIIJI0 K K0H11Y 1960-x ro,110B 3aKJIIOqIITb Me)!(,llyHapo,11ubill . ,l(oroaop 0 

rrpIIH[IIIITax ,11eJ1TeJibH0CTll rocy,11apcTB ITO IICCJie,110BaHIIIO II IICITOJib30BaHIIIO 

K0CMHqecKOro rrpoCTpaHCTBa, BKJIJOqaJI JlyHy n ,11pyrne He6eCHbie TeJia n .n;aycTopoH

HHe cornarneHHJI Me)!(,lly AKa,11eMnei1 HayK CCCP H Ha11noHaJibHOi1 aKa,11eMnei1 HayK 

CIIIA O COBMeCTHblX COBeTCK0-aMepHKaHCKHX pa3pa6oTKax ITO OCB0eHHIO K0CM0Ca. 

3aHHMaJI C 1963 r. ITOCT rnaBHOrO yqeHoro ceKpernpll IIpe3H,llHYMa AKa,11eMHII 

HaYK CCCP, aKa,lleMIIK H.M. CIIcaKJIH BHec 6oJibITIOi1 BKJia,11 B pa3BIITIIe Me)!(,lly

Hapo,11Horo HayqHoro coTpy,llHIIqecTBa, ycTaHOBJieHIIJI CBJ13ei1 AH CCCP c 3apy6e)!(HbI

MII aKa,lleMIIJIMII, HayqHb!MII 06111ecTBaMII II Me)!(,llyHapo,llHbIMII HayqHbIMII opraHII3a

[IIIJIMII. 
B apXIIBe PoccIIilcKoro ITaryoITICK0ro K0MIITeTa rrpII IIpe3H,llIIYMe P AH coxpa-

HIIJiacb o6rrmpHal! rreperrIIcKa aKa,lleMIIKa H.M. CIICaKJ!Ha co MH0rIIMII 3aITa,llHblMII 

yqeHb!MH, a TaK)!(e ero rroMeTbl H 3aMeqaHHJI K rrpoeKTY ,ll0KYMeHTOB no pa3BHTIIIO 

Me)!(,llYHapo,11HbIX HayqHbIX CBJl3ei1 AH CCCP. KaK crrpaae,11nnao OTMeqeHo B TpeTbeM 

c6opHHKe BOCITOMHHaHHll H ,llOKYMeHT0B, IT0CBJII[leHH0M IlaMJITH H.M. CncaKJ!Ha, 3TH 

q>OH,llbl PoccnilcKoro IIaryoITICK0ro K0MHTeTa lK,llYT caoero HCCJie,lloBaTemr H CM0I'yr 

,llOITOJIHHTb ofoop MHororpaHHOH HayqHoil:, opraHH3a[IHOHHOll H Me)!(,llyHapo.n;HOH 

.n;eJ1TeJibH0CTII Hopailpa MapTnpocoanqa [4]. 

AKa,lleMHK H.M. CncaKJIH J!BlliIJICJI O,llHHM H3 BCeMHpHO rrpH3HaHHblX HayqHbIX 

JIH,llepoB, HaCJie.n;ne, K0TOporo n a XXI B. rrpe,llCTaBJIJ!eT 6oJiblliOll HHTepec He T0JibKO 

,llJIJI 6noXHMHKOB, HO H ,lllliI HCT0pHK0B H opraHH3aTopoB HayKH. 

l1MJI aKa,lleMHKa H.M. CncaKJ!Ha Haacer.n;a BITHCaH0 B HCTOpHIO ITaryoITICK0ro 

,llBHlKeHHJI yqeHbIX, n Ho6eJieBCKaJI rrpeMHJI Mnpa, rrpncy)!(,lleHHaJI B 1995 r. ITaryoITiy, 

rro rrpaao rrpnHa,llJie)!(HT n Hopail:py MapTnpocoanqy CncaKJ1Hy • 
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AKNJ:EMMK H.M. CMCAirnH II Ero BKJINJ: B PA3BMTME liMOXMMMM 
IlorroB B.O., I0p1rna H.fl 

H11cmumym 6uoxwwuu UM. A.H. Eaxa PAH, c. MocKBa, PoccUR, vpopov@mars.rags.ru 

HaIII llHCTllTYT rop,11n:TCJI TeM, 'ITO B ero CTeHaX pa6oTaJI Bbl,llaJOmn:iicJI Y'-leHbIH, 

TaJiaHTJillBblll opraHll3aTop HaYKll ll Me)K,llyttapo,11Horo COTJlY.!IHU'-leCTBa Hopaiip 
MaprnpocoBH'-1 Cn:caKJIH. B 1935 r. H.M. Cn:caKJIH rrocrymrn B acrrn:paHTypy YIHCTHTY· 
Ta 6n:oxn:Mllll ll C 3Toro ro,11a ero )Kll3Hb, ll Hay'-!HaJI ,11eJ1TeJibHOCTb 6hlJill Hepa3pb!BHO 

CBJl3aHbl C YIHCTllTYTOM. H.M. Cn:caKJIH 3amIITIIJI KaH,!IIl,llaTCKyIO ,!IIICcepT~IIIO B 

1936 r., ,!IOKTOpCKyIO - B 1940 r., CTaJI 3aBe,llyIOmIIM na6opaTopn:eii, 3aTeM 3aMeCTIITe
JieM ,11I1peKTopa YIHCTHTyTa. B 1953 r. 6hIJI I136paH qneH-KOpp. AH CCCP, a B 1960 r. -

aKa,11eMI1KOM AH CCCP. 
C 1959 ro,11a Hapll.!IY c Hay'-!Hoii ,11eJ1TeJihHOCTbIO H.M. Cn:caKJIH Ben 6onhIIIyIO 

Hay'-IHo-opraHI13aun:oHHYIO pa6oTy B Ilpe3Il.!IIIYMe AH CCCP. B 1959-1963 r. OH 6wn 
aKa,11eMI1KOM-ceKpernpeM OT,11eneHn:J1 6I1onorn:qecKI1X HayK AH CCCP, B 1963-1966 r. 
- fnaBHbIM Y'-!eHhIM ceKpernpeM Ilpe3ll.!IIIYMa AH CCCP. HaY'-!HaJI II o6mecrneHHaJI 
,11eJ1TeJibHOCTb H.M. CI1caKJ1Ha 6bma MHOrorpaHHa II IIIIlpOKO ll3BeCTHa. B 1956-1959 r. 

OH 6bm m6paH qneHoM KoHcynhTaTHBHoro KOMIITeTa IOHECKO, B 1959-1964 r. -
'-IJieHOM YicrroJIHIITeJibHOro coBeTa IOHECKO, c 1964 no 1966 r. OH J1BJIJ1JICJ1 Ilpe3n:

,11eHTOM XIII ceccI1n: feHepanbHoii KOHq>epeHUilll IOHECKO, BI1Ue-rrpe3I1,11eHTOM 
Me)K,llyttapo,11HOH aKa,lleMIIII aCTJ)OHaBTHKII, Ilpe,11ce,11aTeJieM Me)K,11yHapo,11HOro KOMII

TeTa 6I1oaCTJ)OHaBTHKll [ 1]. 
C caMoro Haqana Hay'-IHOH ,11eJ1TeJibHOCTll Hopaiip Maprn:pocoBil'-1 OKa3aJICJI B 

cpe,11e KpyrrHbIX Y'-leHb!X. B YIHCTllTyre 6n:OXllMIIII pa60TaJill aKa,lleMUKII 

B.A.3Hrenbrapw, A.YI. Orrapn:H, A.H. Een03epcKI1ii, A.ll. KypcaHoB, 
A.A. KpacHOBCKilii II A.H. TepeHn:H, '-IJieHhI-Kopp. AKa,11eMI1ll HayK B.n. KpeToBn:'-1, 

B.H. EyKn:H n: ,n:.n. TanMy,11, rrpoq>. E.A. Py6I1H II MHorne ,11pyrn:e. He 6y,11eT rrpeyBe

JIIl'-leHn:eM CKa3aTb, 'ITO B TO BpeMJI YIHCTllTYT 6I10XI1Mllll 6bIJI OCHOBHbIM ueHTJ)OM 

6I10XllMI1'-leCKOH HaYKll B HaIIIeii CTJlaHe. 
CBoIO rrepByIO ,11n:ccepT~noHHyIO pa6oTy Hopaiip MaprnpocOBil'-1 Cn:caKJIH 

BbIIIOJIHIIJI rro,11 PYKOBO.!ICTBOM aKa,lleMIIKOB A.H. Eaxa n: A.YI. OrrapIIHa. 3m 6hma 

rrepBal! 3aIIIllTa ,!IIICCepTaUllll B TOJlbKO 'ITO C03,llaHHOM A.H. EaXOM YIHCTIITyre 6IIOXII
Milll. B :non pa6oTe Hopaiipy MaprI1pocoBI1'-IY y,11anoch ycrnHOBllTb Ba)KHOe 3Ha'-leHn:e 

q>ocqiopa B caxapoHaKOIIJieHIIH H 06Hapy)KI1Tb HapyIIIeHllJI yrneBO,!IHOro o6MeHa y 
CBeKJibl II UIIKOpIIJI IIPII He,!IOCTaTO'-IHOCTll 3TOro 3JieMeHTa B IIHTaHIIII pacTeHHH. 

H.M. Cn:caKJIH 3aIIIllTIIJI ,!IOKTOpCKyIO ,!IHCCepTaUIIIO Ha TeMy «EIIOXllMll'-!eCKaJI 
xapaKTepIIC-THKa 3acyxoyCTOH'-IHBOCTII pacTeHn:ii». B 3TOH pa6oTe llM BrrepBbie 6bIJIO 
YCTaHOBJieHO, 'ITO 3acyxoyCTOH'-IIIBOCTb orrpe,11eJIJ1eTCJI oco6eHHOCTJIMII 
3H3IIMaTH'-leCKOro arrrrapaTa pacTHTeJibHOll KJieTKII ll IIOKa3aHO, 'ITO rrpII rny6oKOM 

B0,!IHOM ,11eq>llUIITe rrpoHCXO,!IJIT Heo6paTHMbie ll3MeHeHHJI B COCTOJ!Hllll qiepMeHTOB, 

KOTOpbie rrpHBO,!IJIT K rn:6enn: pacTeHn:ii. 
B Haqane BenHKOH OTe'-!ecTBeHHOH BOHHbI (B OKTJ16pe 1941 r.), Kor,11a Ha'-ln:Ha

nacb 6n:TBa 3a MocKBY, Hopaiip MapTllpOCOBll'-1 IIOIIIeJI ,1106poBOJibUeM B OIIOJI'-1eHI1e. 
qepe3 HeCKOJibKO MeCJ!UeB 6n:oxn:Mn:Ka OT03BaJill C q>pOHTa. OH IIOJIY'-!lllI HaY'-!HOe 3a,lla

HI1e - pa3pa60TaTb MeTO,llbl cyIIIKll OBOmeii 6e3 IIOTepII BllTa.MIIHOB ll HaJia,!IIITb rrpon:3-
BO,!ICTBO BHTa.MllHHblX KOHUeHTJ)aTOB ll rrperrapaTOB. Ilpn: BbIIIOJIHeHllll 3Toro 3a,11aHI1JI 

~ 
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Hopaiip MapTIIpOCOBH'I HCn0JibJ0BaJI peJyJibTaTbl CB0eii AOI<TOpCKOH pa60Tbl. 

H.M. C11cai0rny YAaJI0Cb pa3pa6ornTb HOBbIH cnoco6 cy!IIKH OBOIIleii 11 KapTo<pemr, 

nOJBOJUIBIIIllH coxpam!Tb BllHlMHHbI. 3To 6bIJI BeC0MbIH BKJIM OTe'!eCTBeHHOH HayKll B 

061llee .neno no6e,nu. Y)Ke B 1942 r. 6naro.napl! JT0MY cnoco6y cy!IIKH 6bmo coxpaHe

H0 200 MJIH. qeJI0BeK0-A0J BHTaMHHa C, a B 1943 r. n0'!TH .nae TpeTH KapTo<pemr H 

0B0IIleii CYIIIHJIH no 3T0MY MeTo,ny. 

B 1942 ro.ny Hopaiip MapTHpOCOBH'I opraHllJ0BaJI B I1HCTHryTe 6HOXHMHH 

Jia6oparnpmo 3HJHM0JI0rHH, K0Topoii PYK0B0AHJI AO nocne,nHero ,nHll CBOeii )KHJHll 

(12 Maprn 1966 r). OH MH0ro BHHMaHHll y,neJIJIJI pa6oTe na6opaTOpHH, BCeMepH0 cno

co6crnyll HayqH0MY pocry C0Tpy,nHHK0B 11 yqeHllK0B. 

Hopaiipa MapTllpOCOBH'la BCer,na 0TJIH'!aJia MH0rorpaHH0CTb HHTepecoa: OT 

TeXHll'!eCKOH 6HOXHMHH, 6HOXHMHH H MOJieKyJillpHOH 6HOJIOrHH KJleT0'!HbIX CTpYKTYP 

.no npo6JieM KOCMH'!eCKOH 6HOJIOrHll. EMy, KaK npaBllJI0, y,naBaJI0Cb Haxo,nHTb HaH60-

Jiee nepcneKTHBHbie nYTH HCCJieA0BaHllll B pa3JIH'!HbIX o6nacrnx HayKll H HCn0Jib

J0BaTb Ml! pe!IIeHHll npo6neM CaMbie C0BpeMeHHbie 3KCnepHMeHTaJibHbie no.nxo,nbI. 

Y)Ke B Ha'laJie TB0p'!eCK0ro nYTH OH JaHllMaJICll pa3pa60TKOH HayqHbIX 0CH0B 

BHH0rpMapcrna H BHH0,neJIHll. 3TOT 6bIJIO He cnyqaiiHO. Ero po,nHall ApMeHllll JHaMe

HllTa K0Hbl!KaMH, lllaMnaHCKllMll 11 xepeCHbIMH BHHaMH. I1ccne,noBaHHll np0B0AHJIHCb 

H.M. CHCaKllUOM ump0KHM <ppOHTOM - OT 6HOXHMH'!eCKOH xapaKTepHCTllKH BHHorpa

.na, B oco6eHHOCTH npou;eccoB, npoTeKaIOIIlHX B l!ro,ne npH C0JpeBaHHH, AO XHMHJMa 

npou;eccoa, np0llCX0,nl!IIlllX npll C03peBaHHH BHH 11 K0Hbl!K0B. Enaro.napl! H0BbIM 

pa3pa6oTKaM 11 C0Bep!IIeHCTB0BaHmO TeXHOJiornii y,naJI0Cb cyIIleCTBeHH0 ycK0pHTh 

npou;eCCbI C0JpeBaHHll BHH H K0Hbl!K0B. PeJyJibTaTbI HCCJie,nOBaHHH no 3TOH TeMaTHKe 

6bIJIH 06061lleHbl B c6opHHKax CTaTeii «EHOXHMHll BHH0,neJIHll», ceMb BbITIYCK0B K0T0-

pbIX BbIIIIJI0 no.n pe,naKu;Heii H.M. C11caKJ1Ha H npH ero HeITocpe.ncrneHH0M yqacmH. 

Cne.nyeT 0TMeTHTb, '!TO HCCJie,n0BaHHll H.M. CHcaKl!Ha a o6JiaCTH BHH0rpMapcrna H 

BHH0,neJIHll coxpaHHJIH aKT)'aJibH0CTb H JaJI0)KHJIH HayqHbie 0CH0BbI pa3BHTHJI BHH0-

rpMapcrna H BllH0,neJIHll a HaIIIeii CTpaHe. OHH 6bmH ITp0,n0JI)KeHbI ITpO<p. 

11.A. EropOBbIM, ITpO<p. A.K. Po,noITyno, A.<1>. IlHcapHHIJ;KHM H a HaCTOl!IIlee apeMl! 

Be,nyTCll B Ha!lleM HHCTHTYTe. 

lll11p0Kyro HJBeCTH0CTb nonyqHJI IJ;llKJI pa6oT Hopaiipa MapTHpOCOBH'la, IT0CBll

IIleHHbIX HJy'leHHIO .neiiCTBllll PMHaIJ;llH Ha ITp0TeKaJOIIJ;He a pacTeHHJIX 6HOXHMH'!eC

KHe ITpou;eCCbI. bbIJIO IT0KaJaH0, '!TO ITp0HCX0,nl!IIlHe ITPll PMHaIJ;HH HapyIIIeHHll B 

pa3JIH'!HbIX JBeHbl!X o6MeHa BeIIleCTB ITp0l!BJil!IOTCll He0,nHHaK0B0. HaH6onee CHJibH0 

0Hll Bblp!l)KeHbI B o6MeHe HyKJieHH0BbIX KHCJI0T. IlpH 3T0M BCJieACTBHe BJaHM0CBl!JaH

H0CTH ITP0TeKaJOIIlHX ITpou;eccoB B KJieTKe PMHaIJ;H0HHbie HJMeHeHHll B o6MeHe 0AH0-

ro JBeHa BJieKYT Ja co6oii cepbeJHbie HJMeHeHHl! B u;enoM opraHHJMe. 3TH ITpHopH

TeTHbie peJyJibTaTbI 6bIJIH ,noJI0)KeHbI H.M. CHCaKllHOM B 1955 r. Ha 1-oii )KeHeBCKOH 

KOH<pepeHIJ;Hll ITO MHpH0MY HCIT0JibJ0BaHllIO aTOMHOH 3Hepr11H. B ,naJibHeii!lleM 0HH 

IT0JiyqHJIH ITo,nrnep)K,neHHe H paJBHTHe B pll,ne .npyrnx na6opaTOpHii. 

K rnaBHbIM HayqHbIM A0CTll)KeHHl!M H.M. CHcaKl!Ha 0TH0CHTCJI HCCJieA0BaHHe 

6110XllMHH KJieT0'IHbIX CTPYKTYP pacTeHHH. OcHOBHbIM 061,eKTOM 3THX HCCJie,noBaHHH 

H.M. CHCaJ0IH l!BHJIHCb - opraHeJIJibI paCTHTeJibH0ro ITp0HCX0)K,neHHll, K0T0pbie B TO 

BpeMl! 6bIJIH MaJI0 HJyqeHbl. Me)K,ny TeM BCeCT0p0HHee HJyqeHHe HMeHH0 3THX CTpYK

Typ ITpe,nCTaBJUIJI0 60JibIIIOH HHTepec, IT0CK0JibKY o,nHH HJ BHA0B ITJiacm.n - xnopo

ITJiaCTbI, CBl!JaH C ITpou;eccoM <pOTOCHHTeJa. IlpH HX HeITocpe,ncTBeHH0M yqaCTHH 
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npo11cxo,nHT ITepBH'IH0e o6paJoBaHHe opratt11'!ecKoro BeIIlecrna, 6naro,napl! KOTopoMy, 

B K0He'IH0M C'!eTe, B0JM0)KHa )KllJHb Ha HaJIIeii IIJiaHeTe. 

I1ccJie.noaaHHll xnop0ITJiaCT0B Ha'laJIHCb HopaiipoM MapTHpOC0BH'!eM a 1946 
ro.ny C pa3pa6oTKH MeTo,n0B Bbl)l;eJieHllll 3THX CTpYKTyp ( C0BMeCTH0 C ero A0KTOpaHTOM 

A.C. BeqepoM) H 0ITpe,neJieHllll llX <pepMeHTaTHBHOH a!<THBH0CTH (COBMeCTHO C 

A.M. Ko6l!KOBOH H ,npyrnMH COTpYAHllKaMll). 3TH HCCJie,noBaHHll ITpHBeJIH K 

o6Hapy)KeHHIO a xnop0ITJiacrnx MH0rHX <pepMeHTOB, a TOM 'IHCJie <pepMeHTOB 

HeITocpe,nCTBeHH0 He CBl!JaHHbIX C <pOTOCHHTeJOM, '!TO YKaJbIBaJIO Ha 

ITOJIH<pyttKIJ;H0HaJlbH0CTb 3THX KJiee-T0'!HbIX opraHeJIJI. 

H.M. CHCaKl!H0M 6bma Bbl)l;BHHYTa rHIT0TeJa, cornacH0 KOTopoii xnop0ITJiaCTbI 

He T0JlbK0 ynaBJIHBaIOT CBeT H CHHTeJHpyroT yrneB0AbI B ITpou;ecce <pOTOCHHTeJa, HO H 

BbITI0JIHl!IOT B KJieTKe eIIle KaKHe-To <pYHKIJ;HH. TaK B0JHHKJI0 y H.M. CHcaKl!Ha 

npe,nIT0JI0)KeHHe 0 Ba)KHOH poJIH 3TllX CTpYKTYP B )KHJHe,nellTeJibH0CTH paCTHTeJibHOH 

KJieTKH H 06 HX OTHOCHTeJibHOH aBT0H0MHH, HaJIIe,nlllee BIT0CJie,nCTBHH IT0JIHOe 

IT0,nrnep)K,neHHe. B JT0M Hopaiip MapmpocoBH'I CHCaKl!H oITepe,nHJI MHpoayro HayKy. 

PeJyJibTaThl pa6oT ITO <pepMeHTaTHBHOH aJ<THBH0CTH ITJiaCTH,n CTaJIH TeMoii «Ea

X0BCK0ro '!TeHHll», ITp0'IHTaHHoro Hopaiip0M MapmpOCOBH'!eM a 1949 ro,ny, HJAaH

H0ro a 1951 ro.ny H y,nocTOeHHoro focy,napcrneHHOii ITpeMHH CCCP (1952). Eonee 

IT0JiyBeKa HaJM (B 1952 ro.ny) Ha 0CH0Be JIIOMHHecu;eHTH0-MHKp0CK0ITH'!eCK0ro aHHa

JIHJa H.M. CHCaKl!H BITepBbie A0KaJaJI HaJIH'!He HYKJieHH0BbIX KHCJI0T B 3THX opraHeJI

JiaX pacmTeJibHOH KJieTKH [2]. B xnop0ITJiaCTax H neiiKOITJiaCTax psma BbICIIIHX 

pacTeHHii B pyKOBOAHMOii H.M. CHCaKl!HOM na6opaTOpHH 6bIJIH o6Hapy)KeHbI HYKJieH

H0Bbie KHCJI0TbI - PHK H ,[{HK. B AaJibHeiiIIIeM c IT0M0IIJ;bIO BH0Bb pa3pa60TaHHbIX 

MeTO,n0B Hopaiip MapTHp0COBH'I C C0TpYAHHKaMH IT0ATBep,nHJI IT0JiyqeHHbie B ero 

na6opaTOpHH AaHHbie 0 HaJIH'IHH ,[{HK B XJI0p0ITJiacTax. EeJ ITpeyaeJIH'!eHHll MO)KHO 

CKaJaTb, '!TO o6HapJ)KeHHe ,[{HK B xnopoITnacTax (a TaK)Ke B MHTOXOH,npHllx) JYKapHo

TH'!eCKHX KJieT0K l!BHJI0Cb peB0JIIOIJ;H0HHb!M co6bITHeM a 6HOJIOrHH, 0ITpoaeprnyBIIIHM 

cymecTB0BaBIIIee MH0rHe ,neCl!THJieTHll KJiaCCH'!eCK0e ITpe,nCTaBJieHHe O TOM, '!TO B 

KJieTKe BCll reHeTH'!eCKall HH<pOpMaIJ;Hll JaKJIIO'!eHa B smpe. O6Hapy)KeHHe a xnopo

ITJiacTax HYKJieHH0BbIX KHCJI0T H, a oco6eHHOCTH, co6CTBeHHOrO reH0Ma, l!BHJIOCb CTH

MYJI0M AAA ,naJibHeHIIIHX HCCJie,noBaHHH 3THX opratteJIJI. 3TH peJyJibTaTbI 0ITpe,neJIHJIH 

IT0CJie,nyroru;ee HaIIpaBJieHHe He T0JibK0 ero OCHOBHOH HayqHoii ,nel!TeJibH0CTH, ·Ho H 

AaJibHeiimero Hccne.noaaTeJibcKoro ITYTH ero yqeHHK0B - ITpo<peccopoB 

11.11. <l>HJIHITIT0BH'I, M.C. O,nnnu;oaoii, H.A. fyMHJieacKoii, aKMeMHKa AH fpyJHH 

T.r. EepHAJe. 
Cpe.nn B!l)l(HbIX ITpo6neM, HM K0T0pbIMH pa6ornn H.M. CHcaKl!H, o,nHo HJ 

u;eHTpaJibHbIX MeCT ITpHHa,nJie)KaJI0 HCCJie,noBaHHl!M CHHTeJa 6eJIKa B XJI0p0ITJiaCTax [3]. 
B 1955 r. HopaiipoM MapmpoC0BH'!eM c C0Tpy.nHHKaMH 6bma OITy6JIHKOBaHa pa6orn, 

a KOTopoii BITepabre coo61llaJIOCb o cymecrnoaaHHH JToro ITpou;ecca B xnopoITnacTax. 

bbIJIO IT0KaJaH0, '!TO XJI0p0ITJiaCTbI, HJ0JIHp0BaHHbie HJ JIHCTbeB <paCOJIH, CITOC06Hbl 

BKJIIO'!aTb 14C-rnHIJ;HH B 6eJIKH. qepeJ ro.n ITO,n06Hbie ,naHHbie IT0JiyqHJIH IT0ATBep)K,ne

HHe B na6oparnpHH ITpo<p. II. 3aMe'IHHKa B fapaap,ncKoM yttHBepcHTeTe (ClllA) [4]. 
KpoMe 3Toro, H.M. CHcaKl!H H ero coTpy,nttHKH BITepBbie o6Hapy)KHJIH CHHTeJ 

JIHITHA0B B HJ0JIHp0BaHHbIX XJI0p0ITJiacTax H ycTaH0BHJIH PM oco6eHHOCTeii JIHITHA

H0ro MeTa60JIHJMa 3THX opraHeJIJI [5]. 
IloJlKe H.M. CHCaKl!H H ero COTpYAHHKH BUAeJIHJIH HJ XJI0p0ITJiaCT0B pH60COMbl 
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[6], aM11Hoau11n-TPHK-c11HTeT!l3bI II TPHK [7, 8], T.e. ace KOMIIOHeHThI arrrrapara 
TJlaHCJUIIJIIII, II YCTaHOBIIJIII, 'ITO 6eJIOKCIIHTe3IIp)'101IJIIH arrrrapaT XJIOpOIIJillCTOB 
o6na,naer 3Haq11TeJihHO 66JihIIIIIM CXO,nCTBOM C arrrrapaTOM TJlaHCJIHIJIIII 6aKTep11il:, qeM 
C arrrrapaTOM TJlaHCJUIIJIIII B IJIITOIIJI!l3Me KJieTOK 3YK8PIIOT. IlonyqeHHhie ,naHHble 
rro,nrnep,nIIJIII rrpe,nCTaBJieHIIH O IIOJIYaBTOHOMHOCTII IIJillCTII,n II rrpIIHIJIIII ,nBOHHOfO 
KO,nIIpOBaHIIH Bcex QJYHKIJIIOHaJihHh!X KOMIIJieKCOB 3TIIX opraHeJIJI. 

Pa6oThI H.M. C11caKHHa rro 113yqeH1110 HYKJieIIHOBhIX KIICJIOT 11 6eJIKOB XJiopo
rrnacToB OTHOCHTCH K IICTOKaM MOJieKyn»pHoil: 611onorn11 XJIOpOIIJiaCTOB, 6ypHbIH pac
IJBeT KOTOpoil: Ha6JIIO,naeTCH n HacTO»IIJee apeM». Ceil:qac n HaIIIeM 11HCTIITyre pa6o
TaeT yJKe BTOpoe IIOKOJieH11e ero yqeHIIKOB, rro,npacTaeT II rpeThe IIOKOJieHIIe - MOJIO
,nhie acrrIIpaHThl, KOTOphie C 3HTY3II!l3MOM B3HJII!Ch 38 IICCJie,nOBaHIIe ycToil:qIIBOCTII 
paCTI!TeJihHbIX opraHII3MOB K crpeCCOBhlM B03,neiicTBIIHM, MeXaHil3MOB peryJI»IJIIII 
QJOTOCIIHTe3a II MOJieKyn»pHOH 611onorn11 XJIOpOIIJiaCTOB - BCeX TeX HayqHb!X HarrpaB
JieHIIH, Hll,1{ KOTOpbIMII MHOrne ro,nhI pa60TaJI H.M. C11caKHH, BJIOJKIIBIIIIIH B HIIX CBOIO 
3Hepr1110 II orpOMHhlH TaJiaHT yqeHOro. 

AKa,neMIIK A.H. Een03epcK11ii acrroMIIHan: "Bc10 cno10 JKII3Hh Hopaiip 
MapTI!pOCOBI!q C yBJieqeHIIeM OT,naaan CJIYJKeHIIIO HayKe. B CBOeM pafioqeM Ka611HeTe 
II B Jia6opaTop1111 OH He 3aMeqan HI! BpeMeHII, HI! ycTaJIOCTH, HI! He,nyroa. OH pa60TaJI 
fiYKBaJihHO ,no IIOCJie,nHeH MIIHYThI CBOeu JKil3HII II YMep 38 pafioq11M CTOJIOM B na6opa
Top1111 B TOT MOMeHT, Korona 06.nYMbIBaJI HOBhlH 3KCrrep11MeHTaJihHhlll rro.nxo.n K IIHTepe
COBllBIIIIIM ero HayqHhlM BOIIp0CaM 11

• 

3acnyrn H.M. C11caKHHa B HayKe 6bIJI11 oTMeqeHhI MHOrHMII Harpa,naM11: 
focy,napcTBeHHoil: rrpeMIIH CCCP (1952), rrpeMII»MII IIMeH11 A.H. Eaxa AH CCCP 
(1950, 1966), rrpeM11eii 11MeH11 11.11. MeqHIIKoaa AH CCCP (1951 ), rrpeMII»MII 
JlbeJKCKOro (1956) II IlacTepOBCKOfO IIHCTI!TyrOB (1959). PeIIIeHIIeM 33-ii cecc1111 
feHepanhHoii KOH<pepeHIJIIII IOHECKO 1 00-ner11e co ,nH» poJK,neH11» aKa,neM11Ka 
H.M.C11caKHHa 6bIJio BKJIIOqeHo B KaJieH,naph 10611neiiHhIX ,naT IOHECKO Ha 2006-
2007 rr. 

Cero,nH» 11HCTI!Tyr 611oxIIMIIII HBJI»eTCH COBpeMeHHh!M HayqHhlM yqpeJK,neHIIeM, 
24 na6opaTOpIIII KOTOporo 38HIIMaIOTCH <pyH,naMeHTaJihHhlMII II npIIKJI8,l{HhlMII IICCJie
,noBaHIIHMII B CaMh!X p!13Hh!X o6nacrnx 6110XIIMIIII II MOJieKyn»pHOH 611onor1111. 
Corpy,nHIIKII 11HCTIITyra BhIIIOJIHHIOT ~ 70 qie,nepaJihHh!X rrporpaMM II rpaHTOB. B 
IIHCTHTyre pa60TaIOT 208 HayqHhIX corpy,nHIIKOB, cpe,n11 KOTOph!X 51 ,noKTOp II 142 
KaH,nII,naTa HayK. B acrr11paHType IIHCTIITyra yqIITCH 41 acrrIIpaHT. TaKIIM o6p!130M, Te 
OCHOBhI, KOTOpbie fihmll 3aJIOJKeHbI aK8,l{eMIIKOM H.M. C11caKHHOM, npo,noJIJKaIOT 
,noCTOHHO p!13BIIB8ThCH B 11HCTIITyre 61IOXIIMIIII. 

B 38KJIIOqeH11e Heo6xo,nIIMO no,nqepKHYTh, 'ITO npaKTHqecKII Bee ynoMIIHaB
IIIIIec» HarrpaaneHIIH pa6oT Hopaiipa MapTHpOCOBIIqa 6bm11 ITIIOHepcKIIMII. 3TO 
Kacaerc» KaK pa6oT !IO TeXHIIqecKOH 611oxIIMIIII, TaK II pa6oT !IO 6110XIIMIIII KJleTO~h!X 
opraHeJIJI. YJKe paHHIIe pa6oThl rrpIIHeCJIII Hopaiipy MapTHpOCOBIIqy IIIIIpOK)'lO 113-
BeCTHOCTh. 3HaqIIMOCTh IIOJiyqeHHh!X H.M. C11caKHHOM Hll~bIX Pe3YJihTaTOB II ero 
pOJih B opraHII3filllIII OTeqecrneHHOH II MI!pOBOH HllYKII rrp11BeJI11 K TOMY, 'ITO OH BOIIIeJI 
B IICTOplIIO 6IIOXIIMIIII KaK KpynHhlll yqeHhlH B o6naCTII 61IOXIIMHII, O,nHH 113 OCHOBO
IIOJIOJKHIIKOB KOCMIIqecKOH 611onorn11, Bhl,naIOIIJIIHCH opraHII38TOp OTeqecrneHHOH 
HllYKII II MeJK,nYHapo,nHoro COTJlYMIIqecrna yqeHhIX. 
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p A)UIOliHOJIOrnqEcKHE OCHOBhl HOPMHPOBAHIDI IIPH 
.l(JIHTEJihHhlX MEJKIIJIAHETHhlX KOCMJiqECKHX IIOJIETAX 

lllaqmpKnH AB. 
I'ocyoapcmeem1blu 11ay'l11blu 11e11mp P<P - H11cmumym MeOUKo-6uoJ10ZU'lecKux npo6J1eM PAH, 

2. MocKea, PoccUJI 

Ilocne nepBbIX op6nTaJibHbIX K0CMH'IeCKllX noJieT0B B K0HCTPYKT0pCK0M 6IOpo 

c.rr. KopoJieBa Ha'IHHaJOT ocyru;ecTBm!TbCSI TeXHH'IeCKne npoeKTbI nnJI0TnpyeMbIX 

noneTOB Ha JlyHy ·n K Mapcy n B03HllKaJOT .11onoJIHHTeJibHbie npo6JieMbl Me.11nKo-

6nonornqecKoro o6ecne'IeHnSI .IIJlllTeJibHbIX K0CMH'IeCKllX noneT0B, BKJIIO'IaSI npo6-

JieMy pa.11naunoHHoii 6e3onacHocTn. OHa npe.11ycMaTPHBaeT nocTaH0BKY uenoro psi.11a 

q>mn'IecKnx n pa.11no6nonornqecKnx nccne.110BaHnii TaKnx, KaK: ll3yqeHne ncT0'IHHK0B 

pa.11naunoHHOii onaCHOCTll Ha TPaccax op6nTaJibHbIX n MelKnJiaHeTHbIX noJieT0B, 

nccne.110BaHnSI npoXOlK.lleHHSI nepBH'IH0ro ll BT0pll'IHbIX ll3JiyqeHnii qepe3 pa3Jill'IHbie 

3aIU;HTHbie MaTepnaJibI, a TaKJKe nccne.110BaHnSI no H3y'IeHHIO BJIHSIHHSI pa3Jill'IHbIX 

q>aKTOpoB nonern n xapaKTepncTnK pa.11naunoHHoro B03.lleiicrnnsi, npncyru;nx K0CMn
'IecKoMy nonery, Ha pa.11no6nonornqecKnii 3q>q>eKT. 

HayqHoii OCHOBOH .IIJ!SI perneHnSI BonpocoB pa.11naunoHH0H 6e3onaCHOCTll K0CMll

'IeCKllX noJieTOB ll HOpMnpoBaHnSI .11onyCTHMbJX yp0BHeii pa.11naun0HH0fO B03.lleiicTBnSI 

Ha KOCMOHaBTOB S!BllJIHCb .llaHHble nccne.110BaHnii, npoB0.llllBilJHecsi c 1964 r. B 

I1HCTllTYTe Me.llnKo-6nonornqecKnx npo6JieM, I1HCTllTYTaX Enocpn3HKll MHH3.llpaBa 

CCCP n AKa.11eMnn HayK CCCP, focy.11apcrneHHOM HayqHo-nccne.110BaTeJibCKOM nH

CTHTYTe aBnaKOCMn'IeCKoii Me.11nunHbI MO CCCP, n MaTepnanbI TeopeTn'IecKnx n 

3KcnepnMeHTaJibHbIX pa6oT, BblJI0JIHeHHbIX Ha ycKopnTeJISIX np0T0H0B n MH0r03apsi.11-

HbIX llOHOB B O61,e.11nHeHHOM HHCTHTYTe si.11epHbJX nccne.110BaHnii. Dbill o6o6ru;eH 

TaKJKe onbIT TeopeTn'IecKnx n 3KcnepnMeHTaJibHhrx pa.11no6nonornqecKnx nccne.110-

BaHnii, npOBO.llllBillllXCSI B 60JibillOM 'IllCJie .11pyrnx Jia6opaTOpnii B Harneii CTPaHe n 3a 

py6elKOM, a TaKJKe pe3yJibTaTbI rnrneHH'IeCKHX Ha6JIIO.lleHnii n .IIJ!HTeJibHbIX 3nn.11e

MllOJiorn'IeCKHX 06cne.110BaHnii nepcoHana, pa6oTaJOru;ero Ha npe.11npnsiTnsix aToMHoii 

IIpOMbIIIIJieHHOCTll, KOTOpbIH n03B0JillJI noHSITb HeK0T0pbie 3aK0H0MepH0CTll cpopMn

poBaHnsi nopaJKeHnsi opraHH3Ma npn cnoJKH0M xapaKTepe pa.11naunoHHoro B03.lleiicT
Bnsi B YCJI0BHSIX K0CMH'IeCK0ro noJieTa. 

Ilpn 3TOM Ha Ha'IaJibH0M 3Tane 6hlJill C.lleJiaHbJ aKQeHTbl Ha onpe.11eneHnn pncKa 

B03MOlKHOro CHlllKeHHSI pa60TOCIIOC06HOCTll n lKll3Hecnoco6HocTn K0CM0HaBT0B B 

npouecce noJieTa B ycJI0BHSIX C0'IeTaHH0ro xpoHn'IeCK0ro o6nyqeHnsi OT .11eTepMHHll

poBaHHbIX llCTO'IHHK0B ll3Jiy'IeHnsi: raJiaKTH'IeCKllX K0CMH'IeCKllX nyqeii (fKJI) ll 

Pa.llllaQHOHHbIX nosicoB 3eMJill (PI13), a TaKlKe 0CTPbIX CTOXaCTH'IecKn pacnpe.11eneH

HbIX BO BpeMeHn B03.lleiicrnnii COJIHe'IHblX K0CMH'IeCKHX nyqeii (CKJI). 

,l(eiiCTBYJOIU;lle Ha Ha'IaJibHOH q>a3e 0CB0eHHSI K0CM0Ca H0pMaTnBHble 

.IIOKYMeHTbI pernaMeHTllp0BaJin .11onyCTHMbie .1103bI .IIJISI KpaTK0BpeMeHHbIX op6nTaJib

HbIX nOJieTOB, a TaKJKe .IIJISI n0JieT0B Ha TPacce 3eMJISI-Jlyna-3eMJISI C o6ru;eii npo.110JI

lKHTeJibHOCTblO .110 30 CYT0K. Onn 6blJIH 0CH0BaHbl Ha aHaJIH3e 6oJibillOro 061,eMa 

pa.11no6nonornqecKnx .11aHHbIX no 0CTP0My o6nyqeHnJO KpyrrHbIX MJieKonnTaIOIU;llX B 

Pa3JIH'IHbIX .II03ax, .11aHHbrx no aaapniiHoMy o6nyqennJO JIIO.lleii. Ilpn nx pa3pa6oTKe 

6bm o6o6ru;eH TaKJKe 60JibillOH KJlllHH'IeCKllll MaTepnan, KaCaIOIU;llllCSI 0CJI0lKHeHnii 
npn nyqeBoii Tepannn [1-4]. 

B peaKunn opraHH3Ma nocne 0CTPoro KpaTK0BpeMeHHoro o6nyqennsi B cy6-
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JieTaJibHbIX .II03aX 25-250 cfp n npn 6onee BbJC0KllX yp0BHSIX B03.lleiicTBllSI M0lKH0 Bbl

.11eJIHTb HeCK0JibK0 CTa.llllll pa3BllTHSI npouecca. IlepBll'IHaSI nyqeBasi peaKUHSI BKJIIO

qaeT cnMnT0MbI, np0SIBJISIIOIU;Hecsi B 6JinJKaiirnne 'IaCbI nocJie o6nyqeHHSI. OHa SIBJISISI

eTCSI 0TPalKeHneM 0TKJIHKa nepncpepn'IeCKllX 0T.lleJI0B HepBH0ii CllCTeMbI n xapaKTepn-

3yeTCl! JKeJiy.ll0'IH0-Kllille'IHbIMll CnMnT0MaMn: 0TKa30M OT nnru;n, TOIIIHOTOH, pBOTOH, 

.11napeeii, Kllille'IHbJMll cna3MaMll, a TaKJKe HepBH0-Mbiille'IHbJMll CHMnT0MaMll, K K0T0-

pbIM 0TH0CSITCSI: ycTaJI0CTb, arraTHSI, o6ru;asi cna6ocTb, n0BbIIlJeHH0e n0T00T.lleJieHne, 

nnxopa.11Ka, roJI0BHbie 6onn. 

,[(Jisi perneHnSI B0np0C0B H0pMnpoBaHHSI ll ycTaH0BJieHHSI ypOBHeii .1103 .11JIS1 3Kll

naJKeii K0CMH'IeCKllX arrnapaT0B, npnMeHHTeJibH0 K KpaTK0BpeMeHHbIM nHJI0THpye

MblM noJieTaM B ycJI0BllSIX Be.11yru;eii Pa.llllaQllOHHOH onacH0CTll B03.lleHCTBllSIM CKJI BO 

BpeMSI pa3BllTllSI C0JIHe'IHblX np0T0HHbIX C06bITHH (CITC), BalKH0 6bill0 np0aHaJill3ll

poBaTb no.11po6Ho cTeneHh HapacTattnsi rnJKecTn pa.11no6nonorn'IeCKnx nposiBJieHnii no 

Mepe yBeJIH'IeHHSI .1103bI. 3TH .11aHHbJe npe.11cTaBJieHbl B Ta6nnue 1. 
Ilpn o6oCHOBaHnn npe.11eJI0B .11onycTHMbIX .1103 .llJ!SI K0CM0HaBT0B npn noJieTax 

.IIJlllTeJibH0CTblO .110 30 CYT0K 0CH0BHaSI 3a.lla'Ia CB0.llllJiaCb K orpaHH'IeHHIO yp0BHSI 

0CTP0fO o6nyqeHHSI 3a C'IeT np0T0H0B CKJI C ueJiblO He.11onyru;eHnSI CKOJibKO-Hn6y.llb 

3Ha'IHM0f0 CHlllKeHHSI pa60Tocnoco6HOCTll K0CM0HaBT0B ll B03M0lKH0CTll pa3BllTHSI y 

HHX nepBn'Inoii nyqeBoii peaKunn cpe.11Heii CTenenu TSIJKecTn B npouecce noneTa. 

B rn6nnue 2 npe.llCTaBJieHbl npe.11eJibHbie 3Ha'IeHnSI .1103 .llJ!Sl K0CM0HaBT0B B 

CCCP n .llJ!Sl aMepnKaHCKllX aCTP0HaBTOB npnMeHnTeJibH0 K nepBbIM KpaTK0BpeMeH

HblM noJieTaM . 

Ta6m1ua 1. Pa.nuo6HOJIOnt'IeCKHe peaKl.{HH, pa3BHBaIOmHeCll B opraHll3Me tJeJI0BeKa II0CJie 

...,..., ............................. .. .... ---··· ..... ~---~ 
,D;03a, PeaKUHH a 6JilllKaiirneM II0CTPa.LIHal.{H0HH0M rrepH0)].e 

cfp 

15-25 ,l];oCTOBepHO CHlllKaeTCll K0Hl.{effTPal.{HH JIHMq>Ol.{IITOB n yaeJIH'IHBaeTCll na61lJib-

H0CTb 'lllCJia JieiiK0UllTOB. 

25-50 B e)].HHlllJHblX CJIY'Ial!X (1-5 %) pa3BHBaeTCll rrepBHtJHal! JiytJeBal! peaKl.{Hll a Bb!pa-

lKeHHOH <j>opMe. YMeHbillaJOTCll K0Hl.{effTPal.{Hll JieilK0l.{HTOB ll TPOM60l.{IITOB B nepH-

q>epHtJeCKOH Kp0BH, 0TH0CUTeJibH0e 'IHCJI0 JlllMq>OUHTOB CHlllKaeTCll Ha 25 %. B 

)].aJibHeilweM na6JIJO)].a!OTCll )].JIUTeJibHble a TetJeHHe 3-x JleT KOJie6aHHll llX lJHCJia 

50-100 TiepBH'IHal! nytJeBal! peaKl.{llll a OCTPOH q>OpMe HMeeT MeCT0 y 5-10 % HH)].llBllJl.Y· 

YM0B. OrMetJaeTCll yMepeHHal! aIIJia3Hll K0CTH0ro M03ra, np0HCX0)].llT )].aJibHeiirnee 

CHlllKeH!le K0Hl.{effTPal.{llll JieiiKOl.{HT0B H TPOM60UllTOB a Kp0BH )].O 60-70 %. qllCJIO 

JIHMq>Ol.{UTOB CHlllKaeTCll B)].B0e. Jl!lMq>orreHHll M0lKeT oTMetJaTbCll Ha rrp0TlllKeHHH 

)].O 2-X JieT. 

100-150 Tipll3HaKH TIJIP a Tl!lKeJI0ii cpopMe llMeJOT MeCTO y 19-20 % JIIO)].eii. qllCJIO MlleJio-

Kapll0l.{IIT0B B K0CTH0M M03re CHlllKeH0 )].0 25-30 % npll aepxHeM rpaHHlJH0M 3Ha-

'leHllH )].03bl. 3pffTPOHJJ.Hblii H MlleJI0H)].Hblll p0CTKH CHlllKeHbl B 3-4 proa. Kon-

ueHTPaUHll HeiiTPOq>llJIOB H JlllMq>OUHTOB a Kp0BH yMeHbillaeTCll a 2 proa. Pa3Bll-

BaJOTCll aymannepnttJeCKHe peaKl.{Hll. OrMetJalOTCll e)].!lHll'IHbie CMeprnbie CJiytJaH 

< 1 %) 
150-200 BbipalKeHHal! TIJIP n cpe)].Hllll creneHb Tl!lKeCTH OCTPOii JIY'IeBoii 6oJie3Hll y 30 -

50 % JIJOJ:1eii. JleiiKoneHlll! ,:ioCTHraeT 10-30 %, JIHMq>oneHlll! ,:io 6-12 %, TPOM6o-

l.{llTOileHllll 10-20 % OT H0pMbl. ~CJIO 3pffTP0l.{IIT0B 0Ka3bIBaeTCll CHlllKeHHblM J:10 

-
_§0 %. OrMetJaIOTCll CMeJ)TeJibHbie llCX0)].bl a 1-5 % CJIV'laea 
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Ta6nm-1a 2. IIpe,ieJJbHbie 3Ha'!eHlfJI ,[103 ,[jilll K0CM0HaBT0B CCCP H aMepttKaHCKHX 
acrpoHaBTOB B nepBbIX H0pMaTHBHbIX ,[j0KyMeHTax npHMeHHTeJJbH0 K KpaTK0BpeMeHHblM 
Il0ileTaM 

KpHTH'leCKHH opraH H BeJJH'IHHbl CTpaHa IIpttMe'!atttte 
rny6HHa B TKaHH, CM ,[103, C3B 

KpOBeTBOpHal! TKaHb ( 5 CM) 15 CCCP Ilpe,ien ,103u 3a 30 cyroK nonera 
50 ,ll;OP 
125 KpttmqecKal! ,103a 
25 ,ll;onycTHMal! (nnattttpyeMal!) 
50 ClllA MaKCHMaJJbHal! onepaTHBHal! ,[103a 

Ko)l(a(0,01) 400 ClllA 

lfa .Zl:aHHbIX, rrpe,n:CTaBJieHHb!X B Ta6mn~e I BH,n:Ho, '!TO y Hau6onee pa,n:uo

'!yBCTBHTeJibHb!X mo,n:eii rrpu ,n:03ax rrpeBbIIIIfilOIIIHX 50 cfp M0lKeT pa3BHTbCH rrepBH'I

HaH peaK[(HH BTopoii CTeIIeHH THJKeCTH II HMeTb MeCT0 HeK0T0poe KpaTK0BpeMeHH0e 

CHHJKeHne pa60Tocrroco6HocTH y IO % HH,n:HBH.Zl:YYM0B. B CBH3H C 3THM, B Kaqecrne 

.n:orryCTHMOll .Zl:03bl .Zl:JIH KpaTK0BpeMeHHb!X II0JieT0B B H0pMaTHBax CCCP 6bma peKo

MeH,n:OBaHa ,n:03a 15 c3B. ITpn 3TOH ,n:03e 0TCYTCTByroT KaKHe-nu6o C0MaTH'leCKHe 34>

<PeKTbI, a Moryr OTMe'!aTbCH JIHIIIb MHHHMaJibHbie KpaTK0BpeMeHHble C,n:Bnru B CHCTeMe 
Kp0BernopeHHH. 

BBn,n:y CTOXaCTH'leCK0ro xapaKTepa B03,n:eiiCTBHH IIp0T0H0B C0JIHe'!HbIX BCIIbIIIIeK 

II JKeCTKHX orparru'!eHnii no T0JIIIIHHe II Becy 3aIIIHTbI K0CMH'leCK0ro arrrrapaTa, BB0,n:H

JIOCb TaKJKe IIOHHTne ,n:03bI orrpaB,n:aHHoro pncKa (,[{OP). B Ka'lecrne .[(OP peKoMett,n:o

BaJIH ,n:03y 50 c3B Ha KOCTHblll M03r (Ha rny6HHe 5 CM TKaHH), rrpu K0TOpoii JIHIIIb B 

e,n:HHH'!Hb!X CJIY'IMX M0ryT HMeTb MeCT0 JierKue rrp0HBJieHHH rrepBH'IH0ll nyqeBoii 
peaK[(HH. 

bbIJIO peKOMeH,n:oBaHo HCII0Jib30BaTb TaKJKe II0HHTHe "KpHTH'leCKM ,n:03a", paB

HaH 125 C3B, KOTOpaH YCTaHaBJIHBaJiaCb KaK KpHTepuii MH peIIIeHHH B0IIpoca 0 B03-

MOlKHOCTH .Zl:aJibHeiiIIIero rrpo,n:0JIJKeHHH II0JieTa B ycJI0BHHX yxy,n:IIIeHHOll pa,n:na[(H0H

HOH CHTya[(HH. YKa3aHHbie orparruqeHHH .Zl:03 .Zl:0JilKHbI 6bIJIH HCII0Jib30BaTbCH Ha Bcex 

3Tarrax pa3pa60TKH II 3KCIIJiyaTa[(HH K0CMH'leCKHX Kopa6neii. 

B CllIA rrpnMeHHJIH 6JIH3KHe K ycmH0BJieHHbIM B CCCP pernaMeHTbI ,n:o3. Bo

rrepBbIX, 3TO .Zl:03bI, rrpe.n:HITTHa'!eHHbie .Zl:J!H rrpoeKTHp0BIIIHK0B II JIU[(, pa3pa6aTbIBaJO

IIIHX rrporpaMMy IIOJieTa, II, B0-BT0pbIX, 3T0 orrepaTHBHbie .Zl:03bl (KpHTepuu) ,n:JJH 
HCII0Jib30BaHHH BO BpeMH II0JieTa. 

no Mepe yBeJIH'leHHH .Zl:JIHTeJibH0CTH II0JieT0B B03HHKJia Heo6xo,n:HMOCTb Y'JHTbI

BaTb peaK[(HIO opraHH3Ma B rrponecce II0JieTa Ha 0TH0CHTeJibH0 KpaTK0BpeMeHHbie 

CTOXaCTH'leCKH pacnpe,n:eJieHHbie BO BpeMeHH B03,n:eiiCTBHH rrp0T0H0B CKJI Ha <PoHe 

xpOHH'lecKoro o6nyqeHmi: OT .n:eTepMHHHp0BaHHbIX HCT0'IHHK0B pa,n:Ha[(H0HH0H orrac

HOCTH fKJI n PIT3. 3TOT y'leT 0CH0BbIBaJICH Ha Mo,n:eJIH <l>opMHpOBaHHH pa,n:Ha[(H0H

HOro IIOpaJKeHHH C yqeT0M B0CCTaH0BHTeJibHb!X rrponeccoB B opraHH3Me II B CHCTeMe 

KpOBeTBopeHHH (Mo,n:eJib 34>4>eKTHBHOll 0CTaT0'IH0ll .Zl:03bI D,<j, , rrpe.n:noJKeHHM H. 
En3pOM). HMeHHO 3T0T rro.n:xo.n: 6bIJI IIpHMeHeH B Poccuu B II0CJie.n:yromue ro,n:bI rrpu 

pernaMeHTa[(HH HOpMaTHBHb!X yp0BHeii pa.n:uanuu ,n:JJH .Zl:JlHTeJibHb!X II0JieT0B .n:o 0,n:Ho

ro ro,n:a. OH 6bIJI HCIIOJib30BaH BO BpeMeHHbIX H0pMax pa,n:Ha[(H0HH0ll 6e3oIIaCHOCTU 

KOCMH'leCKHX IIOJieTOB BHPE-75. ITpn YCTaH0BJieHHH .n:orrycTHMb!X .Zl:03 B 3aBHCHM0CTU 

OT ,n:JIHTeJibHOCTH II0JieTa PYK0B0,n:CTB0BaJIHCb IIpHH[(HII0M, 'IT06br 34>4>eKTHBHM 

OCTaTO'IHM ,n:03a K K0H[(y II0JieTa JII06oii rrpo,n:0JilKHTeJibH0CTH .n:ocTHraJia 0,n:Horo II 

Toro JKe yp0BHH n He rrpeBbIIIIaJia 32 c3B [5, 6]. 
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Mo,n:eJib bJI3pa He II03B0JIHJJa .n:ocTaT0'IH0 T0'IH0 Y'JHTbIBaTb B0CCTaH0BHTeJJbHbie 

rrpo[(eCCbI rrpu 0IIHCaIIHH 3aK0H0MepH0CTH <PopMHpOBaHHH pa,n:na[(H0HH0ro rropaJKe

HHH opraHH3Ma, II03T0MY B .Zl:aJibHeiiIIIeM ona 6una ycoBepIIIeHCTB0BaHa. bbIJlll npe,n:

CTaBJJeHbl H0Bbie anropHTMbI pac'leT0B 34>4>eKTHBHOll OCTaTO'IHOll .Zl:03bl [7], paBH0-

nennoii .[l03bI [8,9], Y'JHTbIBaromue B0CCTaH0BHTeJibHb!e npo[(eCCbl B opraHH3Me II 

pa3BHTne peanhnoro nopaJKeHHH opraHH3Ma B ycnoBHHx nepaBH0Mepnoro npocrpaH

crnennoro pacnpe.n:enennH nornoIIIennhIX .n:03 no Teny. ITo.n:po6no 3T0T 3Tan coBep

IIIeHcrnoBanuH no.n:xo,n:oB K H0pMHp0BaHHIO npe,n:CTaBJieH HaMH B pa6oTe [5]. 

3a nepno.n: c 1983 no 1990 rr 6bm pa3pa6omH u yrnepJK,n:eH K0MrrneKc focy

,n:apcrnennbIX CTaH,n:apT0B II MeTO.[lH'leCKHX yKa3aHHll no.n: o6IIl,HM Ha3BanneM «Ee3o

nacnoCTb pa,n:tta[(H0HHM 3KUnaJKa K0CMH'leCK0ro annapaTa B K0CMH'leCK0M noneTe 

(EP3KAKIT)», KOTOpblll BKJIIO'laJI 0CH0BHb!e xapaKTepHCTHKH HCT0'IHHK0B pa,n:na[(H0H

noro B03,n:eiiCTBHH B K0CM0Ce, MeT0.[lbl paC'!eT0B nornomeHHb!X II 3KBHBaJieHTHb!X .Zl:03, 

Mo,n:eJIH pa,n:uo6uonornqecKHX 34>4>eKTOB, ucn0Jib3yeMbie ,n:JIH pac'!eT0B pa,n:Ha[(H0H

noro pncKa [8, I 0-21]. 

B fOCTe 25645.201-83 «Ee3onacnocTb pa,n:uanumrnM 3KnnaJKa K0CMH'!ecKoro 

annapaTa B K0CMH'leCK0M nonere pa6oTe. TepMHHbl u onpe,n:eJieHHH» MH npnBe.[leHHH 

CJI0lKH0ro xapaKTepa o6Jiy'leHHH B K0CMH'leCK0M npocrpaHCTBe K ycJI0BHHM CTaH

.n:apTH0ro pa,n:uanuonnoro B03,n:eiicTBHH npu pac'!eTax pa,n:uannoHnoro pncKa .Zl:JlH 

K0CM0HaBT0B BBe,n:eno noHHTHe o6o6meHH0ll .Zl:03bl H [IO]. AnropHTM ee Bbl'IHCJieHHH 

3anHCbIBaeTCH B BH,n:e: 

H[3B] = D [fp]-KK-KB-KP ... , (I) 

r.n:e D - cpe.n:neTKaHeBM nornomennaH ,n:03a; KK - Ko3<P<PnnuenT Ka'!ecrna H3nyqe

HHH, onpe.n:enHeMblll na 0CH0Be pernaMeHTHpOBaHHOll ero 3aBHCHM0CTH OT JIIT3; KB -

K03<l><PnnneHT BpeMeHHOll nepaBH0MepH0CTH pa,n:na[(H0HH0ro B03,n:eiiCTBHH, Y'JHTbl

BfilOIIIHll BJIHHHHe M0IIIH0CTH .Zl:03bl II xapaKTepa pacnpe,n:eJieHHH .Zl:03bl BO BpeMeHH Ha 

pa,n:uo6uoJIOrH'!eCKHll 34>4>eKT; KP- K03<P<PnnuenT paBH0[(eHH0CTH pa,n:Ha[(H0HH0ro 

B03,n:eiicrnnH, yqnTbIBaIOIIIHii MaKponpocrpaHcrnennoe pacnpe.n:enenue nornomenHbIX 

,[(03 no TeJiy II npHBO,n:HIIIHll 34>4>eKTbI nepaBH0Mepnoro o6nyqenHH K ycJI0BHHM paBH0-

Mepnoro pa,n:Ha[(H0HH0ro B03,n:eiiCTBHH. 

B H0Bb!X H0pMaTHBax MH noJieT0B npo.n:onJKHTeJibH0CTbIO .n:o 3-x JieT [19] 3a 

onpe,n:eJIHIOIIIyro BeJIH'IHHY, xapaKTepu3yromyro B o6o6mennoM Bn,n:e Mepy pa,n:ua

nuonnoii onacH0CTH 3a BpeMH ocymecTBJieHHH ,n:JIHTeJibH0ro K0CMH'leCK0rD noJieTa, 

6brn npHHHT pa,n:na[(HOHHblll pncK, rro.n: K0T0pbIM no,n:pa3YMeBaJI0Cb yBeJIH'lenue pHCKa 

ru6eJIH qneH0B 3KHnaJKa KA BCJie,n:crnue C0MaTH'leCKHX pa,n:uo6noJIOrH'leCKHX 34>4>eK

T0B B nponecce noJieTa. 

Pa.n:na[(HOHHblll pHCK ,n:JJH K0CM0HaBT0B B nponecce nonera npe,n:noJiaraJIH Bbl

'IHCJIHTb Ha 0CH0Be MaTeMaTH'leCKOll Mo,n:eJIH o6o6mennoro pa,n:uo6noJIOrH'leCKOro 

34>4>eKTa [20], KOTOpblll onpe,n:eJIHJICH B 3aBHCHM0CTH OT xapaKTepa pacnpe.n:eneHHH BO 

BpeMeHH M0IIIH0CTH o6o6mennoii .Zl:03bl H(t) II CaMOll BeJIH'IHHbl o6o6mennoii ,[(03bl 

H(t). MoIIIHOCTb 0606I1IeHHOll .Zl:03bl Bbl'IHCJIHJiaCb Ha 0CH0Be xapaKTepa H3MeHeHHH BO 

BpeMeHH paBHO[(eHHOll ,n:03bl G(t), onpe,n:eJIHIOIIIeii xapaKTep pa3BHTHH rropaJKeHHH B 

CHCTeMe Kp0BeTB0peHHH npu HepaBH0MepH0M pacnpe,n:eJieHHH nornol[(eHHb!X .Zl:03 no 

Teny. HopMaTHBHb!e 3Ha'!eHHH pa,n:Ha[(H0HH0ro pncKa 3a noneT ycTaHaBJIHBaJIHCb 

nponop[(H0HaJibHbIMH ,n:JIHTeJibH0CTH nonera na 0CH0Be BblpaJKeHHH: 
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Rn rad (T) = 0,6· J0-4 T, (2) 

r.ne T - MHTem,H0CTh nonera B Mecxu;ax. 

CooTBe'TCTB)'IOID;He 3HaqeHHH ,nonycTHMhIX 3KBHBaJieHTHbIX paBH0IIeHHbIX ,!{03 B 

3aBHCHM0CTH OT ,!{JIHTeJibH0CTH IT0JieTa YCTaHaBJIHBaJIHCh cne,nyioru;nM ypaBHeHneM: 

Gn (T) = 0,05 + 4-[l-exp(-T/72)] (3) 

B rn6nnu;e 3 npe,ncTaBJieHhI pernaMeHmpyeMble 3HaqeHnx pa,nnau;noHH0ro pncKa 

H BennqnHhl paBHOIIeHHhIX ,!{03 3a IT0JieThl pa3JillqHOii MHTeJibH0CTH, a TaK)l(e 3a Bech 

nepno.n npo<peCCHOHaJihHOii ,nexTeJihH0CTH. B 3T0ll Ta6nm1e Il0Ka3aHbl TaK)l(e ,!{AA cpaB

HeHHH H0pMaTHBhI, ,neiiCTB0BaBIIIHe B ClllA ,no 2000 r. Hapx,ny C npe,neJiaMH ,!{03 .nM 
K0CTH0ro M03ra B Heii npe,nCTaBJieHbI npe,neJibHble ,!{03bl MH xpycTaJIHKa H K0)l(H. 

3mM H0BhIM H0pMaTIIBHhIM ,!{0KYMeHT0M, npHHHThIM B CCCP n l 985r, KaK n B 

npe)l(HHX H0pMaTnBax, orpaHnqnaanacb TaK)l(e ,no3a 0,!{H0KpaTH0f0 B03,neiiCTBHH OT 

H3JiyqeHHH C0JIHeqHbIX BCilhIIIIeK (:S50 c3B) n ,!{03a 3a BCIO npo<peccHOHaJihH)'IO ,[(ex

TeJihH0CTb K0CM0HaBT0B (:'.S 400 c3B ). ,[(03bl fO,!{0Bhie H 3a BCIO npo<peCCHOHaJihH)'IO 

,nexTeJihH0CTb Ha ,npyrne KPHTnqecKne opraHhI: xpyCTaJIHK n K0)KJ B ,naHH0M ,noKy

MeHTe He H3MeHHJIHCh no cpaBHeHHIO c npe)l(HHM ,!{0KYMeHT0M BHPE-75 [5,19]. 

,[(030Bblll npe,neJI 3a BCIO npo<peccnoHaJibH)'IO Kapbepy aCTp0HaBTOB B H0BbIX 

H0pMaTnBax ycTaH0BJieH 3aBHCHMbIM OT B03pacTa H nona aCTp0HaBTa B HaqaJihH0M 

nepno,ne ero ,nexTeJihH0CTH. OH 0~H0BaH Ha .nonyru;eHHH, qTo6hI CYMMapHblli ,n0IT0JIHH

TeJihHblii pa,nnau;noHHo-o6yCJIOBJieHHhiii pncK o6pa30BaHHH 3JI0KaqecTBeHHbIX onyxo

neii B TeqeHHe )l(H3HH He npeBbllllaJI 6bI 3 %. 

Ta6;mu;a 3. Tipe.nenhl ,nonycTnM1,1x ,no3 MJI K0CM0HaBT0B CCCP n acTP0HaBT0B ClllA 3a 
Pa3JIHqHhie nepno,n1,I nonern n 3a scIO Kap1,epv, Cjs f:>f., 

,[{rrHTeJih- HopMaTHBHhlll ypoBeHh )];03a Ha KOCTHhlll )];03a Ha xpycrn- )];03a Ha K0)KJ Ha 
H0CTh pa,nna1.1noHHoro pncKa RH M03r Ha rny6nHe JIHK Ha rny6nHe rny6nHe 0,01 CM 

nomrra, 10-4 5 CM 0,3 CM 
Mee. CCCP CCCP ClllA CCCP ClllA CCCP ClllA 

I 0,6 10,5 25 75 100 150 150 
3 1,8 21,5 - 120 - 240 -
6 3,6 37 - 165 - 330 -
12 7,2 66,5 50 225 200 450 300 

Tipo<jlecc. - 400 (150-400) 600 400 1200 600 
npe,nen 3a 
KaPhePv 

Ilpe,neJihHhie 3HaqeHHH 3KBHBaJieHTHhIX ,/:103 (c3B) 3a Kapbepy B 3aBHCHM0CTH OT 

HaqaJibH0fO B03pacTa T O ,!{JIH My)l(qllH ll )l(eHID;HH onpe,neAAIOTCH ll3 cne,nyiomnx 

ypaaHeHnii: 

.nM MY)l(qHH: D = 200+0,075(T0-30) (4) 

.nM )l(eHID;nH: D = 200+0,075(T0-38) (5) 

lfa npe,ncTaBJieHHhIX ypanHeHnii cne,nyeT, ~o npe,neJihHhre 3HaqeHHH 3<p<peKmB

HhIX 3KBHBaJieHTHhIX ,!{03 3a Kapbepy ,!{JIH aCTp0HaBT0B My)l(quH, HaquHaIOII!HX CB0IO 

.nexTeJibH0CTb n B03pacre 25, 35, 45 n 55 Jie'T C0CTaBMJIH C00TBe'TCTBeHH0 150; 250; 

320 n 400 c3B, a ,!{AA )l(eHID;HH C00TBe'TCTBeHH0 100; 175; 250 n 300 c3n • 

TaKHM o6pa30M, B 80-90-e ro,nhl cornaCH0 ,neiiCTBOBaBIIIHM B TO BpeMH H0pMa

THBHhIM ,n0KYMeHTaM B CCCP n ClllA ,nonycTHMhre ,no3bI 3a ro,n nonera .nM Kp0Be

rnopHoii TKaHH, xpycTannKa rnma n K0)l(H pmnnqannch He oqeHh CHJihH0 (MeHee qeM B 
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1,5 pma). B TO )Ke npeMJI 0CH0BHbie npHHI.11InhI, Ha K0T0pbIX 6bIJIII 0CH0BaHhl ou;eHKII 

pa,nnau;nOHH0ii onacH0CTII ,!{JIH 3KHna)l(ell K0CMIIqeCKIIX annapaT0B B npou;ecce noJieTa, 

pa3JIIIqaJIIICb cyru;ecTBeHH0. 
B HopMaT1IBax ClllA ocHoaononara10meii pernaMeHTnpyeMoii ,no3nMeTp1Iqec-

Koii BeJIIIqHHOll HBJIHeTCJI 3HaqeHIIe 3<p<peKTIIBHOii 3KBIIBaJieHTHOll ,!{03hl 33 BCIO npo

<peCCIIOHaJibH)'IO ,nexTeJibH0CTh acTpoHaBT0B, npn KOTOpoil: npe,neJihH0e 3Haqemie ,no

noJIHIITeJibH0fO pncKa KaHu;eporeHe3a 3a )l(ll3Hb He npeBhICHT 3 %. KpnTepnil: Henpe

BbIIIIeHnH 3T0f0 3HaqeHHH pncKa HBJIHe'TCH 0,!{HHaK0BbIM ,!{AA acTpoHaBT0B pmnnqHOro 

nona H B03pacTa, qTo o6ycJI0BIIJI0 CHH)l(eHIIe ,nonycTHMhIX ,!{03 ,!{AA Jllll.l M0JIO,!{0fO B03-

pacTa c 4,0 3B .no 1,0-1,5 3B. B TO )Ke BpeMH YKa33HHbie H0pMaTHBbl B pernaMeHTnpyio

IIIHX ,!{0KYMeHTax HaIIIeii CTp3HbI 0CT3BaJIHCb ,no 2004 r. HeH3MeHHbIMH n -OKa3aJIHCb 

6oJihIIIHMH, qeM B ,noKyMeHTax ClllA B 1,5 pma. 
IlpHHIIHnHaJibH0e pacxo)l(,!{eHne o6ycJIOBJieH0 TeM, 'ITO Be,nymnM KpHTepneM a 

ou;eHKe pa,nnau;nOHHOii onacH0CTH B H0pMaTHBHbIX ,!{0KYMeHTax B CCCP BbICTynan 

pa,nnau;nOHHblll pncK CMepTH0CTH K0CM0H3BT0B B npou;ecce nonera H ero 3aBHCH

M0CTb OT ,!{JIHTeJibH0CTH noneTa, B TO BpeMH KaK B ,noKyMeHTaX ClllA - pncK OT,!{aJieH

HbIX He6naronp1IHTHbIX pa,nnaIIH0HHbIX nocne,ncTBHll. 
B nocne,nyiomeM nepno,ne B HaIIInx pa6ornx nonyqnna ,nanbHeiiIIIee pa3BHTHe 

K0Hu;enu;nx o6o6meHHOll ,!{03bl [23]. IlocKOJibKY BbIX0,!{ Henocpe,ncTBeHHbIX, 6JIH)l(all

IIIHX pa,nnau;noHHbIX 3<p<peKT0B B npou;ecce ocymecrnnennx noJieTa C O,!{HOii CTOpOHbI, 

a TaK)l(e B03M0)l(HbIX He6naronpnHTHbIX 0T,naneHHbIX nocne,ncrnnii C ,npyroil: CTOpOHhI 

CBH3aH C <popMnpOBaHHeM naT0JI0fllll B cymecrneHH0 pmnnqn1,rx KpnTHqeCKHX cnc

TeMax opraHH3Ma, 0TJIIJqaJOIIIHXCH apeMeHeM pa3BHTHH nop3)1(eHHH, ero JIOKaJIH3a

IIHeii, CK0p0CTb!O npoTeKaHHH B0CCTaH0BHTeJibHbIX npou;eccoB, 61,mo npe.ll)IO)l(eHO 3Ha

qeHne o6o6meHHOll ,!{03bl BbNHCAATb 0T,neJibH0 Ha 0CH0Be caoero na6opa K03<p<pnu;n

eHT0B C00TBeTCTBeHH0 ,!{JIH 6JIH)l(allllIHX 3<p<peKTOB Hi; II 0T,naJieHHbIX nocne,nCTBllll Ho: 

Hi;= (LD KKi;i ·KBi;i·KPi;i )·KMi; 
I 

i=I 

Ho= o:o KKOi ·KBOi -KPOi )·KMo 
I 

i=I 

KMi; n KMo - K03<p<pnu;neHTbI MO,nn<pnKau;nn pa,nnau;noHHoro ornera opraHH3Ma B 

6JIH)l(attIIIeM B npou;ecce nonera n B oT,naneHH0M nepno,ne 3a cqer ,nonoJIHHTeJibHoro 

,neHCTBHH Hepa,nnau;H0HHbIX <paKTOpOB noJieTa (B ,!{030B0M Bbrpa)l(eHnn). 3TOT HOBblll 

,!{03HMeTpHqeCKHii <pYHKIIH0HaJI n03B0JIHeT ocymecTBHTh nepexo.n OT CJIO)l(HOfO xapaK

Tepa o6nyqeHHH a ycJI0BH.IIX K0CMnqecKoro npoCTpaHCTBa K ycJI0BHHM cran,napTHOfO 

pa,nnau;noHH0fO B03,neiicTBHH. 
Ha pnc. 1 IT0Ka33HbI pe3yJibTaTbl 3KcnepnMeHTaJibHbIX HCCJie,nOBaHHll, npe,ncTaB-

JieHHbIX B JIHTeparype, K3CaJO!IIHXCH onpe,neJieHHH K03<p<pHIIHeHTOB OTHOCHTeJibHOll 

6nonornqecKOll 3<p<peKTHBH0CTH (OE3) H3JiyqeHnii B 3aBHCHM0CTH OT JIHHeiiHoil: nepe

,naqn 3Heprnn (JII13) MH HellTpOH0B peaKT0pHoro cneKTpa II ycKopeHHbIX 3apH)l(eH

HhIX qacTHII npnMeHHTeJihH0 K ou;eHKaM 6JIH)l(aHIIIHX 3<p<peKTOB nocne o6nyqeHHH 

[24]., a TaK)l(e 3aBHCIIM0CTH K03<p<pnIIHeHTOB Kaqecrna H3JiyqeHHll KKi;i OT JII13 no 

,naHHhIM 26 Ily6nnKau;nn MKP3 n B coornercrnnn c fOCT 25645.218-90 [22, 25]. 
l-'13 ,!{aHHbIX pncyttKa BHJJ:H0, ~o 3HaqeHHH K03<p<pHIIHeHTOB OE3 npnMeHHTeJih

H0 K 6JIH)l(allllIHM pa,nno6nonornqecKHM npoHBJieHHHM HBJIHIOTCH n 3-4 pma MeHhIIIH

MH, qeM 3HaqeHHH K03<p<pHIIIIeHT0B KaqecTBa KK H3JiyqeHHH, onpe,neAAeMhie HOpMa-
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THBHbThlll ,!lOKyMeHTaMll, noCKOJibKY nocJie,UHlle OTHOC.!ITC.!I K OT,UaJieHHbThl nocne,ucT

BIDIM. Ilo:noMy peaJibHO paCC'IIITbIBaeMbie 3HaqeHll.!1 pa,umll_\llOHHOro pHCKa B npo

ueccce nonera .!IBAAIOTC.!I 3aBbIIIIeHHbThlll ,Ua)I(e npll OTCyTCTBllll yqern ,uonOJIHHTeJib

HOro MO,!lll!pllUllpyIOmero ,ueiiCTBll.!I Hepa,unauHOHHb!X !paKTOpOB, npllCYII.\llX KOCMll

qecKOMY nonery. 

25 

~ 20 

~ g 
15 

10 

5 

0 

1
---ir-rOCT 

25645.218-90 
--o- nopa>KeHHe 

>KKT 
---nopa>1CeH11e 

~f?~~~-----<C----

--)IE-;&o~=~-:;.e:;;~Jl'------__,"f'C-.------~~----l 
-0-XA 3nMT. xpycT. 

1 10 100 1000 
nn3, K3B/MKM 

Pnc.l. 3aBllCllMOCTb OE3 OT JII13 no 3cpcpeKTaM pa3HbJX TKaHett B 6JIH>KattmeM nepllO,lle 

II0CJJe 0CTpblX o6nyqeHllH. 

3rnro HeJJb3.!I CKa3aTb no OTHOIIIeHHIO K oueHKaM pllcKa OT,UaJieHHhIX He6naro

npll.!ITHhIX npo»BJieHllH nocne 3aBepIIIeHll.!I op6HT!IJ1bHh!X llJIH Me)KnJiaHeTHh!X none

TOB. CpaBHHTeJibHOe ll3yqeHHe COKpameHll.!I npo,uOJI)KHTeJihHOCTll )KH3Hll MeJIKHX 

na6opaTOpHb!X )KHBOTHh!X B pe3yJihTaTe B03,UeHCTBll.!1 HeiiTpOHOB ll raMMa-ll3JiyqeHHH B 

pa3JillqHhlX ,U03ax IIOKa3aJIO, qro 3HaqeHll.!I K03!p<pllUlleHTOB OE3 ,!lAA Heil:TpOHOB 

peaKTOpHoro cneKrpa MOryT ,!lOCTllraTb 30-46. 

B orqere HayqHoro KOMHTeTa OOH no ,ueiicTBHIO aToMHoii pa,unaunn 2000 ro,ua 

feHepaJihHOii AccaM6nee OOH npHBO,!l.!ITC» eme 6oJihIIIHe 3Ha'!eHH» K03cpcpnuneHTOB 

OE3 Heil:TpoHOB cneKTpa ,ueJieHll.!1 Ha OCHOBe UllTOfeHeTllqecKllX llCCJie,UOBaHllll KYJih

TYPbI JlllM!pOUllTOB qeJIOBeKa 34-53, no llH,!lyKUllll onyxoneii 16-59 [26]. B JlllTepaType 

npe,UCTaBJieHbl eme 60JihIIIlle 3HaqeHll.!I K03<p!pllUlleHTOB OE3 B OTHOIIIeHllll nopa)I(e

HHH HeiipOHOB KOpbl roJIOBHOro M03ra, a TaK)Ke 3nllTeJill.!I xpyCTaJIHKa, KOTOphle COCTa

BHJlll 3HaqeHHH OT 50 ,uo 100 [27 -30]. YKa3aHHbie BbIIIIe 3HaqeHll.!1 B 2-5 pa3 npeBhl

lllaIOT MaKCllMaJihHble HOpMaTHBHbie BeJillqllHhl. lib-3a 3TOro B03MO)KHa He,uooueHKa 

pllCKa OT,UaJieHHh!X He6naronpll.!ITHh!X pa,uHaullOHHh!X npo»BJieHllH. Ilo3TOMY yroqHe

Hlle BeJill'lllH K03!p!pllUlleHTOB OE3 ycKopeHHh!X llOHOB ll HeHTpOHOB llMeeT 60JihIIIOe 

3HaqeHHe ,!lAA o6ecneqeHll.!I pa,uHaullOHHOH 6e3onaCHOCTll KOCMOHaBTOB npll ocy

mecTBJieHllll ,!lJillTeJihHhlX Me)KnJiaHeTHh!X KOCMllqecKHX noJieTOB, B TOM 'IIICJie npll 

nonere Ha Mapc. 

Ha OCHOBe KoHuenUllll o6o6meHHOH ,!l03hl [23] C yroqHeHlleM aJirOpllTMOB oue

HOK 3HaqeHllll K03!p!pllUlleHTOB KB6;·KP6i• [7-9] ,!lAA KOCMll'leCKllX H3JiyqeHHH, KOTO

phle Y'filThlllaIOT HepaBHOMepHhlll xapaKTep pacrrpe,ueJieHll.!I ,!l03hl BO BpeMeHll ll no 

rny6nHe TeJia KOCMOHaBTOB, HaMll 6bmll rrpoBe,ueHbl pacqeTbr pa,uHaullOHHh!X pllCKOB 

B npouecce Me)KIIJiaHeTHh!X nOJieTOB, npO,!lOJI)KHTeJibHOCTbIO ,!lO 3-x JieT, ocymecTBJIH

eMbIX B nepno,u MaKCHMyMa conHe'!Hoil: aKTHBHOCTH (CA) 3a pa3JIH'lHhlMH TOJIIUHHaMH 
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3all.\HThI pa,unaunoHHoro y6e)Knma, a TaK)Ke B rrpouecce ocymecTBJieHH» op6HTaJihHhIX 

llOJieTOB Ha CTaHUllll «Mllp» n «MKC». 3TH ,uaHHbie rrpe,ucTaBJieHhl HaMll B pa6oTax 

[31-34], a TaK)Ke B MaTepnaJiax III CncaKHHOBCKllX qreHllH B EpeBaHe B Mae 2004 r 

[35]. 

,l],aJihHettIIIlle IICCJie,UOBaHII.!I no o60CHOBaHIIIO HOpM pa,unaUIIOHHOH 6e3orrac

HOCTll KOCMIIqecKIIX IIOJieTOB 6bmII HarrpaBJieHbl Ha orpaHHqe1me B03MO)KHbIX OT,Ua

JieHHhIX He6narorrpll.!!THhlX pa,uIIaUHOHHhlX IIOCJie,UCTBllH IIOCJie 3aBepIIIeHII.!1 KOCMll

qecKIIX IIOJieTOB. Ha OCHOBe MaTepIIaJIOB «XpoHHqeCKOro 3KCIIepHMeHTa» no MHOrO

JleTHeMy o6nyqeHHIO 60JiblllOH rrapTllll co6aK B pe)KIIMe, MO,!leJillpyIOmeM ,!l030Bble Ha

rpy3KII rrpll IIOJieTe K Mapcy [35,36], II MO,UeJill pa,uHaUHOHHOH CKOpOCTII CMepTHOCTll 

MJieKOllIITaIOII.\llX [3 7] HaMll pa3pa6oTaHbl aJiropHTMbl n rrpoBe,ueHbl pacqeTbl CyMMap

HOro pa,uIIaUHOHHOfO pIIcKa B TeqeHHe )Kll3HII KOCMOHaBTOB ll oueHeHO B03M0)KHOe co

KpameHIIe rrpo,UOJI)KllTeJibHOCTII llX )Kll3Hll llOCJie 3aBepllleHII.!I IIOJieTOB [31, 32, 34, 35]. 

Ha pnc. 2 II PIIC 3 rrpe,UCTaBJieHbl paccqllTaHHbie 3HaqeHII.!I cyMMapHoro pa,una

UIIOHHOro pHCKa B TeqeHHe )Kll3Hll KOCMOHaBTOB ll B03M0)KHOe COKpameHlle rrpe,UCT0.!1-

meii rrpo,UOJI)KIITeJihHOCTll )Kll3HII (Cllll)K) rrocne 3aBepIIIeHII.!1 Me)KrrJiaHeTHOro llOJie

Ta B rrepno,u MaKCHMyMa CA 3a pa3JIIIqHhIMll TOJIII.\llHaMII 3all.\llThl pa,uHaUIIOHHOro 

y6e)KHma (Xpy) ll ,!lJI.!1 ,UByx TOJIII.\IIH 3all.\IITbl 6bITOBhlX OTCeKOB (Xoo ). 
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i 
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CyMM8pHblM P8AM3ll,MOHHblM pMCK B Te'leHMe >KMJHM 

KOCMOHBBTOB nocne JaeepweHMR M8>1mnaHeTHoro noneTa Ja 

p8311M'IHOM TOnlLIMHOM 381J.1MTbl PaAM8ll,MOHHOrO y6e)KMIJ.l8 Xpy 
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PIIc. 2. 3HaqeHllll cyMMapH0ro pa,llllal.{II0HH0ro p!!CKa B TeqeHlle JKll3HII K0CM0HaBT0B np11 

pa3JJl!qHoii ,!IJIIITeJJbH0CTll MeJKIIJJamrrHoro K0CM11qecKoro II0JJeTa 
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~ 
C: 
u 

CoKpaw.eHM& npeACTOSIW.&M npOAOfl>KMTenbHOCTM >KM3HM (Cnn>K) y 
KOCMOH8BTOB nocne Me>KnnaH&THOro noneTa 38 p8311M'-tHOM 
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PHc. 3. B03MOlKHOe C0KpaIIJeHlle npe,llCTOllIIJeii npo,ll0JJJKMTeJJbH0CTII JKll3HII K0CM0HaBT0B 

II0CJJe 3aBepllleHllll MeJKIIJJaHeTH0ro II0JJeTa pa3JJl!qHOH npo,ll0JJJKllTeJlbH0CTII. 
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PacqeTHbie 3Ha'leHilll cyMMapHoro pa,n,IlaIIIIOHHOfO pIICKa B Te'leHile )Kil3HII 

KOCMOHaBTOB (pIIC. 2) 6onee, qeM B 20 pa3 rrpeBbllliaIOT rrpe,!lCTaBJieHHbie pattee HaMII 

[31, 32, 34, 35] 3Ha'leHilll pa,nI1aIII10H1IOro pI1cKa B rrporrecce rronern, rrocKOJihKY B 

3TOM cnyqae paccMaTPIIBaeTCll, BO rrepBbIX, cyIIIeCTBeHHO 6onee .nmneJibHhIH cpoK, a 

BO BTOpbIX, - paccMaTpIIBaeTCll pa3BIITile rraTOJIOfIIII B OCHOBHhlX peryJillTOpHbIX 

CIICTeMax opraHil3Ma, a He TOJibKO B CIICTeMe KpOBeTBOpeHilll, KOTOpall orrpe.neJilleT 

YCTOH'IIIBOCTb opraHil3Ma BO BpeMll IIOJieTa K IIOBTOpHbIM KpaTKOBpeMeHHbIM B03-

.neil:CTBilllM CKJI Ha qJOHe xpOHil'leCKOro o6nyqeHilll OT rKJI. 

KaK Bil,!lHO Il3 .naHHbIX pIIC 2. II pIIC. 3, rrpII rrpe.nrronaraeMOH TOJIIIIIIHe 3aIIIIITbl 

pa,D,IlaIIIIOHHOfO y6e)KI1Il!a 20 r/cM
2 

aJIIOMIIHilll II ,!lJIIITeJihHOCTII IIOJieTa 2 ro.na CYMMap

HhIH pa,D,IlaIIIIOHHbIH pIICK B Te'leHile )KI!3HII KOCMOHaBTa He rrpeBhICHT 8 %, a CITfDK 

COCTaBHT MeHee 2,5 JieT. BBil.!lY B03MO)KH0 6oJihillIIX 3Ha'leHIIH 6IIOJIOrH'leCKOH 3q>q>eK

THBHOCTH KOCMH'leCKHX Il3JiyqeHIIH, O qeM fOBOpIIJIOCb Bbillie, II 3aMeTHbIX 3Ha'leHHH 

K03q>q>IIIIHeHTOB MO,!lllqJIIKaIIIIII pa,D,IlaIIHOHHOfO OTBeTa B OT,!laJieHHOM rrepno.ne 3a 

C'leT Hepa,n,IlaIIHOHHbIX q>aKTopoB IIOJieTa peaJibHall 3aIIIIITa 6bITOBbIX OTCeKOB, IIO

Bil,!lIIMOMY, MO)KeT 0Ka3aTbCll 60Jihllieil:. 

Ha pnc. 4 rrpe.ncrnBJieHhI 3Ha'leHnll cyMMapHoro pa,nnarrnoHHOro pncKa n pncKa 

pa3BHTilll orryxoneil: y KOCMOHaBTOB pa3JIH'IHbIX B03pacTOB IIOCJie 3aBeprneHilll 

.!lByxJieTHero Me)KIIJiaHeTHOfO IIOJieTa B rrepno.n MaKCHMyMa CA 3a TOJIIIIHHOH 

6bITOBbIX OTCeKOB 30 r/cM
2 

aJIIOMHHllll [32, 34, 35]. ,[(Jlll KaHrreporeHHOfO pIICKa 

rrpe,!lCTaBJieHbI MaKCIIMaJibHall II MIIHIIMaJibHall orreHKII, 6e3 yqeTa II C yqeTOM 

K03q>q>IIIIIleHTa pe.nyK-IIIIII ,!l03bl, Y'!IIThIBaIOIIIero CHil)KeHile 3q>q>eKTIIBHOCTII 

pa,D,IlaIIIIOHHOfO B03,!leHCTBilll rrpII MaJibIX 3Haqemrnx MOIIIHOCTII ,!l03bl. OT'IeTJIIIBO 

Bil,!lHO, 'ITO CYMMapHblH pa,n,IlaIIII-OHHbIH pIICK B Te'l:eHile )KI13HII KOCMOHaBTOB 

rrpeBhrrnaeT orreHKY pI1cKa pa3BIITilll orry-xoneil: B cTaprnI1x B03pacTHhIX rpyrrrrax B 4-9 

pa3 II npaKTil'leCKII He 3aBIICIIT OT IIX B03pacTa. KaK 6bmO IlOKa3aHO Bbiille OH IlO'ITII B 

20 pa3 npeBhrrnaeT pa,nI1aIIIIOHHhiil: pI1cK npI1 npoBe.neHIIII nonern. 

ci 
a, 

:,: 
I-
0 
,z 

" :,; 
0. 

CyMMapHblH Pa.QM3LV10HHblMi M KBHL(BporeHHblH pHCKM B T8"18HM8 

>KH3HH nocne ocyw,eCTeneHHJI 2-x ro,qoeoro M8)1(M8HBTH0ro 

nonen (MaKc. CA, X6o=30 r/cM2) 
....•.. ·--··--··-0,05 
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Bo3paCT KOCMOH8BTOB, rOAbl 

Pnc. 4. CyMMapHbIH pa,nnarrnoHHbIH pHCK n pncK pa3Bl1Tllll orryxoneii (MaKCHMaJibHaJI n 
MllHHMaJibHaJI orreHKH) ,!lJill K0CM0HaBT0B pa3Jilll'.{HhIX B03paCT0B II0CJie 3aBepI1IeHllll 

.!lByxJieTHero Me11mJiaHeTH0ro II0JieTa B nepno,11 MaKCHMyMa CA. 

Y'lllTh!Ball BhIIIIeYKa3aHHOe, CYMMapHbill pa,D,IlaIIIIOHHbIH pIICK B Te'leHile )KI!311II 

KOCMOHaBTOB, a TaK)Ke B03M0)KHOe COKpaIIIeHile cpe.nHeil: npe,!lCTOllIIIeil: npo,!lOJI)KI!-
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TeJihHOCTII )Kil3HII llBJilllOTCll HaIIJIY'llliIIMII IIOKa3aTeJillMII ,!lJill orrenKII onacnocTII 

pa,n,IlaIIIIOHHOro B03,!leil:CTBilll, KOTOpoe IIMeeT MeCTO B ycJIOBilllX ,!lJIIITeJibllbIX KOCMil

qeCKIIX IIOJieTOB. Il03TOMY IIMeHHO 3TII 311aqe11I1l1 npIIHIIMaJIIICb 3a OCHOBY B HOBOM 

,!lOKYMeHTe IIpII peweHIIII BOIIpOCOB nopMI1pOBaHilll II 06ecneqe11I1l1 6e3onacnocTII 

KOCM0HaBTOB II o6ocHOBaHHII HOBbIX 3Ha'leHIIH npe.neJIOB ,!l03 Ml! KOCMOHaBTOB 3a BCIO 

IIX npoq>eCCIIOHaJibHYIO ,!lel!TeJibHOCTb. 

AHaJIIl3 OT,!laJieHHOH naTOJIOrHII qepe3 35-45 neT y JIIIII, IIO,!lBeprHYThIX 6oM6ap

.!lIIPOBKaM B XI1pOCI1Me II HaracaKII, y pa60THI1KOB IT/O «Mal!K» 1ieJill6IIHCKoil: o6n., 

Ha'IIIHaBlliIIX pa6ory B nepIIO.!l CTaHOBJieHilll npe.nrrpilllTllll B 1948-1950 IT. B ycJIOBilllX 

IIOBbillieHHbIX ypoBneil: B03,!leil:CTBilll IIOHil3IIPYIOIIIIIX ll3Jiyqe11I1il: npII cyMMapHbIX 

,!l03aX 150-200 c3B II Bblllie, a TaK)Ke y JIIIKBil.!laTOpOB IIOCJie,!lCTBIIH asapI1n-(JII1A) na 

llepH06hIJibCKOH A3C rro.nrnep,!lIIJI HaJIIl'IIle 3aMeTHOfO pa,n,IlaIIIIOHHOfO pIICKa, He CBll-

3aHHOfO c pa3BIITHeM onyxoneil:. 

B HaCTOl!IIIee BpeMll IIOKa3ano, 'ITO rrpI1 xpo11I1qecKoM 06nyqe11I1I1, KaK II rrpI1 

,!lJIIITeJibHOM .neil:CTBIIII pll,!la .npyrIIX q>aKTOpOB (XIIMil'leCKOM 3arpll3HeHIIII OKpy)Karo

IIIeil: cpe,!lhl, ,!lJIIITeJihHOM .neil:CTBIIII HeBeCOMOCTII, IICIIX03MOIIIIOHaJibHOfO CTPecca, 

HeIIOHil3IIPYIOIIIIIX 3JieKTPOMafHIITHbIX Il3JiyqeHIIH II .np.) IIMeeT MeCTO 3Ha'IIITeJibHOe 

HaIIpl!)KeHile peryJillTOpHbIX CIICTeM opraHil3Ma II 6onee 6bICTpoe IICTOIIIeHile ero 

KOMrrencaTOpHbIX pe3epBOB, 'ITO llBJilleTCll OCHOBHOH IIPil'IIIHOH ycKopeHHOfO crnpee

Hilll. YMeHbllieHile KOMrrencaTopHbIX pe3epBOB opraHil3Ma, KaK IIOKa3aJIII 3IIIl,!leMIIO

JIOfil'leCKile IICCJie,!lOBaHilll, IIpIIBO.!lllT K CHI1)KeHI1IO ero a,narrTaIIIIOHHbIX B03M0)KHOC

Teil: rrpII .neil:CTBIIII 3KCTPeMaJihHbIX q>aKTOpOB II yBeJII1'leHI1IO qacTOTbl 3a6oJieBaeMOCTII 

II CMepTHOCTII [38-43]. 

Y)Ke B na'laJibHbie rrepIIO,!lbI pa6oTbl na rrpe.nrrpilllTllllX aTOMHOH rrpOMbllliJieH

HOCTII B 50-e fO,!lbl xx CTOJieTilll, Kor.na pa60THIIKII IIO,!lBepraJIIICb 06nyqe11I1IO C OTHO

CIITeJibHO BbICOKIIMII 311aqeHI1llMII MOIIIHOCTII ,!l03hl, OTMe'laJIII corryTCTBYIOIIIIle 

Hapywenmo KpoBernopeHilll IIpll3HaKII BefeTO-COCY.!lIICTOH ,!lIICTOHIIII (BC,[() II acTeHil

qecKOfO CIIH,!lpoMa (AC), corrpoBO)K,!laIOil!IleCll yBeJIIl'leHileM 'laCTOTbl )KaJI06 Ha IIJIO

xoe CaMO'IYBCTBile II CHil)KeHHYIO pa60TOCIIOC06HOCTb. B rrocne.nYIOIIIIle fO,!lhI, rrpII 

CHil)KeHIIII ypoBHeil: 06nyqeHI1ll rrepconana 3a ro.n, YKa3aHHhie rrpollBJieHilll crna

)KIIBaJIIICh. O.nnaKO B OT,!laJieHHOM rrepIIO,!le IIpII CYMMapHbIX ,!l03ax 1,5 fp II Bblllie 

yqaUiaJIIICb pa3JIIl'lllbie rrpOllBJieHilll napyrneHIIH B CIICTeMe KpOB006paIIIeHilll, B TOM 

'IIICJie ne,!lOCTaTO'IHOCTII M03fOBOfO KpOB006pame11I1l1. B pll,!le pa6oT IIpII rrpeBhillieHIIII 

YKa3aHHOfO rrpe.nena ,!l03bl OTMeqeno HeKOTOpoe yBeJII1'leHI1e qacTOTbl 3a6oJieBaeMOCTII 

co CTOpOHhl OCHOBHbIX peryJillTOpHbIX CIICTeM opraHil3Ma: rreHTPaJihHOH nepBHOH II 

cep.neq110-cocy.nI1cToil: CIICTeM. 3rrI1.neMI10JiorI1qecKI1e I1ccne.noBaHI1ll rroKa3hIBaIOT, 'ITO 

IIpII 6onee BblCOKIIX 3Ha'leHilllX IIOfJIOIIIeHHbIX ,!l03 - 2,5-4 fp, rrponOHfIIPYIOTCll napy

rneHilll M03f0B0f0 KpOBOo6paIIIeHilll, a B CTaplliIIX B03pacTHbIX rpyrrrrax Ha6n10.naeTCll 

3aKOHOMepnoe yqaIIIe11I1e rI1nepTeH3IIII, rrepe6panbnoro aTepocKJiep03a, IIHq>apKTOB II 

M03fOBbIX HHCYJibTOB. 11MeeT MeCTO 6onee panHee pa3BIITile 3TOH naTOJIOfIIII B 6onee 

MOJIO,!lbIX B03paCTHbIX rpyrrrrax [44-49]. 

B rrocne.nHile fO,!lbl HeKOTOpbie aBTOpbI Bbl.!leJilllOT IIOHil3IIPYIOIIII1e I13JiyqeHilll 

cpe.nI1 3K30feHHbIX q>aKTopoB pI1CKa rrepe6poBaCKYJillpHbIX 6one311eil: B CBll3ll C OTMe

qaeMbIMII B pll.ne 3KCIIepI1MeHTaJibllbIX pa6oT ):{ereHepaTIIBHbIMII Il3MeHeHilllMII neil:po-

110B B Kope fOJIOBHOfO M03ra, B TOM l'.{IICJie B fIIIIOTaJiaMyce, B OT,!laJieHHOM rrepI10,!le 

rrocne o6nyqennll [9, 27]. 

67 



Y nnu, nocTpa,ruummx npn aT0MH0M B3pbIBe, B PH.UY npII'IHH cMepTH B CTapnmx 

B03pacru1,rx rpynnax oTMeqeHo yqameHne uepe6paJibHOro aTepocKJiep03a n M03rOBoro 

HHCynbTa. BnepBble BnHJIHHe o6nyqeHHJl: Ha CMepTH0CTb OT 6one3HeiI CHCTeMbl Kp0B0-

o6pameHHJI, B qacTH0CTH OT M03fOB0ro HHcyn1,Ta, OTMeqeH0 npu ,U03ax 1,5-2,5 3B npn 

cpoKax Ha6mo,ueHHJI .uo 25 neT. Ilpn o6cne,uoBattnn cnycrn 35 neT uccne,uoBaTenn 

no,uTBep.unnn yBennqeHne cMepTH0CTH OT 6one3Hell CHCTeMbl KpoBoo6pameHHJI y JIHU, 

o6nyqeHHbIX B ,U03e 2,0 3B. YBennqeHne CMepTH0CTH 61,mo 6onee BblpalKeHHbIM, qeM 

:no Morno 6b!Tb o6ycnoBneHo B03pacT0M (50-52]. 
Pe3yn1,TaTbl 06cne,u0Battm1 3,U0p0Bbll: nHKBH,n;aTOp0B aBapnn Ha qA3C 3a nepno.u 

1993-2000 rr. TaKlKe n0Ka3aJIH CYIIIecrneHH0e yBennqeHne qaCT0Tbl HapyIIIeHHll B cnc

TeMe KpOB006pameHHJI no cpaBHeHHIO C 0,ZlH0B03paCTHblM K0HTponeM (53-56]. Ilo 

,UaHHblM pa60Tbl (53] npn nccne,n;oBaHHH uepe6paJibHOll reM0.UHHaMHKH y 460 nHKBH

,uaTOp0B aBapnu B03pacTe .uo 45 neT B nepBbie 3 ro.ua oTMeqeHbI HapyrneHHJI cep,n;eqHo

cocy,uncTOiI perymunn (BC.[(). B nocne.uYJOlllHe ro,u1,1 onpe.uemnac1, xpoHnqecKaJI 

He.U0CTaT0qHQCTb M03fOB0r0 KpOB006pameHHJl: Ha q>OHe HapaCTaJOlllell CHCTeMHOll 

apTepnaJibHOll rnnepTeH3HH . .[(ncunpKyJIJIT0pHall: :mueq>aJIOnaTHJI y nHKBH,UaTopoB Ha 

qioHe aTepocKJiepo3a cocy,uoB ronoBHoro MoJra xapaKTepn30BaJiac1, 3HaqnTenbHbIM 

ycKopeHHeM ee pa3BHTHSI. ABTOp 0TMeqaeT, qT0 Ha6n10.uaeMbie H3MeHeHHSI noqTH Ha 

20 neT onepelKaJIH KaJieH,n;apHbie cp0KH ee pa3BHTHJI B H0pMe n BbI,n;enSieT nyqeBYJO 

Mo,uen1, ycKopeHH0ro cmpeHHSI. 
B nocne.UHHX nccne,n;oBaHHSIX npn aHaJIH3e pe3ynbTaT0B 15 neTHHX Ha6mo,n;eHHH 

JlllA Ha qA3C, K0TOp1,1e npoBo.unnn pa60T1,1 B 1986 r., Be.uyllleiI naTOnorneu TaKlKe 

JIBJIJinHCb 6one3HH CHCTeMbl KpOBOo6pameHHSI, pacnp0CTpaHeHH0CTb K0T0pbIX 61,ma B 

3-4 pa3a BbIIIIe, qeM B 061,JqHOll nonymunn. Ilpn 3T0M 0TMeqeH0 0~eTJIHB0e yBenn

qeHne qacTOThI uepe6poBacKyJIJipHbIX 6one3HeiI (~BE) n rnnepToHnqecKoiI 6one3HH. 

XpoHnqecKaJI He,D;0CTaTOqtt0CTb M03f0B0f0 KpOBoo6pameHHSI nnn .uncunpKyJIJITOpHall: 

JHUeq>aJionaTnSI .uocTHrana B CTpyKType ~BE y JlllA 94 %, a caMa qacTOTa ~BE y 

nHKBH,D;aTopoB B B03pacTe 48-52 ro.ua .U0CTHraJia 30 %. OCHOBY KJIHHnqecKOll KapTHHbl 

3a6oneBaHHSI C0CTaBJIJI»H K0rHHTHBHble HapyrneHHSI H paCCTpOHCTBa 3MOUHOHaJlbHOll 

c4>ep1,1. HeBponornqecKniI n HeiiponcnxonornqecKHH cnH,n;p0MbI, 0TMeqaeMble y JlllA 

1986 r., YKa3bIBaJIH Ha naTonornqeCKHe H3MeHeHHSI rny6HHHbIX o6nacTell KOpbl 

ron0BH0fO M03ra, ~o HaIIIn0 CB0e MOpq>Oq>yttKUHOHaJibHOe no.urneplK,D;eHne no .UaH

HblM nccne,uoBaHHll C noM0lllb!O 3MHCCHOHH0ll O)];HOq>OTOHHOll KOMnbJOTepHOll T0MO

rpaq>nn (3OKT) n Marnnruo-pe3oHaHcHoii: TOMOrpaqinn (MPT). Ha cunHTnrpaMMax 
pa3nnqn1,rx cpe30B BbrnBneH1,1 rnnoMeTa6onnqecKne oqarn, noKaJIH30BaHHbie B 

rny6nHHbIX 0T,Uenax no6HbIX, BncoqHI,IX, TeMeHHbIX H 3aTbill0qHI,lX .uoneii: (54, 56]. 

HaMn npoBe.n;eH1,1 pacqeTbI CYMMapHoro pa.unaunoHHoro pncKa, pncKa Kattue

poreHe3a H oueHKH B03M0lKH0ro C0KpameHHSI npo.uonlKHTe»bH0CTH lKH3HH ,D;JIJI K0CMO

HaBT0B pa3HbIX B03paCT0B nocne 0CYIIlecrnneHHSI op6HTaJibHbIX noneT0B Ha CTaHUHH 

«Mnp» B pa3nnqHbie nepH0.Ubl conHeqHQll aKTHBH0CTH [32, 33, 57, 58]. B Ta6nnue 4 

npe,UCTaBJieHbl 3TH BennqnHbl .UM noneTa npo.uonlKHTeJibH0CTb!O 0.UHH ro.u . 
AHaJIH3 C00TH0IIIeHHSI MOlllHOCTeii: )];03 Ha op6HTaJlbHbIX CTaHUHSIX Ml1P H MKC 

npn nx C0BMeCTH0M noneTe npn6nH3HTeJ!bH0 Ha O.UHOH BbIC0Te B K0HUe 2000r no 

.ua~KaM .[(2 6opTOB0fO pa,un0MeTpa P-16, conocmsneHne q>yttKUHll 3KpaHnpoBaH

H0CTH ,D;JIJI .upyrnx OTCeK0B MKC, ,n;aHHbIX 6opTOBOll H HH.ZlllBH.UYaJlbHOH .U03HMeTpHH 

3a 11 JKcne.ununii: MKC 3a nepno.u 2000-2005 rr. [33, 59, 60] noKaJaJI, ~o 3ilmHTa 

PoccnilcKoro M0,D;yJISI MKC 3a cqeT CYMMapHoro K0MnneKca o6opy,n;oBaHHSI n .upyrnx 
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Mo,uyneil SIBJIJieTCSI CYllleCTBeHH0 6on1,weil, TaK qTQ M0lllH0CTb .U03bl 0Ka3bIBaeTCSI 

3HaqnTe»bH0 CHHlKeHH0H no cpaBHeHHIO C 38mlillleHH0CTb!O Ha CTaHUHH «M11P». 

ConOCTaBneHne pe3yJibTaT0B HH.ZlllBH.UYaJlbH0ro H onepaTHBH0fO .U03HMeTpliqecKoro 

K0HTp0JIJI 3a 11 3KCne.unuHn Ha MKC H 3a 28 3Kcne,UHUHH, npoBe,n;eHHbIX Ha CTaHUHH 

«Mnp», noKa3aJI0, ~o yp0BHH )];030BbIX Harpy30K Ha qneH0B 3KHnalKeH MKC B nepn-
0.Ubl MHHHMyMa H MaKCHMyMa conHeqHoii aKTHBH0CTH 0Ka3aJIHCb rrpn6.rfn3nTenbHO B 

1,5 pa3a 6onee H!i3KHMH. CooTBeTCTBeHHO BO CT0»bK0 lKe pa3 0Ka3b!BaJOTCSI HHlKe 

pacqeTHb!e 3Haqemrn pa,n;HaUH0HH0ro p!iCKa 0T,D;aJieHHbIX He6naronpnSITHbIX np0ll:Bne

HHH .UJIJI K0CM0HaBT0B nocne 3aBeprneHHSI fO.U0B0fO noneTa. 

Ta6mu.-1a 4. Pac'-leTHl,Ie 3Ha'-!eHf!ll cpe,11HeTKaHeBhIX 3KBHBa.JieHTHhIX ,1103 ,IIJIJI K0CM0HaBT0B B 
pe3yn1,rnrn ro.uoeoro nonera Ha OC «MHP» B pa3JJH'-IHMe nepuo,111,1 CA H B03M0)l(H1,1e 
0T,llaJI_eHHble nocne,11CTBHll 
QHKJJ COJJHe'-IHOH aKTHBH0CTH MHHHMyMCA IlpoMe)l(yrOK CA MaKCHMVMCA 
Cpe,11HeTKaHeBal1 3KBHBa.rreHTHall ,1103a, c3B 19,3 17,6 16,0 
CyMMapHblH pa,11HaQHOHHhlH pHCK 1,93 1,76 1,6 
B Te'leHue )l(li3HH, % 
PHCK, % pa3BHTHll onyxoneli B Te'-leHHe 
)l(J13HH y K0CM0HaBT0B B B03pacrax 
To=30 ner 1,03 0,92 0,85 
To=40 ner 0,67 0,61 0,55 
To=50neT 0,52 0,48 0,43 
O)l(H,UaeMoe C0Kpall\eHHe npo,II0JJ)l(HTeJJb-
H0CTH )l(H3HH (ro,111,1) y K0CM0HaBT0B B 
eo3pacre 
To=30 ner 0,67 0,61 0,55 
To=40neT 0,59 0,54 0,49 
To=50neT 0,51 0,47 0,43 

B 2004 r. 6bmH yrneplK,D;eHbl HoBue MeTO,n;IIqeCKHe yKaJaHIISI MY 2.6.1. 44-03-
2004 «OrpattHqeHIIe o6nyqeHHSI K0CM0HaBT0B npH 0K0»03eMHb!X K0CMIIqecKIIX rrone

Tax» .UJIJI o6ecneqeHIIJI pa,uIIaUHOHHOll 6e3onaCHOCTII K0CM0HaBT0B IIpIIMeHIITeJibH0 K 

.umneJibHblM op6IITaJlbHbIM K0CMII'IeCKHM II0JieTaM (58]. 

OcHOBHOH uen1,10 rrpH o6ocHoBaHHII rrpe.uenoB ,n;o3 B MY 2.6.1. 44-03 - 2004 

61,mo coxpaHeHIIe H0pMaJibH0ro yp0BHSI 3.U0p0BI,SI II pa60TOCIIOC06HOCTH K0CM0HaB

T0B He T0»bK0 B rroneTe, HO II II0CJie 3aBeprneHHJI TIJY.UOBOH ,n;eSITeJibH0CTII, a TaKlKe 

o6ecneqIITb HenpeBbIIIIeHne npe.uenbHoro 3HaqeHIISI CYMMapHoro pa,uIIaUII0HHoro pIIc

Ka B TeqeHHe lKH3HII K0CM0HaBT0B yp0BHeM 10 %. IlpII 3T0M no pacqeTaM B03M0lKH0e 
C0KpallleHHe npe,n;CT0S!llleli npo,n;0JilKIITeJibH0CTH lKII3HII He npeBbICHT 2,7; 3,1 II 3,4 

ro.ua y K0CM0HaBT0B, HaqIIHaJOlllliX CB0IO npoqiecCIIOHaJlbHYJO ,n;eSITeJibH0CTI, B B03pac
Te 50; 40 II 30 JieT C00TBeTCTBeHH0. 

Ilp!i o6oCHOBaHIIII npe.n;eJI0B ,U03 .U»JI qneH0B JKHnalKeil op6IITaJlbHbIX K0CMIIqec

KHX CTaHUHii 61,mII IICn0Jib30BaHbl paccM0TpeHHbie BbIIIIe ,n;aHHbie 35-45-neTHIIX 

Ha6n10.ueHHH 3a nepC0HaJI0M npe.unpIIS!TIISI «MaJIK», K0TOpblli no,n;BepraJICSI xpoHIIqec

K0MY o6nyqeHII!O B IIIIIp0K0M ,n;IIarraJ0He .U03, CBe,D;eHHSI 06 0T,D;aJieHHbIX 3q>q>eKTax y 

»HU, no,uBeprIIIHXCSI aTOMHblM 6oM6ap.unpoBKaM B XIIpOCHMe II HaracaKH, a TaKlKe 

HeK0T0p1,1e ,n;aHHble no xapaKTepy II3MeHeHHSI 3.U0P0BbSI JIHKBII,n;aTop0B nocne,n;CTBIIH 

aBapnII Ha qA3C 3a 15 neruIIii: nepII0.U Ha6n10,n;eHHSI 3a HHMH . 

.[{attHbie, He06XO.llllMbie ,D;JIJI pacqeT0B ,U03 B npe,n;CTaBHTeJibHbIX T0~ax <l>aH-
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TOMOB B OTCeKaX op6HTaJibHbIX CTaHI\HH, WUI Ol(eHKH pa,n;no6nonornqecKHX 3q>q>eKTOB 

n nenuqnH pa,n;nal(HOHHoro pncKa, npe,ncmnneHhI B f'OCT n MeTo,nnqecKnx y1rn3a

HHHX no npo6neMe EP3KAKI1 [8-22). KoHKpeTHhie pe3ynhTaThI pacqeToB cpe,nHeTKa

HeBbIX 3KBHBaJieHTHblX ,L\03, 3KBHBaJieHTHbIX ,L\03 ,L\JUI KpOBeTBOpHOH TKaHH, xpycTaJIHKa 

ll KO,Kll B OTCeKaX CTaHI(llll «Mnp» ,L\JIH nepno,L\OB MIIHHM)'Ma ll MaKCHMyMa conHeqHOH 

aKTHBHOCTH npe,ncmnneHbl B pa6omx [9, 33, 57, 61). 
KaK YKa3blBaJIOCb BbIIIIe, ,L\JIH pacqeTOB pa,n;nal(HOHHOfO pncKa B npol(ecce nonem 

ll B TeqeHne nceii ,KH3Hll KOCMOHaBTOB Mb! ncnonh30BaJIH q>yHKI\HOHaJI «o6o6meHHaH 

,L\03a», BblqHCJUieMblH Ha OCHOBe cpe,nHeTKaHeBOH 3KBHBaJieHTHOH ,L\03bl, YMHO,KeHHOH 

Ha PM K03qlqllll\HeHTOB, yqHTbIBaIOIIIHX cnO,KHbIH xapaKTep pa,n;nal(HOHHOro B03-

,neiiCTBHH B ycnOBHHX KOCMnqecKoro noneTa. B TO ,Ke BpeMH OCHOBHbIM ,L\03HMeTpll

qecKHM q>yHKI\HOHaJIOM .nn» o6ecneqeHHH pa,n;HaIIHOHHOH 6e3onaCHOCTll Ha 3eMne 

cornaCHo [62] HBJUleTCH ::iq>q>eKTHBHaH 3KBHBarreHTHaH ,n03a, Heo6xo,nnMaH nnIIIh WUI 

Ol(eHOK B03MO,KHOro KaHI(eporeHHOro pncKa B TeqeHne ,KH3Hll. 

HaM npe,nCTaBJUieTCH, qTO ncnonh30BaHHe cpe,nHeTKaHeBOH 3KBHBaJieHTHOH .no-

3bI, a TaK,Ke o6o6meHHOH ,L\03bl .l!Bn.lleTC.ll 6onee nepcneKTHBHbIM WUI peIIIeHH.ll nonpo

COB pa,n;nal(lIOHHOH 6e3onacHOCTlI, noCKOnbKY ncnonh30BaHlle 3TlIX ,L\03lIMeTpllqecKHX 

q>yrrKI\HOHaJIOB n03BOnHeT Ol(eHnBaTb C)'MMapHbIH KaHI(eporeHHblH lI HeKaHI(eporeH

HblH pa.nnaIIHOHHbIH pncK B TeqeHne )KH3Hll KOCMOHaBTOB, KOTOpbIH ,L\ll.ll CTapIIIHX 

B03paCTHbIX rpyrrn .llBJUleTC.ll B HeCKOnbKO pa3 6onbIIIHM, qeM nocne,L\HHH. Ha OCHOBe 

3HaqeHlIH cpe,nHeTKaHeBoii ,L\03bI MO,KHO TaK)Ke npOBO)lllTb OT,nenbHO pacqeThI BepO.!!T

HOCTlI pa3BHTH.ll onyxoneii, a TaK,Ke Ol(eHnBaTb pncK HapyIIIeHnii B ClICTeMe KpOBO

o6pameHH.ll n ynenuqeHne qaCTOTbI OTMeqeHHOH BbIIIIe Heonyxonenoii OT,L\aJieHIIOH 

namnornn. 

ConocmnneHne pacqeTHbIX 3HaqeHnii noKarrbHhIX 3KBnnarreHTHhIX ,no3 B 

pa3nuqHbIX TO~ax Ha CTaHI(llll «Mnp», 3KBHBaJieHTHbIX ,L\03 B npe,nCTaBHTenhHbIX Toq

Kax opraHOB B q>aHTOMax, npe,ncTaBn.llIOIIIHX MO,nenb Tena qenoBeKa [11], a TaK,Ke 

pacqeTHbIX BennqnH 3q>q>eKTlIBHOH ,L\03bl Ha OCHOBe pe3ynhTaTOB q>aHTOMHbIX lI3Mepe

HlIH Ha CTaHI(lllI «Mnp» noKa3aJIO, ~o nennqnHa cpe,nHeTKaHeBOH 3KBlIBaJieHTHOH 

,L\03bl 0Ka3arracb Ha 10-15 % BbIIIIe paccqnTaHHOro 3HaqeHlI.ll 3q>q>eKTHBHOH ,L\03bl lI Ha 

20 % BbIIIIe ,L\03bl Ha KOCTHbIH M03r. [9, 33, 57, 58, 63). 
TaKlIM o6pa30M, ,L\JUI l(eneii pa,n;nal(HOHHOH 6e3onaCHOCTlI KOCMnqeCKlIX noneTOB 

cpe,nHeTKaHeBa.ll ,L\03a MO,KeT BbICTynaTh B Kaqecrne BepxHeii, a ,n03a Ha KOCTHbIH M03r 

(Ha rny6nHe 5 CM) - B KaqecTBe HlI,KHeii Ol(eHKlI ::iq>q>eKTlIBHOH ,L\03hl. 3m nennqlIHbI 

nerno onpe,neJUIIOTC.ll Ha OCHOBe onepaIIHOHHbIX BennquH (,naHHbIX O pacnpe,neneHlllI 

nornomeHHOH ,L\03bl no CTaHI\lllI no noKa3aHlI.llM npn6opoB pa.n;llaIIlIOHHOro KOHTPOJUI 

lI pe3ynhTaTOB lIH,L\lIBll.L\YaJibHOrO ,L\03lIMeTPUqecKoro KOHTPOn.ll). B 3THX ycnoBlIHX 

ncnonh30BaHne cpe,nHeTKaHeBOH 3KBlIBaJieHTHOH lI o6o6meHHOH ,L\03 o6ecneqnBaeT 

HeKOTOpbIH K03qlqllII\lleHT 3arraca B OTHOIIIeHlllI Ol(eHOK pa.n;HaIIlIOHHOro pncKa lI cno

co6cTBYeT peIIIeHnIO 6onhIIIero Kpyra 3a,n;aq no o6ecneqeHnIO pa,n;nal(HOHHOii 6e30-

nacHOCTH KOCMOHaBTOB ll coxpaHeHlIIO HX 3,1:\0pOBbH. 

Eonee BbICOKlle Ol(eHKlI pa,L\llaIIlIOHHOro pHCKa, a TaK,Ke HaJIHqne KOMnneKca 

Hepa.n;HaIIHOHHbIX q>aKTOpOB, ,neiicrny:iomnx Ha KOCMOHaBTOB B noneTe, npnnenn K 

nepeCMOTPY ,L\030BbIX rrpe,nenOB 3a nepHO,L\ npoq>ecCHOHaJibHOH ,neHTenhHOCTlI KOCMO

HaBTOB. BenHqHHa C)'MMapHOH cpe,nHeTKaHeBoii ,L\03bl 3a nepno,n npoq>eCClIOHaJlbHOH 

,ne.l!TenbHOCTlI KOCMOHaBTOB n HOBbIX MeTO,L\HqecKlIX yKa3aHlIHX no o6ecneqeHHIO 
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pa,n;nal(lIOHHOH 6e3onaCHOCTH op6nTaJibHbIX KOCMnqecKlIX noneTOB MY 2.6.1. 44-03-
2004 ycTaHOBneHa paBHOH 1 3B [58]. OHa CHU,KeHa n 4 pa3a no cpaBHeHHIO c npe,KHHM 

HopMaTHBOM (fOCT 25645.215-85). 
B Ta6JIIII(e 5 npe,ncTaBneHbI B cpaBHHTenhHOM acneKTe HOpMaTIIBHhie ypoBHlI ,L\03 

o6nyqeHHH KOCMOHaBTOB (aCTPOHaBTOB) B pa3HbIX CTPaHax B npol(ecce noneTa pa3nnq

HOH npo,nOn,KHTenbHOCTH ll 3a BCIO Kapbepy. Ilpn ycTaHOBnemm npe,nenoB ,L\03, perna

MeHTHpy:iomnx ypOBHll pa,n;nal(lIOHHOro B03,neiiCTBlI.ll B npol(ecce KOCMHqecKoro none

Ta ,L\lllITenbHOCTbIO OT 0,1:\HOro MeCHI(a .no ro.na nplIHlIMaJIOCb BO BHHMaHHe cne.ny:iomHe 
nonO,KeHH.ll: 

1. C yqeTOM orpaHnqeHnii Ha TOnIIllIHY pa,n;Hal(lIOHHOH 3aIIIHTbI ll nee.KA, a TaK,Ke 

BBlI.L\Y He06XO,L\lIMOCTll npoBe,neHH.ll BHeKopa6enbHOH ,ne.l!TenbHOCTlI (BK,[O B HaCTO.ll

mnx MY npe.nen ,L\03bl ,L\n.ll KOCMOHaBTOB 3a ro.n npn ocymecTBneHllll OKono3eMHOro 

KOCMHqecKoro noneTa (KIT) no ,L\03e Ha KponernopHbie opraHbI ycTaHOBneH paBHbIM 

0,5 3B. 

2. Heo6xo,nHMO orpaHHqeHne ypoBH.ll 3KBHBaJieHTHOH ,L\03bl Ha KOCTHblH M03r ,L\JIH 

KpaTKOBpeMeHHOro o6nyqeHlI.ll 3a 0,1:\HO conHeqHoe npoTOHHOe co6brrlle (CITC), a TaK

,Ke yCTaHOBneHHe npe,nenoB ,L\03 3a 30 C)'TOK ll ro,n nonem WUI coxpaHeHH.ll pa60TO

cnoco6HOCTlI KOCMOHaBTOB n TeqeHHe BCero BpeMeHH KIT. Ilpn npeBhIIIIeHlllI ycTa

HOBneHHbIX B HaCTOHIIIlIX MY 3HaqeHIIH ,L\03 B03M0)KHO KpaTKOBpeMeHHOe CHH,Kenne 

pa60Tocnoco6HocTH, CB.ll3aHHoe c nepnHqHoii nyqenoii peaKI(neii Henocpe,ncTBeHHO 

nocne pa3BlITlI.ll MOIIIHOfO CITC, a TaK,Ke C yaennqeHHeM BepO.!!THOCTll acTeHH3al(Hll 

opraHII3Ma npH noneTax ,L\JIIITenhHOCTbIO OKono ro,na ll BbIIIIe [1, 2, 4]. 
3. Ilpe,nenbl ,L\03 3a ro,n Ha xpycTaJIHK lI KO)!()' B MY 2.6.1. 44-03-2004 ycTaHOBneHbl B 

1,5 pa3a BbIIIIe, qeM ,L\JUI nnaHHpyeMoro nOBbIIIIeHHOro o6nyqeHH.ll n COOTBeTCTBllll c 

HPE-99, yqnThIBM BHeKopa6enhHYJO ,neHTenhHOCTh (BK,Z:O - npoH3Bo,ncrneHHYJO 

Heo6XO,L\HMOCTb nepno,nHqeCKOH pa60Tbl KOCMOHaBTOB Ha BHeIIIHeii nonepxHocm 

CTaHI\lllI npII MeHhIIIeM ypOBHe pa,n;HaIIlIOHHOH 3a!l\lITbI, a TaK,Ke CTOXaCTHqecKnii 

xapaKTep B03HlIKHOBeHlI.ll CITC. 

1-h ,L\aHHbIX m6nlII(hI Bll,L\HO, qTo ,L\JUI KOCMOHaBTOB PoccIIH pa3HOro B03pacm 

npe,nenbHOe 3HaqeHne cpe,nHerKaHeBoii ,L\03bl ycTaHOBneHO 0,1:\HHaKOBbIM 1,0 3B, 

nocKOnbKY 6bIJIO nOKa3aHO, ~o C)'MMapHbIH pa,n;nal(lIOHHbIH pIICK npaKTnqecKn He 

3aBHClIT OT B03pacm Haqarra KOCMnqecKoii ,L\e.l!TenbHOCTH (pHC. 4). B TO ,Ke BpeM.ll WUI 

aCTPOHaBTOB pa3HOro nona ll B03pacTa B HOpMaTIIBHbIX ,L\OKyMeHTax CIIIA, .51nOHlllI 

npe,nCTaBneHhI pa3Hble npe,nellbr ,L\03 3a Kapbepy, nOCKOnhKY B OCHOBy nono,KeH TOnbKO 

PIICK pa3BlITH.ll onyxoneii, KOTOpbIH He ,nOn,KeH npeBbIIIIaTb 3 % n He,nool(eHeH C)'M

MapHbIH pa,n;nal(lIOHHblH pIICK. 

OcHOBHOH npe,nen ,L\03bI ,L\ll.ll xpyCTaJIHKa - npe,nenhHOe 3HaqeHIIe 3KBHBaJieHT

HOH ,L\03bl Ha xpyCTaJilIK 3a BCIO Kapbepy KOCMOHaBTOB ycTaHaaneH B HaCTO.llIIIIIX MY 
paBHbIM 2,0 3B. IlpII npeBbIIIIeHIIll 3TOro 3HaqeHII.ll ,L\03bl B03MO,KHO ynenIIqeHHe CKO

poCTll o6pa30BaHII.ll nOM)'THeHHH xpycTaJIIIKa II ynenIIqeHne qacTOTbl o6pa30BaHll.ll 

KaTapaKT, 0 qeM CBII,L\eTenhCTBYIOT ,naHHhie 3KCnepnMeHTaJibHbIX pa6oT ll 3nII,neMIIO

nornqecKHX nccne.noaaHIIii [28]. 
IlpII o60CHOBaHIIII 3TOro npe,nenbHOro 3HaqeHll.ll ,L\03bl Ha xpycTaJIIIK ,nJUI KOC

MOHaBTOB PocCIIII 3a BCIO HX rrpoq>eCCIIOHaJibHYJO ,L\e.l!TenbHOCTb yqIITbIBaJlllCb nony

qeHHhie B 3KCnepIIMeHTaJlbHbIX pa6oTax BbICOKIIe 3HaqeHlI.ll K03qlqllll(IIeHTOB OE3 WUI 

ycKopeHHbIX T.!1,KenbIX llOHOB, ,L\OCTIIfaIOIIIIIe npII Hll3KIIX ypoBH.llX ,L\03bl 3HaqeHnii B 
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Ta6im11a 5. HopMaTHBHbie ypoBHH 06Jl)"leHHJI KOCMOHaBTOB (aCTpOHaBTOB) B pa3Hb!X CTpaHax, 
3B f58]. 

pe,AHeTKaHeBaJI 
3<p<peKTHBHal!) 

meJibHOCTb neptto,Aa H B03pacT I PoCCHll 
PKA 
0,15 
0,25 
0,5 

-
0,5 
1,0 
2,0 

-
1,5 
3,0 
6,0 

!M )I{ 

1,0 1,0 
1,0 1,0 
1,0 1,0 
1,0 1,0 
1,0 1,0 
1,0 1,0 
1,0 1,0 

ClllA I JlnoHHll 
NASA NASDA 

-
0,25 
0,5 0,5 

- 0,5 
1,0 -
2,0 1,0 
4,0 5,0 

- 2,0 
1,5 -
3,0 4,0 
6,0 20,0 

M )I{ M )I{ 

0,7 0,4 

- - 0,6 0,6 

- - 0,9 0,8 
1,0 0,6 

- - I 1 0 
0,9 

1,5 0,9 1:2 1,1 
2,9 1,6 1,2 1,1 

B mrrepBane 40-67, a rrpH COBCeM MaJibIX 3Ha'!emuix }J.03bl - 100 [29, 30]. IIpHHH

MaJIHCb BO BHHMaHHe TaIOKe IIOJI)"IeHHbie He,UaBHO )laHHbie 06 yBeJIH'IeHHH '!aCTOThI 

yxy)lIIIeHHJI rrpo3pa'IHOCTH xpycTaJIHKa H pa3BHTHH Ha'IaJibHbIX CTa,uHH KaTapaKT y 

aMepHKaHCKHX aCTPOHaBTOB rrpH cymecTBeHHO MeHbIIIHX 2,0 3B )l03ax Ha xpyCTaJIHK, 

HaKOIIJieHHbIX HMH 3a Beeb rrepHO)l HX rrpo<peCCHOHaJibHOH pa60TbI [64]. 

OcHOBHOH rrpe,ueJI )l03bl )lJill KOlKH - rrpe,ueJibHOe 3Ha'!eHHe 3KBHBaJieHTHOH }J.03bl 

Ha KOlKY 3a Kapbepy KOCMOHaBTOB, )"IHTbIBaJI B03,ueil:CTBHe ranaKTH'IeCKOro H COJIHe'I

HOro KOCMH'IeCKHX H3JI)"IeHHH, ycTaHOBJieH B HaCTOHmux MY paBHbIM 6 3B. IIpH rrpe

BbIIIIeHHH 3Toro ypOBHJI )l03bl B03MOlKHbI He6JiarorrpHllTHbie OT)laJieHHbie IIOCJie,UCTBHJI 

B BH)le cyxocTH KOlKH, o6pa30BaHHJI TPemHH, H3MeHeHHJI KaIIHJIJillpHoro KpOBOTOKa, 

)lHCTPO<pH'IeCKHX rrpOHBJieHHH, H3'bll3BJieHHH [65-67]. 3TOT HOpMaTHBHbIH ypoBeHb 

cooTBeTcTByeT HOpMaTHBHOMY ypoBHIO, ycTaHOBJieHHOMY B NASA CllIA (rn6JI. 5.). 

B Ta6JI. 6 rrpHBe,UeHbI 3Ha'!eHHll pHCKa OT)laJieHHbIX pa,uHal(HOHHbIX IIOCJie,UCTBHH 

rrpH HOpMaTHBHbIX 3Ha'IeHHJIX )l03 3a Kapbepy, rrpHHJIThIX KOCMH'IeCKHMH areHTCTBaMH 

pa3HhlX CTPaH, yqacTHH11 rrporpaMMbI MKC. 3Ha'!eHHll rrpe,uenoB .D.03 B CllIA yTBeplK

,ueHbI H~OHaJibHOH KOMHCCHeil: no pa,uHOJIOrH'IeCKOH 3amHTe (NCRP) [68]. KaK ylKe 

roBOpHJIOCb BbIIIIe, B CllIA, .HrroHHH KpHTepHeM pa,uHa[(HOHHOH 6e30IIaCHOCTH (PE) 

JIBJilleTCJI rrpe,ueJibHblH ypoBeHb pa,uHal(HOHHOro pHCKa CMepTHOCTH B Te'!eHHe lKH3HH 

OT orryxoneil: (3 %). IIpe,ueJibHhle 3Ha'IeHHJI 3<p<peKTHBHbIX )l03 cymecTBeHHO pa3JIH

'IaIOTCJI )lJill KOCMOHaBTOB, Ha'IHHaIOmHx Kapbepy B pa3HbIX B03pacTax. 

IIpe,ueJibHOe 3Ha'!eHHe )l03hl 3a Beeb rrepHO)l rrpo<peCCHOHaJibHOH ,Uel!TeJibHOCTH 

)lJill KOCMOHaBTOB PocCHH, Ha'IHHaIOmHx Kapbepy B pa3HbIX B03pacTax O)lHHaKOB H 

paBeH 1 3B. CornacHO paC'IeTaM Ha OCHOBe cpe,UHeTKaHeBOH }J.03bl 3Ha'IeHHe CYMMap

HOro pa,uHal(HOHHOro pHCKa B Te'IeHHe lKH3HH He rrpeBbICHT 10 %, pHCK CMePTHOCTH 
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OT orryxoneil: )lJill KOCMOHaBTOB, Ha'!aBIIIHX Kapbepy B B03pacTe 30; 40 H 50 JieT He 

rrpeBbICHT 4,6; 3,1 H 2,4 % COOTBeTCTBeHHO, a B03MOlKHOe COKpa111eHHe rrpo,UOJilKH
TeJihHOCTH lKH3HH He rrpeBbICHT 3,4 ro.ua. 

IIpoBe,AeHHhie HaMH pac'!eTbl (CM. Ta6JI. 6) IIOKa3bIBaIOT, 'ITO rrpu rrpe,ueJibHOM 

3Ha'!eHHH )l03 )lJill aMepHKaHCKHX aCTPOHaBTOB B B03pacTe 55 JleT (2,9 3B) cyMMapHbIH 

pa,uHa[(HOHHbIH pHCK B Te'!eHHe lKH3HH MOlKeT COCTaBHTb O'IeHb BbICOKoe 3Ha'!eHHe 

(OKOJIO 30 %). 06 3TOM lKe CBH)leTeJibCTBYIOT He,AaBHO )lOJIOlKeHHbie .llaHHbie aMepu

KaHCKHX HCCJie,UOBaTeJieil: [69]. B 3TOH pa6oTe aBTOpbl OTMe'!aIOT eme 6onee Bb!COKHH 

pHCK pa3BHTHJI HeorryxoJieBOH OT)laJieHHOH rraTOJIOfHH, CBJl3aHHOH C pa3BHTHeM rropa

lKeHHll COCYJJ.HCTOro 3H)lOTeJIHJI H pa3BHTHeM HapyIIIeHHH B CHCTeMe KpOB006pa11.1eHHJI. 
0HH Ol(eHHBaIOT ero KaK 14 % Ha 1 3B. 

Ta6JIHl(a 6. CyMMapHbIH pa,AHal(HOHHblH pHCK B Te'!eHHe lKH3HH KOCMOHaBTOB (aCTPOHaBTOB) 
B %, pHCK pa3BHTHJI onyxoneli B %, OlKH,AaeMoe COKpaII1eHHe npO,AOJilKHTeJibHOCTH lKH3HH B 
ro,Aax npH npe,AeJibHbIX 3Ha'!eHHJIX .ll03 3a Kapbepy, npHHJITbIX pa3Hb1MH KOCMH'leCKHMH 
areHTCTBaMH [58] -

0r.AaJieHHbie CTPaHa Ha'!aJibHbIH .ll:03a 3a Kapbepy, 3B lnpHMe'laHHe 
nocne,ACTBHll BOJJXICT, !O,Abl 0,6 0,7 0,9 1,0 1,2 1,5 2,9 
CyMMapHbIH 30 6,0 7,0 9,0 10 12 15 >30 Pac'!eT Ha OCHOBe 

pa,AHal(HOHHbIH 40 Te JKe 3Ha'!eHHll cpe,AHeTKaHeBOH 
pHCK, % 50 Te JKe 3Ha'leHHll .ll03bl B PoCCHH 

~nix>- 30 2,0 2,4 3,1 3,4 4,1 5,0 10 IPac'!eT Ha ocHoBi 
,QO)])KHieJ]!,H 40 1,8 2,2 2,8 3,1 3,7 4,5 9,0 lcpe,AHeTKaHeBOH 

)KIBHH, !O,Abl 50 1,6 1,9 2,4 2,7 3,2 3,9 7,8 IIl03bl B PocCHH 
PttcK onvxoneli ClllA 25 2,6 3,0 3,8 4,3 5,2 6,4 12,5 INASA f68] 

JlnoHHll 27-29 3,0 3,5 4,5 5,0 6,0 7,5 14,5 INASDA 
PoccHJ1 30 2,8 3,2 4,2 4,6 5,6 6,9 13,5 

PttcK onyxoneli ClllA 35 1,8 2,1 2,7 3,0 3,6 4,5 8,7 !NASA f681 
CIIIA 45 1,2 1,4 1,8 2,0 2,4 3,0 5,8 NASA [68] 

JlnoHHll 36-39 1,8 2,1 2,7 3,0 3,6 4,5 8,7 INASDA 
PoccHJI 40 1,9 2,2 2,8 3,1 3,7 4,7 9,0 

PttcK onvxoneli ClllA 55 0,6 0,7 0,9 1,0 1,2 1,5 3,0 INASA f68] 
JlnOHHJI >40 1,5 1,8 2,3 2,5 3,0 3,7 7,3 NASDA 
PoCCHll 50 1,4 1,7 2,2 2,4 2,9 3,6 7,0 

TTpHMe'!aHHe. BbI)leJieHHble JHa'!eHHJI COOTBeTCTBYIOT npe)leJILHLIM 3Ha'!eHHJIM )103 3a Kap1,epy )lJ!ll 

KOCMOHaBTOB, aCTPOHaBTOB pa3HLIX B03paCTOB, npHHJITLIX B pa3HLIX crpaHax. 

Ha III MelK}J.yttapo,uHoM CHMII03HYMe «IIpo6neMbI 6uoxHMHH, pa.uuimuoHHoii H 
KOCMH'IeCKOH 6HOJIOfHH» K 100-JieTUIO co }J.Hll po)K}J.eHUJI H.M.CucaKJIHa B )lOKJia,ue 

.D.OKTopa M.Durante «Cosmic radiation and noncancer risk» aBmp paccMaTpHBaeT 

KpoMe paKa }J.OIIOJIHHTeJibHbIH B pe3yJibTaTe 06JI)"IeHHJI pncK pa3BUTUJI B OT)laJieHHOM 

rrepuo.ue Heil:po.uereHepaTHBHbIX u cep,ue'!HbIX 6oJie3Heii ('IaCTOTbl UIIIeMH'IeCKOH 

6oJie3HU cep.D.11a u HH<papKTOB ), HapYIIIeHHH B UMMYHHOH H 3H)lOKpHHHOH CUCTeMax, a 

TaKlKe cocy}J.HCTbIX HapyIIIeHHH. On O[(eHHBaeT CYMMapHbIH KaH[(eporeHHblH H HeKaH-

11eporeHHblH pUCK rrpH o6nyqemm B ,U03e 1 3B lKUTeJieil: XupOCHMbl H HaracaKH 3a 

rrepHO}J. 1968-1997 IT. paBHbIM OT 10 .uo 14 %, a rrpH op6HTaJibHbIX IIOJieTax Ha MKC H 

IIpH IIOJieTe K Mapcy rrpH HaKOIIJieHHbIX }J.03ax OT 2,5 .uo 2,9 3B oueHHBaeMbIH CYM-
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MapHblH pHCK npeBhlCHT 40 %. MexaHH3M HeorryxoneBbIX 3<p<peKTOB aBTOp CBJl3bIBaeT 
c pll,LIHaqHOHHO-o6ycnoBJieHHhlM ycKopeHHhlM CTapeHHeM. 

Ilpe.ncTaBJieHHhle BhIIIIe ,naHHbie noKa3hIBaIOT o60CHOBaHHOCTh HOBhIX npHHJ!ThIX 
B Poccun HOpMaTUBHhIX 3Ha'!eHHH .ll03 .llJIJI KOCMOHaBTOB, peamI3yioIIIHX pa,LIH~
OHHYIO 6e3onaCHOCTh npn npoBe,neHUH ,nJIHTeJibHhIX op6HTaJihHhIX noJieTOB, a TaKlKe 
o6ecne'!nBaIOIIIHX coxpatteHne 3.llOPOBhll H pa6oTocnoco6HOCTH KOCMOHaBTOB B OT,na
JieHHOM nepno.ne nocne 3aBepIIIeHUJI noJieTOB. 
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IIP06JIEMbl O.QEHKH «l>YHK.QHOHAJibHblX H3MEHEHHH B 
.QEHTPAJILHOH HEPBHOH CHCTEME, Bb13BAHHbIX 

HOHH3HPYIOI.QHMH H3.JIYqEHIDIMH B YCJIOBIDIX KOCMH1:IECKOro 
IIOJIETA 

lllTeM6epr A.C. 
I'HI( P<P HHcmumym MeouKo-6uo11ozut1ecKux npo611eM PAH, z. MocK6a, PoccUR 

a _s _shtemberg@rambler.ru 

<l>yttKUHOHaJibHa.!I peaKUH.!I ueHrpanbHOii HepBHoii cttcTeMbI (UHC) Ha 
o6nyqeHHe B ,nHaIIa30He ,no3 .no 0,5 3B, KOTOpb!e peanbHO MOryT 6hITb rronyqeHbl 
KOCMOHaBTaMH BO BpeM.!I IIOJieTa, CBO,nHTC.!I, rJiaBHb!M o6pa30M, K ycHJieHHIO reHepanH-
30BaHHOro B036y)K,neHH.!I H 3aMeTHOMY ocna6neHHIO TOpM03HbIX rrpoueccoB, II0-BH.nH
M0MY, B CHJIY ocna6neHH.!I T0Hyca H CHHlKeHH.!I pa6oTOCIIOC06HOCTH K0pK0Bb!X Heiipo
H0B (B oco6eHHOCTH rrpH ,nJIHTeJibHOM xp0HHqecK0M o6nyqeHHH), qro B uenoM xapaK
TepH3YeT CHHlKeHHe pa6oTOcrroco6HocTH UHC. 3To rro.nrnep)K,naeT B03M0)l(HyI0 orrac
H0CTb HapyrneHH.!I pa6oTocrroco6HOCTH K0CM0HaBT0B B pe3yJibTaTe PMH~H0HH0ro 
B03,neiiCTBH.!I B rrpouecce ,naJibHHX ,nJIHTeJibHbIX II0JleT0B. 

B HacTo.11mee BpeM.11 M0)KHO cquTaTu ,noKa3aHHbIM, qTo UHC o6na.naer .nocrnToq
H0 Bb!COKOll qyBCTBHTeJibH0CTblO K B03,neiiCTBHIO H0HH3HpyIOmHX H3JiyqeHHll H crro
co6Ha pearnpoBaTb _na)Ke Ha oqeHb MaJibie ,n03bI pa.nH~HH. IlpH 3T0M B036y)K,neHiie 
ueHrpaJibHOll HepBHOll CHCTeMbl, corrp0B0)K,naJOmeec.11 YCHJieHHeM pa3H006pa3HbIX 
BereTaTHBHbIX qiyttKUHll tt II0BbIIIIeHHeM o6MeHa BemecTB, .!IBJI.!leTC.!I CaM0ll o6meii 
HecrreuttqittqecKoii peaKUHeii opraHH3Ma Ha JI106b1e He6naronptt.!ITHhie .nn.11 Hero 
pa3_npa)KHTeJIH (IlerpoB, 1960). 

3KcnepHMeHTaJibHbJe .naHHbie, CBH,neTeJibCTByIOmHe O BbICOKOll Pa.nH0qyBCTBH
TeJibH0CTH UHC, CB0MTC.!I K cne.nyiomeMy: 
• II0Ka3aH0, qro H0HH3HpyiomHe H3JiyqeHH.!I B CaMb!X MaJibIX _no3ax (0,001-0,005 pa.n) 

M0ryT CJIYlKHTb 6e3yCJIOBHb!M pa3,npa)KHTeJieM, crroco6Hb!M Bbl3BaTb y lKHB0THbIX 
peaKUHIO H36eraHH.!I C ,n0CTaTOqff0 TOqttOH JIOKaJIH3~Heii HCTQqHHKa (.ll:apeHCKa.!I 
H _np., 1962; fopH30HTOB H _np., 1966); 

• ycTaH0BJieH0 H3MeHeHHe C00TH0IIIeHH.!I aKTHBH0CTH H MeTa6oJIHqecKHX rrpouecC0B 
B cepOTOHHHeprnqecKoii H Hopa.npeHeprnqecKOll HeiipoMe,nHaTOpHbIX CHCTeMax 
M03ra (lllTeM6epr H .np., 1998); 

• 3aperncrpHp0BaHbl .nerrpeCCH.!I 6H03JieKrpHqeCKHX II0TeHUHaJI0B K0pbl 6oJibIIIHX 
rronyrnapHii, Il0BbIIIIeHHe peaKTHBH0CTH K CBeT0Bb!M pa3.npalKHTeJI.!IM, YCHJieHHe 
KOJie6aHHH 6HOIIOTeHUHaJIOB H .npyrtte H3MeHeHH.!I, CBH,neTeJibCTByIOmHe 0 IT0Bbl
IIIeHHH B036y,nHMOCTH K0pbl npH o6nyqeHHH Kp0JIHK0B B ,no3ax OT 0,05-1,3 pa.n 
(rpHropbeB, 1963) .no 5-25 pa.n (KoponbKOBa, 1959; Court et al 1976); 

• ycTaH0BJieH0 H3MeHeHHe qJyttKUHll 3M0UH0reHHbIX II0,nK0pK0BbIX ueHrp0B - pe3KHe 
c,nBHrH B IT03HTHBHO-MOTHB~HOHHOll CHCTeMe y Kpb!C rrpH o6nyqeHHH B _no3e 
150 pa.n (ApYTJOH.!IH, racnap.!!H, 1974); 

• nonyqeHbl ,naHHble 06 H3MeHeHHH Il0Be,neHH.!I, CBH,neTeJibCTByIOmHe 06 ycHJieHHH 
reHepanH30BaHH0ro B036y)K,neHH.!I H 3aMeTH0M ocna6neHHH T0pM03Hb!X rrpouec
C0B, II0-BH,nHM0MY, B CHJIY ocna6neHH.!1 T0Hyca H CHH)KeHH.!I pa60TOCITOC06HOCTH 
K0pK0Bb!X KJieT0K (B oco6eHHOCTH npH ,nJIHTeJibH0M xp0HHqecK0M o6nyqeHHH) 
(MaJIJOKOBa, 1958; CaMoiinoBa, 1959; JlHBIIIHU H .np., 1973; CH3att,1972 H .np.). 
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PHC. l. IIcrrpe6JJeHHe B0JU,I KpblcaMlf 113 ll0lfJJ0K, ycumoBJJeHHblX BHe 30Hbl o6nyqeHIDI 

(l) If B 30He o6nyqeHIDI OT lfCTO'IHHKa raMMa-lf3JJ}"leHIDI (2) (N = 1670 MKp/ceK). CTpeJJKaMlf 

ll0Ka3aH0 apeMJI BKJJIO'leHIDI H BblKJJIO'leHIDI HCT0'IHlfKa ()];apeHCKaJI H ,lip., 1962). 

B Ka'leC'fBe HJIJIIOCTpfillHII M0JKH0 rrpnBeCTH ,l(aHHble 06 H36era.HHH Kpb!CaMH 

II0HJIKH, pacrroJIOlKeHHOll B 30He .n:eiiC'fBHJI HCT0'lHHKa raMMa-H3JI)"leHHJI (pnc. 1). 

Bll.l(HO, 'ITO C MOMeHTa BKJJIO'leHHJI ·HCTO'lHHKa H Ha rrponrn(eHHH Bcero BpeMeHn 

OIIblTa rrorpe6JieHne Kpb!CaMH B0,l(bl H3 II0HJIKH, Haxo~eiica B 30He .n:eiic-mHJI HCTO'l

HHKa, 0CTaeTC11 3Ha'lHTeJlbHO HHJKe, 'leM H3 II0HJJKH, HaxO,l(JIII(eiica B «6e30IIaCHOID) 30-

He. Cne.zzyer 0TMeTHTb, 'ITO n rrocne BbIKJJIO'leHHJI nCT0'lHHKa coxpaHaeTca n36era.Hne 

KpbICaMH II0HJIKH, rrpelK.l(e HaxO,l(HBmeiica B 30He o6nyqeHH11. JTH ,l(aHHble 6bllll 

II0,l(TBeplK.l(eHbl pe3yJlbTaTaMH, II0JI)"leHHhlMH Ha .n:pyrnx BH,l(ax JKHB0THbIX - Mhlfilax, 

M0pCKHX CBHHKax H o6e3baHe. 

~yroii HJIJIIOCTpfilllleH M0ryT CJIYJKHTh HaIIIH 3KCIIepnMeHTaJibHble ,l(aHHble 0 

,l(HHaMHKe Bbipa6oTKH ycJI0BH0fO peifJJieKCa (YP) aKTHBH0fO H36era.HHJI (YP Al1) y 

KpbIC B rrponecce rrponoHrupoBaHHoro raMMa-o6JI)"leHHJI (Bbipa6oTKa YP Herrocpe.n:cT

BeHHO «rro.n: nyqoM») (IIITeM6epr, 2005) (pnc. 2). 
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PHC. 2. ~aMHKa 'llfCJJa YCJJOBHOpeqmeKTOpHblX peaKIUIH y KpblC npH HenpepbIBHOM 

nponoHrHpoBaHH0M raMMa-o6nyqeHHH. Ilo ocH a6c~cc - 'IHCJJ0 CO'leTaHHtt (apeMa nocne 

06nyqeHID1, MHH). Ilo OCH op,11HHaT - cpe)lHee 'IHCJI0 ycJJOBHOpe<tlJJeKTOpHbIX peaK~H, %. 
CTpeJJK0H noKaJaH0 BpeM11 Ha'!aJJa o6nyqeHIDI. p -,llOCTOBepH0CTb paJJJH'llfH (no cpaBHeHHIO c 

npe,11pa,11Ha~0HHblM ypoBHeM). 

80, 

BH.l(H0, 'ITO rrpaKTH'leCKH cpaay II0CJJe Ha'lana o6nyqeHHJI 'lllCJI0 ycJIOBHopeqi

JieKT0pHblX peaKQHH ,l(0CT0BepH0 pe3K0 CHHJKaeTCl! H ocraeTCll TaKHM ,l(0 K0HQa o6ny

qeHIIll, corrp0B0JK,l(aHCb pe3KIIMII KOJie6aHIIl!MH, 'ITO CBII,!(eTeJibCTByeT 0 BbIC0K0H 

paAII0qyBCTBIITeJibH0CTH BpeMeHHOM CBll3H Ha pa.HHIIX 3Ta1Iax ee o6paaoBaHIIll. 

K C0JKaJJeHIIIO, 3KCrrepIIMeHTaJJbHbIX ,!(aHHbIX 0 HapyrneHHl!X Bb!CIIIeil. HepBHOM 

.n:eHTeJibH0CTII (BH,1]) rrpII xpoHII'leCK0M HJIII rrpII6JIIIlKeHHbIX K xpoHII'leCK0MY 

peJKIIMax o6nyqeHIIll, HaII6onee 3AeKBaTH0 M0,l(eJIIIPYIOm:IIX pa.l(HfillII0HHy!O o6cTaHOB

KY B ycJI0BIIl!X K0CMII'leCKoro II0JieTa, Kpail.He MaJJ0, 'ITO CBH3a.H0 C TeXHII'leCKHMII 

TPYJIH0CTHMII II Bb!C0KOM CT0IIM0CTb!O rrpose.n:eHIIll TaKIIX 3KcrrepHMeHT0B. l1Me10m;He

CH .n:aHHbie CBII.n:eTeJibCTBYIOT o: 

CHIIJKeHIIII CIIJibl II II0,l(BJIJKH0CTII B036y.n:IITeJibHOfO rrponecca, II0BbIIIIeHIIII IIHepT

H0CTII T0pM03H0fO rrponecca, HapyIIIeHIIH .n:IIqiqiepeHQIIpOBO'lHOfO T0pM0JKeHIIH B 

pe3YJibTaTe TpexJieTHero Xp0HII'leCK0ro o6nyqeHHH, 'ITO B QeJI0M xapaKTepH3yeT 

CHIIJKeHIIe qJYHKQIIOHaJJbHOM pa6orocrroco6HOCTH 11.HC ( qipaKQHOHIIpOBaHHOe 

o6nyqeHIIe MbIIIIeil. B Te'leHIIe ro.n:a B cyMMapHOM .n:o3e 150 pa.I(; xpoHII'leCK0e 

o6nyqeHIIe co6aK B cyMMapHoil. .n:03e 374 PaA) (CII3aH, 1972); 

3Ha'lIITeJibH0M 3aMe.n:neHIIII Bbipa60TKII IIHcrpyMeHTaJJbHblX yp II 3arpy.n:HeHIIII 

Bblpa6oTKH ,l(IIqJqJepeHQIIpOBOK rrpII .!l:JIIITeJibH0M ~paKQIIOHIIpOBaHHOM o6nyqeHIIII 

B MaJJblX .n:o3ax (,[{lKanaroHIIll, ,[{JKIIKII.n:3e, 1969: eJKeHe.n:eJibH0e o6nyqeHIIe rraBHa

H0B-faMa.l(pIIJI0B B Te'leHIIe 64 MeCHQeB B cyMMapHOM ,l(03e 1452 PaA), 

I1o.n:o6Hb!e HapyIIIeHIIll Moryr 0Ka3aTbCl! cym;ecrneHHbIMII .!l:JIH pa60TOCIIO

co6HOCTII K0CM0HaBT0B s .!l:JIIITeJibH0M II0JieTe, oco6eHHO rrpII BHeIIITaTHblX CIITYfillIIHX 

(B 'laCTH0CTII, BO BpeMl! IIHTeHCIIBHblX C0JIHe'lHbIX BCIIbIIIIeK). 3TOT qiaKTOp M0JKeT 

0Ka3aTbCl! 0,l(HIIM II3 Kp!ITII'leCKIIX rrpII IIJiaHIIposaHIIII rroneTa K Mapcy. 

l13JIOlKeHHOe M0JKH0 rrp0IIJIJIIOCrpIIpoBaTb TaKJKe .!!:aHHbIMII 0 HapyIIIeHIIHX Qerr

H0ro yp y co6aK, rrony11eHHblMII B pe3yJibTaTe rrpose.n:eHHH yttIIKaJJbH0ro xp0HII'lec

K0fO 3KCIIepIIMeHTa B 1960-e rr. (pIIC. 3). 
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Pnc. 3. ,[IHHaMHKa 1.1e1rnoro YP y co6aK a npo1.1ecce xpoHH'leCKoro raMMa-o6nyqeHHll. 

I - K0HTJ)0JJb; 2 - 0llbIT (CHJaH, 1972). 

YJKe Ha BT0p0M MeCl!Qe rrocne Ha'laJJa o6nyqeHHll 'lHCJI0 ycJIOBHOpeqineKTOpHblX 

peaKQHM y o6nyqaeMblX co6aK .n:oCT0BepHo 0TCTaBaJJ0 OT K0HTP0JibHblX 3Ha'leHHM, 

HeCMorpa Ha He3Ha'lIITeJibHYIO HaK0IIJieHHYIO )(03Y (OKOJIO 8 PaA), H 3T0 0TCTaBaHHe 

C0Xpa.Hl!JI0Cb B Te'leHHe rrepBbIX 6-TH MeCl!QeB 0IIb!Ta. 

O.n:Hoil. II3 HaH6onee cym;ecrneHHblX peaKQHM IJ.HC Ha .!l:JIHTeJibH0e xpoHH'lecKoe 

81 



06nyqem1e B MaJlblX ,!(03ax JIBJIJleTCJI pa3BHTHe acTeHnqecKoro CHH,!(p0Ma, K0Topoe 

M0JKeT npnBeCTH K HapyrneHHJIM pa6oTOcnoco6HOCTH n onepaTopCKOH ,!(eJITeJibH0CTH 

K0CM0HaBT0B. ,[{aHHhie, nonyqeHHbie B pe3yJibTaTe o6cJie,!(OBaHHJI JIHIJ, B TeqeHne ,!(JIH

TeJibH0f0 BpeMeHH npoq>eCCHOHaJlbHO pa60TaBlllllX C HCT0qHHKaMH H0HH3Hpyiornnx 

H3nyqeHnii, cBn,!(eTeJihCTBYJOT o cne,!(yioJIJnx q>yHKIJHOHaJihHhIX HapyrneHHJIX B UHC 

npn pa3BHTHH acTeHnqeCK0fO CHH,!(p0Ma npn o6nyqeHnn B MaJiblX ,!(03ax, He npe

BbIIIlaJOIIJHX 3-5 fop B fO,!( (rJiaJYffOB H ,!Ip., 1971): 
HapyrneHHJI 6oJieBOH n TaKTHJlhHOH qYBCTBHTeJibH0CTn; 

HapyrneHHJI naMJITH (B TeCTe «KpHBaJI 3ayqeHH0CTH» no JlypnJI 3apemcrpnpoBaH0 

2 Tnna HapyrneHnii: 6b1crpoe 3aII0MnHaHne C nocJie,!(YJOIIJHMH BbJIIa,!(eHHJIMH na

MJITH; oqeHb Me,!(JleHH0e 3aII0MHHaHHe C 3a6b1BaHneM 0T,!(eJibHblX CJIOB); 

ocna6neHne q>yHKIJHOHaJibHOll 110,!(BHJKH0CTH 3pnTeJibH0fO n cnyxoB0fO aHaJIH3aTO

p0B nocne Harpy3Kn; 

n0BblllleHHaJI YT0MJIJieM0CTh; 

CHHJKeHne CK0p0CTH n ToqH0CTH pa6oTbI: no MeTo,!(y KOppeKTYPHOH rrpo6bl II0Jiy

qeH0 cHnJKeHne 061,eMa pa60Tbl n yBennqeHne rrpnMepHo B 2 pa3a Konnqecrna 

ornn6oK; 

YBennqeHne qncna ornn6oK npnMepHo B 7 pa:3 npn nonn::iq>q>eKTopHoM ::ineKrpo

q>HJnonornqecKOM o6cne,!(OBaHnn, pe3Koe yBennqeHne n HeCTa6nnhHOCTh JIII 
,!(BnraTeJibHblX 0TBeT0B, T0HnqecKaJI HaIIpJIJKeHH0CTb MblllIIJ B II0K0e, TaxnKap,!(HJI, 

apnTMHJI, II0,!(aBJieHne HJIH ocna6neHne a-pnTMa. 

Ha6mo,!(aJOJIJHeCJI HapyrneHHJI, B03HHKaJOJIJHe B pe3yJihTaTe pa3BHTHJI acTeHnqec

K0ro cnH,!(poMa, CBH,!(eTeJihCTBYJOT o cHnJKeHnlf q>YffKIJHOHaJibHoii aKTHBH0CTH UHC 

KaK pe3yJihTaTe xpoHnqecKoro HCTOJIJeHnJI KOMIIeHcarnpHo-rrpncnoco6nTeJihHhlX peaK-

11nii: n pa3BHTHJI ,!(ncrpoq>nqecKnx rrpo11eccoB, qTo M0JKeT rrpnBecTn K cymecrneHHhIM 

HapyrneHHJIM pa60TOCnoco6HOCTH n orrepaTOpCKOH ,!(eJITeJlbH0CTH K0CM0HaBT0B B 

,!(aJibHHX ,!(JIHTeJibHbIX noJieTaX 

Ilpn JT0M Han6onee BCeCT0p0HHHM n a,!(eKBaTHh!M MeT0,!(0M 0IJeHKH q>yHKIJHO

HaJlbHbIX HapyrneHHH rrpn acTeHnqecKoM CHH,!(p0Me JIBJIJ!eTCJI nOJIHJq>q>eKTOpHOe 

JJieKrpOq>ll3HOJIOrHqecKoe o6cJie,!(OBaHHe C O,!(HOBpeMeHHOll 3aIIHCb!O II0TeHIJHaJI0B 

M03ra, ,!(BHraTeJihHblX peaKIJllll ll ,!lpymx IIOKaJaTeJieii rrpn Bb!II0JIHeHHH 3a,!(aHHH, 

rpe6yiomnx BHHMaHHJI. 

B HaCT0JIJIJee BpeMJI ,!(JIJI II0Jiy<IeHHJI 6onee n0JIHblX n a,!(eKBaTHbIX JKcrre

pnMeHTaJibHblX ,!(aHHblX, Ha 0CH0BaHnH K0T0pbIX M0JKH0 6hIJIO 6hi cy,!(HTb O B03M0JK

H0CTH HapyrneHnii orrepaTOpCK0H ,!(eJITeJibH0CTH K0CM0HaBT0B npn ,!(aJlbHHX ,!(JIHTeJib

HblX II0JieTax, a TaKJKe rrpoBeCTH nx JKcrpan0JIJIIJHIO Ha qenoBeKa n 0IJeHHTb pncK 

JTHX HapyrneHnii B 0TH0llleHHH B03M0JKHbIX c6oeB B BblII0JIHeHnn noneTH0fO 3a,!(aHHJI 

Heo6XO,!(HMO M0,!(ennpoBaHne K0HKpeTHblX BH,!(0B orrepaT0pCKOH ,!(eJITeJihH0CTH n 

H3y<IeHne HepBHbIX n HeiipoxnMnqecKHX MeXaHH3M0B o6HapYJKeHHblX HapyrneHnii. 

,[{JIJI perneHHJI JTOii 3a,!(aqn IJenecoo6paJH0 M0,!(ennpoBaHne B JKcnepnMeHTax Ha 

JKHB0THblX CJie,!(yJOIIJHX JJieMeHT0B onepaTOpCKOH ,!(eJITeJibH0CTH: 

npneM nHq>opMaunn (q>opMnpoBaHne nepIJeIITHBHoro o6pa3a - o6HapyJKeHne, 

0II03HaHHe H pa3JIHqeHne); 

xapaKTepnCTHKH KpaTKOBpeMeHHOH (orrepaTHBHOH) n ,!(OJiroBpeMeHHOH IIaMJITH; 

3a,!(aqn CJie)KeHHJI (KJiacc Herrpepb!BHblX nep11enTHBH0-M0T0pHblX 3a,!(aq orreparnp

CKOH ,!(eJITeJibHOCTH); 

3a,!(aqn BbI6opa (Bbl,!(eJieHne peJieBaHTH0ro CTHMyJia ll3 llIYM0B0f0 IIOTOKa). 
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IlonyqeHHh!e B pe3yJibTaTe TaKHX M0,!(eJibHbIX 0llb!T0B JKCnepnMeHTaJibHhie ,!(aH

Hbie II03B0JIJIT C,!(eJiaTb Bb!B0,!(bl 06 H3MeHeHHH TaKHX IIOKaJaTeJieii: onepaT0pCKOH ,!(eJI

TeJihH0CTH KaK 6hlCTpO,!(eii:cTBHe, Ha,!(eJKH0CTb n T0qH0CTb. 

Cne,!(yeT 110,!(qepKHYTb, qTo HeOOXO,!(HMa HHq>OpMaIJHJI 0 MexaHH3Max, JieJKamnx 

B ocHoBe q>YHKIJHOHaJihHhIX HapyrneHnii B UHC Ha acex ypoBHJIX ee opraHnJaunn. 

IloJTOMY M0JKH0 Bbl,!(eJIHTb CJie,!(YJOJIJHe MapKepbl TaKHX HapyrneHnii: B JKCnepnMeHTe 

Ha JKHB0THblX: 

Ha HeiipoxnMnqecKOM yp0BHe - 0IJeHKa C00TH0llleHHJI aKTHBH0CTH cep0T0HHHep

mqecKOH n KaTexonaMnHeprnqecKoii HeiipoMe,!(naTopHbIX cncTeM M03ra (rrapan

nenhH0e JKCIIepnMeHTaJlbH0e H3y<IeHne H aHaJIH3 HeiipoxnMnqecKHX MeXaHH3M0B, 

Jie)KaJIJHX B 0CH0Be 3aperncrpnp0BaHHbIX HapyrneHnii, C0II0CTaBJieHne nx C noBe

,!(eHqeCKHMH H3MeHeHHJIMH H II0HCK KOppeJIJIIJHH: HCCJie,!(0BaHne C0,!(eplKaHHJI 

0CH0BHblX npe,!(CTaBHTeJieii: M0H0aMHH0B n nx MeTa60JIHTOB B pa3JIHqHb!X CTPYK

Typax M03ra n rrepnq>epnqecKoii KpoBn), a TaKJKe nccne,!(oBaHne ypoBHJI n aKTHB

H0CTH HeiiponenTH,!(oB; 

Ha q>YHKIIHOHaJibHOM ypoBHe - ,!(aHHble 06 JJieKrp0q>H3HOJIOrnqecKHX H3MeHeHHJIX 

B pa3nnqHbIX crpyKrypax M03ra Ha 0CH0Be K0JinqecrneHH0ro cneKrpaJibH0ro 

aHaJIH3a 33r no <l>ypbe; 

na HHTerpaTHBH0M yp0BHe (noBe,!(eHne) - H3y<IeHne 11eHrpaJibHb!X HepBHblX npo-

11eccoB, neJKaJIJHX B 0CH0Be JJieMeHT0B II0Be,!(eHHJI, M0,!(ennpyiomnx C00TBeTCTBYJO

JIJHe JJieMeHTbl orrepaT0pCK0ii: ,!(eJITeJibH0CTH. 

C Harneii: ToqKn 3peHIIJI, M0JKeT 6bITh rrpe,!(JI0JKeH cne,!(yioJIJHii: anropnTM 

II0Jiy<IeHHJI JKcnepnMeHTaJibHblX ,!(aHHbIX, Heo6xo,!(HMbIX ,!(JIJI 0IJeHKH pa,!1na11noHHblX 

HapyrneHnii orrepaTopCKOH ,!(eJITeJibH0CTH B YCJI0BHJIX K0CMnqecKoro II0JieTa. 

1. O11eHKa BepoJITH0CTH n xapaKTepa pa,!1na11noHHhIX HapyrneHnii: BR,[{, pe

mcrpnpyeMblX B JKCnepnMeHTe no MeT0,!(HKaM, M0,!(ennpyJOIIJHM PaJJIHqHhie Bll,!(bl 

onepaTOpCKOH ,!(eJITeJihH0CTH. 

KpnTepHJIMH ,!(aHHblX HapyrneHHH M0fYT 6hITb: qucno npaBHJibHbIX peaKIJHii, 

qncno ornn6oK, qncno 0TKaJ0B OT Bb!II0JIHeHHJI 3a,!(aqn, H3MeHeHHJI JiaTeHTHbIX 

rrepn0,!(0B peaKIJHH, qncno MelKCHfHaJibHblX peaKIJnii, HeBp0TnqecKHX peaKIJHH n ,!Ip., a 

TaKJKe aepoJITH0CTb rrp0JIBJieHHJI ,!(aHHbIX HapyrneHnii B 3aBHCHM0CTH OT ,!(03bl H 

peJKnMa o6nyqeHHJI. 

2. O11eHKa rpaHnqHbJX 3HaqeHnii: yp0BHJI CJI0JKH0CTH rrpe,!(1,JIBJIJieMhlX 3a,!(aq, npn 

K0T0p0M B03HHKaJOT CYIIJeCTBeHHhle HapyrneHHJI nx Bb!II0JIHeHHJI, 3aBHCHM0CTH 

xapaKTepa HapyrneHnii OT ypoBHJI cnoJKH0CTH n rpa,!laIJHJI B03pacraHnJI pncKa Hapyrne

Hnii rrpn n0BblllleHHH CJI0JKH0CTH 3a,!(aq. 

3. 3aBHCHMOCTb xapaKTepa n Bep0JITH0CTH HapyrneHHH OT xapaKTepa YCJI0JKHe

HHJI npe,!(1,JIBJIJ!eMhIX 3a,!(aq. 

KpnTepHJIMH ,!(aHHbIX KJiaccoB HapyrneHnii M0ryT JIBJIJITbCJI: n0JIBJieHne TeX HJIH 

HHb!X HapyrneHnii: BbllI0JIHeHHJI ,!(aHH0f0 KJiacca 3a,!(aq npn n0BblllleHHH nx CJI0JKH0CTH 

B 3aBHCHM0CTH OT ,!(030Bb!X Harpy30K H peJKHMa o6nyqeHHJI, xapaKTep JTHX Hapy

rneHnii, pHCK B03HHKH0BeHHJI ,!(aHHblX HapyrneHHH. 

4. AHaJIH3 xapaKTepa H3MeHeHHJI 11eHrpaJihHhlX HepBHhIX npoIJeccoB, neJKamnx B 

0CH0Be Ha6J110,!(aJOJIJHXCJI: HapyrneHnii:, n con0CTaBJieHne nx C ,!(aHHblMH 0 Heiipo

XHMnqecKHX H HeiipOq>H3HOJIOrHqecKHx H3MeHeHHJIX. 

,[{JIJ1 JKcrrepnMeHTaJihHOii 011eHKH nHTerpaTnBHblX q>YHKIJnii UHC npn pa,!lna

IJH0HH0M B03,!(eHCTBHH B onhrrax Ha JKHB0THbIX M0fYT 6h!Tb npnMeHHMbJ, CJie,!(YJOJIJHe 
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MeTOAHKH: 

MeTOAHKH, HarrpaimeHHhie Ha oueHKY rraMa-rn: YPIIH, YP AH (paHHHe cT~H 

Bbipa60TKH H 3aKperrneHm1), rrpo6bI Ha yrameHHe YP; 

MeTOAHKH AH<p<pepeHUHPOBO'lHbIX YP co crreuml.JibHbIMH <pYHKUHOHaJibHbIMH rrpo-

6aMH (c6JIHiKeHHe ycJIOBHoro tt AH<p<pepeHUHpOBO'IHOro pa3~aiKHTeJieii, rrepeAeJI

Ka CHIBaJibHOro 3Ha'lemrn Pa3APaiKHTeJieii H ):Ip.); 

MeTOAHKH, HarrpaBJieHHbie Ha oueHKY KOIBHTHBHbIX <pYHKUHii M03ra - oueHKa :me

MeHTOB paccyAO'IHOii ;:\e.HTeJibHOCTH (3KCTPaIIOJUIUHOHHbie pe<pJieKCbI no 

KpyIIIHHCKOMY H Ap. ); 

KOMIIbIOTepH3Hp0BaHHbie MeTOAHKH, HerrocpeACTBeHHO MO):\eJIHPYIOIUHe 3JieMeHTbI 

orrepaTopCKOii Ae.HTeJibHOCTH: HHCTPYMeHTaJibHbie YP pa3JIH'IHOii CJIOiKHOCTH. 

Heo6xoAHMbIM 3JieMeHTOM oueHKH <pYHKUHOHaJibHbIX H3MeHeHHii B UHC B ycno

BHJl:X KOCMH'leCKOfO IIOJieTa llBJUleTCll BCeCTOpOHHHH yqer <paKTopoB H ycJIOBHH, MOAH

<pHUHPYJOIIIHX PMllaIIHOHHblll 3<p<peKT. Hx MOiKHO pa3AeJIHTb Ha CJieAyIDIIIHe ;:\Be 

fiOJibIIIHe rpyIIIIbI. 

1. <l>aKTopbI, <popMHPYJOIIIHe <pYHKUHOHaJibHOe cocTOl!HHe UHC B rrepnoA 

PMHaIIHOHHOro B03AeHCTBHll: 

THIIOJIOrH'leCKHe n HHAHBHAYaJibHbie oco6eHHOCTH BH,U; 

ypoBeHb B036YiKAeHHll UHC; 

CTPecc-<paKTopbI, 3MOUHOHaJibHOe cocTOllHHe, HCTOIIIeHHe UHC; 

ypoBeHb MOTHBaIIHH AaHHoii <popMbI rroBeAeHnll; 

cTerreHb 3aKperrneHHll HaBbIKa (YP); 

xpoH06HOJIOrH'leCKHe <paKTOpbI. 

2. MoAH<pllUHPyIDIIIee B03AeiicTBHe BHeIIIHHX <pll3H'leCKHX <paKTopoB: 

<paKTOpbl, CBll3aHHbie C KOJIH'leCTBeHHbIM ll BpeMeHHbIM pacrrpeAeJieHHeM rrorno

meHHOii A03bl (Ka'!eCTBO H3JiyqeHHll, rrpOCTPaHCTBeHHal! H BpeMeHHal! HepaaHoMep

HOCTb o6nyqeHHll ll Ap.); 

HepaAHaIIHOHHbie <paKTOpbI KOCMH'leCKOro IIOJieTa (rreperpY3KH, BH6parrllll, HeBec9-

MOCTb, ll3MeHeHHal! fa30Bal! cpeAa, JIOKOMOTOpHal! AeIIpHBaIIHll ll ):lp.). 

IlpaKTH'leCKH Bee HCCJie;:\OBaTeJIH, 3aHHMaBIIIHeCl! BOIIpOCaMH oueHKH <pyHKUHO

HaJibHbIX HapyIIIeHHii B UHC rrpH Aeiicrnnn HOHH3HPYJOIIIHX H3JiyqeHHii, IIOA'!ep

KHBaJIH orpOMHYJO pOJib HHAHBHAYaJibHbIX n THIIOJIOfH'leCKHX oco6eHHOCTeii BH,u. 

Ilo3TOMY B Ka'leCTBe Hatt6onee llpKOH HJIJIIOCTPaIIHH 3Ha'leHHll <paKTOpOB rrepBOH 

rpyrrrrhl MOiKHO rrpHBeCTH HfilllH AaHHbie O AHHaMHKe HapyIIIeHHH yp AM y KpbIC 

rrpoTHBOIIOJIOiKHbIX THIIOJIOrH'leCKHX rpyrrrr IIOCJie raMMa-o6nyqeHHll B A03e 100 fp 

(llheM6epr, 1987) (pttc. 4). BHAHO, 'ITO, AaiKe rrpH o6nyqeHHH B CBepXJieTaJibHOii A03e, 

KOrAa, KaK IIpaBHJIO, HHAHBHAYaJibHbie pa3JIH'lllll B 3Ha'IHTeJibHOii crerreHH HHBeJIH

PYJOTCll, Mbl Ha6JIIO):laeM HHBepCHBHYJO KapTHHY AHHaMHKH HapyIIIeHHH IIOBe;:\eHHll y 

KphlC C rrpeHMymecrneHHO TOpM03HbIM ll rrpeHMYIIIeCTBeHHO B036YAHMbIM THIIaMH 

BH,u: nyqIIIee coxpaHeHHe YP y KpbIC TOpM03HOro THIIa B rrepBOii <pa3e Heiipo

p~arrHOHHOfO CHHAPOMa, KOfAa rrpeBaJIHpyeT PMHaIIHOHHO-HHAYIIHPOBaHHOe B03-

6YiKAeHHe H, Hao6opoT, 6onee 3<p<peKTHBHOe BOCIIpOH3Be;:\eHHe yp y KpbIC B036y

AHMOro THIIa B <pa3e yrHeTeHlll!. Pa3YMeeTCll, rrpn o6nyqeHHH B MaJibIX A03ax 3TOT 

<paKTop, a TaKiKe Apyrne <paKTOpbl rrepBOii rpyIIIIbl BbICryIIaIOT Ha rrepBbIH IIJiaH; K 

COiKaJieHHIO, TaKHX 3KCIIepHMeHTaJibHbIX AaHHbIX TaKiKe KpaiiHe MaJIO. 
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BpeMJI nocne o6JJyqemrn, qac 
Pttc. 4. ,D;ttHaMttKa YPAJ-I y KpbIC pa3HblX THIIOJIOrH'leCKHX rpynn IIOCJie 06JIY1IeHHJI B A03e 
100 f'p. 

3Ha'!eHHe <paKTOpOB BTOpoii rpymibl MOiKHO rrpOHJIJIIOCTPHPOBaTb AaHHblMH 0 

KOMfoIHHpOBaHHOM AeHCTBllll 06ny1IeHllll B ,'.103e 50 PM 11 0,'.IHOro H3 <paKTOpOB 

KOCMH"'leCKOro IIOJieTa - BH6parr1111 - Ha ycJIOBHOpe<pJieKTOPHYJO ).lel!TeJibHOCTb Kpb!C 

(flllBIIIllU 11 Lip., 1973) (p11c. 5). 
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Pttc. 5. BJJttJIHHe o6Jiy'leHHJI B A03e 50 paA (1), Btt6pauww (2) J1 KOM6mmpoaaHHOro AeHCTBHJI 

3THX q>aKTO])OB (3) Ha cpe;:\HIOIO ,!l,rlHTeJibHOCTb JiaTeHTHOro nepttO):\a AHq>q>epeHUHpOBO'IHOro 
yp Ha TOH+. 4- KOHT]JOJib (JlttBlllHU J1 Ap., 1973). 

Ilpe).ICTaBJieHHbie Ha p11c. 5 ,'.lal!Hbie ,'.leMOHCTPllPYJOT CJIO)KHOCTb KOM611Hll

poBaHHbIX 3<p<peKTOB PMllaUllOHHOro 11 HepaAnau110HHbIX <paKTopOB IIOJieTa. B11,'.IHO, 

'ITO KOM611HllpOBaHHOe RX ,'.leHCTBHe ,'.laJieKo He BCer,'.la IIpllBO,'.lllT K a;:\AHTHBHOMY llJill 

CllHeprn'leCKOMY 3<p<peKry: B ,'.laHHOM cJiyqae H30JI11pOBaHHOe ,'.leHCTBHe B116parrnn 

rrpnBeno K 6onee BblpaiKeHHOMY H3MeHeHllIO JiaTeHTHOro rrepllOAa YP, '!eM B 

CO'!eTaHHll C 06Jiy1IeH11eM. 3To ,'.IHKryeT Heo6XO,'.IHMOCTb rny6oKoro II3Y'leHirn 11 yqern 

Bcex rrepe'IHCJieHHbIX BbIIIIe <paKTOpOB rrpn 3KCIIep11MeHTaJlbHOH oueHKe <pyHKUHO

HaJibHbIX H3MeHeHnii B UHC rrpnMeHnTeJihHO K ycn0B11l!M KOCMH'lecKoro rronera. 
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B 3aI<JIIO'JeH11e M0)KeT 6bITb rrpe,!IJI0)KeHa CJie,!lyIOIIIM CHCTeMa KJIIO'leBbIX 
TPe60BaHHH K 3cp<peKTHBHOH CHCTeMe oueHKH cpyHKUHOHaJibHbIX H3MeHeHHH B IJ;HC B 

ycJI0BHHX K0CMH"leCK0ro II0JieTa: 
• yqeT HH,!IHBH.!IYaJibHbIX <pyttKUHOHaJibHbIX oco6eHHOCTeii H cpyHKUHOHaJibHOro co

CT0l!HHll U:HC; 
• yqeT BJIHl!HHll MO,!IH!pHUHPYIOIIIHX !paKTOpOB (B T. 'I. HepMHmH0HHbie !paKTOpbl 

rronern); 
• C0'leTaHHe 3KCIIepHMeHTaJibHbIX (Ha )KHBOTHbIX) H KJIHHHKO-<pH3HOJIOrH'leCKHX 

MeT0,!I0B; 
rro.116op 3,!leKBaTH0ro K0MIIJieKca MeT0,!IHK, BKJIIO'laIOIIIHX oueHKY H3MeHeimii Ha 

Bcex ypoBHllX opraHH3mHH IJ;HC; 
• yqeT xapaKTepHCTHK K0CMH'leCKHX H3JiyqeHHii; 
• B0IIp0Cbl 3KCTPaII0Jil!UHH 3KCrrepHMeHTaJibHbIX ,!laHHbIX Ha qeJI0BeKa. 
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More and more data appear on the brain immune system availability, which is 
common with "peripheral" immune system. Cytokines, chemokines and other known 
factors of intercellu-lar communication are generated not only in blood cells 
(lymphocytes, macrophages, neutron-philes, monocytes) but also in neurons and brain 
glia along with classical neurotransmitters synthesis. Some of them are expressed in 
neurons in lesions or in special functional state of neurons. For example, "brain-born" 
cytokines [1] are expressed in hippocampus during Long Term Potentiation. Electrically 
active neurons actively suppress MHC inducibility of surround-ding glia cells and 
neurons. After incubation of the neurons, by tetrodoxin MHC inducibility is restored [2-
4]. Thus, electrically active neurons modulate immune reactivity of CNS by down
regulating MHC expression. "The functional significance of the MHC expression was 
still subject to debate. The conventional wisdom that immune recognition molecules are 
not present in the CNS has now been challenged by the study of Shatz and colleagues 
[5] whose data suggest the widespread use of a network of MHC I receptor-ligand 
systems in electrically active neurons at time when they are undergoing remodeling and 
synaptic plasticity ... The study of MHC I expression in neurons has been planned by 
large numbers of conflicting reports. Although more sensitive studies using PCR based 
analysis of gene expression have recently demonstrated MHC I expression in cultured 
neurons in vitro allows consideration of new and unexpected conclusions regarding the 
relationship between MHC I expression and neuronal activity. Moreover, the study 
provides new direction to the search for molecular mechanisms underlying complexity 
in the brain, by suggesting the need to reevaluate whether the mechanisms by which T 
cell clones generate diversity are also utilized by individual neurons" [6]. Taking into 
account a large experimental materials, concerning mainly the chemistry and biology of 
the newly discovered cytokines and other signal molecules of immune system 
(immunophilin etc.) that are produced by neurosecretory magnocellular nuclei of hypo
thalamus and very sensitive of NSO and NPV neurosecretory cells to the different 
neurotransmitters and other chemicals, I wrote: " It becomes evident that in addition to 
the known intimate structural neurohumoral interaction between the nervous and 
immune systems some neuronal cells of the brain seem to fulfill the T- and B
lymphocyte functions" (7 p.169). Study of molecular genetic mechanisms of immune 
response by neuronal cells, elucidation of all components of the brain immune system 
and mechanisms of their participation in immune response are the main goal of 
molecular neuroimmunology. It is necessary to gain more information about 
immunocompetent neural cells as well as about immune molecules in brain neurons. 

System of neurosecretory hypothalamus-endocrine heart 
It was show the neurosecretion of organotropic ( cardioactive) neurohormones and 

their protein carriers by NSO and NPV. Isolation of cardioactive (coronary-dilatory) 
peptide neuro-hormones from hypothalamus, their specific carriers and precursors can 
be considered as an important event in this field Coronary dilatory activities of 
mammalian hypothalamic extracts were first reported in 1962 [8], and conditionally 
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named as neurohormones "C" and "K". In 1964 was discovered the first specific 
proteins of bovine hypothalamus possessing by coronary-dolatory properties. They are 
the precursors and carriers of substances NC and NK [9-10]. The coronary dilatory 
activity is involved in lymph flow regulation [11 ]. Later they were isolated NC and NK 
from the neurosecretory granules of hypothalamus neurohypophysial system, produced 
by N. Paraventricularis and N. Supraopticus [12]. The studies of several physical, 
chemical and biochemical properties let us to characterize the multiple forms of NC 
[13]. The cardioactive protein-hormonal complexes are the neurochemical systems of 
heart coronary circulation [14] as well as blood clotting mechanisms regulation [15]. 
Neurosecretory peptides of hypothalamus possesses both cardiotrop and immunotrop 
activities. It was shown that cardioactive neuro-hormones and protein hormonal 
complexes are produced also by the neurosecretory cells of hypothalamus. They 
localized mainly in synaptosomes of hypothalamus as well as in neuro-secretory 
granules of hypothalamus - neurohypophysial system. In 1967 we demonstraited the 
phenomenon of neuropeptide neurosecretion by atrial ganglionary cells [16]. As 
indicated "These observations were made prior to the reports of Dr. De Bold and 
associates regarding the synthesis and storage of atrial natriuretic peptides within the 
atrium" [17-18]. Later on we isolated from the bovine atrial coronary active peptides as 
well as novel cardioactive protein hormonal complexes. It was discovered that atrial 
ganglyonice cells and incretory cells of pancreas produces hormones (non insulin, 
glucagen etc.) which are stimulators (liberins) of hypothalamus coronary dilatory 
hormones release into general circulation [10, 12]. It is time to consider the neuro
endocrine heart and neurosecretory hypothalamus as the functional system playing an 
exclusively important role in the adaptation of the organism in general [12, 13, 19]. 
Organotropic (cardioactive), atrial peptides and signal molecules of brain neuro
endocrine immune system are a coupled system. They are releasing factors for NC and 
NK as well as signal molecules of neuroendocrine immune system produced by N. 
Paraventricularis and N. Supraopticus ofhypotha-lamus (see later). 

New neurosecretory cytokines produced by hypothalamus neuroendocrine cells 
Discovery of cytokines secretion by hypothalamus magnocellular nuclei (N. 

Paraventricularis and N. Supraopticus) as well as biosynthesis a new class cytokines 
(proline-rich peptides) (PRPs) illustrates the presence of cytokine genesis neuronal 
mechanisms in brain neuroendocrine cells along with vasopressin, oxytocin and 
cardioactive neurohormones. Discovery of strong antibacterial (in vivo) and antiviral (in 
vitro) properties of hypothalamic proline rich peptides and immunotropic properties of 
PRP family cytokines shows the presence of brain protective mechanisms against 
infection [20] which is an attribute of immune system. In other words, brain immune 
system specificity consists in the protective neuropeptides production in neurosecretory 
cells, and these peptides oppose to different infections in vivo. 

Discovery of the brain new neurosecretory cytokines 
· More then 50 years has passed after discovery of a primary chemical structure of 

vaso-pressin and oxytocin (produced by neurosecretory cells of hypothalamus) and their 
synthesis by Nobel Prize winner Vincent Du Vigneaud [22]. However, except for 
vasopressin and oxytocin, which are synthesized in neurosecretory cells of NSO and 
NPV of hypothalamus and were isolated from the neurosecretory granules of 
neurohypophisis it was not known anything more before our investigations. 
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We have succeeded in the discovery, isolation from neurosecretory granules of 
bovine hypothalamus and neurohypophysis family of organotropic (cardioactive) 
neurohormones and their protein carriers [7, IO] as well as a series of novel cytokines, 
and determination of their primary structure: 

PEAK PEPTIDES 

L Ala-Pro-Glu-Pro-Ala-Glu-Pro-Ala-Gln-Pro (27-36) PRP-4 
II. Ala-Gly-Ala-Pro-Glu-Pro-Ala-Glu-Pro-Ala-Gln-Pro-Gly (25-37) PRP-3 
Ill Ala-Gly-Ala-Pro-Glu-Pro-Ala-Glu-Pro-Ala-Gln-Pro-Gly-Val (25-38) PRP-2 
IV. Ala-Gly-Ala-Pro-Glu-Pro-Ala-Glu-Pro-Ala-Gln-Pro-Gly-Val-Tyr (25-39) PRP-1 
V. -H-Cys-T}'"•Phc-Gln-Asn-Cys-Pro-Lys-Oly-NH:, (Vasoprcssin) 

VI. H-Cys-Tyr-Ilc-Gln-Asn-Cys-Pro-Lcu-Gly-NH:, (Oxytocin) 

Using the RP300 Cl8 column we separated six major peptides. 
Neurosecretory granules were isolated from bovine neurohypophysis by a 

modified method described elsewhere [12, 21, 23]. 
The first time we showed the neurosecretion of interleukins as well as new 

immuno-modulators from the neurosecretory granules of hypothalamus. 

Antibacterial activity of PRP-1 
In our recent publications immunological methods of investigations of 

antibacterial properties of PRPs were described [24-27] as well as some fundamental 
biochemical mechanisms of their antibacterial action [28]. Data obtained indicate that 
PRP-1 is a strong atibacterial. Antibacterial properties of PRP-1 were tested on the 
following species of bacteria: Salmonella typhimurium, Salmonella cholerae suis, 
Salmonella typhi, Escherichia coli, Pseudomonas aeruginosa, Shigella Flexneri, 
Shigella Sonnei, Staphylococcus aureus, Streptococcus pneumoniae. 

All these highly virulent strains of bacteria were received from I. Metchnikoff 
Vaccines and Sera Institute (Moscow, Russia) and displayed typical cultural, bio
chemical, and morphological properties. Before use, microorganisms were cultured in 
100 ml of 2.5% Nutrient Broth (Difeo Lab., Detroit, MI) for about 18 h at 3 7 °C. Then 
the bacteria were collected by centrifu-gation for 10 min at 1,500 g, washed twice with 
PBS, and resuspended in gelatin-Hanks-balan-ced salt solution (HBSS) at a concen
tration of 1-2 x 108 bacteria/ml. 500 µl of each sample dilu-tion was injected i/p into 
mice. Portions ofsuitable dilutions were also inoculated onto agar plates for precise 
enumeration of bacterial cells (colony-forming unit, CFU). Identification of CFU of 
microorganisms was observed with different type-specific agglutination standard sera. 
Female pathogen-free BALB/c, C57BL/6J, C3H/HeJ, (CBAxC57BL/6J) F1 strains of 
mice at the age of 6-8 weeks (Laboratory of Animals "Stolbowaya" of the RAMS, 
Moscow) were used in the experiments. 

Determination of lethal doses (LD) of bacteria in mice. Bacteria of each strain 
were injected i.p into 10 mice in doses ranging widely in CFU. The surviving mice were 
counted daily for 21 days, and the 50% and 100% LDs (LDso and LD100) were 
calculated counting 21-day survivors using Probit analysis. 

Growth of bacteria in the internal organs of infected mice. At different time 
points after bacterial challenge mice were killed by cervical dislocation, and their 
peripheral blood, liver, spleen, intestinum duodenum, mesenterial lymphatic nodes, 
intestinum jejunum, and intestinum crassum were obtained aseptically. 100 µl of each 
tissue homogenate dilution was spread over nutrient agar broth. Colonies of bacteria 
were counted after 18 h of incubation at 37 °C. 
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Determination of antibacterial antibody formation in blood of infected mice. In 
blood sera of mice infected with S. typhimurium and S. cholerae suis the titers of anti
O-antibodies to Salmonella O-antigens were estimated by passive hemagglutination test 
with erythrocyte ultrasound-O-diagnostic system. 

Determination of bactericidal activity of macrophages (MF). The method of 
direct measurement of the bactericidal activity of peritoneal macrophages (PMF) was 
used with minor modifications. 

Briefly, 1.0 ml ofa suspension of viable S. typhimurium in sublethal dose in 0.1% 
gelatin-Hanks solution with 10% newborn calf serum was injected i/p into mice. After 
3 min the mice were killed, and peritoneal cells were collected. To remove the extra-cel
lular bacteria, the cell suspension was washed three times with ice-cold gelatin-Hanks 
solution and centrifuged for 4 min at 110 g; the MF concentration was then adjusted to 
6 x 106 cells/ml. MF containing bacteria were reincubated at 37 °C, and at various time 
points the number of viable intracellular bacteria was determined by a microbiological 
assay. PRP-1 was administered 1 h before the challenge of mice with bacteria. 

The direct action of PRP-1 on the growth of bacteria in in vitro cultures was 
estimated microbiologically. It was established that PRP-1 did not possess an etiotropic 
effect. PRP-1 did not change quantitative and qualitative parameters of bacterial growth. 

Effects of PRP-1 on the survival of mice infected with different strains of gram
negative and gram-positive bacteria at lethal doses 

It was found that PRP-1 administered into mice as a single bolus dose 
(10"8 g/mouse), 24 h before their challenge, enhanced survival of mice infected with 
lethal doses of bacteria 1.64 - 3.8 times (p < 0.001) and had a pronounced protective 
effect during the period of infection development (Table 1). 

Table I. Effect of PRP-1 on the change in survival rate of (CBAxC57BL/6J)F1 mice infected 
with different bacteria at lethal doses 

Survival rate (% of infected mice 
Bacteria Treated with PRP Control (without PRP) 

Salmonella typhimurium 78.6 ± 1.8 32.2 ±2.2 
Salmonella cholerae suis 70.0 ± 1.8 34.6 ± 1.8 
Salmonella typhi 58.2 ± 1.3 26.3 ± 1.3 
Escherichia coli 62.4 ± 2.1 28.6± 1.4 

Pseudomonas aeruginosa 88.2 ± 1.9 23.2 ± 1.2 
Shigella Flexneri 44.4 ± 1.4 25.6± 1.4 
Shigella Sonnei 36.4 ± 1.5 22.2 ± 1.2 

Staphylococcus aureus 43.5 ± 1.5 21.5 ± 0.5 

Streptococcus pneumoniae 20.0 ±2.0 9.2±0.6 

It was of interest that if mice were treated with PRP-1 14 days before S. typhi
murium infection at LD100, their survival was 25% in the absence of survivors in 
controls. More detailed investigation showed that the most effective doses of PRP-1 
were in the range of 10·7 -10·9 g/mouse. The most effective time for PRP-1 administra
tion was within the range 24 - 1 h before infection. It was of interest that protective 
effect of PRP-1 did not depend on the volume of its injection or on the way of its 
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injection (i/p or i/v). When carrageenan for blockage of MF was injected into mice, no 
survivors were observed among either control or PRP-1-treated mice. 

Effects of PRP-1 on the growth of bacteria in the internal organs of mice infected 
with S. typhimurium 

It was established that after PRP-1 administration the duration of the persistence 
of the microorganisms in the body was reduced and the elimination of bacteria from the 
body was enhanced. Thus, the number of viable bacteria in internal organs of PRP-1-
treated mice was decreased as follows: in blood by a factor of 4.02, in liver by a factor 
of 1.97-2.34, in spleen the decrease coefficient was 4.04-2.02, in intestinum duode-num 
it was 2.05-1.57, in mesenterial lymphatic nodes, 2.32-2.74, in intestinumjejunum, 3.4 
- 2.16, in intestinum crassum, 1.41-1.8 (p < 0.001; the data correspond to day 5 and day 
10 of observation, Table 2). No viable bacteria were observed on day 10 in blood and 
on day 21 in other organs of PRP-1-treated mice, unlike controls. 

Table 2. Effect of PRP-1 on the number of viable bacteria in the internal organs of 

' ---- . -- ,,- . ---- ---- -- h 
Number of viable bacteria per organ (M ± m, lg10 x 4) 

Organs 
Days after infection 

5 10 21 
Control PRP-treated Control PRP-treated Control PRP-treated 

Blood 2.25 ±0.04 0.56± 0.08 0.53 ± 0.01 0 0 0 
Liver 2.58 + 0.05 1.32 + 0.03 2.27 ± 0.04 0.9 +0.0 0.69 ±0.01 0 
Spleen 2.18 ± 0.03 0.54 ± 0.01 1.03 ±0.02 0.51 ± 0.01 0 0 
lntestinum duodenum 2.26± 0.04 I.I ±0.02 0.96 ± 0.01 0.61 ±0.01 0.67 ±0.01 0 
Mesenterial lvmo. node 2.27 +0.04 0.99+ 0.01 2.58 +0.05 0.94 + 0.01 1.29 + 0.02 0 
Intestinum ieiunum 2.28 ± 0.04 0.67±0.01 1.34 ± 0.02 0.62±0.01 0.64 ± 0.01 0 
lntestinum crassum 2.29 + 0.05 1.62 + 0.03 1.66 ± 0.02 0.9 2 + 0.01 0.98 ± 0.02 0 

Effects of PRP-1 on anti-microbial antibody production in mice infected with s. 
typhimu-rium and s. cholerae suis in lethal doses 

The results of our experiments showed that the injection of PRP-1 enhanced the 
production of specific antibacterial antibodies (Ab) in infected mice 1 .48 - 2.2 times (p 
< 0.001 ). Thus, the titers of anti-O Ab on 5th, 10th, and 21th days of observation were 
higher in PRP-1-treated mice infected with S. typhimurium or S. cholerae suis 2.17 and 
2.19, 1.48 and 1.42, 1.84 and 1.66 times, respectively (p < 0.001). The highest level of 
Ab production was observed on day 5. It was of interest that even on day 21 the levels 
of Ab in PRP-1-treated mice remained 1.84 and 1.66 times higher than those in controls, 
showing the pronounced immunostimulatory effect of PRP-1 (Table 3). 

Table 3. Effect of PRP-1 on the anti-Salmonella antibody production in (CBAxC57BL/6J)F1 

mice 

Treatment Days after treatment 
Titer of anti-O antibodies (log2) Stimulation 

Control With PRP coefficient 
5 1.82 ± 0.2 3.95 ± 063 2.17 

S.typhimurium 10 1.65 + 0.1 2.44 ± 0.16 1.48 
21 1.16 ± 0.1 2.14 + 0.13 1.84 
5 1.64 ± 0.18 3.6 ±0.3 2.19 

S.cholerae suis JO 1.46 ±0.12 2.08 ±0.13 1.42 
21 1.18±0.J 1.96 ± 0.1 1.66 
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Effect of PRP-1 on bactericidal activity of macrophages 
It was shown that PRP-1 enhanced the bactericidal activity of peritoneal MF by 

means of increasing the intracellular killing of bacteria in vitro 1.45 - 2.5 times after 
phagocytosis in vivo (p < 0.001) and their clearance from the circulation. PRP-1-caused 
an increase in bactericidal activity of MF at 30, 60, 90, 120, and 180 min of observation 
which corresponded to factors of2.5, 1.8, 1.51, 1.49, and 1.45, respectively (p < 0.001) 
(Table 4). 

Table 4. Effect of PRP-1 on the rate of intracellular killing of S. typhimurium by peritoneal 
h 

Stimulants Intracellular killing of bacteria(%) at various time points (M±m) (min) 
30 60 90 120 180 

Control 24.6 + 3.1 51.3+4.6 62.2 + 5.2 66.1 +5.4 68.2 + 5.6 
PRP-treated 61.3 + 4.6 92.3 + 8.2 94.2 + 8.4 98.4 + 8.6 98.8 + 8.4 

Effect of PRP-1 on the secretion of interleukin-I by peritoneal macrophages of 
mice infected withs. typhimurium in sublethal doses 

Our studies revealed the block of IL- I secretion by MF and the ability of PRP-1 to 
abolish this bacteria-induced dysfunction. PRP-1 increased IL- I synthesis by peritoneal 
macrophages (PMF) in mice infected with S. typhimurium 3.6 times (p < 0.001). 
Bacteria injected into mice in sublethal doses caused 2.64-fold reduction in macrophage 
IL-I (p < 0.001). PRP-1 injection stimulated IL-1 synthesis 3.6 times (p < 0.001); IL-I 
level was 1.36 times higher then its initial level (p < 0.001). This observation indicates 
the immunomodulatory effect of PRP-1. 
Observed IL-I activity was the sum ofIL-la activity (77.3 - 79.6%) and IL-IP activity 
(20.4-22.7%). The specificity of the obtained results was confirmed in the presence of 
anti-IL-la and anti-IL-IP antisera, which completely abolished IL-I activity in this test
system (Table 5). 

hie 5. Effect of -- -. -- ...., - ---- -
Stimulants 

IL-1 synthesis (U) 

Without antisera +anti-IL-la + anti-IL-la and anti-IL-1[3 
Control (inactive bact.) 40.1 ± 3.6 40.l ± 3.6 40.1 ± 3.6 
Control (viable bact.) 15.2 ± 1.2 3.4 ± 0.3 0.4 ± 0.05 

PRP-treated 54.7 ± 6.3 12.4 ± 1.1 0.9±0.1 

Effect of PRP-1 on the antigen-presenting function of macrophages in mice 
infected with s. typhimurium 

We demonstrated by the method of MF-dependent Salmonella-immune T-cell 
prolife-ration, that the bacteria affect the Ag-presenting function of MF. In our 
experiments 1.38-2.2-fold depression of this function was observed (p < 0.01). 
However, the use of PRP-1 not only abolished this defect (the functional activity was 
elevated 1.8-4.2 times, p < 0.001), but also stimulated the manifestation of the function 
1.32-1.9 times compared to the initial level (p < 0.001 ). The observed effect of PRP-1 
appeared to be independent of macrophage concentration in the samples indicating the 
correcting ability of PRP-1 (Table 6). 
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Table 6. Effect of the PRP-1 on the antigen-presenting function of macrophages in infected 
mice 

[3 HJ thymidine incorporation ( cpm x I 03
) 

Stimulants Number of macrophages per well 
10, 5 x IOJ 10• 5 X 104 

Control (inactive bacteria) 15.1±0.7 25.6 ± 1.6 41.7 ± 2.8 51.7±3.3 
Control (viable bacteria) 6.8 ± 0.6 12.2 + 0.8 25.3 + 1.8 37.3 + 2.4 

PRP-treated 28.5 + 2.1 41.6 + 3.2 58.8+4.I 68.3 + 4.8 

Effect of PRP-1 on the accumulation of macrophages in peritoneal cavities of mice 
infected withs. typhimurium 

It was established that PRP-1 enhanced the accumulation of inflammatory 
Salmonella-induced MF, but not that of resident MF. The PRP-1 effect was directly 
dependent on the number of bacteria. Thus, at doses of IO and I 02 bacteria/ml, PRP-1 
stimulated MF accumulation l.82 and 2.3 times, respectively (p < 0.001) (Table 7). 

Table 7. Effect of PRP-1 on the accumulation of macrophages in peritoneal cavities of infected 
mice 

Stimulants Number of macrophages/ml (x 105
) 

Resident Bacteria (I 0/ml) Bacteria (Io· /ml) 
Control 2.3±0.1 5.6 ± 0.3 9.3 ± 0.6 

PRP(Jo·• g/mouse) 3.1 ± 0.2 10.2 ± 0.4 21.3 ± 1.3 

Effect of PRP-1 on the viability of maciyphages in mice infected with s. 
typhimurium 

PRP-1 increased the viability of MF, especially in infected mice. Thus, PRP-1 
stimulated the viability of resident MF by a factor of 1.25 (p < 0.001). The level of 
PRP-1 effect in infected mice was directly dependent on the infecting dose of bacteria. 
At doses of IO and 102 bacteria/ml, the viability of MF under the influence of PRP-1 
increased l.77 and 2.42 times, respectively (p < 0.001) (Table 8). 

- -- - ~ - - -- ---- -

Number of viable macroohages (%) 
Stimulants 

Resident Bacteria (IO ml) Bacteria (102ml) 
Control 72.6 + 1.3 51.4 + 0.6 38.2 ± 0.3 

PRP ( 10·8 g/mouse) 90.5 + 1.2 91.2 ± 1.4 92.8± 1.4 

The innate immunity system of vertebrates is based on specialized cells such as 
epithelial cells or phagocytes (like macrophages, neutrophils, and cytotoxic T and NK 
cells). These cells produce not only antibacterial peptides as effector molecules, but also 
a number of intracellular signaling molecules that activate other cells. The activation of 
genes for peptide antibiotics requires start signals, receptors, and mediators 
(intermediates). Nitric oxide (NO) or prostaglan-dins can be involved here, and also 
cytokines like IL-I, IL-2, IL-6, and TNF-a. With exception of a few cases, signaling 
pathways in vertebrates are not fully clarified, but they may in the end induce 
transcription factors involved in the synthesis of peptide antibiotics. NK cells and 
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cytotoxic T cells also contain a 78-residue antibacterial peptide with a hairpin structure 
and three disulfide bonds. 

Antibacterial peptides are widely distributed as molecular effectors of innate 
immunity. They share cationic charge at physiological pH and hydrophobicity, factors 
that facilitate peptide binding and insertion into microbial membranes. 

More than 300 different gene-encoded peptide antibiotics have been found in 
numerous species of animals, plants, and microbes [29-32]. 

Mature peptide antibiotics, formed by the processing from precursors, usually are 
composed of 13 - 80 amino acid residues. They can be divided into 3 groups: 

Group I. This group consists of linear a-helical peptides without cysteines. This 
family includes the cecropsins, magainin, and smaller temporins (both from frog). 

Group IL To this group belong cysteine-containing peptides from skin secretion: 
tachyplesins and protegrins from frog. The defensins (a and P) are synthesized during 
hematopoiesis and stored in special granules of neutrophils (a-defensins), while P
defensins and intensins are formed in the epithelia of the airways [31]; 

Group III. To this group belong bactericins with the over-representation of one or 
two amino acids, so far mostly Pro and Arg together, but also peptides rich in Trp or 
Gly. The shortest in this group are the apidaecins from honeybee. 

The multitude of antibacterial cationic peptides has been isolated from a wide 
variety of animal, plant, and bacterial species [32]. By composition and secondary 
structure they can be divided into four major groups: I) cecropins and magainins which 
exhibit a helical structure in lipid membranes; 2) defensins; 3) bactericin; 4) the forth 
group includes peptides that contain a high percentage of specific amino acids such as 
proline, arginine-rich bovine peptides Bae 5 and Bae 7, and the porcine peptide PR-39 
[33-38]. These peptides have been demonstrated to be capable of the permeabilization 
of the bacterial inner membrane. PR-39 and PR-26 are very potent inhibitors of Oi 
generation in the cell-free assay. The finding that PR-39 and PR-26 inhibite both cell
free and whole-cell 0 2• production by neutrophils, and that the inhibition require 
preincubation of cells with peptides for at least 45 min before PMA stimulation, suggest 
that these peptides act through some intracellular target, such as the NADPH oxidase 
components themselves. It was found that PR-39 bind to a 47 kDa protein in both 
human and porcine cytosol preparations. This finding shows that PR-39 binds to 47 
Phox and that the binding is specific and implies that PR-39 decreases 0 2• with the help 
of cytosolic component of the NADPH oxidase complex [33-38]. It was established that 
PR-39 blocks the interaction between p-47 phox and p22 phox. 

A proline-arginine (PR)-rich antibacterial peptide, PR-39, kills bacteria by a non
pore-forming mechanism, presumably by interfering with DNA or protein synthesis 
[29]. 

Many peptides are considered to act on the lipid matrix of bacterial cell 
membranes, destroying its barrier property and killing the bacteria. 

C. Park and coworkers demonstrated131 that buforin II kills bacteria without cell 
lysis and has strong affinity for DNA and RNA, suggesting that the target of buforin II 
is not the cell membrane but intracellular nucleic acids. · 

Buforin I is an antimicrobial peptide discovered in the stomach tissue of the Asian 
toad Bufo gargarizans [39]. Interactions of buforin II with phospholipid bilayers in 
comparison with magainin-2 were studied [3 I]. These peptides show strong 
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antibacterial activities in vitro against a broad spectrum of microorganisms, including 
fungi. 

The activity of buforin II, a 21-residue cationic peptide containing the residues 
from Tor16 to Lys36 of buforin I, is about two times higher then that of buforin I. The 
residue proline-11 appears to be a key structural factor for this unique property of 
buforin II [40]. The authors studied the interaction of buforin II with phospholipid 
membranes using liposomes as a model membrane system, and the results were 
compared with those with magainin-2. Efficient translocation of buforin II across the 
membranes was shown which did not induce significant membrane permeabilization or 
lipid flip-flop. Buforins show much stronger antimicrobial activities against a broad 
spectrum of microorganisms compared to magainin-2. Buforin I was reported to have a 
sequence homology with the N-terminus ofhistone H2A [41]. Several peptides are also 
considered to have mechanisms of action other than membrane perme-abilization [ 41, 
42]. Even for these peptides the peptide-membrane interactions are important because 
the peptides should first bind to and then cross the cell membrane to enter the cells. Two 
major classes of narural antimicrobial peptides are the cathelicidins and defensins. 
Cyclic defencin is detected in neutrophils and monocytes from macaque rhesus monkey. 

Recently, C. Park et al. purified two novel cationic antimicrobial peptides from 
the skin of frog Rana nigromaculata, which were named nigrocin 1 and 2. The amino 
acid sequences of these peptides were determined. Nigrocin 1 and 2 produce direct 
effect on a broad spectrum of microorganisms. Nigrocines showed high activities 
against gram-negative bacteria at a minimal inhibitory concentration of 10 µg/ml. 
Nigrocin 2 has no proline residues, while short peptides form Ranidae have highly 
conserved proline residues located in the middle of the helix which are essential for 
antimicrobial activity [38, 43]. 

The amphipathic feature of nigrocin 2 is expected to facilitate its interaction with 
microbial membranes, ultimately leading to disruption of membrane integrity. 

Neutrophils represent a first line of defense against infections. These cells possess· 
multiple antimicrobial defense mechanisms, including both oxidative and nonoxidative 
processes of microbe killing. Antimicrobial peptides protegrins were found in pig 
neutrophils. 

The antimicrobial activity of calcitermin was studied in vitro. The amino acid 
sequence and mass of calcitermin are equivalent to those of 15-mer C-terminal fragment 
of calgranulin C. . 

Calgranulins, which belong to the S-100 family, also possess antimicrobial 
activity. Calgranulin C is a newly described member of the family produced by 
neutrophils and mono-cytes. Calcitermin, human calgranulin C, and calgranulin A do 
not contain proline residues (44). Cyclic defensins were detected in neutrophils. 

Indolicidin is a cationic antimicrobial peptide isolated from bovine neutrophils. 
The cytoplasmic membrane is the site of action of indolicidin as assayed in E. coli by 
unmasking of cytoplasmic 13-galactosidase due to membrane permeabilization. It was 
shown that the peptide is capable of increasing the transmembrane current accross 
planar lipid bilayers [36]. lndolicidin possesses an activity against gram-negative and 
gram-positive bacteria, fungi, and protozoa. 

The flies challenged with bacteria produce cecropins and several other peptide 
antibiotics including the proline-rich peptide drosocin (which is glycosylated), an insect 

96 

defensin, and the fungicidal drosomycin. The cecropins cause rapid lysis of bacteria, 
and thus this property was used for estimation of their biological activity [37]. All 
cecropins lyse bacterial membranes but not those of eukaryotic cells or mitochondria, 
while melittin can lyse almost every type of cell membrane. Defensins form multimeric 
pore-forming complexes in membranes, thereby rendering the membrane permeable. 
Cecropins isolated from the cecropia moth are active against E. coli and several other 
Gram-negative species [37]. 

Antimicrobial peptides are amphipathic cationic molecules, frequently in a-helical 
or /3-sheet conformation, which insert into the phospholipid bilayers of microorganisms 
and form lytic pores. Pore-forming activity bee melittin, moth cecropin, and Xenopus 
skin magainin results in the permeabilization of bacterial membranes. These peptides 
are antimicrobial and hemolytic agents130

• Ranidae family-produced brevinins, 
renalexin, and gaegurins also exert direct anti-bacterial effect. Noteworthy that PRP-1 
produces antibacterial activity only in vivo by increasing the activity of 
immunocompetent cells. 

Treatment and prophilaxis of anthrax by prolin-rich polypeptides 
In 1881, Louis Pasteur described the Bacillus anthracis vaccine, which plays an 

important role for the treatment and prophylaxis of anthrax. Currently, treatment for 
anthrax infection involves the use of several different antibiotics, used in combination 
with vaccines, which possess potential virulence in white mice and guinea pigs. We 
discovered several new immunomodulators cytokines (polypeptides) produced by the 
neurosecretory cells of hypo-thalamus, some of which can be used as drugs for the 
treatment and prophylaxis of the anthrax. The pro line-rich polypeptides, which consist 
from 10 to 15 amino acids and four proline resi-dues, are of the special interest; one of 
them (PRP-1), which consist of 15 amino acids and has the following primary structure 
ALa-GLy-ALa-Pro-G Lu-Pro-Ala-G Lu-Pro-Ala-GLn-Pro-G Ly-Val-Tyr 
(AGAPEP AEP AQPGVY) possesses antibacterial activity, and a new pro line-rich 
peptide described by Galoyan and called G x -NH2. Both were tested for treatment 
against the anthrax bacillus or anthrax strain N55 vaccine in guinea pigs and mice in 
vivo, and in vitro preparations. The results of experiments show that these hypothalamic 
neurosecretory cytokines have a strong prophylaxis and therapeutic properties towards 
animals infected by episodic strain of anthrax and anthrax vaccine N55. The 
conventional concepts concerning the function of hypo-thalamic neurosecretion and 
hypothalamic mechanisms of adaptation have to be reconsidered. 

Although unfortunate, biological materials such as bacteria, bacterial spores, and 
viruses are commonly used as biological agents or lethal toxins to inflict injury and 
mortality. As such, the strategy of their use is not only to injure, but also to instill terror 
and disorder into daily life, which may have long-lasting psychological, economic and 
political consequences. Measures used as a defense, have targeted the generation of free 
radicals by replacing depleted antioxidants, such as glutathione. 

· Biological materials that may be used include bacteria, such as Bacillus anthracis 
(anthrax), viruses such as variola major (smallpox), and biological toxins as ricin. 
Bacillus anthracis, the etiological agent of anthrax, is a gram-positive, aerobic, spore
forming, rod-shaped bacterium. These bacilli produce two main virulent factors: poly-o
glutamic acid capsule and toxin. The anthrax toxin is made from three secretory 
proteins: protector antigen (PA) (subunit binding the receptor), edema factor (EF) and 
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lethal factor (LF) (45-47). EF is adenylate cyclase (AC), which converts adenosine 
triphosphate (ATP) into cyclic adenosine monophosphate (cAMP) and pyrophosphate. 
The increase of AC activity leads to strong augmentation of cAMP concentration in the 
cellular cytoplasm, which leads in tum to immune system suppression, preventing 
phagocytosis [48, 49]. The AC by its amino acid composition and primary structure 
differs from mammalians AC and other proteins. The molecular mechanisms of EF 
(AC) action are also different from that of mammalians even though it is also a 
calcium-calmodulin-dependent enzyme. 

The LF protein lyses the macrophages in the cytoplasm and EF hinders the 
phagocytosis process. LF is a Zn +2 -dependant metalloproteinase that inhibits mitogene
activated kinase-kinase and acts as an endopeptidase [50-53]. The pathological 
processes of anthrax infection begin in the organism during the period of introduction of 
the pathogen; during the vegetative stage these bacilli destroy macrophages (where they 
develop and accumulate) and eventually flood the entire organism. For example, PA 
binding to EF produces edema toxin (EdTx) on the cellular membrane. This EdTx 
induces local edema, and at the same time weakens the polynuclear neutrophils 
function. The combination of PA and LF leads to anthrax lethal toxin (LeTx) (45-47), 
which is lethal in case of intravenous infusion. 

As mentioned above, the Bacillus anthracis development in macrophages leads to 
their destruction, during which, the bacilli enter into blood stream and start to replicate 
and run up to large number [54, 55]. 

Therefore, possible pharmaceutical intervention against anthrax should be directed 
to the preservation of the longevity and activity-of macrophages, the prevention of their 
destruction during the bacilli development, as well as, the preservation of polynuclear 
neutrophils activity favoring the oxygen reactive radicais (0 2 - , HO- and others) 
production and increasing the immunocompetent cells activity (as blood leukocytes, as 
well as hypothalamic neurosecretory cells). 

Current treatment for possible anthrax exposure includes the use of effective 
antimicrobial medicines. Although the bacillus anthrax is extremely sensitive to 
penicillin, penicillin cannot be used by itself because its higher doses lead to the 
induction of P-lactamase expression in bacilli. The beta-lactamase hydrolyzes the 
lactam ring of penicillin and other lactam-containing antibiotics and disables their 
antibiotic activity [(56]. 

In addition to penicillin, ciprofloxacin (400 mg, i.v. twice a day) is also used 
simultaneously [57, 58]. in addition to these drugs, other antibiotics are also 
administered against the Bacillus Anthracis [59], rifampicin, vancomycin, penicillin, 
ampicillin, clindamycin and clarithomicin, as well as, imipenem, chloramphenicol , and 
aminoglycosides [60, 61]. 

The bacillus anthracis is resistant to the following agents: ceforoxime, cefotaxime, 
ceftaridime, artzeonam, trimethoprim, and sulfamethoxazole. penicillin is recommended 
for use in combination with ciprofloxacin or doxycyclin [58-60]. In the case of the 
pulmonary form of anthrax, the treatment lasts 60 days. In the case of severe edema, 
corticosteroids are also used. 

Even with the use of numerous antibiotics, especially for long-term periods, there 
has been a failure to succeed in the complete treatment of all clinical manifestations of 
anthrax. Using vaccines, in addition to expensive antibiotics do not prevent the 
reoccurrence of anthrax bacilli. It is necessary to take into consideration the extreme 
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harmful influence of large amounts of antibiotics. In this regard, the mobilization of the 
organism's immune system by new natural compounds could have critical significance 
for the prophylaxis and treatment of anthrax. 

Data obtained by us on the biosynthesis of a number of interleukins and new 
cytokines (praline-rich peptides) in neurosecretory neurons of hypothalamus (N. 
Paraventricularis and N. Supraopticus) demonstrate that the neuroendocrine nuclei of 
the hypothalamus are the center for the neuroendocrine immune system of the brain [62-
68]. 

Methods 
To test the influence of G x -NH2 and PRP-1 on the animals infected by the episodic 
strain of Bacillus anthracis 

Prior to testing the influence of G x -NH2 and PRP-1, it was necessary to determine 
the minimal lethal dose of Bacillus anthracis in guinea pigs. For this purpose, guinea 
pigs were used. The episodic strain was isolated from parenchymal organs of anthrax 
episodic strain- infected animals and seeded on Petri dishes plated with agar medium. 
The sporulation process developed over 4-5 days. After sporulation, the optical density 
of spore suspension of these microorganisms was measured according to the appropriate 
standards. The initial concentration of microorganisms was determined with lmlrd 
microbes in 1 ml of physiological solution. Thus, in the case of a 10-9 dilution, one 
microbial cell should be in I ml when seeding. 

Results 
Guinea pigs were highly susceptible to the anthrax episodic strain, and all 25 

guinea pigs died within 1-2 days after administration of Bacillus anthracis (10-2 to 10-9 
dilution) (data not shown). The concentration of 10-9 was determined as the 'minimal' 
lethal dose, however, for subsequent testing, the 10-8 dilution was used. It should be 
mentioned that the anthrax episodic strain possesses the capsule-forming property, 
because of which, laboratory animals are considered susceptible to the pathogen. 
Animals were always infected with the sporulated germs of the pathogen. Despite that 
the spore-forming processes start in bacilli within 24 h after sowing in nutrient medium, 
for experimental infection, we used 4-5 days sporulated germs, in which the vegetative 
bacilli form 2-3%. 

To test the effect of G x -NH2, 6 guinea pigs were treated with G x -NH2 (15 µg, 
IM). After 24 h, they were injected with the episodic strain of Bacillus anthracis 
followed by a second injection of G x -NH2 (15 µg, IM). Two animals were used as 
virulence control of the anthrax pathogen (Table 9). 

Table 9 Antibacterial influence of G x -NH2 on the anthrax induced by episodic strain of 
Bacillus anthracis 
I G I Number of Weight of Infection dose Number of ~ 

roup animals animals (grams) dilution mortalities ~ 

I Experimental II 6 II 350-400 II 1 x 10-8 II O II 6 I 
I Control II 2 II 350-400 II 1 x 10-8 II 2 II - I 

Infections of both groups of guinea pigs were carried out using the 4-day old 
germinated spore suspension of Bacillus anthracis at 1 x I 0-8 dilution, with the 
experimental group given G x -NH2 (2 x 15 µg IM, 24 h apart). On the second day of 
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experiment, certain disease symptoms are observed in the guinea pigs, such as 
depression, movement disturbances, absence of appetite, and a quickly growing and 
painful edema on the infection site. The experimental animals' general state was within 
the normal limits. The second administration of G x -NH2 was done to preserve this state. 

At 40-----45 h after infection, all control group guinea pigs died with evident clinical 
manifestation. Pathology, anatomic and microbiological analyses show that the animals 
died of the anthrax (Figs. 1, 2). 

As we can see from the Fig. I, the bacilli of the anthrax are present in the blood, 
whereas after the administration of PRP-1 and G x •NH2 preparations, microorganisms in 
the blood smear of experimental animals are not found (Fig. 2). 

Fig. 1. The anthrax pathogen in the blood 
from the control guinea pigs at death. 
Romanovski-Gimza, magnification: x 630 

Fig. 3. Microscopic pattern of liver smear of 
guinea pigs treated with the anthrax. 
Romanovski-Gimza, magnification: x 630 

Fig. 5. Microscopic pattern of spleen smear of 
guinea pigs treated from the anthrax. 
Romanovski-Gimza, magnification: x 630 

JOO 

Fig. 2. Microscopic pattern of guinea pigs 
blood smear treated by G, -NH2 Roma-novski
Gimza, magnification: x 630 

Fig. 4. The absence of anthrax bacilli in the 
liver of G , -NH2 and anthrax treated guinea 
pigs. Romanovski-Gimza, magni
fication : x 630 

Fig. 6. Microscopic pattern of spleen smear 
of guinea pigs after G , -NH2 and anthrax 
treatment. Romanovski-Gimza, 
magnification: x 630 



A huge amount of bacilli accumulated in the liver of control guinea pigs, which 
were tested for anthrax episodic strain virulence (Fig. 3), whereas after simultaneous 
administration of PRP-1 and G x -NH2 treatment the disease pathogen was absent in the 
smears (Fig. 4). Large accumulations of anthrax bacilli in the spleen of guinea pigs 
infected by virulent pathogen are also observed (Fig. 5). Upon the administration of 
PRP-1 and G x -NH2 preparations, the disease pathogen is eliminated from the organism 
(Fig. 6). 

Thus, the experimental studies indicate that after the administration of the anthrax 
episodic strain at a lethal dose, the concurrent administration of G x -NH2 prevents the 
anthrax particular pathologies. 

The results of the study suggest that these new cytokines are powerful 
prophylaxes and treatment means against the anthrax infection. 

The experiments showed that after the infection by the most virulent bacilli, the 
control animals died within 3--4 days, developing all typical symptoms to the disease, 
whereas 6 animals from the experimental group survived (Table 9). Although, the 
l x 10-9 dilution of microbial germs preparation is considered as a lethal dose, the 
experiments were conducted with ten times more dose as it is presented in the Table 9; 
PRP-1 and G x -NH2 were affective against the infection. 

In another set of experiments (Table 10), 5 from 16 guinea pigs were considered 
as an anthrax pathogen control, and the remaining 11 animals as experimental, for 
which 1 dose of anthrax pathogen sporulating germ was used. On the infection day, the 
G x -NH2 and PRP-1 combination (25 µg dose each) was administered to guinea pigs. 
The second administration was made 24 h after the first one. At 24--48 h after infection, 
all guinea pigs from the control group died because of severe anthrax intoxication 
(Table 10). 

Table 10. Antimicrobial influence ofG x-NH2+ PRP-1 against the anthrax episodic strain 

I Exoerimental 
Anthrax 

ls~;,oral Number Weight pathogen 
Dose of hormone (I.M) Number of 

of animals (grams) dose dilution mortalities 
(S.C) 

CJ~B s;,,1, ,dm;,;,traHoo of□□ 
PRP-25 µg and G x -NH2-25 µg on 2 9 the infection day, and repeated at 
24-48 h 

Cll 41s~ II I~ 10-8 II - : (day 1-2) -
I Sanimals D 

After infection, by the dose of 1 x 1 o-8 dilution of the anthrax pathogen virulent 
germs and administration of G x -NH2 and PRP-1 after 24 h, 9 guinea pigs from the 
given group survived, and 2 of them died. 

Thus, the infection by the dilution 1 x 1 o-8 of 4-5-days virulent sporulated germs 
of Bacillus anthracis, is accompanied by the death of control animals, whereas G x -NH2 
and PRP-1 combination prevents the lethality of experimental guinea pigs. 
Treatment of non-pathogen inbred white mice infected by spores of anti-anthrax 
strain N55 vaccine by G x -NH2 
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Growing the anti-anthrax strain NSS vaccine microorganisms in solid and liquid 
nutrient medium 

The virulence of spores of anti-anthrax strain N55 vaccine microorganisms was 
also tested in white mice. N55 vaccine was grown in meat infusion agar. The 
sporulation process starts from the 2nd day and usually finishes on 5th day. For the 
experimental studies relating to white mice infection or passage in nutrient medium, we 
always used the spore-forming form of the microorganisms. Unlike meat infusion agar, 
in meat infusion broth the sporulation process takes place more slowly, which depend 
on the conditions necessary for vegetation. 
Detection oflethal dose of vaccine sporulated germs in white mice 

Initially, for studies in mice, the lethal dose (LD) to the pathogen was determined. 
The experiments were carried out on 30 white mice, which were divided into 6 groups. 
The pure 5-day sporulated germs in agar were used for infecting. Different groups were 
infected by different doses of microorganisms from lmlrd to 10000 cells given 
subcutaneously. G x -NH2 in physiological solution was administered subcutaneous or 
intramuscular. 

Thus lethal dose of the anti-anthrax strain N55 vaccine of the Bacillus anthracis is 
10 min (minimal lethal dose (MLD) in mice) (Table 11). Mortality of infected mice was 
observed on the 2-Sth day. Liver, spleen, kidneys and lymphatic nodes were analyzed. 
The smears prepared form them were subjected to microscopic analysis for studying 
growth and morphology peculiarities, characteristic to the anthrax pathogen vaccine. 

The effect of G x -NH2 was carried out in 30 white mice, which were divided into 
6 groups. The mice were infected with a 10 min Bacillus antracis dose. The antigen was 
administered subcutaneously, in the volume of 0.5 ml physiological solution, and G x -

NH2 preparation was administered intramuscularly at dose indicated (Table 12). The 
infection of mice was carried out 24 h after G x -NH2 administration. 

We can see from the data presented in the Table 11, that the vaccinal microbe 
dose has virulence; all the mice from the control group died. It is known, that white 
mice and partially guinea pigs are sensitive to all anthrax vaccines, which are 
considered as virulent. At 15, 20 and 30 µg doses of G x -NH2, 80% of experimental 
animals survived (Table 12). Thus, 20 µg is considered as the antimicrobial dose of the 
G x -NH2 preparation. 

Table 11. Detection of the lethal dose in white mice 

81 Mice II Infection dose - number of microorganisms II Absolute data I 
number I Mortality II Mortatlity (%) I 

ITJI 5 I mlrd II 5 II 100 I 
ITJI 5 JOO min 4 II 80 I 
ITJ 5 IO min 4 II 80 I 
ITJ 5 I min 2 II 40 I 
ITJI 5 100,000 I II 20 I 
COi 5 10,000 0 II 0 I 
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bl Ta e 12. ,-N 2 polypeptt e tltratton m w 1te mice G H .d . (JO I f m no vaccme 55 spores 

Bl Mice I Honnone dosell Mortality (days) II Mortality II Survivors II %Survival 
number (µg) [IJ[I][TIITJ[TI[i][f]~ II Total 

ITII 5 5 Ii ~GGITJ[I]ITJG~ 11 4 I 20 

ITII 5 10 II ~GGGITJ[I]G~ II 3 2 40 

ITII 5 15 ll~GGGITJGG~II 1 4 80 

ITII 5 20 lf~GGGITJGG~ II I 4 80 

ITII 5 25 IGGGGITJITJG~ II 2 3 60 

CTII 5 30 IGGGGGGGITJI l 4 80 

In 1883 Tcenkovsky L.S. obtained a vaccine against Bacillus an racis for the 
treatment and prevention of mass infections of agricultural animals. That vaccine is 
obtained from the capsulogenic strain of the anthrax and is more virulent against guinea 
pigs as compared with strain 55, which is not capsulated. Tcenkovsky's vaccine even 
kills the guinea pig and mice (not shown). While vaccine 55 can kill only mice. 

As it is obvious from the Table 11, the lethal dosage of the vaccine 55 is 10 min 
of the vaccine microbes, while the lethal dose of the Bacillus antracitis is 100,000 
microbial bodies. Thus, Tcenkovski's vaccine is much more virulent in comparison with 
vaccine 55. However, 25 µg of the PRP-1 and G x -NH2 affective against the infection. 

Detection of antimicrobial effect of G x -NH2 in vitro 
The experiments were carried out on meat infusion agar in 3 test-tubes. In 2 of 

them, the vegetative form of anti-anthrax vaccine was sowed, then treated by G, -NH2 

preparation (adding 30 µg in each test-tube). The third test-tube was used as a control, 
was sowed only with the vaccine without G ,-NH2• After incubation in 36-37 °C during 
24 h, test-tubes were subjected to microbiological analysis of vaccinal microorganisms 
growth, specifically in the liquid nutrient medium. White, loose deposits were observed 
on the bottom of the control test-tube, and the supernatant was clear. After shaking the 
test-tube, the deposit is destroyed and generated small drops. 

In test-tubes with the G, -NH2 preparation, a light turbidity appears along with the 
deposit. After shaking the test-tube, this turbidity became more evident and flabby 
unclear drops appeared. In microscopic analysis, vaccinal microorganisms' morphology 
was observed in the smears prepared from control germs, while modified short bacilli 
and coccus-like capsules, and rarely agglomerations of tiny objects were observed in the 
smears from experimental test-tubes (Figs. 7, 8). 

Fig. 7. Germs of vaccinal microorganisms 
strain N55 24 h growth in the agar 
Romanovski-Gimza, magnification: x 630 
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Fig. 8. Germs of vaccinal microorganisms 
strain N55 in agar treated with G , -NH2 
stained by Fuchsin, magnification: x 630 



Thus, PRP-1 and Gx-NH2 under in vitro conditions inhibit the activity of B. 
anthracis and noticeably decreases the sizes. 

Nevertheless, the most antibacterial effect of Gx-NH2 and PRP-1 on anthrax is 
manifested at their introduction in vivo via mobilizing all the protective immune 
mechanisms and activation of macrophages, neutrophiles, formation of oxidative 
radicals (oxygen burst). Meanwhile, it is needed to study molecular-genetic mechanisms 
of action of the indicated peptides on B. anthracis in vivo. 

Two of plasmids exist in the cytoplasm of Bacillus anthracis PX0I and PX02, 
which are responsible for B.anthracis poly-D-glutamic acid capsule-forming genes [28-
30]. We cannot refuse the influence of PRP-1 and Gx-NH2 peptides on these plasmids 
in vivo and in vitro should be carried out. It is very important to study effects of 
peptides on the DNA of chromosomes and plasmids. 

Conclusion 
The PRP-1 is the regulator of both humoral and cellular immunity, differentiation 

of thymocytes, and myelopoieses. It possesses strong antiviral (in vitro) and 
antibacterial activity (in vivo, against Salmonella typhimurium, S. cholerae suis, S. 
typhi, E. coli, P. aeruginiosa, Shigella Flexneri, Shigella Sonnei, St. aureus, 
Streptococcus pneumoniae, etc.). PRP-1 can be recommended in future for treatment of 
immunodeficiencies and different infectious diseases. 

The PRP-1 and Gx-NH2 are powerful drugs for treatment and prophylaxis episodic 
strain of Bacillus anthracis. The Gx-NH2 preparation manifests prophylaxis and 
therapeutic properties against lethal doses of anthrax vaccine strain N55. They can 
effectively substitute for a number of antibiotics in low doses as well as for vaccines. 

References 
1. Besedovsky H. 0., Balschun D., Pitassi F., Schneider H., de! Rey A. 2001. Brain

born cytokines affect neuroendocrine functions and the maintenance of long term 
potentiations. Pages 41-46, in Galoyan A.A. (ed.), Biochemical and Molecular
Biological Aspects of the Brain Immune System. Encyclopedia Armenica 
Publishing House, Yerevan. 

2. Neuman H., Wekerle, H., 1998. Neuronal control of the immune response in the 
central nervous system: linking brain immunity to neurodegeneration, J. 
Neuropathol. Experim. Neural. 57(1):1-9. 

3. Neuman H., Cavalie, A., Jenne, D. E., Wekerle, H., 1995. Induction of MHC class 
genes in neurons, Science 269:549-552. 

4. Neuman H., Boucraut J., Rahel C., Misgeld T., Wekerle H., 1996. Neuronal control 
of MHC class II inducibility in rat astrocytes and microglia, Eur. J. Neurosci. 
8:2582-2590. 

5. Corriveau R.A., Huh G.S., Shatz, CJ. 1998. Regulation of class I MHC gene expres
sion in the developing and mature CNS by neural activity. Neuron 21(3): 505-20. 

6. Darnell R.B. 1998. Immunologic Complexity in Neurons. Neuron 21: 947-950. 
7. _Galoyan A. A. 1997. Biochemistry of Novel Cardioactive Hormones and 

Immunomodulators of the Functional System Neurosecretory Hypothalamus -
Endocrine Heart, Nauka Publishers (in English), Moscow, 240 pages. 

8. Galoyan A.A. 1962. Two hormones of hypothalamus acting on the coronary 
circulation. Dok!. of Armenian Acad. Sci. 34(3): 109-111. 

9. Galoyan A.A. 1964. The existence of specific protein of hypothalamus possessing 

104 

by coro-nary-delatory properties. 38(5): 305-308. 
IO. Galoyan A.A. 1965. Some problems of biochemistry of hypothalamic regulation, 

Aayastan publisher. Yerevan, 235 p. 
11. Srapionian R.M., Sahakian, S.A., Lelekova, T.V., Paronian, Z.Ch., Galoyan, A.A. 

1997. Effect of neurospectic cardioactive protein hormonal complexes on lymphatic 
vessels and vas deferens contraction in rat 16th ISN/28 ASN meeting, Boston 
S201D. 

12. Galoyan A.A., Sahakian F.M. 1971. Isolation of coronary vasodilating hormones 
from neuro-secretory granules, Dok!. Acad. Nauk USSR 201: 843-845. 

13. Galoyan A.A. 1986. Neuroendocrine heart and hypothalamus. Neurochem. Res. 
11(6):769-785. 

14. Galoyan A.A., Srapionian R. 1983. Protein-hormonal complexes in the hypo
thalamus as neurochemical systems of regulation. Neurochem. Res. 8(12):1511-
1535. 

15. Coggin M.H., Srapionian R.M., Brecher A.S., Galoyan A.A. 2002. A potential role 
for atrial polypeptide and Neurohormone "C" in the blood coagulation cascade. J. 
Investigative Medicine. 50(5) Suppl. Abst. 129. 

16. Galoyan A.A., Rostomian M.A. 1967. The neurosecretion of the heart. Biological 
Journal Armenii 20(9):3-7. 

17. Chobanian A. 2000. Review to A.A. Galoyan' monograph. Neurokhimya 16(3):253-
255. 

18. Guillemin R. 1999. Review of the reference book A.A.Galoyan "Biochemistry of 
Novel Cardioactive Hormones and Immunomodulators of the Functional System 
Neurosecretory Hypothalamus - Endocrine Heart" (M.: Nauka Publishers, 1997). 
Neurokhimiya (1):70. 

19. Galoyan A.A. 1992. Neurosecretory hypothalamus - endocrine heart as a functional 
system. News in physiological sciences. 12(7):279-283. 

20. Aprikyan V.S., Galoyan A.A. 1999. Antibacterial activity of novel hypothalamic 
polypepti-de. Reports of Natl. Acad. Sci. of the Republic of Armenia 99:367-371. 

21. Markossian K.A., Gurvits B.Ya., Galoyan A.A., 1999, Isolation and identification of 
novel peptides from secretory granules of neurohypophysis, Neurochimiya RAS & 
NAS RA 16:22-25. 

22. Du Vigneaud V., Gish D.T., Kotsoyanis P.G. 1954. A synthetic preparation 
possessing biolo-gical properties associated with arginine-vassopressin. J. Amer. 
Chem. Soc. 76: 4751. 

23. LaBella F., I 968, Storage and secretion of neurohypophyseal hormones, Canad. J. 
Physiol. Pharmacol. 46(2):335-345. 

24.Aprikyan V.S., Galoyan A.A. 1999. Immunocorregating properties of new 
hypothalamic polypeptide at bacterial pathologies. Medical Science of Armenia. 
39(2):23-30 

25.Aprikyan V.S., Galoyan A.A. 1999. Immunocorregating properties of new hypo
thalamic polypeptide at macrophage-associatetl bacterial dysfunctions. Medical 
Science of Armenia. 39(4):29-36. 

26. Aprikyan V.S., Galoyan A.A. 2000. Hypothalamic polypeptide protects mice death 
at infec-tion with gram-negative bacteria. Neurochemistry (RAS & NAS RA) 17:60-
63. 

27. Galoyan A.A. 1997. Biopolymers Peptide Science. Ed by V.T. Ivanov. John Wiley 
and Sons, 43:135-139. 

105 

I 

l",[I 
!11:, 

f,' 



28. Galoyan A.A 2004. Brain neurosecretory cytokines; immune response and neuronal 
survival. Kluwer Academic/Plenum Publishers, New York, p 188. 

29. Boman H.G., Agerberth B., Boman A. 1993. Mechanisms of action on Escherichia 
coli of cecropin Pl and PR-39, two antibacterial peptides from pig intestine. Infect. 
Immun. 61 (7):2978-2984. 

30.Boman H.G. 1995. Peptide antibiotics and their role in innate immunity. Annu. Rev. 
Immunol. 13:61-92. Review. 

31. Boman H.G., Brockaet W.F., 1998. The immunologist, 6(6):234-238. 
32. Hancock R.E., Lehrer R. 1998. Cationic peptides: a new source of antibiotics. 

Trends Biotechnol. 16(2):82-88. 
33.Ahmad I., Perkins W.R., Lupan D.M., Selsted M.E., Janoff A.S. 1995 Liposomal 

entrapment of the neutrophil-derived peptide indolicidin endows it with in vivo 
antifungal activity. Biochim. Biophys. Acta. 26; 1237(2):109-114. 

34.Aley S.B., Zimmerman M., Hetsko M., Selsted M.E., Gillin F.D. 1994. Killing of 
Giardia Iamblia by cryptdins and cationic neutrophil peptides. Infect. Immun. 
62(12):5397-6403. 

35. Schluesener H.J., Radermacher S., Melms A., Jung S. 1993. Leukocytic 
antimicrobial peptides kill autoimmune T cells. J. Neuroimmunol. 4 7(2): 199-202. 

36.Falla T.J., Karunaratne D.N., Hancock R.E. 1996. Mode of action of the 
antimicrobial peptide indolicidih. J. Biol. Chem. 271(32):19298-19303. 

37. Boman HG. Gene-encoded peptide antibiotics and the concept of innate immunity: 
an update review. 1998. Scand. J. Immunol. 48(1): 15-25. 

38.Suh J.-Y., Lee K.-H., Chi S.-W., Hong S-Yu, Choi B.-W., Moon H.-M., Choi B.-S. 
1996. Usually stable helical kink in the antimicrobial peptide - A derivative of 
gaegurin. FEBS Letters, 392:309-312. 

39. Park C.B., Kim M.S., Kim S.C. 1996. A novel antimicrobial peptide from Bufo bufo 
gargarizans. Biochem. Biophys. Res. Commun. 5;218(1):408-413. 

40. Kobayashi S., Takeshima K., Park C.B., Kim S.C., Matsuzaki K. 2000. Interactions 
of the novel antimicrobial peptide buforin 2 with lipid bilayers: proline as a 
translocation promoting factor. Biochemistry. 25; 39(29):8648-8654. 

41. Kim H.S., Park C.B., Kim M.S., Kim S.C. 1996 cDNA cloning and characterization 
ofbuforin I, an antimicrobial peptide: a cleavage product ofhistone H2A. Biochem. 
Biophys. Res Commun. 13; 229(2):381-7. 

42. Steiner H. 1982. Secondary structure of the cecropins: antibacterial peptides from 
the moth Hyalophora cecropia. FEBS Letters, 137:283-287. 

43.Park S., Park, C.-H., Ahn H-C., Kim S., Kim, S.S., Lee B.J., Lee B-J. 1998. FEBS 
Letters, 507:95-100. 

44. Cole A.M., Kim Y.-H., Tahk S., Hong T., Weis P., Waring A.J., Ganz T. 2001. 
Calcitermin, a novel antimicrobial peptide isolated from human airway secretion. 
FEBS Letters, 504:5-10. 

45. Brossier F., Weber-Levy M., Mock M., Sirard J.C. 2000. Role of toxin functional 
domains in anthrax pathogenesis. Infect. Immun. 68:1781-1786 

46. Mourez M., Lacy D.B., Conningham K. et al. 2002. A year of major advances in 
anthrax toxin research. Trends Microbiol. 10:287-293 

47. Bradley K.A., Young J.A.T. 2003. Anthrax toxin receptor proteins. Biochem. 
Pharmacol. 65:309-314 

106 

48. Leppla S.H. 1982. Anthrax toxin edema factor: a bacterial adenylate cyclase that 
increases cyclic AMP concentration in eukaryotic cells. PNAS USA 79:3162-3166 

49. O'Brien J., Friedlander A.M., Dreier. T., Ezzell. J., Leppla. S. 1985. Effects of 
anthrax toxin components on human neutrophils. Infect. Immun. 47:306-410 

50. Ross J.M. 1957. The pathogenesis of anthrax following the administration of spores 
by the respiratory route. J. Pathol. Bacteriol. 73:485-494 

51. Hanna P. 1998. Anthrax pathogenesis and host response. Curr. Top. Microbiol. 
Immunol. 225:13-35 

52. Lalitha M.K., Thomas M.K. 1997. Penicillin resistance in Bacillus anthracis. Lancet. 
349:1522 

53. Chen Y., Succi J., Tenovez F.C., Kochler T.M. 2003. Beta-Lactamase G~nes of the 
Peni-cillin-Cusceptible Bacillus anthracis Sterne Strain. J. Bacteriol. 185:823-830 

54. Swartz M.N. 2001. Recognition and management of anthrax -an update. N. Engl. J. 
Med. 345:1621-1626 

55. Ressel G. 2001. CDC updates interim gyidelines for anthrax exposure management 
and anti-microbal therapy. Am Fam Physicion 64:1901-1902 

56. Borg M.A., Tieck W.C. 2001. Responding to anthrax. J Dent Technol 18:12-14, 28 
57. Brook J. 2002. The prophylaxis and treatment of anthrax. In£ J. Antimicrob. Agents 

20(5):320-325 
58. Bryskier A. 2002. Bacillus anthracis and antibacterial agents. Clin. Microbiol. 

Infect. 8:467-478 
59. Odendaal M.W., Peterson P.M., de Voe V., Botha A.D. 1991. The antibiotic 

sensitivity patterns of Bacillus anthracis isolated from the Kruger National park. 
Onderstepoort J. Vet. Res. 58:17-19 

60.Doganaya M., Aydin N. 1991. Antimicrobial susceptibility of Bacillus anthracis. 
Scand. J. Infect. Dis. 23:333-335 

61.Ingles T.V., Handerson D.A., Bartlett J.G .et al. 1999 Anthrax as a biological 
weapon. JAMA 128(18):1735-1745 

62. Aprikyan V.S., Galoyan A.A. 1999. Immunecorrecting properties of a new 
hypothalamic polypeptide upon macrophage-associated bacterial dysfunction. Med. 
Sci. Armenia 31(4):29-36 

63. Davtyan T.K., Manukyan N.A., Mkrtchyan R., Galoyan A.A. 2005. Hypothalamic 
Proline-Rich Polypeptide (PRP) is a regulator of human Neutrophils and Monocytes 
oxidative burst. Neurochem Res 3:297-309 

64. Galoyan A.A., Aprikyan V.S. 2002. A new hypothalamic peptide is a regulator of 
myelopoiesis. Neurochem Res 27:305-312 

65. Aprikyan V.S., Galoyan A.A. 2001. New hypothalamic peptides in regulation of 
thymocytes differentiation. Proceeding of the International conference "Biochemical 
and Molecular-Biological aspects of Brain Immune System. Encyclopedia Armenica 
publishing House, Yerevan, pp 183-189 

66. Aprikyan V.S., Galoyan A.A. 2000. Hypothalamic polypeptide protects mice from 
· lethal challenge with gram-negative bacteria. Neurokhimya RAS NAS RA 17:60-63 

67. Galoyan A.A. 2004. Brain neurosecretory cytokines; immune response and neuronal 
survival. Kluwer Academic/Plenum Publishers, New York, p 188 

68. Galoyan A.A. 2005. The chemistry and molecular biology of new brain cytokines. 
Proceedings of the International Scientific Conference dedicated to the 75th 
anniversary ofYSMU, Yerevan, pp. 135-136. 

107 



CeKo;HH 

«Jill OXHMllll» 



PA,ll;IIAIJ;HOHHO-XHMHqECKHE IlPEBPAID;EHIDI KYMAPHHOB B 
BO,ll;HO-OPr AHHqECKHX CMCTEMAX 

1
AHTporroaa II.r., 

1
<l>emm A.A., 

2
Pemma A.A., 1

Xaw6a E.B. 
1 Poccuiic1<:uii XUMu1<:o-TexHollOZU'lec1<:uii YHu«epcumem UM. ,a.ff. MeHOeJ1ee«a, i?. Moc1<:«a, 

PoccUR, antropovai@inbox.ru 
2 HHcmumym pmutJec1<:oii xUMuu u '3J1e1<:mpoxUMuu UM. A.H. </JpyMKUHa PAH, i?. Moc1<:«a 

PoccUR, revina@mail333.com 

B rrocne.nHne .neCll:THJieTHH HHTepec K KyMapnHy H ero IIpOH3B0.!IHhlM B 

6HOXHMHH H Me.nnu;nue B03poc B oco6eHHOCTH rrpn paccMOTJ)eHHH B03M0)KH0CTH 

HCIIOJib30B3HHH HX B KaqecTBe aHTHOKCH.llaHTOB H pa.nnorrpoTeKTOJ)OB [1, 2]. 

KYMaJJHHhl H HX IIJ)OH3B0.!1Hhle IIJJOHBJIHIOT IIJJOTHBOOIIyxoJieBYJO, IIJJOTHBOCIIa

JIHTeJibHYJO, aHTHaJIJieprnqeCKYJO aKTHBHOCTh, a KYM3JJHH H 4-rn.npoKCHKYM3JJHH 

HCIIOJib30BaJIHCh B KaqeCTBe 3KCrrepnMeHTaJihHbIX JieKapCTB rrpn neqeHHH paKOBhIX 

3a6oneBaHHll. KyMapHHhl 06JI3.llaIOT 6onee IIJ)OCThIM CTpoeuneM H rrpe.ncTaBJIHIOT rrpe

BOCXO.!IHhlll CHHTOH MH KOHCTpynpoBaHHH IIJ)aKTHqecKH JII06oro aHTHOKCH.!13HTa [3]. 
Ilpe.nrronaraIOT, ~o aHTHOKCH.!13HTHhie CBOliCTBa KyMapHHOB orrpe.neAAIOTCH HX 

crroco6uocThIO HeUTJ)aJIH30B3Th aKTHBHble <!>opMbl KHCJIOpo.na H TOJ)M03HTh CB06o.nuo

pa.nnKaJihHble peaKu;HH, 3fill\HlllM <l>YHKI.\HOHaJibHO-Ba)KHhie MOJieKyJihl B 6nonornqec

KHX CHCTeMax OT OKHCJIHTeJihHOro CTpecca. O.nHaKO 061,eM .naHHhIX O pa.nnau;HOHHO

XHMHqecKOM rroae.neunn KyMapnHOB B BO.!IHO-oprmmqecKHX CHCTeMax He3HaqnTeJieH. 

Uenh .nauuoii pa6oThI 3aKJIJOqaeTcH B rroIIhITKe nccne.noBaHHH <!>n3HKo

xnMnqecKnx CBOliCTB H pa.nnau;UOHHO-XHMHqecKOro IIOBe.neHHH KYM3JJHHOB B BO;tHo

opraunqecKHX CHCTeMax. Ilpo6neMa COCTOHT B H3yqeHHH CBH3H CTJ)yKTypa!CBOllCT

BO!aKTHBHOCTh. 

3KcrrepHMCIITaJILHan qacTL 

B pa6oTe 6hIJIH HCIIOJih30BaHhl CJie.!IYJOlllHe coe.nnHeHHH KYM3JJHHOB
1

: 4-

MeTHJI3CKyJie.'THH, 8-HHTJ)0303CKyJieTHH, HMeIOlllHe B CTJJYKType KOH.lleHCHJJOBaHHOe 

6eH30JlhHOe H an1,<1>a-rrnpOIIOBOe KOJlhI.la; .llaHHbie coe.nnneHHll OTJIHqaIQTCll B pacrro

JIO)KeHHH 3aMeCTHTeJieu B KOJihl\3X. 

,[(Jill nccne.noBaHHll 6hIJIH BbI6paHhl o6parno-MHI.\eJIJillJ)Hhle CHCTeMhl THIIa 

AOTIH300KTaHIBO.lla, B KOTOJ)h!X MeHllll BeJinqnHy w- MOJihHOe COOTHOllleHne BO.lib! H 

AOT, MO)KHO B lllHJ)OKHX rrpe.nenax MeHl!Th .!IHaMeTJ) BO.!IHOro rryna. KoHu;eHTJ)31\Hll 

AOT cocrnBAAJia 0,15 Min, Konu;enTpau;nll KyMapHHOB ([Qu]=0,01 r/n) l!BJillJiacb 

aennqnuoii IIOCTOllHHOU. 

O6nyqeune a3J)HJJOBaHHhlX o6pa31\0B IIJ)OBO.!IHJIH ua pa.nnau;HOHHO-XHMHqecKOll 

MHOroKaMepuoii ycTaHOBKe PXM-y-20 PXTY HM. ,[(.II.MeH.neneeBa rrpn MOlllHOCTH 

IIOrJIOllleHHOll .!103bl o6nyqeHHH 0,26±0,01 rp/c no <!>eppocynh<!>aTHOMY .!103HMeTJ)Y [4]. 

lIHTepaan IIOrJIOlllelIHOH .!I03hl KYM3JJHHOB 06paTHO-MHI.1eJIAAJ)HhIX CHCTeMax COCTaB

JillJI OT 0,23 Krp .110 0,5 Krp. 

CrreKTJ)hl orrTHqecKoro rror'JIOllleHHll HCXO.!IHhlX n o6nyqeHHhIX paCTBOJ)OB 

3aIIHCh!BaJIH Ha crreKTJJO<!>OTOMeTJ)e C<l>-2000 B KBapu;eBbIX KIOBeTax c .!IJIHHOll 

orrTHqecKoro rryTH 10 MM B .!1HaIIa30He .!IJIHH BOJIH OT 200-500 HM, paCTBOJ)OM 

cpaaHeHHll cny)KHJI 0,15 M pacrnop AOT B H300KTaHe. 

1 KyMapHHhl 6hmH CHHTe3Hp0BaHl,l H mo6eJHO npe11ocTaeneHh1 .ll)UI HCcne110BaHHlt npoqi. 
3.A. TTapq>ettoe1,1M HJ POHU: HM. H.H. EnoxHHa PAMH. 
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O6cym,z:i:em1e peJyJILTaT0B 
CB060,!\HO-pa,!1HKaJibHhie rrpouecCLI OKHCJieHHll Bhl3hIBaIOT cephe3Hble Hapy

IIIeHHll B JKH3He,!\eJITeJihHOCTH JKHBhlX opraHH3MOB [3, 5]. DllOJIOrn:'leCKM KJieTKa 

llBJIHeTCJI reTeporeHHOll CHCTeMOH, r,!\e IIOJillpHM BHYTPHKJieTO'IHM cpe,!\a OKpYJKeHa 

HeIIO!IHpHOll MeM6paHOll. TaKHM o6pa30M, npoBe,!\eHne 3KCrrepnMeHTOB B MHUeJIJillp

HhIX CHCTeMax Il03B0JIJleT MO,!\eJinpoBaTb npouecChl, rrpoTeKaJOIIIHe B 6nonorn'leCKHX 

KJieTKax. 

PaccMOTPHM BJIHJIHHe CTPYKTyphl MOJieKyJihl KyMapHHOB Ha HCXO,!\Hble CIIeKTPhl 

OilTll'leCKOro norno111eHHll 1 MM pacrnopoB 8-HHTP0303CKyJieTnHa ll 4-MeTHJl-

3CKyJiernHa (pnc.1 ). 
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Pnc. l. CneKTpbl OIITll'leCKOrO nornomeHllll llCXO,LIHblX CIIllpTOBblX 1 MM pacrnopoe MOJieKyJI 

KYMapllHOB:a)4-MeTllJl3CKYJieTllHa;6)8-HllTP0303CKYJieTllHa 

lb pnc.1 Bll,!\HM, '!TO cneKTPhl OIITH'leCKOro rrorno111eHHll 4-MeTHJI3CKYJleTHHa ll 

8-HHTP0303CKyJieTHHa He 3aBHCJIT OT rrpnpO,!\hl 3aMeCTHTeJIH. 

3aMeTHb!e H3MeHeHHll Ha6JIIO,!\aIOTCJI B crreKTPax rrorno111eHHll MHUeJIJillpHblX 

pacrnopoB KYMapHHOB B 3aBllCHMOCTH OT K03q>qmutteHTa COJII06HJIH3aunn. 
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Pttc. 2. CneKTphl omtt'leCKOro norno111eHllll 8-HHTP0303CeyJiernHa ([Qu]rn = 0,01 rln = const) 

B 06paTHO-MllUeJim1pHblX CHCTeMax C pa3HblM ,LlllaMCTPOM BO,LIHOro rryna MllUeJIJI 
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Ha pnc. 2 rrpe.!\CTaBJieHo H3MeHettne crreKTPOB onTH'lecKoro rrorno111eHHJ1 B 

3aBHCHMOCTH OT K03q>q>HUHeHTa COJII06HJIH3aUHll w. Bo,!\a B pa3HhIX COCTOJIHHJIX o6Jia

,!(aeT pa3Hh!MH IIOJlllpH3aunoHHb!MH CBOHCTBaMll, KOTOph!e BJIHJIIOT Ha 3JieKTPOHHbie 

CIIeKTPbl MOJieKyJI. l13BeCTHO, '!TO B Mpe MHUeJIJihl BO,!\a HaxO,!\llTCJI B TPeX BH,!\ax: 

CBll3aHHM, CB060,!\HM H cop6unoHHM. Ba:irrno o6paTHTb BHllMaHHe Ha TO, '!TO Ha 

rpaq>nKe Ha6JIJO,!\aeTCJI 3KCTPeMyM rrpn w = 3. 110-Bll,!(HMOMY, 0,1\HH ll3 BH,!\OB BO,!\hl 

OKaJhIBaeT MaKCHMaJihHOe BJIHJIHHe Ha MOJieKyJiy KyMapnHa. 3Ha'!eHlle K03qJq>llUlleHTa 

3KCTllHKUllll yneJIH'IHBaeTCJI C pOCTOM K03q>q>HUHeHTa COJIJ06HJIH3aunn. B 3JieKTPOH

HbIX crreKTPax IIOrJIOIIIeHHll 4-MeTHJI3CKYJieTHHa rrpOHCXO,!\HT rra,11eHne OIITH'leCKOH 

IIJIOTHOCTll C pOCTOM K03q>q>llUHeHTa COJIJ06HJIH3aunn. 

,lvill 6noJiornqeCKHX CHCTeM rrpe,!\CTaBJilleT 60JihlIIOH llHTepec )JOBe,!(eHne 

6HOJIOrH'leCKll aKTHBHh!X COe,!\nHeHHH B CTPeCCOBhIX ycJIOBHJIX. l1cnoJib30BaJIH 

He60JihIIIHe ,!\03hl o6nyqeHHll IIOpll,!\Ka 0,5 Krp ,!\JIH o6paTHO-MHUeJIJillpHblX CllCTeM. 

t· 
I. 

. ... 

... ---
Puc. 3. CneKTpbl OIITtt'!ecKoro norno111ettttll (a) crrttpTOeoro 1 MM pacrnopa 8-mrrpo-

303CKYJieTllHa OT ,Ll03bl o6nyqeHllll (Kfp): 1-llCXO,LIHbltt; 2-1 Kfp; J-2,5 KI'p; (6): B o6paTHblX 

MllUeJIJiax B 3aB!lCllMOCTll OT K03q><jmutteHTa COJII06HJitt3aU!lll ll ,LI03bl o6ny'leHHJI 0,5 KI'p: J
llCXO,LIHblll w = 1,5; 2- llCXO,LIHblH w = IO; J-o6nyqeHHblH w=l,5; 4-o6ny'leHHblH w = 10 

CmeneHb npeBpaUJeHUR npu paouoJ1u1e KyMapuHoB 6 o6pamHO-MUlfe!l!lRpHoii 
cucmeMe 3Ha'lumellbH0 Bb1U1e (puc. 3), tJeM B :JmWloBoM cnupme, u oocm112aem 
nopnoKa 70 % ol/R 8-Humpo10:JcK)'J1emuHa u 45 % -o!ln 4-MemUJl3CKJJllemuHa. 

JlerKOCTh OKHCJieHHJI onpe,!\eJIJleT BhICOKYJO peaKUllOHHYJO (6noJiorn:qecKYJO) 

aKTllBHOCTh KYMapHHOB, KOTOpbie 33IIIllIIIaJOT OT OKllCJieHHJI .!\pyrne COe,!\HHeHllll llJill 

crroco6cTBYJOT llX BOCCTaHOBJieHHIO. 

CJie,!\OBaTeJihHO, B MHUeJI!IHpHOll CHCTeMe o6HapYJKeHO BJllll!Hlle 3aMeCTHTeJieii 

KYMapnHa Ha crreKTPbl OIITH'!eCKoro rrorno111eHHll npn ll3MeHeHHH pa3Mepa B0,!\HOro 

rryna. Pa,11naunOHHO-XllMl1'1eCKllll BhIXO,!\ pa3JIOJKeHHJI KYMUPllHOB n o6paTHO

MHUeJIJlllpHbIX CllCTeMax BhIIIIe, 'leM B cnnpTOBhIX pacrnopax. 

JlnTeparypa 
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HCCJIE,l(OBAHIUI CBH3hlBAHIDI IIPOTHBOOIIYXOJIEBhIX 
COE,l(HHEHHM MHTOKCAHTPOHA II AMET AHTPOHA C ,l(HK, 3APAHEE 

OEJIYqEHHOM MHJIJIHMETPOBhIMII 3JIEKTPOMArHIITHhIMII 
BOJIHAMII 

Ea6IDIH IO.C., Ta.neaocJ1H A.A., KaHapllH f.JI.,Kmapl!H P.C., MapKapl!H A.III., 

Op6eJIJIH C.)l 

EpeeaHcKuii 20cyoapcmeeHHb1ii yHueepcumem, 2. EpeeaH, ApMemm, usbaba@ysu.am. 

CrreKTpO(pOTOMeTpnqeCKHM MeT0.Q0M HCCJie,noBaHo CBJ13hIBaHHe rrpoTHB00IIyxo

JieBhlX aHTH6HOTHKOB MHT0KCaHTp0Ha n aMeTaHTpoHa c ,[(HK, o6JiyqeHHhIMH 

HeTeIIJI0BhIMH MHJIJIHMeTp0BhIMH 3JieKTp0MarHHTHhlMH (M3M) B0JIHaMH C 

pe3oHaHCHhIMH .QJIJI B0.QHhlX CTpyKTyp qacT0TaMH 64,5 ffU: H 50,3 ff[( H 

Hepe30HaHCHOH qaCTOTOH-48,3 ffLI;. IlOKa3aHO, qT0 MHTOKCaHTp0H H aMeTaHTp0H C 

o6JiyqeHHhlMH H Heo6nyqeHHhlMH ,[(HK CBJl3h!BaIOTCJI 0.QHHaK0BhIM HHTepKaJIH

p)'IOI[(HM crroco6oM. O,nHaKO C ,[(HK, o6JiyqeHHhlMH M3M B0JIHaMH, pe30HaHCHhlX .QJIJI 

M0JieKyJIJ1pHh!X B0.QHhIX CTpYKTyp, aMeTaHTp0H n MHT0KCaHTp0H o6pa3)'IOT 6oJiee 

TepMOCTa6HJihHhIH K0MIIJieKC, K0HCTaHTa CBJl3h!BaHHJI K0T0phlX Ha II0pJ!.Q0K 60Jihllle, 

qeM K0HCTaHTa CBJ13h!BaHHJI aMeTaHTp0Ha H MHT0KCaHTp0Ha C Heo6JiyqeHHOH ,l(HK. 

M3M H3JiyqeHHJI CJia6oii HHTeHCHBH0CTH B HaCT0JII[(ee BpeMJI HMeIOT orpoMH0e 

rrpnMeHeHHe a rrpaKTnqecKOH Me.QH[(HHe. O6HapylKeH CIIe[(H(pHqecKHH Jieqe6HhlH 

xapaKTep B03,neiicTBHJI M3M H3JiyqeHHJI Ha opraHH3M qeJI0BeKa rrpn pa3JIHqHhIX 

rraTOJiornqecKHX C0CT0JIHHJIX [l]. Dh!JIO II0Ka3aH0, qTo 0.QHHM H3 crroco6oB CHHJKeHHJI 

HMMyHo,nerrpeccHBHhlX CBOHCTB H T0KCHqHQCTH rrperrapaT0B B rrpo[(ecce XHMH0-

TeparrHH orryxoJieii M0lKeT 6h!Th rrpnMeHeHHe XHMH0IIperrapaT0B a KOM6HHa[(HH c 

M3M H3JiyqeHneM [2]. 

U:eJihIO ,naHHOH pa6oThI JIBJIJIJI0Ch HCCJie,noaaHne oco6eHHOCTeii CBJl3h!BaHHJI 

rrpoTHB00IIyxoJieBh!X coe,nnHeHHH MHTOKCaHTp0Ha H aMeTaHTpoHa C ,l(HK, 

o6JiyqeHHOii M3M B0JIHaMH. 

MaTepuaJihl H MCTO/l:hl 

B pa6ore ncrroJih30BaJIH ,l(HK THMyca TeJieHKa ("Sigma"). PacrnophI ,[(HK 6hIJIH 

rrpnroTOBJieHhI B [(HTparuo-coJieBoM 6y4Jepe 0,lSS C, pH=7,3. 

O6JiyqeHHe paCTB0p0B M3M B0JIHaMH rrp0B0.QHJI0Ch a crre[(HaJihH0M 

cTeKJIJIHH0M cocy.ne. ToJil[(HHa o6pro[(a 1,2 MM. ,[(JIJ1 06JiyqeHnJ1 M3M B0JIHaMH 

rrpnMeHJIJIHCh reHepaTOphl f4-142 n f4-141. O6JiyqeHHe o6pa3[(0B rrp0B0.QHJI0Ch rrpn 

KOMHaTHOil: TeMrrepaType, B pelKHMe aMIIJIHTy.QH0H M0.QYJIJl[(HH C qacTOTOH 1 f[(, 

IIJI0TH0CThIO II0T0Ka M0I[(H0CTH Ha o6pa3[(e ~ 50 MK BTICM
2

• CrreKTphl rrornom:eHHJI 

M0JieKyJihl H3MepllJIHCh Ha crreKTpO(pOTOMeTpe SP 8-100 (AHrJIHJi). 

PelyJILTaTbl n o6c~CHHH 

AMeTaHTpOH H MHTHKCaHTp0H B3aHMo.neiiCTB)'IOT C ,l(HK B 0CH0BH0M HHTepKa

JIHpyrom:nM crroco6oM [3]. IlJIOCKHe qaCTH M0JieKyJI aMeTaHTp0Ha n MHT0KCaHTp0Ha 

BHe,npllIOTCJI MeJK.Qy rrapaJIJieJihH0 pacrroJioJKeHHhlMH a30THCThlMH 0CH0BaHHJIMH ,l(HK. 
oh!JIO II0Ka3aH0, ~0 BCJie.QCTBHe o6JiyqeHHJI M3M B0JIHaMH C qacT0TaMH 64,5 ffU: H 

50,3 ffU:, IIp0HCX0.QHT ,nern,npaTa[(HJI H0HOB [Na+] H HYKJie0TH.Q0B ,[(HK [4]. 

Bo,n:Hh!e paCTB0ph! ,l(HK, rrpnr0TOBJieHHhie MJI CIIeKTpO(pOTOMeTpHqecKoro 

THTp0BaHHJI o6JiyqaJIHCh 30 n 90 MHH. KpHBh!e THTpHBaHHJI II0JiyqeHhl Herrocpe.ncT

BeHH0 II0CJie o6JiyqeHHJI. KaK CJie,nyeT H3 3KCrrepnMeHTaJihHhlX .naHHhlX rrpn II0CT0JIH-
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HOH K0HUeHTJ)fillIIH rrp0THB00ITyxoneBoro rrperrapaTa C yBennqeHIIeM conep)KaHHll 
.[(HK B pacrnope, Ha6monaeTCll rnrroxpoMH3M n cMemeHIIe MaKCIIMYMa rrornomeHHll B 
CT0poHy MIIHHbIX B0JIH. OrrbITbl Il0Ka3b!BaIOT, ~o Ml! o6nyqeHHOH n Heo6nyqeHHOH 
,ll;HK Ha6monruoTCll onnHaKOBb!e 3aKOHOMepHOCTH II3MeHeHIIH rrornomeHIIll pacrnopa 
,ll;HK Bcnencrnne CBll3b!BaHIIll aMeTaHTJlOHa HJIH MHTOKCaHTJlOHa. 

CnenoBaTeJibHO, B IICcnenyeMb!X ycJIOBIIl!X aMeTaHTJ)OH H MIITOKCaHTJ)OH 
CBll3b!BaIOTCll C o6nyqeHHOH H Heo6nyqeHHOH ,ll;HK B OCHOBHOM HHTepKa.rIIIpy10mIIM 

crroco6oM. Ilpn HeKoTOpbIX 3HaqeHIIl!X c PI c
0 

(rne cp - KOHUeHTJlfillIIll ,ll;HK B pacqe-

Te Ha rrapy ocHoBaHIIH, a c0 - KOHUeHTJ)auIrn rrperraparn B pacrnope) rrpeKpamaeTCll 

na.rrbHeHIIIee H3MeHeHIIe crreKTpOB rrornomeHHll - Bee MOJieKyJihl HaXOMTCll B 
CBll3aHHOM COCTOl!HHII. 

KoHCTaHTa CBll3bIBaHIIll (k) II CTeXHOMeTJ)Hll HaCbIIneHIIll (n) rrperraparn C 
o6nyqeHHOH ,ll;HK paccqnTaHbl II3 CIIeKTJ)OB crreKTJ)OqJOTOMeTJ)IIqeKoro THTJlOBaHHll. 

~ll paccqern H3 KpHBb!X THTJlOBaHHll no qiopMynaM (1) orrpeneJil!JlH KOHUeHTJ)fillIIIO 

CB06onHoro (CI) H CBl!3!1HHOro (Cb) rrperraparn H 6bma IIOCTJ)OeHa II30TepMa 

MCOp6unn B KOOpMHarnx CKJ~apna 

A-A 
C1 =--b-·C0 , Cb=C0 -C1 (1) 

Al -:-Ab 

3necb A I II Ab - rrornomeHne cBo6onHoro n CBll3aHHoro rrperraparn, A-

rrornomeHne rrpn rrpoMe)KYTOqHhIX KOHUeHTJlfillHl!X rrperrapaTa. CBl!3hIBaHne 

HCCJie~eMb!X rrperrapaTOB C ,ll;HK xapaKTepn3yeTCll H30TepMOH MCOp6unn, KOTOPYJO 

MO)KHO OIIHCaTb TeopeTIIqecKOH 3aBHCHMOCTb!O (2). 

{ ]

n-1 
r 1-nr Cb 

- = k(l - nr ( ) me r = -cf 1- n-Jr cp (2) 

B Ta6JIIIUe l rrpIIBeneHhl 3HaqeJIIIll K H n Ml! nccnenyeMbIX KOMITJieKCOB ,ll;HK
aMeTaHTJ)OH II ,ll;HK-MHTOKCaHTJ)OH. 

Ta6nnua 1. 3HaqeHne rrapaMeTpOB CBll3blB!lHHll (K H n) MHTOKC!lHTJlOHa H aMeTaHTJlOHa 
c ,ll;HK, pacrnopbI KOTOpbIX 90 MHH. o6nyqa.rrnch M3M BOJIHaMH. 

~-aMeTa!ITpOH .[(HK-MHTOKCa!ITpOH 

1Heo6nyq. 
b6nyqeH. b6nyqeH. o6nytJeH. 

Heo6nyq. 
o6nytJeH. o6nyqeH. o6nyqeH. 

48,3ffQ 50,3 ffQ 64,5 rm 48,3rm 50,3 ffQ ki4,5 ffQ 

K(M-1
) 7 JO' 7,5 JO' 3,2 10° 2,8 10° 1,2 10° 1,3 10° 5,8 106 6,7 10° 

n 2,1 2,2 2,2 2,1 2,4 2,3 2,4 2,4 

KaK 6bmo rroKaJaHo [4], o6nyqeHne ,ll;HK pe3oHaHCHhIMH ~ BonHhIX CTJlYKTYP 

M3M B0JIHaMH, rrpnBonnT K II3MeHeHnIO rnnpaTHOH o6onoqKn ,ll;HK, n Bcnencrnne 

3T0ro, KaK cnenyeT H3 Ta6JIHUhI, yBeJinqnBaeTCll K0HCTaHTa CBll3blB!lHHll; 

MHT0KC!lHTJl0H H aMeTaHTJlOH o6pa3YJOT C o6nyqeHHOH 64,5 H 50,3 ffU: qaCTOTaX .[(HK 

6one crn6IIJihHhIH KOMIIJieKc. Ilpn 06.II)"leHnn )Ke pacrnopoB ,ll;HK M3M qacTaTOH 

48,3 rru:, rrapaMeTJ)bl CBll3hIBaHHll o6nyqeHHOH ,ll;HK c rrperrapaTaMII no cpaBHeHHIO c 
Heo6nyqeHHOH ,ll;HK H3MeHl!IOTCll He3Jiaq11TeJibH0, HaxOMTCll B rrpenenax 
rrorpcIIIH0CTH 3KCrrepnMeHTa. 
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CnenoBaTeJihH0, BCnencrnIIe o6nyqeHHll ,ll;HK pe30H!lHCHb~II nJlll BOnHh!X 
CTJlYKTYP qaCTOTaMII rrpoIICX0MT TaKIIe H3MeHeHIIll B r11npaTHOH o6onoqKe )];HK, 
BCJJencrnIIe qero HHTepKa.rrIIpYJOmHe rrp0THB0OIIyxoneBbie coenIIHeH!Ill o6pa3YJOT c 

HIIMII 6onee CTa6IIJibHb!H K0MITJleKC. 
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BJIIDIHHE KOrEPEHTHOro 3JIEKTPOMArHHTHOro II3JIYqEHIDI 
MIIJIJIIIMETPOBOro ,l1,IIATIA30HA HA TIJIOTHOCTb PACTBOPOB ,lJ,HK 

Ea6rurn IO.C., Ta,nesoc.11H A.A., KaHap.11H r.JI., KarraHrap.11H B.TI. 
EpeeaucKuu wcyoapcmeeuub1u yuueepcumem, 2. Epeeau, usbaba@ysu.am 

,[(eHCHTOMerpnqecKHM H crreKTpo¢0TOMeTpnqecKHM MeT0,l.laMH HCCJie,l.l0BaHhl 

IIJI0TH0CTh n TepMOCTa6HJihHOCTh B0M0-C0JieBhIX pacrnopoB ,[(HK, o6nyqeHHh!X 

HeTeIIJI0BhlMH MHJIJIHMerp0BhIMH JJieKrp0MarHHTHhIMH B0JIHaMH C pe30HaHCHhlMH ~ 

B0,1.lHhIX Crp)'KTyp KOJie6aHH.HMH C qacTOTm.m 64,5 rr11 H 50,3 rr11 H Hepe30HaHCH0ll -

48,3 rr11. IloKa3aHO, 'ITO C ysemi:qeHHeM BpeMeHn o6nyqeHH.H pe30HaHCHhIMH 

qaCTOTaMH OTO (Heo6nyqeHHa.H) ,1.10 120 MHH. TepM0Cta6HJihHOCTh ,[(HK n IIJI0TH0CTh 

ee pacrnopoB ysennqnBaIOTC.H rrpn6JIH3HTeJihHO Ha I °C H I 0-4 r/cM3 , C00TBeTCTBeHH0. 

Ilpn 06nyqeHnn )Ke Hepe3oHaHcHoil: qacrnrnil: 48,3 rr11 ysennqeHne TepMocra6nnh

HocTn ,[(HK H IIJI0TH0CTH ee pacrnop0B Hax0,l.l.HTC.H B rrpe,1.1enax rrorpeuIH0CTH 

JKcrrepnMeHta. Ilpe,1.1rronaraeTc.11, 'ITO rro,1.1 ,1.1eil:crnrreM HH3K0JHepreTnqecKoro n3nyqe

Hn.11 MHJIJIHMerposoro ,1.1narra30Ha rrponcxo,1.1nr ,1.1ern,1.1para11n.11 ,[(HK n rrpncyrcrnyio

mnx B pacrnope noH0B Na+. 

MHJIJIHMerpOBhie JJieKTp0MarHHTHhie (M3) B0JIHhl HeteIIJI0BOll HHTeHCHBH0CTH 

ycrreurno rrpnMeH.HJOTc.11 B KnHHnqecKoil: Me,1.1n11nHe n B 6nonornn, HecMorp.11 Ha TO, 'ITO 

MeXaHH3Mhl HX ,l.lellCTBH.H Ha 6HonornqecKne ofo,eKThl II0Ka eme He C0BCeM II0H.HTHhl 

[1-2]. B Hacro.11mee BpeM.11 see 6onhmee rro,1.1rnep)KJ.leHne rronyqaer K0H1terr11n.11, 

yrsep)KJ.laIOIIIM, 'ITO HeTerrnosoe BJIH.HHne M3 B0JIH Ha 6ncncTeMhI 06ycnosneHHo 

BJIH.HHHeM Ha B0,l.ly [3]. fIOKa3aHO, 'ITO M3 B0JIHhl HeTeIIJIOBOll HHTeHCHBH0CTH BnH.HIOT 

Ha CBOllCTBa B0,l.lHhIX pacrnopoB BCJie,l.lCTBHe H3MeHeHH.H CTPYKTYPHPOBaHHOCTH B0,1.lhl 
B0Kpyr pacrnopeHHhIX semecrn. 

QeJihlO ,1.1aHHOll pa60Thl .HBAAJI0Ch nccne,1.10BaHHe IIJI0TH0CTH H TepMOCTa6HJih

H0CTH B0,l.lHhIX pacrnopoB ,[(HK, o6nyqeHHhIX HH3K0JHepreTnqeCKHMH M3 KorepeHT

HhlMH B0JIHaMH C qacT0TaMH 64,5 rr11 H 50,3 rr11, C0BIIa,Z(aIOIIIHMH C pe30HaHCHhIMH 

qacTOTaMH Kone6aHnil: reKcaroHaJihHhIX CTPYKTYP B0J.lhI [3], n c qacroToil: 48,3 rr11. 

MaTep11aJILI If MCTOJJ:hl 

B pa6oTe 11crronh3osarrn ,[{HK TnMyca TeneHKa ("sigma"). Pacrnophl ,[(HK 6hlnn 

rrpnrornsneHhI B 11nrpaTHo-conesoM 6y¢epe 0. I SSC. flnornocTu B0J.lhI, 0.1 SSC n 

pacrnopos ,[(HK orrpe,1.1en.11nn Ha ,1.1eHCHTOMeTpe DMA 4500 Anton Paar (Ascrpn.11) c 

qycTBHTeJihH0CThlO 10-s r/cM3• 

O6nyqeHH.H pacrnopoB M3 B0JIHaMH IIp0B0,l.lHJI0Ch B crre1tHaJihH0M CTeKn.HHH0M 
cocy,1.1e. PacrnophI csepxy 3aKphIBaJIHCh np03paqHoil: M.H n3nyqeHn.11 TOHK0il: xnop

BHHHJihHoil: nneHKoil:. TonmnHa o6pa31ta He rrpeBhIIIIarra I MM. ,[(AA 06nyqeHn.11 M3 

B0JIHaMH rrpnMeH.HJIC.H HCTQqHHK ClffHaJI0B CBepXBh!C0KHX qacT0T, reHepaT0phi r4-

142 n r4 141. O6nyqeHne o6pa3I.tOB rrposo,1.1nnoch npn K0MHaTHoil: TeMneparype, B 

pe)KHMe aMIIJIHTYJ.lHOll M0J.lYAAI.tHH qacToT 1 r11, nJI0TH0CTh n0T0Ka M0IIIH0CTH Ha 
o6pa3I.te C0CTaBAAJia ~ 50 MKBTICM2• 

CrreKTphI nornow;eHH.H ,[(HK npn rrnasneHHH rronyqeHhI Ha cneKTpo¢ornMerpe 
UNICAM SP 8-100 (AHrnn.11), B TepMocraTHpyeMhIX .11qeil:Kax. 

PeJyJILTaTLI II nx o6c~eune 
,[(AA BLI.HCHeHH.H BJIH.HHH.H HH3K0JHepreTHqecKHX M3 K0repeHTHhIX B0JIH ( C 
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pe30HaHCHLIMH H Hepe30HaHCHhIMH qacT0TaMH KOne6aHHH reKCar0HaJlhHhlX B0,1.lHhIX 

crpyKryp) Ha ,[{HK ee pacrnophr o6nyqarrnch no 30, 60, 90 n 120 MHH, rrocne qero ~ 
o6nyqeHHhIX n Heo6nyqeHHhIX pacrnopos ,[{HK orrpe,1.1en.11nn nnoTH0CTh n nornomeHne 

rrpn 260 HM (B l\faKCHMyMe rrornomeHH.H) B 3aBHCHM0CTH OT TeMrreparyph!. ,[{n.11 

K0HTP0JI.H 6hmH H3MepeHhl TaK)Ke IIJI0TH0CTH 6n,1.1HCTHJIHpOBaHHOH B0,1.lhl H B0,1.lH0-

conesoro pacrnopa (6y¢epa) ,1.10 n rrocne o6nyqeHH.H. I1ccne,1.1osaHn.11 Bhrnsnnn, qTo npn 
o6nyqeHHH qnCTO!i B0,1.lhl C qaCTOTaMH 64,5 rr11, 50,3 rr11 H 48,3 rr11 IIJI0TH0CTh 

qnCTO!i B0,1.lhl rrpaKTnqeCKH He MeH.HeTC.H, B TO speM.H KaK nJI0TH0CTh 6y¢epa H 

pacrnopa ,[(HK ysennqnBaIOTC.H rrpn o6nyqeHHH qaCTOTaMH 64.5 rr11 n 50.3 rr11, 

C0BIIa,Z(aIOIIIHMH C pe30HaHCHhlMH qacT0TaMH Kone6aHHH reKcaroHaJihHhIX CTPYJCTYP 

B0,1.lhl, H He MeH.HIOTC.H rrpn o6nyqeHHH qacTOTOli 48,3 rr11 (ra6n. I). Cne,1.10BaTeJihHO, 

npn o6nyqeHHH 6y¢epa H pacrnopa ,[{HK qacT0TaMH, C0BIIa,Z(aIOIIIHMH pe30HaHCHhIMH 

qacT0TaMH KOJie6aHHli reKcar0HaJihHhIX CTPYKTYP B0,l.lhl, HX IIJI0TH0CTH ysennqn

BaIOTC.H. KaK II0Ka3HBaIOT JKCIIepnMeHTaJihHhie ,1.1aHHhie, 0CH0BH0e ysennqenn.11 

nJI0TH0CTH pacrnop0B np0HCX0,l.lHT ,1.10 90 MHH. o6nyqeHH.H, nocne qero ysennqenn.11 

nJI0TH0CTH CtaH0BHTC.H ne3naqnTeJibHhIM. O,1.lHOBpeMeHHO, na6JIJO,l.laeTC.H npaKTnqecKH 

0,1.lHHaK0Ba.H ,l.lHHaMHKa H3MeHeHH.H nJIOTHOCTeii 6y¢epa H pacrnopa ,[{HK. 

Ysennqenn.11 nnornocTH ,[{HK n 6y¢epa scne,1.1crnnn 06nyqenn.11 pacrnopos M3 

K0repeHThlMH B0JIHaMhl C qaCT0TaMH 64,5 rr11 H 50,3 rr11 C0Bn0,l.laIOIIIHMH C 

pe30HaHCHhIMH qacT0TaMH KOJie6aHHH reKcar0HaJihHhIX crpyKTyp B0,1.lhl, no BCeii 

Bep0.HTH0CTH, o6ycnOBJieHO H3MeHeHHeM CTPYKTYPhI B0,1.lhl BCJie,l.lCTBHH o6nyqenn.H, TaK 

KaK pe30HaHCHhie qaCTOThl nornomeHH.H ,[{HK naX0,l.l.HTC.H B o6naCTH OT 2 ,I.IQ 9 rr11 [4]. 

O606ma.11 BhIIIIe H3JI0)KeHHhie JKcrrepnMeHTaJlhHhie ,l.laHHhle, M0)KH0 npe,1.1n0JIQ)KHTh, 

qro, rrpn o6nyqennn 6y¢epa n pacrnopa ,[{HK, rro BHJ.lHM0MY, nponcxo,1.1nT ,1.1ern,1.1pa

ra11n.11 npncyrcrnyJOIIIHX B pacrnope H0H0B (B 0CH0BH0M Na+) H ,[{HK. lfaCTh 

CB060,l.lHhIX M0JieKyJI B0,1.lhl 3aII0JIH.HeT rrycT0Thl reKcar0HaJihHhIX CTPYKTYP, BCJie,l.lCTBHe 

qero nnoTH0CTh pacrnopa ysennqnsaeTc.11. 

Ta6m11.-1a 1. IlJiornocTb 6imncmnnpoBannoii B0J.lbI, 6y<jlepa n pacrnopa ,[(HK npn o6nyqennn B 
reqennn 90 MHH. M3 K0repeHTHbIMH B0JIHaMH npn 20 °C 

O6beKT Heo6nyqen. O6nyqen. pacrnop O6Jiyqen. pacrnop O6nyqen. pacrnop 
HCCJie,!\0BaHHJI pacrnop nptt qacT. 64,5 fn-1 npH qacT. 50,3 ff!-1 npH qacT 48,3 ff!-1 

p (r/cM') p (r/cM') p (r/cM') p (r/cM') 

Eimncnm. BO.Lia 0.99820 0.99821 0.99820 0.99822 

6y<jlep 0.99920 0.99926 0.99932 0.999925 

Pacrnop ,[(HK 0,99923 0.99930 0.99932 0.99925 

llpUMe~auue. 3ua~eHUH npuBeoeHHblX oaHHblX npeocma6JIR10m co6ou cpeouue apu(jJMemu~ecKue U3 
8 He3a6UCUMblX U3Meoeuuu. 

I1ccne,1.1osarrocb TaK )Ke BJIH.HHHe HH3K0JHepreTnqecKHX M3 KorepeHTHhIX B0JIH 

Ha B0,1.lHO-COJieBO!i pacrno.p ,[(HK,c II0M0IIIhJO nnasneHH.H ,[{HK C n0BhIIIleHHeM 

TeMI;IepaTyph!. ,[(AA JT0ro 6hillH noJiyqeHhl KpHBhre IIJiaBJieHH.H o6nyqeHHhIX (30, 60, 90 

n 120 MHH.) n Heo6nyqeHHhIX pacrnopos ,[{HK n orrpe,1.1eneHhI napaMerphr TeMneparypa 

(Tnn) H HHTepsarr nnasneHH.H (L'.T). KpHBble nnasneHH.H nonyqeHhI KaK Herrocpe,l.lCT

BeHH0 nocne o6nyqeHHH pacTsopos, TaK n qepe3 IO n 24 qaca nocne 06nyqenn.11. 

I1ccne,1.10BaHH.H n0Ka3aJIH, 'ITO BH,l.l KpHBhlX IIJiaBJieHH.H, 3HaqeHH.H T nn H ,",. T He np0.HB

JI.HIOT onpe,1.1eneHHYJO 3aBHCHM0CTh OT ,l.lJIHTeJihH0CTH rrocro6nyqeHHOro BpeMeHH, 
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noCKOJibKY qepe3 10 II 24 qacoB nocne o6nyqeHIIJI 3TII napa.MeTJ)bl He II3MeHJIIOTCJI B 
npe,[(eJiax norpeIIIHOCTII 3KCnepIIMeHTa. ITpII 3TOM 6blJIO BblJIBJieHO, qTo pH paCTBOpOB 
.[{HK BCJie.[(CTBIIe o6nyqeHIIJI B npe.[(eJiax 3KCnepIIMeHTaJibHOll OIIIH6KII He II3MeHJieTCJI. 
O6Hapy)KeHO, ~o B 3aBIICIIMOCTII OT ,[(JIIITeJibHOCTII o6nyqeHIIJI pacrnopoB .[{HK 
qaCTOTOii 64.5 rn-1, COBna.[(aIOIIIeii: C 0,[(HOH 113 pe30HaHCHbIX qacTOT KOJie6aHIIH reKca
fOHaJibHbIX CTJlYKTYP BO.[(hI, TepMocrn6IIJibHOCTb T IJJI .[{HK B03pacrneT. KaK cne.[(yeT II3 
3KCnepIIMeHTaJibHblX ,[(aHHbIX, C yBen11qeHIIeM BpeMeHII o6nyqeHIIJI .[{HK T nn 
yBeJI11q11BaeTCJI rrp116JIII3IITeJibHO Ha 1 °C, B TO BpeMJI KaK l-.T HeMHOro yMeHbIIIaeTCJI (B 
npe.[(eJiax norpeIIIHOCTII 3KCnepIIMeHTa). 

TaK KaK pe3oHaHCHble qacTOTbl nornomeHIIJI .[{HK HaxO,[(JITCJI B o6nacTII OT 2 ,[(O 
9 fn1, TO Mbl nonaraeM,~O 1IpII qacTOTe 64,5 ffIJ 113MeHeHIIJI B 3HaqeHIIJIX Tnn II f-.T 
o6ycnoBJieHhI IIX orrocpe.[(oBaHHbIM qepe3 BOllY BJIIIJIHIIeM Ha .[{HK. Pacrnopb1 .[{HK 
o6nyqaJIIICb TaK)Ke rrp11 llpyroii: pe30HaHCHOH qacTOTe KOJie6aHIIH reKcaroHaJibHblX 
BO.[(HblX CTJlYKTYP 50,3 ffIJ II qacTOTe 48,3 ffIJ. OnbITbl nOKa3bIBaIOT ,qTO 06JiyqaJI 
pacrnopbI .[{HK rrp11 qacTOTe 50,3 ffII Tnn II l-.T npeTepneBaIOT aHanornqHbie 
113MeHeHIIJI, qTo II np11 o6nyqeHIIII pacrnopOB .[{HK qacTOTOH 64,5 ffIJ. O.[(HaKo, B 
cnyqae 06nyqeH11JI pacrnopoB .[{HK np11 qacTOTe 48,3 ffII, napa.MeTJlbI nnaBJieHIIJI 
rrpaKT11qecKII He 113MeHJIIOTCJI. 

Cne,[(OBaTeJibHO, MO)KHO rronaraTb, qTo na6JIIO,[(aeMbie 113MeHeHIIJI B napa.MeTJ)aX 
nnaBJieHIIJI .[{HK o6ycnoBJieHbl IIMeHHO 113MeHeHIIJIMII CTJlYKTYPbI BO,[(bl, B03HIIKaIO
IIIIIMII BCJie,[(CTBIIII ofinyqeHIIJI. Cne.[(yeT OTMeTIITb, ~o nonyqeHHbie ,[(aHHbie no 
rrnaBJieHIIIO .[{HK HaXO,[(JITCJI B xopOIIIOM COOTBeTCTBIIII C ,[(eHCIITOMeTJ)IIqecKIIMII 
,[(aHHblMII. CornaCHO npe,[(JIO)KeHHOll Bepc1111, BCJie.[(CTBIIe o6nyqeHIIJI npOIICXO,[(IIT 

.[(erH.[(paTII3aIJIIJI HOHOB Na+' B pe3yJibTaTe OHII 6onee 3!pipeKTIIBHO 3KpaH11pyIOT OTJ)II
IJaTeJibHO 3apJI)KeHHbie qiocqiopHb!e rpyrrnhI .[{HK, II3-3a qero II YBeJI11q11BaeTCJI TepMO
CTa6IIJibHOCTb .[{HK. 
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QeJib IICCJie,[(OBaHIIJI: ycTaHOBIITb HaCbIIIIeHHOCTb ryaHIIHOM II IJIIT03IIHOM (m
HaCbIIIIeHHOCTb ), a TaK)Ke CKOpOCTII 3B0JIIOIJIIII 3K30HOB II IIHTJ)OHOB reHOB aJIKOfOJib
,[(ern,[(poreHa3 KJiacca 3 (A.[{f3) MbIIIIII II qenoaeKa. 

MaTepH:Lllhl H MeTO.[(hl 

IIpoattan11311poBaHbI nocne.[(oBaTeJibHOCTII reHoB A.[{f3 MhlillII (ENSMUSE00000l 76694, 
www.ensembl.org), qenoBeKa (ENSG00000197894, www.ensembl.org), A.[{flC qenoBeKa 
(NT_016354, www.dsi.univ-paris5.fr), COOTBeTCTBYIOIIIIIe IIM nocne,[(oBaTeJihHOCTII MPHK 
II aMIIHOKIICJIOTHbie IIOCJie,[(OBaTeJihHOCTII KO.[(llpyeMbIX 6eJIKOB. fQ-HaCbIIIIeHHOCTh OIIpe
,[(eJieHa npII IICnOJib30BaHIIII naKeTa rrporpaMM MEGA [7]. BbipaBHIIBaHIIe nocne,[(oBa
TeJihHOCTeii rrpoBe,[(eHO c noMOII_\blO nporpa.MM Clustal W [11]. 3BOJIIOIJIIOHHbie .[(IICTaH
IJIIII II CKOpocrn MOJieKyJillpHOH 3BOJIIOIJIIII BbJqIICJieHbl no MeTO.[(y M. KIIMypb! [2]. CIIHo
HIIMIIqHaJI (ps) 11 HecIIHoHHM=aJI CPN) p-.[(IICTaHIJIIII BbJqllCJieHbI no MO.[(II!pIIIJIIpo
BaHHOMY MeTO.[(y HeJI-fO.[()K06op11 [6, 8]. XapaKTep a.MIIHOKIICJIOTHblX 33.MeH onpe.[(eneH 
no !pII3IIKO-XIIM~eCKOll .[(IICTaHIJIIII [5]. KoHqiopMaIJIIOHHaJI IIO,[(Bll)KHOCTh OCTOBa noJIII
neIITil,[(HOll IJenII BbJqIICJieHa no MeTO.[(y B.B. IIopoiiKOBa II COaBT [3]. Pa6oTa BbIIIOJIHeHa 
B pa.MKax rpaHTa EP<I><I>H N2E06M-060 or 1.04.2006 r. 

PeJyJILTaTLI u o6cym,n:euue 
Cpe,[(Hee CO.[(ep)KaHIIe ryaHIIHa II IIIIT03IIHa B 3K30Hax reHa A.[{f3 qeJIOBeKa 

COCTaBJIJleT 45,8 ± 3,35 %, qTQ .[(OCTOBepHO (p < 0,05) BbIIIIe TaKOBOfO a IIHTJ)OHax 
(38,1 ± 1,43 %). YcTaHOBJieHO, qTQ B ,[(aHHOM reHe 6onee fQ-HaCbIIIJeHHbie 3K30Hbl 
qepe.[(YIQTCJI C MeHee fQ-HaCbIIIIeHHb!MII IIHTJ)OHa.MII. TaKoe CTJ)OeHIIe reHa A.[{f3 qe
JIOBeKa 3a cqeT pa3n11q11ii B co.[(ep)KaHIIII B0/:10p0/:1HhIX CBJI3eii o6ecrre~BaeT qepe.[(o
BaHIIe 6onee TepMO,[(IIHa.MIIqecKII CTa6IIJibHbIX yqaCTKOB MOJieKyJibl .[{HK (COOTBeTCT
BYIOIIIIIX 3K30Ha.M) II MeHee CTa6IIJibHbIX (cooTBeTCTBYIOIIIIIX IIHTJ)OHa.M). Cpe.[(HJIJI 
CKOpOCTb 3BOJIIOIJIIII ,[(JIJI 3K30HOB reHa A.[{f KJiacca 3 qeJIOBeKa II Mbl-IIIII COCTaBJIJieT 
0,51 ± 0,050, a ,[(JIJI IIHTJ)OHOB - 3,49 ± 0,355 33.MeH Ha HyKJieOTil,[(Hblll caiiT a fO,[( 
(paJJIII~ ,[(OCTOBepHbI, p < 0,001). Me)K.[(y CKOpOCTJIMII 3B0JIIOIJIIII 3K30HOB II IIHTJ)O
HOB A.[{f KJiacca 3 II IIX HaCbIIIIeHHOCTbIO ryattIIHOM II IJIIT03HHOM cymecrnyeT ,[(0-
CTOBepHaJI (p < 0,05) OTJ)IIIJaTeJibHaJI KOppeJIJIIJIIOHHaJI CBJI3b cpe.[(Heii CIIJibI (r = -
0,46 ± 0,229). TaKIIM o6pa30M, 66JiblllaJI fQ-HaChIIIIeHHOCTb 3K30HOB 113yqaeMOfO reHa 
A.[{f qenoBeKa (no cpaBHeHIIIO c HHTJlOHa.MII) B npoIJecce 3BOJIIOIJIIII coxpattlleTCJI 
6naro,[(apJI MaJIOH CKOpOCTII IIX 3B0JIIOIJIIII, ~o o6ecne~BaeT IIX 66JibIIIYIO 3aIIIIITy OT 
MyrareHOB. 

. Ha1160Jiblllllll IIHTepec npII 113yqeHIIII reHOB A.[{f qeJIOBeKa rrpe.[(CTaBJIJieT 
B03MO)KHOCTb OIJeHKII IIX 3BOJIIOIJIIOHHbIX 113MeHeHIIll B CBJI311 C n0JIBJieHIIeM HOBblX 
!pyttKIJIIH. IT03TOMY reHbI A.[{f KJiaCC0B 1 C, 3 ( 0THOClIIIJIIeCJI, cornaCH0 rrpe,[(JIO)KeHHOH 
Ha.MIi KJiaCCII!pIIKaIJIIII [l ], K pa3Hb!M IIO.[(KJiacca.M) qenoBeKa IIOCJI~IIJIII o6'beKTa.MII 
.[(JilI ,[(aJibHeiiIIIero TIIIaTeJibHOro aHaJIII3a. IIpO!pIIJIII ru- II fU3-co.[(ep)KaHIIJI B 3K30Hax 
II3yqaeMbIX reH0B A.[{f 0TJIIIqaIOTCJI, HO .[(OCTOBepHbie OTJIIIqIIJI o6Hap~IIBaIOTCJI 
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JIHIIIh rrpH cpai!HeHHH HX IIJIThIX JK30HOB (p < 0,01 H p < 0,001, COOTBeTCTBeHHO). 
BhIJIBJieHHh!e OTJIH'IHJI Ha.BO,VlT Ha l\lh!CJih O BIDKHOCTH IIJITOro JK30Ha B CTPYK'fYPHO
<pyttKIJHOHaJibHhIX OTJIH'IHJIX A)];r JTHX .[IByx KJiaCCOB. 

fIOJIY'JeHHb!e pe3yJihTaTbl cornacyioTCJI C TaKOBhIMH, IIOJIY'JeHHh!MH IIpH 

IIOCTPOeHHH rrpo<pmieii MyTa6HJihHOCTH no COOTBeTCTBYJOIIJHl\l .[\eKarrerrTH.[\al\l 

Y'JaCTKaM MPHK, KOJIHPYJOIIJHM A)];r IC H 3 qenoaeKa. TaK, ycrnHoaneHo HaJIH'IHe 
l\Byx Y'JaCTKOB c Bh!COKOH qacTOTOH MYTaIJHH. IlepBblll H3 HHX (346---375) 

COOTBeTCTByeT qacTH IIJITOro JK30Ha, a BTOpoii (886---915) - Ce.[\bl\!Oro JK30Ha. 

lfaBeCTHO, 'ITO HaJIH'!He BapHa6eJibHhIX Y'JaCTKOB l\lO)I(eT 6b!Th o6ycJIOBJieHO KaK 
IIOJIO)I(HTeJibHh!M oT6opoM, TaK H <pHKCaIJHeii HeiiTPaJihHhIX 3aMeH. 

flpH Bhlpa.BHllBaJIHH COOTBeTCTBYJOIIJHX IIJ!Th!M JK30Hal\l Y'JaCTKOB aMHHOKHCJIOTHhIX 
IIOCJie.[\OBaTeJibHOCTeii A)];r 1 C H 3-ro KJiacCOB qeJIOBeKa YCTaHOBJieHO, 'ITO HX BTOpH'IHal! 

CTPYKTYPa HeCKOJibKO pa3JIH'laeTCJI. TaK, B o6naCTH N-KOHIJa Y'JaCTKa A)];r3, 
COOTBeTCTBYJOIIJero IIJITOMY 3K30tty, HMeeTCJI U-CIIIIpaJibHhlll <pparMeHT, KOTOpbIH 

OTCYTCTBYeT B COOTBeTCTBYJOIIJeM Y'JaCTKe A)];rl C. Ha6JIIOJ1ael\lh1e pa3JIH'lHJI BTOpH'IHoii 
CTPYKTYPhI, 6eJycnoBHO, corrpJl)I(eHhI c H3MeHeHHJll\lH TPeTH'IHOH CTPYKTYPhI n <pyttKIJHH. 

TaK, peHTreHOCTPYKrypHhll\l aHaJIH301\I 6bIJIO IIOKa3aHO, 'ITO al\lHHOKHCJIOTHhie OCTaTKH, 

COOTBeTCTBYJOIIJHe IIJITOMY 3K30HY, Y'JaCTBYJOT B CBJl3h!BaHHH Cy6CTPaTOB. OCTaTKH, 
3aHHl\laJOIIJHe 116, 117, 140, 141-e IIOJIO)I(eHHJI, BXO)],l!T a COCTa.B Cy6CTPaT-CBJ13hIBaJOIIJero 

naKera, a OCTaTOK Apr-115 A)];r3 CBJl3bmaeT rJIYTaTHoH n 0Mera-rHJ1POKCH)I(llpHb1e 
KHCJIOTbl [4]. 

C KpaiiHeii CTeneHb!O OCTOpO)I(HOCTH Mb! nonaraeM, 'ITO B npoIJecCe JBOJIIOIJHH 

npoHCXO.[\HJI noJIO)I(HTeJibHhlll omop MYTaIJHH Ha N-KOHIJe COOTBeTCTBYJOIIJero IIJITOMY 

3K30tty Y'JaCTKa A)];r IC H 3. ,lLJuI Bh!JIBJieHHJI omopa OIIpe.[leJieHbI CHHOHHl\lH'IllaJI H 
HeCHHOHHl\lH'IHaJI .[\HCTaHIJHH. 

IlOJIY'JeHHhie Hal\lH COOTHOIIIeHHJI J)Nlps npH cpaBHeHHH Bceii 

nocJie.[\OBaTeJibHOCTH H3Y'Jael\lb!X MPHK H HX yqacTKOB, COOTBeTCTBYIOIIJHX nJ1Th!M 

3K30HaM, paBHhl H JIBJIJIIOTCJI .[\OCTaTO'IHO HH3KH1\IH (0,38), 'ITO cornacyeTCJI C 

.[\aHHhIMH, nOJIY'JeHHh!MH l\pyrHMH HCCJie.[\OBaTeJIJIMH. ,l{JIJI .[leCJITH N-KOHIJeBbIX K0.[\0-

HOB Y'JaCTKOB CpaBHHBael\lbIX MPHK, COOTBeTCTBYJOIIJHX nJ1Th!M 3K30HaM, COOTHO

IIIeHne HeCHHOHHl\lH'IHOH H CHHOHHl\lH'IHOH .[\HCTaHIJHH 3Ha'JHTeJihHO BhIIIIe (0,88). 

,l{attHOe 3Ha'leHne, O.[IHaKO, He npeBbIIIIaeT e.[IHHHIJhl. 11MeHHO no JTOH npH'IHHe 

TPallHIJHOHHOe orrpe.[leJieHHe noJIO)I(HTeJibHOro omopa C nOMOIIJhlO .[\OCrynHhIX ceJieK

IJHOHHhIX TeCTOB OKa3aJIOCh HeB031\10)I(Hb!M H3-3a HX TeXHHqecKHX He.[\OCTaTKOB. 

B nOJih3Y npe.[lnOJIO)I(eHHJI O CYIIJeCTBOBaHHH nOJIO)I(llTeJibHOro omopa TaK)I(e 

CBH.[\eTeJibCTBYJOT .[\OCTOBepHoe npeo6Jia.[laHHe l\lHOroIIIaroBbIX al\lHHOKHCJIOTHhIX 3al\leH 

(80,0 ± 13,33 %, p < 0,01) H HaJIH'JHe TPeX Bh!COKOpa.[IHKaJihHhIX 3al\leH al\lHHOKHCJIOT 

(HYMepaIJHll no A)];rIC, HarrpaaneHne OT A)];r3 K A)];rlC - 116:Apr-->Acn, 
123:Tpe-->Jleii H 125: flpo-->rnH). EOJihIIIOe KOJIHqeCTBO <pHKCHpOBaHHhIX 3al\leH al\lHHO

KHCJIOT Ha Y'JaCTKe 116-125 He l\lOrJIO He nOBJIHJITh Ha KOH<pOpMaIJHOHHYJO nO.[\BH)I(
HOCTh rJia.BHOH IJenH. Y CTaHOBJieHO, 'ITO 3al\leHbl al\lHHOKHCJIOT B nOJIO)I(eHHJIX 116-118 

nocJie.[\OBaTeJibHOCTH A)];rl C npHBeJIH K pocry cpeJ1Heii JHTPOnHH, a, CJie.[\OBaTeJihHO, 

YBeJIH'leHHIO rn6KOCTH OCTOBa OCHOBHOH IJenH. IlOJIBJieHne OCTaTKa JieiiIJHHa a 116-M 
nOJIO)I(eHHH (B pe3yJibTaTe 3al\leHhl Ban-->Jleii) n03BOJIHJIO JIH<p<pepeHIJHPOBaTb l\OCTy!I H 

peTeHIJHIO pa3JIH'IllhIX no pa3Mepy cy6CTPaTOB B aKTHBHhIH IJeHTP A)];r (6naroJ1apJ1 

HaJIH'IHIO ero JIByx KOH<pOpMaIJHOHHhIX COCTOJIHHH). BMeCTe c Tel\! ofo,el\l 6oKOBOro 

Pal\HKaJia OCTaTKa Jleii (0,1134 HM
3
) 60JibIIIe TaKOBOro OCTaTKa Ban (0,0863 HM\ 'ITO 
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npHBeJIO 6b! K CTepHqeCKHl\l noMeXal\l ero c C n D KOJih!Jal\lH CTepOH.[\a [10]. O.[IHaKO 
JlaHHh!e IIOl\leXH He B03HHKaJOT, IIOCKOJihKY B pe3yJihTaTe 3al\leH B 115-M (Apr-->Acrr) H 

117-M IIOJIO)I(eHHJIX (Tpe-->rnH) rrpOHCXO.[\HT YMeHbIIIeHHe 061,el\lOB 6oKOBhlX paJIH
KaJIOB B3aHM03al\leHJlel\lb!X al\lHHOKHCJIOTHhIX OCTaTKOB. 

BMeCTe C Tel\! H30<pepMeHry A,l{rl C CBOHCTBeHHO HaJinqne yttHKaJihHhIX <pyttK

IJHOHaJihHhIX oco6eHHOCTeii, a Hl\leHHO crroco6HOCTH KaTaJIH3HpOBaTb peaKIJHIO .[\HCMy

TaIJHH. B XO.[\e JTOH peaKIJHH H3 l\Byx l\lOJieKyJI aIJeTaJib.[\ern.[la o6pa3YJOTCJI aIJeTaT H 

JTaHOJI, KOTOpblll l\lO)I(eT 6b!Th BHOBh OKHCJieH KaK A,l{flC, TaK n JlpyrHMH A)];r. 

Y'IHTh!Bllil IIOJIY'JeHHhie .[laHHhie O Bh!COKOH BepOllTHOCTH IIOJIO)I(HTeJibHOro OT6opa 

MYTaIJHH B A,l{rl C H <pyHKIJHOHaJihHhie oco6eHHOCTH .[\aHHOro H30<pepMeHTa, l\lhl 

rrpe.[IIIOJiaraeM, 'ITO OHH MOryT CTaTh OCHOBOH .[\JIJI pa3pa60TKH l\leTO.[la onpe.[leJieHHJI 

aKTHBHOCTH A)];f IC .[\JUI OIJeHKH CTerreHH TJl)I(eCTH aJIKOroJIH31\la H J<p<peKTHBHOCTH 

npOBO.[\Hl\lOro Jie'JeHHJI. 

AMHHOKHCJIOThl, COOTBeTCTBYIOIIJHe BTOpOMY BapHa6eJibHOMY Y'JaCTKY, He Bhl

IIOJIHJIIOT KaKOH-JIH60 Ba)I(HOH <pyttKIJHH [9]. CJie.[\OBaTeJibHO, 6oJibIIIHHCTBO B031\10)1(

HhIX al\lHHOKHCJIOTHhIX 3al\leH JIBJIJIIOTCJI rrpHel\lJiel\lbll\lH H ceJieKTHBHO HeHTPaJihHhIMH. 

IloJTOMY 3al\leHhl HyKJieOTH.[\OB (n, COOTBeTCTBeHHO, al\lHHOKHCJIOT) B .[\aHHOl\l Y'JaCTKe, 

IIO-BH.[\Hl\lOMY, rrponCXO.[\HJIH B pe)I(Hl\le HeiiTpaJibHOH JBOJIIOIJHH. 
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a BTOporo - B pe)I(Hl\le HeiiTPaJibHOii JBOJIIOIJHH. 
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Ilpo6neMa coxpa11emrn: 3,nopoBMI Hacenemrn: B ycnomrn:x KpaiiHero CeBepo
BocToKa Poccm1 srnm1eTCH aKTYanhHOH. Oco6eHHO aKTYMhHhI BorrpocbI coxpa11emrn: 
3,nopOBbH pacTymero opraHII3Ma B JKCTµeManbHbIX ycnomrn:x OKpy)I(aIOIIIeH cpe,nbI. 
HaMII rrpoBe,neH0 IICcne,noBaHIIe nIIIIII.!(H0ro II yrneB0.!(H0ro o6MeHa y ,neTeH lIYKOTKll 
B 0HT0reHeTIIqecK0M pa3BIITIIII OT 6 ,no 17 neT C0BpeMeHH0f0 IICT0pIIqecKoro rrepIIo,na. 
Hccne,noBanII ,neTeH II rro,np0CTKOB (B B03pacTe 7-17 neT) ,no6pOBOflbl\eB B 3ill!IICIIMOC
TII OT rpyrrrr HaceneHIIH: 1 rpyrrrra - ,neTII MIIrpaHT0B, 2 rpyrrrra - ,neTII a6opIIreHOB 
(505 qenoBeK), rrpaKTIIqecKII 3,nop0BbIX. AHanIIruqecKoe orrpe,neneHIIe 061IIero xone
cTepIIHa, xonecTepIIHa nIIII0IIp0TeII,I(0B BbICOKOH IIn0TH0CTll (XJIBTI), xonecTepIIHa 
nIIII0IIp0TeII.!(0B HII3KOH rrn0TH0CTll (XJIIIHII), TpIIrnII11epll,I(0B {Tf), rnIOK03bl (f), 
naKTaTa (JI), IIIIpyBaTa (TI) BbIII0nHHfl0Cb B na6opaTOpIIII 6IIonornqeCKOH II Heopra
HIIqecKOH XIIMIIII 0T,nena JKOnOrIIqecKOH JH.!(0KpIIH0fl0rIIII I1HCTIITYTa q>II3IIOfl0rIIII 
rrpIIp0):(HhIX a,narrTal\IIH YpO PAH r. Apxa11renbcKa rro MeTO,nIIKaM [1, 2, 3]. 

BbNBneHhl pa3nIIqm1 IIOKa3aTeneH nIIIIII,I(H0ro II yrneB0,I(H0ro o6MeHOB B 3aBIICII
M0CTII OT B03pacTa, rrona II rpyrrrr HaceneHIIH. Y MIIrpaHT0B ManhqIIK0B II ,neBoqeK Bbl
HBneH0 CHII)I(eHIIe H0pManbHbIX 3HaqeHIIH f 3a cqeT pocTa II0Ka3aTemi HII)I(e H0pMbl 
(OT 9 ,1:(0 68 % y ManbqIIK0B II OT 7 ,1:(0 75 % y ,neBoqeK), 0,1:(H0BpeMeHH0 yBenII~BaeTCH 
K0nIIqecrno ,neTeH C II0Ka3aTenHMII BbIIIIe H0pMbl. TaK)I(e 0TMeqaeTCH ,I(0CT0BepHoe 
CHII)I(eHIIe cpe,nHero,noBoro ypoBHH r y MIIrpaHT0B B rrepIIo,ne 0HT0reHeT~eCK0ro pa3-
BIITIIH OT 6 ,1:(0 1 7 neT He3aBIICIIM0 OT rrona. y a6opIIreHOB BbNBneHa q>flYKTYal.lIIH 
II0Ka3aTemI f HII)I(e q>II3IIOnornqeCKIIX H0pM y MMb~K0B OT 100 % ,no 87 %, y ,neB0-
qeK OT 69 % ,1:(0 87 % B 0HTOreHe3e. Cpe,nHerO,I(OBOH ypoBeHb r y ManbqIIK0B a6opIIre
H0B B B03paCTe 10-14 neT ,I(0CT0BepH0 BbIIIIe 0TH0CIITenhH0 6-9 II 15-17 neT, y ,neBoqeK 
OTflII~H He BbNBneH0. y MIIrpaHT0B He3aBIICIIM0 OT rrona B 6-9 neT cpe,nHero,noBOH 
ypoBeHb r ,I(0CT0BepH0 6onbIIIe 0TH0CIITenhH0 a6opIIreHOB, a B B03pacTe 10-14 neT r y 
MIIrpaHT0B rrpeBbIIIIaeT a6opIIreHOB T0flbK0 y ,neBoqeK. K IOH0IIIeCK0MY rrepIIo,ny pa3-
flllqIIH y rpyrrrr HaceneHIIH crn~IIBaIOTCH. 

KonIIqecTBO o6cne,nyeMbIX flIIl\ C II0BbIIIIeHHbIMII 3HaqeHIIHMII JI y MIIrpaHT0B B 
0HT0reHe3e rra,naeT y ManbqIIK0B OT 82 % ,no 58 %, y ,neBoqeK OT 64 ,1:(0 49 %. Cpe,nHe
fO,I(OBOH ypoBeHb JI y ,neBoqeK MIIrpaHT0B 10-14 neT 6bm BbIIIIe a11anornqHoro a6opII
reH0B II BbIIIIe qeM B B03paCTHOH rpyrrrre 15-17 neT (p < 0,01). y ManbqIIK0B MIIrpaH
T0B B 15-17 neT 0TMeqeH0 YBenIIqeHIIe cpe,nHIIX 3HaqeHIIH JI 0TH0CIITenbH0 a6opIIre
H0B TOH )I(e rpyrrIIhI, Y a6opIIreHOB Hao6opOT 0TMeqeH0 yBenIIqeHIIe K0nIIqecrna 
o6cne,nyeMhIX c II0BbIIIIeHHbIM yp0BHeM JI B 0HToreHeTIIqecK0M pa3BIITIIII y ,neBoqeK 
OT. 33 % .no 57 %, a y Manh~K0B CHII)I(eHIIe OT 75 % .no 55 %. Cpe,nHero,nOBOH 
ypoBeHb JI y ,neBoqeK II ManhqIIK0B a6opIIreHOB 10-14 neT 61,m HII)I(e a11anornqHoro 
MIIrpaHT0B (p < 0,01 ). Y ManbqIIK0B a6opIIreHOB B 15-17 neT 0TMeqeH0 CHII)I(eHIIe 
cpe,nHIIX 3HaqeHIIH JI 0TH0CIITenbH0 MIIrpaHTOB TOH )I(e rpyrrrrhI. 

8 0HToreHe3e y MIIrpaHT0B rrp0IICX0,I(IIT YBenIIqeHIIe H0pManbHbIX 3HaqeHIIH TI 
3a cqeT CHII)I(eHIIH q>II3IIOnorIIqecKIIX H0pM: y ManI,qIIK0B OT 18 ,no 4 %; y ,neBoqeK OT 
14 ,1:(0 2 %. Cpe,nHefO.!(OBOH ypoBeHb II y MIIrpaHT0B ManbqIIK0B B B03pacTe 10-14 neT 
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6bIJI )lOCTOBepHO HIDKe 'leM B B03pacTe 15-17 JleT. y MHrpaHTOB )leBO'leK OTMe'leHO )lO

CTOBepHoe yiieJIH'leHHe cpe)lHero)lOBOro ypOBH.8 II C B03paCTOM OT 6 )lO 17 JleT. y a6o

pHreHOB HOpMaJibHbie 3Ha'leHH.8 II paCTYT HaH60JibIIIee KOJIH'leCTBO B IOHOIIIeCKOM B03-

paCTe. A6opHreHbI MaJib'IHKH 15-17 JleT HMeJIH )lOCTOBepHoe yaeJIH'leHHe cpe)lHHX 3Ha

'leHHH II OTHOCHTeJibHO )leBO'leK a6opHreHOB, y a6opHreHOB )leBO'leK 6-9 JleT BbIHBJie

Ha TeH,L\eHUH.8 yaeJIH'leHirn ypOBH.8 II OTHOCHTeJibHO aHaJIOrH'IHOH rpymibI 10-14 JleT. 

TaKHM o6pa30M, BbI.lIBJieHbI oco6eHHOCTH yrneBO)lHOro o6MeHa y )leTeii qyKOTKH 

B OHToreHe3e B 3aBHCHMOCTH OT rpyrrrr HaceJieHH.8, B03pacTa, IIOJia. Y MHrpaHTOB OTMe

'laeTC.8 yaeJIH'leHHe rHIIOrJIHKeMHH OT 7 )lO 75 % a OHTOreHeTH'leCKOH )lHHaMHKe. Y 

a6opHreHOB H3Ha'laJibHO B MJ!a,L\IIIHX B03paCTHbIX rpyrrrrax BbIHBJieHO 3Ha'IHTeJibHOe 

KOJIH'leCTBO )leTeii co CHHJKeHHbIMH IIOKaJaTeJIHMH r, KOTOpbre B OHTOreHeTH'leCKOM 

pa3BHTHH CTa6HJibHO y)leplKHBaIOTC.8. CHHJKeHHOe KOJIH'leCTBO II y MHrpaHTOB H a6o

pHreHOB C B03paCTOM yMeHbIIIaeTC.8. IIoBbIIIIeHHOe CO)leplKaHHe JI H3MeHHeTC.8 ne

O,L\H03Ha'IHO: y MaJib'IHKOB B rrpouecce poem OTMe'leHO ero CHHJKeHHe, a y )leBO'leK 

a6opHrenoa - yaeJIH'leHHe. BbrnBJieHo narrp»JKeHHe yrneBO)lHoro o6Mena, rrpo»BJIHIO

meec» yaeJIH'leHHeM rHIIOrJIHKeMHH BO Bcex B03paCTHbIX rrepHO)lax y MaJib'IHKOB H 

)leBO'leK MHrpaHTOB. YpoBeHb JI y MHrpaHTOB MaJib'IHKOB IIO)lpOCTKOBOro H IOHOIIIec

KOro B03pacTa, a TaKJKe y )leBO'leK BTOporo )leTCTBa BbIIIIe OTHOCHTeJibHO a6opHreHOB. 

BbrnBJieHbI TeH)leHUHH yiieJIH'leHH.8 II y a6opHreHOB )leBO'leK MJla,L\IIIero IIIKOJibHOro 

B03pacTa, a TaKJKe CHHlKeHH.8 B IOHOIIIeCKOM B03pacTe OTHOCHTeJibHO )leBO'leK MHrpan

TOB. y MHrpaHTOB )leBO'leK H MaJib'IHKOB OTMe'leHO yaeJIH'leHHe II B rrpouecce OHTore

HeTH'leCKOro pa3BHTH.8. 

He MeHee HHTepecHbIM .lIBJIHeTC.8 H3J'leHHe JIHIIH)lHOro o6MeHa B OHTOreHeTH

'leCKOH )lHHaMHKe y )leTeii qYKOTKH. l1ccJie)lOBaJIH ox y. MHrpaHTOB: BbIHBJieHo yiie

JIH'leHHe y MHrpaHTOB C B03paCTOM (y MaJib'IHKOB IIOBbIIIIeHHbIX 0-16 % H IIOHHJKeH

HbIX 3Ha'leHHH OT HOpMbI 0-10 %; y )leBO'leK TaKlKe c IIOBbIIIIeHHbIX OT 43 )lO 16 % H c 

IIOHHJKeHHbIX 3Ha'leHHH ox OTO )l07 %). Cpe)lnero)lOBOH ypoBeHb ox y MHrpaHTOB 

)leBO'leK a 6-9 JleT 6bIJI )lOCTOBepno BbIIIIe, 'leM y MHrpaHTOB MaJib'IHKOB. Y MHrpaHTOB 

He3aBHCHMO OT B03pacTa OTMe'leno )lOCTOBepHoe CHHlKeHHe cpe,L\Hero ypoBH.8 ox B 

OHTOreHeTH'leCKOM pa3BHTHH. Y MHrpaHTOB )leBO'leK 6-9 JieT )lOCTOBepno OX IIOBbI

IIIeH OTHOCHTeJibHO MaJib'IHKOB. y a6opHreHOB MaJib'IHKOB TaKJKe B OHTOreHe3e rrpo

HCXO,L\HT yiieJIH'leHHe HOpMaJibHbIX 3Ha'leHHH ox 3a C'leT CHHlKeHH.8 JIHU C rrpeBbI

IllaIOIUHMH rrapaMeTpaMH HOPMY (33-22 %) H HHlKe HOpMbI (17-5 %), rrpH 3TOM cpe)l

HHe 3Ha'leHH.8 cpe)lnero)lOBOro ypOBH.8 ox C B03paCTOM HMeeT TeH,L\eHUHIO K CHHlKe

HHIO, a y )leBO'leK )lOCToaepHo CHHlKaeTCH. KoJIH'lecTBo JIHU c rrpeBbIIIIeHHeM JIIIOHII 

y MHrpaHTOB CHHlKaeTC.8 OT 55 )lO 6 %, O,L\HaKO He3Ha'IHTeJibHO yiieJIH'IHBaeTC.8 'IHCJIO 

)leTeii C IIOHHJKeHHbIMH 3Ha'leHHHMH JIIIHOII (OT 0 )lO 4 %). y a6opHreHOB 

HaH60JibIIIee yaeJIH'leHHe )leTeii C rrpeBbIIIIeHHeM HOpMbI OTMe'leHO B B03pacTe 10-14 

JleT OT 8 % .L\013 %. y MHrpaHTOB MaJib'IHKOB JIIIHII rrpeBbIIIIaIOIUHe HOpMy B OHTO

reHe3e HMeIOT CHHJKeHHe (oT 20 )lO 3 %), B IOHOIIIeCKOM B03pacTe IIOHBJIHIOTC.8 JIHUa co 

CHHlKeHHbIMH 3Ha'leHHHMH JIIIHII. Y )leBO'leK MHrpaHTOB TeH)leHQH.8 Ta lKe, O)lHaKO, 

H3Ha'laJibHblll ypoBeHb rrpeBbIIIIeHH.8 OT HOpMbI KOJIH'leCTBa )leTeii B 3 pa3a 6oJibIIIe, 

'leM y MaJib'IHKOB. Y )leBO'leK MHrpaHTOB )lOCTOBepHoe CHHlKeHHe C B03pacTOM ypoBH.8 

JIIIHII B OHToreHe3e. y a6opHreHOB MaJib'IHKOB B OCHOBHOM JIIIHII 3Ha'leHH.8 B 

rrpe)leJiax HOpMbI, y )leBO'leK 60JibIIIHe napYIIIeHHH, rrpeBbIIIIeHHe HOpMbI B Ha'laJibHbIX 

H cpe,L\HHX KJiaccax (13-9 %), CHIIlKeHIIe OT HOpMbI B IOHOIIIeCKOM B03pacTe. y MaJib

'IHKOB a6opIIreHOB B 15-17 JleT cpe)lHero)lOBOH ypoBeHb JIIIHII )lOCTOBepHO BbIIIIe 
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OTHOCHTeJibHO )leBO'leK. y )leBO'leK MHrpaHTOB ypoBeHb JIIIHII B B03paCTe 6-9 JieT 

)lOCTOBepno BbIIIIe OTHOCIITeJibHO a6opIIreHOB. 

Y MIIrpaHTOB MaJib'IIIKOB JIIIBII IIMeIOT 3Ha'IHTeJibHhie HapyIIIeHIIH, KaK B 

CTOpOHY rrpeBbIIIIeHH.8 HOpMbI, TaK H CHHJKeHH.8 OT HOpMbI. IIpeBbIIIIeHHe OT HOpMbI B 

oHTorene3e pacTeT (OT 9 )lO 90 % y MaJib'IIIKOB II OTO )lO 18 % y )leBO'leK). Cpe)lnero

)lOBOll ypoBeHb JIIIBII y MaJib'IHKOB He HMeeT )lOCTOBepHbIX OTJIH'IHH B OHTOrene3e, a 

y )leBO'leK )lOCTOBepHoe yaeJIH'leHHe C B03paCTOM. y a6opHreHOB BbIBBJieH pocT JIIIU, 

HMeIOmIIx rrpeBbIIIIeHHe qJH3HOJIOrII'leCKIIX nopM JIIIBII B OHTOre11e3e (OT 0 )lO 95 %), 
rrapaJIJieJibHO npoHCXO)lHT CHHJKeHHe KOJIHqeCTBa JIHU, IIMelOIUHX CHHJKeHHe <pH3HO

JIOrII'leCKIIX nopM (oT 50 .LIO 5 %). Cpe)lnero)loaoii ypoaenb JIIIBII y a6opHreHOB 

)leBO'leK B B03pacTe 10-14 JieT )lOCTOBepHO BbIIIIe, 'leM y MaJib'IIIKOB TOH lKe rpynnbr. 

,n:eaO'IKH a6opHreHbI IIMeIOT )lOCTOBepno 6oJibIIIHe 3Ha'leHHH ypOBH.8 JIIIBII B 10-14 

JieT OTHOCHTeJibHO MIIrpaHTOB TOH lKe rpynnhl. Y MaJib'IIIKOB II )leBO'leK MIIrpaHTOB 15-

17 JleT cpe)lnerO)lOBOH ypoBeHb Tr )lOCTOBepno 60JibIIIe, 'leM y a6opIIreHOB. Ko3<p

<pIIUHeHT aTeporeHHOCTH (KA) nporH03HpyeT pa3BHTHe aTepocKJiepoTH'leCKIIX npouec

COB a opranmMe. Y MHrpaHTOB MaJib'IHKOB 6oJiee IlOJIOBHHbI IIMelOT npeBbIIIIeHIIe KA 
<pII3HOJIOrII'leCKHX HOpM. Y )leBO'leK MHrpaHTOB B OHTorene3e OTMeqeno )lOCTOBepHoe 

CHHJKeHIIe cpe)lHero)lOBOro ypoBH.8 KA, y MaJib'IIIKOB )lOCTOBepHbIX OTJIH'IHH HeT. y 
a6opHreHOB cpe.nHero)lOBbie 3Ha'leHHH KA y )leBO'leK B OHTOreHe3e CHHJKaIOTC.8, y 

MaJib'IIIKOB OTJIH'IIIH neT. 

TaKHM o6pa30M, BbIBBJieHbI oco6eHHOCTH JIHITII)lHOro o6MeHa y )leTeii B 3aBHCII

MOCTII OT IlOJia, B03pacTa, rpyrrn HaceJieHII.8. HapyIIIeHH.8 Ha'IIIHaIOTC.8 C 7 JleTHero 

B03pacTa, HaH60Jiee BblpaJKeHHbie H3MeHeHH.8 npOIICXO)l.l!T B nepIIO)l IlOJIOBOro C03pe

BaHHH, B OCHOBHOM y )leBo'leK, 3Ha'IIITeJibHO 3aBHC.lIT OT rpynn naceJieHH.8. BbIHBJieHO 

CHHJKeHIIe aKTHBHOCTH npouecca 3TepH<pHKaQIIH XOJieCTepHna, ypoBH.8 XOJieCTepHna 

JIHITOilpOTeII)lOB BhICOKOH ITJIOTHOCTH H yaeJIH'leHIIe co.nepJKaHmI XOJieCTepHHa JIIIITO

npoTeH)lOB HH3KOH ITJIOTHOCTH, HaH6oJiee BbrpaJKeHHOe y .neBO'leK B B03paCTHOH 

rpyrrne 10-14 JleT, CBII)leTeJibCTBYIOmee O HapyIIIeHHII aHTHaTeporeHHOH 3amIITbI opra

HH3Ma. HapYIIIeHH.8 6oJiee BbipaJKeHbI y )leBO'leK qyKOTKH, HeJKeJIII 'leM MaJib'IHKOB, 

'ITO TPe6yeT )laJibHeiiIIIero H3J'leHH.8 II pa3pa60TKH npo<pIIJiaKTH'leCKIIX H pea6IIJIHTa

UHOHHbIX narrpaaJieHIIH B ceaepHbIX perHOHax. 

Pa6orn BbIIIOJIHena npH <pHHancoaoii no)l)leplKKe: IIporpaMMbI IIpe3H)lHyMa 

PAH «A.namauII» napo.noa H KYJibTYP K mMeHeHHHM npIIpo.nnoii cpe.nbr, COUIIaJibHbIM 

II TexnoreHHbIM TPaHC<popMaQHHM» l1HTerpaQHOHHoro npoeKTa YpO PAH II ,n:BO 

PAHB2007r. 
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Hucmumym 6uoxw.mu Ult. A.H Eaxa PAH, 2. MocKIJa, PoccUR, ngolub@inbi.ras.ru 

2 
EeAopyccKuii 2ocyoapcm1Je1111blii y11u1Jepcumem, 2. Mu11cK, EeAapycb 

MnrnxoH,11pnanhHM acrmprnTaMHHOTpaHcqiepa.3a (MAA T; L-acnaprnT:2-oKco
rnyrnpaT-aMHHorpaHcqiepma, K<l> 2.6.1. l ), nnpH,110KCMh-3aBHCHMbIH qiepMeHT, llBnllll

eTCll ,11HMepoM, COCTOllll.lHM H3 ,11Byx lf,11eHTHqHhIX cy61,e,11HHHI.I C MOneKynllpHOH Mace

corr 91 K,[(a. Ka)l(J1M cy61,e,11HHHI.1a COCTOHT HX ,11Byx ,110MeHOB, 6onbIIIOro lf Manora, H 

co,11ep)l(HT aKTlfBHblll 11eHTp, pacnono)l(eHHhlll B I11enH Me)l(,11y ,110MenaMH B6nH3H o6nac

TH KOHTaKTa cy61,e,11HHHI.1 [!]. B CBll3H C TeM, 'ITO aKTlfBHblll 11enTp 0,11HOH cy61,e,11n
HHl.lhI COCTOHT lf3 aMHHOKHCnOTHhIX OCTaTKOB, npnHa,11ne)l(aI11HX o6enM cy61,e,11HHHI.1aM, 

TOnhKO ,11HMepHM qiopMa MAAT 06na,11aeT qiepMeHTaTHBHOH aKTHBHOCTh!O. I1oKa.3aHo, 

qrn npn HarpeBaHHH MAAT B ,11Hana.J0He TeMnepaTyp 25-70 °C qiepMeHT Heo6paTHMO 
HHaKTHBHpyeTCll [2]. 

HaCTOJ!ll.lM pa6oTa nOCBllll.leHa conoCTaBneHH!O KHHeTHKH TennOBOH lfllaKTHBa
l.lHH H ,11eHaTypa11nH MAA T lf3 cep,1111a CBHHbH npn pa.3nHqHblX TeMnepaTypax. 

QqncTKy MAAT H3 cep.1111a · CBHHhH np0B0,11nnn no Mern,11y Barra et al. [3] c 
He6onbIIIOH M0,!1HqJHKa11neii. IIpo11e,11ypa oqncTKH qiepMeHrn BKnIOqana 

noHoo6MeHHYIO xpm.iarnrpaqiHIO Ha KM-11ennIOno3e (CM-32). B pe3ynhTaTe 

3aKnIOqHTenhHOro 3Tana oqlfCTKlf, BKnIOqaIOI11ero TaH,11eMHYIO xpoMaTorpaqJH!O Ha 

,[(3A3-ceqiap03e/rn,11poKcHanaTHTe, nonyqanH npenapaT qiepMeHrn, KOTopurr 6un 

roMoreHHhIM no ,11aHHhIM Ds-Na-3neKTpoqiope3a B IIAAr. KoH11eHTpa11HIO 6enKa 

onpe,11enllnlf cneKrpOqJOTOMerpHqecKHM MeT0,110M, ncnonh3Yll K03qJqllfl.lHeHT 
nornoilleHHll A2so'% = 14,0 [3]. 

<l>epMeHTaTHBHYIO aKTlfBHOCTb MAAT onpe,11enllnH, npocne)l(HBM OKHCneHne 

NADH npH 340 HM npH 25 °C B pe3ynhTaTe conpl!)l(eHHhIX peaKI.IHll TpaHCaMHHHpo
BaHHll L-acnapTarn n OKHcneHHll NADH B npncyrcrnnn ManaT,11ernporeHa.Jh1, c 
ncnonb30BanneM cneKrpoqioTOMeTpa Cary 50 Bio UVNisible [4]. Y,11enbHM aKTHB

HOCTh npenapaTOB COCTaBnllna He MeHee 229 ± 10 E/Mr 6enKa. 

,[(nll n3yqemrn TennoBOll HHaKTHBa11HH MAAT pacrnop qiepMeHTa lfHKy6HpOBanH 

npH onpe,11eneHHOH TeMnepaType B CTeKnllHHOH npo6HpKe, nnOTHO 3aKpbITOH CHnHKO
HOBOH npo6Koii. qepe3 onpe,11eneHHble npoMe)l(yrKn BpeMeHn npo6npKY c 06pa.J110M 

oxna)l(,11ann Ha nh,11y, oca,110K y,11anJ1nH 11eHrpHqiyrnpoBanHeM n B cynepHaTanTe onpe

.11en»nH OCTaTOqHyIO qiepMeHTaTHBHYIO aKTHBHOCTh npn 25 °C. KoHrponeM cny)l(Hn 
06pa.Je11 HenporpeToro qiepMeHrn. 

TennoBYIO ,11eHaTypaQHIO MAAT n3yqanH Mern,110M ,11nqiqiepeHI.1HMhHoii CKaHH

PYIOll.leii KanopnMeTpHH (,[(CK) Ha ,11HqiqiepeH11nanLHOM a,11na6arnqecKoM CKaHHpYIQ-

11.1eM MHKpoKanopnMeTpe ,[(ACM-4M (npomBo,11crna lIHCTHTyra 6nonornqecKoro 

npH6opocTpoeHHll P AH, IIyll.lHHo ). PacrnopLr 6enKa (I ,0-1,5 Mr/Mn) Harpemum c 

noCTOllHHOH CK0p0CTb!O 1 KIMHH B TeMnepaTypH0M lfHTepBane OT 5 ,110 90 °C npn 

noCTOllHHOM ,11aBneHHH 2,2 aTMOcqiep1,r. 3aBHClfMOCTH TennoeMK0CTH 6enKa OT TeMne

paryp1,1 aHanH3npoBann c ncnonhJ0BaHHeM nporpaMM Origin (MicroCal Inc, ClllA) n 
Scientist (MicroMath Scientific Software, ClllA). 
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(!\~MOJih*K 
600 ,----------------, 

PHc. I. TellJloBall ,11ettarypal.\llil MAAT (10 MM 
Na-cjJoccjJaTHblH 6ycjJep, pH 7,5). 3aBHCHMOCTlf 
H36bITO'-IHOll TellJI0eMK0CTII OT TeMneparypbl, 
nonyqeHHble npH pa3JJH'-IHblX K0Hl:.\eHTp3QHllX 
cjJepMeHTa: 0,2 (J), 1,0 (2) H 3,2 Mr/MJJ (3). 
CKopOCTb CK3Http0B3HHll 1 K/MHH. 

C:-,IC,ll,lld11o1o.in*K 

600 

200 

01 ' ~ 
40 50 60 70 

TeMnepa-rypa, °C 

BenH'-lttHa c;x paCC'-IHTaHa Ha ,11ttMep MAAT. 

BcTaBKa - TeMneparypHblll npoq>HJJb npH 
K0HQeHTpaQHH MAAT 3,2 Mr/Mn. To'-IKH -
3KCrrepHMeHT3JlbHbie ,113HHbie, CllJI0llIH3ll 
KpHB3ll paCC'-IHT3H3 rrptt ll0M0LQH CHCTeMbl 

80 
ypasHeHHH (1 ). 

3aBHCHMOCTH H36LITOlfHOH TennoeMK0CTlf OT TeMnepaTyphl, n011yqeHHbie npn 

pa.3nnqHbIX K0Hl.leHrpaQHllX 6enKa, npe,11CTaBneHLI Ha pnc. 1. IIono)l(eHne MaKCHMYMa 

(Tmax) 0CTaeTCll Helf3MeHHLIM npn BapbnpoBaHHlf K0Hl.leHTP31.1lfll MAAT. 3TO YKa.3LI
BaeT Ha To, 'ITO KHHernqecKM cxeMa npo11ecca ,11eHarypa11nn He co,11ep)l(lfT KHHeTnqec

KH 3HaqHM0H CTa,11Hlf o6paTHMOH ,11HCC0l.llfal.lHH ,11HMepa MAAT Ha M0H0Mep1,r. TeMne

paTypHLie npoqinnn m61,noqHoii TerrnoeMK0CTH 6hmn rrpoananmnpoBaHhl B paMKax 

Heo6paTHMOH peaK11nn rrepBoro rropll,11Ka: N~D, r,11e N n D - HaTHBHhIH n ,11eHary

pnpoBaHHLIH 6enoK C00TBeTCTBeHH0 n kden - K0HCTaHTa CK0p0CTlf ,11eHarypaQHlf. ,[(AA 
0IIHCaHlfll 3aBHClfM0CTlf c;· OT TeMrreparypbl lfCII0nL30BMlf ClfCTeMy ypaBHeHHH [5, 6]: 

!dy 
k r,11e Ynal - ,110AA HaTHBHoro 6enKa, kden - K0HCTaHTa CK0p0CTH 

nat _ den Ynat T 
6 dT- ---- ,11eHarypaQnn, - a conIOTHM TeMrreparypa, v - cKopocTu 

k V (l) II0BhIIIIeHHll TeMrreparypL!, Qi - 06I11M Terrnorn ,11eHarypa11Hn. 
ex den Y nat cp = Q, --- 3aBHCHMOCTL kden OT TeMnepaTyphl rro,11qHHlleTCll ypaBHeHH!O 

v AppeHnyca: kden = exp{E:en (1/z;den - 1/T )/ R}, r,11e E:'" - 3Heprnll 

aKTHBaQlflf .11AA rrpo11ecca ,11eHaTypaQHH, T/'" - a6conIOTHM TeMrrepaTypa, IIpH K0T0-

poii kden = l MHH-
1
, R - yHHBepcanLHM ra.J0BM II0CT0llHHM. 

BcTaBKa Ha pnc. 1 II0Ka.3h!BaeT pe3ynLTaThl 0IIHCaHlfll 3aBHCHM0CTlf c;- OT TeM

rrepaTyphl, rronyqeHHOH rrpn K0Hl.leHrpaQHlf MAA T 3,2 Mr/Mn, c II0M0il.lh!O ClfCTeMh! 

ypaBHeHHH (1 ). KaK Bll,11H0 lf3 pncynKa, 3KCrrepnMeHTMhHLie ,11aHHLie y,110BneTB0pll

TenLH0 0IIHCL!BaIOTCll Teopem11eCKHMlf ypaBHeHlfllMH, 'ITO YKa.JLIBaeT Ha BLIII0nHH

M0CTI, KHHeTH'leCKOH cxeMLI N ➔ D (rrapaMerp Qi C0CTaBHn 2376,8 □ 5,2 K,[()1(/MonL). 

Cpe,11Hne 3HaqeHHll rrapaMerp0B E:en H T/'" , paCC'llfTaHHLie ,11AA rpex KOHl.leHrpaQHH 

qiepMeHTa, C0CTaBAAIOT: 546,7 ± 1,0 K,[()l(/Mon1, n 346,82 ± 0,01 K C00TBeTCTBeHH0. 

Ha pnc. 2 rrpe,11CTaBneHa KlfHeTHKa TepM0HHaKTHBaQlflf MAA T rrpn pa.3nlfqHbIX 

TeMrreparypax. 1Ia,11eHne 0TH0CHTeJILHOll qiepMeHTaTHBHOll aKTHBH0CTlf A/Ao 0Ka.3hl

BaeTCll JIHHeHHh!M B Koop,nnHaTax {In(A/Ao); apeMll} (Aon A - Haqan1,Hoe n TeKyll.lee 

3HaqeHne qiepMeHTaTHBHOH aKTHBHOCTH). 3To YKa.3h!BaeT Ha TO, 'ITO KHHeTHKa HHaKTlf

BaQHH II0,l:l'llfHlleTCll 3KCII0HeHI.1HaJihH0MY 3aKoHy: A/Ao= exp(-kinl), r,ne kin - K0HCTaH
Ta CK0p0CTlf lfHaKTHBaQlflf. 
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P11c. 2. K11HeTl1Ka Te[IJ]OBOH l1HaKT11aa1.11111 MAAT (0,1 Mr/MJJ). 3aBl1C11MOCTl1 OTHOCl1TeJJbHOH 
cpepMeHTaTl1BHOH aKTl1BHOCTll A/Ao OT apeMeH11 B nonynorap11<pMl1'1eCKl1X KOOpJI11HaTax, 
IIOJJY'leHHbie np11 pll3Jl11'1HbIX TeMneparypax: 50 (]), 57,5 (2), 61 (3), 65 (4), 68 (5), 72 (6), 77 
°C (7). Ao 11 A - Ha'!aJJbHOe ll TeKy11.1ee 3Ha'!e1rne <pepMeHTaTl1BHOH aKTl1BHOCTl1 

3aBHCllMOCTb K0HCTaHThl k;n OT TeM11eparypbI 110,wrn:mIeTCH ypaBHeHHIO Appe

HHyca: k'" = exp{E;" (1/T,'" -1/T)/R}, r,Lle Et - :meprmI aKTHBal.lHH ,[(IlH 11po1.1ecca HHaK

THBaQHH, Tt - TeM11epaTypa, llpH K0TOpoil: k;n = 1 MHH-l (llpHMaH 1 Ha prrc. 3). Ilapa

MeTpbl E;" rr Tt 011pe,LleJieHbl paBHbIMII 405,4 ± 1,5 K):{)K/MOJib rr 345,99 ± 0,02 K 

C0OTBeTCTBeHH0. Ha 3T0M )Ke pIICYHKe IIPJIMaH 2 C00TBeTCTBYeT 3aBHCHM0CTII In kden OT 
1/T, paCC'!HTaHHOH 110 ,[(aHHblM ,[{CK_ KaK BII,[(H0 H3 prrcyHKa, BO BCeM H3y'leHH0M 

IIHTepBaJie TeM11epaTyp (oT 57,5 ,[(0 77 °C) K0HCTaHTa CK0p0CTH IIHaKTIIBal.lIIll 11peBbl
rnaeT K0HCTaHTy CK0p0CTII ,[(eHaTypa1.1rrrr. BeJIH'IIIHa 0TH0IIIemrn k;nlkden C p0CT0M 
TeM11epaTypbI CHH)KaeTCJI OT 3Ha'!eHIIJI 28,8 IIPH 57,5 °C ,[(0 3Ha'!eHIIH 1,3 IIPII 77 °C. 

-8 

' -10 

2.85 2.90 2.95 3.00 
1/T"HT,K' 

P11c. 3. ConocTaBJ1eH11e KOHCTaHT CKopocrn 
TenJJOBOH 11HaKT11aa1.11111 11 .L(eHarypa1.11111 MAA T. 
3aBHCHMOCTH KOHCTaHT CKOpOCTl1 HHaKTttBal.lttH 
k,n (]) H ,n:ettarypa1.11111 kd,n (2) OT TeMneparypbl B 
Koop,n:ttttarnx Appettttyca. To<JKH Ha npHMOH I -
3KCnepttMeHTaJJbHble 3Ha'leHttH k.n- Pa3MepHOCTb 
k;n H kd,n - MHH-l. 

,[{eHarypa1.1rrx MAAT co11p0Bo)K,[(acrc» arpera1.1rreil: 6eJIKa. ,[{oJIIO arpernpo
BaHHoro 6eJIKa orrpe,LleJI»JIH CJie.LlYIOII.IIIM o6pa3oM_ Pacrnop MAA T 11porpeBaJIH 011pe
,LleJieHH0e BpeMH rrprr 3a,[(aHHOH TeM11epaType, 0XJia)K,[(aJIH H II0,[(BepraJIH 1.1eHrpmjJyrn
pOBaHHIO rrprr 20000g B Te'!eHHe 30 MHH. ,[{JI» cyrrepHaTaHTa 011pe,LlenHJIH 0IITH'!eCKYIO 

IIJI0TH0CTb (OD) rrpII ,[(JIHHe B0JIHbl 280 HM. ,[{oJIIO arpernpoBaHH0fO 6eJIKa Yagg paCC'III
TbIBaJIII KaK (1 - OD/OD0), r,[le OD0 - orrrnqecKa» IIJI0TH0CTb IICX0,[(Horo pacrnopa. 

3aBHCIIMOCTH Yagg OT BpeMeHH HHKy6a1.1rrrr rrpII TeM11eparypax 60 rr 70 °C II0Ka3aHbl Ha 
prrc. 4,a H 6 C00TBeTCTBeHH0. Ha 3TIIX )Ke prrcyHKax rrpe,LlCTaBJieHbl 3aBHCHM0CTH ,[(0JIII 
,[(eHaryprrpoBaHH0ro 6eJIKa rr ,[(0JIII HHaKTHBIIp0BaHH0f0 6eJIKa OT BpeMeHH, paCC'III
TaHHbie C HCII0Jib30BaHIIeM CJie,[(yIOm;Hx 3Ha'leHHH K0HCTaHT k;n H kden: k;n = 0,0044 II 
0,313 MHH-l rrprr 60 H 70 °C C00TBeTCTBeHH0 rr kden = 0,0002 rr 0,082 MHH-l rrprr 60 II 70 

°C C00TBeTcTBeHH0. KaK BII,[(H0 II3 prrc. 4, HaKmrneHHe arperrrp0BaHH0fO 6eJIKa II0JI-
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l{OCTbiO C0BITa,LlaeT C X0,[(0M ,[(eHarypa1.1rrrr MAA T. 3TOT q>aKT HCKJIIO'!aeT B03M0)KH0CTb 
061>HCHeHHH 6oJiee 6bICTpOH IIHaKTIIBa1.1Im MAA T 110 cpaBHeHHIO C ,[(eHaTYPa1.1IIeil: 
3axBaT0M HaTHBH0fO 6eJIKa o6pa3YIQII.IIIMHCH arperaTaMII. 

0,3 
--Yin 1a 
--Yden 

o Y•ao,2 

0,1 

/ 

/ 
/ 

/ 
/ 

/ 
/ 

/ 
/ 

, 
/ 

==:7 
60 80 

- - 'Yin 1,0 -
--ydtn 0,8 

o r.11 

Puc. 4. lfaMeHeHHe .L(0Jil1 11HaKT11B11poBaHH0f0 6eJIKa (Yin), JI0JIH .L(ettaryp11poaaHH0ro 6eJJKa 
(Yden) H JI0/111 arpempoaaHttoro 6eJIKa (y.88) B xoJie 11ttKy6a1.11111 MAAT (0,2 Mr/Mn) 11p11 60 (a) 11 

70 °C (6). 

TaKIIM o6pa30M, HHaKTHBaQHH MAAT rrp0HCX0,[(HT 6bICTpee, qeM II0JIH0e 
pa3B0pa'IHBaHHe 6eJIKOBOH M0JieKyJibl, '!TO cornacycrcH C flllIOTe30H C.L. Tsou [7, 8] 0 
6onee BbICOKOH <JYBCTBHTeJibH0CTH aKTHBH0fO 1.1eHTpa K B03,[(eil:cTBHIO ,[(eHaTypHpYIO
II(HX q>aKTOpOB 110 cpaBHeHHIO C 6eJIKOBOH rno6ynoil: B 1.1enoM. 

Pa6orn Bb!II0JIHeHa 11pn q>HHaHCOBOH II0Mep)KKe P<l><l>l1 (rpaHTbI 05-04-48691-a 
n 06-04-39008-f<l>EH_a), IlporpaMMbI Tipe3H.LlHyMa PAH «MoneKyn»pHa» H KJieT0'I
HaH 6nonorn»», TiporpaMMbI INTAS (rpattT 03-51-4813). 
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CIIHTE3 JiEJIKA B IlOKOHI.QIIXCH PEKAJlhl.J,IITPAHTHhIX CEMEHAX 
KOHCKoro KAIIIT AHA 

ryMHJieBCKaJI H.A.', A3apKOBH'l M.11 ... 

•HHcmumym 6uoxmwu UM. A.H Eaxa PoccuucKou aKaoe;.wu HayK, MocK6a 
.. HHcmumym ,Pu3UOHocuu pacmeHuu UM. KA. TUMup513eea PoccuucKou aKaOeMuu 
HayK, MOCK6a 

CeMeHa KOHCKOfO KaUITaHa o6na,umoT rny6oKHM IIOKOeM n HeyCTOH'lHBbl K 

Bb!CbIXaHHIO, T.e., OTHOCHTCH K peKaJibUHrpaHTHOMY THITy. Ilocne orra,ueHHH 3peJible 

ceMeHa coxpaHHIOT Bb!COKYJO BJia)KHOCTb n rpe6yIOT mmTeJibHOfO rrepHO,!la XOJIO.UHOH 

(oT +2 .uo + 11 °C) BJia)KHOil crpaTmfmKaunn .UJIH ycrreurnoro rrpopacrnHHH. 

Crroco6HOCTb ceMHH KOHCKOfO KawTaHa rrpopacTaTh .UOCTHraeTCH nyreM IIOCTerreHHOro 

ocao6o)K,!leHHll OT COCTOllHHll IIOKOll. B HaCTOl!IUee BpeMll 6HOXHMH'leCKHe rrpoueCCbI, 

Jie)Kamne B OCHOBe rny6oKoro ITOKOll n nperrl!TCTBYIOIUHe rrpopacTaHHIO KaK 

OP'fO,!lOKCaJibHblX, TaK H peKaJihUHTpaHTHbIX ceMHH, He H3BeCTHhl, a MOJieKyJillpHble 

MexaHH3Mbl .ueilCTBHll XOJIO,!lOBOH CTpaTmfmKaUHH, pa3pewaIOmeil rrpopacrnHHe, 

OCTaIOTCH HeIIOHl!TblMH. 

. B TO )Ke BpeMl! xopowo H3BeCTHO, 'ITO CHHTe3 6enKa llBJilleTCll o6l!3aTeJibHbIM 

arpn6yroM rrpopacrnHHll n perncrpnpyeTCll y OP'fO,!lOKCaJibHblX CeMl!H cpa3y rrpn 

Ha6yxaHHH, T.e. 3ll,llOJirO .uo BH.UHMOfO rrpopaCTaHHll HJIH rrpOKJieBbIBaHHll. Bonpoc 0 

TOM, o6na,uaeT Jill 3apo,!lh1Ill peKaJibUHTpaHTHbIX ceMl!H B nepno.u rny6oKoro IIOKOll n 
Bb!XO,!la H3 Hero B xo.ue crpaTmpHKaUHH crroco6HOCTblO CHHTe3HpOBaTb 6eJIKH H KaK 

:no MO)KeT 6bITb CBll3aHO C Hecnoco6HOCTbIO IIOKOlllUHXCH ceMl!H rrpopacTaTb, .uonroe 

BpeMl! OCTaBaJICll OTKpbITbIM. 

B CBll3H C 3THM HaMH 6bma oueHeHa in vivo 6eJIOKCHHTe3HpYJOIU!UI 

crroco6HOCTb 3apO,!lbIIlleBbIX oceil H ceMH,!lOJieil, ll30JIHpOBaHHblX H3 CBe)KeOIIaBIIIHX, 

crpaTmpnunpyeMblX H rrpopOCillHX ceMl!H KOHCKOfO KaWTaHa. Ilony'leHHbie 

pe3yJibTaTbl IIOKa3aJIH, 'ITO H30JIHpOBaHHhie OCH crroco6Hbl rrornomaTh Me'leHbie 

aMHHOKHCJIOTbl H BKJIIO'laTh HX B 6eJIKH C rrepBb]X qacoB HHKy6aunn rrpn 28°C. 

EeJIOKCHHTe3HPYJOIU!UI aKTHBHOCTb nerKo perncTpnpyeTCll B OCllX CBe)KeonaBillHX 

IIOKOlllUHXCll ceMllH, ee ypoBeHh He MeHlleTCll B xo.ue CTpaTmpnKaUHH H B03pacrneT 

IIOCJie npoKJICBhIBaHHll. 3To 03Ha'laeT, 'ITO ,!lJIHTeJibHaJI XOJIO,!lOBal! o6pa60TKa 

BJia)KHblX peKaJihUHTpaHTHbIX ceMl!H He BJie'leT 3a co6oil ycnneHHll 

6eJIOKCHHTe3HpYJOmeil aKTHBHOCTH .uo Tex rrop, IIOKa He BKJIIO'lllTCll rrporpaMMa 

BH.UHMOfO rrpopacrnHHll. 11Hal! KapTHHa xapaKTepHa ,!lJlll IIOKOlllUHXCll OpTO,!lOKCaJibHblX 

ceMl!H KJieHOB Acer saccharum H A. tataricum. B o6onx cny'IMX Ha'laJihHhIH cnHTe3 

6enKa B H30JIHpOBaHHbIX OCl!X rrpn crpaTmpnKauHH O'leHb cna6, HO 3aTeM ero CKOpOCTb 

JIHHeilHo B03pacrneT B xo.ue CTpaTmpnKaunn ceMl!H. TaKoil )Ke xo.u pa3BHTHH 

TpaHCJillUHOHHOH aKTHBHOCTH OIIHCaH .UJill oceil H ceMll,!lOJieil opTO,!lOKCaJibHbIX CeMllH C 

BhIHy)K,!leHHbIM IIOKOeM (ropox rroceBHOH Pisum sativum) Ha paHHHX 3rarrax 

rrpopaCTaHHll, T.e. B rrepno.u OT Ha'lana Ha6yxaHHll 3apO,!lbIIlla .uo rrpoKJieBhIBaHHH [1 ]. 
TaKHM o6pa30M, no BCeil BH.UHMOCTH, CTpaTmpnKau1rn KaKHM-TO o6pa30M 

crroco6crnyeT ycnneHHIO 6eJIOKCHHTe3HpYJOmeil aKTHBHOCTH B KJieTKax Ha6yxaI01UHX 

oceil opTO,!lOKCaJihHbIX ceMl!H c rny6oKHM IIOKOeM, HO He BJIHl!eT Ha rpaHCJillUHIO B 

OCl!X peKaJihUHTpaHTHbIX ceMl!H, o6na,uaIOIUHX TaKHM )Ke THIIOM IIOKOll. Pa3JIH'lllll B 

,!lHHaMHKe 6eJIKOBOro CHHTe3a BO BpeMl! CTpaTmpHKaUHH Me)K.uy opTO,!lOKCaJibHbIMH ll 

peKaJibUHrpaHTHblMH ceMeHaMH MO)KHO o6bl!CHHTb TeM, 'ITO OpTO,!lOKCaJII,HI,IM 
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ceMeHaM He06XO,!lllMO ,!lOCTH)KeHne BblCOKOfO ypoBHll OBO,!lHeHHOCTH Will ycnneHHll 

CHHTe3a 6enKa, Tor.ua KaK peKaJibUHrpaHTHhie CeMeHa HMeIOT BblCOKYJO BJ!a)KHOCTI, n 

rro.u.uep)KHBaIOT ee B Te'leHHe Bceil crpaTmpHKauHH. OTKpb!TbIM OCTaeTCH BOIIpoc 0 

npH'IHHax yBeJIH'leHHll CKOpOCTH 6eJIKOBOfO CHHTe3a B OCl!X ceMl!H KaIIITaHa npH 

rrpopaCTaHHH. OHO MO)KeT rrpOHCXO,!lHTb KaK 3a C'leT yBeJIH'leHHH 061,eMa annapaTa 

rpaHCJlllUHH, T.e. 'lHCJia pn60COM B KJieTKax oceBbIX opranoB, TaK H 3a C'leT 

yBeJIH'leHHH 'lHCJia .UOCTYIIHblX mm rpaHCJil!UHH MPHK. 

CnHTe3 6eJIKa B H30JIHpoBaHHbIX OCllX IIO,!laBJllleTCH UHKJIOfeKCHMH,!lOM n 

HeqyBCTBHTeJieH K a-aMaHHTHHY B xo.ue crpaTmpnKaunn, HO ITO,!laBJllleTCH HM Ha 40% 
rrpH rrpopaCTaHHH. 3To YKa3bIBaeT Ha rrpncyrcrnn:e rrpe<popMHpOBaHHblX MPHK, 

crroco6HbIX yqacTBOBaTb B rpaHCJlllUHH, B OCllX IIOKOHmttXCH peKaJibUHTPaHTHblX 

ceMllH, Tor.ua KaK B OCHX, H30JIHpOBaHHbIX H3 rrpopOCIIIHX ceMl!H, CHHTeJ 6enKa B 

3Ha'lnTeJihHOH CTerreHn 3aBHCHT OT TpaHCKpHIIUHH. Pe3yJihTaTbl aHaJIH3a in vivo 

6eJIOKCHHTe3HpYJOmeil aKTHBHOCTH HaXO,!lllTCll B xopoweM COOTBeTCTBHH C ,!laHHbIMH 

IIO YJibrpacrpYKType KJieTOK oceil B 3peJiblX IIOKOlllUHXCll ceMeHax KOHCKOro KalIITaHa. 

TaK, B KJieTKax 3apO,!lhIIlleBOH OCH 3penoro ceMeHn KOHCKOro KaWTaHa (BJia)KHOCTb 62-
64%) coxpanl!eTCll xopowo pa3BHTal! cncTeMa 3H,!lOIIJla3MaTH'leCKOfO peTHKYJIYMa, 

MHOfO CB060.UHbIX n CBl!3aHHbIX pn60COM [2]. B OTJIH'lHe OT peKaJibUHrpaHTHbIX 

ceMllH, COBepweHHO HH!UI KapTnHa Ha6JIIO,!laeTCll B opTO,!lOKCaJibHbIX ceMeHax c 

Bb!Hy)K,!leHHbIM ITOKOeM. Ilpn IIOCTerreHHOM Bb]CbIXaHHH C03peBaIOmHx ceMllH B HHX 

3aMemmeTCH cnHTe3 6enKa n PHK, <pparMeHTHPYJOTCll MeM6panhl 

3H,!lOIIJia3MaTH'leCKOfO peTHKYJIYMa, rrpopa6aTb!BaIOT HMeIOmnecl! IIOJIHCOMhl, H B 

KJieTKe HaKaIIJIHBaIOTCH CB060,!lHbie pn6ocOMbl n He CBll3aHHbie C HHMH MOJieeyJihl 

MPHK. CnHTe3 6enKa, MPHK n <popMnpoBanne rronncoM B0306HOBJillIOTCH 

O,!lHOBpeMeHHO, BCKope IIOCJie Ha'lana rn.upaTauHH ceMeHn. TaKHM o6pa30M, 

peKaJibUHrpaHTHI,JH xapaKTep ceMHH, rrpOllBJllllOIUHHCll B He06XO,!lHMOCTH 

rro.u.uep)KaHHll Bb!COKOH . BJia)KHOCTH mm IIOCJie.uywmero rrepexo.ua K npopacTaHHIO, 

o6ecrre'lHBaeT aKTHBHOe COCTOllHHe annapaTa rpaHCJillUHH B KJleTKax oceBhlX opranoB 

n ceMH,!lOJieil IIOKOlllUHXCll ceMHH. 

OcHOBHaJI Macca 6eJIKOB, CHHTe3HpyeMhIX H30JIHpOBaHHbIMH OCllMH, 

cocpe,!lOTO'leHa B UHT030Jie n OTHOCHTCH K <ppaKUHH TepMona6HJibHblX 6eJIKOB. qHCJIO 

H THII CHHTe3HpyeMhIX H30JIHpoBaHHbIMH OCllMH IIOJIHITeIITH,!lOB O'leHh MaJIO 

H3MeHlllOTCll Ha rrpOTl!)KeHHH BCeil crpaTH(pHKaUHH, .uo Ha'lana Bll,!lHMOrO 

rrpopaCTaHllll. 3TO MO)KeT 03Ha'laTb, 'ITO BO BpeMll crpaTH<pHKaunn B H30JIHpOBaHHbIX 

OCHX ceMl!H KOHCKOfO KamTaHa 3KCIIpeccnpyeTCH IIOCTOllHHblH Ha6op reHOB, MPHK 

KOTOpbIX 6hIJIH CHHTe3HpoBaHbl B rrepno.u pa3BHTHll ceMl!H H coxpaHlllOTCH B rrepno.u 

IIOKOH. l13MeHeHHH B 3KCrrpeccnn reHOB Ha ypoBHe CHHTe3a 6eJIKa Mb! Ha6JIIO,!laJIH 

TOJlbKO rrpn npoKJieBb!BaHHH n npopacrnHHH ceMl!H. HaH60JiblIIHe H3MeHeHHH 

KaCaJIHCb HOBOCHHTe3Hp0BaHHblX MHHOpHbIX KOMITOHeHTOB <ppaKUHH 

TepMOCTa6HJibHbIX 6eJIKOB UHT030Jlll. O.uHaKO He HCKJIIO'leHO, 'ITO H3MeHeHHH B 

•3KCnpeccHH reHOB BO BpeMH crpaTH<pnKauHH BCe-TaKH HMeIOT MeCTO, HO KaCaIOTCH 

MHHOpHbIX 6eJIKOBblX KOMITOHeHTOB, mm BblllBJieHHH KOTOpb!X rpe6YJOTCH HHbie 

MeTO,!lbl aHaJIH3a. B OTJIH'lHe OT peKaJibUHrpaHTHbIX CeMHH KOHCKOro KalIITaHa B OCl!X 

Ha6yxaIOmHx opTO.UOKCaJibHblX ceMllH ll6JIOHH, rpywn n ,!lByx BH,!lOB KJieHa B xo.ue 

crpaTH(pHKauHH 3aperncrpnpOBaH Pll.!l crreun<pn'leCKHX H3MeHeHHH B 3KCIIpecCHH 

reHOB. Ilo-BH,!lHMOMY, y OpTO,!lOKCaJII,HbIX ceMHH c rny6oKHM ITOKOeM 

rrpO,!lOJl)KHTeJlbHal! XOJIO,!lOBal! o6pa60TKa rrpH crpaTH(pHKaUHH HHHUHHpyer 6onee 
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3llMeTHhie H3MeHeHHJI B ::JKCnpeccHH reHOB B KJieTKax 3apO,LlhIIIIeBOU OCH, qeM y 

peKaJihl.{HrpaHTHhIX ceMJIH C TaKHM )Ke THnOM nOKOJI. OcTaeTCJI HeJICHhIM, B KaKOll 

Mepe 3TH H3MeHeHHJI CBJl3aHhl C npeo,noJieHHeM nOKOJI II IIHIIl.{Hal.{Heii npopacTaHHJI. 

KaK n B opTOLIOKCaJihHhlX ceMeHax c BhIHylK,LleHHhIM noKoeM [3], B ceMeHax 

KaIIITaHa 6eJIOKCIIHTe3npyiomal! cnoco6HOCTh o6HapylKeHa HllMH He TOJihKO B 

3apO,LlhlIIIeBhIX OCJIX, HO II B KJieTKax 3anacmomeii napeHXIIMhl ceMJl,LlOJieii. Ilpn ::JTOM 

HHTeHCHBHOCTh 6eJIKOBOro CHHTe3a, H3MeplleMaJI no ypoBH!O y,neJihHOll 

pa,nnoaKTHBHOCTH 6eJIKa, B ceMJl,LlOJIJIX 6bma 3HaqnTeJihHO BhIIIIe, qeM B OCJIX. 

<I>parMeHThl ceMJl,LlOJieii, IIHKy6npoBaHHhie B npHCYTCTBHH MeqeHOU aMHHOKHCJIOThl 

npn 28°C, CHHTe3Hp)'IOT CXO,LlHhlll C OCJIMH Hafiop IIOJIHneIITH,LlOB. 

lfro6h! 01.{eHHTh, peaJIH3yeTCJI JIH npn CTpaTnqmKal.{HH noTeHl.{HaJlhHaJI 

6eJIOKCHHTe3npyiomal! cnoco6HOCTh, o6HapylKnBaeMaJI B OCJIX H ceMJI.LlOJIJIX, 

HHKy6npyeMhIX npH 28°C, BpeMJI 3KCII03Hl.{HH C MeTKOH 6hlJIO yBeJinqeHO C 4 q_ ,LIO 24, 

48 n 64 q_ IlonyqeHHh!e HllMH npe.nBapHTeJihHhie pe3yJihTaThl nOKa3aJIH, qro OCH n 

ceMJI.LlOJIH, H30JinpoBaHHhie H3 CBelKeco6panHhIX n crpaTml>HllHpyeMhIX ceMJIH, 

cnoco6HhI nornomaTh MeqeHyio llMHHOKHCJIOTY n BKJIIOqaTh ee B 6eJIKH He TOJlhKO npn 

28°C, HO n npH 5°C, T.e., npH TeMnepaType crpaTml>nKal.{Hn. CneKrp cnHTe3npyeMhlX 

npH 3TOM IIOJIHnenTHLIOB 0Ka3aJICJI oqeHh CXO,LlHhIM. ffa 3TOro CJie,nyeT, qro BO BpeMJI 

MHTeJihHOH crpaTnqmKal.{llll B KJieTKax CeMJIH MOlKeT npoHCXOLIHTh HOB006pa3oBaHHe 

6eJIKOB. 

TaKnM o6prooM, BnepBhie oxapaKTepH3oBaHa in vivo 6enoKCHHTe3npyiomaJ1 

cnoco6HOCTh oceBhIX opraHOB n ceMJl,LlOJieii 3apo,nhIIIIa peKaJihl.{HrpaHTHhIX CeMJIH B 

nepHo,n rny6oKoro IIOKOJI H npH paHHeM npopaCTaHHH B YCJIOBHJIX crpaTHqJHKal.{HH. 

IlonyqeHHble pe3yJihTaThl roBOpl!T O TOM, qTo KJieTKH oceii II ceMJI.LlOJieii B 3peJihIX 

IIOKOJlll.{HXCJI ceMeHax KOHCKOrO KaIIITaHa o6na,naIOT KOMneTeHTHhIM annapaTOM 

rpaHCJIJll.{HH, cnoco6HhIM o6ecneqnTh cnHTe3 6enKa Ha npornlKeHHH Bcero nepno,na 

XOJIO,LIOBOU: crpaTHqJHKal.{IIH. CHHTe3 6eJIKa, KOTOphill cnoco6Hhl ocymecTBIITh 

II30JIHpOBaHHhie OCH, He 3aBHCHT OT rpaHcKpHnl.{HII II MaJIO II3MeHJleTCJI 

KOJIHqecTBeHHO II KaqecTBeHHO B xo.ne crpaTHqJHKal.{HH LIO HaqaJia npopaCTaHHJI. 

QqeBH,LlHO, Hecnoco6HOCTh IlOKOJlll.{HXCJI ceMJIH npopacTaTh He Bhl3BaHa .neqieKTOM B 

rpaHCJIJll.{IIOHHOll CIICTeMe, HO MOlKeT 6b!Th CBJl3aHa C OTCYTCTBHeM 3KCnpeccHH 

onpe.neneHHhIX reHOB, KO,nHp)'IOll.{llX 6eJIKH, He06XO,nHMhie Ml! npopaCTaHHJI, HJIH lKe C 

::JKCnpecCHpOBaHHeM reHOB, HHrn6npyiomnx npopaCTaHHe. ,[(JIJI perneHHJI ::JTOH 

npo6JieMhI rpe6yioTCJI LlaJlhHeHIIIHe HCCJie,LlOBaHHJI. 
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OilPE,ll;EJIEHHE YCTo:tiqHBOCTH K OKHCJIHTEJihHOMY CTPECCY 
,ll;HKOro H MYTAHTHhIX IIITAMMOB 3EJIEHOH BO,ll;OPOCJIH 

CHLAMYDOMONAS REINHARDTII IlYTEM HX BHOXHMHqECKOH 
XAPAKTEPHCTHKH 

EpMoxnHa O.B., IOpHHa H.IT. 
HHcmumym 6uoxw.mu UM. A.H Eaxa PAH. 2. MocK«a, PoccUH, O_ermohina83@mail.ru 

y CToii:qnBOCTh pacTeHHll K He6naronpHllTHhlM qiaKTOPllM cpe,nhl CBJl3aHa C 

::JqJqJeKTIIBHOCThIO CUCTeM penapal.{UU U aHTHOKCH,naHTHOU 3all.{HTOH KJieTOK. Y MHOrHX 

BHLIOB opraHU3MOB 6bIJIU o6HapylKeHbI COOTBeTCTBYIOll.{He reHhl, H3yqaeTCJI 

::JKcnpeccHJI reHOB, OTBeTCTBeHHhIX 3a IIOBhlIIIeHHyIO penapal.{HIO LIBOHHhIX pa3phIBOB 

,[(HK B YCJIOBHJIX OKHCJIHTeJihHOro crpecca, U reHOB, OTBeqmomux 3a aHTHOKCH.LlaHT

H)'IO 3all.{HTY KJieTOK. l1HTepec K 3THM HCCJie,noBaHHJIM B03pacrneT B CBJl3H C TeM, qro 

qeJIOBeK, lKHBOTHbie U pacTeHHJI lKHBYT B ycnoBHJIX attrponoreHHOro rpy3a, B pe3yJih

Tare qero HaKanJIHBaIOTCJI H3MeHeHHJI B reHOMe, KOTOph!e Heo6xo,LIHMO nporH03H

poBaTb. B ::JTOH CBJl3H 60JihIIIOe 3HaqeHHe npHo6perneT BOnpoc O BhIJICHeHHH MexaHH3-

MOB, yqacrnyiomux B qiopMHpOBaHHH ycmiiqHBOCTH clx pacTeHHU H Bo,nopocneii (KaK 

MO,neJihHhIX ofo,eKTOB) K aHrponoreHHOMY OKHCJIHTeJibHOMY crpeccy. 

OKHCJIHTeJihHhlll crpecc B pacTeHHJIX B03HHKaeT B pe3yJihTaTe .neiiCTBHJI 

npaKT~ecKH Bcex He6JiaronpHl!THhlX q>aKTOpoB BHeIIIHeii cpe,LlhI, BKJIIOqaJI 3acyxy, 

noqBeHHOe 3aCOJieHne, 3arpll3HeHHe B03,nyxa TOKCHqeCKHMH coe,nHHeHHJIMH. 8 
KOHeqffOM cqeTe, Bee BH,Llhl crpeccoB CBO,LIJITCJI K OKHCJIHTeJibHOMY crpeccy, IIO::JTOMY 

pOJlb aHTHOKCH,LlaHTHhIX CHCTeM, CHHlKaIOll.{HX BHyrpHKJieTOqHhie KOHl.{eHrpal.{HH 

aKTHBHhIX q>opM KHCJIOpo.na (A<I>K), a TaKlKe CHCTeM, JIHKBH,nHp)'IOll.{HX TOKCHqeCKHe 

npO.nyKThl B3aHMO,neiiCTBUJI A<I>K C 6HonOJIHMepaMH H IIOBhIIIIaIOll.{IIX ycTOttqffBOCTh 

pacTeHHll K He6naronpHl!THhIM q>aKTOpaM cpe,Llhl, npHHl.{HIIHaJihH0 BalKHa. O6meii: 

oco6eHHOCThIO pa3JIHqffhIX q>OpM aKTHBH0ro KIICJIOpo.na JIBJIJleTCH HX cnoco6HOCTh 

BhI3hIBaTh 0KIICJIHTeJihHhie Il0BpelK,LleHHJI nyreM HHaKTHBal.{IIH 6eJIKOB, HyKJieHH0BhIX 

KIICJI0T n JIHnH,Ll0B. KpoMe Toro, a6HoTnqecKHe crpeCChl, B qacTHOCTH OKHCJIHTeJihHhlli 

crpecc, orpaHnqnBaIOT cnoco6HOCTh pacTeHHll HCilOJlh30BaTh CBeT0B)'IO ::JHeprHIO npH 

q>OTOCHHTe3e. y pacTeHHll 0CHOBHhlMII l.{eHrpaMH o6pa30BaHHJI A<I>K HBJIJIIOTCJI XJI0po

IlJiaCThl H nepoKCHC0MhI. 

3a,naqeii HaIIIHX IICCJie,n0BaHHll JIBHJIOCh o6HapYlKeHHe H H3yqeHne 6HOXHMH

qecKIIX MapKepoB ycToiiqHBOCTII K OKIICJIHTeJihHOMY crpeccy. bhIJia npoBe,neHa 6no

XHMHqeCKaJI xapaKTepHCTHKa B0ChMH MYTaHTOB Chlamydomonas reinhardtii, nMero

mttx IlOBhIIIIeHH)'IO ycToiiqHBOCTh K 0KIICJIHTeJibH0MY crpeccy. Onpe,neJieHhl IIHrMeHT

Hhlli C0CTaB (xnopoq>llJIJI II KapOTHHOH,LlhI) H HJyqeH nOJIHITeITTH,LlHhlli C0CTaB THJiaKo

H.LlHhlX MeM6pan MYTaHT0B n KJieTOK ,LlHKoro THna. 

MaTepuaJibl H MCTO,Llhl 
Pa6orn npoB0LIHJiach Ha MYTaHTHhIX IIITaMMax Chlamydomonas reinhardtii, 

o6mi.nmomnx nOBhIIIIeHH0ll ycToiiqnBOCThIO K 0KIICJIHTeJihH0My crpeccy, BhI3BaHH0My 

pa,nHal.{Heii tt YJibrpaq>HOJieTOM, nonyqeHHhIX B l.{eHrpaJibHOU: Jia6opampHH o6meii: 

::JKonornH EonrapcKoii AKa,neMHH HaYK (EAH) [I]. 3TH MYTaHThI JIBJIJIIOTCJI xopoIIIeii 

M0,LleJihIO .LlJIJI H3yqeHHJI MeXaHII3M0B, o6ecneqHBaIOll.{HX a,nanTal.{HIO BhICIIIIIX 

pacTeHHll K ::JKCrpeMaJihHhIM qJaKTOpllM OKPYlKaIOll.{eii cpe,nhI. 

3KCrpaKl.{HIO IIHrMeHTOB II H3MepeHHJI np0B0LIHJIH no MeT0LIY, 0ilHCaHH0My 
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JlHXTeHTaJIJiepoM [2]. KneTKH OC~aJIH 11eHTpmpyrnpoarumeM a TeqeHHe 10 MHH npH 
4000 06/MHH, pecycneH.nnpoaann B 80 %-HOM aneToHe, nocne qero KJieToqHble 
o6JIOMKH OC~aJIH 11eHTPH<pyrnpoarumeM npn 4000 06/MHH B TeqeHne 10 MHH. 
CneKTPOqJOTOMeTPIHO Ha.z:{OCa,uoqHoii lKH,!{KOCTH npOBO,!{HJIH B BH,!{HMOM CBeTe B 
,!{llfilla30He ,!{JIHH BOJIH OT 350 .no 750 HM. 

THJiaKOll,!{Hhie MeM6paHhl Bhl,!{emmH no paHee OnHCaHHOMY MeTO.!lY [3]. EeJIKH 
THJiaKOll,1{0B cppaKIIHOHHpOBaJIH C noMOIUh!O 3JieKTPO<pope3a B 12,5 % ITAAr B npH
CYTCTBllll MC-Na. 

CyMMapHbie 6eJIKH KJieTOK Bhl,!{eJUIJIH, KaK onncaHO [3], cppaKIIHOHHpOBaJIH B 

ITAAr B npHCYTCTBnn MC-Na, n nonyqeHHhre 6enKn nepeHocnnH Ha HHTPOIIen
JIJOJI03HYJO MeM6paHy, a 3aTeM HMMYHO,!{eTeKTHpOBaJIH C noMO!Uh!O aHTHTeJI K HSP70B 
nHSP90C. 

Pe3yJILTaTLI u ux o6cy~euue 
Ilpu UCCJie,!{OBaHHH nurMeHTHOro COCTaBa 6blJIO nOKa3aHO, qTo y MYTaHTHbIX 

IIITaMMOB AK9-9 n H3 co.neplKaHHe xnopocpHJIJIOB (a+b) n KapoTHHOH.!lOB B ~ .naa pa3a 
BbIIIIe, qeM y KJieTOK ,!{llKOro Tnna. OTHOIIIeHHe xnopocpHJIJIOB alb 6blJIO BhIIIIe Ha 15 % 
y MYTaHTOB AK9-9 H H3, qeM y KJieTOK ,!{llKOro Tnna, a TO BpeMH KaK no OTHOIIIeHH!O 

xnopocpnnn / KapOTHHOH,!{hl ornnqnii Me)K,!{y MYTaHTaMH n KJieTKaMH ,!{llKOro Tnna He 
o6HapylKeHO. TaKnM o6pa30M, cpe,!{H ycrniiqHBhIX K OKHCJIHTeJihHOMY c~ccy MymH

TOB 6bIJin BbIHBJieHhl MYTaHThl c nOBhIIIIeHHhIM co.nep)KaHHeM xnopocpnnna. 
Ilpn cpaBHeHHH nonnnenTH,!{HOfO COCTaBa THJiaKOH,!{HhIX MeM6paH MYTaHTOB n 

KJieTOK ,!{llKOfO THna y llITaMMa H3 6hIJIH o6HapylKeHhl OTJinqHH B co.neplKaHHH 6eJIKOB 

CBeTOC06npruomero KOMnJieKCa qJOTOCHCTeMbl II (MOJieKyn»pHllH Macca 24-27K,[{a), ~o 
B03MOlKHO CBH3aHO C nOBhillleHHOii ycToiiqHBOCTh!O H3 MYTaHTa K OKHCJIHTeJihHOMY 
CTPeccy no cpaBHeHH!O C KOHTPOJieM. 3TH pe3yJihTaThl npe.ncTaBJIH!OT 60JihllIOll llHTe
pec, TaK KaK llITaMM H3 o6na.naeT Han6onee BhICOKOii ycrniiqnBOCTh!O K pa.nnannn 

cpe.nH ll3yqeHHhIX HaMH MYTaHTOB. OH 6bIJI nonyqeH ITYTeM CKpemnBaHHH pa.nno
ycrniiqnaoro llITaMMa AK9-9 C MyTaHTHhlM llITaMMOM cw 15 6e3 KJieToqHoii CTeHKH. 

Ero pa.nnoycrniiqnBocTh 3HaqnTeJihHO Bhillle, qeM y po.nnTeJihcKoro AK9-9. 

TenJIOBOii HJIH .npyrne BH,!{hl CTPeCCOB npnBO,!{HT K ITOBblllleHHOii 3KCnpeccnH 
reHOB 6eJIKOB TeITJIOBOro CTPecca (HSP). 3TO xapru<TepHO .1lJlH Bcex BH,1{0B opraHH3MOB. 

O,!{HHM ll3 BalKHhIX qneHOB ceMeiicTBa 6eJIKOB TeITJIOBOfO CTPeCca HBJIH!OTCH 6eJIKH 

HSP70. Y 3YKapnoT HSP70 o6HapYlKHBaIOTCH He TOJihKO B IIHTOITJia3Me, HO n B 
xnoponnacrnx n MnToxoH.npnHX. IloKa3aHo, ~o xnoponnacTHhiii 6enoK HSP70B 
HMeeT npoKapnoTnqecKoe npOHCXO)K,!{eHne (85% fOMOJIOfHH c COOTBeTCTBY!OIUHM 

reHOM llllaH06aKTepHii). HSP70B o6HapylKHBaeTCH B o6oJioqKe xnoponJiaCTOB H 
BXO,!{HT B COCTaB annapaTa HMITOpTa 6eJIKOB B opraHeJIJihl. YcTaHOBJieHO, ~o 3KCnpec

CHH HSP70B llH.!lYIIHpyeTCH He TOJihKO TenJIOBhlM CTPeCCOM, HO n CBeTOM, H ,!{JI.!! ero 

llH.!lYKIIHH CBeTOM HCITOJih3YeTCH .npyroii ITYTh nepe.naqn cnrHana, qeM npn TenJIOBOM 

CTPecce. Mb! npe.nnoJIOlKHJIH, ~o MYTaHThl, OTJinqruomnecsr IlOBhillleHHOH ycToii:qn
BOCTh!O K OKHCJIHTeJihHOMY CTPeccy, MOfYT OTJinqaThCH n no ypOBH!O xnoponnaCTHbIX 

HSP70B. ,[{nsr aHaJin3a 6hm B3»T TaKlKe 6enoK HSP90C, cpyHKIIHOHHPYJOIUHH BMecTe c 
6eJIKaMH HSP70B. YpoBeHh 6eJIKOB TeITJIOBoro llIOKa B KJieTKe MOlKeT CJIYlKHTh 6noxH

MnqecKHM MapKepoM ycrnii:qnBOCTH K OKHCJIHTeJihHOMy CTPeccy. ,[{JI» Toro ~06bl 
BhlHCHHTh HaCKOJihKO H3MeHeHne co.neplKaHHH HSP70 qyBCTBHTeJihHO K pa3JIHqHhlM 

BapnaHTaM TenJIOBOro CTPecca n BhI6paTh ycJIOBHH TeITJIOBOro CTpecca .1llIH TeCTH-
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p0B!IHHll MYfllHT0B 6bln HCTI0nh30BaH lllTaMM CW15. 6bIJIO npoBe,l.leH0 cpaaHeHHe 
co.neplKaHHll 6enKoB Tennoaoro rnoKa HSP70B u HSP90C, HH,l.l)'llHpoBaHHhIX no.n 
.neifoTBueM .nayx pa3nH'IHhIX ycnoaun Tennoaoro CTPecca: HSI (37 °C 30 MHH-> 4 q 

HHKy6aI.{Hll npH K0MHaTH0H TeMnepaType -> 37 °C 30 MHH -> 4 q HHKy6aum1 npH 
KOMHaTHOH TeMneparype) H HS2 (42 °C 5 MHH -> 4 q HHKy6aI.{Hll npH K0MHaTH0H 

TeMneparype-> 37 °C 30 MHH-> 4 q HHKy6a{lHJI npH K0MHaTH0H TeMneparype). 3TH 
ycnoau11 Tennoaoro rnoKa o6hl'IHO Hcnonh3YJOTCll npH HH,l.lyKllHH HSP Chlamydo
monas. Ha pHc. npe.ncTaaneHhI ,l.laHHbie o co.nepJKaHHH HSP70B B KneTKax Chlamydo
monas reinhardtii 6e3 Tennoaoro rnoKa (l-11 KonoHKa) H nocne 1-ro H 2-ro B03,l.leii:cT
BHH. ,[(aHHhle CTaTHCTH'JeCKH o6pa6aTbIBanH Ha OCHOBe 'leTbipex npoBe,l.leHHbIX He3aBH

CHMbIX 3KCnepHMeHTOB. 
6bIJIO noKaJ!IHO, 'ITO a cnyqae HS I ypoaettb 6enKoB Tennoaoro rnoKa HSP70B 

6bIJI Bblllle, 'JeM npu HS2. '.no 03Ha'JaeT, 'ITO Ha CHHTe3 6enKOB Tennoaoro lllOKa 
6onb111ee BnHllHHe OKa3bJBaeT ,l.lnHTenbHOCTb Tennoaoro lllOKa, 'JeM TeMnepaTypa 
B03,l.leHCTBHll. 3Ta 3aKOHOMepHOCTb 6bIJia TIO,l.lTBeplK,l.leHa H B OTibITax C .npyrnM 6enKOM 

Tennoaoro CTPecca xnoponnacTOB - HSP90C. 
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PHc. I. Co,1eplKaHHe 6enKOB HSP70B B KneTKax Chlamydomonas reinhardtii CW! 5 npH 
TeTin0B0M W0Ke. A - :meKTPo<!>operp8MM8 cyMMapHblX 6enKOB. B - BecTepH-6nOTTHHr. C -
OTH0CHTenbHoe co,1eplKaHHe 6enKa rennosoro woKa. 

TaKHM o6pa30M, 6enKH rennoaoro lllOKa MOryT cnyJKHTb 0,l.lHHM H3 6HOXH
MH'leCKHX MapKepoB ycTOH'JHBOCTH pacTeHHH K OKHCnHTenbHOMY CTPeccy. 

Pa6oTa BbmonHeHa npu q>HH8HCOBOii: TIO,l.l,l.lepJKKe rpaHTa P<l><l>l1 (NQ06-04-48-

923a). 
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.HBJUIIOTOI JIii <l>PArMEHThl liEJIKOB IIPIIPO)];HblMII 
PErY JUITOPHblMII OJIHrOIIEIITll)];AMII? 

l,23aM51THUH A.A., 1Eop"IHKOB A.C. 
1HHcmumym 6uoxUMuu UM. A.H.Eaxa PAH, MocK6a, PoccUR, aaz@inbi.ras.ru; 

2Universidad Tecnica Federico Santa Maria, Centro de Biotecnologia, Valparaiso, Chile, 
alexander.zamyatnin@usm.cl 

IlpttpO.UHbie (:m.uoreHHhie) perym1TOpHb!e OJIHrorrerrTU.Ubl o6pa3YJOTCH B pe3yJih
TaTe BbIII(errrreHUH ll3 crren;HaJIH3HpOBaHHbIX npe.urneCTBeHHUKOB u co.uep)KaT OT 2 .uo 
50 llMHHOKUCJIOTHb!X OCTaTKOB [l]. CrreKTp HX <pyHKI(HOHaJibHOH aKTHBHOCTH MHOro
o6pa3eH, 0.UHaKO 60JibIIIe Bcero BbNBJieHO OJIHrorreIITH.UHb!X peryMTOpOB HepBHOH 
(HeiiporreIITU.!lbl) u 3H.UOKpHHHOH (ropMOHbI) CHCTeM, a TaK)Ke aHTHMUKpo6HhIX OJIHro
rreIITll.!lOB. 

B TO )Ke BpeM» IIOHBJIHeTCH see 60JibIIIe u 60JibIIIe CBll.!leTeJibCTB TOMY, "ITO B 
)KUBblX opraHU3Max rrpucyTCTBYJOT orrurorreIITU.Ubl, KOTOpbie o6pa3yIOTCH He U3 
crren;uarru3upoBaHHbIX rrpe.urnecTBeHHUKOB, a HBJIHIOTCH <pparMeHTaMU xoporno U3BeCT
HblX 6eJIKOB. Cpe.uu HUX - <pparMeHTbl reMorno6uHa [2], Ka3eUHa [3], JiaKTO<peppuHa 
[3, 4] u .UPYTUX, B OCHOBHOM IIll!n;eBbIX 6eJIKOB. MHorue U3 HUX, TaK)Ke KaK u 3H.!l
oreHHbie OJIHrorreIITU.UbI, o6rra.uaroT crroco6HOCTb!O Y"!aCTBOBaTb s peryrr»n;uu HepBHOH 
u 3H.UOKpUHHOH CUCTeM, a TaK)Ke rrpOHBJIHTb aHTUMUKpo6Hyio u .upyrue TU!Ibl aKTHB
HOCTU. O.UHaKO .UaHHbie HCCJie.UOBaHUH, KaK npaBUJIO, rrpOBO)lHTCH in vitro u .uo HaCTOH
ll(ero BpeMeHU HeT IIOJIHOH ysepeHHOCTU B TOM, "ITO 3TU <pparMeHTbl pearrbHO Y"!aCTBy
lOT B peryMTOpHbIX rrpon;eccax )KUBblX opraHU3MOB . 

B CBH3U C )TUM HllMH 6bIJI ocyll(eCTBJieH KOMIIbIOTepHblH CTPYKTYPHO-<pyHKI(UO
HaJibHblH aHaJIU3 B03MO)KHbIX <pparMeHTOB O.UHOro U3 CllMblX U3Y"!eHHblX 6eJIKOB IIYTeM 
cpaBHeHUH rrepBU"IHbIX CTPYKTYP 3TUX <pparMeHTOB C llMUHOKUCJIOTHblMU rrocrre.uosa
TeJihHOCTHMU BCex U3BeCTHbIX K HaCTOHll(eMy BpeMeHU rrpupO.UHb!X onurorreIITU.UOB. 

B Ka"!eCTBe 061,eKTa uccne.uosaHUH HllMU 6bIJI B3HT reMorno6UH 6hIKa, 
COCTOHIIIUH U3 .usyx TUIIOB n;erreii [5, 6]. Ha puc. 1 llMUHOKUCJIOTHbie rrocne.uosaTeJib

HOCTH a- (141 OCTaTOK) u 13- (145 OCTaTKOB) n;erreii MOJieKyJihl reMorno6uHa rrpe.UCTaB
neHhl rrapanneJihHO, "IT06h! rrpo.ueMOHCTPUPOBaTb ux roMOJIOfUIO. ,lvrn 3TOfO B pH.Ile 
MeCT OCTasrreHhl rrpo6eJihl, B pe3yJibTaTe "!ero O.UUHaKOBbie llMUHOKUCJIOTHbie OCTaTKU 
(Bbl.!leJieHbl )KUpHbIM IIIpU<pTOM) pacIIOJIO)KeHbl .upyr rro.u .upyroM • .[{eMOHCTPUpyeMaH 
TaKUM o6pa30M fOMOJIOrHH COCTaBMeT Bcero 37 % (53 COBIIa)laIOIIIUX OCTaTKa) u CBU
.UeTeJihCTByeT O B03MO)KHOCTU cyrnecTBOBaHUH <pparMeHTOB C pa3Hb!M <pyttKn;uo
HaJibHbIM crreKTPOM y pa3Hb!X n;erreii. 

B 06ll(eM CJIY"!ae "IUCJIO B03MO)KHbIX 6enKOBblX <pparMeHTOB OT 2 (.uurreIITll.!lbl) 
.uo n -1 paCC"IUTbIBaeTCH no <popMyrre 

N= ~=(n-l)n _ 1 7 2 , 

r.ui;; N - "IUCJIO <pparMeHTOB, a n - "IUCJIO llMUHOKUCJIOTHblX OCTaTKOB B O.UHOM <ppar
MeHTe. B cooTBeTCTBUU C 3TOH <pOpMynoii IIOJIHOe "IUCJIO B03M0)KHb!X <pparMeHTOB .1lM 

a- u 13-n:erreii reMorno6uHa COCTaBMeT COOTBeTCTBeHHO 9869 u 10439. 
Ilpe.usapuTeJibHbie on;eHKU IIOKa3aJIU, "ITO .1lM perneHUH IIOCTaBJieHHOH 3a)la"Ill 

n;enecoo6pa3HO UCIIOJib30BaTb pa36UeHue aMUHOKUCJIOTHblX rrocne.uoBaTeJibHOCTeH 
Moneeynu reMorno6uHa Ha <pparMeHTbl, co.uep)Kall(Ue He MeHee 4 llMUHOKUCJIOTHblX 
OCTaTKOB (T~arrerrTU.UbI). B CJIY"!ae .uurreIITU.UOB u TPUIIeIITH.UOB cosrra.ueHue C Y"!aCT-
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PHc. 1. foMonorn.11 aMHHOKHCJIOTIIhIX nocnenoBaTeJihHOCTeii a- H P-uerreii reMorno-
6HHa 6hIJ<a. U:mppaMH o603HaqeHhl HOMepa H o6mee qHCJIO aMHHOKHCJIOTHhlX 
OCTaTKOB, 

KaMH npHponHhIX OJIHronerrTHnoB, OKa3hIBaeTC.ll HaCTOJihKO qacThIM, qro IIOJI)"IaeMhle 

TaKHM o6pa30M pe3yJihTaThl npencTaBJI.l!IOT co6oii HHq>OpMaD;HOHHhlli IIIYM, He rron
naIOIUHHC.ll crporoMy aHaJIH3y. 

A1IaJIH3 npoBO~JIC.ll C IIOMOIIJ;hIO cneu;HaJihHO C03naHHOH KOMIThIOTepHOH 

nporpaMMhI, KOTOpa.11 ~ o6eHx aMHHOKHCJIOTIIhIX rrocnenoBaTeJihHOCTeii npOBO~Jia 
Bhl60pKy TerpaneITTHnHhJX q>parMeHTOB, C 1-ro aMHHOKHCJIOTIIOro OCTaTKa no 4-ro 

OCTaTKa OT KOHD;a nepBHqHOH CTPYKTYPhI. B pe3yJihTaTe :no.ii rrpou;emh1, HanpHMep, B 

cnyqae TerpanenTHnHhIX q>parMeHTOB, nn.11 a-u;enH reMorno6HHa o6pa30BhIBaJIOCh 138 

q>parMeHToB, a~ P-uenH - 142. 
L{anee Ta )Ke KOMIThIOTepHa.11 nporpaMMa ocymecTBJI.l!Jia cpaBHeHHe aMHHOKHC

JIOTilhIX nocnenoBaTeJihHOCTeH KIDK,D;Oro H3 IIOJI)"IeHHhIX q>parMeHTOB co BCeMH rrep

BHqffhlMH crpyKT)'paMH npHponHhlX OJIHronenTHnOB, HMeIOID;HXC.ll B 6a3e naHHhlX 
EROP-Moscow (Endogenous Regulatory OligoPeptides) [7], conep)KaBIIIeii Ha MOMeHT 

HCCJienoBaHH.ll crpyKTypHO-q>yttKD;HOHaJihHhie naHHhie O 7145 npHponHhlX OJIHronerr

THnax, B npou;ecce cpaBHeHH.11 HCKaJIHCh yqacTKH onHrorrenTHnHhIX nocnenoBaTem,

Hocreii, IIOJIHOCThIO COBITMaIOID;He co crpyKTypoii TeCTHpyeMoro q>parMeHTa MOJie
KyJihl reMorno6HHa. 

AHaJIH3 Bhl.llBHJI OKOJIO 100 npHpOntthIX OJIHroneIITHnoB, conep)KfilUHX Terpanerr
THnHhie H 6onee nJIHHHhle q>parMeHThl MOJieKyJihI reMorno6HHa. KaK H O)KffnaJIOCh, HX 
Ha6op OKa3aJIC.ll pa3HhIM npH H3yqeHHH pa3Hh!X u;eneii. Ha pHC. 2 H 3 )KHpHhIM IIIpHq>
TOM OTMeqeHhl q>yttKIJ;HOHaJihHO 3HaqHMhie yqacTKH 3TOH MOJieKyJihl, OTIIOC.l!ID;Hec.11 K 
npO.l!BJieHHIO CBOHCTB aHTHMHKpo6HhIX OJIHrorrenTHnoB (a), HeiiponerrTHnoB (b) H 

ropMOHOB ( C ). Bo Bcex CJI)"Ia.l!X BO nepBOH crpoKe BhI.neJieHhl yqaCTKH, HaiineHHhle B 

npHpOntthIX peryJI.l!TOpHhIX OJIHrorrenTHnax C IIOMOID;hIO KOMIIhIOTepHoro aHaJIH3a, a BO 

BTOpoii - q>parMeHThI, Bhl.llBJieHHhle 3KCnepHMeHTaJihHO. lfx cprurneHHe nonrnep~aeT 

aHTHMHKp06Hhie, HeiiporreIITHnHhie, ropMOHaJihHhie H npyrne (naHHhie He rrpHBO,wITCH) 

CBOHCTBa u;enoro psna 3KCnepHMeHTaJihHO H3yqeHHhlX q>parMeHTOB H Bhl.l!BJI.lleT HOBhie 
rroTeHD;HaJihHO aKTHBHhie, HO eme He HCCJienoBaHHhie, yqacTKH aMHHOKHCJIOTHhlX 

nocnenoBareJihHocTeii. 
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Puc. 2. CpaBHeHHe cpyHK[(HOHaJ!bHO 3Ha'IHMblX yqaCTKOB a-ue1m reMorno5»Ha, IIOJIY'leHHbIX 

TeOpeTH'leCKH H 3KCrrep»MeHTaJ!bHO (rro.npo6Hhle o5bJICHeHHJI CM. B TeKCTe) 
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a MLTAEEKAAVI'AJ'WGKVKVDE:1/GGEALGRLLW'fPWTQRFFESFGDLSTADAVMNN~SrsNGMKHLDDLIUJTJ'AALSELRCOlUJiVDPENnLLGNVLVVVlARNrGlal:rrP\/LOIW~RYH 

ML'UJ!:EltAA~VVYPWTQRf'FESFGDLSTAfJAVMNNPKVJWIGKKVLDSFSNGOO!LDDLKGTFMLSELHCDKLHVDPD!FKLLGN\ILVVVlARNFGKEfTPVLQIU)FQKWAGVl'.NAIAHRYH 

b MLTAEB!tAAVTAfWG~VVYPWTQRFFESFGDUv.DAvt+INPKVKAHGKKVIDSFSNGMKHLDDLKGTFAALSELHCDKLHVDPSNFKLLGHVLVVVIAAAFGKEn'PVLQIUl~KWAGVANAU.HRYH 

MLTAEEKMVI'AFWGKVKVDEVGGFALGRLt.VVYPW'l'QIUTESFGDLSTM!AVMNNPKVJWIGKK\ILDSFSNGMKHLDDLKGTFAALSEIJICDKIJNDPENFKLLGN\ILVVVLA.RNFGKEfTPVLQIU)FQKWAGVl'.NAIAHRYH 

P»c. 3. To lKe .L{JIJI 13-uerr» reMorno5»tta 

,l:{JI.ll Toro, qTo6hI 6eJIKOBhie q>parMeHThl MOrJIH ocymecTBJI.l!Th peryJIHTOpHhie 
q>yHKIJ;HH, 0HH noJI)KHhl o6pa30BhIBaThCH ecTeCTBeHHhIM nyreM, HMeTh nocTyn K 061,eK
TaM CBoero neil:CTBH.ll (MHJIIeHHM, HanpHMep, peu;errTOpaM) H o6nanaTh crroco6HOCThIO 
B3aHMoneiiCTBOBaTh C HllMH. O6Hap~eHHe 6eJIKOBhIX q>parMeHTOB B pa3Hh!X opraHax 

H TKamJX )KHBhlX opraHH3MOB nonTBep~aeT HX 3HnoreHHOCTh. KpoMe Toro, MHorne 
6eJIKH, nonana.11 B opraHH3M BMeCTe C ITHID;eii (B TOM qffCJie H reMorno6HH), cpa3y )Ke 
OKa3hIBaIOTCH B OKpy)KeHHH MHOrHX npoTeOJillTHqecKHX qiepMeHTOB, KOTOph!e HX pac

merrJI.l!IOT, B pe3yJihTaTe qero o6pa3YJOTCH 3K30reHHhie OJIHrorrenTHnhI. 3TH CTPYKTYPhI 
B )KeJiynoquo-KmIIeqHoM rpaKTe HaxOAATC.ll B KOHTaKTe, B qacTHOCTH, C MHKpOqlJIOpoii 
H, 06nana.11 cnoco6HOCThIO C HeIO CBH3hIBaThCH, MOryT rrpoHBJI.l!Th aHTHMHKp06HYIO 

aKTHBHOCTh. TaKHM o6pa30M, paccMorpeHHe nyna OJIHronenTHnHhJX peryJI.l!TOpOB He 
noJI)KHO orpaHuqHBaThCH TOJihKO 3HnoreHHhIMH CTPYKTYPaMH, a cymeCTBOBaHHe KaK 
3HnoreHHhIX, TaK H 3K30reHHhlX peryJI.l!TOpOB B onHoM opraHH3Me CJI~HT cephe3Hh!M 
nonrnep~eHHeM rHITOTe3hl O q>yHKIJ;HOHaJihHO-HenpephIBHOH COBOKynHOCTH (KOHTH
HyyMe) 3THX BeIIJ;eCTB [8]. 

IlpencTaBJieHHhie naHHhie, a TaK)Ke rronyqeHHhie HaMH pattee aHanornqHhie 

pe3yJihTaThl HCCJienoBaHHH q>parMeHTOB qiepMeHTa 6poMeJiaHHa [9], CBHneTeJihCTBYIOT 
0 TOM, qro qiparMeHThl 6eJIKOB Moryr ocymecTBJIHTh peryJI.l!TOpHhie q>yHKIJ;HH Hapsny C 
H3BeCTIIhIMH peryJIHTOpHhIMH OJIHronenTHnaMH. 

Pa6oTa BhIITOJIHeHa rrpH q>HHaHCOBOH nonnep)l(Ke IlporpaMMhl q>yHnaMeHTaJih

HhJX HccnenoBaHHii Ilpe3HnHYMa P AH "MoneKynspHa.11 H KJieToqHa.11 6HonorHs" 1 OIT. 
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H,LJ;EPHAfl XHMIDI B 3H3HMOJIOrHH: HOBOE TIPHMEHEHHE 
3MHCCHOHHOH CTIEKTPOCKOTIHH H,ll;EPHoro r AMMA-PE30HAHCA 

,ll;JIH CTPYKTYPHblX HCCJIE,ll;OBAHHH AKTHBHblX QEHTPOB 
<I>EPMEHTOB 

KaMHeB A.A. 

J!Hcmumym 6uoxUMuu u rjnnuollozuu pacmeHuii u MUKpoopzaHU3MOB PAH. z. CapamoB,PoccUR 
aakamnev@ibppm.sgu.ru 

,lvlll H3)"1eHHll oco6eHHOCTeii: CTJ)yKTypnoii: opraHH3fil{llll aKTHBHhlX ueHTJ)OB 

4>epeHTOB ll .DJJYfHX MeTa.JIJIOIIpoTeHH0B, II0MHM0 TJ)MHUH0HHhIX MeT0.!10B M0JieKy.Jillp

oii: 6HOJIOrHH, Bee 6oJiee nmpoKoe rrpHMeneHHe HaX0.l\llT CIIeKTJ)OCKOIIH'IeCKHe MeT0-hI. 

CrreKTJ)OCKOIIHll ll.l\epH0fO faMMa-pe30HaHca (51TP) B TJ)MHUH0HH0M a6cop6uuo11110M 

BapHaHTe (Ha ll.!lpax 
57

Fe) HMeeT .!I0CTaT0'IH0 6oraTyIO HCTOpHIO rrpHMeHeHHll B 6HOXH

Hll (B 0CHOBH0M .!\!Ill H3y'IeHHll Fe-co.11ep)KaII(HX 6eJIKOB; CM., HarrpHMep, He.11aBHHH 

ofoop [I]). HecMOTJ)ll Ha 3TO, 3MHCCHOHHhIH BapuaHT crreKTJ)0CK0IIHH 51TP (3C 5IrP; B 

qaCTH0CTH, Ha ll.!lpax pimuoaKTIIBH0fO K06a.JihTa 
57

Co) .110 He.11aBHero BpeMeHH rrpaKTII

eCKll He llCIIOJih30Ba.JICH .!IJIH U3)"1eHIIll 6uo.JIOfH'IeCKHX ofo,eKTOB [2). B rref,BYIO oqe

e.11h 3TO, O'IeBH.!\H0, CBH3aHO C 11eo6xo.11nMOCThlO BBe.11eHHll PMH0HYKJIH.!la (
5 

Co) Herro

pe.11cTBeHH0 a HCCJie.11yeMhie o6pa3Uhl, 'ITO rrpe.!\CTaBJilleT orrpe.11e.JieHHbie TexnuqecKHe 

TJJY.!III0CTII. O.11HaKO BBH.!IY Hfu'\l:H0fO 60.JibIIIeii: qyBCTBIITeJibH0CTH 3C 5IrP (Ha 4 rro

ll.l\Ka) no cpaBHeHIIIO C a6cop6uuonnhlM BapHaHTOM, a TaK)Ke )"lllTh!Bal! 3Ha'lHTeJihHYIO 

pOJih KaTII0Ha K06a.JibTa B pa6oTe pa3Hoo6pa3Hh!X 4>epMeHTOB, IICII0.Jlh30BaHHe 

BhICOKOHH4>opMaTIIBHOfO MeTO.!la 3C 51rp .!\!Ill H3)"1eHHll KaTIIOHCO.!lep)KaII(HX aKTHB

hIX ueHTJ)OB 6IIOMaKpOMOJieKyJI rrpe.11cTaBJIHeTCll oqenh rrepcrreKTHBHhIM. TeM ne Me-ee, 

.!IJlll ero rrpHMeHeHIIH K IICCJie.110BaHHIO 4>epMeHTOB CJie.!I0Ba.JIO peIIIHTb Pll.!I 3KCIIepu

ena.JihllhlX 3Ma'I, CBH3aHHhIX C BBe.!leHHeM KaTH0Ha 
57 

Co B HCCJie.11yeMhlH 06pa3eu, a 

TaK)Ke Bhi6paTh Ha.!I.Jle)KaII(HH 061,eKT HCCJie.!IOBaHllll .!IJill nime)KHOH arrpo6aI.{Hll 

MeT0.!\a. 

B HaCTOllII(eH pa6oTe B KaqecTBe 061,eKTa 6hm BhI6paH KJIIO'IeBoii: <i>epMeHT 

a30THOro Mern60JIH3Ma - rnyTaMHHCHHTeTa3a (rC; K<I> 6.3.1.2), Bhl,lWJieHHb!H ll3 a30T

IIKCIIPYIOIUeii rroqaenHoii 6aKTepuu Azospiri/lum brasilense [3]. IloMHMO Ha.JIH'Illll 

.!IByx pa3Jill'IHhlX CaHTOB CBll3h!BaHHH KarnoHa B Ka)K.!I0M H3 12 aKTllBHhIX ueHTJ)0B B 

M0JieKyJie rC, 6bmO II0Ka3aH0, 'ITO 0.!\HHM II3 OCHOBHhIX aKTIIBHPY!QIUHX .!\aHHhIH 4>ep

eHT KaTIIOH0B llBJilleTCH K06a.JibT(Il), HapH.!IY C TJ)MHUHOHHhlMH .!IJlll re KaTH0HaMH 

MarHHll u MapraHua(II) [3]. 

C ue.JiblO 3aMeHbl HaTHBHhIX KaTHOH0B B re Ha 
57

Co
2
+ 6hIJIII rrpoae.11eHhl HCCJie

OBaHllll, rromBep.11HBIIIHe, 'ITO o6pa6oTKa <PepMeHTa pacrnopoM 3,[{TA (0.005 M) c 

IIOCJie.!IYIOIUHM .!llla.JIH30M rrpHBO.!IHJia K IIOTepe ero aKTIIBHOCTH (T.e. K Y.!la.JieHHIO 

HaTHBHhIX KaTHOHOB, 6e3 KOTOpbIX 4>epMeHT aKTHBHOCThlO ne o6Jiimacr), rrpH'IeM 

aKTllBHOCTb B0CCTaHaBJillBa.JiaCb rrpu .1106aaJieHHll K IIOJI)"leHHOH re paCC'IHTaHHOf0 

KOJI,H'lecrna Co
2
+. IlocJie.11Hee CBH.!leTeJihCTBYeT 0 CBll3h!BaHHH .1106aBJieHHOfO KaTHOHa 

HMeHHO B aKTHBHhIX ueHTJ)ax re, 'ITO He06XO.!\llMO .!IJlll II0.!lfOT0BKH 4>epMeHTa K H3Y

eHHIO MeTO.!\OM 3C NP c rrpuMeHeHueM 
57

Co
2
+ B aHa.JIOrH'IllhIX ycJI0BHHX [4], 

IIOCKO.JlhKY CBH3h!BaHHe 
57 

Co
2
+ B llHhIX MeCTax 6eJIKOBOH r.Jio6y.Jihl IIpHB0.!lll.JIO 6bl K 

Herrpe.!ICKa3yeM0MY yc.JIO)KHeHHIO crreKTJ)a. (OTMeTHM, 'ITO rrpeHMyruecrneHHOe CBll3hl

aHHe KaTHOHa HMeHH0 B caii:Tax aKTIIBHhIX ueHTJ)OB COOTBeTCTByeT HX HaMH0fO 60.Jib-
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eMy cpOACTBY K KaTHOHaM no cprumeHHIO C ApyrHMH caiiTaMH CBHJb!BaHHH B MOJieKyne 
q,epMeHTa [3, 5].) 

C 3TOH :>Ke 11eJibIO Heo6XOAHMO 6bIJIO, 'IT06bI MOJibHOe COOTHOIIIeHHe [ 57Co]:[rC] 
He npeBblIIIaJIO 24 (no 06111eMy qHcJiy KaTHOHCBHJb!BaIOll.lHX caii:TOB B 12 aKTHBHblX 

11eHTpax Ha MOJieKyny rq. KpoMe TOro, yqHTb!BaH 50-Kparnoe PaJJIHqHe B KOHCTaHTax 

CBHJb!BaHHH KaTHOHOB AJ1H AByx THnOB CaHTOB B aKTHBHblX l.leHipax rC, ofiyCJIOB

eHHOe pa3JIHqff0H KOOpAHHa11Heii KaTHOHa B Ka'.)f(AOM HJ HHX [6], MO'.>KHO 6blJIO O:>KH-aTb, 

'ITO npH MOJibHOM COOTHOIIIeHHH A06aBJIHeMoro 
57

Co
2
+ K rC, o6pa6oTaHHOH 3,l(TA H 

oqHll.leHHOH AHaJIHJOM (T.e. CB060AHOH OT HaTHBHblX KaTHOHOB), B npeAeJiax 12 < 
[

57
Co]:[rC] < 24 pacnpeAeJieHHe 

57
Co

2
+ Me'.)f(Ay AaHHbIMH ABYMH THnaMH CaHTOB 6yAeT 

PaJJIHqHbIM. B nepByIO oqepeAb 
57 

Co2
+ AOJI:>KeH CBHJb!BaTbCH B Caii:Tax C MaKCHMaJib

bIM cpOACTBOM, COCTaBJIHIOll.lHX noJIOBHHY BCex caii:TOB aKTHBHblX 11eHipOB (BnJIOTb AO 

HX HaCblll.lCHHH npH AOCTH'.>KCHHH MOJibHoro COOTHOIIIeHHH [
57

Co]:[rC] = 12), TOrAa K!IK 
B Caii:Tax C MeHbIIIHM cpOACTBOM AOJI'.>KHbl CBHJaTbCH OCTaJibHbie KaTHOHbl 57Co2+. 11pH 

3TOM KOJIHqecrno nocJICAHHX (npH ycJIOBHH 12 < [57
Co]:[rC] < 24) 6yAeT HH:>Ke, qeM 

KOJIHqeCTBO 
57

Co2
+ B Caii:Tax C MaKCHMaJibHbIM cpOACTBOM. ITocKOJibKY MeTOA 3C .51rP 

B npHHl.lHne nOJBOJIHeT 011eHHTb KOJIHqecrneHHbIH BKJIM Ka'.)f(AOH HJ XHMHqecKHX 

q>OpM K06aJibTa no BKJIMY COOTBeTCTBYJOll.lHX cneKipaJibHblX KOMnOHCHT, O'.>KHAaJIOCb, 

'ITO TaKHM o6paJOM MO:>KHO paJJIHqflTb H HAeHTHq>Hl.lHpOBaTb pa3JIHqHbie THnbI caii:TOB 

CBHJb!BaHHH [7]. 

PeJyJihTaTbl 3KCnepHMeHTaJibHbIX HCCJICAOBaHHH ofipaJl.10B rC, AOnHpOBaHHblX 

KaTHOHaMH 
57 

Co
2+, MeTOAOM 3C .51r p npH Tll.laTeJibHOM co6JIIOACHHH BbIIIIeOnHCaHHblX 

ycJIOBHH nOKaJaJIH, 'ITO B cneKipax npHCYTCTBOBaJIH ABC KOMnOHCHTbI, COOTBeTCTBO

aBIIIHe ABYM PaJJIHqHbIM HCXOAHbIM KOOpAHHal.lHOHHbIM q,opMaM K06aJibTa(II) [5, 6]. 

11pH 3TOM napaMeipbI Ka:>KAOH HJ cneKipaJibHbIX KOMnoHeHT H HX HepaBHOMepHoe 

pacnpeAeJieHHe noJBOJIHJIH COOTHeCTH HX C ABYMH pa3JIHqHbIMH rnnaMH CaHTOB. l1HTe

eCHO, 'ITO a cneKipax KaK JaMopo:>KeHHoro BOAHOro pacrnopa re, TaK H aHanornqHoro 

BbICyIIIeHHOro 06paJ11a napaMCipbl COOTBeTCTBYJOll.lHX q,opM (npH T = 80 K) 

npaKTHqeCKH COBnaAaJIH, 'ITO YKaJbIBaeT Ha coxpaHeHHe KOOPAHHal.lHH KaTHOHOB 

K06aJibTa(II) B aKTHBHblX l.lCHipax q,epMeHTa KaK B pacrnope, TaK H B cyxoM COCTOHHHH 

[6, 7]. TaKHM o6paJOM, Ha npHMepe 6aKTepHaJibHOH rC fihmo nOKaJaHO, 'ITO MeTOA 3C 

.51r p MO'.>KeT 6b!Tb HCnOJib30BaH AJJH HJyqeHHH CBOHCTB MeTaJIJICOACp:>Kllll.lHX CaHTOB 

CJIO'.>KHblX 6HOMaKpOMOJieKyJI H, a qacTHOCTH, MCTaJIJioq>e;;MeHTOB. Ba:>KHO OTMeTHTb, 

'ITO 3MHCCHOHHblH cneKip .51r p AaIOT JIHIIlb KaTHOHbl 
5 

Co, BBeAeHHble B 06paJe11, 

TOrAa K!IK BCH opraHHqecKaH qacTb 6HoMaKpOMOJieKyJibl noJIHOCTbIO "np03paqHa" AJJH 

raMMa-HJnyqeHHH. 

Bb16paHHaH B Kaqecrne 061,eKTa 6aKTepHaJibHaH re - CJIO'.>KHb!H no COBOKYIT

HOCTH CBOHCTB H MeXaHH3MaM peryAAl.lHH H B l.lCJIOM HCAOCTaTQqHo HJyqeHHb!H q,ep

MeHT [3]. TaK, AO CHX nop He AOKaJaHa B03MO'.>KHOCTb npHCYTCTBHH pa3HbIX KaTHOHOB B 

AByx Caii:Tax aKTHBHOro l.lCHipa (H3BCCTHO, 'ITO B paJJIHqHbIX YCJIOBHHX re npOHBJIHeT 

PaJJIHqffYJO aKTHBHOCTb B JaBHCHMOCTH OT npHpOAbl aKTHBHpyro111ero KaTHOHa [3]). 

11pHMeHeHHe MeTOAa 3C .51r P noJBOJIHJIO Bb!HBHTb KOHKYPCHTHOe CBHJb!BaHHe Karno

Ha Mn2
+ (He AaIOll.lero BKJIMa B cneKip) npH ero A06aBneHHH (BMeCTe c 

57
Co

2l K 

CB060AHOH OT KaTHOHOB re. B 3TOM cnyqae B 3MHCCHOHHOM cneKipe .51f P 06paJ11a 

q,epMeHTa npH BBCACHHH Mn
2
+ Ha6JIIOAaJIOCb nepepacnpeAeJieHHe 

57 
Co

2
+ Me'.)f(Ay ABYMH 

CaHTaMH CBH3b!BaHHH (no CpaBHCHHIO C aHaJIOrnqHblM o6pa3l.lOM re B npHCYTCTBHH 
TOJibKO 3KBHBaJieHTHOro KOJIHqecrna 57Co

2+) [8]. ,l(aHHblH q>aKT YKaJbIBaeT Ha npH-
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Hl.lHnHaJibHYJO B03MO:>KHOCTb 2emepo6UJliJepHOZO KaTaJIHJa (c yqacrneM AByx 
pa3llU'IHblX KaTHOHOB B aKTHBHOM 11eHipe re) B cnyqae KaTaJIHJa C yqacrneM AByx 

KaTHOHOB ("two-metal-ion catalysis"). 
CpaBHeHHe 3MHCCHOHHblX cneKipOB .51rP AOnHpoBaHHblX KaTHOHaMH 

57
Co

2
+ 

o6pa3l.10B rC, pa3JIHqaJOll.lHXCH CTeneHbIO aACHHJIHpOBaHHH cy61,eAHHHl.1 (KaK H3BCCT

HO, AaHHaH KOBaJICHTHaH MOAHq>HKal.lHH MOJICKyJibl q,epMeHTa HBJIHeTCH OAHHM H3 

npHpOAHbIX MCXaHH3MOB peryAAl.lHH ero aKTHBHOCTH [3]), nOKaJaJIO PaJJIHqHH B KO

opAHHal.lHOHHOH CHMMCipHH KaTHOHOB B o60HX caii:Tax aKTHBHblX 11eHipOB [8]. TaKHM 

o6paJOM, MCTOAOM 3C .51r P anepBbie nonyqeHbl npHMbie CBHAeTCJlbCTBa BJIHHHHH 

aACHHJIHpOBaHHH cy61,eAHHHl.1 MOJICKYJibl rC Ha KOOpAHHal.lHIO KaTHOHOB B aKTHBHOM 

11eHipe, qTO HenocpeACTBCHHO CBl!JaHO c aKTHBHOCTbIO q,epMeHTa. 
B 11enoM nonyqeHHbie peJyJibTaThI YKaJhIBaIOT Ha To, 'ITO MeTOA 3C .51rP MO:>KeT 

6b1Tb qyaCTBHTeJieH K oco6eHHOCTHM CipYKTYPHOH opraHH3al.lHH aKTHBHbIX 11eHipOB 

q,epMeHTOB H ee HJMCHCHHl!M nOA BJIHHHHCM paJJIHqffblX q>aKTOpoa; HanpHMep, npH 

CBH3b!BaHHH cy6cipaTOB, 'ITO HBJIHeTCH KJIIOqeBblM MOMCHTOM B HJyqeHHH MeXaHH3MOB 

ACHCTBHH q,epMeHTOB. 
HapllAY C K06aJibTCOACP:>Kllll.lHMH q,epMeHTaMH, npHHl.lllnllaJibHO BOJMOlKHO 

HCCJICAOBaHHe H ApyrHX MeTaJIJionpoTCHHOB npH JaMe111eHHH COOTBeTCTBYJOll.lHX Me

TaJIJIOB Ha 57Co. OrMeTHM, HanpHMep, 'ITO JaMCll.lCHHe l.lHHKa K06aJibTOM(II) B Ka

qeCTBe "onruqecKH aKTHBHoro" 30HAa B onTHqeCKOH cneKipOCKOnHH npnMeHHeTCH AJJH 

nonyqeHHH CipYKTYPHOH HHq>OpMal.lHH O Zn-COACPlKllll.lHX MeTaJIJIOnpoTeHHax 6naro

AapH CXOAHblM KOOpAHHal.lHOHHbIM CBOHCTBaM 3THX KaTHOHOB AJJH AaHHoro Ha6opa 

JIHraHAOB. TaKHM o6paJOM, B03MOlKHOCTb BBCACHHll 
57 

Co KaK 
11
JOHAa-JaMeCTHTCJIH

11 

npH Bb!COKOH qyBCTBHTCJibHOCTH 3C .51r P cy111ecrneHHO pacIIIHplleT rpaHHl.lbl 

npHMeHeHHH AaHHoro MeTOAa B 6HOXHMHH H APyrHx o6nacTHX 6HonornH [2, 9]. 
AaTOp 6naroAapeH JI.IT. AHTOHIOK H B.E. CMHpHoaoii (l1E<l>PM PAH, CapaTOa), 

IO.,l(. ITepq,nnheay H JI.A. KynHKOBY (MrY HM. M.B. JioMoHocoaa, MocKBa), 3. 

KYJMaHHY H A. BepTemy (YHHBepcmeT nM. JI. 3rnema, EyAanemT, BeHrpHH) Ja 

noMOll.lb B pa6oTe H l.lCHHble o6cy:>KAeHHH. PaJJIHqHbie 3Tanbl AaHHblX HCCJICAOBaHHH 

6bIJIH noMeplKaHbI rpaHTaMH INTAS (npoeKTbI 96-1015, YSF 00-160), NATO 

(LST.CLG.977664, LST.NR.CLG.981092), a TaKlKe B paMKax CornameHHH o HayqHoM 

coipyAHHqecrne Me:>KAy P AH H BeHrepcKoii aKMCMHeii HayK. 
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)];MHAMHKA HAKOIIJIEHIDI H COCTAB 3<1>HPHbIX MACEJI 
MOP<l>OTHIIOB ARTEMIS/A LERCHEANA WEB. EX STECHM. <l>JIOPbl 

IOrO-BOCTOKAPOCCHM 
1KHpuqeHKO E.E., 2Opnosa IO.B., 3Kypunoa ,[(.B. 

1I'lta6llblii 6oma11u'lecKuii cao UM. HB. I.ful/u11a PAH. PoccUR, MocKBa, evkir@list.ru; 
2 Bosl202paacKuii wcyoapcmBellllblU neoa202U'leCKUU y11u6epcumem, PoccUR, BOJ1202pao; 

3 Il11cmumym opca11u'lecKoii xu1,1uu uw. HJ(. 3e11u11cK020 P AH. PoccUR, MocKBa, kur-dv. mail. ru 

IloJihIHh Jlepxe (Artemisia lercheana Web. ex Stechm.) - MHOrOJieTHHii: rrony

KycrnpHHK Bh!COT0H I 0-40 CM. Bu,11 nmp0K0 pacrrp0CTPaHeH Ha TeppHTOpHH IOro -
BocToKa Poccuu u corrpe,11eJihHhIX rocy,11apcrn (KroaxcrnH, CTPaHhI Cpe,11Heii A3uu). 

B Bonrorpa,11cKoii: o6nacTH (paBHO KaK u B AcTPaxaHcKoii:, CapaTOBCKOii:, CaMapcKoii: 
o6nacrnx) II0J!hIHh Jlepxe rrp0H3pacrneT B 3acy1IIJIHBOH ,11epHOBHHH0-3JlaKOBOH, II0JIY

rryCThIHHOH H rryCThIHH0H CTern1x. B coo6mecTBax pacTeHHll IIOJIYIIYCThIHHOH CTeIIH 

JIBJUieTCJI K0,II0MHHaHTHhIM BH,II0M, a B cjJHTOlleHo3ax IIYCTh!Hh qame scero ,II0MHHaHT

HhlM BH,II0M. PacTeHHJI :noro BH,lla 0TJIHqaJOTCJI Bh!COKOH ycToiiqHB0CThlO K ,11ecjJHL1HTY 

BJiaru B rroqBe H aTMOccjJepe, Bh!COKOH TeMrrepaType H HHTeHCHBH0CTH CBeTa, 3acone

HHIO H rraToreHHhlM MHKpooraHH3MaM. 
8 Ha,113eMHOH qaCTH II0J!hIHH Jlepxe co,11ep)l(HTCJI 3cjJHpHoe Maeno, B C0CTaBe 

K0Toporo, KaK coo6manoch panee, u,11eHTHQJHL1HpOBaHhI KaMcjJopa, 6opHeoJI, MHp11eH, 

KaMcjJeH, n-11HM0JI, llHHeon, a-rruHeH, P-rruHeH, JIHM0HeH, y-TeprruHeH, J3-cjJeJIJiaH.llpeH, 

Tyii:OH, I ,8-11uHeon [I-3]. O,11HaKo H3yqeHue rrpo.11YKL1H0HH0ro rrpo11ecca y Artemisia 
lercheana H ero ,11eTepMHHHpoBaHH0CTH a,11arrTa11uoHHhlM II0TeHllHaJI0M BH,lla Haxo

,IIHTCJI Ha HaqaJihH0M 3Tarre. 
Mccne,110BaHHJI TeparresTnqecKoro ,11eiicTBHJI 3cjJHpHoro Macna rroJihIHH Jlepxe 

II0Ka3aJIH, ~o OHO 06na,11aer Bhipa)l(eHHOii: aHTH6aKTepHaJihHOll [ 4] H rrp0THB0aJIJiep

ruqecK0H [5] aKTHBH0CTllMH. KpoMe Toro, 3T0T BH,11 II0J!hIHH rrpe,IICTaBJIJieT co6oii 

11eHHYJO K0pM0BYJO KYJihTYPY B rrpupo,IIHh!X rracT6HIUHhIX 3K0CHCTeMax IOro-BocToKa 

Poccuu [6]. 
Bu,11 Artemisia lercheana Web. ex Stechm. BKJIJOqaeT ,11Ba MOpcjJoTurra - f nutans 

u f erecta [1, 8], K0T0phie B rrpe,11enax TeppHT0pHH Bonrorpa,IICKOH o6naCTH, C0BMeCT

H0 rrp0H3paCTaIOT KaK Ha cBeTJIO-KaIIITaHOBOii:, TaK H Ha MaJI0 IIJI0,110p0,11H0H II0Jiyrryc

ThIHHOH C Bh!C0KHM co,11ep)l(aHHeM MeJia rroqsax. 
3a,11aqeii: Hameii: pa60Thl JIBJIJieTCJI aHaJIH3 pecypcHoro II0TeH11HaJia II0J!hIHH 

Jlepxe KaK rrpo,11yueHTa cjJH3HOJIOruqecKH aKTHBHh!X coe,IIHHeHHH, B TOM qucne 3cjJHp

Hh!X MaCeJI. B ,llaHH0M HCCJie,II0BaHHH paCCM0TpeHhl pe3yJihTaThl rrepauquoii: 011eHKH 

K0MIIJieKca 3cjJHpHh!X MaceJI 3T0ro pacTeHHJI. 

MaTepmlJI u MCTO,llhl 

Mcxo,IIHhlll OIIhlTHhlll MaTepuan T.e. Ha,113eMHYIO qacTh nOJlblllU Jlepxe co6panH 

B 2004 r. u 2005 r. Ha qeThipex TPaHCeKTax, pacrroJio)l(eHHh!X oT ceaepa (N2l) ,110 10ra 

(N2.4) Bonrorpa,11cKoii: o6nacTH (puc.l u 2). Ilpu 3T0M pacTeHHJI Hax0,IIHJIHCh Ha cne

.llYJOIUHX CTa,IIHJIX pa3BHTHJI: a) cjJopMHpoBaHue aereraTHBHh!X opraHOB; 6) 6YTOHH-

3llllHJI; B) llBeTeHHe II r) cjJopMHpOBaHHe IIJI0,lla (ceMeHH). 3TOT OIIhlTHhlll MarepHaJI 
6h!JI IICII0J!h30BaH ,IIJIJI orrpe,11eJieHI1JI co,11ep)l(aHHJI CYMMhl 3cjJHpHh!X MaCeJI. AHaJIIl3 

K0MII0HeHTH0ro C0CTaBa 3cjJHpHh!X Macen rrp0B0,IIIIJIII Ha MaTepHane B CTa,IIIIII 6YTOHH-

3llilIIII, co6paHHOM B asrycTe-ceHrn6pe 2005 r. Ha TPaHCeKTe N23 B 0KpecTH0CTllX r. 
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BoJirOrpa,!la Ha )"laCTKax co CBeTJIO-KaIIITaHOBOH noqBoH 11 Ha MeJiax. 

MaTep11an BbICYIIIl1Jil1 Ha B03,!lyxe 6e3 .!IOCTyna npllMbIX COJIHe<iHbIX Jiyqeif. Bee 

o6pa3I.lbl 3qlHpHbIX MaceJI noJiyqan11 113 803.!IYIIIHO-cyxoro Cblpbll nocpe,!ICTBOM nepe

TOHKl1 C B0.!IJIHblM napOM. KoMilOHeHTHhlli COCTaB o6pa3I.10B 3qlHpHhlX MaceJI aHaJil1311-

p0BaJil1 MeTO.!IOM xpoMaTOMacc-cneKTPOMeTpHl1 Ha npH6ope ThermoFinnagan Polaris. 

flpo6y, pacrnopeHH)'lO B .!111XJIOpMeTaHe, BB0.!111Jll1 B 11HlKeKTOp B pelKHMe ,!leJieHl1ll 
IlOTOKa I: I 0. l1cnOJih30BaJil1 KBap11eByJO Kalll1JIJIJlpHyio KOJIOHKY (0.22 MM x I 8 M) c 

Heno.11B11lKHOH q>a30H DB-5ms (cJioH 0.25 MKM). 
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PHc. 1. KaJ)TII Bonrorpa,11cKoH o6naCTH. TpaHceKTbl N2 I - 4 - Mecrn npo113pacTaHHJ1 noJlblHH 
Jlepxe s npHpOJIHblX ycnOBIIJIX, r,[le 6b1Jll1 co6paHbl s 2004 " 2005 ro,[lax o6pa3l\bl ,[IJlJI 
onpe,[leJleHHJI CO,[leplKaHHJI 3<jll1pHblX Macen B opraHax Ha,[13eMHOH 4aCTH pacTeHl!H 

PHc. 2. Pai:ioH Bonrorpa,11cKoi:i o6naCTH. Ha nepeJ1HeM nnaHe nonyn"ll"" iJ.OM11HaHTHoro BH.!la 
nOJlblHl1 Jlepxe 
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ITapaMeTJ)hl nporpaMMHpoBamrn: TepMOCTaTa xpoMaTOrpaqmqecKOH KOJIOHKH 

COCTaBHJIH: OT 50 °C (Bhi,nep,KKa 2 MHH) .n;o 220 °C co CKOpOCTh!O 5 °CIMHH, 3aTeM .n;o 
260 °C co CKOpOCTb!O 10 °C/MHH H Bbl,!l;ep,KKa npH :noil: TeMneparype 4 MHH. 

TeMneparypa HH,KeKTopa 200 °C. TeMnepaTypa HHTepqieil:ca 250 °C. 1a3-HOCHTeJih -

reJIHP., 061,eMH!UI CKOpOCTb IlOTOKa - 1 MlliMHH (nOCTOl!HH!UI). 

Y CJIOBHll Macc-cneKTJ)OMeTJ)HqecKoro aHaJIH3a: HOHH3aUHll ::meKTJ)OHHb!M y.n;a

poM npH :meprnH :meKTJ)OHOB 70 3B, CKaHHpoBaHHe B .n;Halla3OHe Mace (m/z) OT 41 .n;o 
550 co CKOpOCTb!O 1 crreKTp B 1 CeK. KOJIHqecTBeHHOe co.n;ep,KaHHe KOMIIOHeHTOB 

BhJqHCJIXJIH B aBTOMaTHqecKOM pe,KHMe HCXOM H3 rrnoma.n;eil: IIHKOB o6meil: xpoMa

TOrpaMMbl HOHOB. KoMIIOHeHThl H,!l;eHTHqJHUHpOBaJIH no Macc-crieKTJ)aM ll BpeMeHaM 

y.n;ep,KHBaHHll, HCIIOJih3Yll 6tt6JIHoTeKy Wiley GC/M. 

Pe3yJILTaThl II 06cym.r.eH11e 
KaK BH.n;HO H3 pe3yJibTaTOB, rrpe.n;cTaBJieHHhlX B Ta6JIHUe 1 co.n;ep,KaHHe CYMMbl 

3qJHpHb!X MaceJI B B03,!l;yIIIHO-cyxoil: 6HoMacce Ha,!l;3eMHOH qacTH pacTeHHH BapbHpo

BaJIO B rrpe.n;enax 0, 08 - 1,43 %. qeTKOH TeH.n;eHUHH IIOBbIIIIeHHll co.n;ep,KaHHH CYMMbl 

3q>HpHblX MaCeJI B 1 r 6HOMaCCbl He rrpOlIBHJIOCh. BMeCTe C TeM, B pacqeTe Ha uenoe 

pacTeHHe rryn 3q>HpHblX MaCeJI HeyKJIOHHO yBeJIHqHBaJICll B aKTHBHO pacrymHx pacTe

HHlIX .n;o qla3bl UBeTeHHll. 

Ta61mua 1. ~HHaMUKa co.n;ep,KaHHll cyMMbl 3tpHpHbIX Mace/I (%) B Ha.n;3eMHOH qacm 
paCTCHHH IlO/JblHll nepxe B 3aBUCHMOCTH OT !pa3bl pa3BHTHll, 3.n;aqiuqeCKHX tpaKTopOB ll 

vcnosufi ro.n;a sereTauuu 

Mecro npoH3pacraHIDI fo.n; <l>a3bl Pa3BHTllll paCTCHHH 
paCTCHHH (N2 TpaHc- BCreTaUlfll PocT 6yroHH3auttJI l.J,BereHHe <l>opMnpoBaHHe 
CCKTbl) eereTaTHBHhlX Il/JOM 

nnr~l'l(\R 

1 2 3 4 5 6 
N2 1. CesepHall tJaCTu 2004 0,08 - 0,16 --
ofirmC'rn 

2005 1,21 1,05 f. erecta: 1,43 . 
f'nnfono• /l 'Jl 

N22.~ 2004 0,53 - 0,72 --
'lllCTh o6JJacrn 

2005 0.89 0.98 f. erecta: 0,84: f. erecta: 0,45 
f.nutans : 0 76 f.nutans: 0 23 

N23.Cn<pecrnOCTH 2004 1,10 0,89 0,50 0,40 
BOJirOrpaM 

2005 0,74 1,13 0,79 f. erecta: 0,70: 
f.nutans: 0,5 1 

N2 4. IOi1maJ1 qacTh 2004 0,13 0,16 0,67 0,33 
o6nacm 

2005 1,32 1,22 -- --
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Ta6mn~a 2. Pe3yJihTaTl,J xpoMaTOMacc-cneKTpOMeTpll'!eCKOH IIJleHTmjmKaUllll KOMIT0HeHTH0ro 
COCTaBa 3CfmpHhlX MaCeJI IlOJlhIHll Jlepxe 

KoMnotteHT Macc-cneKTp, 
mlz (l, %) 

Ceerno-KaUITaHOBaJII MenoBaJI no•rna 
00'!Ba 

µ-Ilnueu + 13-Ilnueu 1136(7), 121(12), 93(100), 92(.53), 91(47), l:B6 I 0,31 I / / 
r9f30), 11p1), 67(10), 41Q_2) 0,()5 0,11 

f. nutans If. erectal f. nutans If. erecta 
KOJIH'leCTBeHHOe co.11epJKaHHe ( % ) 

!KaMqieH 136(17), 121c11), 101(30), 93(100), 1 1,65 I 6,36 1 0,18 I 0,06 

~,8-[(HHeOJI 

3,7-,ll;HMeTHJI-l ,5-oK
n'a,llHeH-3,7-11noJJ 
~,6-,ll;HMeTHJI-3,5-
lrema,llHeH-2-0JJ,_ 
IKaMcjlopa 

79(33), 67_@141(15) 
154(80), 139(70), 111(78), 108(90), 
193(60), 81(98), 71(70), 55(40), 43(100) 
134(3), 119(7), 105(5), 91(13), 82(70), 
71(100), 67(35), 55(20), 43(42) 
122(20), 107(100), 105(25), 91(85), 
79(61), 77(40), 65(202 
152(35), 137(5), 108(42), 95(100), 
~1(63), 69(28), 55(22), 41{27) 

[

-MeTHJI-2-(1-MeTHJI-1150(3), 135(41), 121(41), 107(67), 
THJIH,lleH)-3,5-reKca- p 1(62), 79(100), 77(65), 53(38), 41(9) 
HeHaJih 

[6opueon 139(8), 121(6), 110(20), 95(100), 67(8), 
~5(6), 41(10) 

12-MeTHJI-5-(I-MeTHJI- ~54(3), 139(14), 136(6), 121(29), 
~THJI)-6miHKJIO 111(12), 93(100), 91(62), 79(59),77(53), 
[3.I.0]reKCaH-2-0JI 3(35) 

~-(I-MeTHJI3THJI)- ~37(17), 135(5), 121(23), 109(48), 
1,3-UHKJIOreKCa,llHeH- 107(22), 105(13), 91(71), 81(59), 
1-MeTaHOJI 9(100), 77(68), 67(42) 
lo-A11eTHJIBep6eHOJI 1152(5),134(7), 119(100), 109(16), 

105(15).,2!(50), 77(24), 43(18) 
l0-AUeTHJI6opueon ~54(12), 136(40), 121(45), 110(10), 

5(100), 93(45), 80(13), 69(10), 55(10), 
3{35) 

lcnaryneuon 220(3), 205(55), 187(26), 159(62), 
119(58), 105(72), 91(100), 93(32), 
79(42), 43(16) 

l,2,3,5,6,7,8,8a-~o4(48), 189(78), 175(21), 161(100), 

~

KTam.11po-l,8a- 147(46), 133(67), 119(48), 105(95), 
HMeTHJI-7-(1-MeTHJI- 3(63), 91(75), 79(77), 67(60) 
TeHHJI)-Hacl>TaJIHH 

IlpO'!He MHH0pHhle K0Mll0HeHT!,I (cyMMa 
~eH,lleHTmpHUHpOBaHHl,IX 
C0e,llHHeHHfi} 

23,93 23,74 I 21,62 3,06 

0,48 0,94 0,60 

0,15 0,13 0,12 

55,75 I 47,63 I 17,63 I 14,33 

o,96 I o,66 I 1,30 I 2,05 

7,98 I 8,25 I 15,94 I 40,23 

1,37 I 1,01 I 1,08 I 3,01 

0,20 I 0,19 I 0,11 I o,32 

0,23 I 0,28 I o,54 I 1,44 

1,97 I 3,46 I 8,85 I 12,86 

o,43 I o,35 I 3,35 I 3,16 

1,12 I 1,11 I 2,52 I 8,19 

3.67 4.75 26.88 I 10.s 1 

MopcponornqecKIIe PaJJIII'llUI ,D;Byx MOpcpornnoB BII3YaJihH0 np0Jl:BIIJlllCb T0J!b
KO B cpa3e IJ;BeTeHJUI, '!TO IT03B0JIIIJI0 ,D;IIcpcpepeHIJ;IIaJibHO onpe,D;eJIIITh C0,D;ep)I(aJille B 
HllX 3cpIIpHbIX MaceJI Ha :nane penp0,D;yKTIIBH0ro pa3BIITIDI. <l>opMa erecta OTJIII'!aJiaCb 
6onee BbICOKIIM C0,D;ep)I(aJilleM CYMMbI 3qJIIpHbIX MaceJI no cpaBHeHIIIO C cpopMoii 
nutans. 

B pe3yJibTaTe xpoMaToMacc-cneKTpoMe-rpIIqecKc,ro IICCJie,D;oBattIDI ll,!J;eHrncpIIUII
poaatto 14 IIH,!J;llBll,!J;yaJibHbIX K0MIT0HeHT0B ( Ta6JIIIIJ;a 2). CpaBHIITeJibHbIH aHaJill3 co

CTaBa IIH,D;llBll,!J;yan1,HI,JX K0MIT0HeHTOB 34JIIpHbIX MaceJI n;eHononyJUIIJ;IIii IT0JlbIHII 
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]Iepxe BbIJI0JIHeH BIIepBbie. OcHOBHb!Mll 06IIIHMll ,!!;Jill ,D;Byx cpopM K0MTI0HeHTaMll 
34JHPHbIX Macen (%) JIBJIJIJillCb KaMcpopa (14,3 - 55,8), 6opHeOJI (8,0 - 40, 2) u 7, 8-
unHe0JI (3,1-23,9). Hau6onee Bb!pa)I(eHHbie pa3JIU'lllJI y ;wyx MOpqJOTll!IOB rrpoirnu
JIUCb 110 3TUM K0MII0HeHTaM. BbIJIBJieHa CllJibHaJI 3aBHCUM0CTb C00TH0IIIeHllJI K0MII0-

HeHTOB 3cpllpHbIX Macen OT 3,1WQJH'!eCKllX qJaKTOpOB ll ycnOBHii ro,D;a B MeCTax 
npoll3paCTaHHJI. HecMOTpll Ha TO, '!TO cneuncjJH'leCKHX K0MTI0HeHT0B, CHHTe3HpyeMblX 
Ka)I(,!J;b!M II3 ,D;Byx II3Y'JeHHbIX MOpcpOTIIIIOB He BhUIBJieH0, M0)I(H0 K0HCTaTIIp0BaTb, '!TO 

npOAYKUIIOHHblH rrpouecc y HIIX 0TJIII'laeTCJI 0T3hlB'!IIB0CTblO Ha a6IIOTII'leCKIIe 
cpaKT0pbl II Il03T0MY C00TH0IIIeHIIe IIH,!J;IIBll,!J;yaJibHhlX K0MTI0HeHT0B B 3Ha'IIITeJibHOii 

Mepe pa1nII'leH. YponeHh HaKorrneHHbIX ne neTycmx 3QJIIpHhIX Macen Ha nane «6yro
HII3an;IIJI - UBeTenne» M0)KH0 c•rnTaTb BTI0JIHe 3Ha'IIIMbIM, a ero K0MTIOHeHTHblH 
C0CTaB npe,D;CTaBJIJI!OIUIIM n;eHH0CTh II 3aCJIY)KIIBaIOIIIIIM 6onee ,D;eTaJihH0f0 II3yqeHHJI. 

CoBOI<yrrHOCTb nonyqeHHblX ,D;aHHhlX Il03B0JIJieT paccMaTJ)IIBaTb Artemisia. 
lercheana KaK nepcneKTIIBHblH pecypCHblll Bll,!J;. EcJIII ,!J;0 HaCT0JIIIIero BpeMeHII 3T0T 

60TaHII'!eCKIIH 061,eKT npIIBJieKan BHHManne B 3K0H0MH'!eCK0M nnane KaK none3H0e 
K0pM0B0e pacTenne, TO B ,!J;aJibHeiiIIIHX llCCJie,D;0BaHllJIX npaB0Mepno paccMaTJ)IIBaTh 
ero B Ka'!eCTBe noTeHUIIaJibH0fO npo,D;yueHTa qJH3llOJIOfll'leCKH aKTHBHbIX C0e,D;HHennii, 

BKJIIO'laJI 3QJIIpHbie Macna. HaIIIH npe,D;BapnTeJibHbie 0ilb!Tbl Il0Ka3aJIII, '!TO Il0Jib!Hb 

Jlepxe npII KYJibTllBllp0BaHHH B ycJI0BHJIX HHTp0AYKUH0HH0fO 3KCnepnMeHTa cnoco6-
Ha B 3Ha'IHTeJibHoii Mepe pearnpoaaTb Ha o6orameHHe cy6c-rpaTa 3JieMeHTaMH MHHe

panbH0ro IIHTaHHJI II0BbIIIIeirneM 6HonpOAYKTHBHOCTH H ycHJieHHeM npo,D;yn;Hpona

HHJI qJH3HOJIOfH'!eCKH aKTHBHbIX coe,D;HHeHHii. 
Pa6oTa BbIJI0JIHeHa rrpH (jmHaHCOBOH TI0A,D;ep)KKe OT,D;eJieHHJI 6HOJIOfH'!eCKHX 

HaYK P AH (IlporpaMMa «EHopecypc1,1 PoccHH: cpyHAaMeHTaJibHbie ocH0BbI Hx pauHo
HaJibHoro HCII0Jib30BaHHJI)) ). 
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KOHCl>OPMAU:IDI MOJIEKYJI IJ;EPAMH):(A 6 ll CHAIN-FLIP IIEPEXO,IJJ,I B 
JIIIIIH):(HOH MATPIIU:E BEPXHEro CJIOH KO/Kil 

MJIEKOIIIITAIOmIIx - STRATUM CORNEUM 
Kucenea M.A. 

O6be0w1e1111blii w1cmumym R0ep11b1x ucCJ1eooea11uii, z. /(y611a, PoccUR, kiselev@jinr.ru 

,L:t:mppaKUHH HeihpOHOB OT opueHTllpOBaHHbIX MYJJbTllCJJOllHblX MonenhHblX 
MeM6paH stratum corneum (SC) no3aon.11eT nonyqaTb 11mpopMauua o BHYTPeHHeil: 
HaHOCTPyKrype JIHITHnHoro 6HCJJO.ll u ero rnnparnunu. rnaBHOil: oco6eHHOCTblO 
MoneJihHblX MeM6paH SC, cneJJaHHbIX Ha OCHOBe uepaMuna 6, .ll'BJI.lleTC.11 qpe3Bbiqail:HO 
Manoe MeJKMeM6paHHoe npocTPaHCTBO (I A). O6cyJKnaeTc.11 3HaqeHue nonHOCThIO 
npOT.lllKeHHOil: (FE) KOH<pOpMaUHH MOJJeKyJJ uepaMnna 6 B opraHl!3aUHH HfilIOCTPyK
TYPhI JIHIIllnHoil: MaTPHUbl. FE KOH!pOpMaUH.11 c03naeT qpe3Bblqail:HO CHJ!bHOe MelK
MeM6paHHOe B3anMoneil:crn11e (armature reinforcement), CTHrHBaIOIUee cocenHue 
611CJIOH no npOCTPaHCTBeHHOro KOHTaKTa npyr C npyroM . .51BJJeHlle chain-flip nepexo
noB B KOH!pOpMaUHH MOJJeKyJJ uepaMnnoB 061,HCHHeT CTPyKTypHbie H3MeHeHHH 
HaTHBHblX n MoneJibHbIX MeM6paH SC npn HX rnnpaTauun. 

BBCACHHe 
BepxHuil: cnoil: KO'lKH MJieKonu:Taioiuux - stratum corneum (SC) BhIIIOJIHHeT ponh 

3aJUHTHOro 6apbepa opraHH3Ma OT oKpyJKaIOIUeil: cpenhl. CornacHo coapeMeHHhIM 
rrpencTaBJieHHHM SC COCTOHT H3 YMepurnx H oporoBeBIIIllX KJJeTOK (KOpHeOUHTOB) H 
JIHITHnHoil: MaTpHUbl. TaKaH CTPYKTypa IlOXOJKa Ha KHpnnqHYIO CTeHy, B KOTopoil: pOJib 
KHpnuqeil: BbIIIOJIHHIOT KOpHeOUl!Tbl, a pOJJb ueMeHTHOro paCTBOpa - JJHilllnHaH MaT
puua. Ha ceronHa o6iuenpu3HaHo, ~o nnipipy311H aeiuecrna qepe3 SC onpeneJJHeTCH 
ero JlllITHnHoil: MaTPHUeil:. EHOXllMHqecKaH npupona H !pH3HqecKHe CBOllCTBa JJHITHnHoil: 
MaTPHUbl SC cyiuecTBeHHO OTJJHqaIOTCH OT CBOHCTB IlJ!a3MaTnqeCKHX MeM6paH, 
OCHOBaHHbIX Ha !pOC!pOJJHITHnax [I]. OcHOBHOll KOMilOHeHTOll JJHITHnHoil: MaTPHUbl SC 
HBJJHIOTCH neBHTb MOJieKyJJ uepaMunoa. ,L:t:pyrHMH, Hau6onee BaJKHbIMH, KOMilOHeHTaMll 
:noil: MaTPl!Ubl HBJJHIOTCH xonecTep11H, CB06onHhie lKHpHbie KHCJJOTbl, cyJJb<paT xonec
Tep11Ha. HenaaHO, MeTOnoM n111ppaKUllH Heil:TPOHOB 6bma BnepBhie nonyqeHa llH!pOp
MaullH o BHYTPeHHeil: HaHOCTPYKTYPe MonenhHOil: MeM6paHbI SC c KOMno3nu11eil: 
uepaMnn 6 (CER6) /xonecTepnH (Ch) /nanhMllTllHOBM K11cnorn (PA) /cynh<paT 
xonecTep11Ha (ChS) [2]. rnaaHoil: oco6eHHOCThIO TaKoil: MYJibT11cnoil:Hoil: MeM6paHhI 
HBJJHeTCH qpe3BbNail:HO MaJIOe MeJKMeM6paHHOe npOCTPaHCTBO, KOTOpoe npn IlOJJHOll 
r11npaTau11n COCTaBJJHeT J A, ~o HBJ!HeTCH ee npllHUl!IlllaJibHbIM OTJJHq11eM OT MeM-
6paH !pOC!pOJJl!IlllnOB, a KOTOpbIX MeJKMeM6paHHOe npOCTPaHCTBO COCTaBJJHeT I 0-30 A 
[3]. B pa6oTe [2] 6hma BhICKa3aHa rnrroTe3a o TOM, qTQ TaKaH CTPYKTYPa MOlKeT 
c03naaaThCH 3a cqeT IIOJJHOCTblO rrpornJKeHHOil: KOH!pOpMau1111 MOJJeKyJJ uepaM11na 6. B 
HaCTOHIUeil: pa6oTe 6onee neTaJibHO a.HaJIH311pyeTCH pOJJb nayx pa3JJHqHblX KOH!pOpMa
Ullll MOJJeKyJihI uepaM11na 6 11 rrepexonoa MeJKny HHMll (chain-flip nepexonoa) Ha 
OCHOBe l!MeIOIUellCH 3KCrrepnMeHTaJibHOil: HH!pOpMau1111 0 CTPyKrype MoneJihHblX 11 

HarnBHhIX MeM6paH SC. 

PelyJILTaTbl u o6cym;:i;eHHe 
Ha p11c. I npencTaaJJeHa nn11HHorrep11onHaa ipa3a Monem,Hoil: J111rr11nHoil: MeM-

6pa.HbI Stratum Corneum, rrOCTPOeHHOil: Ha ocHoBe cMec11 KopoTKouerroqeqHbIX (CER2, 
CER3, CER5, CER6, CER7) 11 nn11HHouerroqeqHhIX uepaM11noa (CERI, CER4). 
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MoaeJib «C3H,llBII'Ia)) JIIUUI,llHOH MaTJ)HQhl SC, npe,llJIO)l(eHHlUI B [4], ncnoJib30BaJiaCb 

MR 061>J1CHeHm1 pe3yJihTaTOB pe11TreHOBCKHX amppaKQHOHHhIX 3KCnepnMeHTOB H 

3KcnepHMeHTOB no 3JieKTJ)OHHOH MHKpOCKonnn BhlnOJIHeHHbIX Ha MeM6paHax, 
BhI,l:(eJieHHbIX H3 3nnaepMHaJibHOro SC )l(IJBOTHbIX [5,6]. 

A ~ o o K -- 9~,, Q -t 
" . ' 1 I I p11craJ1Jmqec1CU1 1.• , . ,_, , , I , , I' I ,; 

1_ !_rhl_~I !J>aJ_a,s_oA _ : ;0/, l.i>i: 11, v't1 tJ o111 

-~ ~'o!~' )KimKa~-~33a,30A] O,~~ ~ 
e_, t ,0 1

1 
Kp~;~aJTJIHqeclClll or_,_ A, ,_.o1,- ~-I I 

b , ' ' lj>aJa, soA - b ci b ~ t 
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Pnc. I. Moaenb «C3HJ1.B11qa» A11HHHonepno.z:111oil: <paJbI nnnn.z:111oil: MaTJ)Hllhl SC. 

Ilo ,llaHHblM peHTreHOBCKOH ampp3KQHH OT MYJibTHCJIOHHbIX Be3HKYJI (JinnocoM) 

B H36bITKe B0,llhl, ,llJIHHHonepIIO,llHlUI cproa JIHnII,llHOH MaTJ)HQbl SC COCTOHT H3 

TJ)excJioiiHoii 3JieMeHTapHoii ll'leiiKII B 130 Ac TJ)eMJI BHYTJ)eHHHMH cJioHMn 50 A, 30 

A n 50 A KaK noKroaHo Ha pnc. 1 [5]. CJioII c TOJIII.IHHoii 50 A HaxOAATCll B 

KpHCTaJIJIH'lecKoii cproe, a BHYTJ)eHHHii cJioii TOJIII.IIIHoii 30 A a )l(H,llKoii cproe. B pa6oTe 

[5] 6bmo C,lleJiaHO npe,llIIOJIO)l(eHne, '!TO BHYTJ)eHHHii CJIOH a )l(H,llKOH cproe ,llOJI)l(eH 

o6Jia,llaTb BhICOKOH npoHHQaeMOCTbIO Mll MOJieKyJI B0,llbI H, TeM CaMbIM, Jlil<p<pY3HJI 

B0,llbJ H,lleT B JiaTeJillpHOM HarrpaaJieHHH. B~Hb!M JIBJI~eTCJI BOIIpoc O CHJiax, 

CBH3hIBaIOII.IHe CJIOII B )l(H,llKOH H KpHCTaJIJinqecKoii cproe. CrnrnBaIOlQHe 6HCJIOH CHJihJ 

MOryr B03HHKaTb 3a C'leT npOHHKHOBeHIIH ,llJTHHHOH yrneaoaopO,!lHOH QeIJO'IKIJ 

1.1epaMnaa 1 IIJTII 1.1epaMII,lla 4 H3 KpHCTaJIJTII'leCKOro CJTOJI B 50 A B )l(IJ,llKHii cnoii 

mnmnHoii 30 A, KaK H3o6p~eHo Ha pnc. 1. OaHaKo, TaKoe 061>J1CHeHne He J1BJTHCTCJ1 

,llOCTaTO'!HhIM no rrpII'IHHe HaJIH'IHJI aayx ,llBOHHhIX CBJl3eii B MHHHOH 

yrneaoaopoaHoii 1.1erro'!Ke 1.1epaMnaa 1 (1.1epaMnaa 4) • .[{aoiiHhre CBJl3H aeJiaIOT 1.1erro'!Ky 

KpaHHe rn6Koii. KpoMe Toro, XOpOIIIO H3BeCTHO, '!TO )l(H,llKlUI q>a3a yrneaoaopo,!lHhIX 

1.1erro'leK rrpeIIHTCTBYeT HX npOHHKHOBeHHIO apyr B apyra. HarrpnMep, B3aHMO

rrpOHHKHOBeHne yrJieaoaopo.n;HhIX 1.1eno'!eK MOJieKyJI ,!lHIIaJibMIITOHJI<poccpaTIIann

XOJTHHa rroa BJIIIHHIIeM 3TaHOJTa B03MO)l(HO TOJibKO B reJTb cproe, Koraa QenoqKIJ 

HaxO,!lHTCJI B TJ)aHC-KOH<pOpMaQHH H HX CTJ)YKrypa 6JTH3Ka K KpIICTaJIJTH'leCKOii. TaKoe 

B3aHMOIIpOHHKHOBeHIJe CTaHOBHTCJI HeB03MO)l(HbIM rrpn IlOBhIIIIeHHH TeMnepaTYPbI ao 

ypOBHJI IJJiaBJTeHIIJI QerroqeK, TaK KaK )l(eCTKOCTb QeIJO'leK OKa3hIBaeTCJI He,llOCTaTO'IHOH 

MR rrpOHHKHOBeHIIH a coceaHHii CJIOH [7]. B pa6oTe [2] 6bmo ycTaHOBJTeHO, '!TO y 

MO,lleJTbHhIX MeM6paHbl SC Ha OCHOBe 1.1epaMnaa 6 IIOJTHpHhle rOJTOBbI MOJTeKyJT 

COCe,llHIIX 6IJCJTOeB HaxO,!lHTCJI PH.!lOM ( CJTIIIIaIOTCJI .npyr c apyroM). MaJIOCTb 

Me)l(MeM6paHHOro rrpOCTJ)aHCTBa CBJl3aHa C KOH<pOpMaQHOHHhIMH oco6eHHOCTHMH 

1.1epaMII,llOB. MoneKyJihl 1.1epaMH,llOB MOryr HaxO,L\HTbCJI B IIOJIHOCTbIO rrpOTJl)l(eHHOii FE 

KoHcpopMaQHH (FE - fully extended), Koraa IIX yrneaoaopoaHhre XBOCThI HarrpaaneHhI B 

npOTHBOnOJTO)l(HbJe CTOpOHhl, a IIOllHpHrur roJioBa HaxO,L\HTbCJI a QeHTJ)e (CM. PIIC. 2). B 
qacTHOCTII, CER6 cocmnT II3 aayx CTepeOMeTJ)II'!ecKnx cpopM D-CER6 n L-CER6 [8]. 

D-CER6 cymecrnyeT B FE KoHcpopMaQHH. B [2] 6hma BhICKroatta rnnOTe3a o TOM, '!To 
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FE KOH<pOpMaQHJI D-CER6 J1BJTHeTcJ1 ocHoaoii a.nre3HH nonllpHhIX ronoa nnnnaoa 

coce,llHHX 6ncnoeB. TaKrur CTJ)yKTypa JIBJIJleTCJI qpe3BbI'lattHO ycTOH'IIIBOii. HanpnMep, 

3aMeHa B MeM6paHe c KOMil03HQneii CER6/Ch/P A/ChS IIaJihMIITIIHOBOii KHCJTOThI 

(,llJIHHHa 1.1enO'IKII C16:0) Ha KIICJTOTbl c 6onee MIIHHblMII 1.1eno'IKaMII C18:0, C22:0, 

C24:0, C26:0 He npIIBO,llIIT K yaeJTIJ'leHIIIO TOJIIQI!Hbl 6IICJTOJI [9]. 
IlpeacTaaneHHM Ha pIIc. 2a, CTJ'YKTYPa MYJThTIICJioiiHoii MeM6patthI 

CER6/Ch/P A/ChS B qacTII'IHO rnaparnpoaattHOM cocTOJIHHH ( OTHOCHTeJThHaH 

BJia)KHOCTb OKpY)l(aIOIQero B03,llyxa 60 %-99 %) JIBJTJleTCJI rrpO'IHOH IIMeHHO 3a C'leT FE 

KOH<pOpMaQIIII MOJTeKyJT 1.1epaMH,lla 6. O6pa3HO, MO)l(HO CKa3aTb, '!TO FE KOH<pOpMaQIIH 

JIBJTJleTCJI apMaTypoii yaep)l(I!BaIOIQeii JTIIIIII,llHble 6IJCJTOII OT IIX pa3,llBil)l(KIJ a npo1.1ecce 

rnapaTaQIIII. TaKoe apMaTYPHOe yKperrneHIIe (armature reinforcement) JTIInIIaHoii 

M3TJ)Illlhl SC MO)l(eT ocymeCTBJTHThCJI II apyrIIMII KOpOTKOQeno'le'!HblMII MOJTeKyJiaMII 

1.1epaMH,llOB, ,llJTH KOTOpbIX B03MO)l(Ha FE KOH<pOpMaQIIJI. 

~---,i_-_-+--] ⇒11~ --~;,!~ - ~~IL 
~ 

A) qacrn,rno nmparnposamrn MeM6patta B) MeM6patta B H36bITKC B0,11hl 

Pnc. 2. lhMeHCHHll CTJ)yKcypbI MeM6paHbI CER6/Ch/PA/ChS npn ee rII,L1para1.1nn m6hITKOM 
BO.Lib! 3a cqeT chain-flip nepexo.z:1a M0JieKyJI D-CER6 H3 FE KOH<pOpMallHH B OS KOH<pOpMaumo. 

O60311aqe11HJ1: c~ - L-CER6, .___ - OS Ko11qiopMaL1HJ1 D-CER6, --- - FE 

KOH<popMaL1HJ1 D-CER6. ,lvlll npocT0ThI M0JieKyJibI PA, Chol H ChS He mo6pIDKCHhI. 

Ilpn <pH3HOJTOrII'!eCKHX TeMrrepaTypax yrneaoaopO,!lHhie XBOCTbl KOpOTKOQerro

'!e'!HbIX 1.1epaMH,llOB HaxO,n;HTCJI B reJTb cproe, H IJOJTOMY HX npOHHKHOBeHne B coce,llHHii 

6IICJTOH B03MO)l(H0. FE KOH<pOpMaQIIJI 1.1epaMH,llOB JIBJTHeTCJI OCHOBOIIOJTaraIOmeii B 

cpopMHpOBaHHH ycTOH'IHBOii CTJ'YKTYPhI JTHIIH,llHOH MaTJ)IIQhI. l13MeHeHne TOJTIQHHhl 

qacTIJ'IHO rnapaTnpoBaHHOii MeM6paHbl He rrpeBhIIIJaeT 2 A rrpn 3Ha'IHTeJibHOH 

BapnaQHH coaep)l(aHHJI ee KOMnoHeHT, OT 5 ao 10 % [I]. 
BTopbIM B~HhlM BOIIpOCOM JIBJTJleTCJI BepOllTHOCTb cymecTBOBaHIIJI MOJTeKyJI 

1.1epaMnaa 6 a oaHocTopoHHeii OS (one-sided) KottcpopMaQIIII, Tnnn'IHoii Mll 6onh

IIIHHCTBa JTHIJH,llHbIX MOJieKyJT C .llBYMll yrneaoaopO,!lHbIMH QeIJO'IKaMH. Ilepexoa H3 FE 

B OS KOHcpopMaQIIIO B03MO)l(eH 3a c'!eT chain-flip rrepexoaa, Koraa OMa H3 1.1erro'leK 

coaepIIIaeT noaopoT CBOeii OCH Ha 180 rpa.nycoB. TaKoii nepexoa JHepreTH'leCKH 

B03MO)l(eH, TaK KaK Ha Hero TJ)e6yeTCJI npIIMepHO IlOJIOBHHa JHeprnII flip-flop 

nepexoaa, rrpn KOTOpOM MOJTeKyna JTIIIlH,lla H3 O,llHOii qacTIJ 6HCJTOJI nepexO,llHT B ero 

npoTnBonoJTo)l(HYIO qacTh [IO]. FE KOHcpopMaQHJI MoneKyn D-CER6 llBJTHeTCJI 

JHepreTH'!eCKH npeanO'ITHTeJibHOH npn IlOJTHOM OTCYTCTBIIH BO,llbl a Me)l(MeM6pattHOM 

npOCTJ)aHCTBe, KaK IIOKa3aHO Ha pnc. 2a. IlpII yaeJIH'leHHH rII,llpaTaQHII MYJihTII

CJTOHHOii MeM6paHbl TJ)e6yeTCJI JHeprnll MR rnapaTaQIIH yrneaoaopO,!lHhIX QeIJO'!eK. 

Il0JTOMY MOJTeKyne QepaMII,lla 6onee Bbiro,llHO MHHHMH3IIpOBaTb CBOIO JHeprHIO 3a 

C'leT chain flip nepexoaa II3 FE B OS KOHcpopMaQIIIO, B KOTopoii yrJieaoaopoaHrur qacTh 

MOJTeKyJThI 6yaeT Mettee rnapaTnpoaaHa. CxeMaTII'IHO chain flip nepexoa rrpeacTaBJTeH 

Ha pnc. 2. Ha pnc. 2a MOJieKyJThI L-CER6 n MoneKyJihi' D-CER6, ttaxo,L\JllllnecJ1 B OS 

KOH<pOpMaQHII, o6pa3YIQT IJOBTOpllIOIQHeCJI JTHilH,llHhie 6IICJTOH. MoJieKyJTbl D-CER6, 
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HaxO,wIIIUieCH B FE KOH<pOpM8lllIII, CTHrHBIDOT coce,nHIIe 61ICJIOII TaK, 'ITO nomrpHhie 
roJIOBhl ,nByx coce,nHIIX 61ICJIOeB OK!l.3hIBIDOTCH PHAOM. Bo3HIIKaeT a,nre31IH coce.nHHX 
61ICJIOeB II 1Icqe3aeT Me)l(MeM6paHHOe rrpOCTPaHCTBO. TaKaH CTP)'KTypa aHaJIOrliqHa 
rpaHm~e Me»<,ny cnoHMII ToJimlIHOil: 50 A II 30 A Ha p1Ic. I, a FE KOH<popM8llHH 
MOJieKyJI llepaMII,na 6 o6bHCHHeT <pHJIIqecKyIO CYTh OTCYTCTBIIH Mell<MeM6paHHOro 
npOCTPaHCTBa Me»<,ny HIIMII. IlplI rn,npaT8lllIII MeM6paHhI CER6/Ch/P A/ChS MOJieKyJihI 
D-CER6, Haxo,wrm1IecH B FE KOH<popM8lllIII, rrepexo,wrT B OS KOH<popM8lllIIO. 
Ilpo1Icxo,n1IT pa.3ABIIlKKa coceAHIIX 61IcJioeB II B03HIIKaeT Me)l(MeM6paHHoe 
rrpOCTPaHCTBO KaK IIOK!l.3aHO Ha p1IC. 2b. ,n:orrOJIHIITeJibHhIM AOK!l.3aTeJII,CTBOM HBJieHHH 
chain-flip rrepexo,na HBJUieTCH B03MOlKHOCTb C03,naHHH O,nHOCJIOHHhIX Be31IKYJI II3 

MHOrOCJIOHHhIX. CyrneCTBOBaHIIe MOJieKyJI llePaMHAa 6 B FE KOH<pOpM8lllIII B 
MHOroCJIOHHhIX Be31IKyJiax ,nenaeT HeB03MOlKHhIM C03,naHIIe II3 HIIX OAHOCJIOHHhIX 
Be31IKYJI 6e3 IIJMeHeHIIH FE KOH<pOpM8lllIII B OS KOH<popMalllIIO. O,nHaKo, JKcrreplI
MeHThI no C03AaHIIIO O,nHOCJIOHHhIX Be31IKYJI Ha OCHOBe qeThipeXKOMnOHeHTHhIX CIIC
TeM TIIrra CER6/Ch/P A/ChS rroK!l.3aJIII, 'ITO coJ,naHIIe TaKHX Be31IKYJI B03MOlKHO B 

IIIHpOKOM A1IaIT!l.30He BaplI8lllIII KOMIIOHeHT. HarrplIMep, B (11] 6hIDO nOK!l.3aHO, 'ITO 
JKCTPYJHH MHorocnoil:HhIX Be31IKYJI CER6/Ch/P A/ChS = 55/20/15/10 np1I TeMrrepaType 
75°C qepe3 rrophI AIIaMeTPOM 500 A rrplIBOAIIT K o6pa.3oBaHIIIO o,nHocnoil:HhIX BeJIIKYJI 

c TOJimlIHOil: JIIIIIIIAHOro 61IcJioH 48± IO A. 
51BJieHIIe chain-flip rrepexoji;a B KOH<pOpM8lllIII MOJieKyJI llepaMIIAOB o6bHCHHeT 

He TOJihKO 3Kcnep1IMeHTaJihHhie pe3yJihTaThI, IIOJiyqeHHbie Ha MO,neJibHhIX MeM6paHax, 
HO II pe3yJihTaThl IIOJiyqeHHble Ha HaTIIBHOM SC, Bhl,neJieHHOM II3 KOlKII rropoceHKa 

(12]. Heil:TPOHHhie AII<ppaKlllIOHHhie 3KCrrep1IMeHThl Ha TaKIIX o6p!l.3ll8X IIOK!l.3aJIII, 'ITO 

CTPYKTypa SC 1IMeeT cna6oBhipaJKeHHYIO JiaMenmrpHyIO opraHII3alllIIO c rrep1IOAOM 57 
A np1I OTHocmeJihHOil: BJiaJKHocrn I 00 %. IloMemeH1Ie o6pa.3lla B H36hITOK D 2O 

YBeJI1Iq1IBaeT rrep1Io,n IIOBTOpHeMOCTII ,no 62 A, rrocne.nYIQmee Ha6yxaH1Ie B reqeH1Ie 15 
qacoB yBeJI1Iq1IBaeT rrep1Io,n rroBTOpHeMOCTII ,no 70 A. Ilocne 8 ,nHeil: Haxo»<,neHIIH B 

D2O npo1Icxo,wrT cymecrneHHhle II3MeHeHIIH B CTPYKType SC - 1IcqeJaeT rrepBhIH 
IIOpH,nOK OTPaJKeHIIH, HO OCTaeTCH BTOpoil: nopH,nOK. AHaJIOfliqffble Ha6JIIO,neHIIH 6hIDII 

c,neJiaHhl MeTOAOM AII<ppaKlllIII peHTreHOBCKIIX nyqeil: Ha SC KOlKII qeJIOBeKa, 

CTPyKTypa KOToporo COCTOIIT H3 ,nByx <p!l.3: AJIIIHHOIIeplIOAHOH <p!l.3hl C neplIO.!(OM 
rroBTOpHeMocrn 134 A II KopoTKorrep1Io,nHoil: <pa.3hI c nep1Io,noM rroBTOpHeMocm 64 A. 
IlplI rHApaTalllIII JIIInlI,nHOH MaTPIIllhl SC KOlKII qeJIOBeKa Ha6n10,naeTCH 1IcqeJHOBeH1Ie 
MIIHHOrreplIO,nHOH <p!l.3hl (13]. 3TO 1IcqeJHOBeH1Ie MOlKeT 6hITh o6bHCHeHO chain-flip 

rrepexo,noM MOJieKyJI llepaMIIAOB II3 FE KOH<pOpMalllIII, crnmBmomeil: BHYTPeHHIIe 
CJIOII B 50 A II 30 A, B OS KOH<pOPM8lllIIO rro,n ,neil:crn1IeM m,npaT8lllIII. Ilocne JTOro 

npo1Icxo,nHT pa.3pyrneH1Ie MIIHHonep1Io,nHoil: <p!l.3hI. 

BLIBOALI 

IIpoBe,neH aHaJIH3 AII<pPaKlllIOHHhIX AaHHhIX no II3MeHeHIIIO CTPYKTyphl 
HaTHBHhIX II MO,neJibHhIX MeM6paH JIIIII!IAHOH MaTPIIllhl stratum corneum IIplI HX 

nOJIHOM rHApampOBaHIIII. IloK!l.3aHO, 'ITO HBJieHIIe chain-flip rrepexo,noB B 

KOHqJOPM8lllIII MOJieKyJI llepaMHAOB o6bHCHHeT KaK CTPYKTypHhle II3MeHeHIIH II 
CBOHCTBa Mo,neJihHhIX MeM6paH, TaK II 3KCrrep1IMeHTaJihHble pe3yJihTaThI no 
II3MeHeHHIO CTPYKTyphl HaTIIBHhIX MeM6paH B rrpollecce IIX m.npaTa}llIII. 
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CilEIJ;H<l>HKA H3MEHEHIDI HHTEHCHBHOCTH TEqEHIDI 
IlPOIJ;ECCOB IlEPEKHCHoro OKHCJIEHIDI JIHilH,ll;OB B PA3JIH"l!HblX 

liHOJIOrH"IJECKHX CHCTEMAX OPrAHH3MA IlPH 
3KCilEPHMEHTAJihHOM IJ;HPP03E DEqEHH 

MaprapHH A.C., OBcennH JI.M., Ea,namm E.P., CnMOHHH A.A. 

HHcmumym EuoxUMuu UM. I'.X Eywmuma HAH PA, 2. Epe6aH, ApMemm, J41278@mail.ru 

B nocJie,nHue ro,nbl 3Ha'IBTCJibHaH p0Jib B naToreHe3e MeTa6oJinqecKHX H CTJ)}'K· 

TYJ)HbIX cocTOHHHii: npI1 l.lCJI0M pn.ne naToJiornii: orno,nnTCH HHTeHcmlmKa1.1nn npo1.1ecc

c0B nepeKHCH0ro 0KIICJICHHH JIHnH,n0B (ITOJI) B KJICT0qHblX MeM6paHax H MCM6pattax 

cy6KnernqHbIX CTPYKTYP [2, 4, 7, 8, 9]. Ilpo1.1ecc ITOJI, conpoBolK,nruornnii:cn BbIX0,noM 

3HaqIITCJlbHoro K0JIHqecTBa BernecTB MeM6pattOTOKCI1qecKoro, MeM6pattOJIHTHqecKoro 

,neii:CTBHH, no C0BpeMCHHbIM npe,ncTaBJICHIIHM, M0lKCT np0HBJIHTbCH KaK B Bil,ne CTHMY· 

JIIlpOBaHHH, TaK II HHrn6npoBaHHH aKTIIBH0CTH TeqeHHH MeTa6oJinqecKHX npo1.1ecc0B 

Ha pa3JIHqHbIX ypoBHHX KJICTQqHblX o6pa30BaHIIH. lfa6bITQqHoe HaK0nJICHHe np0,n}'K

TOB ITOJI MOlKCT CJIYlKHTb npnqHHOll HeKp03a KJICT0K, HapyrneHIIH !pH3IIKO·XHMil

qecKHX CBOHCTB HX MeM6paH, o6pa30BaHHH B HHX H0HHblX KaHHaJI0B. ITOJI-3aBIICHMbIC 

H3MCHCHHH KaTaJIIITI1qecKI1X CBOHCTB MeM6paHHO-CBH3aHHblX <pepMCHTOB o6bJqHQ o6y

CJIOBJIIIBaIOTCH H3MCHCHHCM C0CT0HHHH II C0CTaBa !pOC<pO-JIHIIH,nHoro K0MIT0HCHTa 

MCM6pattbl, MO,nI1<pHKa1.1neii: 6eJIKOBblX MOJieKyJI <pepMeHTa 3a cqeT 0KHCJICHHH TH0-

JIOBblX rpynn B3aIIM0,neii:CTBHCM npo.nYKT0B ITOJI co CB060,nHbIMII aMHHorpynnaMH 

6eJIKOB [5, 6). C 0TMeqeHHOll TQqKH 3pCHHH, oco6oro BHHMaHHH 3aCJiylKHBaeT HJyqe

HHe HHTeHCHBH0CTH npo1.1ecca ITOJI B Kp0BH, M03re H neqeHH Kpb1c npn CCLi

HH,nynnpoBaHH0M l.1Hpp03e II K0ppnrnpyiorneM ,neii:CTBHH aHTH0KCH,naHTHblX !paKTOpOB 

- a-TOKO<pepona ( a-T<l>) n Tnocynb<pam Harpnn (TCH) Ha 3TH npo1.1eccb1. 

OnbITbl 6bIJIH Il0CTaBJICHbl Ha 6ecnopo,nHbIX 6eJibIX Kpb1cax-caM1.1ax Maccoii: 150-

200 r. U:npp03 neqeHH Bbl3bIBaJIH BBe,neHHCM Kpb!CaM BHYTJ)H6p!OIIIHHHO (B/6) CCJ4 B 

_n03e 0, 15 Mr/100 r Beca ,nBa pa3a B He,neJIIO B TeqeHHe 20-H ,nHeii:. )i(uBQTHbIC 6bIJIH 

pa3,neJICHbl Ha 6 rpynn (no 5 B KalK,noii:): I - IIHTaKTHble; II - C 3KcnepHMCHTaJibHbIM 

CC4-HH_nynHpOBaHHbIM 1.1Hpp030M; III - HHTaKTHbIC lKHB0THbIC, K0T0pbIM B/6 BB0,nH

JIH T<l> B _n03e l Mr/100 r Beca; IV - lKHB0THbie C 1.1Hpp030M, K0TOpbIM B16 BB0,nHJIH T<l> 

B ,no3e l Mr/100 r Beca; V - IIHTaKTHbie lKHB0THbie, K0T0pbIM B16 BB0,nHJIH TCH B ,no3e 

0,15 Mr/100 r; VI - lKHB0THbie c 1.1npp030M, K0T0pb1e B16 rronyqann TCH. Bo Bcex 

BapilattTax lKHB0THbIM T<l> n TCH BB0,nHJIH 2 pa3a B He,neJIIO B TeqeHHe 20 ,nHeii:. 

06 aKTHBH0CTH nepeKHCH0ro 0KHCJICHHH cy,nHJIH no o6pa30BaHIIIO MaJI0H0B0ro 

,nHaJib-,nern,na (M,[(A) II perHCTJ)Hp0BaJIH CITCKTJ)O<pOTOMCTJ)HqecKII npn .nmrne BOJIHbl 

535 HM [3]. IlonyqeHHbIC pe3yJibTaTbl no,nBeprHYTbl CTaTHCTHqecK0H o6pa6oTKe. 

,[{OCTOBepHOCTb noJiyqeHHblX pe3yJibTaT0B onpe,neJIHJIH MCT0,n0M ,necHTHqHoii: Bapna

l.lH0HHOH CTaTHCTHKH CTuIO,neHTa-<l>nIIIepa [l]. 
KaK nOKa3aJIH pe3yJibTaTbl HaIIIHX HCCJie,noBaHHH, npnBe,neHHbie B Ta6JIHl.le, 

3KCnepHMCHTaJibHblll 1.1Hpp03 neqeHH (U:IT) conp0B0lK,naCTCH HaK0ITJICHHCM 60JibIIIOro 

KQJinqecrna nepeKHCeii: JIHITH,n0B B HCCJieeyeMblX TKaHHX. 

BHYTJ)n6pIOIIIHHHoe BBe,neHne a-T<l> n TCH cm6HJIH3npyeT ,nHHaMnqecKoe 

paBHOBCCHe MelK,ny CIICTCMaMH npo- n aHTH0KCH,naHTHOll HanpaBJICHH0CTH. 3TH ,naH

HbIC erne pa3 no,nrneplK,naIOT BaJKHyio aHTH0Kcn,naHTHYID ponb a-T<l> n TCH. Co,nep

lKattne MaJI0H0ro ,neanb,nern,na (M,[(A) B K0HTJ)0JibHOH rpynne lKHB0THblX C0CTaBHJI0 
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5,5, 7,0 H 6,32 HMOJib/Mr 6eJIKa B Kp0BH, M03re H neqeHH C00TBCTCTBCHH0, a npH CCLi-

1rn.nynnpoBaHH0M 1.1Hpp03e - 9,24, 8,21 n 15,85 HMOJib/Mr 6eJIKa. J,fa II0JiyqeHHblX ,naH

HblX BH,nH0, qTo Han6onee BblpaJKeHH0e aKTHBHp0BaHne HHTCHCIIBH0CTH TeqeHHH 11po-

1.1ecc0B ITOJI perHCTJ)HpyeTCH B rreqeHoqHQll TKaHH. QqeBH,nHO, 3T0 CBH3aH0 C TCM, ~o 

B nepByio oqepe,nb rrpH u:rr rropalKaeTCH rreqeHb. B HCCK0JlbKO MCHbIIICll crerreHH 

c,nBilr attanornqHQll HarrpaBJICHH0CTII o6HapylKHBaeTCH B l.lCJibHOll Kp0BH. qYTb 

60JibIIIaH aKTHBH0CTb 11po1.1ecc0B ITOJI, perHCTJ)HpyeMaH B l.lCJlbHOll Kp0BH, 110 cpaB

HCHHIO C ,naHHblMH II0JiyqCHHbIMH rrpH HJyqeHHH aKTHBH0CTH 11po1.1ecc0B ITOJI B ro

JI0BH0M M03re M0lKH0 o6HCHIITb TCM, ~o II0CJie rropaJKCHHH rreqeHII qacTb CHHTC3Hpo

BaHHbIX rrp0,nJKT0B ITOJI rrpH LIHPKYAALIHH Kp0BH H3 rreqeHH rrorra,naeT B Kp0Bb. 

l1HTCHCH!pHKa1.11-rn 11po1.1ecc0B ITOJI B HCCJie,n0BaHHblX 6nonornqecKHX TKaHHX rrpn u:rr 
- 3T0 pe3yJibTaT aKTHBHp0BaHHH peaKI.IHll ,neanHJIHp0BaHHH <l>JI-rnn1.1epn,n0B, rJiaBHblM 

o6pa30M, !pOC<paTH,nHJIXOJIHHOB (<l>X), rrpHB0Mrnero K o6pa30BaHHIO JIH30!pOC<paTH

,nHJIX0JIHH0B (JI<l>X) H HC3CTepH<pHI.IHPOBaHHblX lKHpHblX KHCJI0T (H3)KI() II0JIHCH0-

B0ro pn.na B BH,ne rn,nponepeKHCeii:, MOHO-, ,nn- H TpHeH0BbIX K0H'b!OraT0B, coe,nHHCHHll 

THIIa llIH<p<pa H K0HeqHoro rrpo,n}'KTa 3T0ro MH0f03TaIIH0ro 11po1.1ecca - M,[{A. JI<l>X, 

H3:JKK H K0MIIJICKC JIHIIH,nHbIX rrepeKnceii: BbICTYIIaIOT B KaqecTBe o,nHoro H3 0CH0B

HblX rrarnreHeTHqeCKHX <paKTOpOB JII06oro 6oJie3HCHHOro 11po1.1ecca, B TOM qncne, H 

U:IT. Ilo,nrneplK,neHneM BbIIIIeH3JI0lKeHHoro HBJIHeTcH rn, ~o BBe,neHne a-T<l> II TCH 

3KcrrepHMCHTaJibHbIM lKHB0THbIM M06HJIH3HpyeT 3H,noreHHbie CHCTCMbl aHTHpa,nHKaJib

HOll 3alllHTbI KJieTKH rrpn 3KcrrepnMeHTaJibH0M U:IT. TaK, rrpn BBe,neHHH TCH 11po1.1ecc 

ITOJI HHrn6npyeTCH, rrpn6JIHlKaHCb K ,naHHbIM K0HTp0JIH. Ilpn BBe,neHHH a-T<l> HHrn-

6npoBaHHe rrpo1.1ecca ITOJI BblpaJKCH0 6onee HHTCHCHBH0. O,nHH H3 Han6onee peanb

HblX MCXaHil3M0B ero 6JiarOTBOpHOro B03,neii:CTBHH o6'bHCHHCTCH TeM, ~o a-T<l> M06H

JIH3YCT 3H,noreHHble CIICTCMbl aHTHpa,nHKaJibHOll 3alllHTbl KJICTKII, HBJIHHCb 0CH0BHblM 

,neii:CTB)'IOillIIM HaqanoM aHTHpa,nHKaJibH0H CHCTCMbl B opraHH3Me. 

Ta6JIHl_\a 1. H3MeHeH11e 11HTeHC11BH0CTl1 TeqeHl1ll npo1.1ecca nepeKl1CH0ro 0Kl1CJieHl1ll Jll1IIl1,n0B 
(s HM M,[{A/Mr 6eJIKa) B Kp0Bl1, roJI0BH0M M03re 11 neqeHl1 6eJiblX KpblC np11 CCl4-
11H11Vl.111P0BRHH0M 1.1nppo3e neqeHl1 noa B03,neiiCTBl1eM a-T<I> 11 TCH 

KPOBb Mo3r IleqeHb 
KoHTpOJib 5,50±0,002 7,00±0,002 6,32±0,002 

9,24±0,002 8,21±0,002 15,85±0,002 
CCl4 'p<0,001 p<0,001 p<0,001 

+68 %'" +17 %'" +151 %'" 

a-T<l> 
5,23±0,009 6,33±0,009 5,25±0,009 

p<0,001 p<0,001 p<0,001 
6,83±0,002 6,78±0,002 9,64±0,002 

CCl4 +a-T<l> "p1<0,001 p1<0,001 p1<0,001 
-26 %"" -17 %"" -39 %"" 

TCH 6,12±0,01 6,53±0,01 6,31±0,01 
p<0,001 p<0,001 p<0,001 

7,22±0,002 7,12±0,002 10,28±0,002 
CCJ4+TCH P1<0,001 

-22 %"" 
p,<0,001 
-13 %

0

"' 

p,<0,001 
-35 %"" 

---

llpUMe'lamm: n = 6; * p- 6 cpaBHeHUU c KOHmpo111!M; ** p1 - 8 cpaBHeHuu c 2pynnoii, nOJl)l'IUBUteii CCh· 
*** (+ -) - U3MeHeHUe UHmeHCU8HOCmu me'lemm npo11ecca CB0600HopaOUKaJlbH020 OKUCJleHIIJI JIUnUOOII 
8 cpa8HeHUU C KOHmpOlleM; **** (+ -) - U3MeHeHue UHmeHCU8HOCmu me'leHIIJI npo11ecca C80600H
opaouKaJlbH020 OKUCJleHWI JIUnUOOII 8 cpa11HeHUU C 2pynnoii, nOJIJ'IUlluteii CCI,. 
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TaKIIM o6paJOM, rrpII CCJ4-IIIU1)'IIIIpomurnoM ~IT IIMeeT Mecrn aKrnnanm1 rrpo
necccon ITOJI. MexaHII3M TOKcIIqecKoro ,neiicrnmi: CCl4, no nceii BII.l(IIMOCTII, cnHJaH c 
ero rronpeJK,naIOmIIM ,neiiCTBIIeM qepe3 o6pa30BaHIIe cno6o,nHhIX pa,nIIKaJIOB, TaKIIX KaK 
CCI/ II Cr. Ilpo,nyKThl rrepeOKIICJieHIIH JIIIIIII,l(OB, q>OpMnpy10mIIeCH Ha pa3JillqllbIX 
ypOBHHX 6IIOJIOrIIqecKIIX CIICTeM opraHII3Ma B OTBeT Ha ,neiicrnne CCJ4, CTIIMYJIIIPYJOT 
pa3JIIIqllbie TOHKIIe MOJieKynHpHo-6IIOJIOrIIqecKIIe II 6IIOXIIMIIqecKIIe MexaHII3Mbl rrpo
necccon ITOJI, ~o cnylKIIT cepbe3HbIM OCHOBaHIIeM K 6onee o6CTOHTeJibHOMY II3yqe
HIIIO 3TIIX MeXaHII3MOB. 
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3K300JIHCAXAPH)I:l,I <l>OTOTPO<l>HbIX MHKPOOPr AHH3MOB 
1
MapKocllH JI.C., 1TiapoHllH A.X., 1OratteCllH P.C., 

2
MawIH C.C. 

1HHcmumymMuKpo6uoRozuu HAH PA, ApMeHWI, 2. EpeeaH, Lmark@,sci.am 
11.(eHmp uccJ1eoooaHuii cmpoeHWI MOfleKJ'fl HAH PA, ApMeHWI, 2. EpeeaH 

MHKpooprattH3Mbl JIBJIJDOTCJI rrpo.n.yueHTaMH pa3H006pa3HblX BHeKJieTO'IllblX 

omi:ro- H llOJIHcaxapH/l.OB.. O6Hapy)l(eHbl COTHH MHKpooprattH3MOB OTHOCllIUHeCll K 

paJJIHqHbIM po.n.aM, rrpoAYUHPYIOIUHe JKJorronHcaxapH.11.bl [1-10] . YKaJaHHbre coe.n.HHe
HHll HrpaJOT Ba)l(Hyro 6HOJIOrHqecKyro pOJib. BHeKJieToqHble llOJIHCaxapH.11.bl orrpe

.11.eJIJDOT B3aHMO)l.eHCTBHe KJieTOK B llOllYJIJIUHH, B3aHMO)l.eHCTBHe rraToreHHblX 6aKTe

pHH C X03llHHOM B rrpouecce aAreJHH H 33IUHIUaJOT KJleTKH. MHorHe MHKpo6Hbie llOJIH
caxapHAbl HCllOJib3yroTCll B llHIUeBOH, cpapMaueBTHqecKOH, KOCMeTHqecKOH H 

TeKCTHJlbHOH rrpOMbllllJieHHOCTH, B cpnoaT3UHOHHblX rrpoueccax, rrpH .n.o6brqe HeqJTH H 

B .n.pymx o6JiaCTJIX. Caxapa co CTa6HJibHblM H30TOllOM yrnepo.11.a (1 3
C) ycrrellIHO 

rrpHMeHJllOTCll B .zurnrHOCTHKe Ja6oneBaHHH )l(eny.n.O'IllO KHllle'Illoro TPaKTa. <l>oT

TPOqJHbie MHKpoopraHH3Mbl rrpe)l.CTaBJIJDOT 6oJiblllOH HHTepec .1I.JlJI rronyqeHJJ pa3JIHq
HblX 6HOJIOrHqecKH aKTHBHblX coe)l.HHeHHH: BHTaMHHOB, KapOTHHOH)l.0B, oprattHqeCKHX 

KHCJIOT, cpepMeTOB H .n.pymx. O.n.HaKO 6HOCHHTe3 H CBOHCTBa OJIHro- H llOJIHCaxapH.11.0B 

qJOTOTPOqJHblX 6aKTepHH HJyqeHbl BeCbMa cna6o. 
U:eJiblO HaCTOllIUHX HCCJie)l.OBaHHH llBJIJleTCll HJyqeHHe CBOHCTB JK300JIHrocaxa

pH.n.a, rrpo.n.yuHpyeMoro qJOTOTPOqJHOH 6aKTepHeH. 

MaTepHaJibl H MCTO/l.bl HCCJie,nBaHHH 

O6-beKTOM HCCJie)l.OBaHHll CJIY)l(HJia KyJlbrypa qJOTOTPOqJHOH 6aKTepHH H3 po.11.a 
Rhodobacter sphaeroides ycnoBH0 o6oJHaqeHHall KaK A-1 H BbmeneHHall HJ MHHepanb

HbIX HCTOqHHKOB ApMeHHH (Ap3HH H ,[()l(epMyK) m.n.poKap6oHaTHOro THrra co CTe

rreHblO MHHepanH33UHH 3.5-5.0r/n c pH 7.2. lliTaMM Rh. Sphaeroides-Al KYJlbTHBH

poBaJIH B CT3UHOHapHblX ycJIOBHJIX rrpH OCBeIUeHHOCTH 2500-3000 JIIOKC, TeMrreparype 
30 °C, B TeqeHHH BOCbMH CYTOK B HeCKOJlbKO HJMeHeHHOH llHTaTeJibHOH cpe.n.e OpMe

py.11.a: (rp/n) KH2PO4 - 0 .6, K2HPO4 - 0 .9, (N~)2SO4 - 0.5, MgSO4·H2O - 0.2, CaCl2· 

2H2O - 0.08, FeSO4·7H2O - 0.012, Na-aueTaT - 7.0; 6HOTHH - 15 Mr., MHKpoJneMeHTbI -

1 MJI., pH - 7.0 . O6ruee KOJIHqecTBO caxapOB orrpe.n.eJlllJIH aHTPOHOBblM MeTO)l.OM [12] . 

CrreKTPhI .51:MP pemCTPHPOBaJIH Ha crreKTPOM~e MERCURY 300Vx qJHpMLI Varian 
C pe30HaHCHOH qacTOTOH 300.077 H 75.465 Mru Ha Jl)l.pax 1H H 13C COOTBeTCTBeHHO. 

B Kaqecrne pacTBOpHTeJIJI HCll0JibJOBatta TJl)l(eJiall Bo.n.a. B crreKTPe .51MP 
13

C CHrHan 

CH3 rpyrrrrbl MeTaHOJia HCllOJib30BaH B Kaqecrne BHYTPeHHero CTaH)l.apTa. 

PeJyJILTaTLI u o6cy:ameuue 
Hccne.n.oBaHHll Mopcpo-qJH3HOJIOmqecKHX H 6Ho

XHMHqecKHX oco6eHHocil: Rhodobacter sphaeroides-Al 
llOKaJaJIH, ~o BbI.11.eJieHHblH lllTaMM llBJIJleTCll rpaMOT-

• PHUaTeJibHblM. Crroco6eH paCTH KaK B aHaJpo6HblX 

ycJIOBHJIX Ha CBeTf, TaK H B aJepo6HblX ycnOBHJIX B 

TeMHOTe Ha cpe.n.ax C opraHHqecKHMH cy6cTPaTaMH. 
3JieKTPOHHO-MHKpoCKOllHqecKHe HCCJie)l.OBaHHJI ll0Ka-

PHC. I. 3neKTpOHH8JI MHKpo<j>ororpa<j>Hll WTaMMa Rh. 
sphaeroides-Al, Ysenw-1euHe x 15600. 
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33llH, qTQ KJieTJ(H HCCJie,11yeMoii q>OTO'I])Oqrnoii 6ru<Tep1m HMeIOT cqiepnqecKyro q>OpMy 

(2.0-2.5 Ha 1.3-1.MK, pHc.l). Xopournii pocT yKaJaHHbIX KYJihTyp Ha6JIID,11aeTcH B 

llpHCYTCTBHH B cpe,11e KyJibTHBHpOBaHHH COJieii opraHnqecKHX KHCJIOT: aueTaTa, llHpy

BaTa, JiaI<TaTa, MaJiaTa, <l>YMapaTa, CYKUHHara, a TaK,Ke rJIIDK03hI, IPPYKT3hl, MaJibT03hI, 
caxapo3bl n ,11pymx caxapon. ,lvIH HOpManbHoro pocra 'Ipe6yroTcH TaK,Ke q>aI<TOpbI 

pOCTa, co,11ep)KruunecH B .IIPO)K)KeBOM 3KC'IpaKTe (THaMHH, 6HOTHH, HHKOTHHOBaH 

KHCJIOTa). B Kaqecrne HCTO'IHHKa a30Ta HCIIOJib3YfilTCH COJIH aMMOHHH H MOqeBHHa. B 

KaqecTBe e,!IHHCTBeHHOro HCTO'IHHKa yrJiepo,11a 6bm HCllOJib30BaH Na-aueraT - 7 rp/JI. 

,IJoKaJaHO, 'ITO cuycni 24 qaca y)Ke Ha6JIIO,!laeTCH pocT KYJibTypbI, a MaKCHMYM KOJIH

qecrna 6n0Maccb1 o6Hap~HBaeTcH Ha 72 qacy pocra KYJihTyp (ra6JIHUa 1). 

IIapaneJibHO poczy KYJibTypbI MeHHeTCH H pH cpe,!lbl, COCTaBJIHH Ha 72 qacy pocra 9.3-
9.5. ,[(anee H3MeHeHHH He3HatrnTeJibHbI. MnKpOCKOrrHqecKne Ha6JII0,11eHHH IIOKa33llH, 

Ta6;mua I. EHoMacca Rh. sphaeroides H H3MeHeHne pH IOK B 
npouecce amnpo6Horo pocra 

'ITO KJieTKH 6aKTeHii 

B rrpouecce pocra 06-

PaJYIDT CJIH3HCzyID 
KarrcyJiy. 

IIITaMM qacbI 
0 24 48 72 144 192 

_()_UTHqecKaH IIJI0TH0CTh IIPH 660 HM JiccJie,110BaHHH 

Rh.sphaerodies 0.025 I 0.18 I 0.62 I 0.65 I 0.58 I 0.53 ,!IHHaMHKH CHHTe3a 

3K3ocaxapH,!10B llOKa-

33llH, 'ITO co,11ep,Ka-6.9 7.8 8.5 9.7 9.7 
HHe HX ,!IOCTHraeT 

MaKCHMYMa Ha 72 qacy KYJibTHBHpOBaHHH, 'ITO COBIIa,!laeT c MaKCHMYMOM pocTa 

KYJibTypbl. IIpn ,!13llb-HeiimeM KYJibTHBHpOBaHHH ypoBeHb caxapoB aHaJIOrHqHo 

6noMacce He MeHHeTCH. IIpoBO,!IHJIHCb HCCJie,!IOBaHHH XHMHqecKoii rrpnpO,!lbl 
3K3ocaxapH,11a. Omi:rocaxapn,11 Bhl,!leJIHJICH rro cxeMe 1. 

CxeMa I. BbU1eneHm1 onnrocaxapli!la 
KynLTHBHpoeaHne Rh. sphaeroides Al B cpe.11e 

OpMepy.11a B aHa3p06HhlX YCJI0BHJIX ( 30 °C, 2500 
JIIOKC, 80 qacoB) 

i 
Y ,!1aJieHHe KJieT0K H3 KYJILTYPaJihHOH )KH,!1K0CTH 

uempmpyrnpoeaHHeM (15000g/20MnttyT) nocne 5-
Tn KpaTH0ro pa36aBJieHHJI B0,!10H 

i 
O6ecueeqHBaHne KYJILTypaJILHOH )KIJ.LIK0CTH 

aKTHBHp0BHHhlM yrneM (2qaca npn 50-60 °C), 
<jJHJILTPOBaHne. 

i 
KoHuempnpoeaHne oceemeHHoro <jJHJILTPaTa npn 

40-45 °C .110 30 % OT nef B0HaqanhH0ro 06beMa. 

OcIDl{.z:leHtte3K300JinrocaxapH.L10B3TaHOJIOM 
(I :3 no o6beMy) 

i 
QqncTKa onnrocaxapa renL <jJHJILTPauneil Ha 

Sephadex G- 25; G-50 n ToyoPerl 650M 

i 
<l>paKQHH,co,11ep,KaII1ne onnrocaxapa o6be,!1HHJIJIH n 

BhlCYIIIHBaJIH JIHO<pHJIH3aQHeil 
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113BeCTHO, 'ITO HeKOTOpbie 

omi:ro- n rrom1caxapn,!1b1 rrpoHB

JIHIDT orrpe,11eJieHHYID 6noJiorn

qecKyro aI<THBHOCTb. IIpoBe,!leH

Hble HaMH HCCJie,!IOBaHHH IIO 

BJIHHHHIO Bbl,!{eJieHHOro HaMH 

OJIHrocaxapH,!la Ha pocT HeKo

TOpbIX IIITaMMOB MHKpoopra

HH3MOB: E. coli, B. Subtilis, 
Candida albicans He BhIHBHJIH 

aHTHMHKpOfiHOH aKTHBHOCTH. 

JI3yqeHHe COCTaBa Bbl,!le
JieHHbIX OJIHrocaxapoB IIOCJie HX 

KHCJIOTHOro rll,!lpOJIH3a C rro

MOIUbID TOHKOCJIOHHOH xpoMaTo

rpaq>nn H BbICOK03q>q>eKTHBHOH 
)KH,!IKocoii xpoMarnrpaq>Hn (HPL 

C) IIOKaJano, 'ITO MOHOMepoM 
OJIHrocaxapH,11a IIITaMMa Rh. 
Sphaeroides A-1 HBJIHeTCH 

rJIIOK03a. 

51 co,11ep>KaH111e no11111-
4 caxaplll,!la, rp/11 

3 

2 

QI/ - ,,.. 

CTPYKTYPHhie oco6eHHOCTH yKaJaH
Horo 3K300Jinrocaxapn,11a n3yqann c rro

MOIUhID ClleK'IpOCKOllllH H,!lepHoro Mar

HHTHOro pe30HaHCa (.~MP) Mep aTOMOB 

no,11opo,11a n yrnepo,11a. 

Pnc. 2. CnnTe3 3K3oonnrocaxapH.Lla B npo
uecce pocTa Rh. sphaeroidies 

B crreKpe .5IMP 
13

C oJinrocaxapH,11a 

IIITaMMa Rh. sphaeroides A-1 (pHc. 3) 

Ha6JIIO,!laIOTCH IIIeCTb CHrHanOB IIOrJIOIUe

HHH OT IIIeCTll He:JKBHBaJieHTHbIX aTOMOB 

yrnepo,11a. IIpn cpanHeHHH 3Toro crreK'I])a 

co crreK'IpOM .5IMP 13C (l-JIIOK03bl Ha6JII0-

,11aeTCH xopoIIIee COBIIa,!leHne XHMHqecKHX 

C,!IBHroB cnrnanoB ,!IJIH aTOMOB yrnepo,11a B 

IIOJIO)KeHHHX 2 - 5, TOr,11a KaK CllrH3llbl 

aTOMOB yrnepo,11a n IIOJIO)KeHHHX 1 H 6 

HO 

mm~ 
IW I 

:~HI 
OH 

254 6 

Pnc. 3. 13C .HMP CneKTP onnrocaxapH.L1a 

10000 

5000 

3HaqnTeJibHO pa3JIHqaJOTCH. 

3TO CBll,!leTeJibCTByeT O TOM, 

'ITO OCHOBY OJinrocaxapH,!la 

COCTaBJIHeT a-rJIIDK03a, a mu-
K03H,!1Hble OCTaTKH coe,11nneHbl 

Me)K,!ly co6oii B IIOJIO,KeHHHX 1 
H 6 (pHC. 4). 

AHanH3 rrpOTOHHbIX crreKT

poB YKaJaHHoro OJIHrocaxa

pH,11a (pHc. 5) xopomo corna

cyeTCH C BbIIIIeCKa3aHHbIM. Bo

rrepBbIX, ,11y6JieTHbIH CHrHan 

aHOMepHoro aTOMa B0,!10po,11a C 

KOHCTaHTOH CllHH-CllliHOBOro B3aHMO,!leHCTBHH J = 3.6 Hz YKaJbIBaeT Ha Cl-KOHq>H

rypauHID MOHOcaxapH,!la. Bo-BTOpbIX, ,!leT3llbHbIH aHaJIH3 MYJibTHIIJieTHOH C'IpyKTypbl H 

• T orrpe,11eJieHne KOHCTaHTbl 

/, ~.=3,6 Hz ~· H OH 2 ~ 3000° CllHH-CIIHHHOro B3aHMO-/ I / I 6 H O 12 -
/ · ' \ Ho - 25000 ,11encTBHH Me)K,!ly H.IIPaMH 

V'i-rt \y\"✓'-, I "° " ~ H' 1 n 2, 2 n 3, 3 n 4, 4 n 5 
H 

] 

- - 20000 

15000 

10000 

5000 

~ ,_ r~,i~~i 
·1 111 - 1:• 

__.JJ_) , I '_____,-----r 0 

~~~~~~l T r-1 

7.0 

ppm(f1) 

6.0 5.0 4.0 3.0 

Pnc. 4. 1H .HMP CneKTP onnrocaxapH.L1a 

2.0 1.0 
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CBH,!leTeJihCTBYeT O TOM, 

'ITO MOHOCaxapn,!IHblH 

OCTaTOK rrpe,11CTaBJIHeT ll3 

ce6H a-rnIDK03y. MoJieKy

JihI a-rJIIOK03bl rrpncoe,11n

HeHbI Me)K,!ly co6oii IIO 

IIOJIO,KeHHHM 1 ll 6 ll 

o6pa3YfilT UHKJIHqeCKYID 

CTPYKTYPY c orrpe,11eJieH
HhIMH 3JieMeHTaMH CHM

Me'Ipllll (pnc. 6). CJie,11yeT 

OTMeTHTb, 'ITO CIIeK'Ipbl 



HO~•H~ !_o AJ 
HO H H I 

' OH 
H OH 

6b 

ppm~,)4.10 4.00 390 3.80 

2 4 

DA 

3.70 3.60 3.50 

70 

60 

-50 

40 

-30 

20 

10 

OJittrocaxaptt.na C JIHHellHOll 

CTPYKTYPOii n, cne.noaaTeJih
Ho, OTCYTCTBHeM :meMeHTOB 
CHMMeTPHH, ,UOJI)KHbl 6bIJIH 
6b!Tb HaMHOro CJIO)KHee OT 

Ha6mo.naeMbIX crreKTpaJihHhIX 

KapTHH. B 'IaCTHOCTH, CIIeKTp 
51MP 13C TaKoro onnrocaxa
pn.na .UOJI)J(eH 6hIJI COCTOHTb 

H3 .nayx, TPeX .necHTKOB cnr
HaJIOB. 

Puc. 5. 1H .HMP CneKTp onurocaxapu.na, o6nacTh npoTO
H0B 2-6 

TaKHM o6pa30M BIIep
BbJe Bhl,UeJieH lI ll3YtJeH coc

TaB, caoiicrna n CTPyKTYPHhJe 

Puc. 6. CTJ)yKTYJJa UHKJmqecKoro 
I ,6-o;mrocaxapH.11a 

oco6eHHOCTH 3K300JIHrocaxapn.ua, CHHTe3ttpyeMblll 

<pOTOTPO<pHoii 6aKTepneii H3 po.na Rh. Sphaeroides. 
Bo3MO)KHOCTb CHHTe3a OJIHrocaxapH,UOB !pOTO

TPO!pHbIMH 6aKTepHHMH C HCIIOJib30BaHHeM al.{eTaTa 
·B KatJecTBe e,nHHCTBeHHOrO lICTO'IHHKa yrnepo.na 

C03,naeT rrpe.nrroCbIJIKH MH C03,UaHHH 6noTex
HOJIOrHH CHHTe3a 13C-caxapoB, a TaK)Ke .npyrnx coe

,nnHeHttii co CTa6HJibHblM H30TOIIOM yrnepo.na, rrpn
MeHHeMbIX B .nnarHOCTHKe 3a6oneBaHllll lI rrpn 

HCCJie,UOBaHHll rrpoueccoB MeTa60JIH3Ma. 
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MEXAHH3M no,n:ABJIEHIDI ArPErAll,HH liEJIKOB a-KPHCTAJIJIHHOM 
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4
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1KypraaoB E.H. 
1Jf11cmumym 6uoxUMuu UM. A.H Eaxa PAH, 2. MocKea, PoMMUR, 

markossian@inbi.ras.ru, boris@kurganov.com 
2 Jf11cmumym 6uoxUMu'lecKoii pmuKu UM. HM 3Ma11yc1.11R, P AH, 2. JdocKea, PoccUR 

3 Jf11cmumym pmuKo-xUMu'lecKoii 6uo11ozuu UM. A.H Ee1103epcK020, 
MI'Y UM. MB. H0Mo11ocoea, 2. MocKea, PoccUR 

~ EellopyccKUu 20cyoapcmee1111blu yuueepcumem, 2. Mu11cK, Eellapycb 
5 Hlflf uepmu u za3a P AH, 2. MocKea, PoccUR 

a-KpnCTaJIJIHH, OCHOBHOll 6eJIOK xpycTaJIHKa rJia3a MJieKOIIHTaIOJUHX, HBJIHeTCH 
rrpe,nCTaBHTeJieM ceMeiiCTBa MaJibIX 6eJIKOB TeIIJIOBOro IIIOKa, KOTOpbie o6pa3YJOT 

ycTOll'IHBhie paCTBOpHMbie KOMIIJieKCbl c ,neHaTypHpOBaHHbIMH 6eJIKaMH H, TaKHM 

o6pa30M, rro,naBJIHIOT HX arperaunro [1-3]. B xpycTaJIHKe rna3a a-KpHCTaJIJIHH IIO,UaB

JIHeT arperaunro P- n y-KpncTaJIJIHHOB, rroape)K,UeHHhIX B pe3yJihTaTe yJihTPa<pnone
TOBoro o6nyqeHHH n OKHCJIHTeJibHOro CTPeCca, n rrpe.nornpalL{aeT IIOMYTHeHHe xpycTa

JIHKa lI pa3BHTHe KaTapaKTbl [4]. IlOBbIIIIeHHaH 3KCIIpeCCHH a-KpHCTaJIJIHHa na6JIIO
,naeTCH TaK)Ke BO MHOrHX .npyrnx TKaHHX B ycJIOBHHX CTPecca lI rrpn pa3JIH'IHblX rra

TOJIOrHHX. B CBH3ll C o6Hapy)KeHHeM Toro <paKTa, 'ITO a-KpHCTaJIJIHH o6na.naeT IIIarre
poHorro.no6noii aKTHBHOCTbIO in vitro, IIOHBHJIHCb MHOrQ'IHCJieHHbie pa60Tbl no 

myqeHHIO ero BJIHHHHH Ha TeIIJIOBYJO ,neHazypauHIO n arperaunro pa3JIH'IHblX 6eJIKOB n 
<pepMeHTOB [1-3, 5]. O.nnaKO, MeXaHH3M IIO,UaBJieHHH TeIIJIOBOll arperaunn 6eJIKOB 

a-KpHCTaJIJIHHOM OCTaBaJICH neBblHCHeHHblM. 
HaCTOHIUaH pa6oTa IIOCBHJUeHa H3YtJeHHIO MeXaHH3Ma TeIIJIOBOll arperaunn 

OJIHroMepHbIX 6eJIKOB lI ycTaHOBJieHHIO MeXaHH3Ma IIO,UaBJieHHH arperaunn 6eJI

KOB a-KpHCTaJIJIHHOM. ,L(JIH peIIIeHHH 3THX 3a,Ua'I 6bIJia H3yqeHa KHHeTHKa TeIIJIOBOll 

arperaunn P1.-KpHCTaJIJIHHa H3 xpycTaJIHKa rna3a 6h1Ka, rnnuepanh,nern.n-3-<poc<paT
.nern,nporena3hI (r A<l>,L() H3 CKeJieTHbIX MbIIIIU KpOJIHKa lI MHTOXOH.UpHaJibHOll 

acrrapTaTaMHHOTPaHC<pepa3bl (MAA T) H3 cep.nua CBHHbll. Hccne,noBaHHH rrpOBO,UHJIH B 
IIIHpOKOM ,UllaIIa30He TeMrrepaTyp lI KOHUeHTPal.{llll 6eJIKa C HCIIOJib30BaHHeM MeTo,na 

.UHHaMH'IeCKOro CBeTopacceHHHH, II03BOJIHIOIUero oueHnBaTb pa3Mep 6eJIKOBblX 

arperaTOB. 
AHaJIH3 COOTHOIIIeHHH Me)K,Uy HHTeHCHBHOCTbIO CBeTopacceHHHH lI rn.npo-

,UHHaMH'IeCKHM pa,nnycoM (Rh) .nJIH Terrnoaoii arperaunn P1.-KpncTannnna, r A<l>,L( n 
MAA T (pnc. 1) IIOKa3aJI, 'ITO a MOMeHT Ha'IaJibHOro rrpnpocTa HHTeHCHBHOCTH CBeTO

pacceHHHH B CHCTeMe rrpHCYTCTBYJOT ,UOBOJibHO KpyrrHhle 'IaCTHUbl, KOTOpbie Mbl 

Ha3BaJIH cmapm06blMU a2pe2amaMu. HaIIIH HCCJie,UOBaHHH IIOKa3aJIH, 'ITO rn.npo,nnHa
MH'IeCKHll pa,nnyc CTapTOBblX arperaTOB (Rh,O) ne 3aBHCHT OT KOHUeHTPal.{llll 6eJIKa lI 

rrpaKTH'IeCKH He 3aBHCHT OT TeMrrepazypbi. 
Ha pnc. 2 rrpe,nCTaBJieHhl 3aBHCHMOCTH Rh OT BpeMeHH ,nJIH TeIIJIOBOll arperaunn 

MAAT rrpn 60 °C. 3aBHCHMOCTH BKJIIO'IaIOT Ha'IaJibHblll JIHHellHblll yqacTOK, OIIHCbI

BaeMblll JIHHeiinoii <pyHKUHeii ~ =~o[I + (t-to)/t2R], lI cne.nyioIUHii 3a HHM yqacTOK (rrpn 

t > t*), OIIHCbIBaeMblll CTeIIeHHOll <pyHKUHeii J?. = R.: [ !+ K1 (t -t' ) r• , r,ne to - ,nJIHTeJih-
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PHc. 1. CooTHOWeHHe MelK.!zy HHTeHCHB

HOCTblO CBeTOpaccellHHJI (/) H rlf)lpO,!IHHa

MHqecKHM P3.LIH)'COM (Rh) ,!IJIJI TellJIOBOH 

arpera11HH (a) 13L-KpHCT3JIJIHHa (60 °C, 40 MM 

Na-cpoccj>aTHb1ii: 6ycpep, pH 6,8, JOO MM NaCl, 

1 MM 3.lTTA, 3 MM NaN3), (6) rA<I>JJ: (55 °c, 

10 MM Na-cpoccparnblii: 6ycpep, pH 7,5) H (6) 
MAAT (60 °C, JO MM Na-cpoccparnbtii: 6ycpep, 

pH 7,5). l..vicppbI OKOJIO IIpllMblX 

COOTBeTCTBYIOT KOHlleHTpallHH 6eJIKOB B MrlMJI 

HOCTI, JiaTeHTHOH CTa.z:(HH, Ha rrponrnceHHH KOTopoii IIpOHCXO,LIHT o6pa30BaHHe CTapTO

BblX arperaTOB, f2R - HHTepBan BpeMeHH, Ha rrponrnceHHH KOToporo IB.LlPO.LlH

HIIMHqecKHH pa,Llliyc yBeJIHqHBaerc.s: OT 3HaqeHH.s: Rh,O ,LIO 3HaqeHH.S: 2Rh,O, Ko 3HaqeHHe 

Rh IIpH f = t*, K1 - KOHCTaHTa H dr - <ppaKTaJibHM pa3MepHOCTb, .S:BIDIIOII(MC.S: CTPYK

TypHoii xapaKTepHCTHKOH arperaTOB. )J,mr KHHeTHqecKHX KpHBblX TeIIJIOBOH arperallHH 

6eJIKOB rrapaMerp dr 6JIH30K K 1,8. B COOTBeTCTBHH C Teopneii arperfillHH KOJIJIOH.L{HblX 

qacTm~ [6] IIO.L{06Hoe 3HaqeHHe <ppaKTaJibHOH pa3MepHOCTH YKa3b1Baer Ha BbillOJIHH

MOCTb KHHeTHqecKoro pe)KHMa, rrpH KOTOpOM CKOpOCTb arpera11HH JIHMHTHpyerc.s: .LIH<p

<pY3Heii B3aHMO.LleiicTByIOII(HX qacTH11 ("diffusion-limited cluster-cluster aggregation"; 

DLCA). Bepo.s:THOCTb CJIHIIattH.s: B3aHMO.LleiicrnyIOII(HX qacTHll paBHa e,L1HHH11e. 
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PHc. 2. 3aBHCHMOCTb rH,!1pO,!1HHaM11qecKoro 

pa,!IH)'Ca (Rh) OT BpeMeHH ,!IJIJI TellJIOBOH 

arpera111111 MAAT (0,2 MrlMJI) npH 60 °C ( 10 
MM Na-cpoccparnb1ii 6ycpep, pH 7,5). Ha 

BCTaBKe IIOKll3aH JIIIHeHHblH yqacTOK 
3aBIICIIMOCTH Rh OT BpeMeHH 

Ha OCHOBaHHH rronyqeHHbIX HaMH .L{aHHblX rrpe.LlJIO)KeH HOBblli MeXaHH3M 

arperallHH 6eJIKOB, BKJIIOqaIOII(HH CTa.z:(IIIO pa3BOpaquaaHH.S: 6eJIKOBOH MOJieKyJibl, 

CTa.z:(IIIO o6pa30BaHH.8 crnpTOBblX arperaTOB II CTa.z:(HIO pocTa arperarn rryreM CJIIIIIaHH.8 

crnpTOBbIX arperarna [7, 8] (puc. 3). 

A-lf!JiV V 

N D 

CTapTOBbIH 
aroeraT 

AMopcpHbIH 
arperaT 

P11c. 3. MexaHH3M arper311m1 

6eJIKOB, BKJIJOqaJOWIIH 

CTa,!1111O o6pll30BaHHll CTap

TOBbIX arperaTOB (N II D -
HaTIIBHaJI H ,!leHaTypHpoBaH

HaJI cpopMbl 6eJIKa) 

Ha pHC. 4 IIOKa3aHO BJIH.s:Hlle a-KpHCTaJIJIHHa Ha TeIIJIOBYIO arperfillHIO MAA T. B 

npHcyrCTBHII Cl-KpHCTaJIJIHHa rrpH .L{OCTaTOqffO Bb!COKHX 3HaqeHH.s:X BpeMeHH 

HHKy6allHH IIOIIYJI.s:llll.8 arperaTOB paclI(eIIJI.s:eTC.8 Ha .L{Ba KOMIIOHeHTa. HaqaJibHbIH 

yqaCTOK 3aBHCHMOCTH Rh OT BpeMeHH OIIHCbIBaeTC.S: 3KCIIOHeH11HaJibHOH <pYHK11Heii 

Rh =Rh_0 {exp[ln2(t-t0)/t2R]}, qro YKaJbIBaeT Ha rrepexo.L{ rrpo11ecca arpera11uu H3 

KHHeTHqecKoro pe)KHMa diffusion-limited cluster-cluster aggregation B KHHeTuqecKHii 

pe)KHM reaction-limited cluster-cluster aggregation (RLCA), rrpu KOTOpoM aepo.s:rHOCTb 

CJIHIIaHH.S: rrpH coy,LlapeHHH qacTHll CTaHOBHTC.S: MeHbIIIe e,L{HHHllbl. 
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P11c. 4. BJIHJIHHe a-KpHCTaJIJIIIHa Ha TellJIOBYJO arperaQIIIO MAAT. (a) - 3aBHCHMOCTb 

rlf)lpO,!1HHaM11qecKoro pMeyca (Rh) OT speMeHH .LIJ1ll arpera1111H MAAT (0,2 Mr/MJI) np11 60 °CB 

OTCJTCTBlle (KOHTJ)OJlb) H B np11cyrCTBHH a-KpHCTaJIJIHHa (0,1 Mr/MJI). (6) - 3aBHCHMOCTb Rh OT 

speMeHII ,!IJIJI arpera1111H MAA T B IIpHCJTCTBIIII a-KpHCTaJIJIIIHa B KOOp,!111HaTax {Rh; t} C 

pacTJIH)'TOH OCblO · op,L111HaT. CIIJIOWHOH JIIIHl!eH 0003HaqeH yqacTOK 3aBHCIIMOCTII Rh OT 

BpeMeHII, OIIIICbIBaeMbIH 3KCIIOHeHQHaJibHOH cpyHKQlleii 

llo.L{aBJieH11e TeIIJIOBOH arperfillHH 6eJIKOB B rrpHCYTCTBHH a-KpHCTaJIJIHHa 

o6ycJIOBJieHO YMeHbIIIeHHeM pa3Mepa CTapTOBblX arperaTOB, yBeJIHqeHHeM .L{JIHTeJib

HOCTH JiaTeHTHOrO rrepHO,L{a, Ha rrpOT.s:)KeHHH KOTOporo rrpoHCXO.L{HT o6pa30BaHHe 

crapTOBbIX arperaToB, H rrepexo,L1OM rrpo11ecca arperallHH H3 KHHeruqecKoro pe)KHMa 

DLCA B pe)KHM RLCA (rrYTb I Ha p11c. 5) [9]. IlpH OTHOCHTeJibHO BblCOKHX KOHlleHT

PallHHX a-KpHCTaJIJIHHa rrpOHCXO.L{HT IIOJIHOe IIO.L{aBJieHHe arperallHH 6eJIKOB. B 3THX 
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YCJIOBHl!X o6pa3YJOTCll KOMIIJieKCbl a-KpHCTaJIJIHHa c .l{eHarypttpoBaHHb!M 6eJIKOM, He 
npOllBJll!IOIIIHe CKJIOHHOCTH K .l{aJibHeiiIIIeii arpera1wH (nyrb 2 Ha pHC. 5). 

~~~ , -~ 
HaTHBHLIH 0B3HHL1ii CTapTOBLJH <l>paKTSJILHLIH 

6eJI01< P fie.w1< 2 arper.-r arperaT 

• )le11a,yp~- • • 

I 
a-KpHCT9.'JJIHII 

i.:e11arypupona11111>1M 
fie.rJNOJ\.I 

Pttc. 5. MexaHtt3M arperal(tttt 6eJIKOB B npttcyrcrntttt a-KpttcTaJIJittHa. Ilyrb 1 -
arperal(ttll 6eJIKa nptt OTHOCHTCJlbH0 HH3KHX K0HL(eHTpal(ttJIX a-KpHCTaJIJIHHa. Ilyrb 2 -
KOMIU!eKcoo6pa30BaHtte a-KpHCTaJIJIHHa C .nettarypttpOBaHHbIM 6eJIKOM nptt OTH0CH-TeJlbHO 
BblCOKIIX KOHL(eHTpal(ttJIX a-KpttCTaJIJIHHa 

IIoHHMaHHe MeXaHHJMOB arper~nn 6eJIKOB He06XO.l{HMO .l{Jlll pa3pa60TKH 3qJ!peK
THBHb!X MeTO.l{OB rrpe.noTBp~eHHll arper~HH, a TaKJKe .l{Jlll fillaJIHJa peJyJibTaTOB HJy
qeHHll IIIanepOHOIIO.l{06Hoii aKTHBHOCTH MaJibIX 6eJIKOB TeTIJIOBOfO IIIOKa H .npyrnx 
areHTOB, 06Jia.l{aIOIIIHX IIIanepoHorro.no6Hoii aKTHBHOCTbIO. 

Pa6oTa BbIIIOJIHeHa IlpH lpHHaHCOBOii IIO.l{)lepJKKe P<l><l>I1 (rpaHTbl 05-04-48691a n 
06-04-39008-r<l>EH_a), IlporpaMMbI «MoJieKyJillpHal! n KJieroqHal! 6noJiornH» IlpeJn
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,UHK-BAKIUIHA HA OCHOBE HOBOro CT AHTIIrEHA BORIS 3AII.lHTHT 
HMMYHH3HPOBAHHblX )KHBOTHblX OT PM)K 

MKpTbJq)IH M. 
HHcmumym MoJ1eK)JJZJ1pHoii MeOUlJUHbl, KG!lupopmm, CIIIA, mikayel@immedorg 

BBe.neuue 
HeCMOTpll Ha TO, qro KJiaCcHqecKHe MeTO.l{bl JieqeHllll orryxoJieBbIX Ja6oJieBaHHH, 

T3KHe KaK xnpyprnll, pa.nHo- H XHMHOTepanllll, yJKe rrpHMeHll!OTCll .l{OBOJibHO .l{OJiroe 
BpeMll, KaqeCTBeHHbIX ycnexoB B JieqeHHH onyxoJieBOH rraTOJIOfHH C IIOMOIIIblO 3THX 
MeTO)lOB )lO CHX nop .no6HTbCll He y.naJIOCb. B HaCTOl!IIIee BpeMH rrporpecc B JieqeHHH 
OHKOJIOfHqecKHX Ja6oJieBaHHH CBll3aH C c~eCTBeHHbIM npopbIBOM B HMMYHOJIOfHH, 
MOJieKyJlllpHOH 6HOJIOfHH H IIOHHMaHHH npHqHH BOJHHKHOBeHHll orryxoJieBOH KJieTKH. 

I1cnoJibJOBaBIIIHeCll paHee crroco6bl HMMYHHJ3IIHH OCHOBfillbl Ha BBe.neHHH B 
opraHHJM JKHBOTHOro HJIH qeJIOBeKa COOTBeTCTBYJOIIIHX anrureHOB. O)lHaKO B IIOCJie.l{
Hlie fO)lbl BOJHHKJIO HOBOe HanpaBJieHHe, CBl!JaHHOe C BBe.l{eHHeM B opraHHJM HYKJieH0 

HOBbIX KHCJIOT ()UIK HJIH PHK, TaK HaJbIBaeMbie ,[(HK- HJIH PHK-BaKIIHHbI), KO/lHpyro
IIIHX 3TH 6eJIKH [1-4). 

,[{HK-BaKIIHHbl rrpe.ncTaBJll!IOT co6oii renerHqecKyro IIOCJie.l{OBaTeJibHOCTb, KOTO
pal! KO/lHpyeT onyxoJieBblli aHTHreH. OHa BCTpOeHa B CHCTeMy )lOCTaBKH (IIJiaJMH)la, 
BHPYCHblli BeKTOp H T.)l.) H co.nepJKHT npOMOTOp, o6ecrreqnBaIOIIIHH 3KCnpeccHIO 3K30-
reHHOro 6eJIKa B JyKapHOTHqeCKHX KJieTKax. B peJyJI:&TaTe aKTHBaIIHH BBe)leHHOfO 
rena IlOBbIIIIaeTCll JIOKaJibHal! KOHIIeHTpaIIHl! Heo6XO.l{HM0f0 aHTHrena, n, BCJie)lCTBHe 
JTOro, pa3BHB3eTCll HMMYHHblli OTBeT Ha Hero [5]. 

B IIOCJie)lnee BpeMl! 6bIJIH pa3pa60TaHbl pa3JIHqffbJe BaKIIHHbl rrpOTHB PM)I( na 
OCHOBe pa3JIHqffbJX, TaK Ha3bIBaeMbIX orryxoJib-aCCOIIHHpOBaHHblX aHTHreHOB (OAA) c 
HCIIOJibJOBaHHeM pa3JIHqffbJX MO)leJieii JKHBOTHblX [6-8). HaqnHal! C 1980-x fO.l{OB 
6bIJIH H)leHTH!pHIIHPOBfillbl H KJIOHHpOBaHbl paJJIHqffbJe OAA [9], H cero.l{Hll H3BeCTHO 
6oJiee 60 qeJioBeqecKHX OAA [10). 

reH BORIS 6hrn o6HapyJKen H orrttcaH B 2002-oM ro.ny n OTHOCHTCll K ceMeiicTBy 
TaK HaJbrnaeMbIX Cancer Testis (CT) reHoB. OH (reH) JKcnpeccHpyercll TOJibKO B 
CeMeHHHKax na orrpe.neJieHHOH CTa,l{HH pa3BHTHll H B orryxoJieBbIX KJieTKax [11, 12). Y 
JKeHIIIHH JTOT 6eJioK rrpaKTHqecKH oTcyrcTByeT. MoJieKyJia BORIS 6b1Jla oxapaKTepH
JOBaHa KaK ,[(HK-CBl!JblBaIOIIIHH 6eJIOK, KOTOpbIH HMeeT 11 IlOBTOpl!IOIIIHXCll )lOMeiiHOB 
(Zing Fingers (ZF)), KOTOpb1e cXO/lHbI c /lOMeiiHaMH .npyroro 6eJIKa - CTCF (qiaKTop 
TpaHCKpHIIIIHH), HO OTJIHqaerCl! OT nero N- H C-KOHIIaMH [11). <l>aKT 3KcrrpeccHH 
MOJieKyJibI BORIS B orryxoJieBbIX KJieTKax n ero oTcyrcTBne B HopMaJibHb!X TKaHl!X 
IIOJBOJllleT Ha,l{el!TbCll Ha ero ycneIIIHOe HCIIOJibJOBaHHe B 11:MMYHOTepanHH orryxoJieii. 

MaTepHaJibl II MCTO/lbl 
BocbMH-)leCl!THHe)leJibHbie CaMKH Mbnneii BALB/c 6bIJIH rrpH06pereHbI HJ 

Jackson Laboratories (MepHJieH)l, CIIIA) n co.nepJKaJIHC:& B BHBapan I1HcTHTYTa cTape
Hllll MOJra H .neMeHIIHH npH YnnaepCHTeTe KaJIH!pOpHHH I1pBaiiH cornacno rpe6o
BaHHllM IACUC. JlHHHll paKOBbIX KJieTOK 4Tl 6b1Jla rrpno6pereHa HJ ATCC, Bttp/liKH
Hllll, CIIIA. IlJiaJMH/lhl, Ko.nnpyro111ne MOJieKyJlllpHble a,1n,IOBaHTbI IL12 n IL18, 6bIJIH 
rrpH06pereHbI HJ KOMIIaHHH Ivivogen (KaJIHqiopIDUI, CIIIA), a.in,IOBaHT QuilA HJ Sigma 
(Mnccypn, CIIIA). IlJiaJMH.l{a, KO.l{HPYJOIIIWI MyTHpOBaHHblll aHTHreH BORIS, 6b1Jla 
cKoncrpynpoBaHa KaK onncaHo pattee [13). PeKoM6HHaHTHblll 6eJIOK mBORIS oqn-

lllaJICll KaK OIIHCaHO [ }4]. 
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MbIIIIH HMMyttH3HpOBaJIHeb pa3 B }:(Be He}:(eJIH (qenrpe HMMYHH3aIIHH) e no
MOmblo reHHoii "nyrnKn" (Gene Gun). BKpanre, ITJiaJMHJ:lbI, KOJ:lHpyromne mBORIS, 

IL12 H IL18, 6bmH noeaJKeHbI Ha 30JIOTbie qaeTHIIbI (J:lnaMeTP - 1 MHKpOH (Bio Rad, 

KanmpopHHll, ClllA)), KaK onneatto [14], H HaHeeeHbl Ha nJiaeTHKOBble TPY6KH. 
IlJiaeTHKOBbie TPY6KH 6billH nope3aHbl Ha "nyJIH" H nenoJib30BaHbl }:(JlH HMMyttH3aIIHH. 
KaJK}:(al! MblIIIb 60M6apJ:1HpOBaJiaeb TPeMll "nyJIHMH" B npe}:(BapHTeJibHO no6pHTblli 
JKHBOT. 

qepe3 10 }:(Heii noeJie noeJie}:(Heii HMMyttH3aIIHH MblIIIaM B MOJIOqHyro JKeJie3y 

6bill0 HMITJiaHTHpOBaHO 7x10
3 

4Tl KJieTOK B 50 MKJI qioeqiaTHo-eoJienoro 6yqiqiepa. 
O6neM onyxoJIH H3MepllJiell e ITOMOmblo JIHHeiiKH KaJK}:(bie 2-3 }:(Hll noeJie BBe}:(eHHll 
4Tl- KJieTOK B MOJioqHyro JKeJie3y H paeeqnThm3Jlell no qiopMyJie: L x (W2)/2, r}:(e L -

}:(JIHHa, a w - IIIHpHHa onyxoJIH. Mb!IIIH 6bmH TepMHHHpOBaHbl MeTO}:(OM fa30B0ll 
(CO2) aeq>HKenn, KOr}:(a o6neM onyxoJIH }:(OeTnran 1.5 em3• 

Bee eTaTHeTHqeeKHe napaM~bl, BKJIIOqaJI epe}:(HHe 3HaqeHHll, eTaH,!!apTHbie 

OTKJIOHeHHll, eTaTHeTHqeeKal! }:(OeTOBepHOeTb paeeqHTb!BaJIHeb e ITOMOmblo nporpaM
Mbl GraphPad Prism 3.0. CmTHeTHqeeKal! }:(OeTonepHoeTb MeJK}:(y rpynnaMH paeeqnTbI

nanaeb e nenoJib30Bam1eM Teem One-way ANOV A (3HaqeHne P MeHbIIIe 0.05, npHHH
MaJIOeb KaK CTaTHeTeqeeKH }:(OeTOBepHoe). BbIJKHBaeMOeTb JKHBOTHbIX npe}:(eTaBJieHa B 

BH,!le KpHBoii KanJiatta-Meiiepa. 

Pe3yJILTaTLI u o6cym,a:euue 
KaK 6bill0 ITOKa3aHO HaMH [14] 6eJIKOBal! H ,[(HK- BaKIIHHbl Ha oeHOBe aHTHfeHa 

BORIS erroco6HbI HHJ:lYIIHpoBaTb aHTnreH-eneIIHq>nqeeKyro T KJieToqHyIO rrpoJinq>epa

IIHIO e BbipaJKeHHb!M T xeJirrepHbIM THna 1 (Thi) HT xeJinepHbIM THna 2 (Th2) IIHTO
KHHOBb!M npoq>HJieM COOTBeTeTBeHHO. EeJIKOBal! BaKIIHHa HH.!IYIIHPOBaJia 3HaqnTeJib

Hblli ypoBeHb aHTHreH-CIIeIIHq>HqeeKHx aHTHTeJI B HMMYHH3Hp0BaHHb!X JKHBOTHblX 
(THTPbI aHTHTeJI OT 1:150,000 ,!IO 1:280,000) n Th2 THU KJieToqHOfO OTBeTa (6oJibIIIe 

KJieTOK npOJ:lYIIHPYIOmnx HHTepJieiiKHH IL4, qeM IFNy) 6e3 reHepaIIHH IIHTOKenqeeKHX 
T JIHMq>OIIHTOB (CTL). B ornnqne OT 6eJIKonoii naKIIHHbI, ,[(HK KOJ:lHPYIOmM MO}:(Hq>H

IIHPOBaHHblli aHTHreH BORIS OT}:(eJibHO H B eMeeH e MOJieKyJIHpHblMH a,!l'bIOBaHTaMH 

IL12 H IL18, HHJ:lYIIHponana Thl Tnn T KJieTOqttOro OTBeTa n eHJibHYIO IIHTOJIHTH
qeeKyro aKTHBHOeTb (10-15 % n 25-30 % y6niiCTB HeMO}:(HqJHIIHpOBaHHbIX KJieTOK 4Tl 

MbIIIIHHHOfO PM)I( eoOTBeTeTBeHHO) 6e3 reHepnpoBaHHll 3HaqnTeJibHOro KOJIHqecrna 

aHTHTeJI. 

B 3TOH pa6oTe Mb! npoaHaJIH3HpOBaJIH npoTHBOOrryxoJieBblll ITOTeHIIHaJI 6eJIKO
BOll H ,[(HK BaKIIHH Ha oeHone MO.!IHq>HIIHponaHHOii MOJieKyJibI BORIS (mBORIS) B 
MbIIIIHHOii MO,!leJIH PM)I(. B 3TOii MO}:(eJIH Mb! nerroJib30BaJIH BALB/e MbIIIIeii H 

HeMO,!!HqJHIIHPOBaHHble 4Tl onyxoJieBb!e KJieTKH. BaJKHO OTMeTHTb, ~o 3Ta KJieTOqHaJI 
JIHHHll rrpHpO}:(HO 3KenpeeenpyeT MOJieKyJiy BORIS, KaK Mb! ITOKa3aJIH pattee, HeITOJib-

3Yll MeTOJ:lbI RT-PCR H npornqHoii IIHTOM~HH [13, 14], TeM eaMbIM npe,!!eTaBJillll 
eo6oii H}:(eaJibHYIO MO}:(eJib }:(JlH TeeTHpOBaHHll npOTHBOOnyxoJieBoro ITOTeHIIHaJia 
HaIIIHX BaKIIHH. EoJiee TOro, 3Ta MO}:(eJib oqeHb 6JIH3Ka eHTyaIIHH PM)I( y qeJIOBeKa, 

XOTll H oeHOeBaHa Ha oqeHb arpeeeHBHbIX, HeHMMyttoreHHb!X H MeTaeTa3Hpyromnx 

KJieTKax4Tl [15-19]. 
,[(HK-BaKIIHHa 6bma eKOHeTPYHPOBaHa KaK OIIHeaHo paHee [13] n oeHOBaHa Ha 

IIJia3MH}:(e, KO}:(Hpyromeii MYTHPOBaHHblll aHTHreH BORIS (pmBORIS), B KornpoM 

YJ:laJieHa npnpo}:(Hal! ,[(HK-eBll3bmaIOmal! <l>YHKIIHH. 
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,[J;ne 3KenepHMeHTaJlbHble rpyrrrrbl MbIIIIeii BALB/e (8 MbIIIIeii B rpynrre) 6bmH 

uMMYHH3HponaHbI e rr0Momb10 reHHOii "rryrnKn" (gene gun) aHrnreHOM pmBORIS (9 
MKf/Mb!IIIb) HJIH aHTHreHOM pmBORIS B eMeeH e IIJia3MH,!laMH, KO,!!Hpy10mHMH MOJie
KYJiliPHbIMH a,!!'bIOBaHTaMH IL12 n IL18 (pmBORIS/pIL12/IL18 - 9MKr/3MKrl3MKr Ha 
Mblillb), KaK onneaHO pattee [13, 14, 20). ,D;pyral! 3KenepnMeHTaJlbHal! rpynna MbIIIIeii 
(n=8) ITO,!!KOJKHO HMMYHH3HpOBaJiaeb peKOM6HHaHTHbL\l rrpoTeHHOM mBORIS (100 
MKr/Mbllllb) n eMeeH e a,!l'bIOBaHTOM Qui!A. KoHTPOJibHb!M rpyrrrraM MbIIIIeii (n = 8) 
BBO,!!IIJiaeb IIJia3MH,!la, KO,!!Hp}'IOmal! M0JieKyJillpHb!e a,!!'bIOBaHTbl (pIL12/IL18) HJIH 
a,!l'bIOBaHT Qui!A. Eme O,!!Ha K0HTP0JibHal! rpyrrrra MblilleH oeTaBarraeb HeHMMYHll.311-
poBaHHOH. Mblillll ll.3 neex rpynrr HMMYHH3Hp0BaJIHeb qeTbipe pa3a e HHTepBaJIOM B ,!!Be 

He,!leJIH. qepe3 10 ,!!Hell rroeJie rroeJie,!!Heii HMMYHH3aIIHll, nee MbIIIIaM B MOJIOqHyro 
)l(eJie3y 6bill0 BBC,!leH0 7x103 KJieT0K 4Tl Ha MblIIIb, H rrpOH3B0,!!HJiell MOHHTOpHHf 

poeTa orryxorrH H BbIJKHBaeMOeTH JKHBOTHbIX. 
,D;HK-naKIIHHbI pmBORIS H pmBORIS/pIL12/IL18 HHJ:lYIIHPOBaJIH emTHCTHqee

KH ,!!OeTOBepHyro 3amnTy JKHBOTHblX OT onyxoJIH 4Tl, XOTll HMMyHoreH 

pmBORIS/pIL12/IL18 3amHman JKHBOTHbIX 6oJibIIIe (pHe. 1 n 2). 

, ., ' - -6,-pmBORIS;p1L12/ll.18 Ptte. 1. HMMYlfH3aIIHll HMMyHoreHaMH 

1.0 1 ::tr:~~~1:0.,, la pmBORIS H pmBORIS/plL12/IL18 

5 .,.. 0.8 
;: 
~. 0.6 

0 

i 0.-$ 

~ ._, O.l 

0.0 

-+--o-''':'""" '° eTaTHeTH'!eeKH ,AOeTOBepHO HHrH6ttp0BaJia 
Qml,\ 

-,i.--N,n• 
0 

poeT onyxoim B BALB/e Mbilllax (*P < 0,05 
11 ***P < 0,001 eOOTBeTCT-BeHHO no 
OTHOllleHHIO K KOHTpOJillM) Ha 26 H 29 ,AHH 

noene HMnJiaHTaf..\HH 7x10
3 

4T1 KJieTOK, 
Kor,Aa see MhilllH so seex rpynnax 6bIJIH 

••• JKHBhI. PeKoM6ttHaHTHhiii: 6eJIOK mBORIS He 
11Hm611posaJI poem onyxoim 

11 13 15 17 19 21 23 25 27 29 JI 

Jlnn noc.i1e uMrn1a11Tm1uu 4TI 

108-~ 
90 

~ 80 
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i:i:i 20 

10 d:16 .1,., Ai o +I __,.__,.__,.__,.--, . 
15 19 23 27 31 35 39 43 47 51 55 59 63 

,!!Nu noCJie HMIJJia1ITa11uu 4Tl 

Ptte. 2. HMMYHH3aIIHll HMMyHoreHaMH 
pmBORIS tt pmBORIS/pIL12/ILl8 ern
TtteTtt4eeKtt ,AOeTOBepHO yseJIH4HBaJia 
BbDKHBaeMOeTh Mbilllell (*P < 0,05 11 ***P < 
0,001 eooTBeTCTBeHHO no OTHOllleHHIO K 
KOHTpOJillM) noene HMnJiaHTaIIHH 7x103 
4Tl KJieT0K. PeKOM6HHaHTHblll 6eJIOK 
mBORIS He yJiyqllJaJI noKa3aTem1 

BbDKHBaeMoeTH 

Xorn y neex 3KenepnMeHTaJibHb!X JKHBOTHbIX o6pa30BaJiell PM)I(, 50% MbIIIIeii 
H3°rpynnb1 pmBORIS/pIL12/IL18 n 37,5 % H3 rpynnbI pmBORIS 6bmu JKHBbI Ha 41-

blli ,!!eHb noeJie HMITJiaHTaIIHH onyxoJIH, KOf}:(a Bee JKHBOTHbie H3 Beex KOHTPOJibHbIX 
rpynn nom6JIH OT PM)I( (Pne. 2). Hey}:(HBHTeJibHO, ~o HMMyttH3fil!Hll peKOM6HHaHT

HblM 6eJIKOM, KOTOpal! HHJ:lYIIHPYeT BbleOKHH THTP aHTHTeJI n Th2 THIT KJieToqHoro 
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OTBeTII H He HH.ll)'llHpyer UHTOTOKCnqeCKOH aKTHBHOCTH [14], He rrpuao.zurna K 3llIIUITe 
lKHBOTHblX OT orryxoJIH. 

3aKJJroqeuue 
B rrpuae,n:eHHOH pa6oTe Mhl rrpoTeCTHpOBaJIH rrpOTHBOOIIyxoneBI,IH 3q>q>eKT 

6eJIKoaoil: u )Ull(-BallHH Ha ocHoae Hoaoro CT aHTHreHa BORIS a oqeHh cnoJKHoii u 
arpecCHBHOH MhIIIIHHOH Mo,n:eJIH PM)!(. Pauee 6bIJia rrpOaHaJIH3HpOBaH3 crroco6HOCTh 
3THX BaK!lHH HH.11:YllHPOBaTh HMMYffHhlll OTBeT u 6hlJla IIOKa3aHa Thl HarrpaaneHHOCTh 
)Uil( H Th2 HarrpaaneHHOCTh 6eJIKOBOH BaKUHH. 11ccne.n:oaaumr no 3fill(HTe BaK!lHHHpo
BaHHhlX lKHBOTHhlX OT PM)!( IIOKa3aJIH, ~o 6eJIKOBIDI BaKUHHa, XOTH u HH.nynHpyer 
BhlCOKHii THlp BORIS-crreuu4>uqHhIX aHTHTen u BhlpIDKeHHhIH Th2 THII T KJieroquoro 
OTBeTa, HO He 3fill(HII:(aeT lKHBOTHOe OT orryxonu. B OTJIHque OT 6eJIKOBOH, ,[{HK-BaKUH
Ha, HH.zzynHpyromIDI Thl THII T KJieroquoro OTBeTa H BhrpIDKeHHyro UHTOJIHTHqecKyIO 
aKTHBHOCTh, CTaTHCTuqecKH .11:0CTOBepHO HHrn6upyer poCT orryxOJIH y HMMYffH3Hpo
BaHHhlX lKHBOTHblX H CTaTHCTHqeCKH ,n:OCTOBepHo IIOBhIIIIaeT HX BhilKHBaeMOCTh B 
arpeCCHBHOH MhIIIIHHOH M0.11:eJIH PM)!(, ~o roaopHT O Heo6xo,n:uMOCTH HH.lzyKUHH 
UHTOTOKCHqecKoro T KJieroquoro HMMYffHOro OTBeTa .n:mr ycrreIIIHOH TeparrHH orryxo-. 
neBblX 3a6oneaauuii. 
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CTAliHJll,HOCTh X-BHPYCA KAPTO(l)EIDI H Ero liEJIKA OliOJIOqKH:' 
~EHCTBHE PA3YilOPH));OqHBAIO~HX ArEHTOB 

1
.2 HeMMX M.A., 2.D:o6poB E.H. 1

<PaK)'Jl&mem 6uoUH:J1CeHepuu u 6uoumjJopMamU1<U MocKOBCKOZO zocyoapcmBeHHOZO 
)lHUBepcumema UM. M B. JloMOHOCOBa, z. MocKBa, PoccUJI 

2
Hay•mo-ucCJ1eOOBameJ1bCKUU UHCmumym qJU3UKO-XUMU'leCKOU 6UOJIOZUU 

UM. A. H 5eJI03epcKOZO MoCK06CK020 zocyoapcmBeHHOZO )lHUBepcumema 
UM.MB. JloMoHocoBa, z. MocKBa, PoccUJ1, nemykh@belozersky.msu.ru 

Cpe,nH Bcex rpynn cnHpaJILHhlX BHpYCOB pacTeHHii: rpynna noreKCBHpycoB 
IDIJllleTC.lI 0.n;HOii: H3 HaH6onee H3)"leHHLIX. Tel\f He MeHee, BTOpH'Illa.ll H TPeTil'Illa.ll 

CTPJKTYPa 6eJIKa o6oJIO'IKH (EO) mnoBoro npe,ncTaBHTeillI :noii: rpynn1,1 - X-Bnpyca 
KapTOqiellI (XBK) B COCTaBe BHpHOHa OCTaeTC.lI .no CHX nop HeH3BeCTHOH. BI,I,n;e
JieHHLIH H3 BHpHOHOB EO XBK xapaicrepmyeTC.lI p.ll.l{OM aHOMaJILHhlX CBOHCTB: He 

o6pa3yeT cnnpa.JILHI,IX arperaTOB, BCTynaeT in vitro TOJII,KO B HecnellHqJH'leCKJIO 
caMoc6opKy c co6CTBeHHoii: PHK [I, 2] n npeTepneBaeT rny6oKyro CTPYKTYPHJIO 
nepeCTPOHKJ ( «peMO,!leJIHpoBaeHHe») B COCTaBe BHpHOHOB nocne B3aHMO,neii:CTBil.ll C 
Ko,nnpyeMLIM BHpycoM HeCTPYKTJPHLIM TEl-6eJIKOM [3, 4]. BecLMa BepoxTHO, 'ITO 3TH 
oco6eHHOCTH 6eJIKa o6oJIO'IKH XBK MOryT OTPIDKaTLC.lI Ha ero qJH3HKO-XHMH'leCKHX 
CBOHCTBax. B 70-e ro,n:1,1 61,mo ony6JIHKOBaHO HeCKOJILKO pa6oT, nOCBfillleHHhlX H3yqe
HHIO 4JH3HKO-XHMH'leCKHX xapaicrepHcmK CBo6o,nHoro EO XBK n EO B COCTaBe 
BHpHOHOB (CM. HarrpHMep [51), HO HH B O.n;HOii: H3 3TIIX pa6oT He HCCJie,!lOBaJiaCL 
CTa6HJILHOCTI, 3TOro 6eJIKa no OTHOIIleHHIO K .neii:CTBHIO Pa3lIH'IlII,IX pa3ynOp.ll.l{O'III
BaIOIIlHX areHTOB. MLI npe,nnpHH.lllIH TaKoe HCCJie,noBaHHe. 

MeTO,!lOM ,n;nqiqiepeHilHaJII,HOii: CKaHHpyromeii: KaJIOpHM~HH (.n:CK) 
orrpe,neneHLI TeMnepaTypLI ,neHaTypa!lHH EO H BHpHOHOB XBK (pHc. I). Ilo ,!laHHLIM 

,n:CK KoonepamBHOe "nnaBneHne", BLJ,n;eJieHHoro coneBLIM MeTO.llOM, EO XBK, 
rrponcxo,nHno }')Ke npH 33.5 °C, a "nnaBJieHne" BHpHOHOB XBK - npn 62 °C. B o6oHX 

100 r-------------------, cnyqaxx npoqecc ,neHaTypannn 61,m 
90 Heo6pamMLIM. TaKHM o6pa30M, H3 XBK 
80 ,!laHHLIX ,n:cK cne,n;yeT, 'ITO EO 

70 XBK, C 0,!lHOH · CTOpOHLI, npn KOM-
60 HaTHoii: TeMrrepaType eme Haxo,nHT-
so C.ll B HeKOeM qacm'Illo CTPJKTYPH-
40 pOBaHHOM COCTO.l!HHH, xapaKrepn3y-

«~ .. a 

i 
\J'b. JO _/\_BOXBK IOIIleMC.lI KOOnepaTHBHI,IM Tenno: 

20 nornomeHHeM rrpn Te_!)MH'leCKOH 
10 .neHaTypannn, a c .npyron CTopoHLI, 

0 ~~~~~~'---......... ~~~~'--~ o6na,n;aeT qpe3BLI'laHHO HH3KOH CTa-
20 JO 40 so 60 70 so 6HJILHOCTLIO, 

1, •c Moneeyna EO XBK co.nep)lmT 
PHc. l. KpHBble TenJI0II0fJI0IUCHHJI XBK H 60 5 OCTaTKOB TPHIITOqJaHa n 2 0CTaTKa 
XBK s 10 MM Hepes-NaOH, pH 7,5. CKopoCTh mpo3HH!l, n no3TOMJ .l!BillleTC.lI 
CKaHHpOBaHHJI l rp8,WMHH. KOHLICHTpaqHJI BeCLMa y,no6HLIM 061,eKTOM .l{lI.lI 

npenaparos l Mr/MJI myqeHil.ll MeTO,!laMH co6CTBeHHoii: 

qinyopecqeHilHH H «6nm1rneii:» K,n:
cneKTPOCKOnHH. EO XBK 0TJIH'laeTCx OT no,naBlI.lIIOIIlero 60JII,IllHHCTBa ,n;pymx 6eJIKOB 

174 

I 
I! 

I 
I' 
1: 
I 
l 
i 

OTl)l{IlaTeJILHLIMH BeJIH'IHHaMH K,n: B 3TOH o6nacm. O,nHaKO H B cnyqae 3TOro 6eJIKa, 
ga6JIIO.lla.Jl0CI, noJIHoe HC'le3HOBeHHe cnrna.na K,n: B 3TOH o6naCTH B xo,ne TepMH'leCKOH 
,n:eHa'IypallHH }')Ke rrpH 35 °C, H TeMrrepa-rypa "IIllaBJieHmI" ITO 3TOMY KpHTepHIO 
oKa3aJiac1, 6nn3Koii: K reMnepa-rype "rrnaBJieHHx" noro 6enKa no ,naHHLIM ,n:cK. IlpH 
:)TOM HarpeBaHHe .no 35 - 40 °C He npHBO,!lHJI0 K H3MeHeHHlIM B ((,!laJILHeM» CIIeKTPe 
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PHc. 2. .D:eHarypaQHJI 60 XBK no )lettCTBHeM 
.D:CH H l(TA6 s 10 MM TpHc-HCI, pH 7,5 npH 25 
°C. IlpoQeHT ,neHarypHposaHHOro 60 XBK 
BblqHCJ)llJIClI H3 CIICK'Ip0B K,n: B «6nw1rneM» H 
<<JlaJibHeM» Y<l>-cse-re 

K,n:. 113 noro cne,n;yeT, 'ITO Ha6mo-

,naeMa.ll «,neHaTypa!lil.ll» lIBJllleTC.lI 
JIHIIlL qacm'Illoii: H 3aTParnBaeT 

TOJILKO TPeTH'IlIJIO CTPYKTYPY cy61,
e,nHHHil, He 3aTParHBa.ll HX BTOpH'I

HOH CTPJKTYPLI. 
,n:a.nee Mhl H3)"IHJIH B03,!leHCT

BHe Ha EO XBK aHHOHHoro .neTep

reHTa .no,neqHJICJJILqiam HaTPHlI 
(.n:CH) H KaTHOHHoro ,neTepreHTa 

qeTHJITPHMeTHJiaMMOHHii:6poMH,!la 
(QT AE). OKa3a.JIOCL, 'ITO 3TH areH
TLI }')Ke rrpn 25 °C H B MHKpO

MOlllipHLIX KOHileHTPa!lHlIX pa3py

IllaIOT TPem'IllyIO CTPYKTYPY noro 
6eJIKa. fb pHCJHKa 2 BH.n;HO, 'ITO 

npaKTH'leCKH noJIHOe HC'le3HOBeHHe 

cHrna.na K,n: EO XBK B «6nmKHeM» 

Y <I> CBeTe Ha6n10.naeTCJI y)l(e npH 
MOlllipHoM cooTHollleHHH ,n:CH:EO paBHOM 5:1 H MOlllipHOM cooTHOIIleHHH QTAE:EO 

paBHOM 3:1. TaKne COOTHOIIleHHlI COOTBeTCTBJIOT 140 MKM H 84 MKM ,!leTepreHTOB. 
IlpH 3TOM 3TH .nerepreHTI,J ,!lIDKe B MHJIJIHMOlllipHLIX KOHileHTPa!lHlIX He H3MeHlIJIH 

Hcxo,nHoro crreKTPa «,naJILHero» K,n: EO XBK (pnc. 2), H3 qero cne,n;yeT, 'ITO 3TH 

areHThl He BI,I3hlBaIOT H3MeHeHHH B co,nep)l(aHHH a-cnHpaJILHLIX yqaCTKOB B 
Moneeynax cBo6o,nHoro EO XBK. .ll:eTepreHTLI (H, rrpe)l(,!le Bcero ,n:CH) qacTO 

HCnOJIL3JIOTClI .l{lI.lI ,ne3arperaqHH H ,neHaTypa!lHH 6eJIKOB. Ho 3TH 3qiqieKThI o6LI'IHO 

rrpOIDllI.lI10TClI rrpH KOHileHTPa!lHlIX BLIIIle KpHTH'leCKOH KOHileHTPallHH MHileJIO
o6pa30BaHil.ll, TO eCTL B 40 H 6onee Pa.3 BLIC0KHX, 'leM B HallleM cnyqae. 

TOT qiaicr, 'ITO rrpHMepHO O,!lHHaK0Bhle H BeCLMa HH3KHe KOHileHTPa!lHH QTAE H 
.ll:CH BLI3LIBaIOT 6MCTPOe pa3pYIIleHHe TPeTH'IlIOii CTPJKTYPLI EO XBK, roBOPHT o 
TOM, 'ITO, 3TO pa3pYIIleHHe npoHCXO.n;HT 3a cqer rH,npoqio6Horo CBlI3hlBaHHlI XBOCTOB 
,!lByx - TPeX MOJieKyJI ,neTepreHTOB C KaKHM-TO 0,!lHHM H TeM )l(e m,n;poqio6HhlM Caii:TOM 
Ha cy61.e,nHHHile 6enKa. 

IIperrapaTLI BHpyca no ,naHHhlM "6JIH)l(Hero" H ",na.nLHero" K,n: Pa3PYIIlaJIHCL 5.4 
MM ,n:cH npH 25 °C 3a 30 MHHYT, H rrpH 3TOM noJIO)l(eHHe rrepBoro nHKa rrpH 208 HM 

He H3MeH.lIJIOCL, H ero HHTeHCHBHOCTL B03paCTa.na Ha ~ 20 %, a BTOpoii nHK C,!lBHra.JIClI 
C 228 HM K 222 HM (KaK Ha CB060,!lHOM 6eJIKe). 3a TO )l(e BpeM.lI HHTeHCHBHOCTL 
cneKTPa "co6crneHHOH" qJlIIOOpecneHilHH CHH)l(aJiaCL .no 50 % OT HCX0,!lHOH, a 

nOJIO)l(eHHe MaKCHMJMa C,!lBHra.JIOCI, OT 328 HM (IlefilHLIH BHpyc) .no 335 HM 

(CB060,!lHI,IH EO), 'ITO roBopHT O nepexo.ne 6enKa B COCTO.lIHHe CXO.n;HOe C COCTOlIHHeM 
cBo6o,nHoro EO B TaKHX )l(e ycnoBHJIX, 
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Cne.nyer 0TMeTHTb, 'ITO crreKTJ) «.!lllJibHero» K,[{ EO B C0CTaBe BHpH0Ha pe3K0 
0TJIH''IaeTc.SI OT crreKTJ)a cao6o,nHoro 6enKa (BKJia,n PHK B crreKTJ) K,ll; XBK B o6nacm 
198 - 250 HM KpaiiHe He3Ha'IHTeJieH). CrreKTJ) K,[{ BHpH0H0B XBK HMeeT MeHblilYJO 
HHTeHCHBH0CTb H, Kp0Me Toro, BTOpoii OTJ)Hl.laTeJihHbIH IlHK B crreKTJ)e ueJibH0ro XBK 
pacrronaraeTC.SI rrpH 228 HM, a He rrpH 222 HM KaK y .npymx 6eJIKOB c BbIC0KHM co.nep
lKaHHeM a-crrttparreii. OCHOBbIBa.SICb Ha CYMMe BCex HMe!OIUHXC.SI ,naHHbIX, Mbl rrona
raeM, 'ITO «.!lllJibHHH» crreKTJ) K,[{ BHpH0H0B XBK HMeeT HCKalKeHHYJO rrpttpo.ny. 3TO 
HCKalKeHHe CB.SI3aHH0 JIH60 C .nmpqiepeHUHllJibHbIM pacce.SIHHeM rrpaB0- H JieBo
II0JI.SipH30BaHH0ro CBeTa, JIH60 C MelK1,cy61,e,nHHH'IHbIMH B3aHMO.!leHCTBH.SIMH B uenb
HbIX BHpyCHbIX 11aCTHI.1ax. Ilpe.nrronolKeHHe 06 apTeqJaKTHOM xapaKTepe crreKTJ)a K,[{ 
ueJihH0ro XBK BrrepBbie 6hmo BbICKa3aH0 eme foMepoM H fy.!IM3HOM B 1975 ro.ny [5]. 

Xoporno H3BeCTH0, 'ITO UT AE 34J4JeKTHBHO ocalK,naeT cao6o,nHhie HYKJieHH0Bhie 
KHCJI0ThI [6]. MbI HHKy6ttpoBarrH rrperrapaThI XBK B 10 MM Tpttc-HCI, pH 7,5 c 
pa3JIH'IHhIMH K0Hl.leHTJ)auH.SIMH UTAE rrpH 25 °CB Te11eHHe 60 MHHYT, 11eHTJ)H4lyrnpo
BllJIH CMeCH IIpH 15000 g, H3Mep.SIJIH CIIeKTJ)hl rrornomeHH.SI cyrrepHaTaHT0B H 0Ca.!lK0B H 

pacc'IHThIBllJIH K0JIH11ecrno co.neplKaIIIHXC.SI B HHX EO H PHK. Pe3yJihTaThI 3KcrrepH
MeHT0B TaKoro po.na rrpe,ncTaBJieHbl B Ta6JIHl.le. OKa3llJIOCh, 'ITO BHpH0Hbl XBK 3Ha'IH
TeJibH0 MeHee ycTOH'IHBhl K .neiicTBHIO UTAE, 11eM K .neiicTBHIO )];CH. UTAE BhI3hIBllJI 
rronHoe pa3pyrneHHe XBK ylKe rrpH K0HUeHTJ)al.lHH 160 MKM. B 80 MKM UTAE 
Ha6J110,narroch 11acm11Hoe pa3pyrneHHe. K colKarreHHIO, ,nalKe 3TH K0HUeHTJ)al.lHH UT AE 
0Ka3bIBaIOTC.SI HaMH0ro BbIIIle KOHUeHTJ)auHii (24 -72 MKM), Bbl3bIBaIOIUHX pa3py
rneHHe TJ)eTH'IHoii CTPYKTYPhI cao6o,nHoro EO XBK. J1I06orrhITHO, 'ITO T0'IH0 TaKa.SI lKe 
K0Hl.leHTJ)auH.SI UTAE BhI3hmarra rronHoe pa3pyrneHHe rrpH 25 °CH BHpH0H0B 911HTaIO
meroc.SI 3Ha'IHTeJihH0 6onee cm6ttnhHhIM BTM (m6n. I). CTOJih 34J4JeKTHBHoe pa3py
rneHHe BHpH0H0B XBK (H BTM) rro.n .neiicrntteM UTAE HaBepH.SIKa orrpe,neJI.SieTcsi 
BhIC0KHM cpo.ncrnoM KaTH0H0B UT AE K qiocqiarnhIM rpyrrrraM PHK. CoornorneHHe 
UTAE:EO paaHoe 20:1, coorneTcrnyeT ero coornorneHHIO c qiocqiaTHhIMH rpyrrrraMII 
PHK paBH0MY 4:1. (B 11acm11ax XBK Ha 0JlHY cy6be,n1IHIII.IY EO rrplIX0.!IIITC.SI 5 
HYKJie0TH.!10B ). 

Ta6m111a 1 
Ilpo11eHT OT co.nep)KaHIDI B HCX0.!IH0M 06pa311e 

M0JUipHoe 
cyrrepttaTaHT OT 11ettTpmpymposaHHJ1 oca.noK paCTBOpeHHblU B 0.1.% C00THOIIIeHHe 

QTAE:EO IIpH 15000 g )];CH 

6eJIOK PHK 6eJIOK PHK 
UTAE:XBK= 10:1 40 15 45 56 
TIT AE:XBK = 20: 1 67 0 30 62 
IITAE:BTM = 20:1 70 0 24 59 

TaKIIM o6pa30M, BC.SI cyMMa rronyqeHHbIX .!laHHbIX roB0plIT 0 BhICOKOH na61IJib
H0CTII TJ)eTII'IHOii CTPYKTYPhI cao6o,nHoro EO XBK. BKJ11011eH1Ie cy61,e,n1IHIII.I EO B 
C0CTaB B1Ip1I0H0B XBK IIplIBO.!IIIT K cyrnecTBeHHOH CTa61IJIII3aulIII IIX CTJ)YKTYPbI. B TO 
lKe BpeM.SI, BT0plI'IHa.SI CTJ)YKzypa 3T0ro 6enKa xapaKTep1I3YeTC.SI 3Ha'IHTeJibHOH CTa-
6JIJihHOCTb!O. Co11eTaH1Ie na61InhHoii YKJia.nKH II cTa61IJihHOii BTOp1I11Hoii CTPYKTYPhI, 
Bil0JIHe M0lKeT .SIBJI.SITbC.SI CTJ)YKTYPHhIM 0CH0BaHIIeM crroco6HOCTH 3T0ro 6eJIKa HaxO
.!IIITbC.SI B C0CTaBe B1Ip1I0H0B B .!IByx pa3HbIX C0CT0.SIHJI.SIX. TaKoe C0'IeTaHIIe II .!IOJilKH0 
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6hITh xapaKTepH0 .!IJI.SI M0JieKyJI 6eJIKOB, K0T0pbie M0I'YT JierKO II3MeHJITb CB0IO 
TJ)eTJI'IHyIO CTPYKTYPY • 
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Tipn B3aHMo,n;eiicTBHH pacTeHm1 n naToreHa BKmoqaeTCll uenh npoueccoa, Ha

npaaneHHhIX Ha npeo,n;oJieHHH nmpe~HH. K HHM 0TH0CHTCll nepanqH0e B3aHMO,D;eiicT

BHe MelK,!l;y R-reHaMH pacTeHHll H Avr-reHaMH naToreHa, K0T0poe npHBO,!l;HT K aKTH

BaUHH CHrHaJibHbIX nYTeii C yqaCTHeM aKTHBHbIX cpopM KHCJI0po,n;a, OKCH,n;a a30Ta, 

CaJIHUHJIOBOll H )KaCMOHHeaoii KHCJI0T II :nnneHa, ~o B CB0IO oqepe,n;b npHBO,!l;HT K 

HH,!l;yKUHH 3aJHHTHbIX peaKUHll B pacTeHHllX, K K0T0pbIM 0TH0CllTCll: CBepxqyBCTBH

TeJibHall peaKUHH, n0BbillleHJie yp0BHll 3KCnpeccHH reHa cpeHHJlaJiaHHH-aMMHaK JIHa3bI, 

CHHTe3 coe,!l;HHeHHH, yKpenJilllOJHHX KJieT0qttYJO CTeHKY, a TaK)Ke pa3H006pa3HbIX 

aHTHMHKpo6HhIX coe,n;HHeHHll, TaKHX KaK !pHTOaJieKCHHbI, PR-6eJIKH H aHTHMHKp06Hbie 

nenTH,!l;bI. 
,[(e<peH3HHbl OTH0CllTCH K 0,!l;H0MY H3 KJiaCC0B UHCTeHH-6oraThIX aHTHMHKp06HhIX 

nenm,n;0B, o6Hapy)KeHHbIX KaK a )KHB0TH0M, TaK n a paCTHTeJibH0M uapcrne (1, 2). 

OHH o6Jia,n;aJOT aHTH<pyHraJihHOH, aHm6aKTepHaJibHOll n HHCeKTHUH,!l;HOll aKTHBHOC

THMH, ~o 6hIJIO npo,n;eM0HCTPHP0BaH0 B 3KCnepnMeHTax in vitro H nplI HCCJie,!l;OBaHHII 

TPaHCreHHbIX pacTeHHH. TioHCK II0BbIX Bb!C0K0aKTIIBHbIX ,n;e<peH3HHOB npe,n;cTaBJIHeT 

60JiblHOll HHTepec ,!l;Jlll C03,!l;aHHll TPaHCreHHbIX pacTeHHll ycToiiqHBbIX K naToreHHbIM 

MHKpoopraHH3MaM, a TaK)Ke ,!l;JIH pa3pa60TKH HOBbIX neKapcrneHHbIX npenapaTOB B 

Kaqecrne aJibTepHaTHBbl TPa,D;HUHOHHO HCnOJih3yeMb!M aHTH61IOTHKaM. 

Uenb HaCTOl!JHeii pa60Thl COCTOllJia B H3yqeHHH ,n;ecpeH31IHOB ceMllH nmeHHUbl 

Triticum kiharae, 06na,n;a10meii Bb!COKOH ycToiiqlIBOCTblO K OCHOBHbIM naToreHaM 

nmelIHUbl. ,[(Jill BbJ,D;eJieHHll ,n;e<peH3HHOB H3 3TOro BH,!l;a 6bIJI pa3pa6ornH opHrHHaJib

Hb!ll MeTO,n;, BKJIJOqaJOJHHll KHCJIOTHyJO 3KCTPaKUHIO ceMllH II pa3JIHqttble TIInhI Bb!COK0-

3<p<peKTIIBHOll )KII,!l;KOCTHOH xpoMaTOrpa<pHH (a<p<pHHHyJO, reJib-npOHHKaIO!HyJO H o6pa

meHHO-!pa30ByJO) B coqeTaHIIH C Mace cneKTPOM~IIeii (3). Bb!,n;eneHHbJe neITTH,!l;bl 

ceKBeHnpoaann n~M aBTOMaT1IqecKoii ,n;erpa,n;aun1I no 3;:i;MaHy Ha ceKaeHaTope 

Procise Mo,n;enn 492 (Applied Biosystems). MoneKyJIHpHbie Macchi nem1I,n;oa onpe,n;e

JIHJIH nYTeM MALDI-TOF Macc-cneKTPOMeTPIIH Ha Macc-cneKTPOM~e M@LDI-LR 

(Micromass, BeJIHK06pHTaHHll). 
B pe3yJihTaTe H3 ceMllH nmeHHUhI T. kiharae Dorof. et Migusch. 6bJJlo anepBhie 

Bbl,!l;eJieHO H ceKBeHHpOBaH0 13 ,n;ecpeH3HHOB, KOTOpbie no rOMOJIOrHH N-KOHUeBbIX 

nocne,n;oaaTeJihHOCTeii 6hIJIII no,n;pa3,n;eneHhI Ha 3 rpynnhI (I-Ill) (Ta6nnua 1). 
rpynna I BKJIJOqana 8 HOBbIX ,n;ecpeH31IHOB, Ha3BaHHbIX D ,n;e<peH3HHaMH, ,!J;JIH 

KOTOpbIX 6bJJIH onpe,n;eneHhl nOJIHbJe aMHHOKHCJIOTHbJe nocne,n;oBaTeJibHOCTII (Ta6JI. 1). 
D ,n;ecpeH3HHbl pa3JIHqaJIIICb KaK no ,!l;JIHHe MOJieKyJibl, TaK H no 3apll,n;y. KaK II 60Jib

IHHHCTBO aHTHMHKp06HhIX nenTH,D;OB, Bee OHH, KpOMe D 1.1, noJIO)KHTeJibHO 3apll,KeHb!. 

Tipn cpaaHeHHH aMHHOKHCJIOTHbIX nocne,n;oaaTeJibHOCTeii D ,n;ecpeH3HHOB 6bIJia Bb!HB-

178 

JieHa Bb!COKall roMOJIOrlIII CTPYKTYPhI. Eonee Bap1Ia6eJibHb!MII, KaK no ,!l;JIIIHe, TaK n no 

aMHHOKIICJIOTHOll nocne,n;oBaTeJibHOCTII, OKa3aJIIICb C-KOHUeBbie cpparMeHTbl MOJieKYJI, 

Ta61mua 1. AMHHOKHCJIOTHhle nocne.n:oBaTicJibHOCTH .n:eq>eH3HHOB ceMllH T. kiharae 

Tienru.n: AMHHOKHCJIOTHall nocne.n:oaaTeJibHOCTb 

,/1,ecj>eHJHHhI (grouprpynna I, D Aecj>en1nnhl) 
Tk-AMP-DI RTCQSQSHKFKGACFSDTNCDSVCRTENFPRGQCNQHHVERKCYCERDC 
Tk-AMP-D2 RTCESQSHKFKGPCFSDSNCATVCRTENFPRGQCNQHHVERKCYCERSC 
Tk-AMP-D I. I RDCESDSHKFHGACFSDTNCANVCQTEGFT AGKCVGVQRHCHCTKDC 
Tk-AMP-D5 RECRSESKKFVGLCVSDTNCASVCLTERFPGGKCDGYRRCFCTKDC 
Tk-AMP-D6 RDCRSQSKTFVGLCVSDTNCASVCLTEHFPGGKCDGYRRCFCTKDC 
Tk-AMP-D6.1 RECRSQSKQFVGLCVSDTNCASVCLTEHFPGGKCDGYRRCFCTKDC 
Tk-AMP-D3 RDCKSDSHKFHGACFSDTNCANVCQTEGFTRGKCDGJHCHCIKDC 
Tk-AMP-D4 RDCTSQSHKFVGLCLSDRNCASVCLTEYFTGGKCDHRRCVCTKGC 

,/J,ecj>eH3HHbl (rrcynna JI) 
Tk-AMP-yl KICRRRSAGFK 0 

.. . 

Tk-AMP-y2 . KVCRQRSAGFK10 
.. . 

Tk-AMP-y3 KICRQRSGFK10 
... 

,ll,ecj>enJHHhI (rfynna Ill) 
Tk-AMP-ml RICTGKSQHH1 

••• 

Tk-AMP-m2 RVCTGKSQHH10 
... 

Mon. Macca 
(Da), H3MlBbI'l. 

5735/5736 
5691/5691 
5130/5130 
5151/5152 
5089/5091 
5130/5132 
4970/4971 
4980/4982 

5250 
5141 
5265 

5346 
5342 

a qaCTHOCTH neTJill, coe,n;HHll!OJHall 6ern-2 6ern-3 TJl)KH BTopnqHoii CTPYKTypb!. I1HTe

peCHO, ~o no HMeIOJHHMCll ,!l;aHHbIM IIMeHHO C 3THM yqacTKOM CBll3b!BaJOT <l>YHKUIIH 

,n;e<peH3HHOB. Bb!llBJieHHbJe HaMH pa3JIHqlIJI B aMHHOKHCJIOTHbIX nocne,n;oBaTeJibHOCTllX 

3TOro yqaCTKa MOJieKyJihI, no BCeii BH,!l;HMOCTII, CBII,D;eTeJibCTBYIOT O pa3JIIIqHbIX <pyttK

UIIllX D ,n;ecpeH3HHOB. Cpaanenne aMHHOKHCJIOTHbIX nocne,n;oBaTeJihHOCTeii D ,n;e<peH3H

HOB c ,n;ecpen3HHaMH ,n;pyrnx 3JiaKOB no rrporpaMMe CL UST AL W (Ta6JIHUa 2) rroKaJa

no HaH60Jib!HyJO roMOJIOrHIO C TAD! - ,n;ecpeH3HHOM, HH,n;yn:HpOBaHHbIM B nmeHHUe 

npH XOJIO,!l;OBOH a,n;anTauHH, ~o CBII,!l;eTeJihCTyeT O TOM, ~o o6napy)KeHHble HaMH D 

,n;e<peH3HHbl TaK)Ke MOryT npHHHMaTb yqacTHe B OTBeTe pacTeHHH Ha CTPeCCOBble <paK

TOpb! OKp)')KaIOJHeii cpe,D;b!. CpaBHHTeJibHblll aHaJIH3 aMHHOKHCJIOTHbIX nocne,n;oBaTeJih

HOCTeii TaK)Ke Bb!HBHJI onpe,n;eneHHyJO roMOJIOrHIO C ,n;e<peH3HHaMH ,n;pyrHx npe,n;CTaBH

Teneii ceMeiicrna Poaceae: Sorghum bicolor H Zea mays. B TO )Ke apeMH cxo,n;crna c 

,n;ecpen3HHaMH ,n;pyrHx ceMeHCTB 3HaqHTeJibHO MeHbIHe (Ta6JIHUa 1). 
rpynna II COCTOJlJia H3 3 roMOJiornqHb!X nenTH,!l;OB, ,n;Ba H3 KOTOpbIX 6hIJIH paHee 

o6Hap)')KeHhI B ceMeHax rnep,n;oii nmeHHUhI Triticum durum (Ta6nHua 1) (4). 

B rpynrre III 0Ka3aJIHCb 2 HOBb!X nerrm,n;a roMOJiornqnbie OMera-rop,n;OTHOHHHaM 

(,n;ecpeH3HHaM) ll~eHll (Ta6JIHUa 1) (5). 
O6pamaeT Ha ce6ll BHHMaHHe TOT !paKT, ~o ypoBeHh 3KCnpeccHH ,n;e<peH3HHOB 

TPeX Bbl,!l;eJieHHbIX rpynn pa3JIHqen, ,!l;JIH ,n;e<peH3HHOB rpynnhI l OH npHMepHO Ha 

IIOpH,!J;OK HH)Ke, qeM ,!l;JIH ;:i;Byx ,n;pyrHx rpynu. MO)KHO npe,n;nOJIO)KHTb, qrn ,n;ecpeH3HHbl 

rpynnhI I JlBJIHJOTCJl HH,D;yUH6eJibHbIMH KOMnoneHTaMH 3aJHHTHOH CHCTeMbl paCTeHHH, 

CHHTe3 KOTOpbIX aKTHBHpyeTCJl npH pa3JIHqHbIX CTPeCCOBbIX B03,D;eiicTBHllX, B TO BpeMH 

KaK ,n;ecpeH3HHbl rpynn II H III KOHCTHTYTffBHO o6pa3yJOTCll B ceMenax. He HCKJIIOqeHO 

TaK,Ke, ~o ,!l;JIH Bbr,n;enenHhIX ,n;ecpen3HHOB xapaKTepna TKaHecneuH<pHqttaH ::iKcnpeccHH. 

TaKHM o6pa30M, B uacroHmeii pa6oTe na rrpnMepe o,n;Horo BH,n;a rrmeHHUbI anep

Bhie npo,n;eMOHCTPHPOBaH Bb!COKHH BHYTPHBH,!l;OBOH noJIHMOp!pH3M ,n;ecpeH3HHOB ce

MllH, 3HaqeHHe KOTOporo IIOKa OCTaeTCll HellCHbIM. B03MO)KH0, OH CBJl3aH C pa3JIHqttOll 
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cnenmfm'IHOCThlO ,n;eqieHJHHOB, o6ycJIOBJieHHOH He06X0.!1HMOCTblO np0THB0CT0I!TI, IIIH
p0K0MY Kpyry qJHTOnaToreHOB. 

Ta6nm-1a 2. CpaBHeHHe aMHH0KHCJI0THbIX nocne,110BaTeJJbHOCTett HeK0T0pbIX .11eq>eH31fHOB no 
rr~aMMe CLUSTAL W 
PacTeHne Tiemlf,!I AMHHOKlfCJIOTHall nocJJe,!I0BaTeJibH0CTb 

T. kiharae Tk-AMP-Dl -RTCQSQSHKFKGACFSDTNCDSVCRT-E--NFPRGQCNQHHVERKCYCERDC- 49 
T. kiharae Tk-AMP-Dl. 2 -RTCQSQSHKFKGACFSDTNCASVCRT-E--NFPRGQCNQHHVERKCYCERDC- 49 
T. kiharae Tk-AMP-D2 -RTCESQSHKFKGPCFSDSNCATVCRT-E--NFPRGQCNQHHVERKCYCERSC- 49 
T. aestivum Tadl -RTCLSQSHKFKGTCLSNSNCAAVCRT-E--NFPDGECNTHLVERKCYCKRTC- 49 
T. kiharae Tk-AMP-D3 -RDCKSDSHKFHGACFSDTNCANVCQT-E--GFTRGKCDG--I--HCHCIKDC- 45 
T. kiharae Tk-AMP-Dl .1 -RDCESDSHKFHGACFSDTNCANVCQT-E--GFTAGKCVGVQ--RHCHCTKDC- 47 
T. kiharae Tk-AMP-D6 -RDCRSQSKTFVGLCVSDTNCASVCLT-E--HFPGGKCDG--Y-RRCFCTKDC- 46 
T. kiharae Tk-AMP-D6 .1 -RECRSQSKQFVGLCVSDTNCASVCLT-E--HFPGGKCDG--Y-RRCFCTKDC- 46 
T. kiharae Tk-AMP-D5 -RECRSESKKFVGLCVSDTNCASVCLT-E--RFPGGKCDG--Y-RP.CFCTKDC- 46 
T. kiharae Tk-AMP-D4 -RDCTSQSHKFVGLCLSDP.NCASVCLT-E--YFTGGKCD-H---RRCVCTKGC- 45 
z. maize yl-Z -RVCRRRSAGFKGVCMSDHNCAQVCLQ-E--GYGGGNCDG-IM-RQCKCIRQC- 47 
S. bicolor SI-1 -RVCMGKSQHHSFPCISDRLCSNECVKEE-GGWTAGYCHLR-Y---CRCQKAC- 47 
S. bicolor SI-3 -RVCRRRSAGFKGLCMSDHNCAQVCLQ-E--GWGGGNCDG-VI-RQCKCIRQC- 47 
S. bicolor I-2 - RVCMGKSAGFKGLCMRDQNCAQVCLQ-E--GWGGGNCDG-VM- RQCKCI RQCW 4 8 
H. vulgarum yl-H -RICRP.RSAGFKGPCVSNKNCAQVCMQ-E--GWGGGNCDGP-L-P.RCKCMP.P.C- 47 
T. turgidum yl-P -KICRRRSAGFKGPCMSNKNCAQVCQQ-E--GWGGGNCDGP-F-RRCKCIRQC- 47 
T. turgidum y2-P -KVCRQRSAGFKGPCVSDKNCAQVCLQ-E--GWGGGNCDGP-F-RRCKCIRQC- 47 
Z. maize y2-Z -RVCMGKSQHHSFPCISDRLCSNECVK-EDGGWTAGYCHLR-Y---CRCQKAC- 47 
R. sativum Rs-AFP2 QKLCQRPSGTWSGVCGNNNACKNQCIRLEK--ARHGSCNYVFPAHKCICYFPC- 51 
KoHcettcycttaR nocne~oBaT.: * * * * ** ** * 

Pa6orn BnmonHeHa npn qinHaHcoBoil: no;mep)l(I(e rpaHT0B P<l><l>H (06-04-48874 n 
05-04-49565). 
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II)J:EHTH<l>HKAQIDIBEJIKOBHYKJIEOII)J:OBXJIOPOTIJIACTOB 
ARABIDOPSJS THAL/ANA METO)];OM MACC-CTIEKTPOMETPHH 

OneCKHHa lO.TI., EeJIKHHa r.r., IOpnHa H.TI. 
I!Hcmumym 6uoxUMuu UM. A.H. Eaxa PAH, z. MocKea, PoccUR, aoleskin@mail.ru 

XnoponJiaCTbl co,11ep)l(aT K0MnaKTHble CTPYKTYPbI - HYKJie0H,!lbl, B C0CTaB K0T0-
pbIX BX0)UIT ,[{HK, PHK n 6enKn. EenKH HYKJieon,n;oB yqacTByJOT B perym1nnn 3Kcnpec
cnn reH0Ma xnoponnacT0B H B K0MIIaKTH3~HH ,[{HK. MHorne HJ HHX 6n- HlIH nolIH
qiyttKnnoHaJibHbl [1]. TaK, o6Hap~nBaeMblil: B HYKJieon,n;ax 6enoK PEND c MoneKy
mqmoil: Maccoil: 130 K,[{a, cail:T-Crrennqin11eCKH CBH3bIBaeTCH C ,UHK xnoporrnaCT0B H 
HBJIHeTCH 0.!IH0BpeMeHH0 MeM6paHHbIM 6eJIKOM o60JIO'lKH B M0lI0.!lblX p33BHB3!0JnHXCH 
xnoponnacTax. OH nrpaeT, n0-BH.!IHM0MY, Ba)l(HyJO p0llb B penJIHK~HH H cerper~HH 
xnoponJiaCTHOH ,[{HK [2]. IloK33aHO, '!TO B K0MnaKTHJannn HYKJie0H.!10B M0ryT yqacT
B0BaTb TaK)l(e qiepMeHTHble 6eJIKH. TaK, ,[{HK-KOMllaKTH3yJOJnHH 6eJIOK C M0JieKylIHp
HOH Maccoil: 68 K,[{a HBJIHeTCH qieppe,!l;OKCHH:cynhqmT-pe.!lyKT330H [3, 4]. He,n;aBHO B 
C0CTaBe HYKJie0H.!10B xnoponnaCTOB KyKYPY3bl 61,m o6Hapy)l(eH 6eJIOK C M0THB0M 
nnHKOBoil: neHTbl (zink ribbon), CXO)l(HH c qiaKTopoM TPaHCKpnnnHH TFIIS [5]. O,n;HaKo 
.!10 CHX rrop HeHJBeCTH0, CK0llbK0 6eJIKOB co,n;ep)l(HT HYKJie0H.!1 xnoponnacT0B H KaK0Bbl 
nx qJYHKnnn. 

MaTepHaJibl H MCTO,l{bl 
B pa6oTe ncnoJibJ0BaJIH 4-5-He,n;ennHbie pacTeHHH Arabidopsis thaliana. ,[{JIH 

rronyqeHHH MaKCHMaJibHOH JeJieHOH MaCCbl pacTeHHH BnipamHBaJIH B ycJI0BHHX K0p0T
K0ro .!IHH. XnoporrnaCTbl, a 3aTeM HyKJie0H.!lbl Bbl.!lemmH cornacH0 MeT0.!IHKe, 0IIH
CaHHOH paHee [6]. 

,[{lIH H)];eHTHqJHK~HH 6eJIKH no,n;Beprann 3JieKTPOqJOpe3y B TIAAr no JhMMJIH B 
npHCYTCTBHH MC-Na. J13 6enKoBnIX rronoc, 0KparneHHblX KYMaccn 6pnnJIHaHTOBnIM 
rony6bIM R-250, rrpeo6na,n;aBllIHX B K0JIH'leCTBeHH0M 0TH0llleHHH, Bbipe3aJIH 
cpparMeHTbl renx (3 MM3). KIDK.!lbIH qiparMeHT npoMnrnann 150 MKJI 50 MM NH4HCO3 B 
30 % 110 061,eMy ~eTOHHTPHJie (45 MHH npn BCTPHXHBaHHH npn KOMHaTHOH 
TeMnepaTYPe ). CynepHaTaHT OT6paCbIBaJIH, cpparMeHTbl reJIH BbICymHBaJIH Ha 
pornpHoM HcnapHTene RC 1010 ("Jouan", <l>paHnnx). 3aTeM nperrapaT 110,n;BepranH 
rH)];p0lIHJY TPHnCHH0M cornacH0 paHee onHCaHHOH MeT0.!IHKe [7]. 

Macc-cneKrpnI nonyqanH Ha MALDI-TOF-Macc-crreKrpOMerpe ("Bruker", 
fepMaHHH) C Y<l>-n33epoM (336 HM) B pe)l(HMe II0JI0)l(HTellbHbIX H0H0B B .!IHail330He 
Mace 500-4000 ,[{a c MaTPnneil: DHB. Ilony11eHHn1e Macc-cneKrpbl Kann6poBann, 
HCn0llb3YH H3BeCTHb!e MaCCb! BHYTPeHHHX CTaH,n;apT0B. H,n;eHTHqJHK~HIO 6eJIKOB no 
3Ha'leHHIO Mace rrerrTH.!10B, II0JiyqeHHbIX nocne TPHnCHH0lIHJa, np0BO.!IHJIH C HCII0llb-
30BaHHeM nporpaMMnI Mascot ("Matrix Science", CllIA), cpaBHHBaH rronyqeHHble 
PeJYllbTaTbl C HHqJOpM~Heil:, HMe10meil:CH B 633e .!laHHblX no aMHH0KHCJI0THbIM 
nocne,n;oBaTellbH0CTHM. IloHCK BeJIH cpe,n;H JeneHblX pacTeHnil: (Viridiplantae). Hcnon1,
J0BaJIH 633bl ,l{aHHbIX H~HOHaJibHOro ueHTPa 6HOTeXHOJIOm'leCKOH HHqJOpM~HH 
CllIA (http://ncbi.nlm.nih.gov). Ilpn noHCKe ,n;onycKann B0JM0)l(H0CTn MO.!IHqJHKanHH 
nnCTeHH0B aKpHllaMH.!I0M H 0KHCJieHHH MeTH0HHH0B. TO'lHOCTh orrpe,n;eneHHH MaCCbl 
MW 6bllla paBHa 0,01 % (±200 ppm). 
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Pe1yJILTaTLI II IIX 06c~e1111e 
Ha pnc. l ITpe,n;cnumeHa 3JieKTpoq>operpaMMa 6eJIKOB HYKJieon,n;oB XJiopoIIJiaCTOB 

Arabidopsis thaliana (MoJieKymipHbie MaCChI, cooTBeTCTBeHHO, 67, 40, 18 n 14 K)];a), 

B3JITbIX ,llJIJI Macc-cITeKTPOMeTpllll. 
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Puc. I. Pacnpe.n;eneHue 6eJIKOB ttyKJieon.nos XJIO
poIIJiaCTOB Arabidopsis thaliana npu 3JieKTPo<!>ope3e 
B MC-Na-IIAAf. CTPeJIKaMH o603HaqeHhI 6eJIKH, 
B3JITbie )(Jill Macc-cneKTpoMerpnqecKoro 
uccne,n;OBaHHJI. TipasaJI KOJIOHKa - M~HKH 

1~••.11·•.u"""" 
1600 1800 2000 2200 2400 2600 2800 3000 3200 111;2 

Puc. 2. MALDI-TOF Macc-cneKTP TPHIITHqecKHX nenrn.nos 6enKa N2l ttyKJieou,n;os 
XJIOpOIIJiaCTOB Arabidopis thaliana. no OCH a6C1\lICC - MaCCOBbie qucna (m/z), no OCH op,n;uHaT 
- OTHOCHTeJlbHaJI HHTeHCHBHOCTb CHrHana 

Ha pnc. 2 ITplIBe,n;eH Macc-cITeKTP 6eJIKa N2 1 HYKJieOll)(OB XJIOPOITJiaCTOB 
Arabidopis thaliana. qncJio TPHIITll'IecKHX ITeITTll)(OB, ITO KOTOphIM BeJIH ITOHCK, 

paBHJIJIOCb 32. 
IIocJie ITpoBe,n;eHHJI Macc-cITeKTpOMeTpH'IecKoro aHaJIH3a 6hlJIH ITOJIY'IeHhI 

)(aHHbie O roMOJIOrHll lICCJie)(OBaHHbIX HaMH 6eJIKOB C H3BeCTHbIMH ITOJIHITeITTll)(aMH. 

3TH )(aHHhie ITpHBe.n;eHhl B Ta6JIHn;e 1. 
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Taonuua I. l1.LleHTH<IJHKal{HJI tleJIKOB HVKJieOHJ:(08 XJIOPOIIJiaCTOB Arabtdo /Jis thallana 
H.D,eHTH- Macca CKOJihKO nenTu.n;os I 

<j>HKal{HOHHbIH 6enKa, cosnano/o61L{ee EenoK PacTeHue 
HOMeP 6enKa ~a qucno nenTu,n;os 

6enoKN2l 
giJ1732570 60 20/32 I Ee-ra-rJIIOK03H)(a3a Arabidovis tha!iana 

6enoKN22 
giJl5217460 38 7/25 I funoTeTHqecKuii 6enoK -II-

6enoKN23 
JgiJ1208644 15 4/24 I fHCTOH H3 Dumasia villosa 

6enoKN24 
gi\224293 II 5/27 I fHCTOH H4 Triticum aestivum 

Bo3M0)KH0e HaJIH'IHe B COCTaBe 6eJIKOB HyKJieOH)(OB XJIOpOITJiaCTOB ropoxa 
rHCTOHOB HJIH rHCTOHOil0)(06HhlX 6eJIKOB 6bmo Il0Ka3aHO paHee [6, 8]. IlpH 3JieKTpO
qiope3e B IIAAr 6eJIKOB OCHOBHOro xapaKTepa, 3KCTParnpOBaHHhlX 113 HyKJieOH)(OB 0,4 
H. cepHOll KHCJIOTOll, 61,mu o6HapJ)KeHbl 2-3 6eJIKa, COBITa)(filOin;He ITO 3JieKTPOq>Ope
TH'IeCKOll ITO)(BH)KHOCTH c rHCTOHaMH H2A+H2B II H3 KJieTO'IHbIX .!l)(ep ropoxa [6]. 
IlpH aHaJIH3e 6eJIKOB TPHTOH-HepaCTBOpHMOll q>paKIJ;HH XJIOpOITJiaCTOB ropoxa MeTO
)(OM MaCC-CITeKTpOMeTPlIH cpe,n;H IIIHpOKOro cneKTpa 6eJIKOB TaK)Ke 6bIJIH BbIJIBJieHbl 
rHCTOHbl H3 n H2B. O,n;HaKO HeJICHO, JIBJIJIIOTCJI JIH 3TH 6eJIKH HYKJieOll)(OB HCTHHHbIMH 
rHCTOHaMH HJIH HU-ITo,n;o6HbIMH 6eJIKaMH KJieTO'IHbIX opraHeJIJI [4]. 

Cpe,n;H 6eJIKOB HYKJieOH)(OB HaMH 6bIJia o6HapJ)KeHa TaK)Ke j3-rnIOK03H)(a3a. 
Bo3MO)KHO, 'ITO 3TOT qiepMeHT yqacTByeT B ynaKOBKe HYKJieOH)(OB xnopOITJiaCTOB 
rro,n;o6HO cyJibq>HT-pe,n;yKTa3e [3]. 

HacTOJlIIJ;llJI pa6oTa JlBJIJleTCJI O)(HHM H3 3TaITOB ll3yqeHHJI npoTeOMa HYKJieOH)(OB 
XJIOponnaCTOB. 

Pa6om qaCTH'IHO q>HHaHcHpoaaJiach H3 rpaHm P<I><I>l106-04-48923a. 
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BJIIDIHHE PETPOrPMHLIX CHrHAJIOB HA 3KCIIPECCHIO R)];EPHLIX 
rEHOB CTPECCOBoro EEJIKA IIJIACTHJI: Elip H rEHOB EEJIKOB 

<I>OTOCHHTE3A Lhcb 1, RbcS 
OcnrreHKOBa O.B., IOpnHa H.II. 

lfHcmumym 6uoxw,mu UM. A.H. Eaxa PAH. z. MocK6a, PoccWI, osipenkova.olga@mail.ru 

KoopnnHaIIHJI JKcrrpeccnn reHOB xnoporrnacTHbIX 6eJIKOB, KonnpyeMbIX nBy

MJI KJieTO'Illb!Mll reHOMaMH, nocTnraeTCJI rryreM o6MeHa HH1popMa11nei1: MelK,lly HllMH, B 

KOTOpOM )"laCTBYIOT crre11mpnqecKHe peryJIJITOpHb!e CllfHaJibl, nnymne KaK OT Mpa K 

IIJiaCT~aM, TaK ll OT IIJiaCTHn K MPY· EoJiblI!Oe 3HaqeHHe rrpno6peTaIOT HCCJienoBaHHJI 

perporpMHbIX (rrJiaCTHMbIX) CllfHaJIOB, «3arrycKaIOII(HX» CllHTe3 KonnpyeMbIX MPOM 

IIJiaCT~HbIX 6eJIKOB, Heo6xonHMbIX nnx q>yHKl!llOHHpOBaHHJI 3THX opraHeJIJI. K 

HaCTOJIII(eMy BpeMeHH IIOKa3aHO )"laCTHe IIJiaCTHnHb!X CllfHaJIOB B peryJIJil!llll 3Kcrrpec

Cllll reHOB 6eJIKOB q>OTOCHHTe3a, TaKHX KaK 6eJIOK MaJIOH cy6nenHHlll!bl pn6yn0306nc

qiocq>aTKap60KCHJia3bl (RbcS) n 6enoK rrepnqiepnqecKoi1: aHTeHHbI ll>CII (Lhcbl) [1]. 
H3BeCTHO, qro CBeT JIBJIJieTCJI He TOJibKO HCTOqHHKOM JHeprHH rrpn q>OTOCHHTe3e 

H aKTHBHb!M MopqioreHeTHqecKHM CHfHaJIOM MJI pacTeHHH, HO H rJiaBHb!M llCToq

HHKOM crpeCCOBb!X IIOBpelK,lleHHH pacTHTeJibHOH KJieTKH. y pacTeHHH cymecrnyer 

HeCKOJibKO CHCTeM 3all(HTbl OT crpeCCOBb!X B03nei1:CTBHH. OnHoi1: ll3 HHX JIBJIJieTCJI 

HHnYKIIHJI 6eJIKOB Elip (Early _Light-Inducible froteins), KOTOpb1e cnHTe3npyroTcJI B 

pacTeHHJIX Ha paHHHX JTarrax 3eJieHeHHJI 3TllOJIHpOBaHHbIX rrpopOCTKOB, a TaKlKe B 

ycJIOBHJIX CBeTOBOfO CTpecca, 3acyxn H nei1:CTBHJI HH3KHX TeMrrepaTyp [2]. y Bb!CIIIHX 

pacTeHHH 6eJIKH, OTHOCJIII(HeCJI K MYJibTHreHHOMY CeMei1:crny Elip, KOnHpyroTCJI Jl:k 

poM, CHHTe3npyroTCJI Ha IIHTOIIJia3MaTHqecKHX pH6ocoMaX H B q>OpMe rrpenlI!eCT

BeHHHKOB IIOCT-TpaHCJIJl:l!llOHHO rrocryrraIOT B xnoporrJiaCTbl [3]. O6HapylKeHO nBa 

MYJibTHreHHbIX ceMei1:crna Elip: Bb!COKOMOJieKynxpHb!e 6eJIKH - 17 K)J;a H HH3KO

MOJieKyJIJIPHbie - 13 K)J;a. J13yqeHHe )"laCTHJI xnoporrJiaCTOB B peryJIJIIIHH 3KCrrpeccHH 

HMeHHO 3THX 6eJIKOB rrpencrnBJIJieT 60JiblI!OH HHTepec, TaK KaK crpeccOBb!e 6eJIKH 

HrpaIOT BlllKHYIO pOJib B 3fill!HTHb!X peaKIIHJIX paCTHTeJibHOH KJieTKll. 

B HaCTOJIIIIee BpeM.11 C IIOMOll!b!O HHrn6HTOpHoro aHaJIH3a H HCCJienoBaHHJI 

MYTaHTOB o6HapylKeHbl IIJITb B03MOlKHb!X rryrei1: rrepenaqH CllfHaJIOB OT xnoporrnacTOB 

K MPY (IIJITb KJiaCCOB perporpMHbIX CHfHaJIOB). OnHH H3 3THX rryrei1: 3aBHCHT OT 

rrpo~a(-0B) IIJiaCTHnHoro CHHTe3a 6eJIKOB; BTOpoi1: - CBJI3aH C CHHfJieTHb!MH 

q>OpMaMH KHCJIOpona; B TpeTbeM IIYTH )"lacrnyeT rrepeKHCb Bonopona, reHepHpyeMaH 

xnoporrJiaCTaMH; qernepTb!H CHfHaJibHb!H IIYTb KOHTpOJIHpyeTCJI penoKC-COCTOJIHHeM 

JJieKTpoH-TpaHCIIOpTHOH 11errH qJOTOCHHTe3a H B IIJITOM )"laCTBYIOT HHTepMenHaTbl 

6HOCHHTe3a TerparrHppOJIOB [4]. 3TH IIJiaCTHnHbie CllfHaJibl JIBJIJIIOTC.11 qaCTb!O CJIOlK

HOH CHfHaJibHOH ceTH, CBJl:3b!BaIOII(ei1: q>yHKIIHOHaJibHOe H qJH3HOJIOruqecKoe 

COCTO_JIHHe xnoporrJiaCTOB C 3KCIIpeccHei1: xnepHb!X reHOB. 

B Ha1IIei1: pa6oTe Mb! IIOIIbITaJIHCb 011eHHTb )"laCTHe rpex KJiaCCOB IIJiaCTHnHbIX 

CHfHaJIOB B peryJIJil!llH TpaHCKpHIIl!HH MepHb!X reHOB HH3KOMOJieKyJIJipHOro xnopo

IIJiaCTHOfO 6eJIKa Elip. Db!JIO HCCJienoBaHO )"laCTHe rrpoMelKyrOqHb!X rrponYKTOB 6Ho

CHHTe3a TerparrnppOJIOB, rrponYKTOB CHHTe3a IIJiaCT~Hb!X 6eJIKOB H penoKC-COCTO.!IHH.11 

JJieKTpoH-TpaHCIIOpTHOH 11errH xnoporrnaCTOB B peryJIJIIIHH 3KCIIpeccnH 3TllX reHOB y 

JI~eHJI. HccnenoBaJIH 3KCIIpeCCHIO reHOB Elip B rrpopOCTKax JI~eH.11, coneplKfill!HX 

q>OTOIIOBpelK,lleHHbie xnoporrJiaCTbl. IDoTonecrpyKl!HJI HCIIOJib30BaJiaCb nJIJI TOfO, 
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1JT06bl 3a6JIOKHPOBaTb q>yttKIIHOHaJibHYIO aKTHBHOCTb XJIOpOIIJiaCTOB ll Bb!Jl:CHHTh 

JKCrrpeccnpyeTCJI JIH reH Elip B JTOM CJI)"lae. MapKepHbIMH reHaMH CJIYlKHJIH MepHbie 

reHbI 6eJIKOB qioTOCHHTe3a (Lhcb, RbcS). IIoKa3aHo, qro B ycnoBHJIX qiornnecTpYKIIHH 

xnoponnacTOB, Bbl3BaHHOH HOpq>JIYPa30HOM (NF), HHrH6HTOpOM qlllTOHHnecaTypa3b!, B 

nnacTHnax OTCYTCTBYIOT q>OTOCHHTeTHqecKaH aKTHBHOCTb, THJiaKoHnHb!e MeM6paHb! n 

pH60C0Mbl. OnHaKO ,[(HK H o6onoqKa opraHeJIJI IIOBpelK,llaIOTCJI cpaBHHTeJibHO MaJIO. 

IIpH cpaBHeHHll JKcrrpecCHH qeT'blpex MepHb!X reHOB - reHOB crpeCCOBb!X 6en

KOB nnacTnn Elip H Hsp32 H reHoB 6eJIKOB q>OTOCHHTe3a Lhcb H RbcS, B rrpopocTKax 

.11qMeHJI, coneplKall(HX qJOTOIIOBpelK,lleHHb!e XJI0pOIIJiaCTbl, C IlOMOll!b!O H03epH-rn6pH

nH3aIIllll noKa3aHO, qro reH Hsp32 JKcrrpeccnpyercx Ha 90-95 % B o6pa6oTaHHbIX NF 

npopocTKax, Toma KaK coneplKaHHe TpaHCKpHIITOB reHa Elip COCTaBJIJIJIO 50-70% OT 

K0HTpOJIJI. reHbI Lhcbl n RbcS He rpaHCKpn6npyIOTCJI y NF-o6pa6oTaHHbIX pacTeHHi1:. 

J13 JTOfO cnenyeT, qTo TpaHCKpHill!llJl: reHOB 6eJIKOB qJOTOCHHTe3a HaH6onee 

qyBCTBHTeJibHa K IIJiaCT~HOMY CllfHaJiy. YpoBeHb TpaHCKpHIIl!llll reHa Elip CHHlKeH y 

<pOTOIIOBpelK,lleHHb!X pacTeHHH. 3To YKa3bIBaeT Ha TO, qro XJIOpOIIJiaCTbl KOHTpOJIH

pyroT 3KCnpeCCHIO naHHOfO reHa [5]. 
lfro6b1 H3)"1HTb )"laCTHe TerparrHppOJIOB B peryJIJIIIHH TpaHCKpHIIl!llll MepHOfO 

reHa Elip, a HMeHHO - ponb Mg-rrpornnopqinpHHa IX (Mg-npoTo IX) n ero MOHOMeTH

JIOBoro J<pHpa (Mg-npoTo IX-Me) B peryJIJIIIHH JKcnpeccnH MepHoro reHa HH3KO

MOJieKYJIJIPHOro IIJiaCTHnHoro 6eJIKa Elip, 6bIJIH rrpoBeneHbl OIIbITbl c 2,2'-MnHpHM

JIOM. ,[(nrrHpHnHJI 6JIOKHpyer 6HOCHHTe3 TerparrHppOJIOB, JIOKaJIH30BaHHb!X B xnopo

IlJiaCTax, Ha CTMHH rrpeBpfill!eHHJI Mg-rrpOTO IX-Me B rrpOTOXJIOpOqJHJIJIHn, qro 

npHBonHT K HaKorrneHHJO B xnoporrnacTax Mg- npoTo IX- Me [6]. 
B pe3yJibTaTe aHaJIH3a naHHbIX OT-IIQP (o6paTHoi1: rpaHcKpHnIIHH, corrp.11lKeH

Hoi1: c IIOJIHMepa3HOH 11errHOH peaK11Hei1:) 6bIJIO o6HapylKeHo, qro ypoBeHb JKcnpeccHH 

reHa 6eJIKa CBeTOBOfO crpecca XJIOpOIIJiaCTOB B rrpopOCTKax, o6pa6oTaHHb!X 2,2'

nnnHpHMJIOM, ~ Ha 50 % HHlKe, qeM B KOHTpOJibHblX paCTeHHJIX. 

,[(JIJI Bb!Jl:BJieHH.11 KOppeJI.!IIIHH MelK,lly ypOBHeM 3KcnpeccHH reHa 6eJIKa CBeTOB0fO 

crpecca H penoKC-COCTO.!IHHeM <pOTOCHHTeTHqecKOH :meKTpOH-TpaHcrropTHOH 11enH 

xnoporrJiaCTOB HCIIOJib30BaJIH cne11nqiHqecKHH HHrH6HTOp ll>CII - 3-(3', 4'- nHXJIOp

<peHHJI)- 1,1' -nHMeTHJIMoqeBHHY (DCMU), KOTOpb1i1: 6noKnpyer rpaHcrropT JJieKTpo

HOB OT ll>CII K nyny IIJiaCTOXHHOHOB, qro rrpenornpfill!aeT B0CCTaHOBJieHHe nocnen

Hero. H3BeCTHO, qro HMeHHO rryn IIJiaCTOXHHOHOB ll orrpeneJIJieT penoKC-COCTOJIHHe 

xnoporrJiaCTOB. H3MeHeHHe penoKC-COCTOJIHHJI nyna IlJiaCTOXHHOHOB rrpHBOnHT K 

CHHlKeHHIO TpaHCKpHIIl!llll reHa Elip npHMepHO Ha 80 % . 

IIpH BBeneHHH HHfOOHTOpa c IIOMOll!b!O llHqJHJibTpal!Hll Ha6JIJOnaeTCJI CllJibH0e 

cHnlKeHHe rpaHcKpnn11nn reHa Elip. ConeplKaHHe TpaHCKpnmoB Elip y o6pa6oraHHbIX 

pacTeHHH COCTaBJIJIJIO Bcero 5 % OT KOHTpOJIJI. Pe3yJibTaTbl IlOJI)"leHbl npH 011eHKe 

coneplKaHHJI TpaHCKpHmoB reHa Elip MeTonoM OT-IIQP. 

TaKHM o6pa30M, B peryJIJil!llll 3KCnpecCHll reHa xnoporrJiaCTHOfO 6eJIKa CBeTO

BOfO crpecca y ~eHJI yqacrnyroT He TOJibKO TerparrHppOJibI, HO H npyroii KJiacc 

IIJiaCTHnHb!X CllfHaJIOB, KOTOpblll onpeneJIJieTCJI OKHCJIHTeJibHO-BOCCTaH0BHTeJibHblM 

C0CTO.!IHHeM rryna IIJiaCTOXHHOHOB. TaKlKe IlOKa3aHO, qro penoKC-COCTOJIHHe <pOTOCHH

TeTHqeCKOii JJieKTpOH-TpaHCIIOpTHOH 11errn xnoporrJiaCT0B OKa3b!BaeT 6oJiblI!ee BJIHJI

Hlle Ha ypoBeHI, TpaHCKpHIIIIHH reHa Elip, qeM Mg-npoTorropqmpnH IX H ero 

MOHOMeTHJIOBb!H 3!pllp. 
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Ha OCHOBaHJrn BbIIIIeH3JIOJKeHHOro, HaMH npe,wIOJKeHa cxeMa perymIIIHH 
xnoponnacTaMH JKcnpecCHH l!AepHoro reHa xnoponnacTHoro 6eJIKa cBeTOBoro CTPecca 
E/ip. HaKonJieHHe npoMeJKyrOqHbIX COeAHHeHHH 6HOCHHTe3a xnopo(jJHJIJia B o6onoqKe 
xnoponnacTOB npHBOAHT K CHHJKeHJIIO ypoBHll 3Kcnpecc1111 reHa Elip. 3KcnpeCCHH 
3TOfO reHa perynnpyeTCJI TaKJKe C yqaCTHeM peAOKc-paBHOBeCHll 3JieKTPOH-TPaHCTIOPT

HOH IIenn q,orocnHTe3a [7]. 
TaKHM o6pa30M, MOJKHO fOBOPHTb O <PYHKIIHOHHpoBaHHII npn peryJIJIIIHH 

3KCnpeCCHH reHa Elip AByx KJiaCCOB IIJiaCTHAHO-l!AepHOro B3aHMOAeHCTBHll. IIepBblli 
KJiacc npeAnonaraeT yqacTne Mg-nporo IX H Mg-nporo IX-Me B HHHIIHaIIHH npoIIec
coB, npHBOAAIIIHX K 113MeHeHHIO TPaHCKpHTIIIIIH 3TOrO reHa. IIocKOJibKY B HaCTOllIIIee 

BpeMll He o6HapyJKeHbI IlOCJieAYIOIIIHe 3TaTibI TIJiaCTHAHO-MepHoro B3aHMOAeHCTBHJI C 
ycmcrueM T~anHppOJIOB, HX MOJKHO cqHTaTb «MeAHaTOpaMH» TIJiaCTHAHOro CHfHaJia. 
Bropoil: KJiaCC nnacTHAHO-l!AepHoro B3aHMOAeHCTBHll ocyIIIeCTBJIJieTCll npu neno
cpeACTBeHHOM yqacTHH 3JieKTPOH-TPaHcnoprnoil: IIeTIH <j,OTOCHHTe3a. I1nrn6upoBaHHe 
TPaHcnopm 3JieKTPOHOB OT <l>CII K nyny nnaCTOXHHOHOB B xnoponnacmx JlqMeHll, B 

pe3yJibTaTe qero nyn OCTaeTCll OKHCJieHHbIM, BbI3bIBaeT TIOHHJKeHHe ypOBHll TPaHC

KpHTITOB reHa Elip. 
<l>yHKIIIIOHHpoBanne yKa3aHHbIX AByx KJiaCCOB TIJiaCTHAHO-l!Aepuoro B3aHMO

AeHCTBHll, npHBOAAIIIee K CHHJKeHHIO ypoBHll 3Kcnpecc1111 l!AepHOfO reHa 6enKa 

CBeTOBOro CTPecca Elip, TI03BOJIJieT fOBOpHTh O neraTHBHOH peryJIJIIIIIH 3Kcnpeccnu 

AaHHOro reHa. 
Pa6om Bbmonuena npn <j,nHaucoBoil: noMepJKKe rpaHTa P<l><l>I1 (N2 06-04-48-

923a). 
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JIHrIUilIPOBAHHE AKTHBHOCTH JIHIIOJIHTHqECKHX <l>EPMEHTOB 
HH3KOMOJIEKY JUIPHblM XHT03AHOM 
10cTaHHHa E.C., 1BapJiaMOB B.II., 251:KOBJieB r.H. 

1 l.(eHmp "EuouH:»eeHepUR" PAH, z. MocKea, PoccUR, katrine _ kzn@mail.ru 
1 HHcmumym MOlleKJIIIRpHou 6uo11ozuu UM. B.A. 3Hze11bwpoma P AH, z. MocKea, PoccUR 

HapYIIIeHHe JIHTIHAHOro MeTa60JIH3Ma B opraHH3Me qeJIOBeKa MOJKeT npHBeCTH K 

pa3BHTHIO TaKHX 3a6oJieBaHHH KaK aTepocKJiep03, AHa6eT, OJKHpeuHe H AP· [1]. 3ro 
onpeAeJIHJIO HHTepec K H3yqeHHIO MOJieeyJIJipnoro MexaHH3Ma AeHCTBHll JIHTIOJIHTH
qeCKHX q,epMeHTOB H TIOHCKY COeAHHeHHH, BJIHl!IOIIIHX Ha JIHTIHAHbIH o6MeH. I1Hrn6H

T0pbl JIHila3 (2-6HC-OKCOaMHA TPHaIIHJifJIHIIepoJI, TIJiaTHKOAHH, THa30TIOHHH, T~a
rHAPOJIHTICTaTHH, nponpoHaJIOJI) IIIHpOKO HCTIOJib3YIOTCll KaK Ml! CTPyKTypHO
<j,yHKIIHOHaJibHOfO HCCJieAOBaHHll q,epMeHTOB, TaK H AJIJI H3yqeHHll 6HOJIOrnqecKHX 
3(jJ(j,eKTOB TIOAaBJieHHll aKTHBHOCTH. 

B TIOCJieAHHe fOAbI B MHpOBOH H OTeqecrneHHOH npaKTHKe CTaJIH npHMeHl!Tb 
XHT03aH B KaqecTBe OCHOBHOro KOMTIOHeHTa B pa3JIHqHbIX TIHIIIeBbIX A06aBKax, o6na

AaI0IIIHX 6HOJIOrHqecKoil: aKTHBHOCTbIO. XHT03aH o6JiaAaeT fHTIOXOJieCTepeHeMHqec

KHM H rHTIOJIHTIHAeMHqecKHM AeHCTBHeM. 0AHaKO MOJieKyJillpHbIH MexaHH3M AeHCTBHll 
eIIIe TIOJIHOCTbIO He l!CeH. 

XHT03aH npeACTaBJilleT co6oil: IlOJIHCaxapHA, IlOJIHMepHal! uenb KOTOporo B 

OCHOBHOM COCTOHT H3 OCTaTKOB D-rnIOK03aMHHa H He6oJibIIIOro KOJIHqecTBa 3BeHbeB 

N-aIIeTHJirJIIOK03aMHHa, CBl!3aHHbIX ~-( 1-4 )-CBll3l!MH. BbICOKOMOJieKyJIJipHbIH XHT03aH 

TIJIOXO pacTBOpHM B BOAHbIX pacrnopax, HO ero paCTBOpHMOCTb cyIIIeCTBeHHO IlOBbI
IIIaeTCll npH YMeHbIIIeHHH MOJieKyJll!PHOH M3CCbI 3a cqeT pacIIIeTIJieHHll ~-rJIHK03HAHbIX 

CBll3eil: TIOA AeHCTBHeM KHCJIOT HJIH q,epMeHTHbIX npenapaTOB [2]. Mb! npeATIOJIOJKHJIH, 
qTO TIOJIOJKHTeJibHO 3apl!JKeHHbIH XHT03aH 6yAeT CBll3bIBaTbCll C OCTaTKaMH AHKap6o

HOBbIX KHCJIOT (Glu/Asp) B aKTHBHOM IIeHTPe JIHila3, TeM CaMbIM 6JIOKHpyIO q,epMeHTa
THBHYIO aKTHBHOCTb. 

l13yqeHHe HHrH6HpOBaHHll XHT03aHOM JIHTIOJIHTHqeCKOH aKTHBHOCTH 6bIJIO 

BbITIOJIHeHO Ha JIHTia3e H3 Candida rugosa H npopocTKOB nIIIeHHIIbI. 
I13 BbICOKOMOJieKyJIJipHoro Kpa6oBoro XHT03aHa 6bm nonyqeH HH3KOMOJieKy

JIJipHbIH BOAOpacrnopHMb!H XHT03aH C HCTIOJlb30BaHHeM q,epMeHTHOro KOMIIJieKca 

Streptomyces kurssonovii B ycnoBHl!X paHee noAo6paHHbIX AM npoBeAeHHll 

q,epMeHTaTHBHoro rHApOJIH3a: 1 M Na aIIeTaTHbIH 6yq,ep, pH = 5,2 ; 45° C [3]. 
<l>epMeHT-cy6cTPaTHoe COOTHOIIIeHHe B AaHHOM OilbITe COCTaBJlllJIO 1 :200; MHTeJib

HOCTh npouecca 1 q, MoneKYJIJIPHYIO Macey nonyqeHHbIX HH3KOMOJieKyJlllpHbIX XHT0-

3aHOB onpeAeJlllJIH MeTOAOM KaTIHJIJIJipHOH BHCK03HM~HH Ha BHCK03HM~e 
Y6eJIJioAe [4]. 

TaKHM o6pa30M, B pe3yJibTaTe AeTIOJIHMepH3aIIHH BbICOKOMOJieeyJIJipHoro XHT0-
3aua (MOJI. Bee 700 KDa, CTeneHb AeaIIeTHJIHpOBaHHJI 85 %) 6bIJI nonyqeH HH3KOMOJie

· KYJIJIPHbIH XHT03aH (MOJI. Macca 5,2 KDa). JlHTIOJIHTHqecKYIO aKTHBHOCTb H3Mepl!JIH 
cneKTPO<j,OTOM~HqecKH [4], HCTIOJlb3YJl'. napaHHTPO<j,eHHJI IlaJibMHTaT B Kaqecrne 
cy6cTPaTa npH t 0 = 30 °C; pH=7, t peaK.= 10 MHH. 

,l{JIJI OTITHMH3aIIHH ycJIOBHH H3MepeHHll KOHCTaHT HHrH6Hp0BaHHJI JIHila3 XHT0-

3aHOM nepBOHaqaJibHO OIIeHHBaJIH OTITHMaJibHOe BpeMll'. npeHHKy6aIIHH q,epMeHTa H 

HHrn6Hropa nepe,ll HaqanoM q,epMeHTaTHBHOH peaKIIHH. I13BeCTHO, ~o B pacrnopax 

MOJieKyJia JIHila3bl C.rugosa HMeeT ABe KOH<j,OpMaIIHH [6]. B OAHOH H3 HHX aKTHBHbIH 

187 



uem-p qiepMeHTa 3aI<pbIT rrerrTIIJ(HblM qiparMeHTOM MOJieKyJioI, a B Apyroii - OTKPbIT, 

'ITO AeJiaeT ero AOCTYIIHI,IM AID! CBSl3bIBaHIISI cy6cTpaTa II Apyrnx JIIIfaHAOB. B BOAHbIX 

pacrnopax JIIIIIa3a HaxOAIITCSI rrpeuMymecTBeHHO B HeaKTUBHOH KOH!pOpMmuu C 

3aKpbITI,IM aKTUBHI,IM 1.1eHTpOM. Ilpu HaxO)K):leHHU JIUIIa3bI B 30He Pa3AeJia JIUIIHA -

BOAa ee aKTUBHOCTI, pe3KO B03pacTaeT 3a CtieT ll3MeHeHU.SI paBHOBeCmI Me)K):ly ABYMS! 

KOH<popMal.lll.S!Mll B CTOpOHY 3HatIIITeJibHOfO rrpeo6Jia,llaHII.SI OTKpbITOH KOH!pOpMmliu. 

Ilo3TOMY BpeM.SI ycTaHOBJieHUSI KOHl.leHTpmlIOHHOfO paBHOBeCUSI B pacrnope JIIIIIa3bl 

IIOCJie A06aBJieHUSI llHf!I6HTOpa 6yAeT orrpeAeJUITI,CSI xapaI<TepUCTUtieCKIIM BpeMeHeM 

rrepeXOAa Me)K):ly 3aI<pbITOH II OTKpbITOH KOH!pOpMmHSIMII qiepMeHTa. CTerreHb 

IIHrn6upoBaHll.SI o6eux JlllIIa3 3aBIICeJia OT BpeMeHII rrpeHHKy6m1Iu BIIJIOTI, AO 30 MIIH, 

IIOCJie qero OCTaBaJiaCb rrpH.MepHO IIOCTO.SIHHOH. Il03TOMY AaJiee BeJilltIIIHa BpeMeHU 

rrpe1IHKY6muu COOTBeTCTBOBaJia 30 MHH. MaKCIIMaJII,Ha.SI aKTIIBHOCTI, <pepMeHTOB rrplI 

UCIIOJib30BaHIIll B KatieCTBe cy6cTpaTa rrapaHIITpO<peHIIJI IlaJII,MUTaTa AOCTIIraJiaCb rrpu 

pH pacrnopa paBHoro 7,0. 
Ha pHCYHKe 1 rrpuBeAeHa 3aBIICUMOCTI, B o6paTHbIX KOOPAHHaTax HatiaJII,HI,IX 

CKOpOCTeii flIAPOJIU3a rrapaHIITpO<peHIIJI IIaJibMUTaTa JIIIIIa30H C. rugosa (a) II rrpopocT

KOB IIIIIeHIIl.lbl (6) OT KOHI.1eHTpa1.1uu cy6cTpaTa B OTCYTCTBUU (rrp.S!Mble 1) II B rrpu

CYTCTBUU XUT03aHa (rrp.S!Mble 2). 

a 6 30 J 

;; 25 

~ 
;; 

!,I !,I 
~~ 20 ~ .. 

a 
$ 15 ! 
i i .... .... 

-2 -1 2 3 .1 2 
l/S,MMOJ'lb.l 1/S. l!MOJil,•I 

HaiiAeHHbie 3Ha'leHUSI KOHCTaHTbl CKOpOCTU kcat, KOHCTaHTI,I MIIXa3JIUCa KM ll 

KOHCTaHTbI IIHru6upoBaHll.SI Ki Jllllla3 XHT03aHOM rrpeACTaBJieHbI B Ta6JIHI.1e 1. 

J1CTO'IHIIK JIIIII!l.3bl Kc.,, ceK·
1 KM,M Kc.i/KM, M1

·ceK·
1 K1,M 

Candida rugosa 2,0 6·10"" 3,3· 10" l,4·10·> 
3apOAbIIIIII nIIIeHIIQbl 0,5 s-10·' l,0·10' 0,9· 10-j 

3qi<peKTHBHOCTh flIAPOJia3HOfO AeHCTBll.SI paCTHTeJibHOH JIHila3bl Ha 

rrapaHHTpOqJeHHJI IlaJibMHTaT, BbipIDKaeMa.SI 6HMOJieKyJI.S!pHOH KOHCTaHTOH kcai/KM, B 33 
pa3a HHlKe, tieM AID! JIHila3I,I C. rugosa. 3To o6ycJIOBJieHO pa3JIH'IH.S!MH B BeJIHtIHHax 

KaI< kcat, TaI< H KM. BeJIHtIHHa Ki rpH6HOH II paCTUTeJibHOH JIHIIa3 XIIT03aHOM 6JIH3KH 

Me:lK.Lly co6oii ii paBHbI l ,4· 10·3 
M H 0,9· 10·3 

M coorneTCTBeHHO. TaI<a.SI BeJIIItIHHa Ki 
TIIIIlltIHa AID! 60Jib!IIHHCTBa H3BeCTHblX HHrn6HTOpOB. Ki IIJiaTHKOAIIHOM IlaHKpea-
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TII'leCKOH JIIIIla3I,I qeJIOBeKa COCTaBJISIJia 0,2-10·3 
M [7], a IIaHKpeaT1ItieCKOH JIHIIa3bl 

CBIIHblI rrporrpaHOJIOJIOM - 0,6· 10"3 
M [8]. 

C 1.1eJiblO BbISICHeHIIS! BKJia,lla 3JieKTpOCTaTIItieCKHX B3aHMOAeiicTBHH IIOJIOlKll

TeJibHO 3apS1lKeHHI,IX rpyrrrr XIIT03aHa C OTpHl.laTeJibHO 3ap.SilKeHHb!MH rpyrrrraMH 6eJIKa 

rrpH o6pa30BaHHH KOMIIJieKCOB 6oIJIH ll3YtJeHbI 3aBHCHMOCTH KOHCTaHT HHr1I61IpOBaHIISI 

JIIIIIOJIIITHtieCKOH aKTHBHOCTll XHT03aHOM OT KOHl.leHTpmlIH A06aBJieHHOro B pacrnop 

XJIOPHAa HaTplISI. ,lv!SI pactieTa tIIICJia aMIIHorpyrrrr XIIT03aHa, o6pa3YJOmHX HOHHYJO 

rrapy C OTpHl.laTeJibHO 3apSilKeHHOH rpyrrrroii 6eJIKa, HCIIOJII,30BaJIH YPaBHeHHe a log Ki 
lo log [Cr] = - n [9]. DbIJIO HaHAeHO, 'ITO BeJIII'IHHa n HMena 3HatI~HHe 0,44 AID! Jl1Illa3bl 

C. rugosa H 0,28 AID! JIIIIIa3I,I rrpopOCTKOB IIIIIeHHl.lbl. H1I3KHe 3HatieHll.SI BeJIH'IHHI,I n 

AID! o6enx JIHIIa3 CBHAeTeJibCTBYeT O He3HatIHTeJibHOM BKJia,lle B CB060AHYJO 3Heprn!O 

KOMIIJieKcoo6pa30BaHII.SI 3JieKTpOCTaTH'leCKHX B3aHMOAeHCTBHH 3ap.SIAOB XHT03aHa H 

6enKa. 

TaKHM o6pa30M, HH3KOMOJieKyID!pHbIH XllT03aH IIOAaBIDIJI aKTHBHOCTb JIHila3I,I C. 
rugosa H rrpopOCTKOB IIIIIeHHl.lbl B roMoreHHI,IX BOAHblX paCTBOpax co 3HatieHH.S!MH Ki 
IIOp.SIAKa 1 MM. BeJIHtIHHa 3<p<peKTa HHrn6npOBaHll.SI 3aBHCeJia OT BpeMeHU rrpeHHKY-

6mnn XHT03aHa C JIHIIa3aMH II AOCTUraJia MaKCUMYMa rrpn BpeMeHH rrpe1IHKy6a1.1nn 30 
MHH. XoT.SI XHT03aH .SIBJUieTC.SI IIOJIHKaTHOHOM, BKJIM 3JieKTpOCTaTH'leCKHX B3aHMO

,!leHCTBHH B ero KOMIIJieKcoo6pa30BaHne C JIHila3aMH He3HatIHTeJieH. 
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POJII, MET AliOJIHTOB CTEPOHJ(HbIX rOPMOHOB B KOMDJIEKCAX 
C ADOJIHDODPOTEHHOM A-I B DPOU:ECCAX PErEHEPAU:HH 

ITamrn JI.E., fIIMa)'TJJ:IIHoaa O.H. 

IY HHH 6uoxUMuu CO PAMH, z. Hoeocu6upcK, PoccWl, gimo/ga@soramn.ru 

B Ilj"IKOBOH 30He K0pbl Ha)];IJ0qe'llmK0B CIIHTe3IIpyi<>TCH aKTIIBHble rmoK0K0p
TIIK0II)];bl (KopTII30JI, K0pTll30H II KOpTIIKOCTepoH), j"IaCTB)'IOII(IIe B peryJIH[(IIII yrne
B0;:J;Horo II lKIIpoaoro o6MeHa. Mern6oJIIITbl rJIIOK0K0pTIIK0II)];0B - TeTparn;:i;pocoe;:i;II
HeHIIH C'IHTaJIIICb 6IIOJIOrIIqecKII HeaKTIIBHbIMII [I]. Hccne;:i;oaaHIIH, rrpoae;:i;eHHbie 

Hru.lII, II0Ka38JIII, ~o ;:i;aHHbie MeTa6omiTbI rrpIIHIIMaIOT j"IaCTIIe B YCIIJieHIIII 3KCrrpec
CIIII MH0rHX reH0B. MexaHII3M IIX Y'JaCTIIH IIMeeT CJI0JKH)'IO rrpIIpo;:i;y II CBH3aH C 
rrpo[(eCCru.lII BHYTPIIKJieTOqHoii pereHepa[(IIII [2, 3]. 

B CeTqaTOH 30He K0pbl Ha)];IJ0qeqHIIK0B CIIHTe3IIpyeTCH rpyrrrra CTepoII)];HbIX 
ropM0H0B, 0TH0CHII(IIXCH K aH;:i;poreHru.i:. B Hee BX0)];HT 3IIIIaH;:J;p0CTep0H, ;:i;erII;:i;po-

3IIIIaH;:J;p0cTep0H ():{3A) II ;:i;ern;:i;po:irrIIaH;:i;pocTepoH-cynb!paT ()];3AC). QqeHb BaJKHbIM 

MeTa60JIIITOM 3IIIIaH;:J;p0CTepoHa, B paBHOH CTerreHII, KaK II TeCT0CTepoHa, HBJIHeTCH 
aH,!I,p0CTepoH [1]. PoJib 3TIIX ropM0H0B B opraHII3Me )];O K0H[(a He HCHa. J13aecrno, ~o 

~3A II ~3AC o6Jia)];aIOT pH;:J;0M BaJKHbIX 6IIOJiornqecKIIX 3cpcpeKTOB: aHTII0HK0reH

HbIM, aHTII;:J;IIa6eTIIqecKIIM, aHTIIaTeporeHHbIM, IIMMYH0CTIIMYJIIIp)'IOII(IIM [1] II T.)];. 
Raum JJ:aHHbie YKa3bIBaIOT Ha j"IaCTIIe ~3A II ~3AC B yaenIIqeHIIII cKopocrn CIIHTe3a 

IIMMYHOrno6yJIIIHOB JIIIM!pO[(IITru.lII ceJie3eHKII KpbIC [ 4]. EbillO TaKJKe II0Ka3aH0 
j"Iacrne 3TIIX ropM0H0B B ycIIJieHIIII 6IIOCIIHTe3a ~HK B rerraT0[(IITaX [5]. O)];HaKo 

M0JieKyJIHpHbie MexaHH3Mbl 3TOro 3q>q>eKTa )];0 cnx rrop Hell3BeCTHbI. ITpttH[(llilllaJlbHO 

BaJKHbIM HBJIHeTCH TO, ~o aH;:i;pocTepoH, ~3A, ~3AC n TeTParn;:i;poKoprn30JI (TfK) 

co;:i;epJKaT B0CCTaH0BJieHH)'IO t:,.4, 3-KeTorpyrrrry B A-KOJibi:le, ~o II03B0JIHeT 061,e;:i;n
HllTh 3TII ropM0HbI B 0JJ:HY rpyrrrry C o6m:nM MexaHII3M0M ;:i;eiicTBHH. K HaCT0HII(eMy 

BpeMeHn Hru.lll ycTaH0BJieH0, ~o arronnrrorrp0Te1rn A-I (ArroA-1) B K0MIIJieKCax C 

TfK, AC n ~3AC crnMynnpyeT 6IIOCIIHTe3 6eJIKa B KJieTKax rreqeHII [5]. IToKa3aHo, 

~o K0MIIJieKc cTepoII;:i;-ArroA-I (r;:i;e CTepoII;:i; - TfK, AC, ~3A, ~3AC) rrpII 

CBH3bIBaHIIII c II30JIIIpoBaHHOH HarnaHoii ~HK II3MeHHeT ee BT0pII'IH)'IO CTPYKTYPY 
o6pa3yH 0;:J;H0HIITeBble yqaCTKII B6JIII3ll caiiTOB CBH3bIBaHIIH [2, 6]. 3TOT rrpo[(ecc 6bIJI 

rro;:i;po6HO II3j"IeH. ITOKa3aHO, ~o BH0Bb o6pa30BaHHbie 0)];H0HIITeBbie j"IaCTKll crro

co6Hbl KoorrepaTIIBH0 B3aIIMo;:i;eiicrnoaaTu c PHK-rroJIIIMepa3oii [6]. A TaKJKe 6bma 
II0Ka3aHa caiiT-CIIe[(II!pII'IHOCTh B3aIIMO;:J;eHCTBIIH K0MIIJieKca CTepon;:i;-ArroA-1 (TfK, 
~3AC) c HarnaHoii ~HK (pnc. 1). ITocne;:i;oaaTeJibHOCrn an;:i;a CC(GCC)n 0Ka3aJIIICb 
HaII6onee rrpe;:i;rroqTIITeJibHbIMII j"IaCTKru.lII rrpoqHoro CBH3bIBaHIIH 3TIIX K0MIIJieKC0B B 

cocrnae~HK. 
Ha pIIc. 1 BII)];H0, ~o oJIIIroHYKJieoTII)]; CC(GCC)3 JJ:0303aBIICIIM0 K0HKypIIpyeT c 

~K 3a CBH3bIBaHIIe C K0MIIJieKC0M TfK-ArroA-1 He3aBIICIIM0 OT II0pH;:J;Ka ;:i;o6aaJieHIIH 

K0MII0HeHT0B (;:i;opolKKII 4-6 II 7-9). Bn;:i;Ho, qTQ rrpn yaennqeHIIll K0H[(eHTPa[(IIII 
0JIIIrDHYKJieoru;:i;a YMeHbIIIaeTCH K0JIIIqeCTB0 pacm:errneHHbIX HYKJiea30H SI 0)];H0HII
TeBbIX j"IaCTK0B, K0T0pbie o6pa3)'IOTCH ITO)]; BJIIIHHIIeM K0MIIJieKca TfK-ArroA-I, KaK 
6bill0 II0Ka3aH0 paHee [2]. AT-6oraTbIH 0JIIIroHyKJie0TII)]; rrpaKTIIqecKn He BJIHHeT Ha 

CBH3bIBaHIIe 3T0ro K0MIIJieKca C ~HK, T.K. KapTIIHa pacm:errneHIIH 0)];H0HIITeBbIX 
j"IaCTK0B HYKJiea30H s 1 II0~ll He MeHHeTCH rrpII yaeJIIIqeHIIII K0H[(eHTPa[(IIII K0MII

JieKca, a K0JIIIqecTB0 pacm:errJieHHbIX cpparMeHTOB 0CTaeTCH C0II0CTaBIIMbIM C K0HTP0-
JieM (;:i;opOlKKII 10-12 CpaBHllTb c ;:i;opoJKKOH 3 ), r;:i;e 0JlllrDHYKJie0Tll)];bl He ;:i;o6aBJIHJIII. 
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I 2 3 4 5 6 7 8 9 IO 11 12 13 Puc.I. KoHKypeHmoe ttHm6uposaHtte B3a

HM0,[lettcTBttll K0MIIJieKca AnoA-I-TfK c ~K 
KpbIC B npttC)'TCTBHH 0JittronyKJie0TH,[10B 
CC(GCC)3 (ONI) tt AT-6orarnro (ON2). 
3neKTpo$opeTuqecKoe pa3t1eneHtte ~K, 
1-1HKY51-1poBaHHOtt c 0,35 E.A.IMJI nyKJieaJott SI 
[7], B I % arap03H0M rene. feJih oKpaweH 
6pOMllCThlM 3Tll,[llleM, $0Torpa$1-1J1 B Y<l>-cae-re Ha 
IIJieHKY M1-1KpaT I-faonaH. 
I - HamaHaJI ,[(HK, 
2 - .[(HK + SI nyKJieaJa, 
3 -.[(HK+ [AnoA-I-TfK] + SI nyKJieaJa, 
4-6 - (.[(HK+ [AnoA-I-TfK]) + 0,12; 1,2; 12,0 Hr 
ON!+ SI nyKJieaJa, 
7-9 - ~K + ([AnoA-I-TfK] + 0,12; 1,2; 12,0 Hr 
ON!)+ SI nyKJieaJa, 
10-12 - .[(HK+ ([AnoA-I-TfK] + 0,12; 1,2; 12,0 
Hr ON2) + SI HyKJieaJa, 
13 - .[(HK Wind III 

B Kaqecrne K0HTP0JIH M0JieKyJIHpHbIX Mace IICII0Jib30B8Jill peCTPHKTHbie cpparMeHTbl 

~HK Wind III (23,1; 9,4; 6,7; 4,4; 2,3; 2,0 T.rr.H.). 

Ebmll cnHTe3npoaaHbI onnro;:i;e30KCIIpII6oHYKJieOTHJJ:bI, co;:i;epJKam:ne GCC/GGC, 
c Ann Tn (n = 0, 3, 6) Ha 5'- II 3'-KOH[(ax K0MIIJieMeHTapHbIX II0CJie)];0BaTeJibHOCTeii, 
nMnrnpyiom:nx caiiTbI CBH3bIBaHHH K0MIIJieKca TfK-ArroA-1 Ha ~HK. Ha 5'-KoHe[( 
0JillrDHYKJie0TII)];0B BB0)];llJill P

32
-MeTKy no CTaH;:J;aprnoii rrpo[(e;:i;ype [7]. ~JIH II0)];

TBeplK)];eHIIH «pacrrneTaIOII(ero» ;:i;eiicTBIIH K0MIIJieKca TfK-ArroA-1 Ha JJ:BYHHTeByio 

~HK onnr0HYKJieorn;:i;Hbie ;:i;yrrneKcbl AnCC(GCC)J-(GGC)3GGTn (n = 0,3,6) nHKy6n
poaaJin C 3TllM K0MIIJieKC0M ll 3aTeM II0;:J;BepraJIII peaK[(II0HHbie CMeCII 3JieKTPOq>ope3y 
B IIOJIIIaKpIIJiru.lll)];H0M rene (ITAAf) B ;:i;eHaTyp11pyioll(IIX ycJI0BIIHX. Ha pIIC. 2 rrpe;:i;
CTaBJieH pa;:i;11oaaTorpacp reJIH, II0Jij"IeHHbIH IIpII 3JieKTPOq>OpeTIIqecKOM pa3;:i;eneHIIII 
CMeceii, co;:i;epJKam:11x 0JIIIroHYKJieorn;:i;bI A 6CC(GCC)3 (rIA) II (GGC)3GGT6 (f2T) a 
TaKJKe IIX ;:i;yrrJieKC, II0CJie B3aIIM0;:J;eiicTBIIH C YKa3aHHbIM K0MIIJieKC0M II cpepMeHTru.i:II: 
rraHKpearnqecKoii ~Ka3oii I [7] II HYKJiea3oii S 1. 

Ha p11c. 2 Bll;:J;Ho, qrn B3aIIMo;:i;eiicrnIIe ;:i;yrrneKca A 6CC(GCC)J-(GGC)3GGT6 c 
K0MIIJieKC0M ArroA-1-TfK IIpl!B0)];IIT K II0HBJieHIIIO 0)];H0Hl!TeBbIX 0Jil!rDHyKJie0TII)];0B, 
coarra;:i;aIOII(IIX no 3JieKTPocpopernqecKoii rro;:i;BIIJKHocru c IICX0MbIMII A 6CC(GCC)3 II 
(GGC)3GGT6 (;:i;op. 7 cpaa. c ;:i;op. 8 11 9). KoMrrneKc ArroA-1-TfK, CBH3bIBaHCb c onIIro

HYKJie0TII;:i:ru.i:II rIA II f2T IIJIII K0MIIJieMeHTapHbIM ;:i;yrrneKC0M flA-f2T, 3am:11m:aeT 
IIX OT ;:i:eiiCTBIIH HYKJiea3 (;:i;op. 1-6), HO B pa3HOH CTerreHII B 3aBIICIIM0CTII OT K0H

[(eHTPa[(IIII :irnro K0MIIJieKca. ITpII ;:i;eiicrnm1 ~HKa3bI I Ha a)];)];JKT rIA-f2T-ArroA-I
TfK ITOHBJIHeTCH 0JIIIroHYKJie0TII.D:, 3all(IIII(eHHhlii K0MIIJieKC0M ArroA-1-TfK OT ee 

;:i:eiicTBIIH. ITO-BII)];IIMOMy, 3TO MIIHIIMaJibHblli j"IaCT0K CBH3bIBaHHH K0MIIJieKca ArroA

I-TrK c ~K. BII)];Ho, ~o ero MHHa MeHbIIIe, qeM ;:i:nIIHa 11cxo;:i;HhlX rIA n f2T, 

C0CTaBJIHIOII(aH 17 0CTaTK0B HYKJie0Tll)];0B (pIIC. 2, ;:i;op. 1, 2 cpaa. c ;:i:op. 8 n 9). EbillO 
II0Ka3aHo, ~o Tn, r;:i;e n = 3 HJIII 6, He oTm:errJIHeTcH ~HKa3oii I OT GC-co;:i:epJKam:ero 
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... P11c. 2. PMIIOaBTOrpa<j, I 5 % IIAAr B 6M / / / / f I M0'leB11He. Kpac11TeJ111: XC- KC11JJem-111aHoJJ, 
P s;r I ., l' BP- 6poM<j,eHoJJ0Bb1ll:. 
~ 11, .... .... 

~- §' $1 i l c;- 1. ,/zyMeKc rIA-r2T + AnoA-I-TrK (1:0,5 
ff ff ~Ir ~ ~"i r:- ~ MOJJblMOJJb) + WJKa3a I 

/ / 1· 1· l ;,~ / f 2. ,/zyilJieKc rIA-r2T + AnoA-I-TrK (1:2) + 
,l • ./' ./ " " • f ,l(HKa3al 

f f l l ~' ~' f" ,_ / 3. nA+AnoA-I-TrK(l:0,S)+Sl ttyKJJea3a 
t...'"' <' ~ ~ e, e, .::' t..."' e, 4. rIA + AnoA-I-TrK (I :2) +SI ttyKJJea3a . 

5. r2T+AnoA-I-TrK(l:0,S)+Sl ttyKJJea3a 

• 6. r2T+AnoA-I-TrK( 1:2)+ SI ttyKJJea3a 
-xc 7. ,/zynJJeKC rIA-r2T + AnoA-I-TrK 

8. rIA; 

·• 9. r2T; 
-BP 10. MeTKa y[32P]-ATP 

2 3 4 5 6 7 8 910 
«Kopa», B 0TJill'ille OT An (.LlaIIHbie He rrpHBe,LleHhl). MllHllMaJibHblll call:T CBH3bIBaJIIDI 
K0MIIJieKca ArroA-1-TfK rrpe,LICTaBJIReT co6oii GC-«Kop» c Tn (n = 3-6) Ha 3'-KoHn;e 
o6ru;eii ,LIJillHbl 12 ± 1. PaJHoe B03,LleHCTBlle noro )Ke K0MIIJieKCa Ha 0,LIH0n;erroqel'.JHhle 
0JIHroHYKJie0Tll.LlhI flA u f2T Ha6JIIO,LlaJill rrpu rn,1:1ponll3e HyKJieaJoii SI (puc. 2, ,1:1op. 
3-6). rIA B 6oJibIIIeii CTerreHll 3aru;uru;aeTCH OT ,1:1eiiCTBllH HyKJieaJbl s 1 rrpll yneJill-
1'.JeHllll K0HU:eHTpau;uu K0MrrJieKca ArroA-1-TfK (,1:1op. 3 u 4), rnma KaK f2T rn,1:1po
Jill3yeTCH TeM 6oJihIIIe, 1'.JeM 60JibIIIe K0Hn;eHTPaU:llH K0MIIJieKca B peaKn;llOHHOH CMeCll 
(.z:1op. 5 ll 6). AHaJIOrH'IHhle peJyJihTaThI 6bIJill rroJiyqeHhl .LIJlR A3CC(GCC)J ll 
(GGC)JGGT3. Ifa JlllTepaTypHhrx ,1:1aHHbIX HJBeCTH0 06 o6paJOBaJillll CJI0)KHhIX nro
pH'IHhIX CTPYKTYP, a llMeHH0, G-KBa.z:lpyrrJieKCOB B GCC/GGC-co,1:1ep)Karu;Hx oJillrDHYK
Jie0Tll,[lax [8]. CJie,LlyeT c,1:1eJiaTh BhIB0.LI, 'ITO K0MIIJieKc ArroA-1-TfK «paJBopaqunaeT» 
ll CaM0K0MIIJieMeHTapHhre GC-CTPYKTYPhI, ll G-KBa,1:1pyrrJieKchr, K0T0pbre 6bIJill crn6u
Jill3HponaHbI 3' -Tn (Ho He 5' -An) B llCX0,[IH0M 0JillrDHYKJie0Tll,Lle. 

TaKllM o6paJOM, K0MrrJieKc ArroA-1-TfK 3cpcpeKTllBHO CBH3bIBaeTcH in vitro KaK c 
0,LIH0n;erroqel:JHbIMll, TaK ll C ,[IByn;erroqeqHblMll II0CJie,LI0BaTeJihH0CTHMll Bll,Lla 
CCG/GGC, «pacrrJieTaH» BT0pll'IHYIO CTPYKTYPY ll ,1:1eJiaH ,l(HK 6oJiee ,1:1ocryrrHoii 
,1:1eiiCTBllIO HyKJieaJ llJill 3aru;llru;aH OT fll.z:IP0Jill3a HYKJiea3aMll B JaBllCllM0CTll OT K0H
n;eHTPau;llll. Crroco6HOCTh ArroA-1 B K0MIIJieKce C MeTa60JillTOM CTep0ll,LIH0ro ropM0-
Ha no3,1:1eiicrnoBaTh Ha BTOpll'IHYIO CTPYKTYPY ,l(HK 3YKapuoT rro,1:106Ha ponu HeKo
T0phrx [9] TPfillCKpllIIU:ll0HHbIX cpaKTOpOB B 3KCIIpeccllll reH0B. 
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B~IDIHHEAMHHOKHC~OTHA6HOCHHTE3KAPOTHHOH,11:0B 
RHODOPSEUDOMONAS PALUSTRIS, IDT. ,lJ;-6 

Ilapomrn A.X., MapKOCHH JI.C. 

HHcmumym MW(JJ06uonowu HAH PA, 2. Epe«aH, ApMemm,ji/avyan_/@yahoo.com 

Cpe,ri;u rrpupo,ri;HhIX 6uonornqecKu aKTHBHh!X coe.ri;nHeHnii, o6na.ri;aiomux aHTHMY

rnreHHhIMH CBOHCTBaMH H HMMYHOMO,[(yJinpyromeii aKTHBHOCThlO, oco6oe MeCT0 3aHH

MfilOT KapoTHHOH,[(Hhie IIUrMeHThI [I]. 8 IIOCJie,[(HHe fO,[(hI 3TH IIUrMeHThI BhI3hIBfilOT y 

Me,[(UKOB oco6hIH HHTepec B CBH3H HX BhICOKOH aHTHOKCH,[(aHTHOH aKTHBHOCThlO. Euo

JIOruqeCKaH aKTHBH0CTh Kap0THHOH,[(0B 061,HCHHeTCH HX crroco6HOCThJO B3aHMO,[(eHCT

B0BaTh C aKTHBHhIMH cjJopMaMH KHCJiopo,ri;a HJIH ")Ke B03HHKfilOIJlHMH B rrporrecce CB0-

60,ri;nopa,ri;HKaJihHh!X peaKrrnii coe,ri;nHeHHHMH. Oco6hrfi HHTepec, IIOMHMO P-KapTHHa 

BhI3hmaeT JIHKOIIHH. JlHKOIIHH B BH,[(e pa3JIUqHhIX cjJopM UCIIOJlh3yJOT KaK pa,ri;uorrpo

TeKT0pHoe cpe,ri;crno, aHTHKaHrreporeHHhIH rrperrapaT [2]. 

B MUKpo6uonoruqecK0H rrpOMhIIIIJieHHOCTH B KaqeCTBe rrpo,ri;yrreHTOB KapOTH

HOH,[(0B, B TOM qucne P-KaPTHHa, ucrroJih3yJOTCH MHIIeJIHaJihHhre rpu6hr [3]. O,ri;HaKo no 

pa3HOo6pa3HIO KapoTHHOH,[(0B 0HH YCTyIIfilOT <pOTOTPO<pHhlM MUKpoopraHH3MaM, B TOM 

qucne <pOTOTPO<pHhIM 6aKTepUHM. KapoTHHOH,[(hI <pOTOTPO<pHhIX 6aKTepuii OTJIUqfilOTCH 

OT KapOTHHOH,[(OB pacTeHHH H BO,[(Opocneii [4]. <POTOTPO<pHhie 6aKTepuu CUHTe3npyroT 

arruKJinqecKne KapoTHH0U,[(hI, MH0rue H3 HUX co,ri;epiKaT MeT0KCHJihHhie rpyIIIIhI. Y cjJo

TOTPO<pHh!X 6aKTepuii OIIHCaHhI 6onee 30 pa3JIUqHh!X KapoTHHOU,[(0B. McrrOJih30BaHHe B 

Kaqecrne rrpo,ri;yrreHT0B Kap0TUHOH,[(Hh!X rrurMeHTOB <pOTOTPO<pHh!X 6aKTepuii 

rro3BOJIHT rronyqaTh rrperrapaT 6onee ,ri;eIIIeBhIM u ::,cjJ<jJeKTHBHhIM crroco6oM, TaK KaK 

ll.')'JlhTHBHpoBaHne IIOCJie,[(HHX ne TPe6yeT ,ri;oporocTOHIIIero HJIH ,ri;ecpurrurnoro ChlphH. 

YIMeJOIJlHeCH ,ri;aHHhie no 113yqeHUIO ,[(UHaMHKH o6pa30BaHHH KapOTHHH0,[(0B pac

TyIIIHMH KYJihTYPaMH rryprrypHh!X 6aKTepuii II0,[(TBep)l(,[(aIOT, ~o KOJinqecTB0 u C0CTaB 

IIHrMeHTOB B 3HaqnTeJihHOH CTerreHH 3aBHCHT OT HHTeHCHBH0CTH CBeTa, rrpHCYTCTBHH 

HJIH OTCYTCTBHH 02 H CO2, OT <pa3hl pocTa H ,ri;p. [5]. O,ri;HaKO B JIUTepazype MaJIO ,[(aH

Hh!X 0 BJIHHHHH HCT0qHUK0B a30Ta Ha 6uocUHTe3 KapoTHHH0,[(0B <pOTOTPO<pHh!X 6aKTe

puii. 8 CBH3H C 3THM rrpe,ri;cTaBJIHJIO HHTepec H3yqenue BJIHHHHH pH.[(a aMUHOKHCJIOT Ha 

pocT H HaK0IIJienue Kap0THH0H,[(0B y <pOTOTPO<pHhIX 6aKTepuii. 

B pa6oTe ucrroJih30BaJIH HecepHyro rryprrypnyJO 6aKTepuJO Rhodopseudomonas 
palustris, IIIT. Ll.-6, Bhl,[(eJieHHhIH HaMH H3 ru,ri;poKap6oHaTHh!X MUHepaJihHh!X HCTOq

HHK0B ):{iKePMYKa (puc. l ). 

c:',
·c::,,":··-· 

~ \_"~/;;·.-.· ,-
~{1 
Puc. 1. Rh. palustris, IIIT. ~-6. <l>a-
30BbIH KOHTPaCT, X 2000 

lliTaMM ,ri;eIIOHUpOBaH B Pecrry6JIUKaHCKOM 

U:eHTPe ,ri;err0HHpOBaHHH MHKpo6oB ITO,[( H0MepoM 

MHMMA E-6506. BhI.ri;eneHHhIH IIITaMM HBJIHeT

cx <poTOopraHOTPO<pHhIM, <paKyJihTaTHBHO anro

po6HhIM opraHU3MOM. OrrTHMaJihHaH TeMrrepaTy

pa pocTa 30 °C. OIITHMaJihHhIH pH pOCTa 7,0-7,2. 

Cna6o faJIOTOJiepaHTHhIH, Bhl,[(epiKnBaeT B cpe,ri;e 

,ri;o 2 % NaCL lliTaMM pacTeT B aHropo6nhIX 

ycJI0BHHX na CBeTy u B ropo6Hh!X - B TeMH0Te. 

Ha CBeTY pocT Ha6JIJO.ri;aeTCH TaiKe u B MHKpO

ropo<puJihHh!X ycJIOBHHX. <POTOCHHTernqecKHH 

MeM6paHHhIH arrrrapaT JiaMeJIJIHpHoro CTPOenux, 
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naMeJIJihl pacrroJIOiKeHhI rrapaJIJieJihH0 K IIHTOIIJia3MamqecKOH MeM6pane. 

Ilpu pOCTe B anropo6HhIX u MHKpOa3pO<pHJihHhIX YCJI0BHHX Ha CBeTy cneKTP 

rrornomeHUH rreJihIX KJieTOK KyJihTyphl c MaKCHMYMaMH rrornomeHHH rrpu 468, 498 u 

527 HM CBH,[(eTeJihCTBYJOT 0 HaJIUqHU B KJieTKaX Kap0THH0H,[(HhIX IIHrMeHTOB H0p

MaJihHOH CIIHpHJIJIOKCaHTHHOB0H cepuu C co,ri;epiKanHeM rJiaBHhlX IIHrMeHTOB CIIHpHJIJI

JIOKCaHTHHa, JIHK0IIUHa n po,[(OIIUHa (puc. 2), qrn IIO.[(TBep)l(,[(aeTCH TaKiKe u peJyJih

TaTaMH xpoMaTorpacjJuqecKoro anaJIHJa JKCTP=a KapomH0H,[(0B, rronyqeHH0ro 

MeTO,[(0M MeHceHa [6]. Cne,ri;ycr 0TMeTHTh, qrn CIIHpHJIJI0KCanTUH u po,ri;oIIHH =
CH rrpoHJBO,[(HhIMH JIHK0IIUHa. 

Ey.ri;yqu cjJoTOreTepoTPO<pHhlM opranu3M0M aMHH0KHCJI0Thl ,[(JIH mTaMMa MOfYT 

CJIYiKHTh 0,[(HOBpeMeHH0 HCToquuKaMH yrJiepo.ri;a,_a3ora H ,[(OH0paMH ::meKTP0H0B. 

£~t'.gJ'.-j--'~ - - - - --'II I 11 I I I I I 111111_1 -~ --- -

---
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"· 
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PHC. 2. Crrercrpbl IlOrJIOII(eHIDI 

IleJibIX KJieTOK (I) H 3Kc:-rpaKTa 

Kaponrnolf.!I0B (2) R palustris, lllT. 

~-6, Bblpall(eHHblH B 3Ha3p06HbIX 

yCJIOBIDIX Ha csery 

O.ri;HaKO B03M0iKH0CTH 6aKTepHH B OTH0IIIeHHH HCIIOJihJ0Bal!HH OT,[(eJihHhlX 

aMHHH0KHCJI0T He IIIHP0KH. C ,ri;pyroii CTOp0Hhl 113yqaeMaH HaMH KyJihTypa no 0TH0IIIe

HHJO K T0MY HJIH HH0MY HCToqumcy a30Ta HecKOJihKO 0TJIHqaecg OT THIIOBOH KyJihTy

phI. IlonyqeHHhie ,[(aHHhie II0Ka3h!BfilOT, qrn He Bee HJ HCIIOJihJ0BaHHhIX aMHH0KHCJIOT 

YCBaHBfilOTCH KYJihTypOH u xopomuii poCT Ha6JIJO,ri;aercg Ha cpe,ri;ax, r,ri;e HCTQquuK0M 

a30Ta CJiyiKaT JIHJHH, MeTU0HHH H aprHHHH. Cne,ri;yeT OTMeTHTh, qrn YKa3aHHhle 

aMHH0KHCJI0Thl o6ecnequBaJOT pocT KyJihTyphI TaKiKe u B a::,po6Hh!X YCJI0BHHX B 

TeMH0Te. O,ri;HaKO CK0p0CTh ux aCCHMHJIHIIHH Ha CBeTy 6oJiee BhlCOKaH, qeM a TeMH0Te. 

)],aHHhie TaKiKe CBH,[(eTeJihCTByJOT, qrn KaqeCTBeHHh!H C0CTaB KapOTHH0H,[(0B 6hlJI 

CXO,[(eH Ha HCCJie,ri;yeMhIX aMHH0KHCJIOTax. Ilpu 3TOM B HeK0TOphlX ~axx 
KoppeJIHIIHH Me)l(,[(y HaK0IIJieHueM 6HOMaCChl H 6uOCHHTe30M KapoTHHOH,[(0B He 6hlJIO 

o6HapyiKeHa. TaK, rrpH KyJihTHBHp0BaHHH KJieTOK KyJihTyphl C aprnHHH0M, JIH3HH0M 

BhIX0,[( 6HOMaCChI C0CTaBJIHeT 1,8 r/JI cyxoro BeII{eCTBa, a o6mee K0JIHqeCTB0 KapO

THHOH,[(0B He rrpeBhIIIIaeT 1,2 Mrlr cyxoii MaCChl KJieTOK, r,ri;e CIIHpHJIJI0KcanTHH C0CTaB

JlHeT 90 %, JIHK0IIHH - 4,8 %, a po,ri;OIIHH - 4,1 %. lfa 6onee ,[(BaTIIaTH HCII0JihJ0BaH

Hh!X aMHHOKHCJI0T Ha 6uocHHTe3 KapOTHH0H,[(0B 6narorrpUHTHoe BJIHjlHHe OKa3hIBaJIH 

acnaparuH0BaH, rJIYTaMHH0BaH KHCJI0Thl, JieiiIIHH H aprHHHH. C HX HCIIOJihJOBaHHeM 

HaKOhJieHne 6noMaCChl C0CTaBJIHeT B cpe,[(HeM 1,35 r/JI, a CYMMapHoe co.ri;epiKaHHe KA
pOTHH0H,[(0B - 3,5 Mr/r, r,ri;e B cpe,[(HeM Ha ,[(OJIIO CIIHpHJIJI0KcanmHa rrpHXO,[(HTCjl 80 %, 
JIHKOIIHH C0CTaBJIHeT 9,8 %, a po,ri;orruH - 9,1 % (ra6JI. 1). 

.195 



Ta6m11.-1a 1. Bnmrnne HeKOTOpbIX aMHHOKHCflOT Ha 6ttOCHHTe3 KapOTHHHO.UOB nptt 

AMHHOKHCflOTbl EnoMacca, r/n cyx. Beca KapOTHHOH.UbI, Mr/r cvx. 6ttoMaCCbl 

CnnpnnnOKCaHTHH JlttKOTTHH Po.uonnH 

AcnaparttHOBllll KHCflOTa 1,35 1,104 0,135 0,125 
AnaHHH 1,35 1,13 0,154 0,045 
AprttHHH 1,8 1,11 0,053 0,049 
fnyraMHHOBllll KHCflOTa 1,38 1,096 0,134 0,124 
Jleiil.lHH 1,33 1,08 0,048 0,072 
Jltt3HH 1,8 0,99 0,051 0,055 

YKaJaHHhie aMHH0KHCJI0Thl BJIHJIIOT He T0JibK0 Ha o6mnii Bh!X0,U KapoTHH0H,U0B, 
HO H Ha 6noCHHTe3 0T,UeJihHhlX IIIIrMeHT0B. TaK, eCJill acrraparnH0BaSI, rnyTaMllH0BaSI 
KHCJI0Thl 3aMeTH0 BJIHSIIOT Ha o6paJOBaHne JlllK0IIHHa ll po,uorrnHa, TO aJiaHHH crroco-
6crnyer 6nOCHHTe3y JIHK0IIH!Ia H HeCK0JihK0 II0,UaBJIJieT o6paJoBaHne po.uorrnHa. Bee 
llCII0Jih30BaHHhie aMHH0KHCJI0Thl rrpnro,UHhl MS! 6nocmne3a CIIHpHJIJI0KCaHTHHa. 
IlOJI)"1eHHhie ,uaHHhie ,uaIOT OCH0BaHHe c,ueJiaTh BhIB0.U, qro C llCII0Jlh30BaHneM 
pa3JillqHhlX aMHH0KllCJI0T M0)KH0 HarrpaBJieHH0 yBeJinqnTh HaK0IIJieHHe Toro HJIH 

llH0ro KapoTHH0H,Ua y HecepHhlX rryprrypHhIX 6aKTepnii. 
EJiarorrpHS!THhIMll ,UJISI KapoTHH0reHeJa 0KaJaJIHCh TaK)Ke MHKp0a3pO<pHJihHhie 

YCJI0BHJI BhipamnBaHHJI n 1500-2000 JIIOKC 0CBemeHHJI. 

JlnTeparypa 

1. CepreeB A.B., CaMoXBaJIOB T.M., BaKyJioBa JI.A., illamKnHa M . .51. KapornHOH.UhI B 
0HK0Jiornn II MarepnaJihI CHMII0JHYMa.- M.: 1992; OHKonornqecKnii Ha)"1HhIH 
IJeHTp, P AMH. - C. 4-8. 

2. Yu Ji'an, Ye Yongjun, Lan Zhixin, Lan Xiande, Fan Xiaobing. Influence of the 
carotenoids of photosynthetic bacteria on peroxide oxidation of lipids II J. Shanghai 

Jiaotang Univer.- 1998.- V. 32, N2 3.- P. 107-110. 
3. <l>eo<pHJIOBa E.H. KapoTHHOH,Uhl rpn6oB: 6noJiornqecKne <pyHKIJllll n rrpaKTHqecKoe 

HCII0Jlh30BaHne (O63op) lffipHKJI. 6HOXHMHJI H MHKpo6HOJIOrHJI.- 1994. - T. 30, N2 
2. - C. 181-195. 

4. Schmidt K. The Photosynthetic Bacteria. Plenum Press.-1995.-V.2.- P. 729-750. 
5. Sandmann G. Carotenoid biosynthesis in microorganisms and plants II Europ. J. 

Biochemistry.- 1994.- V. 223, N2 1.- P. 7-24. 
6. Jensen S.L. The constitution of some bacterial carotenoids and their bearing on 

biosynthetic problems. Trondheim.- 1962.- P. 104-118. 

196 

L 

POJib liEJIKOBoro HHrifliHTOPA IlOJIHrAJIAKTYPOHA3bl B 
PACTEHHH 

IlpoIJeHKO M.A., EY3a H.JI., EyJiaHIJeBa E.A., Kopa6neBa H.IT. 
HHcmumym 6uoxUMuu UM. A. H. liaxa PAH, 2. MocKBa, PoccUR, protsenko@inbi.ras.ru 

EeJIKOBhlii nHrn6nrnp rronnraJiaKrypOHaJhI (EMilf; polygalacturonase-inhibiting 
protein, PGIP) BhIJIBJieH B pacTnTeJihHhIX TKaHJIX no ero ,ueiicTBHIO Ha nonn

ranaKTyp0HaJY (Ilf; rronn-[1,4-a-D-ranaKrypoHn,u]rnnKattorn,uponaJa; K<I> 3.2.1.15) -
cpepMeHT, ceKpernpyeMhlH <pllTOIIaToreHHh!Mll rpn6aMH, ll JIBJISIIOII-IHHCSI 0,UHHM H3 
ocHoBHhIX rraroreHHhIX <paKTopoB [ 1]. EMITf cqnraercsi BIDKHhIM K0MII0HeHT0M 
CHCTeMhl 3aI1-1HTHhlX peaKUHH pacreHHJI. OH 0THOCIITCJI K rpyrrrre 6eJIKOB, co,uep)K8Il-lllX 
rroBT0pH0CTH, o6orameHHh!e neiiIJIIHOM (leucine-reach repeats - LRR), B Koropyro 
BX0,uJIT TaK)Ke MHorne 6eJIKII, )"1aCTByIOII-IHe BO B3aHMO,UeHCTBIIll M0JieKYJI B )KHB0M 
opraHll3Me, B TOM qncJie, CBJI3aHH0M C rraroreHHhIMII B03,ueiicTBllll:Mll (pathogenesis

related proteins - PR proteins). 
EMITr JI0KaJIII3YeTCJI B arrorrJiaCTe, r.ue OH Hax0,UIITCJI B paCTB0pe IIJIII CBJI3aH C 

,ueMeTHJIIIp0BaHHhIMII yqacTKaMII rDM0raJiaKrypOHaHa B C0CTaBe KJieroqHOH CTeHKII. 
foMoraJiaK'fYpDHaHOBhlH 3IIIIT0II M0JieKyJihl rreKTHHa rrpncyrcTByeT B MecTax a,ure3HII 
ll paJ,ueJieHIISI KJieTOK B TKaHJIX pacTeHllll: - B paCTYIIJIIX arreKcax, B TKaHJIX 
cpopMIIPY!OII-IIIXCJI IIJI0,U0B, B TKaHJIX rrecrnKa II IIhlJihIJeBhlX rpy6Kax. IlocKOJlhKY 
EMITr crroco6eH CBJI3h!BaThCJI C ,ueMeTHJIIIpOBaHHhIMII yqacTKaMII roMoranaKryp0HaHa, 
JI0rIIqH0 rrpe,uII0JI0)KHTh, qro OH nrpaeT Ba)KHYIO poJih B cpopMIIpOBaHIIll KJieTOqffOH 
CTeHKII rryreM coe,uIIHeHllll: MOJieKyJI neKTnHa. Ilo-BII,uHMOMY, rreKTHH JIBJ!SleTCJI 
rrpIIpO.utthIM JIIII'aH,UOM ,uJISI EJ1Ilf, CBJI3h!BaSICh C K0T0phIM OH BhIIIOJIHJl:eT eme He 
OIJeHeHHyIO cpyHKIJIIIO Hapsi.uy C TaKIIMII 6eJIKaMII KJieroqHhlX CTeH0K KaK 3KCTeHCIIHhl 

II JieKTIIHhl. 
B 3a_naqy nccne,uoBattllll: BXO.UIIJI0 onpe,ueJieHIIe co,uep)KaHHJI EMITf B rrno.uax 

si6JIOHII, II3)"1eHHe ero .ueiiCTBIIJI Ha rrr <pIITOnaTOreHHhlX rpII60B ll aHaJIH3 II3MeHeHllll: 
ero co.uep)KaHllJI B pe3yJihTaTe ,ueiicTBHJI IIHrII6HTOpOB 6IIOCIIHTe3a 3TIIJieHa, 

BJIHSIIOIIJIIX Ha TeMIIhl C03peBaHllll: nJI0,U0B. 

Me-ro.um.:a 
,[(ml 3KcrrepIIMeHT0B IIcnoJih30BaJIH si6JioKII (Malus domestica Borkh.) 3HMHero 

copra MattryattcKoe (Mon,uoBa) II pacnpocrpatteHHoro B cpe,uHeii rronoce Poccnn 
copra AHTOHOBKa. Ilpenaparu, co.uep)Kamne rrr, rron)"1aJIII rryreM oc8)!(,neHnsi cynh
cparoM aMM0Hllll: ll3 KYJihTYPaJihH0ro <pIIJibrpaTa nocne BbipamHBaHllll: rpn6oB B 
reqeHne 7 cyr Ha KaqaJIKe B )KH,QKOH cpe.ue c neKTIIH0M [2]. AKTIIBHOCTh rrr onpe.ue

JISIJ!ll crreKrpO<pOTOMerpHqecKII no II3MeHeHHIO D600, CBH,UeTCJihCTByIOJIJeMy 06 ll3Me
HeHIIII K0JIIIqecTBa pe.uyuIIpyIOJIJIIX rpyrrn (Pf) B 38BIICIIMOCTII OT BpeMeHH [3]. 
MHTeHCllBHOCTh nop8)KeHIIJI TKaHeii IIJI0,U0B rrpII llCKYCCTBeHH0M 3ap8)KeHIIII 0IJeHII

BaJIII no lllKaJie, B KOTOpoii O - OTCYCTBIIe nop8)KeHllll:, 3 - MaKCHMaJihH0e nop8)KeHHe, 
Kor.ua rpII6 pacrrpocrpaHJiercsi no Bceii noBepxHocrn cpe3a nno.ua II Bhl3h!BaeT 
promeHne TKaHll. IlpenapaThI EMITr nonyqaJIII II3 roMoreHaTa napeHXHMHOH TKaHII 
IIJI0.U0B nyreM 3KcrparnpoBaHIIJI 20 MM aueramh!M 6ycpepoM pH 5.2, co,uep)KamIIM 2 
MM MepKarrT03Tattona («Sigma», Cll1A) II 0,2 % Na2S2O5• J13 3KCrpaKTa Marepnan 

0C8)!(,naJill npII 90 %-HOM HaChllIJeHllll (NHi)2SO4. 
.l1HTeHCHBHOCTh IIHrHfiIIpOBaHllll: Ilf rrpenapaTaMII EJ1Ilf onpe,ueJISIJIII no CHII)Ke-
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HIUO aKTllBH0CTll qiepMeHTa, rronyqeHHOro ll3 KyJibTYPaJibHOI'O qJllJlbTpaTa llCCJie11ye
MbIX rpn6oB [2). Ha rpaqinKax 11eiiCTBlle El1flr BbipalKeHo B % K aKTllBHOCTll rrr TOI'O 

lKe rpn6a B OTCYTCTBlle El1ITf. 
B rrpo11ecce xpatteHm1 orrpe11emmn co11eplKattlle 3THJieHa B rrno11ax llJlJI 011eHKH 

llX 4Jll3llOJIOrIIqecKoro COCTOHHllH ll COOTHOCllJill C pe3YJibTaTaMll aHaJill3a aKTllBHOCTll 
El1ITf. ITpn 3TOM IIJIOllbI o6pa6aTbIBaJill a.'1HH03TOKCHBHHHJirnn11nnoM n CoCli, 
llHrll6HpyiomHMll Ha pa3HbIX CTa/:lllHX 6llOCHHTe3 3TllJieHa II 3MeplKllBaIOil(IIMll 
co3peaattHe rrno110B [ 4]. 3nrnen B rrpo6ax orrpe11eAAJIH MCTO/:IOM OKX Ha rrpn6ope 
Crom-4 (llexnH) c IIJiaMeHHO-llOHII3al(llOHHbIM 11eTeKTopoM. 

PeJyJILTaTLI II 06CyiK/:leI111e 
KaK BH/:IHO H3 pHCYIIKa (pile. 1), El1ITf ll3 'g6JIOK llByx copTOB IIO-pa3HOMY HHrII-

6Hp0BaJI rrr qJHTOIIaToreHHbIX rpH60B. ITpH 3TOM, HHTeHCHBHOe HHrII6Hpyiomee 
11eiiCTBHe, KaK rrpaBHJIO, KoppeJIHpOBaJIO co CJia6bIM rropalKeHHeM TKaHeii IIJI0/:10B, qTo 
rro11rneplKl1aeT yqaCTHe El1ITf B IIOBbIIUeHHH ycToiiqJIBOCTH pacTeHHH K 3a6oJieBa
HHHM. B rrpo11ccce xpaHeHHH IIJI0/:10B H6JIOHH MaKCHMaJibHOe BbllleJieHHe 3THJieHa COB
IIa/:laJIO c IIOHHlKeHHeM HaKOIIJieHHH El1ITf B TKaHHx (pHC. 2). O6pa60TKH, HHrn6npyio
mne 6JIOCllHTe3 3THJieHa, BbI3bIBaJill 0/:IHOBpeMeHHOe IIOBbJIUeHHe co11eplKaHHH EHITr. 
CJie11oaaTeJibHO, B KOMIIJieKce 6HOXHMllqecKHX rrpo11ecc0B, pa3BHBa!Oll(HXCH rrpH 
C03peBaHHH IIJI0/:10B, El1flf HrpaeT BalKH}'IO pOJib. 

% HHrH6HpoBa• 
HH'1, 6aJIJibI 

3apIDKemu1 

1) 

MaHTVaHCKOC 

11 

1)4 6 9113 2 5 1 8 7 

l-1Hn'lt5Hp088HHe 

l-1H01&tpoaaHHe 

P11c. I. ,[(eiicTBl!e EHITr 113 J16JIOK Ha rrr pa3HhIX qmrnnarnreHHhIX rp1160B ll llHTCHCIIBHOCTb 
nopalKCHllJI J16JIOK 3TIIMII rp116aM11. Bll.!lhl rp1160B o603HatJCHbl HOMepaMII B COOTBCTCTBllll C 
aJicl>aBIITHhIM cn11cKoM: I. Alternaria sp. (TOMaT); 2. Botrytis cinerea (nyK); 3. B. cinerea 
(MaJIHHa); 4. Fusarium graminearum; 5. Fusarium sp. (Kaprncl>enh); 6. Fusarium sp. (ToMaT); 
7. Monilinia sp.; 8. Penicillium sp.; 9. Septoria nodorum; 10. V. dahliae (xnontJaTH11K); 11. 
Verticillium sp. (Kaprnqienh) 
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il_ 

f1pHCyTCTBYH B KJICTOqHOH CTeHKe, El1flf MOlKCT IIpCIIHTCTBOBaTb 11eiiCTBHIO flf 
naToreHOB. KnHeTHKa HHrII6Hpyiomero 11eiiCTBllH EHrrr Ha qiepMeHT BapbllpyeT B 
omorneHllll KOHKypCHl(llll 3a cy6cTPaT. 3TO 11aeT OCHOBaHlle COMHeBaTbCH B TOM, ~o 
ellllHCTBeHHOH MllIIICHb!O llHI'IIfillTOpa 11eiiCTBllTeJibHO HBAACTCH flf qJllTOIIaTOI'eHHbIX 
opraIIll3MOB. BepOHTHO, ~o CBH3bIBMCb C roMoranaKTypOHaHOM El1ITf 6JIOKHpyeT 
yqaCTKll, llO/:IBCplKeHHbIC 11eiicTBll!O flf, CHlllKM, TaKllM 06pa30M, ero 3qJqJeKTllBHOCTb. 
Heo6XOllllMO IIOJI)"IllTb llOIIOJIHllTeJibHbie 11aHHbie, ~o6bI Ol(eHllTb B03MOlKHOCTH ll 

cnoco6bI llCIIOJib30BaHllH ero llJIH IIOBbIIIIeHllH ycToiiqJIBOCTll pacTeHllH K B03lleiicTBHIO 
naToreHHbIX opraHll3MOB ll 11pyrnx He6JiarorrpllHTHbIX qJaKTOpOB. 
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IIPIIKJIA)l,HhIE II <l>YH)],AMEHTAJlbHblE ACIIEKTbl II3YlIEHIDI 
IIEPOKCII,1J;A3bl B KY Jib TlIBIIPYEMhIX KJIETKAX P ACTEHIIH 

CKpHIIHHKOB A.IO., ra:3apllH 11T. 
Karjleopa XUMU'leCKOU 3H3UM0Jl02UU, XUMU'leCKUU ¢mc;mbmem 

MI'Y UM. MB. HoMOHocoea, 2. MocKea, PoccWl 

IlepOKCH,na3a JIBJJReTCJI HaH6onee IIIHpOKO pacrrpocrpaHeHHblM <jJepMeHTOM pac

TeHHH [l], aKTHBHOCTb KOTOporo 6wrn BrrepBbie OJIHCaHa eIIIe B XIX BeKe [2]. 0Ha 

6hrna o6Hapy'lKeHa B 'lKHBOTHhlX, MHKpoopraHH3Max H BO MHOI'HX pacTeHHgx, rrpH

HMJie'lKaIIIHX K pa3Hb!M CHCTeMaTHqeCKHM rpyrrrraM. KaTaJIHTHqeCKM aKTHBHOCTb 

HaTHBHOfO <jJepMeHTa IIOBh!IIIaeTCJI Ha MHOrHe IIOpll,nKH IIO cpaBHeHHIO C rrpocTe

THqecKOH rpyrrrrofi. Enaro,napll 3TOMY CBOHCTBY rrepoKCH,na3a JIBJIJleTCJI o,nHHM H3 

CaMhIX 3<p<peKTHBHblX H3 H3BeCTHblX <jJepMeHTOB [3,4]. IlepOKCH,na.3a xpeHa B HaCTOJI

IIIee BpeMJI y,nep'lKHBaeT JI03HQHH Ba)1rnefirnero <jJepMeHTaTHBHOfO KOMJIOHeHTa 6HO

aHaJIHTHqecKHX CHCTeM [1). O,nHaKO BO BCeM MHpe Ha rrpoTH'lKeHHH JIOCJie,nHHX 10-15 

JieT Be,neTCJI HHTeHCHBHhIH IIOHCK aJibTepHaTHBHhlX HCTOqHHKOB rrepOKCHAa.3 C HOBbIMH 

!pH3HKO-XHMHqecKHMH xapaKTepHCTHKaMH. IloTeHQHaJibHhlM 6HOTeXHOJIOruqecKHM 

pecypcOM rrepoKCMAa3hl Moryr CTaTh KYJihTHBHpyeMbie KJieTKH pacTeHHH [5,6]. 

Mccne,noBaHHe rrepoKcH,na3HOro craTyca KJieTOK pacTeHHH B KYJihrype HMeeT <pYH.na

MeHTaJihHOe 3HaqeHHe AJ1H ycTaHOBJieHHJI MexaHH3MOB KaTaJIHTHqecKOH aKTHBHOCTH 

rrepOKCH,11a3bl H ee pOJIH B !pH3HOJIOrHH pa3BHTHJI pacTeHHH [7). 

HaMH 6brna IIOJiyqeHa KYJihTypa KJieTOK JIIOQepHbl, KOTOpM cyIIIeCTBeHHO OTJIH

qaeTCJI OT HHTaKTHhIX pacTeHHH JIO aKTHBHOCTH H IIO H30cpepMeHTHOMY cocraBy rrep

OKCH,11a3bl. KneTKH JIIOQepHbl B KYJihType xapaKTepH3yIOTCH ,neCJITHKpaTHhlM JIOBbl

IIIeHHeM ypoBHJI CHHTe3a rrepOKCH,11a3bl IIO cpaBHeHHIO C HCX0,11Hh!MH pacTeHHJIMH. B 

rronyqeHHhlX HaMH KYJibTypax KJieTOK, cyrreprrpo,nyrrHpyIOIIIHX rrepoKCH,na3y, coxpaHJI

JiaCh crroco6HOCTb K o6pa30BaHHIO 3M6pHOH,110B KaK B cycrreH3HOHHhIX, TaK H KaJIJiyc

HhlX JIHHHgx. B HeKOTOpbIX KYJihrypax KJieTOK-cyrreprrpo,nyrreHTOB rrponecc 3M6pHO

reHe3a rrpo,nOJI'lKaJICJI B TeqeHHe 1 ro.na. 3M6pnoreHHhie KYJihTyphI KJieTOK o6JiaAaJIH 

6onee BhICOKOH rrepoKCH,11a3HOH aKTHBHOCThIO, qeM Te, B KOTOpbIX pereHepaIIHOHHble 

rrpoQeCCbl 3aTyxaIOT, xonr ,neneHHe H pOCT KJieTOK rrpo,nOJI'lKaIOTCJI (Ta6JI. 1). 

Ta6Jmna I. AKTHBHOCTh nep0KCH,11a3bl B KYJihType KJJeTOK, TKaHeii " pacTeHHJIX JIIOQepHbl (B 
. ~1 

CK00KaX YKa3aH B030acT KYJibTYPbl KJleT0K 11Jll1 I"'"'""""' 

HcToqHHK (j>epMeHTa Y,neJibHaJI aKTHBH0CTb rrep0KCH,Lla3bI, E/Mr 

11HTaKTHbJe pacTeHHJI, pa3MH0JKaeMbJe 0,50-0,56 
qepeHK0BaHHeM in vitro (3 He,nentt) 

3M6pttoreHHblll KaJIJiyC (I MeCJIQ) 5,00-6,00 

He36pnoreHHhiii KaJinyc (I MeCllII) 3,00 

CycneH3H0HHaJI KVJlbTVpa (2 He,neim) 5,00 

PacTeHHJ1-oereHeoaHThl (3-6 He,nen&) 1,50-2,00 

PacTeHHll-pereHepaHTbl, Bb!CaJKeHHbJe B 0,70 
rpyHT (3 MeCJ1Qa) 

PacreHttll pereHepaHTbI nepe,n naereHtteM 0,30-0,50 
(4 MeCJIQa) 
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PacTeHHll-pereHepaHThl B rrepBb!e 3-6 He,neJih BblpaIIIJiBaHHJI Ha HCKYCCTBeHHOH 

cpe,ne coxpaHJIJIH Bb!COKYIO rrepOKCH,na3HYIO aKTHBHOCTb (1,5-2,0 E/Mr). Ilocne rrepe

CMKH pacTeHHfi-pereHepaHTOB B rroqBy ypoBeHb rrepOKCH,Lla3HOH aKTHBHOCTH CHH'lKaJI

CJI (0,7 E/Mr) n BO BpeMJI QBeTeHHJI 6blJI Ha TOM )Ke ypOBHe, qro n y pacTeHHH, KOTOpble 

JIOCTOJIHHO IIOMep'lKHBaIOTCJI a na6opaTOpHbIX ycnoangx rrpH pa3MHO'lKeHHH qepeH

KaMH (0,3-0,5 E/Mr). 

Bae,neHHe B KYJihTYPY KJieTOK Bbl3hIBaer 3HaqnTeJihHble H3MeHeHHJI B H30<pep

MeHTHOM crreKrpe rrepOKCH,na.3. ,[(eCJITHKpaTHOe IIOBbIIIIeHne nx CHHTe3a CBJl3aHO C 

cyrrepCHHTe30M IIIeJioqHbIX H IIIeJioqHo-HefirpaJibHhlX H30<p0pM. B KYJibType KJieTOK 

,noMHHHpyIOT H30!pOpMbl rrepOKCH,11a3bl C pl 9,2 H 9,3, KOTOpl:.1e COCTaBJIJIIOT 6onee 

IIOJIOBHHhl OT Bcex OCTaJihHhIX H30!pOpM. 3M6pnoreHHhIH H He3M6pnoreHHblH KaJIJIYCbl 

pa3JIHqaIOTCJI IIO co,nep'lKaHHIO IIIeJIOqHbIX H30!pOpM rrpn 3HaqnTeJihHOM co,nep'lKaHHH 

KHCJihlX H30!pOpM. 3M6pnoreHHh!H KaJIJIYC co,nep'lKHT rrpeHMYIIIeCTBeHHO KHCJible 

H30!p0pMbl H CJie,nOBble KOJIHqecTBa IIIeJIOqHblX H30!pOpM. He3M6pnoreHHhIH KaJIJIYC 

co,nep'lKHT KaK KHCJihie, TaK H IIIeJIOqHble H30!pOpMbl, rrpnqeM co,nep'lKaHHe IIOCJie,nHHX 

HH'lKe, qeM KHCJib!X. 

O6o6IIIM JIOJiyqeHHbie ,naHHbie, MO'lKHO rrpe,nrronaraTb, qTO o6pa30BaHHe KaJI

nycHblX TKaHeH H cycrreH3HOHHh!X KYJibTyp rrpHB0,11HT K BKJIIOqeHHIO 6noCHHTe3a 

IIIeJioqHb!X H IIIeJioqHO-HeiirpaJibHblX rrepOKCH,na.3, n, IIO-BH,nHMOMY, H3MeHJleT HX 

IIOCTrpaHCJIJIQHOHHyIO MO,nH<pHKaIIHIO, JIOCKOJihKY B HCX0,11HOM pacTeHHH ,nereKTH

pyIOTCJI 2 IIIeJioqHble H30!pOpMbl (pl 9,2, 9,3), a B KaJIJiyCHOll TKaHH - QeJiblH pll,n 

H30!pOpM. KynhTHBHpOBaHHe )Ke KJieTOK B )KllAKOH cpe,ne rrpnB0,11HT K eIIIe 60JibIIIeMy 

c,nBHry B CTOpOHY IIIeJioqHb!X H30!pOpM. KannycHaJI TKaHb rrpH ,nH<p<pepeHQHaQHH 

rrpo,nyrrnpyeT 60JihIIIee KOJinqecTBO KHCJiblX H30!pOpM, CHHTe3 'lKe IIIeJioqHb!X H30q>OpM 

rro,naBJIJ1eTCJ1. 

Ilpn cpaBHeHHH rrperrapara IIIeJioqHOll rrepOKCH,na3hI, JIOJiyqeHHOro H3 KJieTOK 

monepHhI, c rrperrapaTOM rrepoKCH,na3hI xpeHa <jJnpMhI "Sigma", CIIIA (ra6n. 2) BH,nHo, 

qro o6a rrperrapara rrepoKCMAa.3 6JIH3KH JIO !pH3HKO-XHMHqecKHM CBOllCTBaM. 

Ta6JIHQa 2. CpaBHeHHe CBOHCTB IQenoqHbIX H30q>OpM nepoKCH,11a3 H3 KYJibTYPhI KJleT0K 

CaoiicTBa Kyn&rypa KJieT0K JIIOQepHbJ KopeH& xpeHa 

MoneeynllpHaJI Macca, K,[{a 48 44 

l13oq>epMeHTHblll C0CTaB, pl 8,9; 9,2; 9,3 7,2; 8,7; 9,05 

RZ 2,5 3,0 

K.10
12,M' 8,5 5,0 

K;.-103, MHH-1
, 50 ·c 3,65 1,2 

K;.-103, MHH-
1
, 65 ·c 4,41 1,5 

B 3KCrpaKTe nenoro pacTeHHJI OCHOBHblMH JIBJIJIIOTCJI KHCJible H30<pOpMbl 

rrepoKCH.l1a3hl. Y CTaHOBJieHO, qro KHCJibie H30<pOpMbl rrepOKCH,na.3 pacTeHHll Herro

cpe,ncTBeHHO yqaCTByIOT B rrponecce JIHrHH!pHKaQHH [8), KOTOpblll B KYJibTHBHpyeMh!X 

KJieTKax IIpaKTHqecKH OTCyrcTByer. Cne,nCTBHeM 3T0f0 B KYJibType KJieTOK JIIOQepHbl 

JIBJIJleTCH c,nanr H30<pepMeHTHOfO CIIeKrpa B crnpoHy IIIenoqHblX H IIIeJIOqHo-
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HeHTJ)a.JlbHb!X H30q>OpM. TaKHM o6pa30M, nepexo,[( KJICTOK JIIO{lepHbl K pocTy B 
nonylllllHH KJieTOK Ha HCKyccTBeHHOii nHTaTeJibHOH cpe,[(e Be,[(CT K BKJIIOqeHino 
perylllTOpHb!X KJICTOqffb!X MeXaHH3MOB, npHBO,lUIIIlHX K CBepxCHHTe3y nepOKCH,[(a3bl C 
npeo6n~aHHeM IIleJioqHb!X n IIlenoqHo-HeHTJ)a.JlbHblX q>OpM. O6paTHbIH npo{lecc -
pereHepa{lml pacTeHHii - BbIKJIIOqaeT 3TH MexaHH3Mbl H rrpHBO.[(HT pacTeHHe K HOp
Ma.JlbHOMY nepoKCH,[(a3HOMY CTaTycy. 

IlpH cpaBHeHHH npenaparn IIleJIOqffOH nepOKCH,[(a3bI, nonyqeHHOro H3 KJICTOK 
JIIO!lepHbI, c npenapaToM nepoKCHJla3bI xpeHa q>HpMbI "Sigma", ClllA (rn6n. 2) BHJlHO, 
~o o6a rrperrapaTa rrepOKCH,[(a3 6JIH3KH no q>H3HKO-XHMHqecKHM CBOHCTBaM. Cxo,[(CTBO 
CBOHCTB Bbl,[(eJieHHOii nepOKCH,[(a3bl JIIO{lepHbl H nepoKCH,[(a3bl xpeHa II03BOllleT 
npe,[(JIO)KHTb nepoKCHJla3Y KJICTOK JIIO{lepHbl B Kaqecrne HOBOro npenapaTa nep
OKCH,[(a3bl ,[(JIH HCnOJib30BaHn» B HMMYHOq>epMeHTHOM aHa.JIH3e. Enaro.[(ap» Bb!COKOMY 
CO.[(ep)KaHHIO nepoKCH,[(a3bl B KYJibType KJieTOK JIIO{lepHbl (5 E/Mr 6eJIKa HJIH 400-600 
E/r cyxoii MaCCbI) c 1 r cyxoii 6noMaCCbl y.[(aeTCH rronyqHTb 0,25 - 0,30 Mr roMO
reHHOro npenapaTa IIleJioqHoii nepOKCH,[(a3bl JIIO{lepHbl. TaKHM o6pa30M, KYJibTypa 
KJICTOK JIIO{lepHbl MO)KCT 6b!Tb npe,[(JIO)KeHa B Kaqecrne noTeH{llla.JlbHOro a.JlbTep
HaTHBHOro HCTOqHnKa nepoKCH,[(a3bl Jilli 6HOTeXHOJIOrHqecKoii n q>apMa{leBTHqecKoii 
IIpOMbIIIIJieHHOCTH. 

l13MeHeHHe rrepOKCH,[(a3HOro CTazyca KJICTOK pacTeHHii B KYJibType no cpas
HeHHIO C TKaHHMH HHTaKTHb!X pacTeHnii 3aTparHBaeT TaKoii B~Hblll rrpo{lecc, KaK 
CHHTe3 H MO,[(Hq>HKa{lHH KOMIIOHeHTOB KJieToqHbIX CTeHOK, B KOTOpOM rrepOKCH,[(a3a 
nrpaeT KJIIOqeBYIO pOJib [9]. KaTa.JIIITHqecKa» aKTHBHOCTb rrepOKCH,[(a3 pacTeHHii 
He,[(aBHO rrpH3HaHa 6Hq>YHK{lHOHa.JlbHOii: OHa CBH3aHa C TaKHMH B~HeiiIIIHMH q>H3HKO
XHMHqecKHMH rrpo{leCCaMH, KaK YTHJIH3a{lHH nepeKHCH BO.[(OpO,[(a H reHepa{ln» 
aKTHBHb!X q>OpM KHCJIOpO,[(a Ha rrpornlKeHHH Bcero lKH3HeHHOro llHKJia opraHH3Ma 
[10,11]. B pOCTOBb!X rrpo{leccax BblCIIIHX pacTeHHii rrepOKCH,[(a3a nrpaeT Be.[(YIOIIlYIO 
pOJib, KOTOpa» Ha3BaHa rrap~OKCa.JlbHOii [11] BCJie.[(CTBHe TOro, qTQ q>epMeHT 
yqaCTBYCT KaK B c6opKe KJieTOqffOH CTeHKH, TaK H B ee pa3pbIXJieHHH 3a cq(!T 
«paCIIIHBKH» CB»3eii Me)l(,[(y KOMIIOHeHTaMH IIOJIHCaxapH.[(HOro MaTJ)HKCa rrpn yqacTHH 
aKTHBHb!X q>OpM KHCJIOpO.[(a, reHepnpyeMblX rrepOKCH,[(a30H [10,11]. ,l(Jill H3yqeHHH 
pOJIH aKTHBHbIX q>OpM KHCJIOpO.[(a B MexaHH3Max KaTa.JIHTHqecKoii aKTHBHOCTH 
rrepOKCH,[(a3 06b1qHo HCIIOJ!b3YIOT He3M6pnoreHHbie KYJibTYPbl KJieTOK pacTeHHii KaK 
6HOXHMHqecKH roMoreHHblll MaTepnarr [7]. IlonyqeHHbie HaMH 3M6pnoreHHbie KYJib
Typbl KJieTOK, cyrreprrpO.[(y{lHPYIOIIlHe nepoKCHJla3Y, MOrYT 6b!Tb HCIIOJlb30BaHbl ,[(lll 

ycTaHOBJieHHH HOBblX 6HOXHMHqecKHX MeXaHH3MOB M0pq>oreHe3a Bb!CIIIHX pacTeHHii C 
yqacTHeM nepOKCH,[(a3bl. 

JlnTeparypa 
1. rroap»H 11.r. I1epoKCH,[(a3bl pacTeHHii // 11mm HayKH n TeXHHKH. CepH» 

6HOTeXHOJIOIBH. IM. Bl1Hl1Tl1, 1992. - C. 4-28. 
2. Eax A.H. XnMH3M JlbIXaTeJibHbIX rrpo{leccoB // )KypHarr PyccKoro <l>mHKO

XnMnqecKoro O6IIlecrna. - 1912. - V. XLIV. - C. 1-73. 
3. Ko6o3eB B.11. l136paHHble TPYJlbI. T. 1. M. 113.[(-BO MocKOBCKoro yHHBepcHTCTa, 

1978. - 423c. 
4. KHM E.E. MexaHH3M .[(eiicTBH» rrepoKCHJla3bI // l1rnm HayKH H TeXHHKH. Cepn» 

6noTeXHonom». / Ed. A. M. EropoB. - M. Bl1Hl1Tl1, 1992. - C. 126-146. 

202 

5. YpMaH{leBa B.B. IlepoKCH,[(a3bl KYJibTHBHpyeMbIX KJieTOK pacTeHHii // 11mm HayKH 
n TexHHKH. CepH» 6noTexHonom». / Pe.[(. A. M. EropoB. - M. Bl1Hl1Tl1, 1992. - C. 
54-70. 

6. Spenser M.E., Ashton S.V.M., Scollick S.J. Characterization of novel peroxidases 
from plant cell cultures: evidence of widely different substrate specificities // Plant 
peroxidases: biochemistry and physiology/ Eds. K. G. Wellinder, S. K. Rasmussen, 
C. Penel, H. Greppin. - Geneva: University of Geneva, 1993. - P. 435-440. 

7. Kawano T., Muto S. Mechanism of peroxidase actions for salicylic acidinduced 
generation of active oxygen species and an increase in cytosolic calcium in tobacco 
cell suspension culture// Journal of Experimental Botany. - 2000. - V. 51. - P. 685-
693. 

8. Gaspar T., Penel C., Hagege D., Greppin H. Peroxidases in plant growth, 
differentiation, and development processes // Biochemical, molecular, and 
physiological aspects of plant peroxidases / Eds. J. Lobarzewski, H. Greppin, C. 
Penel, T. Gaspar. - GeIIHve: Universitii de Geneve, 1991. - P. 249-280. 

9. Hagege D., Kevers C., Crevecoeur M., Tollier M.T., Monties B., Gaspar T. 
Peroxidases, growth and differentiation of habituated sugarbeet cells// Biochemical, 
molecular, and physiological aspects of plant peroxidases / Eds. J. Lobarzewski, H. 
Greppin, C. Penel, T. Gaspar. - Geneve: Universite de Geneve, 1991. - P. 281-290. 

10. Schopfer P., Liszkay A., Bechtold M., Frahry G., Wagner A. Evidence that hydroxyl 
radicals mediate auxin-induced extension growth // Planta. - 2002. - V. 214. - P. 
821-828. 

11. Passardi F., Penel C., Dunand C. Performing paradoxical: how plant peroxidases 
modify the cell wall// Trends in Plant Science. - 2004. - V. 9. - P. 534-540. 

203 



HEMPOCIIEU:Hcl>HqECKIIE KAP)];lIOAKTIIBHhlE liEJIOK
roPMOHAJihHhlE KOMIIJIEKChl, lilIOPErYJUIU:HH II IIEPCIIEKTIIBhl 

MX IIPIIMEHEHIDI B MEJJ:HU:HHE 
Cparmomm P.M., IlapoIDIH 3.X. 

H11cmumym Euoxuwuu uw. T.X Ey11RmJ111a HAH PA, 2. Epe6a11, ApMe111m, galoyan@sci.am 

lfa)"IeHIIe MOJieKymipHbIX MeXaHH3MOB 6noperymnJ;HH, J{eHCTByJOll.\He nocpencT

BOM nerrTOJ{Ho-6eJIKOBbIX ropMOHOB OCHOBbIBaeTCH, rrpe)KJ{e Bcero, Ha BCeCTOpOHHeM 

HX HCCJieJ{OBaHHH. Ha rrporn)KeHHH 6onee 4-x necHTKOB JieT HaMH H3)"IaeTCH rrmpOKHH 

crreKrp crpyicrypHbIX, q>yHKI.\HOHaJibHbIX, ropMOHaJibHbIX B03MO)KHOCTeii rpex HOBbIX 

KapJ{HOaKTHBHbIX, HJ{eHTq>lllllIPOBaHHbIX B MarHOIJ;eJIJIIOJiapHbIX HJ{pax rnrroTanaMyca 

qeJIOBeKa n p»J{a )KlIBOTHbIX 6eJIOK- ropMOHaJibHbIX KOMITJieKCOB [l, 2]. 

HccJieJ{OBaHHH BeJIHCb no CJie)lyJOIIIHM HarrpaBJieHHHM: 

1. l13)"IeHHe TKaHecrreIJ;llqlH'lHOCTH, peruOHaJibHOH H cy6KJieTO'lHOH JIOKaJIH3aIJ;Hll Ha 

OCHOBe pa1pa60TaHHbIX HMMyttOXHMH'leCKHX lI PaJJ:HOHMMyttOJIOrH'leCKHX MeTOJ{OB; 

2. 11:ccnenoBaHne MaKpOMOJieKymipHbIX, CTpyKTypHbIX, q>yttKI.\HOHaJibHbIX CBOHCTB, 

)llICCOI.\HHpOBaHHbIX ll3 6enoK-ropMOHaJibHbIX KOMITJieKCOB (EfK) BbICOKOMOJieKy

ID!pHbIX rnHKOilpOTeHHOB, HOCHTeJieii paHee o6Hapy)KeHHbIX KapnnorporrHbIX 

HeiiporopMOHOB A.A. fano»HOM, ycnoBHO o6o3Ha'leHHbIX <<K>>, <<C>>, <<f>> n 

nneHTllq>HKaIJ;lIH nx MHO)KeCTBeHHbIX q>OpM; 

3. l13)"IeHIIe MO)leJibHOro npoIJ;eCCHHra nccnenyeMbIX rJIHKOnpoTeHHOB C IJ;eJiblO 

BbIHCHeHHH nx J{OMeHo-q>yHKI.\HOHaJibHOH opraHll3aIJ;Hll H nneHTHq>lIKaIJ;lIH 06pa-

3yeMbIX npn '.!TOM PHJJ:OM q>H3lIOJIOrH'leCKH aKTHBHbIX, B TOM 'llICJie Kapnno

aKTHBHbIX coeJ{nHeHnii. 

HccJieJ{OBaHHe cy6KJieTO'lHOH JIOKaJIH3aIJ;HH HCKOMbIX ErK B M03ry BbIHBHJIO 

npenMyllJ;eCTBeHHOe HX COJ{ep)KaHire B CHHanTOCOMax nmoTanaMyca n KOpbI 6onbIIIHX 

nonYIIIapnii M03ra, a TaK)Ke B HeiipoceKpeTOpHb!X rpaHynax. 

11:MMyttOrHCTOXHMH'leCKOe lICCJieJ{OBaHne CBHJ{eTeJibCTBOBaJIO 06 HX HaJIH'llIH B 

KJieTKax IlypKHHbe M03)Ke'lKa, cynpaXHa3MaTH'leCKOM HJ{pe rnnoTanaMyca, I.\lITOnJia3-

Me, HepBHb!X orpoCTKax. 

,l];OKa3aHa MnrpaIJ;HH aKCOHaJibHb!M TOKOM KapnnoaKTHBHbIX EfK B COCTaBe 

HeiipoceKpernpHbIX rpattyn n nocnenyIOll.\aH ceKpeIJ;HH B KpoB»Hoe pycno. OnHaKo 

conocTaBJieHne BeJIH'lHH EfK, BbIHBID!eMbIX B p»JJ:e BHCIJ;epanbHbIX opraHOB CBH)le

TeJibCTBOBaJIO 06 nx Bbipa)KeHHOH HeiipocneIJ;Hqlll'lHOCTll Ha TPH nopHJ{Ka BbIIIIe no 

cpaBHeHHIO C HaJill'llleM B 6e3HepBHbIX TKaHHX. Jla6HJibHblli :meKrpOCTaTH'leCKHH THn 

CBH3H HeiiporopMOHOB lI HX HOCHTeneii B KOMnJieKce 06ecne11nBaeT npn 

q>ll3HOJIOrH'leCKHX 3Ha'leHHHX pH crpyKTypHoe HHTerpnpoBaHHe - IJ;eJieHarrpaBJieHHOro 

rpaHcrroprn ropMOHOB B COOTBeTCTByJOll_\He opraHbl-MHIIIeHn, B oco6eHHOCTH, B 

cepJ{IJ;e. C )"IeTOM BbICOKOH aKTHBHOCTH q>ll3lIOJIOrn'leCKOro J{eHCTBHH lICCJieJ{yeMbIX 

EfK (pacIIInpeHne KOpoHapHbIX cocyJ{OB, CTa6HJill3aIJ;HH KpOBHHOro naBJieHHH, ycnne

une KpOBOTOKa, nOBbIIIIeHHe npOHHIJ;aeMOCTll KannJIJIHpoB) CTaHOBHJIOCb Heo6xonn

Mb!M ll3)"IeHne B03MO)KHOrO )"IaCTHH 3THX KOMnJieKCOB npn HIIIeMH'leCKOM COCTOHHHH 

cepJ{lla. HcnoJib3YH MOJ{eJib 3KCnepnMeHTaJibHOro nHq>apKTa MHOKapna (HM), YJJ:aJIOCb 

BbIHBHTb y Kpb!C C KopoHapOOKKJII03HBHb!M HM pe3KOe YMeHbIIIeHHe lIMMyttopeaK

THBHbIX EfK B pa3Jill'lHbIX pernoHax M03ra C OJ{HOBpeMeHHbIM, MHOroKpaTHb!M ( OT 20 

JJ:O 170-Tn pa3) ysenn11eHneM B cepJJ:lle, cene3enKe n nepnqiepn11ecKoii Kposn. B 
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CbIBOpOTICe HHq>apKTHbIX 60JibHbIX yBeJIH'leHne COCTaBHJIO OT 8 J{O 12 pa3 [3). Y'llIThI

BaH peanbHOe )"IacTne EfK B MeTa6onn11ecKHx rrpoIJ;eccax cepJ{lla, B oco6eHHOCTH, npn 

py6IJ;eBaHHH 30Hbl HeKp03a, 0 'leM CBHJ{eTeJibCTBOBaJIH )laHHbie MOpq>ornCTonornqec

KlIX nccneJ{OBaHHH no Bb!HCHeHHIO nx B03MO)KHOro BJIHHHHH Ha BbJ)KHBaeMOCTb 

TOpaKO)lOp3aJibHbIX JIOCKYTOB rrocne nx HIIIeMHH lI penepq>Y3HH OKa3aJIOCb B03MO)KHbJM 

c'lllTaTh EfK MapKepaMH noBpe)KJ{eHHbIX OCTOBOB MlIOKapna. KpoMe HerrocpenCTBeH

HOrD BJIHHHHH Ha pa6ozy cepnlla KapJ{HOaKTHBHble ErK crroco6Hbl ll3MeIDITb aKTHB

HOCTH CHMITaTH'leCKOro lI napacnMrraTH'leCKOro OTJ{eJIOB BereTaTHBHOH HepBHOH CHC

TeMbI. MecTOM npHJIO)KeHHH llX J{eHCTBHH JIBJIHeTCJI KaK COKpaTH~eJibHblli MlIOKapn, TaK 

H BHyrpncepJ{e'lHble rattrnnn, 0 'leM CBHJ{eTeJibCTBOBaJIH pe3yJihTaThI 3KCrrepnMeHTOB 

KaK in vitro, TaK H in vivo. ,[{aHHbie 3JieKrpO-q>H3HOJIOrH'leCKOro aHanll3a Bb!HBlIJ1ll 

)l0303aBHCHMOe lI pa3HOHarrpasneHHOe H3MeHeHHe pa3Jill'lHbIX nonymII.\llll BHYTPH

cepne'lHbIX HeiipOHOB B 3aBHCHMOCTH OT MeCTa nx rrpHJIO)KeHHH [4]. 
KoppennpyJOll.\lIM q>eHOMeHOM C Bb!IIIeH3JIO)KeHHbIM JIBHJIOCb BbIHCHeHHe )"IaCTHJI 

KapJJ:HOaKTHBHb!X EfK B CHCTeMe reMOCTa3a, q>YHKI.\HOHaJibHbie HapYIIIeHHH KOTOporo 

JIBJIJIIOTCJI, KaK H3BeCTHO, OCHOBOH B03HlIKHOBeHHH naTOJIOrH'leCKHX npoIJ;eCCOB. 

IkcneJ{OBaHHe J{eHCTBHJI OJ{HOro H3 KapnnoaKTHBHbIX ErK - 6enoK-HeiiporopMOH "C" 
(EHC) KOMnneKca Ha arrperaIJ;HOHHyJO crroco6HOCTb rpoM60IJ;lITOB B ITJ1a3Me KpOBH 

qeJioBeKa Bb.\)lBHHYJIO Heo6XOJ{HMyJ0 npHHI.\llnllaJibHyJO 3aJ{a'ly - ll3)"IeHne ponn EHC 

B perymII.\HH Mern6onll3Ma KJIIO'leBoro qiepMeHrn reM0Koarym1IJ;nn - MapKepa o6mero 

KoarymII.\HOHHoro nynr Xa c ero nHrn6nrnpoM, attnrrpoM6HHOM III (AT III). obmo 

Bb!HBJieHO 3q>q>eKTHBHOe )"IaCTHe EHC B 3TOM npoIJ;ecce Ha ypOBHe, CBJI3bIBaIOII.\eM o6e 

CHCTeMbl (BHyrpeHHHH lI BHeIIIHHH MeXaHH3MbI), 061,ennHJIIOII.\lleCJI Ha CTa,!Uill o6pa30-

BaHHJI X/Xa, neMOHcrpnpyromero HaJIH'lHH HOBOro aJibTepHaTHBHOro nynr MeTa6o

JIH3Ma Xa [5]. 
Y'llIThIBaJI TeCHyJO CBJI3b Me)K)ly HapYIIIeHneM KpOBOTOKa H COCTOJIHHeM aKTHB

HOCTll crpyicryp M03ra, a TaK)Ke cneIJ;Hq>H'leCKyJO HarrpasneHHOCTb B03J{eil.CTBHH 

KapJ{HOaKTHBHb!X ErK Ha cocynncTyro CHCTeMY, 6blJIO HCCJieJ{OBaHO TaK)Ke npoTeK

TOpHoe neiiCTBHe nocJieJ{HHX npn ocrpbIX lI xpoHH'leCKHX TOKCHK03ax B ycJIOBHHX 

lIHTOKCHKaIJ;llll 3MeHHb!Mll HJ{aMll. Pe3yJibTaTbl O)lH03Ha'lHO CBHJ{eTeJibCTBOBaJill 0 

BocnpOH3B0J{JIII.\eM npoTeKTOpHOM 3q>q>eKTe ErK, a HMeHHO, CTa6HJibHOM BOCCTaHOB

JieHHll HCXOJ{HOro ypOBHJI Bbl3BaHHOH 3JieKrpH'leCKOH aKTHBHOCTll HeiipOHOB. Enoxn

Mll'leCKoe )Ke lICCJie)lOBaHHe C)lBHrDB ypOBHeii peryJIJITopa MeTa60JIH3Ma aKTHBHb!X 

q>opM KlICJIOpona - npo- H aHTHOKCHJ{aHTHbIX MeTannorrpoTeHHOB KpOBll lI pHJJ:a opra

HOB H TICaHeii npn 3TOH naTOJIOrHH, a TaK,Ke ocrpoii HeiipoJ{ereHepaIJ;HH TPaBMaTH

'leCKOro npoHCXO)KJ{eHHH BbIHBHJIH aHTHOKCHJ{aHTHyJO q>yHKI.\HlO ErK, cnoco6HOCTh 

orrocpeJ{OBaHHOro perynnpoBaHHJI MeTa60JIH3Ma Ba)KHeiiIIIHX MeTannorrpoTeHHOB, 

BJIHJIIOII.\lIX Ha o6MeH 02 H rrpenornpama10mnx pa3BHTHe J{eCrpyKTHBHbIX rrpoIJ;eCCOB B 

KpOBll H TICaHHX [6]. 
B1,rrneH3JIO)KeHHb!H cneKrp HCCJieJ{OBaHHH no3BOIDleT He TOJibKO BbIHCHHTb peryn

TOpHb!e q>yttKI.\llll 3H)lOreHHb!X KapnnoaKTHBHbIX ErK, H OTKpb!BaeT HOBble 3TaITbl B llX 

TeopenrqecKOH TPaKTOBKe, HO lI C03)laeT npnHIJ;HnllaJibHO HOBble B03MO)KHOCTH B nonc

Kax rryreii HarrpaBJieHHOH KOppeKIJ;HH narnreHeTH'leCKOH Tepannn pHJJ:a TJI)KeJibIX, B 

oco6eHHOCTll, cepJ{e'lHO-COCY/llICTbIX 3a6oneBaHHH H IJ;eHrpaJibHb!X )lBHraTeJibHb!X 

HapYIIIeHnii. 
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IlEPE)I;A qA CHrHAJIOB OT XJIOPOilJIACTOB K H)J;PY Y BbICllIHX 
PACTEHHH H BO)I;OPOCJIEH 

IOpnHa H.Il., O.nnHUOBa M.C. 
HHcmumym 6uoxUMuu UM. A.H. liaxa PAH, z. MocK«a, Poccwz, nyurina@inbi.ras.ru 

I1ccJie,n0BaHH.sJ IIJiaCTH,nHhIX CIIrHaJIOB, KaK H MHOrne .npyrne HCCJie,noBaHII.sJ 
XJIOp0IIJiaCT0B, 6a3HpYJOTC.sI Ha 0TKphITH.sJX, c,neJiaHHhIX B cepe,nnHe 50-x ro,noB. 
Hopail:p MapmpoCOBHq CHCaK.sJH o,nHHM II3 rrepBhIX Haqarr H3yqeHHe 61IOXHMHH KJie
TQqffh!X CTPYKTYP pacmreJihHOll KJieTKH, rJiaBHhIM o6pa30M XJI0p0IIJiaCTOB. 11ccJie,no
BaHII.sI XJIOp0IIJiaCTOB, BhIII0JIHeHHhie B Jia6opaTOpHH Hopail:pa MapmpoCOBHqa, II03B0-
JIHJIH o6HapYJK1ITh B HHX HYKJieHH0Bhie KIICJI0ThI: ~HK n PHK. 3aTeM 6bIJIII o6Hapy
Jl(eHhl n BhI,neJieHhl pn6ocoMhI, aMHH03UIIJI-TPHK-cnHTeTa3hI, TPHK. IloKa3aH CHHTe3 
6eJIKa n JIHIIH,n0B B XJI0pDIIJiaCTax. 

YTBep,nHJIOCh HOB0e rrpe,nCTaBJieHHe, ~o B KJieTKax paCTeHHll cocymeCTByioT 
TPH cornacoBaHHO IPYHKUHOHHPYJOIUIIX reHoMa. Harr1Iqne TPeX ~K-co,nepJKamnx 
opraHeJIJI B 3YKap1I0TIIqeCKOll KJieTKe BO,nopocJieil: II Bh!CIIIIIX pacTeHHll TPe6yeT 
KOOp,nHHHpOBaHHOll 3KCIIpeCCIIII reHOB B 3mX KOMIIaP™eHTax. B Hacro.simee BpeM.sJ 
aKTIIBHO H3yqaeTC.sJ pOJih XJiopoIIJiaCT0B B peryJI.sJUIIII 3KCrrpeCCHH reHOB IIJiaCTH,n H 
.si,npa. 

IIepBoHaqarrhHO rrpe,nrroJiararrn Harrnqne o,nHoro «rrJiacm,nHoro cnrnarra» IIJIH 
«IIJiaCTH,nHoro !paKTOpa», O,nHaK0 II03,nHee 6bIJIO YCTaH0BJieH0, ~o B KJieTKe 
«pYffKUHOHnpyeT MHOJKecTBo cnrnaJihHhIX IIYTeii:, Koop,nnHnpyiomnx 3Kcrrpeccmo 
.si,nepHhIX reHOB B 3aBHCIIMOCTH OT IIOTPe6HoCTeii: 3mX KJieTOqHhIX opraHeJIJI [I, 2]. 
O,nHH H3 3TIIX IIYTeii: 3aBHCHT OT CIIHTe3a 6eJIKa B XJIOpOIIJiaCTax. bhIJia o6HapylKeHa 
KOppeJI.sJUII.sJ MeJK,ny CHHTe30M 6eJIKa B IIJiaCTH,nax H 3KCIIpeccneii: HeK0T0pbIX .si,nepHhIX 
reHOB 6eJIKOB IIJiaCTH,n. O6pa60TKa pacTeHIIH crren1I«p1IqeCKHMII HHrn6HTOp!IMH 
TPaHCJI.sJUHH B XJioporrJiaCTax, TaKHMH KaK JIHHK0MHUHH, 3pHTpoMHUIIH HJIII 

CTPeIITOMHUIIH, rrpHB0,nHJia K CHHlKeHHIO ypOBH.sJ 3KCIIpeCCHH KO,nnpyeMhIX .s!.np0M 
6eJIKOB !pOTOCHHTe3a. Ilo-BH,nHMOMY, CIIHTe3 6eJIKa B IIJiaCTH,nax reHepnpyeT cnrnarr, 
rrpe,nmeCTByiomnii: 3KCrrpeCCHH p.si,na .si,nepHhIX reHOB. 3m reHhl KO.nHPYJOT 
KOMIIOHeHThl IIJiaCTH,n, a TaKJKe 6eJIKH, JIOKaJIH30BaHHhle B .npyrnx KJieTQqffhIX 
KOMrrapTMeHTax. O,nHaKO ,no CHX rrop HeT ,naHHhIX O TOM, KaK HHru6npoBaHHe CHHTe3a 
6eJIKa B IIJiaCTH,nax rrpHBO,nHT K CHHJKeHHIO 3KCIIpeCCHH .si,nepHhIX reH0B. 

O6HapYJKeHo, ~o HCTOqffHK!IMH XJI0p0IIJiaCTHhIX CHrHaJI0B M0ryT .sJBJI.sJThC.sJ 
aKmBHhle !pOpMhl KHCJI0po,na. Y pacreHHH aKTHBHhie qiopMhl KHCJiopo,na o6pa3YJOTC.sJ 
Herrpeph!BH0 KaK rro60qffh!e rrpO.nyKThl pa3JIHqHhIX MeTa60JI11mqeCKHX IIYTeii:, rrpoTe
KaJOIUHX B pa3JI-HhIX KJieTOqffhJX K0MIIapTMeHTax, HO, B OCHOBHOM, B XJI0p0IIJiaCTax. 
reHepnpyeMh!H B IIJiaCTH,nax CIIHfJieTHhIH KIICJiopo,n BJIH.sJeT Ha 3KCrrpeCCIIIO p.si,na 
.si,nepHhIX reH0B. TaK, II0Ka3aH0, ~o y Arabidopsis tha/iana CIIHrJieTHhiii: KHCJiopo,n 
YCIIJIHBaeT 3KCIIpeCCIIIO 70 II rro,naBJI.sJeT 3KCrrpeCCHIO 9 .si,nepHhIX reHOB. CoBCeM 
He.naaHo 6bm n,neHm«plIUIIPOBaH 6eJioK EXECUTER, K0TOphiii:, KaK npe,zmoJiaraJOT, 
JIH6o 'BOCIIplIHIIMaeT 3T0T CIIrHaJI, JIII60 yqaCTByeT B ero nepe,naqe. 

IlepeKHCh B0,Z{0po.na - .npyra.si qiopMa aKmBH0ro KIICJiopo,na, o6pa3yeMa.sI XJI0po
IIJiaCT!IMII. OHa HaKarrJIHBaeTC.sJ npn rrepeH0Ce paCTeHIIH c YMepeHH0ro Ha IIHTeH
CIIBHh!H CBeT. B 0TJIH~e OT CHHrnemoro KHCJIOpo.na, 6oJihllla.sJ qaCTh KOT0poro ocra
eTC.sI B XJI0p0IIJiaCTax 6Jiaro.nap.si ero Bh!COKOH peaKUIIOHHOH cnoco6HOCTII (KopOTKOMY 
BpeMeHII 'lKII3HII - 200 HC II paCCT0.sIHIIIO nepeH0Ca ,1{0 10 HM), II36h!TOK nepeKHCII 
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B0.!lOpo.ua MO)KeT JierKO .umpq>yH.!lliPOBaTb qepe3 o6oJIO'IKY xnopormaCTOB B UliTO

ITJia3MY. IloKa3aHO, '!TO o6pa6oTKa pacTeHHll. nepeKHCb!O Bo.uopo.ua MO)KeT liH.!lY· 

U!ipOBaTb 3KCnpeccHIO H.uepHbIX reHOB, CBJBaHHbIX C OTBeTHbIMli peaKIIHJ!Mli pacTeHHH. 

Ha CT}JeCCOBb!e B03.Ueii.CTBHJI. JTO o6HapJ)KeHO Ha npHMepe reHa UHTOITJia3MaTH'!eCKOH. 

acKop6aTnepOKCli.!la3bl. KaK Ii r.ue .ueii.CTByeT nepeKHCb Bo.uopo.ua, reHepHpyeMaJI 

nnaCTli.!laMli, Heli3BeCTHO. C'!!iTaI01, '!TO nepeKHCb Bo.uopo.ua, KaK Ii BO.Ila, CB060.UHO 

.UHq>q>YHJllipyeT qepe3 6HOJIOrH'leCKHe MeM6paHbI H II03TOMY MO)KeT Henocpe.ucrneHHO 

B3aHMO.Ueii.CTBOBaTb C BHenJiaCTH.!lHOll. CHCTeMoii. nepe.ua'IH CHrHana. 

TaKHM o6pa30M, MO)KHO 3aKJIIO'IHTb, 'ITO, no Kpaii.Heii. Mepe, .UBa BH.Ua aKTHBHb!X 

q>OpM KHCJIOpo.ua, reHepnpyeMbie xnoponJiaCTaMH, CHHrneTHblll. KHCJIOPO.!l H nepeKHCb 

BO./lOpo.ua yqacTByIOT B nepe.uaqe crreuHq>H'leCKHX CHrHaJIOB OT nnaCTH.!l K ll.!lPY• 

O6Hapy)KeHO, 'ITO o6e q>OpMbI Bbl3b!Ba!OT pa3JIH'!Hble OTBeTHbie peaKUHH Ha ypoBHe 

3KCnpeCCHH reHOB H, ITO-BH.UHMOMY, OTHOCJITCJI K pa3Hb!M ITYTJIM nepe.ua'IH ITJiaCTH.!l

Hb!X CHrHaJIOB. 

EIUe O.UHHM HHTeHCHBHO H3yqaeMbIM HCTO'IHHKOM nJiaCTH.!lHb!X CHrHaJIOB JIBJIJl

eTCJI pe.UOKC-COCTOJIHHe KOMITOHeHTOB 3JieKTpOH-1]JaHCITOpTHOll. uenH q>OTOCHHTe3a 

(3Tll) [3]. M3MeHeHHJI pe.uoKC-COCTOJIHHJI KOMITOHeHTOB q>OTOCHHTeTH'!eCKOll. 

3JieK1]JOH-1]JaHCITOpTHOll. uerrH, HH.!IYUHPOBaHHbie OKpy)KaIOJUHMH ycJIOBHJIMH, 

.11eii.CTByIOT KaK CHrHaJibI, peryJIHPYIOIUHe 3KCnpeCCli!O reHOB B xnoponnacTe Ii pH.Ila 

reHOB B H.upe. 3TO 03Ha'!aeT, '!TO q>OTOCHHTe3 CJIY)KHT HCTO'IHHKOM HHq>OpMauHH, 

Heo6X0.1\HMOH. .!IJIJI peryJIJIUHH 3KCnpecCHli Jl.1\epHbIX reHOB, KOTOpal! He BOCilpH

HHMaeTCJI UHTOITJla3MaTH'!eCKHMH q>OTOpeuerrTopaMH, a CaM xnoponnacT JIBJIJ!eTCJI 

ceHCOpOM Ka'!eCTBa H KOJIH'!eCTBa CBeTa H TaKliM o6pa30M MO)KeT HH.!IYUHpoBaTb 

q>H3HOJIOrH'!eCKHe peaKUHH aKKJIHMaTH3auHH. MO)KHO CKa3aTb, '!TO q>OTOCHHTe3 CaM 

ce6J1 perynnpyeT. Porrh pe.110Kc-cocTOJ1HHJ1 3TU KaK HCTO'IHHKa xnoponnacTHhIX 

CHrHaJIOB, nocrynaIOIUHX B Jl.1\epHblll. KOMnapTMeHT KJieTKH, 6bIJia He.11aBHO rro.urnep)K

.ueHa aHaJIH30M 6onee 1]Jex TbICJl'l H.uepHbIX reHoB Arabidopsis thaliana (3292). 

O6Hapy)KeHO, '!TO 286 reHOB H3 HHX Henocpe.ucrneHHO perynHpyIOTCJI pe.UOKC-CHrHa

JlaMH q>OTOCHHTeTH'leCKHX 3TU. IlepBoHa'laJibHO paccMa'I]JHBaJIH 3TY perynl!TopHyIO 

CHCTeMy B Ka'!eCTBe 06IUero MeXaHH3Ma a.11anTaUHH q>OTOCHHTeTH'!eCKOro arrnapaTa K 

H3MeHeHHJIM HHTeHCHBHOCTH OCBeIUeHHJI H pa3JIH'!HbIM qiopMaM CT}Jecca, BbI3BaHHbIM 

ycJIOBHJIMH OKpy)KaIOJUeii. cpe.llbl. B HaCTOJIIUee BpeMJI 3KCnepHMeHTaJibHO .110Ka3aHO 

TOJibKO BJIHJIHHe pe.110KC-COCTOJIHHJI nyna ITJiaCTOXHHOHOB Ha 3KCnpeCCHIO Jl.llepHb!X 

reHOB. O6Hapy)KeHO, '!TO y Bb!CIIIHX pacTeHHll. pe.!IOKC-COCTOJIHHe nyna nnaCTOXHHOHOB 

HrpaeT, ITO-BH.1\HMOMY, MeHbIIIYIO, qeM y 3eJieHblX Bo.uopocneii., peryJIJITOpHyIO pOJib 

npH 3KCnpeccHH H.uepHb!X reHOB. MexaHH3Mbl, C ITOMOJUb!O KOTOpbIX pe.uoKC

COCTOJIHHe THJiaKOH.UHOll. MeM6paHbl nepe.11aeT CHrHaJI H.!lPY, eIUe HeH3BeCTHbI. EcJIH 

ceHCOpOM CJIY)KHT nyn ITJiaCTOXHHOHOB, B nepe.11aqe CHrHaJIOB MO)KeT yqacTBOBaTb 

KaCKM peaKUHll. qiocqiopHJIHpOBaHHJI [4]. 

IlOKa3aHO, 'ITO B peryJIJIUHH 3KCnpeCCHH OJlHOro reHa MOrJT yqaCTBOBaTb pa3Hb!e 

KJiaCCbl ITJiaCTH.1\HbIX CHrHaJIOB. He.11aBHO o6Hapy)KeHbl .!\Be CTMHH B HH.!lyKUHH reHa 

acKop6amepOKCHJla3bl UHTOITJia3MbI KJieTOK Ta6aKa. PaHHJIJI CTMHJI HH.UyuHpyeTCJI 

BOCCTaHOBJieHHbIM nyJIOM ITJiaCTOXHHOHOB, IT03.1\HJIJI - KJieTO'!HbIM ypOBHeM nepeKHCH 

Bo.uopo.11a. 3TH .!laHHb!e 03Ha'laIOT, 'ITO .!\Ba cHrHana MOrJT 6bITb pa3.11eneHbl BO 

BpeMeHH. 
HapH./ly c pe.uoKc-cocTOJIHHeM KOMnoHeHTOB 3TU B peryJIJ1UHH J1.UepHbIX reHOB 

yqacrnyeT TaK)Ke pe.uoKC-COCTOJIHHe KOMITOHeHTOB C1]JOMbl ITJiaCTH.!l, TaKHX KaK 

CHCTeMa qieppe.110KCHH - THOpe.uoKCHH, HJIH rJIIOTaTHOH. 
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<l>H3HOJIOrH'!eCKHe H reHeTH'leCKHe .1\aHHb!e YKa3b!BaIOT Ha TO, 'ITO pOJib 

nnaCTH.!lHb!X CHrHaJIOB MOrJT BbIIIOJIHJ!Tb TeTpaIIHppOJibI. Y'!aCTHe npe.!lIIleCTBeHHHKOB 

6HOCHHTe3a xnopoq>HJIJia - Mg-npornnopq>HpHHa IX H ero MOHOMeTHJIOBOro 3q>Hpa B 

nepe.uaqe ITJiaCTH./lHOro CHrHaJia 6bIJIO ITOKa3aHO Ha KJieTKax 3eJieHoii. BO.UOPOCJIH 

Chlamydomonas. Mg-npornnopq>HpHH IX MO)KeT 3aMeHHTb .ueii.CTBHe CBeTa npH 

HH./lyKUHH HSP70. ,[{o6rumeHHe Mg-npornrropq>HpHH IX K KYJihTYPaM, pocIIIHM B 

TeMHOTe, JlOCTaTO'lHO .!lIDl HH.!lyKUHH 3KCnpeccHH reHOB HSP70. HaKOHeu, 

noBpe)K.lleHHe cneuHq>H'leCKHX q>epMeHTOB 6HOCHHTe3a TeTpaIIHppoJIOB Be.lleT K IlOTepe 

nnacTH.!lHOro KOHT}JOJIJI HM 3Kcnpeccneii. Jl.!lepHoro reHa Lhcb. 
B nocne.uHee BpeMJI .!lOCTHrHYTbl ycnexH B Bb!JICHeHHH nocne.uoBaTeJibHOCTeii.

MHIIIeHeii. JIJiaCTH.1\HbIX CHrHaJIOB (TeTpaIIHppoJIOB). Mccne.uoBaHHJI CBeTOqyBCTBHTeJib

HbIX npOMOTOpOB reHOB 6eJIKOB q>OTOCHHTe3a, KOTOpbie KOH1]JOJIHpyIOTCH nnaCTH.1\HbIM 

CHrHaJIOM, Il0Ka3aJIO, '!TO CBeT H nJiaCTH.l\Hblli CHrHaJI perynHpyIOT 3KCnpeCCHIO Jl.!lep

Hb!X reHOB qepe3 0.1\HH H Te )Ke lfUC-3JieMeHTbI. XoTJI pom, TeTpaIIHppoJIOB B nepe.11aqe 

CHrHaJIOB OT nJiaCTH.!l K ll.!lPY oqeBH.1\Ha, HMe!OIUHeCJI .uaHHbie CBH.UeTeJibCTByIOT O TOM, 

'!TO CHrHaJibHaJI CeTb, B KOTOpoii. yqacTByIOT 3TH coe.unHeHHJI, JIBJIJ!eTCH CJIO)KHOH.. 

B npouecce 3BOJI!OUHH nepeHOC orpOMHOro 'IHCJia reHOB H3 KJieTO'!Hb!X opraHeJIJI 

B Jl.!lPO npHBeJI K nepepacnpe.ueneHHIO reHOB B KJieTO'!Hb!X KOMllaP™eHTax H 

B03HHKHOBeHHIO KOOp.l\HHHpOBaHHOll. 3KCnpecCHH Jl.!lepHb!X H opraHeJIJibHb!X reHOB. 

IlocKOJibKY 3KCnpeCCHJI Jl.!lepHb!X reHOB IlJiaCTH.!l H MHTOXOH./lpHH .!lOJI)KHa 6b1Jla 6bITb 

CBJl3aHa C q>YHKUHOHaJibHbIM COCTOJIHHeM 3THX opraHeJIJI, B xo.ue 3BOJIIOUHH B03HHK 

HaIIpaJ3JleHHblll. OT opratteJIJI K ll.!lPY KOH'I]JOJib 3KCnpeCCHH opraHeJIJibHb!X reHOB, 

KO.UHpyeMb!X H.!lPOM. IlYTH nepe.ua'IH 3TOro CHrHaJia MaJIO H3yqeHbl. HemBeCTHO, 

KaKHM o6pa30M ITJiaCTH.l\HhlH cnrnan npoxo.!lHT qepe3 o6ono'IKy opraHeJIJI, KaKHe 

CHrHaJibHble MOJieKyJibI HaxO.!lJITCH B UHTOlllia3Me HJIH Jl.!lpe, ,neiiCTByIOT JIH OHH 

Henocpe,ncrneHHO HJIH onocpe,noBaHHO Ha peryJIJITOpHbie 6eJIKH KJieroqHoro H.l\Pa. 

TaKHM o6pa30M, B KJieTKax cyIUeCTBYeT CJIO)KHaJI CeTb CHrHaJIOB, HaIIpaBJieHHb!X 

KaK OT Jl.!lpa K XlIOpOITJiaCTaM, TaK H OT xnoponnaCTOB K ll.!lPY, He06XO.l\HMal! .!lIDl 
q>yttKUHOHHpOBaHHJI 3yKapHOTHqecKOll. KJieTKli, pocrn H pa3BHTHJI paCTeHHll.. 

YHHKaJibHaJI peryJIJ1TopHal! CeTb, q>yttKUHOHHPyIOIUaJI B xnoponnacTax, reHOMbl KOTO

pb!X HeCYT npo- H 3yKapHOTHqecKHe qePTbI, .!lOJI)KHa npHBeCTH K OTKpbITHIO peryJIJI

TOpHb!X CBJl3eii., CBOll.CTBeHHb!X .!IPYrHM 6HOJIOrH'!eCKHM CHCTeMaM. 

Pa6orn llOMep)KaHa rpaHTOM PocCHHCKoro q>OH.lla q>ytt,naMeHTaJibHbIX 

nccne.110BaHHH (N2 06-04-48923a). 
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POSSIBLE MECHANISM OF YAWNING AND ITS INFECTIVENESS 
Ispirian K.A., Ispiryan RK. 

Yerevan Physics Institute, Yerevan, Armenia, karo@mail.yerphi.am 

For long time it was conventionally accepted that yawning is a process providing 
fresh portion of oxygen to weary brain. However some experiments using 0 2 and CO2 
have shown that there is no relation between yawning and breathing. Other experiments 
have confirmed the fact that yawning precedes periods of activity or when brain 
prepares to change gears. Recent observations with ultrasonic scans of fetus allow to 
assert that yawning is necessary for the development oflung of unborn babies, but have 
no purposes for adults, i.e. it is a redundant phenomenon which is widely spread among 
animals and fishes. Everybody knows the contagiousness of yawning. However, some 
experiments using video of mouth, eyes, etc. did not permit to determine what part of a 
yawning face is responsible for contagiousness. It can be infected not only by pictures, 
talking, but also excited by irritations in the sub thalamus region of the brain. Though 
the time and frequency of yawning depends on various factors, such as tiredness, 
sleepiness etc, nevertheless, it is evident that there is a common process, which takes 
place in brain resulting in the known consequences. In spite of the fact that many 
properties and accompanying processes of the yawning are well known the mechanism 
of the yawning process at the molecular level is not studied. In this work taking into 
account the well-known properties of yawning it is proposed a hypothetical mechanism 
for yawning connected with cosmic ray radiation and experiments which can prove or 
decline the proposed mechanism. 

Careful observations show that in public places sometimes one can see two 
persons who are yawning almost simultaneously during a short time. Sometimes they 
stand back to back and can not infect each other by the above mentioned mechanisms. 
Since such coincidences are not accidental one can make conclusion that there is ano
ther reason which influences the rate of coincidences. This conclusion was experimen
tally verified recording the yawning coincidences between two groups of people in two 
rooms separated by a wall taking into account the physiological delay and dead times. 

The proposed hypothesis is: Let us assume, that if not all, a large part of cases of 
yawning events is initiated either by high density energy deposition or high linear ener
gy transfer (high LET) or by sudden doses of low LET of the extended air showers 
(EAS) of high energy cosmic ray particles in some region of brain of human and animal 
organisms. These low and high LET can form small and large brain micro lesions which 
usually are not detectable and washed out after some time. However, if the organism is 
preliminary "prepared" by visual, physical or psychological "infection" lowering the 
detection threshold of the lesions, then a yawning can take place. Indeed, it is well 
known that LET above some threshold value, about 50-100 keV/µm, can produce DNA 
or other molecule lesions and other effects which manifest or not themselves after some 
time of biochemical and other processes. As an example one can mention the lightnings 
in eyes observed by cosmonauts (see ref. [4]). Many experiments carried out in cosmos 
and using heavy ion beams from the accelerators have shown that the observed light
nings are the result of high LET. On the other hand, it has been shown [5] that certain 
doses of low LETs also can result in biological effects. Taking into account these facts 
one can assume that processes of yawning and its contagiousness is initiated by EAS 
particles. 
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With the help of such hypothesis one can explain, for instance, the frequency of a 
single man yawning and its contagiousness. The relativistic singly charged particles, 
mainly muons and , electrons and protons at high altitudes above sea level, give the 
main composition of the cosmic ray flux about 0.5 particle per minute per cm2 at sea 
and mountain altitudes. In contrast to the heavy particles which can produce high LET, 
but make a negligible fraction of the cosmic ray flux, the singly charged particles 
produce very small quantity of high LET mainly as a result of stopping of secondary o
electrons with energy higher than 50 keV and a small number of low LET. The 
probability of production of such o-electrons in 1 cm thick of water by passing 
relativistic particle is about 0.1. Therefore the probability of production of necessary 
quantity of low and high LETs in the brain volumes by single particles during the 
recovery time is very small. However, this probability increases drastically when a part 
ofEAS (depending on the EAS energy and distance from the EAS axis) passes through 
the brain. Few high LET and large number oflow LET can be formed in sensitive parts 
of living organisms simultaneously giving a start of yawning of single and some 
neighboring organisms. The frequency of such EAS on earth is about 1 EAS per 5-20 
minutes per m

2 
depending on the EAS energy or particle flux density coincides roughly 

with the yawning frequency of a single man (more accurate estimates seem not 
reasonable because of the absence of details of dependence of readiness of the organism 
to yawning). If the above picture is correct one can understand why the yawning is 
infectious and even estimate the infection probability. 

The above given hypothesis can be confirmed or declined unambiguously by the 
following experiments. Let a few blocks of scintillation counters allowing to detect the 
passage of EAS with particle density higher than certain values are installed just above 
or under a group of people. During a certain time interval after each event of passage of 
an EAS it is recorded the time ofEAS passage and the yawning persons with the help of 
a camera. It is convenient to carry out such measurements cturing cinema, concert or 
other shows. It remains to look for a correlation between the~AS passage and yawning 
times: the distribution of the events upon the time difference between the passage of 
EAS particles and yawning of persons will have maximum at time difference corres
ponding to the physiological delay between the production of low and high LET and 
yawnings if the proposed mechanism is correct. The use ofmultiwire proportional coun
ters can improve the coordinate resolution, while the coincidences between the events 
for groups isolated by walls can exclude completely the reflexus imitation explanation. 
One can carry out such experiments also using short, not dangerous pulses of many 
particles or fully striped ions with high atomic numbers from high energy accelerators. 
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THE OXIDATIVE STRESS AS A POSSIBLE REGULATOR OF ADA2 
ACTIVITY 

Sargisova Y.G., Andreasyan N.A., Harutyunyan H.A., Hairapetyan H.L. 
H. Buniatyan Institute of Biochemistry, National Academy of Sciences, Yerevan 

Republic of Armenia, biochem@ipia.sci.am 

The effect of oxidative stress on adenosine deaminase 2 (ADA2) was studied. The 
H2O2, NaNO2 or sodium nitroprusside as oxygen radicals generating compounds were 
used at treatment of purified enzyme and activated cells. Human monocytes and 
activated peritoneal macrophages, Kupffer cells of infected mice, normally producing 
some ADA2 activity, demonstrated significant increase of activity in the experimental 
oxidative stress conditions. 

Introduction. Adenosine deaminase (ADA, EC 3.5.4.4) which catalyses the 
deamination of (deoxy) adenosine to (deoxy) inosine in living organisms is presented by 
two different isoforms, ADA! (34-41 kDa) and ADA2 (110 kDa). ADA2, the 
predominant isoenzyme in the serum of healthy subjects, differs from ADA! in kinetic 
and immunochemical properties. ADA2 activity is significantly increased in serum and 
other body fluids at strong infectious diseases, indicating that enzyme may be involved 
in the development of immune system response to pathogens [!, 2]. Recent publications 
revealed that ADA2 belongs to a novel family of ADA related growth factors (ADGF), 
found in many organisms [3, 4], but a specific role for ADA2 has yet to be 
demonstrated. However, limited information is available about the molecular 
characteristics of ADA2 [3, 5, 6], and nothing is known about the enzyme regulation in 
organism. The releasing of reactive oxygen species (ROS) by cells is one of the most 
important biological responses which phagocytes use against invading microorganisms. 
The inflammation often is accompanied with the increase of ADA2 level. Hence, we 
proposed that ROS, produced in abundance at inflammation, can be the real factors 
influencing the ADA2 activity. Some ROS-generating compounds were used in present 
work for treatment the purified enzyme, and ADA2 producing cells from human blood, 
and infected laboratory mice. 

Materials and methods. Human peripheral blood from healthy volunteers was used for 
enzyme purification (using the method described earlier [6]) and monocytes isolation. 
Peripheral blood mononuclear cells (PBMC) were isolated according to Boyum [7]. 
Male laboratory mice were used in our experiments. Kupffer cells (KC) of mouse liver 
were isolated by two-step collagenase IV digestion, according to the method of Seglen 
[8]. Peritoneal lavage cells were obtained from the mouse peritoneal cavity flushed with 
PBS and washed three times. ADA activity assay included the measurement of the 
combined (ADA101a1) and ADA2 activity [9]. The ADA2 activity had been measured in 
the presence of 40 µM EHNA, a specific inhibitor of ADA!, thus unmasking ADA2 
activity. One unit of ADA activity was defined as the amount of enzyme, generating 1 
nmol of ammonia per hour per mg of protein under experimental conditions. In the case 
of cell suspension, the activity is expressed in units per number of cells. As sources of 
active oxygen radical, the H2O2, NaNO2 and other compounds solutions were used, as 
described in [10]. Cell suspension was previously incubated with lmM NaN3 for 10 min 
at 37°C for inhibiting the catalase activity; then the cells were incubated at increasing 
concentrations of the used reagents for 15 min at 37°C in the thermostat, and the ADA2 
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activity was assayed. As controls, the cells incubated with buffer only were used. 

Results and discussion. In the present work, the effects of some ROS-generating 
compounds on activity of ADA2 are described. The incubation of purified ADA2 with 
NO radical source, sodium nitroprusside, brought to the increase of the enzyme activity 
by 20 % (Fig. 1 ). 
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Fig. I. Effect of sodium nitroprusside on 
ADA2, purified from human peripheral 
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Fig. 2. Effect of NaNO2 on ADA2 activity human 
PBMC activated with Salmonella typhimurium. 
Cells were preliminary incubated during 6-hour at 
37°C in suspending medium (HBSS, buffered with 
20 mM HEPES, pH 7.35) to produce initial level of 
ADA2 

ADA2 activation plot formed peak with the maximum near 250 µM, but the 
further increase of reagent concentration brought to the reduction of activity. A short
time exposure of cells to reagents was sufficient for ADA2 activation, suggesting that 
oxygen radicals may be directly responsible for the enzyme activation. Other ROS
generating systems, such as H2O2, iron-H2O2 and iron-ascorbate showed a poor ability 
of oxidative stress to alter activity of purified enzyme in the used conditions. Some used 
SH-reagents also had not effect (plots not shown), suggesting that sulthydryl groups of 
protein are not responsible for the observed activation. Fig. 2 presents the curve of 
human blood monocytes ADA2 activation at incubation with NaNO2. As ADA2 activity 
in freshly prepared monocytes is very low, practically undeterminable, the isolated cells 
were then activated by incubation with Salmonella typhimurium. The activated 
monocytes were exposed to reagents. At incubation with NaNO2 the increasing of 
activity by 40 % over initial level was observed. 

Fig. 3 and Fig. 4 present the plots of ADA2 activity versus NaNO2 concentration 
for peritoneal lavage cells (Fig. 3) and Kupffer cells (Fig. 4) of mice infected with 
Salmonella typhimurium. This infection allowed receiving of activated macrophages 
with well-expressed ADA2 activity. The NaNO2 - dependent oxidative stress brought to 
increase of ADA2 activity at 10-20 mM of NaNO2. H2O2, Fe2

+- H2O2, or Fe
2
+

ascorbate used as ROS-generating agents showed a poor effect on ADA2 activity of 
these cells. The obtained results allow us suggesting that the ADA2 is activated by NO 
radicals in our experimental conditions. 
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Fig. 3. Effect ofNaNO2 on ADA2 activity of 
peritoneal lavage cells of mouse infected with 
Salmonella typhimurium 

Fig. 4. Effect of NaNO2 on ADA2 activity 
of Kupffer cells of mouse liver infected 
with Salmonella typhimurium 

The plots of ADA2 activation show that a short exposure of cells to the oxygen 
radical generating reagents was sufficient for ADA2 activation. This observation allows 
suggesting that oxygen radical probably are directly responsible for the enzyme 
activation, and could be considered as a possible regulator of ADA2 activity. 
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MOSS PROTOPLAST IS A BIOPHYSICAL MODEL TO STUDY THE 
MECHANISMS OF ORIENTATION OF PLANT CYTOKINETIC APPARATUS 

1,2Skripnikov A. and 1Zryd Jean-Pierre 
1 Department of Plant Molecular Biology, University of Lausanne, Lausanne CH-1015 

2 Department of Chemical Enzymology, Moscow State Universtiy, Moscow 199992 

In many plant cell types the plane of cell division is oriented perpendicularly to 
the cell axis. Transverse divisions are crucial to plant development. They occur during 
development of the zygote [1,2] and play important role in apical meristem 
morphogenesis [3]. For over 100 years, one of the best-studied developmental systems 
is the zygote of brown algae Fucus. It has been established that unidirectional light 
affects the orientation of rhizoid outgrowth from the spherical zygote. The first cell 
division is asymmetric and always perpendicular to an axis through rhizoid [4]. As a 
developmental model, moss protoplast is rather similar to the Fucus zygote. In this 
system, outgrowth from the spherical protoplast is also oriented by lateral light, forming 
a pear-shaped protoplast [5]. Subsequently, the plane of the first division is oriented 
roughly at 90° to the pear-shaped cell long axis. Based on the above observations, it is 
believed that unidirectional light orients not only the direction of outgrowth of Fucus 
zygote and moss protoplast but also the planes of their first divisions. Hence, it has been 
apparent that in brown algae and moss protoplast the spindle aligns parallel to the 
direction of light propagation and that division plane is oriented by light as the result of 
orientation of the mitotic apparatus, However, this has never been proven by 
instrumental methods including immunfluorescent observations of the cytoskeleton. The 
orthogonal nature of plant spindle where the axis lies at right angles to the equator does 
not mean that the plane of cell division is to be perpendicular to the axis connecting 
spindle poles [6,7]. Moreover, real-time observations of cytokinesis in Arabidopsis cells 
using GFP reveal the dramatic displacement of spindle and phragmoplast during cell 
division [8]. It remains unknown if light plays direct role in orientation of spindle and 
phragmoplast. Here, we propose to examine the direct influence of light on orientation 
of cell division plane in Physcomitrella patens (Hedw.) B.S.G. protoplasts. 

To study the possibility of involvement of photoreceptors in orientation of spindle 
and phragmoplast, we observed in detail the microtubules reorganisation in the moss 
Physcomitrella patens protoplasts before and during the first division. We used the 
protoplast culture characterised by spindle assembly before the formation of outgrowth 
on spherical cell. We used polarised light that orients the growth of protonema filaments 
from protoplasts along the electrical vector whereas in non-polarised light protonemata 
grow in all directions. We tested the hypothesis that mitosis in geometrically spherical 
moss protoplasts in polarised light may be accompanied by orientation of spindle and 
phragmoplast with respect to the electrical vector. 

The mitotic spindle and early phragmoplast mainly occupy the centre of spherical 
protoplasts. In moss protoplasts dividing in polarised light the equatorial planes of the 
spindle and phragmoplast are aligned perpendicular to the electrical vector, whereas in 
non-polarised light they are oriented in all directions (Fig. 1 ). 
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Fig. 1. Percentage distribution of orientations of equatorial plane of phragmoplast in moss 
protoplasts during the first division in plane-polarised light (A) and non-polarised light (B). The 
angle between equatorial plane of spindle or phragmoplast and electrical vector has been plotted 
at 10° intervals 

The axis connecting two daughter nuclei separated by the early phragmoplast 
should be logically parallel to the electrical vector in polarised light, because the 
complex of the early phragmoplast and daughter nuclei is symmetrical, and the axis 
connecting the nuclei is perpendicular to the equatorial plane of the phragmoplast at the 
beginning of cytokinesis (Fig. 2). One or two daughter cells divide to give rise to 
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protonemal filaments growing along the electrical vector with the cross-walls oriented 
normal to the regeneration axis. Our observations suggest the involvement of dichroic 
pigment systems in the process of transduction of a vectorial light signal to the 
cytokinetic apparatus. 

Fig. 2. Fluorescent observation of nuclei stained with Hoechst (A) and early phragmoplast 
microtubules labelled with antibodies (B) during division of moss protoplast in polarised light. 
Scale bar IO µm. Double arrowhead shows the direction of electrical vector. 

In our experiments, we used polarised light that is suitable for studying the 
mechanisms of orientation of the plane of cell division, a key issue in plant 
developmental biology. Instead of lateral illumination, using polarised light as the 
orienting factor allows one to exclude the asymmetrical action of unidirectional light 
due to attenuation and/or refraction inside the cell [9]. Phototropic responses of moss 
[10,11] and fem [12,13] cells are dichroically mediated by phytochrome that is 
distributed in an ordered manner at the cell periphery. Studies of tropic growth 
responses of the moss Ceratodon purpureus (Hedw.) Brid. [ 11] and the fem Adiantum 
capillus-veneris L. [12,14] protonemal apical cell show that the transition dipole 
moment of red light absorbing form of phytochrome is oriented parallel to the cell 
surface and that of far-red light absorbing form is oriented perpendicular to the cell 
surface. Light signal transduction during phototropic growth response mediated by 
phytochrome may involve reorganization of the cytoskeleton. Phytochrome transduces 
the light signal to actin filaments [15] and MTs [16] in maize seedlings. We put forward 
the hypothesis that phytochrome, anchored in a cortical area of moss Physcomitrella 
patens protoplast, mediates the alignment of other cytoskeletal arrays, such as those 
associated with the spindle and phragmoplast. To test this hypothesis further, 
fluorescence observation of the cytoskeleton during moss protoplast division in 
polarised light will be useful. 
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THE NETWORK ASSEMBLING OF THE REDOX SIGNALING PATHWAYS: 
SIGNAL ROLE OF THE OXYGEN PHOTOREDUCTION IN CHLOROPLAST 

Strizh I.G. 
M V. Lomonosov Moscow State University, Moscow, Russia, irina.strizh@mail.ru 

Studies on signaling pathways and modeling of the regulatory cell networks are 
crucial to understand the functionality of the cell and the entire organism. Reactive 
oxygen species (ROS) such as 02· and H2O2, play a key role in plant metabolism, 
cellular signaling and defense. The oxygen photoreduction via the Mehler reaction in 
chloroplast is considered to be a focal point of redox signaling in leaf cells. To assemble 
the entire cell redox signaling network, we should use all benefits of classical 
biochemical and biophysical approaches with cooperation of the modem molecular 
biological and bioinformatics technologies. 

Introduction 
Living in an oxygenic world forced the cell to continually balance the use of 

oxygen as a source of energy against its potential as a source of cellular injury. 
Chloroplasts are the major site of ROS generation in leaf cells [1]. Oxygen reduction in 
chloroplasts under illumination in the Mehler reaction [2] has been studied for more 
than half a century in different laboratories and among the first studies in this area 
several works were made by Academician N.M. Sissakian and colleagues in his 
laboratory [3]. Current data on wide range of plant responses triggered by H2O2 
accumulated in chloroplasts under stress conditions allow to propose that 0 2 
photoreduction in photosynthetic electron transport chain (PETC) plays an important 
role in stress sensing and redox signaling. In the present work, an attempt is made to 
summarize the majority of the already known Mehler reaction-associated cell and plant 
responses. Still, one of the main obstacle in modeling the signal transduction and 
metabolite pathways is lack of comprehensive knowledge on these topics. Study of the 
ROS signaling pathways from chloroplast reveals that there remain appreciable gaps in 
the understanding of plant acclimation to environmental stresses, and highlights the 
need for the new investigative approaches. Availability of complete Arabidopsis 
thaliana, Oryza sativa and Physcomytrella patens genome sequences, together with 
molecular recourses of functional genomics and proteomics, as well as involvement of 
the Systems biology approaches, e.g. mathematical simulation and analysis of cellular 
metabolism and regulation, in assistance with contemporary computer facilities and 
Information Technologies should revolutionize our understanding of ROS signaling 
network in plants. 

Oxygen photoreduction in chloroplasts as source of cellular redox signals 
Most of the already known Mehler reaction-associated cell responses are 

summarized in Fig. 1. The systemic redox changes in the proximity of Photosystem 
(PS) II and H2O2 accumulation in chloroplasts were supposed to be the key 
detern{inants of the systemic acquired acclimation [4] and in the regulatory network, 
controlling biotic and abiotic stress responses in the cell [5]. Involvement of the 
photoproduced H2O2 and redox events in the vicinity of PS II and/or PS I in the global 
changes of the metabolism, e.g. in regulation of C3-CAM transition, was shown in C3-
Crassulacean acid metabolism (CAM) intermediate plant Mesembryanthemum 
crystallinum [6]. 
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action of superoxide dismutase 
on oi-· generated by the Mehler 
reaction may serve as a substrate 
and as a signal inductor for 
chlororespiration [7]: it mediates 
the induction of chloroplastic 
Ndh complex [8] and stimulates 
the phosphorylation of the 
NDH-F subunit [9]. Amongst a 
number of unanswered ques
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should note the role of the 
Mehler reaction in light
harvesting chlorophyll alb 

Fig .. 1. Ce_ll responses assoc!ated with t?e Mehler complex (LHC II) protein phos
react1on-denved hydrogen peroxide accumulation phorylation. The functional state 

of the LHC II kinase that 
regulates LHC II protein phosphorylation in vivo, was suggested to depend on the 
steady-state level of ROS production in chloroplast [10]. The role of the Mehler 
reaction in state 2-to-state 1 transition, that requires the oxidation of PQH2 to inactivate 
the LHC II kinase and to activate the protein phosphatase, was demonstrated recently in 
Chlamydomonas reinhardtii cells [11]. 

Evidence that H202 generated in chloroplasts is involved in stomata closure, 
probably as an intermediate in abscisic acid (ABA) signaling, was revealed in Vicia 
faba guard cells [12]. The photoproduced H202 may directly alter the ascorbic acid 
(Ase) redox state in guard cell, thus controlling stomata movements [13]. 
Photosynthetic electron transport to 02 and H202 production in the bundle sheath cells 
in Arabidopsis leaves under high light stress induced a rapid expression of the gene 
encoding cytosolic ascorbate peroxidase (APX) [14]. Transgenic tobacco plants with 
enhanced H202-scavenging ability in their chloroplasts due to ectopic expression of 
bacterial catalase or thylakoids-bound APX showed that the photosynthetic electron 
transport through the plastoquinone (PQ) pool contributes to cytosolic APX induction at 
an early stage of photooxidative stress exposure, while H202 evolution is associated 
with the prolonged induction of the gene [15]. Accumulation ofphotoproduced H202 in 
chloroplast could be a signal for APX induction in wounded leaves also [16]. Bearing in 
mind that the central role of the ROS gene network of Arabidopsis was attributed to the 
APXl [17] one may conclude that the 02 photoreduction in chloroplast via the Mehler 
reaction is one of the main process controlling the ROS gene network. Obviously, that 
each arrow in the Fig. I should include a number of intermediates, involved in signal 
transduction. Based on the number of reviews and research papers [18-22] a general 
scheme showing the possible candidates for the signal transduction from the chloroplast 
could be proposed (Fig. 2), however the definite pathway schemas remain to be 
elucidated. 
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Fig. 2. The hypothetical schema of the Mehler reaction-associated initiation of the signal 
transduction pathways 

Methods and technologies that should facilitate assembling of the red ox signaling 
pathways 

Recent advances in large-scale and high-throughput techniques such as DNA 
microarray analysis, mass spectrometry-based proteomics and forward/reverse genetics 
provide a tremendous amount of information on ROS and redox signaling pathways and 
the bioinformatics tools have facilitated integration of the experimental data into a 
computational framework, thereby allowing structured and systematic processing of 
information [see 23 for references]. The names of the transcription factors as well as 
number of genes involved in ROS network in Arabidopsis could be already listed [17, 
24], however their integration into the pathway remains the main obstacle. Each large
scale analysis of the cell transcriptome by means of cDNA microarray technology 
results in identification of numerous expressed sequence tags (ESTs). To understand 
any process and ROS signaling in particular, it is necessary to merge and compare every 
EST profile. However direct comparison of the results obtained in diverse studies and in 
various cells is not straightforward, because frequently different platforms are used [24]. 
Therefore the implementation of the new integrative approaches is required for 
pathways modeling. 

To integrate a discovery science with hypothesis-driven science, a new scientific 
approach has arisen in biology - the systems biology [25]. The aim of the systems 
biology is to achieve a mechanistic understanding of the functional components of cells 
and of the entire organism including their development by predicting their properties 
from numerical data that arise from interaction analyses of many system elements. 
Metabolic modeling as a tool to analyze the network of redox reactions composing the 
superoxide dismutase-ascorbate-glutathione cycle in chloroplast have been proposed 
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several years ago [26] and nowadays this method could be successfully used as the step 
towards modeling of the ROS signal transduction pathway in the framework of systems 
biology. 

The contemporary state of knowledge allows us to perform the highly-effective 
hypothesis-driven science: we are able to formulate a number of rules/hypothesis that 
should help to model process. To elucidate, for instance, key regulatory proteins 
(transcription factors) that influence the expression of specific genes, it is crucial to 
identify cis-regulatory elements in the genome. One of the most useful approaches is so
called footprinting: the aligning orthologous regions flanking a gene from multiple 
species, i.e. conserved noncoding sequence motifs. Another area where global scale 
information is under processing is the prediction of protein-protein interaction networks. 
Systems comparative studies are required to elucidate ROS-induced signal transduction 
pathways as well. For instance, the sequences Cys-X-X-Gly-X-X-Arg-Ser/Thr and Cys
X-X-Cys are the signature motifs in certain protein tyrosine phosphatases and cellular 
tioredoxins, consequently that could by oxidized directly by H2O2. Comparative 
systematic searching of sequenced genomes has the potential to identify many 
unappreciated proteins that share such motifs and, therefore, mediate ROS signal 
transduction [27]. 

However, there is an inherent danger in computer-based integrative approach in 
that it may lead to over-interpretation of the data and conclude misleading predictions. 
To avoid this, expert knowledge should be involved in systems analysis. Ontologies 
were proposed as one of the most promising approaches that enable knowledge sharing 
and re-evaluation in biology [28]. They facilitate semantic integration of diverse data 
into a coherent machine-interpretable model and provide support for formulation of a 
testable hypothesis. The ability to link an expert's knowledge that could be formalized 
into ontology, with the data and information stored in databases could bring us to a 
more comprehensive knowledge about a particular domain in biology. 

Yet, many questions related to the oxygen photoreduction in chloroplasts via the 
Mehler reaction remain unclear and unanswered, thus representing challenge for future. 
One of the problems is how to discriminate signaling networks initiated by the Mehler 
reaction from the others, initiated by the H2O2 generated outside the chloroplast. To 
clarify the picture, we should use the combination of classical biochemical and 
biophysical approaches with the modern molecular biological and bioinformatics 
technologies as well. 
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OCHOBHIDI ITp06JieMa oneHKH 6HOJIOfll'IeCKOf0 pHCKa aHTpOITOreHHhlX ll HHhIX 

B03.D.eiicTBHH B ycJIOBHHX COBpeMeHHOH aBH~ll OTHOCHTCH K .D.03aM, He ITpeBbl

lIIaIOmux ITpe.u.eJibHO .U.OITYCTHMblll ypoBeHh, HJIH He3Ha'IHTeJihH0 ero ITpeBhllIIaIOmux. 

11MeHHO B 3TOM .u.uaITa30He OTBeT opraHH3Ma Ha .u.eil:crnue u3yqaeMhIX <paKTopoB ITpe

.u.eJihHO ITepcoHH<pHnHpOBaH. DllOJIOrH'IeCKHe ITOCJie.D.CTBHH TaKHX B03.D.eHCTBHH MOfYT 

6bITh BhffiBJieHhl TOJlhKO c ITOMOmhlo MHOroypOBHeBhIX HCCJie.D.OBaHHH. B Hameil: pa6o

Te Mhl ITOITbITaJIHCh oneHHTh 8,L(aITTHBHbie CITOC06HOCTH opraHH3Ma JieT'IHKOB C ITO

MOmhlo pH.u.a MeTO.D.HK: ITOCTaHOBKH 0.D.HOH ll3 cxeM 8,LlaITTHBHOfO OTBeTa Ha JIHM<pO

nHTaX ITepuqiepu'IeCKOH KpOBH, y'IeTa aHOMaJIHll H_npa B 6YKKaJibHOM 3ITHTeJIHH H 

Jia3epHOll KOppeJIHnHOHHOH CITeKTPOCKOITHH 6HOJIOfll'IeCKHX )Kll.U.KOCTeii. B ITponecce 

pa60Tbl 6hmo BbineJieHO TPH rpyrrIThI: KOHTPOJihHIDI rpyITITa A, c10.u.a BOIIIJIH JIIO.nH 6e3 

qacoB HaJieTa, HO ITO po.u.y CBOeil:: .u.eHTeJibHOCTH HMe10mne OTHO!IIeHne K aBnannn, H B 

3aBHCHMOCTH OT qacOB HaJieTa: rpyITITa E c o6mnM HaJieTOM .u.o 1000 n rpyrrITa B -
CBhIIIIe 1000 qacoB. 

,[(JUI oneHKH <pyHKnnoHaJibHOro COCTOHHHH opraHH3Ma [1] H oneHKH BJIHHHHH 

<paKTopoB oKp~ruomeil:: cpe.U.hI HCITOJih30BaJIHCh KJieTKH CJIH3HCToil:: o6oJIO'IKH poToBoil:: 

ITOJIOCTH. KpnTepueM oneHKH CJIY)KHJia 'IaCTOTa BCTPe'IaeMOCTH nHToreHeTH'IeCKHX 

Hapymeunil:: KJleTOK C ITHKH030M, KapnopeKCHCOM, KapHOJIH3HCOM H .u.pyrnMH auoMa

JIHHMH H_npa (AJI) [2]. 
B KJieTKax 6yKKaJihHOf0 3ITHTeJIHH Bbl_neJieHHhIX rpyITIT ua6JIIO.U.aeTCH .U.BYKpaTuoe 

yBeJIH'IeHHe KJieTOK C ITHKH030M y JleT'IHKOB ITO cpaBHeHHIO C KOHTpoJieM, 3Ha'IHTeJih

uoe B03pacrnune KJleTOK C KapnopeKCHCOM H CHH)KeHne KJieTOK C KapHOJIH3HCOM. C 
YBeJIH'IeHHeM qacoB HaJieTa ITponeuT KJieTOK C KapnopeKCHCOM IT8,LlaeT, a KapHOJIH-

3HCOM B03pacTaeT (Pnc.1). 
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Crpynna A 

Clrpynna 6 

lllrpynna B 

Pnc. I. tJacTOTa BClpe'laeM0CTH aH0MaJIHH ll.D.pa B 6yKKaJihHOM 31IHTeJJHH JleT'IHK0B B 

3aBHCHM0CTH OT 'laC0B HaneTa. no OCH 0p.D.HHaT - cpe.U.HJIJI 'laCT0Ta BCT{le'!aeM0CTH AA. 
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IlocKOJibKY o6Hapy)KeHHbie pa:m11qm1 II0JiyqeHbl Ha rpynne 3,!(0p0Bb!X mo.neii, 

np0X0,lVIIIIIIX peryIDipHbie Me,!(IIIJIIHCKIIe 0CM0TIJbl .nIDI ,!(0IIYCKa K JieTHOll pa6oTe, 

M0)KH0 npe.nnoJiaraTb, qTo oHn o6ycJIOBJieHbI .nencrn11eM cpaKTopoB noJiera, K qncny 

K0T0pbIX 0TH0CllTCH ll pa,nnaIJHH. 

.ll:JIH 0IJeHKll a,nanTHBHb!X B03MO)KHQCTell oprattll3Ma 6b!Jla llCII0Jlb30BaHa 0,!(Ha ll3 

cxeM a,naIITllBH0ro 0TBeTa Ha <l>f A-CTllMYJIIIpOBaHHb!X JIHMqlOIJHTax rrepncpepnqecKOll 

Kp0BH. CxeMa a,nanTIIBH0ro ornera BKJIIoqaJia HaHeceHne a.nanTnpyiomen ,!(03bI 

(0,05 fp) y-o6JiyqeHIIH B cTa,nllll Go ll IIOBpe)K,!(aIOIIIell ,!(03bl (0,5 fp) Ha CTa,nllll G2. 
A,nanTIIBHblll 0TBeT (AO) - pa.n1106noJiornqecKllll cpeHOMeH, 3aKJIIOqaIOIIIHHCH B YBe

JillqeHllll pa,nnoycTOllqllBOCTll 6noJiornqecKllX 061,eKTOB K 60JibIIlllM, II0Bpe)K,!(aIOIIIIIM 

,!(03aM o6JiyqeHHH II0CJie npe,nBapnTeJibH0ro B03,!(ellCTBllH ll0Hll3Hpyiomen pa,nnaIJllll B 

MaJibIX, HerroBpe)K,!(aIOIIlllX ,!(03aX o6JiyqeHHH [3]. 113BeCTHO TaK)Ke, qro B03HllKH0BeHne 

a,naIITllBH0ro 0TBeTa 3aBHCIIT OT pa.na cpaKTopoB, ll pa3BHBaeTCH He y Bcex qJieH0B 

II0IIYJIH!Jllll. B HaIIIell pa6oTe a.nanTIIBHb!ll oTBeT Ha6JIIO,!(aJICH B KOH'fPOJlbHOll rpynrre, 

y 60JibIIlllHCTBa B rpynne E, ll He Ha6mo,naJICH B rpyrrne B. B03HllKHOBeHHe a.nan

TllBH0ro 0TBeTa He 3aBHCeJI0 OT B03pacra o6cJie,!(OBaHHb!X (OT 19 ,!(0 48 JieT). 

Pa3BllTlle a,nanTHBHoro 0TBeTa, HeC0MHeHH0, CBH3aH0 C ll3MeHeHllHMll B KJ!eTQq

H0M MeTa60Jill3Me, ll 1103T0MY llHTepec npe,ncTaBJIHeT cpe,na, B KOTOpon Hax0,!(HTCH 

KyJibTllBHpyeMbie KJieTKll. 3Ta )Kll,!(K0CTb 6bma llCCJie,!(0BaHa MeT0,!(0M Jia3epHOll K0pe

IDI!Jll0HHOll cneKrp0CK0IIllll (JIKC), KOTOpb!ll II03B0JIHeT perncrpnpOBaTb rn,npo,nnHa

MllqecKHe pa3Mepb! qacTIIIJ Hax0,lVIIIlllXCH B mo6b!X 6noJiornqecKHX )Kll,!(K0CTHX [4]. 
CpaBHllBaJillCb JIK-cneKrpbl JieTqllK0B KJ!eTKll K0T0pb!X ,!(aBaJill a,nanTHBHb!ll 0TBeT ll 

KJ!eTKll K0T0pb!X ero He ,!(aBaJill. 

10 L~---------------~~~ 
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P11c. 2. Pa3HII[la Me)K,!(y JIK- rHCTOrpaMMaMH KYJlbTypaJibl!Oll )1(11,!(KOCTil B rpyrme JleTqHKOB 
6e3 AO n c AO.* p :S 0,05, Mann-Whitney 

IlOKa3aHO, qro B KYJibrypaJibHOll cpe,ne upn a,naIITllBH0M 0TBeTe Ha6mo.naeTCH 

YBeJinqeHne qaCTIIIJ pa3Mep0M OT 8,42 - ,!(0 11,34 n 37,72 HM n 0,!(H0BpeMeHIIO 

YMeHbIIIeHne qacTIIIJ pa3MepoM OT 67,75 - ,!(0 91,26 HM n OT 165,60 - ,!(0 223,03 HM 

(Pnc. 2). 
Ilpe,nCTaBJUIJIO llHTepec Il0IIbITaTbCH Bb!HCHllTb B03MQ)KHbie MeXaHll3Mbl Ha6JIIO

.naeMb!X C,!(BllroB. B CJie.nyiomen cepnn 3KCIIepIIMeHT0B 6b!Jlll llCCJie,!(0BaHbl ll3MeHeHIIH 

B C0CTaBe KYJibrypaJibHOll )Kll,!(K0CTII, B03HllKaIOIIIHe npn M0,!(emip0BaHllll "bystan

der":icpcpeKTa Ha Bbl,!(eJieHHb!X JlllM<pOIJllTaX [ 5]. Bn,nHO, qro llHKy6aIJHH JlllM<pO!JllTOB B 

cpe.ne n o6JiyqeHne UpllB0,!(llT K YBeJinqeHll!O BKJia,na B CBeTopacceHHlle qacTHIJ 

pa3MepoM 91,26-223,03 HM (Pnc. 3). 

228 

30,00 ,--------------~ 

25,00 

20,00 

%15,00 

10,00 

5,00 

o,oo 1 -'11 "~, ~.... I' <p rp •11 •p ri:; '+I ,, , E~ It~•• 11 
8 ~ ~ c2i ~ ~ ;;J; gi ffi ~ ;;J; g ~ 'ru'Tu':';;"'~"'? M3 8 
rNM~IDm~~o~~o~~N~MOt~ 

T""" T""" N NttM(V') lO (0 0> ~ ~ gj g "'1' i 

0 rl'1CTOrpaMMa Cp!lAl,I 003 
KneTOK 

□ K}'/lbTypanbHaR )K~OCTb 

nOClle B HeceH1>1R 

lll-1McjxJ41'fTOB 
l!lJ K}'llbTypanbHaR )K~OCTb 

nOClle o6ny4eH1>1R 

Pnc. 3. JIK-rncTOrpaMMbl cpe,nbl n KYJibTypaJibl!OH lKl!,!(KOCTil JIIIMcpOI.1IlTOB KpOBil a OITbITax ITO 
3cpcpeKTy "bystander" 

BHeCeHne llHTaKTHb!X JIIIM<pOIJilTOB B IlCCJie,nyeMyIO cpe.ny IIpllB0,!(llT K 

CHll)KeHHIO BKJia,na B CBeTopacceHHile 3TOll cppaKIJilll ll II0HBJieHHIO KpyIIHb!X qacTHIJ 

(300-500 HM), K0T0pbie He perncrpnpoBaJillCb paHee (Pnc. 4). 113 ,naHHb!X JlllTepaTypbI 

H3BeCTH0, qro pa3MepbI PHII- n .D:Hil-qacTHIJ cocraBIDieT 80-100 HM. 
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CIK}'llbTYP81lbH8R >K>1J!KOCTb 

nocne BHeDeHI-IR HHT8KTHbiX 

/l~MqJ041'fTOB 

Pnc. 4. JIK-rncrnrpaMMa KYJibT)'paJibHOH lKll,!(KOCTil JIHMcpo1.1nTOB Kp0Bil IT0CJIC 0ITb[TOB ITO 
3cpcpeKTy CBil,!ICTeJIJI ITOCJie BHeCCHilJI IlHTaKTHbIX JIHMcpOIJilTOB 

Ilo-Bll,!(llMOMY, o6JiyqeHne npllB0,!(llT K HaK0UJieHHIO B cpe,ne cpaKTopa c pa3-

MepoM 0K0JI0 90 HM, K0TOpb!ll npn .neiicTBllll Ha llHTaKTHbie JlllM<pOUllTbl Bbl3bIBaeT 

ITOHBJieH11e B KYJibTypaJibH0ll )Kll,!(K0CTll qacTHIJ pa3MepoM 300-500 HM (B03MO)KHO, 

KpynHb!e cpparMeHTbl J.{HII llJlll IIp0.nyKTbl pa3pyIIIeHIIH KJieTOK). 

B cepnn 0IIb!T0B C KyJibrypaJibH0ll )Kll,!(K0CTb!O OT JlllM<pOUIITOB Kp0Bll JieNHK0B 

TaK)Ke IT0Ka3aHo HapacraHne BKJia,na B cBeropacceaHne qacTHU pa3MepoM 91,26 y 

rpynnbI C OTCYTCTBlleM a,naIITllBH0ro 0TBeTa. B TO )Ke BpeMH He 6bmO 3acpnKCllp0BaHO 

IIOHBJieHHH cy6cppaKU;llll KpYIIHb!X qacTHIJ, HBIDIIOIIIeiicH, KaK Mb! II0JiaraeM, IIp0HB

JieHneM 3cpcpeKTa "bystander". IlocJie,!(Hee o6CTOHTeJibCTBO M0)KeT 6b!Tb 061,acHeHO 

OTcyrcrnneM B npo6e llHTaKTHb!X KJ!eT0K, II0CK0JlbKY Bee 0Hll 110,!(Beprnncb ,neiiCTBll!O 

Pa.IlllaIJIIll. 

Ha6mo,naeMb!e HaMll 3cpcpeKTbl HBJIHIOTCH pe3yJibTaT0M MHorocpaKTOpHb!X B03-

.neiicrnnii. HapH,ny C 06IIIHMll 3aK0H0MepH0CTHMll ll3MeHeHllll B Cb!B0p0TQqttQM II 
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KJieTO'IHOM roMeOCTa3e, HaMII o6Hap)')KeHhl OT.L{eJibHhie npo,rnJieHIIH IlOBhIIIIeHH0ii 
IIH.L{IIBII.L{YaJihHOH 'IYBCTBIITeJibHOCTH. 

Mo)KHO IlOJiaraTh, 'ITO .L{aJihHeiiIIIee II3y'leHIIe oco6eHHOCTeii KJieTO'IHhlX peaJ<

UIIll II Mera6oJIII'leCKIIX C.L{BIIroB ITO.LI .L{eil:CTBIIeM q>aKTOpOB IlOJieTa II, npe)K.L{e Bcero, 

pa,LlIIaUIIII, Il03B0JIIIT Bbipa6oraTh KpIIrep1m IIH.L{IIBII.LlYaJibHOll 'IYBCTBIITeJihHOCTH K 
HIIM. 

Jl1neparypa 

1. Titenko-Holland N., Jacob R.A., Shang N., Balaraman A., Smith T. 1998. Micro

nuclei in lymphocytes and exfoliated buccal cells of postmenopausal women with 
dietary changes in folate. Mutation Res., 417: 101-114. 

2. Tolbert P.E., Shy C.V., Allen J.W. 1992. Micronuclei and other nuclear anomalies 

in buccal smears: methods development. Mutation. Res., 271 :69-77. 

3. Ea)KOpa IO.Ji., HoCKIIH JI.A. Jia3epHM KOppeJIHUIIOHHM cneKTpOCKOilIIH B Me.L{IIUII
He. O.L{ecca: .lwYK, 2002, 400 c. 

4. Pa,LlIIaUIIH II naTOJIOrIIH / Do.LI pe,Ll.Qb16a A.<l>., M.: «BhICIIIM IIIKOJia», 2005, 340c 

5. BeiiKo H.H., EpMaKoB A.B .. EroJIIIHa H.A. II .Lip. AKTIIBa!lIIH rpaHcKpIIITUIIII To

TaJihHOH II pII6ocoMHoii PHK npII B03.L{eiicTBIIII a.L{anrIIpYJOmIIx .L\03 IIOHII3IIpyio

meii pa,LlIIa{lIIII, IIH.LlYUIIPYJOmIIx II3MeHeHIIe KOOp,LlIIHaT JIOKycoB xpOMOCOM B H.L{

pax GO - JIIIMqJOUIITOB qeJioBeKa// Pa,LlIIaUIIOHHM 6IIOJIOrIIH. Pa,LlII03KOJIOrIIH, 2004, 

TOM 44, NQ5, c. 501-508 

230 

HEKOTOPLIE MHKPOliHOJIOrHqECKHE ACIIEKThl 
1,JIOIIOBPE)K,[(EHHH IIOJIHMEPHhIX MATEPHAJIOB KOCMHqECKOH 

TEXHHKH 
AqipIIKHH 3.K. 

Ha!fUOHa%HWI AKaOeMWI HGyK ApMeHUU, 2. EpeBGH, ApMeHWI 

H.M. CIICaKHH npII,LlaBaJI Ba)KHOe 3Ha'leHIIe peIIIeHIIIO MIIKp06IIOJIOrII'leCKHX 

npo6JieM o6ecne'leHIIH 6e3onaCHOCTII KOCMII'leCKHX IlOJieTOB. B 6hITHOCTh Moeii 

pa60Thl B MoCKBe, B l•iHCTIIryTe MHKp06IIOJIOrIIH II oco6eHHO B nepHO.L{ pa60Thl B 
TTapH)Ke B HHCTHTyre nacrepa, MHe IlOC'laCTJIHBHJIOCh qacro BCrpe'laTbCH C HHM H 

y6e.L{HTbCH B ero HCKJIIO'IHTeJibHO IIIHpOKOll 3PY.LlHUIIH B 3TOll o6Jiacru. 

BonpOChl MHKp06HblX noBpe)K.L{eHHll MarepHaJIOB, B 'laCTHOCTH CHHTeTH'leCKHX 

ITOJIHMepOB, HCilOJih3YeMhIX B KOCMH'leCKOll TeXHHKe, 3aCJIY)KHBaIOT oco6oro 

BHHMaHHH. OcHOBHble pa60Tbl B 3T0ll o6JiaCTH BhIIIOJIHeHhl B CoBeTCKOM COI03e H 

ycneIIIHO pa3BHBaIOTCH B HHCTHTyre Me.L{HK0-6HOJIOrII'leCKHX npo6JieM p AH II .Llpyrnx 

poCCHHCKHX opraHH3a{lHHX. Ba)KHOCTb HX Bee 6oJiee B03pacraeT B CBH3H C 

.L{JIHTeJibHhlMII KOCMH'leCKHMH IlOJieTaMH H IlOBhIIIIeHHhlMH rpe6oBaHHHMII 6e3onaCHOll 

H Ha,L{e)KHOll 3KCITJiyaTa{lIIH HCilOJlh3yeMbIX MaTepIIaJIOB. 

B cepe,LlHHe 70-x HHcTHryT MIIKpo6noJiornn AH ApMeHHH 6bm aJ<THBHO 

BOBJie'leH B nporpaMMY pa6oT no H3yqeHHIO MHKp06HhIX o6pacTaHHH H IlOBpe)K.L{eHHH 

IlOJIIIMepHblX MaTepHaJIOB, npHMeHHeMhIX B KOCMH'leCKOll reXHIIKe. B corpy,LlHII'leCTBe 

c .LlPYrIIMH yqpe)K,L{eHllHMll 6bm BhIIIOJIHeH 6oJibIIIOll KOMITJieKC MllKpo6nOJIOrII'leCKHX, 

qJll3HKO-XllMll'leCKllX HCCJie.L{oBaHHii, Bhl.L{eJieHbl n n3yqeHhl pa3JIH'IHbie MllKpo6Hhie 

,Llerpa,LlaHThl ll3 MHornx o6pa3UOB HaTypHblX n KJIHMaTn'leCKllX llCilh!TaHllll 

ITOJillMepHbIX MaTepHaJIOB B pa3H006pa3Hh!X 3KOJIOro-reorpaqinqecKnx pernoHax. 

ITocJie pacna,L{a COI03a npaBonpeeMHHKOM 3TllX pa3pa60TOK HBllJICH C03.L{aHHhlli B 

1993 r. Ha 6a3e HHCTnryra Pecny6JinKaHCKHll QeHrp ,L{enOHllpOBaHIIH MIIKpo

opraHH3MOB HAH ApMeHnII (PI..UJ:M). YKa3aHHhie pa6oTbl noJiyqIIJIH .L{aJihHeiiIIIee 

pa3BHTHe B HaIIIIIX pa6oTax B paMKax ITpoeKTa MHTQ Ha 2002-05 rr., 
qJHHaHCIIpOBaHHoro CIIIA (HACA) II EC. OcHOBHOH 3a,Lla'leiI ITpoeKTa HBJIHJIOCh 

C03.L{aHIIe KoJIJieKUHII KyJihTYP c 6a3aMH ,LlaHHhIX 6no,Llerpa,LlaHTOB noJinMepHhIX 

MarepnaJIOB KOCMH'leCKOro Ha3Ha'leHIIH. Ha pa3JIII'IHblX 3TaITax peaJIII3a{lIIH ITpoeKTa 

6bm npIIBJie'leH PH.LI Beeymnx cneuIIaJIIICTOB: H.,[(. HoBHKoBa (fHQ P<l> - HMEIT P AH 

- MIIKpo6noJiornH), A.B. KypaKOB (MrY IIM. JloMoHocoBa - MIIKOJiornH), O.H. PeBa 

(HHCTIIryT MIIKp06HO-JIOrIIII II BIIpyconornII HM. 3a60JIOTHOro, KIIeB - IIHqJOpMaTHKa, 

E,lU ll corpy,LlHHKII Kagie,Llpb! MOJieKyJIHpHoii qJH3HKH EpeBaHCKoro rocy,LlapcTBeHHOro 

YHHBepcIITeTa ( qJII3HKO-XIIMHH IlOJIIIMepoB ). 

B .L{aHHOM coo6meHHII OTMe'ly JIIIIIIh HalI60Jiee Ba)l(Hble pe3yJihTaThl HeKOTOpb!X 

HaIIIHX pa6oT, BhIIlOJIHeHHbie B OCHOBHOM B paMKax ynoMHHyroro ITpoeKTa MHTQ. 

XapaKTepHOll oco6eHHOCTh!O MHKp06HhIX IlOBpe)K,L{eHHll MaTepIIaJIOB H o6opy

.Ll0BaHllH B repM03aMKHYThIX 30Hax HBJIHeTCH TO, 'ITO ITOMHMO HapyrneHIIH IIX ueJIOCT

H0CTH, Be,Llymero K II3MeHeHIIIO qJYffKUIIii, C03,LlaIOTCH O'larn IIHqJHUHpOBaHHH cpe,Llhl, 

Morymne llCKJIIO'lllTh HX o6nTaHlle. ,[(aHHblll Bh!BO.L{ IlO.L{TBep)K.L{eH pa60TaMll MHOrIIX 

aBTOpOB, a TaK)Ke HaIIIllMll nccJie,LloBaHnHMll, KOTOpb!Mll ycTaHOBJieHO pa3BllTHe B 

MllKpo6IIOTe 6nonoBpe)K.L{eHIIll MaTepnaJIOB pa3Jill'IHblX Bll.L{OB ycJIOBHO-naToreHHhIX 

MllKpOOpraHll3MOB II nx TOKCll'IHhIX qiopM. B ycJIOBHHX .L{JlllTeJlbHOro B03.L{eiicTBHH 
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KOCMHqecKHX <f>mcropoB He HCKJIIOqeHO H IIOllBJieHHe pa:moo6pa3Hh!X MYTaHTOB H 

,n:pyrnx 6onee orraCHhIX <f>opM MHKpoopraHH3MOB. 

Cne.n:yeT rro,n:qepKHYTh, ~o B MHKp06HOJIOrHqecKHX HCCJie,n:oBaHHllX rrpoueccoB 

6HOIIOBpelK,D,eHHH H 6HOpa3pymeHHH MaTepHaJIOB, B qacTHOCTH HCIIOJlh3YeMhlX B 

KOCMHqecKoii TeXHHKe, He,n:ocTaTOqHo H3yqaJIHCh 3KCTPeMO<pHJihHhie <popMhl MHKp0-

60B. B 3THX ueJillX HaMH rrpHMeHllJiaCh MeT0.!1:HKa TOTaJihHOro MHKpo6HOJIOrHqecKoro 

aHaJIH3a, II03B0Jlll!OIUaH OXBaTHTh rro.n:o6Hh!e <popMhl, a HCIIOJih30BaHHe HaKOIIHTeJih

HhlX KYJihTYP o6ecrreqHBaJIO Bhl.[(eJieHHe MHKpOOpraHH3MOB B cJiyqae, eCJIH OHH 

rrpIICYTCTBOBaJIII B o6cJie,n:yeMh!X 06pa1uax B e,n:IIHilqHhlX KOJIHqecrnax. Bh16op 

IIHTaTeJihHhIX cpe.n: H ycJIOBHH KYJihTHBHpOBaHilll o6ecrreqHBaJI II Bhl.[(eJieHHe 

pa3H006pa3Hh!X rpyrrrr MI1KpoopraHH3MOB (HecrropOHOCHhie H crropOHOCHhie 6aKTepI1I1, 

rpI16hI, .n:pm!Ol<H, aKTIIHOMIIUeThl II xeMOJIIITOTpO<pHhie 6aKTepHI1), a TaK)Ke HX 

3KCTPeMO<pHJihHhlX <pOpM, a HMeHHO: auH,n:O<pIIJIOB, pa3BHBaIOIUHXCll rrpH pH 2-4, 

aJIKaJIO<pIIJIOB c OIITIIMYMOM pocrn rrpH pH 9 H 6oJiee, raJIO<pHJIOB, pa3BHBaIOIUHXCll 

rrpH KOHUeHTPauHH NaCl 15 % rr BhIIIIe, IICHXpO<pIIJIOB, paCTyIUHX rrpH +5 +10°C, 

TepMO<pHJIOB - <paKyJihTaTHBHhIX (45-55°) H o6JIHraTHhIX (56° H BhIIIIe). OCHOBHhie 

3TaIIhl pa6oT no Bhl.[(eJieHHIO H xapaKTepHCTHKe KYJihTYP rrpe,n:cTaBJieHhl Ha prrc. 1. 

B HTOre 30-JieTHHX pa6oT y Hae C03,n:aHa KOJIJieKUHll rpH6Hh!X .n:erpa,n:aHTOB, 

BKJIIOqaIOIUaH 6oJiee 1000 IIITaMMOB. Ilo.n:,n:ep)KHBaeMhie a KOJIJieKUHH 6rro.n:erpa,n:aHThl 

OTPa)KaIOT 60JihIIIOe pa3H006pa3He IIOJIHMepHhIX MaTepHaJIOB (rroJIHaMH.!1:hl, IIOJIHH

MH.!1:hl, IIOJIH3<pHphl, pe3HHOTeXHHKa, KpeMHHiiopraHHKa, yrJierrJiaCTHKa, HCKYCCTBeHHaH 

KO)Ka H .n:p.), a TaK)Ke pe3KHe KOHTPaCThl 3KOJIOro-reorpa<prrqecKHX H rroqaeHHO

KJIHMaTHqecKHX ycJIOBHii (ApKTHKa, TYH)lpa, cy6TPOIIHKH, TPOIIHKH, aKBaTOpHH 

l1H)lHHCKOro OKeaHa H )lp.). 
Ha OCHOBe cpaBHHTeJihHOH oueHKH 6rroo6paCTaHHll orrpe)leJieHHhIX IIOJIHMepoB 

HaMH pa3pa60TaHhl HOBhie Ha6ophl rpH60B )lJilI oueHKH rpH60CTOHKOCTH 

CHHTeTrrqecKHX IIOJIHMepHhIX MaTepHaJIOB KOCMrrqeCKOro Ha3HaqeHHll. B OTJIHqrre OT 

HCIIOJih3YeMhIX Ha6opoB, OHH yKOMIIJieKTOBaHhl HCKJI!OqHTeJihHO IIITaMMaMH rpH6Hh!X 

)lerpa,n:aHTOB, Bhl.[(eJieHHhIMH H3 OK "Mrrp" H Apyrrrx 6HOIIOBpelK,D,eHHhIX IIOJIHMepoB, 

HCIIOJih3yeMhIX B KOCMHqecKoii TeXHHKe. HecMOTPll Ha TO, ~o 3TH Ha6oph! COCTaBJieHhl 

O6pa3e1.1 
Toman&H1:.1(J MUKfl06uonoeutfecKUU aHanu3 

na,,..,~numen•Hi••• K}'n&m~Hl,re _ff 

,,,_:;::;---- Conb ~ 
Me30<l>Mflbl AIIMAO<l>Mnbl 

TepMO<l>Mnbl AnKanM<l>Mflbl 
ncr,xpo<l>Mnbr rano<j)Knbl HeiiTpano<l>Knbl 

XapaKTepHCTHK8,HAeHTH<t>HK8~Hff 

i 
OnnopyYHHCTbl / YcnoBHble naToreHbl 

i 
6Hopa3pywa10LL1aff aKTHBH0CTb 

i 
Ko,qHpoeaHHe, CHCTeMaTH331.1Hff, 6a3bl ,qaHHblX 

Puc. 1. CxeMa MHKpo6HOJIOrnqeCKHX HCCJie,n:oaaHHH o6pa3UOB II xapaKTepl!CTIIKH 

MHKp06HbIX .n:erpa,n:aHT0B 
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113 MaJIOro qHcJia 6IIO)lerpa,n:aHTOB, OHH rrpeBb!IllaIOT aKTHBHOCTh rrpHMeHlleMhlX Hh!He 

cTaH.n:apTHhIX Ha6opoB. 

B TeqeHHe MHOrIIX JieT HaMH rr3yqaJII1Cb MeTO.!l:hl KOHCepBaUHH rpH6HhIX 

,n:erpa.n:aHTOB, rrpH KOTOph!X OHH coxpaHlIIOT CBOII HCXO)lHhie arpeCCHBHh!e CBOHCTBa. 

3TOT BOrrpoc HMeeT cyruecTBeHHOe 3HaqeHHe B rrpo6JieMe 6HOIIOBpelK,D,eHHH 

IIOJIHMepoB, IIOCKOJihKY rro.n:.n:ep)KaHHe 3THX oco6eHHOCTeii KYJihTyp B TeqeHHe )lJIH

TeJibHOro BpeMeHH llBJilleTCll Heo6XO)lHMh!M ycJIOBHeM )lJlll HX HCIIOJlh30BaHHll rrpII 

6HoTeCTHpOBaHHH MaTepHaJIOB. IloMHMO rrepHO)lHqecKHX rrepeceBOB KYJihTYP Ha 

coorneTCTBYIOIUHX arapH30BaHHbIX IIHTaTeJibHhlX cpe)laX, B HaIIIHX m::cJie)loBaHHllX 

HCIIOJih30BaJICll pll,n: MeTO)lOB )lJIHTeJihHOro xpaHeHHll KYJihTyp MHKpoopraHH3MOB, KaK

TO: KpHOKOHCepBaUilll B pa3JIHqHbIX KOHUeHTPaUilllX rnrruepHHa (-20, -40, -60, -100 %) 
rrpH TeMrrepaTypax -10°, -40° H -60°; KpHOK0HCepBaUHll B )KH)lKOM a30Te 

(-196°), JIHO<pHJIIl3aUHH C rrpe,n:BapHTeJihHh!M 3aMOpa)KHBaHHeM H xpaHeHHe KYJihTYP 

II0)l Ba3eJIHHOBhIM MaCJIOM. l13yqaJiaCh TaK)Ke ,:H KOHCepBaUHll Ha pa3H006pa3Hh!X 

eCTecrneHHhIX cy6cTParnx (rrecoK, CMech rroqaa/rrecoK 10:1, ueoJIHT). 

CpaBHHTeJlhHaH OI(eHKa IICIIhITaHHhIX MeTO)lOB II03BOJ!lieT 3aKJI10qHTh O 60JihIIIIIX 

rrpeHMyrrrecrnax KOHCepBauHH KYJihTYP C HCIIOJlh30BaHHeM )KH)lKOro a30Ta. CJia6oii 

cTerreHhIO perrpo)lyKUHH xapaKTepH30BaJIHCh IIITaMMhr Chaetomium globosum, 
Aureobasidium pullulans, Ulocladium botrytis. 

l1HHI(HauHll 6HOIIOBpelK,D,eHHii MaTepHaJIOB BO MHOroM o6ycJIOBJieHa o6Hapy

)KHBaeMoii y HHX MHKpO<pJiopoii B rrpHpO)lHhIX H 3KCIIJiyarnuHOHHhIX YCJIOBHllX. 3TOT 

Borrpoc rrpopa6aThIBaJICll HaMH MHorne rQ)lhl, rrpHqeM o6cJie)lOBaJIHCh CaMhre pa3HO

o6pa3Hhle IIOJIHMepHhie MaTepHaJihl Ha <pOHe HaTYPHhIX, KJIHMaTHqecKHX H rrpOBO-

Ta6JIHUa 1. )K113Hecrroco6HOCTb Bll.!1:08 rpH60B II0CJie o6pa60TKH Ha6opaMH (penpo.n:yKUHll 

nocne xpatteHttll 2 H 15 neT B rrpoueHTax K A. niger - 100 % ) 

O6pa60TaHHbJe KoJJ-80 Hcnb!TaHHhJe Ha6o bl 

III0JIHMepHbie JJJJeHKH, H3)"1eHHhIX fOCT, % lKH3HeCJJOC06HOCTH B «KOMHCCHOHHhIH», % lKH3HeCII0• 

cp0KH xpaHeHHJI o6pa3UOB H3 eHHbIX 06 inuax co6HOCTH a H3)"1eHHhlX o6pinuax 

flJieHKH I 5 spergillus niger, I 00 . niger, I 00 
qnopoJJJJacrn, Trichoderma viride, 20 . ustus, 47 
2 ro,11a enicillium aurantiogriseum, 4 7 . flavus, 7 

TTneHKH 

qnopoJJJJacrn, 

15 JJeT 

TTonttaMH)lhI, 

15 JleT 

0JJHBHllllJIXJI0pH,llhl, 

15 JJeT 

0JJH3«jrnpu, 

15 JJeT 

0JJHaKpHJJaThI, 

ro,11a 

3 

4 

4 

'. chrysogenum, 20 .funiculosum, 13 
IChaetomium ,:lobosum, 13 

. niger, JOO 

. terreus, A. jlavus, 30 
'. aurantiogriseum, 70 
'h. globosum, 35 
'aecilomyces variotii, 3Q 
. niger, JOO 
. pu11iceus, 20 
. niger, JOO 

. niger, 100 

.jlavus, 20 
'. aurantio,:riseum, I 0 
. niger, JOO 
'. chrysogenum, I 00 
'. aurantio,:riseum, 50 
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. niger, JOO 

. ustus, Alternaria alternata, P . 
'uniculosum, 30 
. puniceus, A. jlavus, 20 
'. chrvso,:enum, JO 
. niger, JOO 
. puniceus, A. alternata, I 0 
. niger, 100 

. niger, JOO 

. ustus, P. faniculosum - MeHee 20 



KfillllOHHb!X llCIIbITaHllH B TeqeH11e 15-20 11 6onee JieT. C llCIIOJlb30BaHlleM 10 Ha6opoB 

rp1160B HaMll 113j"IaJiaCb perrpO.AYKIIllll )Kll3Hecrroco6HOCT11 OT.AeJibHblX lllTaMMOB 

rp1160B. Bb16opoqHbie naHHbie OIIblTOB, rrpencTaBJieHHbie B Ta6JI. 1, IIOKa3b!BaIOT, ~o 

pa3Hble KYJibTypbl 11 Bll.Abl 611onerpanaHTOB xapaKTep113)'IOTCll pa3JillqHOH 

Bbl)KllBaeMOCTb!O 11 perrpO.AYKIIlleH IIOCJie llX BbICeBOB C IIOBepXHOCTll IIOJillMepoB. 

illTaMMbl llCIIbITaHHbIX Ha6opoB IIOJIHOCTb!O coxpaHllJill CBOll 611orr0Bpe)K,nruo

Ill11e CBOHCTBa IIOCJie llX .AJillTeJibHOro xpaHeHllll Ha IIOJillMepHbIX MaTep11anax. ,[(OMll

HaHTHb!Mll Ha 113yqeHHb!X IIOJillMepHbIX MaTep11anax llBJll!JlllCb KYJlbTYPbl Aspergillus 
niger, A. ustus, Cladosporium herbarum, Paecilomyces variotii, Penicillium aurantio
griseum, P. chrysogenum, P. funiculosum, P. me/inii, Scopulariopsis brevicaulis. Kynb

TYPbI A. niger .l!BJlllJOTCll Ha116onee )Kll3Hecrroco6HbIMll 11 perrponY1111pyeMbIM11 rrocne 

MHOroJieTHero xpaHeHll.ll Ha pa3JillqHbIX IIOJillMepax. Crropbl .AaHHOro Bll.Aa 6naronapl! 

MOpcponornqeCKllM oco6eHHOCrnM, o6nanruoT cna6b!Mll anre311BHb!Mll CBOHCTBaMll ll 

.SIBJ!l!IOTC.ll IIOTeHl_\llaJibHO orraCHb!Mll Ml! 3arp.S13HeHllll OKp~aJOmen cpe.Abl (p11c. 2). 

Aspergillus niger A.fumigatus (OC Mir) A. versico/or (OC Mir) 

P11c. 2. Crropbl rp116HblX nerpanaHTOB B cKaH11py10IIIeM 3JieKTpOHHHOM MllKpOCKone 

B KaqecTBe TllIIllqHb!X rrpencnumTeJieH (3TaJIOHHb!X lllTaMMOB) Han6onee 

pacrrpOCTPaHeHHblX Bll.AOB rpn6Hb!X nerpanaHTOB Ha IIOJIHMepHbIX MaTep11anax OT06-

paHbl 11 xopOIIIO oxapaKTepll30BaHbl 12 IIITaMMOB, BbI,neneHHblX B 0CH0BH0M 113 OK 

«M11p». Hx MopcponornqecKne, cpn311onoro-6nox11MnqecKne oco6eHHOCTH o6o6meHbI 

B ll3.AaHHOH HaMll B 2005 r. KHllre «rpn6Hble nerpanaHTbl II0JIHMepHb!X MaTep11anoB: 

Ea3bI .AaHHbIX n KonneK1111.S1 KYJibTYP c ArnacoM». 

6)1 XAPAKTEPHCTIIK MHKP06Hh!X 6)1 XAPAKTEPIICTHK IlOJJHMEPHhlX 
)\Ell'A)IAHTOB MATEPIIAJIOB 

6/1 MIIKP06HOJ II MHKP06Horo l 
06PACTAHlli!!MA TEPIIAJIOB 

6)1 Mll<P06HOJ\ AWE311II +--- 6)1 KOMru!EKCHOJ\ 0!1EHKII 
K MA TEPIIAJIAM --+ 6IIOCT A611JlhHOCTII MA TEPIIAJIOB ---- ----PA 3 PA 60 TK A ITPO!l' AMMHOro nAKET A ]lJIJI CHCTEMhl «ITOJJIIMEP-6110)\Ell' A)IAHT» 

! 
nPOTTI03IIPOBAHIIE 6IIOCTOJ\KOCTII MA TEPIIAJJA 

P11c. 3. 83a11MO.Aeii:CTBlle 5a3 ,AaHHb!X .AJJll rrporH0311p0BaHHll 611ocrnii:KOCTH 

Il0JIIIMepHbIX MaTepllaJJ0B 
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Ba)KHOH 3a,naqei1: K0MIIJieKca pa60T, BblIIOJIHeHHbIX B paMKax yrroM.SIHYT0f0 

IlpoeKTa MHTI..t .l!BJI.l!Jiacb pa3pa6oTKa MernnonornqecKllX rronxonoB .AJlll 

nporH03llpOBaHll.ll 6110CTOHKOCTll IIOJlllMepHbIX MaTep11anoB. B pe3yJibTaTe o6o6meHllll 

6oJibIIIOro MaCCllBa naHHbIX 6bIJill C03.AaHbl E,[( M11Kp06Hb!X nerpanaHTOB (pnc. 3) 11 

pa3pa6oTaHa nporpaMMa aBT0MaT11qeCKOH o6pa60TKll ll .AllaJIOroBOH rrepenaq11 

11HcpOpMa111111 C llCII0Jib30BaHlleM rrporpaMMHb!X .ll3b!K0B PHP ll Java Script, a 06m11i1: 

Me)KCeTeBOH llHTepcpenc CGI o6ecrreqHBaJI K0Milb!OTepHbJe rrporpaMMbl B pe)KllMe 

HTML (pnc. 4). 

~ 

• Requested 
Document 

\ • RG1ue::r-uti · 
1 • R111uestWIGlPHP 

i .......... Mow.Legend ........ ) 

• 
~1□ 1mlk.~ 

w, er 

i~~~i 
l~~~I 
: "lo • 111 : 

i Web Pages on ! 
l ________ Sef'!e'·······j 

Web CDent/ 
Browser 

Web P•~• 
Request 

P11c. 4. CxeMa <l>YHKIIllOHHpOBaHHl! PHP II COi 

C03.AaH BbIBO.AHOH cpopMaT CTPYKTypbI M11Kpo6Hoi1: E,[( .AJlll NTSYSpc (Numerical 

Taxonomy System - HYMep11qecKa.S1 TaKCOHOMnqecKa.ll CncreMa), ncrroJib30BaHHbIH 

HaMll .AJlll KJiacTepHoro aHaJI113a 11 n11cpcpepett1111a111111 MllKpoopraH113MOB B 

rrporpaMMHOH cpene 

EoJibIIIOe pa3Hoo6pa311e rp116Hb!X nerpanaHTOB CllHTernqeCKllX II0JlllMepHb!X 

MaTep11aJI0B TPe6yeT . BBe.AeHll.ll crnryca IIITaMMa CpaBHeHll.ll / 3TaJI0Ha B Kaqecrne 

TllIIll~Oro rrpe.ACTaBllTeJI.ll orrpeneneHHOH TaKCOHOMllqecKOH rpyrrIIbl rp116Hb!X nerpa

.AaHTOB. BBe.AeHlle 11 YTBep)K,neHlle CTaryca rrono6Hb!X IIITaMM0B rp116Hb!X nerpanaHTOB 

llMeer 60JibIIIOe 3HaqeHlle .AJlll pa3B11Tll.ll pa6oT no ll3j"leHll!O 611orroBpe)K,neHllH 11 

611opa1pYII1eH11H IIOJlllMepHbIX MaTep11anoB. IloMllMO llX Ba)KH0CTH .AJlll CllCTeMaTHKll, 

ll.AeHmcpllKlll.\1111 rp116Hb!X nerpanaHT0B 11 Bbl.SICHeHll.ll 11X <1>nnoreHeT11qeCKllX CB.ll3ei1:, 

TaKHe IIITaMMbl MOfYT llMeTb peIIIruomee 3HaqeHlle .AJlll BHenpeHll.ll 11HcpopMlll\llOHHb!X 

TeXHOJIOrIIH rrp11 peIIIeHllll MH0fllX rrpo6neM rrpo11eccoB 611orroBpe)K,neHlll1. OHll M0fYT 
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CJIYlKIITh B Ka'IecTBe IIHllIIKaTOpHhlX opraHII3MOB )];JIM C03,!l;aHIIH 3q>q>eKTHBHhIX CHCTeM 
llHCTaHUHOHHOro H aBTOMaTH3HpOBaHHOro KOHTPOJIH H perynnpoBaHHH rrpoueccaMu 
6nopa3pymettnii MaTepnanoB. 

flo HaUIHM .n;aHHhIM, B orrpe.n;eJieHHOH CTerreHH Aspergillus niger MOlKCT C'IH
TaThCH 3TaJIOHHhIM BllllOM MH HH,!l;HKaQHH rpn6Hoii ancceMHHaUHH H oueHKH 6e3orrac
HOCTH o6HTaeMhIX repMern'IeCKHX 30H. 

B HTOre BhIIIOJIHeHHhIX HaMH HCCJie.n;oBaHnii: 
C03.n;aHa KOJIJieKUHH KYJihTYP rpH6HhIX aerpa.n;aHTOB (- 1000 IIITaMMOB) 
Pa3pa60TaHhl HOBhie Ha6ophl KYJihTYP MHKpoopraHH3MOB MH oueHKH 6HOCTOH
KOCTH CHHTeTH'IeCKHX IlOJIHMepHhIX MaTepHaJIOB 
O6ocHOBaHO HCilOJlh30BaHHe MHKp06HOH aare3HH KaK KpHTepn» oueHKH Ha,!l;elK
HOro H 6e3orracHoro rrpHMeHeHHH IIOJIHMepHhIX MaTepHaJIOB 
flonyqeHhl HOBhie IIITaMMhl MHKpo6oB llJIH rrepepa60TKH H YTHJIH3aUHH OTXOJ(OB 
IIOJIHMepHhIX MaTepHaJIOB, B TOM 'IHCJie ueJIJIIOJI03HhIX. 
Pa3pa60TaHhl 6a3hl J(aHHhIX llJIH xapaKTepHCTHKH 6HOJ(erpa.n;aHTOB H IIOJIHMepHhIX 
MaTepHaJIOB, MHKpo6ttoro o6paCTaHHH IIOJIHMepHhIX MaTepHaJIOB, aare3IIBHhIX 
CBOHCTB 6no.n;erpa.n;aHTOB K IlOJIHMepHhIM MaTepHaJiaM n HHTerpnpoBaHHOH oueHKH 
6HOCTOHKOCTH IIOJIHMepoB. 
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CPABHIITEJibHbIH AHAJIII3 BJIIDIHIDI <l>AKTOPOB KOCMJiqEcKoro 
IIOJIETA HA JKII3HE,ll,EJITEJibHOCTb MIIKPOOPr AHII3MOB IIPII 

KPATKOCPOqHbIX IIOJIETAX , 
BoenKoBa TA., Ta6aKOB BJO, 

I'ocHHH I'eHemuKu u CeJ1eK1JUU llpoMl:JlWJJeHHblX MuKpoop2aHU3M06 (I'ocHHH2e11emuKa}, 
MocKea, PoccUR, voeikova@genetika.ru 

BBei:.eu11e 

<l>aKTOpbl KOCMIIqecKoro nonern (<l>KII), TaKIIe KaK MIIKporpaBIITaIImI, II3MeHe

HIIe 3JieKTpoMarHIITHblX nonen, pa3JIHqH1,1e BH.L{bl II3JiyqeHIIll, MOfYT 0Ka3bIBan, 

3HaqnTeJibHOe B03.L{eHCTBHH Ha BbDKHBaeMOCTb, MopqioreHe3, MeTa60JIH3M, 3qJqJeK

TIIBHOCTb o6MeHa reHeTnqecKHM MaTepIIaJIOM y MIIKpoopraHII3MOB [1,2]. IlpII 3KCno-

3IIIIIIII MIIKpoopraHII3MOB B OTKpbITOM KOCMOCe MOJKHO nonyqIITb IIHqJOpMaIIIIIO O 

B03.L{eHCTBIIH <l>KII Ha JKII3Hecnoco6HOCTb Il ypoBeHb MYTa6HJibHOCTH KJieTOK II 

OIIeHHTI, pIICK .LlJIH 'IeJioBeKa B 6y.L{yIIIIIX .L{JIHTeJibHblX KOCMIIqecKHX 3Kcne.L{IIIIIIHX [3,4]. 

HaCTOHIIIM pa6orn 61,rna npoBe.L{eHa B HeCKOJibKHX 3Kcne.L{IIIIHHX Ha op6II

TaJibHOll CTaHIIIIII «MIIp» Il HenIIJIOTHpyeMOM arrnapaTe «<l>OTOH-M2». 3a.L{aqII pa6on,1: 

II3yqeHIIe BJIIIHHIIH <l>KII Ha pocT, .L{IIqJqJepeHIIIIaIIIIIO, CIIHTe3 aHTII6HOTIIKOB Il ypoBeHb 

MyTa6IIJibHOCTH y CTPenTOMHIIeTOB Il 6a11nnn. HccJie.L{OBaHIIe BJIIIHHIIH 3JieKTPOMar

HIITHbIX nonen (3MII) Ha 3TH opraHII3Mbl. O11eHKa BJIIIHHIIH OTKpbITOro KOCMOCa Ha 

Bb!JKIIBaeMOCTb, qJil3IIOJIOfIIqecKIIe II reHeTnqecKIIe II3MeHeHIIH CTpenTOMIIIICTOB. 

Onpe.L{eJieHIIe 3qJqJeKTIIBHOCTII KOHI,IOfaTHBHoro nepeHoca nJia3MII.L{HbIX ,lJ,HK H3 ' 

IIITaMMOB KIIIIIeqHOll nanoqKH B IIITaMMbl CTpenTOMIIIIeTOB. Hccne.L{OBaHHe CTa6IIJib

HOCTII II 3KCnpeccnn nJia3MII.L{Hb!X reHOB Ha npnMepe aBTOHOMHOll MYJibTHKOnHHHOll 

nnaJMII.L{bI pIJ702 B IIITaMMe Streptomyces lividans. · 
MaTepuaJILI II MCTOALI 

3KcnepnMeHTbl Ha CTaHIIIIII «MIIp». B qieBpane 1996 r., B qieBpane II aBrycTe 

1997 r. MHKpoopraHII3Mbl pa3JIHqHI,JX TaKCOHOMIIqecKHX rpynn 3KCnOHIIp0BaJIH 

BHYTPH op6nTaJibHOll CTaHIIHII «M11p» B TeqeHne 6-14 CYTOK DbIJIH IlCCJie.L{OBaHhl. 

IIITaMMbI: Bacillus licheniformis - npo.L1y11eHT aHT116noTHKa 6a11IITPaIIHHa; Esche
richia, coli Sl7-l(pTOl) n E.coli Sl7-l (pIH6), co.L{epJKauine KOHl>IOraTIIBHLie nnaJ

MH.L{bI pTOl11 pIH6, coorneTcTBeHHO, Streptomyces aureofaciens - npO.L{yIIeHT aHTII-, 

6IIOTHKa XJIOpTeTPaIIIIKJIHHa. KOJIOHIIH MHKpoopraHH3MOB Ha n11TaTeJibHOll cpe.L{e B 

qaIIIKax IleTPH 61,mn noMe111eHbl B KOHTenHepbl EIIOKOHT n EnoMarHeCTaT. 

EIIOMarHeCTaT npe.L{CTaBJIHeT co6on KOHTeHHep, 3aIIIHillaIOIIIHll 6noo61,eKTbl OT 

,L{eHCTBIIH 3MII. ,lJ,o 3arrycKa Kopa6JIH qaIIIKil TepMOCTaTHpOBaJIH npn + 4 °C, Ha CTaH-

111111 «Mnp» npn TeMnepazype 22-30 °C. Myrn6HJibHOCTb onpe.L{eJIHJIII no ypOBHIO 

o6pa30BaHIIH MYTaHTOB, YCTOHqIIBblX K CTPenTOMIIIIIIHy II THOCTPenTOHy. 

3KcnepnMeHT 3K30611onornH. B 1999 r. c qieBpaAA no aBrycT B TeqeHne 6 

MeCHIIeB Ha BHeIIIHen noBepxHOCTII CTaHIIHH «M11p» 3KCnOHIIp0BaJIH B qeTbipex KBap-

11eBblX KacceTax cnopbl IIITaMMa s fradiae - npO.LlYIIeHTa aHTII6HOTIIKa THJI0311Ha B 

rnII11epone, Ilo oKoHqaHnn 3KcnepnMeHrn B KaJK.LlYIO KacceTy .L{06aBJIHJIII CTepnnLHYIO 

BO.L{y II nonyqeHHYIO cycneH311IO nepeHOCHJIII Ha nIITaTeJibHYIO cpe.L{y. 

3KcnepnMeHT <l>OTOH - M2. B 2005 r. c 31 MM no 16 IIIOHH Ha 

HennJIOTIIpyeMOM JieTaTeJibHOM arrnapaTe <l>OTOH-M2 3KCnOHIIp0BaJIII IIITaMM 

Slividans 66 c MYJILTII-Kon11nHon aBTOHOMHOH nJia3MH.L{OH pIJ702. IlonernM 

TeMnepaTypa 15-20 °C. IlpoBe.L{eH peCTPHKIIHOHHbIH aHaJIII3 nJia3MH.LlHon ,lJ,HK. 

238 

pe3yJibT3TLI 11 06c~e1111e 
lliTaMMbI B. licheniformis, S. aureofaciens II S fradiae 61,mII 11cnoJih30BaHLI .LlJIH 

JI3)"IeHIIH BJIIIHHIIH <l>KII, BKJIIOqM ,L{eHCTBIIe 3MI1 (rn6n. l II 2). KaK CJie.L{yeT 113 

pe3YJibTaTOB, <l>KII BJIIIHIOT Ha pOCT, .L{IIqJqJepeHIIIIaIIIIIO II npO.LlYKIIIIIO aHTII6IIOTIIKOB 

BCeX UITaMMOB, HO B pa3JIIlqHoll CTeneHII. Y BCex IIITaMMOB 61,rn noHIIJKeH ypoBeHb 

cIIHTe3a attrn6110TIIKOB. Ha116onee cna61,1n 3qiqieKT 61,rn nonyqeH .LlJIH B. licheniformis. 
3TII .L{aHHbie KOppeJIIIPYIOT C pe3yJibTaTaMII, nonyqeHHbIMII .L{JIH B, brevis Ha 6opzy 

CaJIIOT-6 [5]. Eonee 3HaqIIMbie 113MeHeHHH 6bIJIII o6HapyJKeHbl no PMY npII3HaKOB y 

cTPenTOMIIIIeTOB. O.L{HaKO BCe napaMeTPbI B03BpaIIIaJIIICb K HOp~e nocne 0.L{HOro nac

caJKa IIITaMMOB B na6opaTOpHblX ycJIOBIIHX. YpoBeHb MYTa6IIJibHOCTil CTPeITTOMIIIIeTOB 

II 6a1111JIJI He YBeJIIIqIIBaJICH npII 3KCil03IIIIIIII IIITaMMOB BHYTPII Kopa6JIH B TeqeHIIe 6-

14 cyTOK KaK B 3a11111111eHHOM OT 3MI1, TaK II B He3a11111111eHHOM KOHTeiiHepax. 3TO 

YKa3bIBaeT, ~o <l>KII He Bbl3bIBaIOT MYTaIIIIll, 3aTParIIBaIOIIIIIX reHbl, OTBeTCTBeHHbie 

3a CIIHTe3 BTOpIIqffbJX MeTa60JIIITOB, HO 113MeHHIOT IIX 3KCnpeCCIIIO. H3MeHeHIIH MOp

qioreHe3a 61,m11 OTMeqeHbl y CTPeITTOMIIIIeTOB npII pocTe B EIIOKOHTe. y 3Haq11-

TeJibHOfO q11cna KOJIOHIIll s fradiae Ha6JIIO.L{aJIII BbIIIIenneHIIe aTnn11qHI,1X 3Be3qaTblX 

BapIIaHTOB. 3KcnepIIMeHTbl B E110MarnecTaTe npo.L{eMOHCTPIIPOBaJIII BJIIIHHIIe 3MI1 Ha 

CIIHTe3 aHTII6IIOTIIKOB II MOpqioreHe3 KaK B Ha3eMHblX ycnoBirnX, TaK II B KOCMOCe. B 

noneTHblX 3KCnepIIMeHTaX CIIHTe3 aHTII6IIOTIIKOB y B, licheniformis II s. aureofaciens, 
a TaK JKe poCT KOJIOHilll y s. aureofaciens ycIIJIIIBaJICH np11 3aIIIIITe 061,eKTOB B 

6110MarHeCTaTe. O.L{HaKO, 113MeHeHIIH, Bbl3BaHHbie BJIIIHHIIeM 3MI1, TaK JKe 61,m11 

o6paTIIMbIMII, ~o YKa3bIBaeT Ha 0TCYTCTBIIe MYTaIIII0HHblX 113MeHeHIIll B reHax, 

0TBeTCTBeHHblX 3a 3TII npo11ecc1,1. ,lJ,eHCTBIIe MarHIITHblX nonen Ha E.coli 61,mo 

Il0Ka3aHO pattee B Ha3eMHblX 3KCnepIIMeHTax [6]. 

Ha <l>oTOHe-M2 B EnoKOHTe 61,ma 113yqeHa CTa6HJibHOCTb II 3KCnpeCCIIH reH0B 

aBTOHOMHOH MYJILTIIKOnIIHHOH ITJia3MII.LlbI pIJ702 B IIITaMMe S. lividans 66. PeCTPIIK

IIIIOHHbIH aHaJIII3 3T0ll IlJia3MII.L{bl, Bbl.L{eJieHHOll 113 Il0JieTHblX II Ha3eMHhlX o6pa3-

IIOB He BhIHBIIJI CTPYKTYPHLIX II3MeHeH11n ,lJ,HK (.L1ene1111n 11n11 aMnn114111KaIIIIii). 3m 

YKa3bIBaeT, ~o 3KCil03IIIIIIH B TeqeHIIe 14 CYTOK s. lividans 66 (pIJ702) B ycJI0BIIHX 

K0CMIIqecKoro Kopa6JIH He npIIBO.L{IIT K 3HaqaTeJibHbIM 113MeHeHIIHM B reHeT11qecKOll 

CTPYKType ITJia3MII.LlhI. 

IlpII 113yqeHI1Il K0HI,IOfaTIIBH0fO nepeHoca IlJia3MII.L{ 113 E.coli S17-1 B IIITaMM s. 
aureofaciens 61,mo IlOKa3aH0 yBeJI11qeH11e BbIJKIIBaeM0CTil .L{0H0pHoro IIITaMMa Il qacT0-

Thl nepe.L{aqII nJia3MII.L{bl B Il0JieTHblX ycJI0BIIHX. PaHee 61,mo Il0Ka3aH0 YBeJIIIqeHIIe 

qacTOTbl K0HI,IOfaTIIBH0fO nepeHoca xpoMOCOMHOll II IlJia3MII.L{HOll ,lJ,HK B IIITaMMax 

E. coli [6]. 
B 3KcnepnMeHTe 3K306IIOJIOrIIH (rn6JI. 4) npOII301IIJIII 3HaqIITeJibHbie 113MeHeHIIH 

B MopqioreHe3e II npO.LlYKIIIIII aHTII6IIOTIIKa y s. fradiae, KOTOpblll 61,m 3KCil0HIIp0BaH 6 

MeCHIIeB Ha BHeIIIHen CT0p0He CTaHIIIIII «M11p». KOJIOHIIII IIITaMMa 61,m11 aTIIIlllqffOll 

qiopMbl, 0TCYTCTBOBaJia cnopyJIHIIIIH, CIIHTe3 TIIJI03IIHa C0CTaBJIHJI 0-20 %. 3TII npII-

3HaKII He B0CCTaHaBJIIIBaJIIICb nocne KYJibTIIBIIp0BaHIIH B na6opaTOpHhlX ycJI0BIIHX. 

3To YKa3bIBaeT Ha MYTaIIII0HHbie II3MeHeHIIH B ,n:HK, K0TOpbie B03HIIKJIII B pe3yJILTaTe 

,L{ellCTBIIH KOCMIIqecKOll Pa.LIIIaIIIIII npII .L{JIIITeJibHOll 3KCil03IIIIIIII IIITaMMa Ha BHeIIIHell 

cmpoHe KOCM11qecKoro arrnaparn. AHanornqH1,1e pe3yn1,TaTbI 61,m11 nonyqeHhl np11 

Ha3eMHhlX 3KCnepIIMeHTax, IIMIITIIPYIOIIIIIX Il0JieTHbie ycJIOBIIH [7]. 
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Ta6mu-1a I. BmrnH11e <l>Kil 11 3MIT Ha pll,11 np113HaKOB IIITaMMa B. licheniformis 

flp113HaK Jia6oparnpHLJH K0HTl)0JIL floJJeTHhIH JKCnepHMeHT 
bl!OK0HT E:110MarnecrnT bllOKOHT E110MarnecrnT 

<l>opMa H ,llllaMeTP K0JI0HHH (MM) T:11nwrnall T11nW1Hal! T11nW1Hal! T11nW1Hal! 
0=5.6 0=5.4 0=5.7 0=5.5 

KoJJW1ecmo KJJeTOK B K0JI0HIIII l.9xl07 l.5xl07 I.8xl07 2.0xl07 

YpoeeHL cnopoo6paJoeaHlll! (%) 50 53 45 47 
qaCTOTa o6paJOBaHl!ll Str"' MyTaHT0B 6.4x!0-6 5.7xl0-6 5.5x10·• 5.9x!0-6 
YpoeeHL CIIHTe3a 6aUHTPau1111a (%) 100 92 78 90 
YpoeeHL CHHTe3a 6auHTPaU11Ha nocJJe I 
naccIDKa B J1a6oparno1111 (%) 100 100 94 98 

Ta6nm.1a 2. Bmrnu11e <l>Kil H 3MIT ua Pll.11 np113HaKOB IIITaMMa S. aureofaciens 

flpll3HaK Jia6opaTOpHLIH K0IITl)QJJI, IToJJeTHLIH JKcnep11MeHT 
bllOKOHT E:110MarnecraT OIIOKOHT E110MarnecraT 

<l>opMa H ,llHaMeTP THnWIHal!- T11nW1Hal! ATHilWIHal! - cnopLI EJ111lKe K THnWIHOH, 
K0JI0HHII (MM) crropym1Ulll! 0=8.9 pacnoJJ0JKeHLI no ecefi cnopLI pacnoJJoJKeHLI 

TOJILK0 B ueHT- noeepxH0CTH,p0CT B DH.lie K0JJeu, poCT 
pe KOJI0HHH. cy6cTParnoro MHUeJJl!ll cy6cTPaTHoro M11ue-
0=8.6 I vcHJJeH. 0=10.2 Jlllll VCHJJeH. 0=9.8 

KoJJW1ecmo cnop e 2.4xl05 3.0xl05 I.0xl07 2.7xl06 

K0JI0HHII 
qacrnra o6paJoea-
HIil! ThR MVTaHTOB l.2xl0·1 I.0xl0·1 l.8x!0"7 2.2xl0"7 

Ypoeem, CHHTe3a 
XTI..{(%) 100 93 40 72 
PocT M11ueJ111ll e T111IW1HLIH- PocT cJJa6ee, AT11nW1HLIH - oqeHI. IToxolK Ha p0CT B 
lKH.llKOH cpe,11e ryCTal! MHUe- qeM B 6110- CJ1a61,1fi pocT, e,1111HW1- E110MarnecrnTe Ha 

JlllaJJLHall ceTKa, K0HTe, Ml!Qe- HJ.le KJJy6KII MIIUeJJllll, 3eMJJe 
6HOMaCCLI JIIIH o6paJyeT 6110MaCChl oqeHL MaJJ0. 
MH0ro KJJy6KII, 6110-

MaCCLI MeHLllle. 
YpoeeHL CHHTe3a 
XTI.( rrocJJe I nae- 100 100 67 95 
CIDKa B JJa6opaTO-

IPHH (%) 
PoCT MHUeJJHll B THIIWIHLIH- TttnWIHLIH- ATHIIWIHLIH - pocT PocT ynyqlllaeTCll, 
lKH,llKOH cpe,11e rycTal! MHQeJJII- ryCTal! Ml!Ue- CJ1a6L1H, HO qffCJI0 KJJy6- 6HOMaCCLI 60JJLllle, 
rrocJJe I naccIDKa B aJJLHal! ceTKa, JIHaJJLHall K0B MHQeJJHll yeeJJWIH- HO He .ll0CTHraeT 
J1a6opaTOp11:11 6HoMaCCLI CeTKa, 6:110- eaeTCll, 6HOMaCCLI MaJJ0 H0pMbi 

i,.rnoro MaCCLI MH0ro 

Ta6n11ua 3. Bnlll!Hlle <l>Kil ua 3q>q>eKTIIBHOCTh KOH'l,IOfaTIIBHOfO nepeuoca IlJla3Mll,l1113 
1IITaMMa E. coli S 17-1 B 1IITaMM S. aureofaciens 

ITpmHaK Jia6opaTOpHLIH K0:IITP0JJL ITOJJeTHLIH 
JKcnep11MeHT 

bl!OKOHT bllOK0HT 
BLilKHeaeMOCTL E.coli SI 7-1 ( pTOI) (KJJ/MJJ) <IO 10' 
BbilKHBaeMOCTL E.coli SI 7-1 (plH6) (KJJ!MJJ) <IO 10' 
HaCJJe)IOBaHHe 1IJ1aJMH.11HLIX JJ:HK pTO I H pIH6 e pTO 82 75 
lIITaMMe E. coli SI 7-1 (%) pIH6 94 95 

3cj>cj>eKTHBHOCTL K0H'l,JOraTHBH0ro rrepeH0Ca pTOI 1-2 240 
IIJlaJMIUlpTOl :11pIH6mlIITaMMaE. co/iSl7-ls 
lIITaMM S. lividans 66 (qHCJJO pIH6 2-5 1500 
JKCKOfil!OraHTOB/qalIJK)') 
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Ta6n11ua 4. BnllllHHe <l>Kil Ha Pll.11 1Ip113HaKOB IIITaMMa s . .fradiae np11 3KCilOH11pOBaHIIII ero 

~-- ---- -- --- --- --·--- - --- -..- --

ITp113HaK Jia6opaTOpHLIH 3KCil0311Ullll lIITaMMa 3KCil03Hllllll lIITaMMa B 
K0HTO0JIL BHVTPH KOPa6m1 OTKPLITOM KOCM0Ce 

bHOKOHT OIIOK0HT }lqefiKH IIJlaHlI!era 

<I>opMa 11 .1111aMeTp T:11nW1Hal! - noeepx- Y cHJJeH11e pocra cy6cTPaT- ATHilWIHal! - K0JI0HIIII He-

KOJI0HIIII (MM) HOCTHLIH p0CT K0JI0- H0ro Ml!QeJillll. 0=9.0 cnopynHpYJOII(lle, Herrpa-
HIIH. 0=8.4 BHJILHOH IDODMLI. 0=6.5 

KonW1eCTB0 cnop e 2.2xl06 1.6xl06 Cnop1,1 0TCYTCTBYIOT 

K0JI0HIIH 
qacTOTa BLl!I\elIJleHHJI 1.0 - 5 .0 % «Jee3,11qa- 25 % «JBeJ)lqaTLIX» K0JI0- He 0TMeqeH0 .11pyr11x 

KOJIOHIIH C HeTHIIWIHLIM TLIX» KOJIOHIIH HIIH Mopcj>ornnoe 

MOrlffiOTIIIl0M 
qacTOTa o6paJOBaHIIJI 6.4x!0-6 5.5xl0-6 He orrpe)leJJJleTCJI BBIIJIY 

ThR MyraHT0B 0TCYTCTBllll crropoo6pa-
30BaHllll 

YpoeeHL CIIHTeJa 100 67 He orrpe,11eJJlIJIH 

THJI0JHHa (%) 
PocT MlllleJJHJI e THnWIHLIH - ryCIBJI A TIIIlWIHhIH - cna6LIH He onpeJ1eJIJ1JIH 

lKll,llKOH cpe)le MHUeJJHaJJLHaJI ceTKa, pocT, e)IHHWIHLie Kny6KH 
6HoMaCCLI MH0ro MHlleJJlllI, 6110MaCCLI oqeHL 

MaJJO. 

YposeHL CHHTe3a THJJ0- 100 83 20 

JHHa rroCJie I rraccaJKa B 
na6ooarnn:1111 (%) 
PocT MHlleJJHJI B lKH,llKOH THnWIHLIH - ryCIBJI POCT ynyqwaeTCJI, 6:110- PocT rrpaKTWleCKH 

cpe.lle nocJJe I rraccaJKa s MlllleJIHaJJLHal! ceTKa, MaCCLI 6oJJLllle, HO He 0TCYTCTBYeT, 6110MaccLI 

na6onaT0DHH 6IIOMaCCLI MH0f0 )I0CTHraeT H0PMLI. oqeHL MaJJ0. 
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2
I'Hl.( P<P HHcmumym rfnnuKu 6b!C0KUX 3Hepwii, IlpomeuHo, Pocctlf! 

B nocJie,llHIIe ro,llbl 6oJibIIIOH IIHTepec BbI3bIBaIOT IICCJie,llOBaHml 6IIOJiornqecKoro 

,lleHCTBIIH HII3KOIIHTeHCIIBHbIX II3JiyqeHIIH C BbICOKOH JIIIHeHHOH nepe.r1aqeii :meprna, 

BCTpeqaJOIIIIIXCH B YCJIOBIIHX aBIIaUIIOHHbIX II KOCMIIqecKIIX noJieTOB, a TaK)!(e. npa 

pa6oTe nepcoHaJia Ha YCKOpIITeJIHX [1-4]. 1-leJiblO HaCTOHIIIeii pa6oTbI 6bIJIO II3yqeHae 

oco6eHHOCTeii ,lleHCTBIIH ,llJIIITeJibHOro HII3KOIIHTeHCIIBHOro II3JiyqeHIIH, <pOpMIIPYIOIIIe

rocH 3a BepxHeii 6eTOHHOH 3aIIIIITOH CepnyxoBCKOro ycKOpIITeJIH 3apH)!(eHHbIX qaCTHII, 

a TaK)!(e MaJibIX ,ll03 OCTpOro BTOpIIqHoro II3JiyqeHIIH OT npoTOHOB C 3Heprneii 70 f3B ll 

nII-Me30HOB B 6IIOJiornqecKOM KaHaJie ycKOpIITeJIH, B KOCTHOM M03re MbIIIIeii in vivo C 
nOMOIIIbIO MIIKpOH,llepHoro Teem. 

MaTepuam,1 II MCTO,llbl 

B 3KCnepIIMeHTax ncnOJib30BaJIIICb 2-MecHqHbie CaMUbI MbIIIIeii JIIIHHII SHK. 

O6JiyqeHIIe npoBO,llIIJIOCb B noJie II3JiyqeHIIH 3a BepxHeii 6eTOHHOH 3aIIIHTOH Cepny

XOBCKOro ycKopHTeJIH npoTOHOB c 3Heprneii 70 faB (Y-70 11<1>B3) KpyrnocyTOqffQ B 

TeqeHne 15, 24 II 31 CYT, qrn COOTBeTCTBOBaJIO ,ll03aM 11,5, 21,5 II 31,5 crp. EbIJIII 

HJyqeHbI ,ll030BaH 3aBIICIIMOCTb II PaJJ:IIaUIIOHHbIH aJJ;aIITIIBHbIH OTBeT (PAO). 

MOHIITOpIIpOBaHne o6nyqeHIIH npOBO,llIIJIOCb HeiiTpOHHbIM ,lleTeKTopoM PM58 

CIICTeMbI PaJJ:IIaUIIOHHOro KOHTpOJIH YCKOpIITeJIH, II3MepHIOIIIIIM 3KBIIBaJieHTHYIO .ll03Y 

HeiiTpOHOB c 3Heprneii .r10 20 M3B, II TepMOJIIOMIIHecueHTHbIMII ,ll03IIM~aMII HKC, 

II3MepHIOIIIHMII nOrJIOIIIeHHYIQ ,ll03y qJOTOHOB II npOTOHOB. f1o KOMnOHeHTHOMY COCTa

By ,ll03a HeiiTpOHOB C 3Heprneii ,llO 20 M3B B TOqKe II3MepeHIIH COCTaBJIHeT nOJIOBIIHY 

nOJIHOH ,ll03bl HeHTpOHOB C 3Heprneii OT TenJIOBOH II ,llO 500 M3B. MHOr03apH,llHbIX 
IIOHOB 3a 6eTOHHOH 3aIIIIITOH HeT. . 

HeiiTpOHHbie cneKTpbI 3a 6eTOHHOH 3aIIIIITOH Ha CepnyxoBCKOM ycKOpIITeJie 

0Ka3aJIIICb noXO)!(II Ha cneKTpbI HeHTpOHOB, II3MepeHHbie 3a 6eTOHHOH 3aIIIIITOH ycKO

pIITeJIH CERN B )KeHeBe [5], n 6JIH3KH K pacqeTHbIM cneKTpaM II cneKTpaM HeiiTpOHOB, 

II3MepeHHbIX Ha BbICOTax 12 II 16 KM B aTMOC<pepe [6, 7]. EIIIe 6onee 6JIII30K K cneKTpy 

3a 6eTOHHOH 3aIIIIITOH YCKOpIITeJIH cneKTp HeiiTpOHOB, II3MepeHHbIH Ha BbICOTe 3 KM Ha 

rope 1-lyrrnnIITUe (EaBapIIH) [ 5]. 3rn n03BOJIIIJIO HaM IICnOJib30BaTb PaJJ:IIaQIIOHHOe 

none 3a 6eTOHHOH 3aIIIIITOH Y-70 B 3KCnepnMeHTax Ha )!(IIBOTHbIX MH MO,lleJIHpOBaHllil 

PaJJ:IIaQHOHHbIX ycJIOBIIH aBIIanoJieTOB Ha BbICOTaX OT 3 ,llO 16 KM. 

,/])rn II3yqeHIIH B03MO)!(HOCTb IIH.llYKIIIIII PAO npII ,lleHCTBHII MaJibIX ,ll03 OCTpOrO 

BTOpnqHoro H3JiyqeHIIH OT npOTOHOB (BHIT) C 3Heprneii 70 f3B H nOTOKa nII-Me30HOB, 

reHepIIpyeMbIX Ha Y-70, MbIIIIeii o6nyqaJIII B .r103e 10 cfp B 6IIoJiornqecKoM KaHaJie 

ycKOpIITeJIH. BHIT COCTOIIT H3 qacTHII pa3HbIX copTOB: npoTOHOB, HeHTpOHOB, nIIOHOB, 

Me30HOB. ,l{narraJOH JII13 3TIIX qacTIIII COCTaBJIHeT 0,2-500 K3BIMKM, C MaKCIIMYMOM B 

50-60 K3BIMKM, TIO Il03BOJIHeT IIX IICnOJib30BaTb .llJlH MO,lleJIIIpOBaHIIH ,lleHCTBllil 
KOCMIIqecKoro H3JiyqeHIIH. 
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qepe3 24 q nocJie o6JiyqeHIIH COOTBeTCTByIOIIIIIe rpynnbI )!(IIBOTHbIX o6JiyqaJIIICb 

bIHB]UIJOIIIeii )W30H 1,5 fp (1 fp/MIIH) y-HJJiyqeHIIH. B Ka)!(,llOM onbITe Ha 3KcnepII

:1eHTaJibHyIO TOqKy IICnOJib30BaJIOCb He MeHee 5 MbIIIIeii. ,l{JIH onpe,lleJieHllil ypOBHH 

unTOreHernqecKoro noBpe)!(,lleHIIH qepe3 28 q nocJie BbIHBJIHIOIIIero o6nyqeHIIH )!(IIBOT

Hbie 3a6IIBaJIIICb MeTO,llOM uepBIIKaJibHOH .llllCJIOKaQIIII, II no CTaH,llapTHOH MeTO,llIIKe 

6bIJill npIIroTOBJieHbI IIIITOJIOrIIqecKIIe npenapaTbI KOCTHOro M03ra [8]. C Ka)!(,llOro 

npenapaTa aHaJIII3IIp0BaJIOCb He MeHee 2000 nonnxpoMaTO<pIIJibHbIX 3pIITpOUIITOB 

(IJX'.3) ,llJIH no.r1cqeTa KJieTOK C MIIKpOH,llpaMII (M5I). ITpII npoaepKe CTaTIIcrnqeCKOH 

)lOCTOBepHOCTH pa3JIIIqnii Me)!(,lly rpynnaMII IICnOJib30BaJICH KpII:repIIii CTbIO,lleHTa. 

PelyJibTaTLI II o6cylK,ZJ;eHIIe 
B Ta6JI. 1 npe,llCTaBJieHbI pe3yJibTaTbI onpe,lleJieHIIH IIX3 C M5I B KOCTHOM M03re 

MbIIIIeii, o6nyqeHHbIX pa3HbIMII ,ll03aMII xpOHIIqecKoro o6nyqeHIIH 3a BepxHeii 6eTOH

noii 3aIIIIITOH. BII,llHO, TIO o6nyqeHne MbIIIIeii B TeqeHIIe 15, 24 n 31 CYT npIIBO,llIIT K 

3HaqIITeJibHOMY yBeJIIIqeHIIIO ypOBHH UIITOreHeTIIqecKIIX noBpe)!(,lleHIIH, no cpaBHe

HIIlO C ypOBHeM cnoHTaHHOro noape)!(,lleHIIH. ,l{JIH cpaBHeHIIH ,llBe .upyrIIe rpyrrnbI 

MbIIIIeii xpOHIIqecKII o6JiyqaJIIICb y-nyqaMII ,ll03aMII 10 cfp (1 cfplcYT) II 50 crp (5 

cfp/CYT)- Cne.uyeT 3aMeTIITb, ~o npIIMepHO O,llIIHaKOBbie nornoIIIeHHbie ,ll03bI BbICOK0-

3HepreTIIqecKoro II3JiyqeHIIH II y-HJJiyqeHIIH IIH,llyuIIpOBaJIII 6JIII3KIIe ypOBHII ITX3 C 

WI. 
AHaJIOrIIqHbie ,llaHHbie O pocTe noBpe)!(,lleHIIH npn o6nyqeHIIH MaJibIMII ,ll03aMII 

HII3KOIIHTeHCIIBHOro II3nyqeHIIH C BbICOKOH JII13, no cpaBHeHIIJO C ypOBHeM cnoHTaH

HbIX noBpe)!(,lleHIIH, 6bIJIII nonyqeHbI n .r1pyrIIMII HCCJie,llOBaTeJIHMII c nOMOII!blO 

pa3JIIIqHbIX MeTO,llOB: xpoMOCOMHOro aHaJIII3a B JIIIM<pOIIIITax nepII<pepnqecKOH KpOBII 

qeJIOBeKa, IIH.llYKUIIH onyxoneii, penapaQIIII .llBYHIITeBbIX pa3pbIBOB ,n;HK [1, 3, 9]. 
EbIJIO TaK)!(e nOKa3aHO BJIIIHHIIe MaJibIX ,ll03 II3JiyqeHIIH C BbICOKIIMII JII13 Ha ueHTpaJib

HYIO HepBHyIO II IIMMYHHYIO CIICTeMbI [10, 11] II reHOMHYIO HecTa6IIJibHOCTb [12]. 

Ta6mnia 1. Bb!XO,ll IIX3 C MR B KOCTHOM M03re MbIIIIeii B 3aBl!CllMOCTII OT ,ll03bl 

~ 6eTOHHOH 3aIUIITOH Y-70 ------~ .......... ______ ._.. ....... ..., •• ...,.,.J _____ ...,_ ........ -- ... ····-· .. 

~03a KoJI-Bo qllC/10 ql!C/10 IIX3 IIX3cMR,% IIX3 C MR 6e3 qJOHa, 

MbIIIIeii 11X3 cMR % 

0 15 60000 198 0,33±0,02 

11.5 crp (15 cyr) 10 38000 208 0,55±0,03* 0,22 

21.5 cfo (24 cvr) 10 38000 337 0,89±0,06** 0,56 

31.5 crp (31 cyr) 10 26000 243 0,94±0,07** 0,61 

10crp(Co0")(10cyr) 10 20300 133 0,66,±0,04* 0,33 

50 crp (6°Co) (10 cyr) 10 20295 173 0,85±0,06** 0,52 

* p< 0.05 no cpaBHemno c K0HTpO/IeM, ** p<0.01 no cpaBHeHIIIO c KOHTp0JieM. 

ITpII IICCJie,llOBaHIIII B03MO)!(H0CTII IIH;zy:KUIIII PaJJ:HaIIII0HHOro AO y MbIIIIeii, 

06JiyqeHHbIX 3a BepxHeii 6eTOHHOH 3aIIIIITOH ycKOpIITeJIH, HaMII 6bIJIO o6Hapy)!(eHO, 

~o npe,1BapIITeJibHOe o6nyqeHIIe )!(IIBOTHbIX BCeMII IICCJie,lloBaHHbIMII ,ll03aMII He 

npIIBO,llIIJIO K YMeHbIIIeHHIO BbIXO,lla IIIITOreHernqecKoro noape)!(,lleHHH nocne o6ny

qeHIIH BbIHBJIHIOIIIeii .r103oii 1,5 fp, TO ecTb AO He IIH.llyuIIpOBaJICH (Ta6n. 2). 
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Ta6irnua 2. Bb!XOA TTX3 C MR B KOCTHOM M03re Mbllllett, o6nyqeHHblX Hll3KOIIHTeHCIIBHbIM 
5r - ,-

BmAettcTB11e Kon-Bo Mh1weil q11cno TTX3 q11cno TTX3 c MR TTX3cMR,% 
11,1 crp+ 1,5 rp 10 40000 2771 6,90±0,38 

1,5 ro 10 40000 2743 6,69±0,39 
21,5 crp + 1,5 rp 10 25000 1590 6,40±0,46 

1,5 rp 10 31000 1951 6,30±0,45 
31,5 cfp+ 1,5 [p 10 37000 2330 6,30±0,40 

1,5 fp 10 43000 2729 6,30±0,51 
10 crp (Coou)+ 1,5 rp 5 9870 378 3,90±0,30** 
50 cfo (Co"")+ 1,5 ro 5 10059 269 2,66±0,38*** 

** p<0.01, *** p<0.001 ITO cpaBHeHmo c rpyrrrroil, o6ny'IeHHOH TOnbKO B A03e 1.5 rp. 

B OTJIH'!He OT :noro, rrpe,[(BapnTeJibHOe o6nyqeHHe MhIIIIeii B ,[(03ax 10 H 50 cfp 
xpoHH'IeCKOro y-Il3JI)"IeHmI, 3Ha'IHTeJihHO )'MeHblllaJIO Bh!XO,[( lJ;HTOreHeTH'IeCKoro rro
BpelK,L\eHHH, HH,[(yD;Hpyx a,[(aIITHBHhIH OTBeT. 3To ronopHT O TOM, 'ITO B HHAYKU:HH AO 
orrpe,[(eJIHIOiu;ee 3Ha'IeHHe, BepOHTHO, MO)l(eT HMeTh He TOJihKO H He CTOJihKO 
KOJIH'IeCTBO, CKOJlhKO Ka'IeCTBO HH,[(yD;HpOBaHHhIX IIOBpelK,L\eHHH. 

Ilpn HCCJie,[(OBaHHH B03MO)l(HOCTH HH,[(yKD;HH pa,[(HaD;HOHHoro AO y MhIIIIeii, 
rrpe,[(BapnTeJibHO o6nyqeHHhIX ocrpoil: ,[(030H 10 cfp IIH-Me30HOB H BHIT OT rrpOTOHOB 
c :meprneil: 70 f::iB, TaK)l(e He 6bIJIO o6Hapy)l(eHO )'MeHhIIIeHHH KOJIH'IeCTBa ITX'.3 c 
M51, no cpaBHeHHIO C o6Jiy'IeHHeM TOJlhKO 0,[(HOH ,[(030H 1,5 fp (Ta6JI. 3). B OTJIH'!He OT 
3TOro o6ny'IeHHe MhIIIIeii B a,[(aIITHpyioiu;eil: ,[(03e 10 cfp (0,125 fplMHH) y-nyqeil: 
HH,[(yD;HpOBaJIO AO, HeCMOTPH Ha TO, 'ITO a,[(aIITHpyioiu;ne ,[(03hl Bcex HCIIOJih30BaHHhIX 
H3JI)"IeHHH Bhl3h!BaJIH 0,[(HHaKOBhlH ypoBeHb lJ;HTOreHeTH'IeCKOro IIOBpelK,L\eHHH. 3TH 
pe3yJihTaThl ,[(OIIOJIHHIOT H3BeCTHbie ,[(aHHbie Ha KYJlhTypax KJieTOK O Hecrroco6HOCTH 
H3JI)"IeHHH c BhICOKHMH JII13, HH,[(yD;HpoBaTh PAO [2, 13]. 

Ta6n11ua 3. Bb!XOA TTX3 C MR B KOCTHOM M03re Mbllllett, o6nyqeHHblX B11TT H 1t-Me30HaMII B 
611onornqecKOM KaHane Y-70 II Y-113nyqeHlleM B A03e 1,5 r p. 

Bo3AeilcTBl!e Kon-Bo MbIWeil q11cnoTTX3 q11cno TTX3 c MR TTX3cMR, % 

0 5 30276 165 0,51±0,17 
10 crp (B11TT) 5 8142 122 1,49±0,22 
10 crp (it-Me30Hbl) 5 5201 90 1,42±0,13 
IO cfo (y-06nyqett11e) 5 18727 273 1,46±0,16 
1,5 rp (y-06ny'Iett11e) 10 15475 912 5,90±0,45 
10 cfo (B11TT)+l,5 rp (y) 5 13674 751 5,50±0,46 
10 crp (1t-Me30Hbi)+l,5 rp 5 5212 306 5,90±0,34 
10 crp(y)+l,5 rp (y) 5 12290 450 3,50±0,40 

BhIHBJieHHhie B Hameil: pa6oTe oco6eHHOCTH ,[(eil.cTBHH MaJihlX ,[(03 
Bh!COK03HepreTH'IecKHX H3JI)"IeHHH Ha MhIIIlax in vivo MOryT 6hITh HCIIOJih30BaHhl ,[(JIH 

ou;eHKH PMHaD;HOHHhIX pHCKOB ,[(OJirOBpeMeHHhlX Bh!COTHhlX aBHaIIOJieTOB, rrpH 
IIO,[(roTOBKe IIHJIOTHpyeMblX KOCMH'IeCKHX IIOJieTOB, a TaK)l(e ,[(JIH pa3pa60TKH Teope- : 
TH'IeCKHX OCHOB a,[(aIITau;HOHHOH Me,[(HlJ;HHhl. 

Pa6orn BhIIIOJIHeHa rrpn rroMep)l(Ke Ilpe3H,[(H)'Ma P AH B paMKax IlporpaMMhI 
q>yH,[(aMeHTaJihHhIX HCCJie,[(OBaHHH «<l>yH,[(aMeHTaJihHbie HaYKH - Me,[(HlJ;HHe». 

244 

Jl11Teparypa 
1. Ando K. IIPhysica Medica. 2001.V. XVII, Suppl 1. P.292-295. 
2. Wu H, George K., Willingham V., Cucinotta F.A. II Physica Medica. 2001.V. XVII. 

Suppl.I. P. 229-231. 
3. Edwards A.A II Physica Medica. 2001.V. XVII. Suppl 1. 147-152 
4. Cucinotta F.A. IIPhysica Medica. 2001.V. XVII. Suppl. I. P. 5-11. 
5. CaHHUK06 A.B. Pa3BHTHe MeTO,[(OB CIIeKrpOMeTpHH HeiirpOHHOro H3JiyqeHHH Ha 

60JihIIIHX rrpOTOHHhIX ycKOpHTeJIHX. ABTOpeq>. ,[(HC .... KaH,[(. q>.-M. HayK. IlpoTBHHO. 
2006. 21 C. 

6. Goldhagen P. II Health Phys. 2000. V. 79. P. 526-544. 
7. Goldhagen P., Reginatto M, Kniss T., Wilson J. W. et al. II Nucl. Instr. and Meth. A. 

2001. (in press). 
8. Schmid W. II Mutat. Res. 1975. V. 31. P. 9-15. 
9. Fry R.JM, Powers-Risius P., A/pen E.L., Ainsworth E.J II Radiat.Res. 1985. V. 

104. N2l. P. 188-195. 
10. Todd P. II Adv. in Space Res. 1989. V. 9 (10). N2 l. P. 31-34. 
11. Gridley D.S., Pecaut MJ, and Nelson A.G. II Am. J. Physiol. Regul. Integr. Comp. 

Physoil. 2002. V. 282. N2 3. P. 677-688. 
12. Ullrich R.L., Ponnaiya B. II Int. J. of Radiat.Biol. 1998. V.74. N2 3. P.747-754. 
13.Pross HD., Casares A., KieferJ IIRadiat Res. 2000. V. 153. N2 2. P.521-525. 

245 



IlOJIHCHCTEMHAfl OlJ.EHKA <l>YHKlJ.HOHAJihHhIX XAPAKTEPHCTHK 
3,l(OPOBMI JIETHOro COCTABA BBC 

KapraHoB M.IO., ITaHKOBa H.E., E)KoBa O.A., KoMapoB A.B. 

TY HHH o6Ufeu namollowu u namo¢muoJ1ocUu P AMH. MocKea, PoccW!, 
mkarganov@mtu-net.ru 

MeTO.Qbl caHoreHeTIIqecKoro M0HIIT0plIHra ( crrnpoapTepIIOKap,n1IOpIITMOrpa<J>m1, 

oueHKa IICIIXOMOTOpHOH KOOp.QIIHIIpOBaHHOCTII) ycIIeIIIH0 1Ip1IMem110TCJl: ,Qllil 

BbI.QeJieHIIJl: rpyIIII pIICKa y pa60THIIKOB IIpe,nIIpIIll:TIIH Jl:.QepH0-T0IIJIIIBH0ro IIIIKJia [l ], 
oueHKII 3(P4JeKTIIBHOCTII KJIIIHIIqecK0ro [2, 3] II caHaTOpH0-KypopTH0ro [4] neqemrn 

B3p0CJlbIX, a TaK)Ke 3.Q0p0Bbec6epera10rueil: COCTaBJIJl:JOIUeil: IIIK0JibHbIX IIe,naronrqec

KIIX TeXHOJIOrIIH [5]. B HaCT0Jl:IUeM IICCJie,L\0BaHIIll paCIIIIIpeHa o6JiaCTb IIplIMeHeHHll 

,[{aHH0ro II0,[\X0,[{a - Ha Bb!Jl:BJieHIIe oco6eHHOCTeil: <pyHKUIIOHIIpOBaHIIJl: opraHII3Ma 

JIIO,[{eil:, qbJl: IIpo<J>eccIIOHaJibHall: ,[{ell:TeJibH0CTb CBJl:3aHa C p1ICK0M Mll: )KII3HII. 11ccne

.Q0BaHIIe IIp0Be,[\eH0 C IIplIBJieqeHIIeM B0eHH0Cny)KaIUIIX BBC (oqmuepbl, Hax0,L\Jl:IU1Ie

CJl: Ha ,[{eil:CTBIITeJihHOH BOeHHOH CJIJ)K6e, n = 30, cpe,L\HIIH B03pacT 32,9 ± 1.45 neT), 

B0eHH0CJIY)KaIUIIX, BblII0JIHJl:!OIUIIX 3a,[{aqlI, He CBJl:3aHHbie C aBIIauIIeil: (IIpaIIOPIUIIKII 

<l>CE, n = 34, cpe.QHIIH B03pacT 27,59 ± 0.83 neT), II 3,L\0p0BbIX MJ)KqIIH, %Jl: IIpo<J>ec

CII0HaJibHall: ,[{el!TeJibH0CTb He CBl!3aHa C p1ICK0M Ml! )KII3HH (pa6oqIIe M0CK0BCK0ro 

,nepeBoo6pa6aTbIBaJOIUero KOM61IHaTa N2 3 - CTaH0qHIIKII, 3JieKTPIIKII, rpy3q1IKII, n = 
22, cpe,L\HIIH B03pacT 29,05 ± 1.11 JieT). 

TeCTIIpOBaHHe IICIIXOMOTOpHOH K00p.QHHHp0BaHH0CTII IIpose.L{eH0 IIplI II0M0IUII 

IlpII6opHoro K0MIIJieKca KH,[(-3 («KOMIIb!OTepHblH II3MepnTeJib .QB1I)KeHIIJl:)) - BapliaHT 

KIIHeMaToMeTpa )KYKOBCKoro ). IToKa3aHo, qTO Alli! oqrnuepoB BBC xapaKTepHo CTpeM

neHIIe K 6onee T0qHoMy BbIII0JIHeHIIIO 3a,[{aHIIll, X0Tll II He B yruep6 CK0p0CTHblM II0Ka-

3aTeJIJl:M. OIIIII6Ka ceHcopHoil: K0ppeKUIIII qlJieKcopoB y O<pIIuepOB BBC ,[\0CTOBepHO 

HII)Ke, qeM B K0HTp0JibHblX rpyrrnax (pIIC. 1 ). Pa3JIIIqlil! Me)K.L{y rpyIIIIaMII II0 II0Ka3a

TeJIJO ceHCOpHOH OIIIII6KII 3KCTeH30p0B yp0BHll CTaTIICTIIqecKOH ,[{0CT0BepH0CTII He 

,[{0CTIIraJOT, X0Tll II HaIIpaBJieHbl B TY )Ke CT0p0Hy. Cne.L{yeT 0TMeTIITb, qT0 II0Ka3aTeJIII 

K0HTp0JlbHbIX rpYIIII, X0Tll II HeCK0JibK0 xy)Ke, qeM y O<p1Iuep0B BBC, HO He BblX0,L\Jl:T 

3a rpaHIIUbl IIOJI0-B03pacTHOH H0pMbl (2-8 %). no 0CTaJibHbIM Ilp0TecrnpoBaHHblM 

IICIIXO<plI31IOJIOrIIqecKIIM II0Ka3aTeJillM - ypoBHIO BHIIMaHIIll, .QJIIITeJibH0CTII MOTOpHOH 

IIaMllTII II yp0BHIO ceHCOMOTOpHoil: peaKTIIBH0CTII Ha CTIIMYJihl pa3HOH M0.QaJibH0CTII -

pa3JIIIqliil: Me)K.L{y B0eHH0CJiy)KaIUIIMII, BblII0JIHll!OIUIIMII pa3Hb!e 3a,L\aqlI, II K0HTp0Jlb

HbIMII IICilbITYeMb!Mll, B HaIIIeM IICCJie,[\0BaHIIII He o6Hapy)KeHO. 

CoCTOllHIIe cep,neqHc-cocy,nIICTOH CIICTeMbl oueHIIBaJIII IIpII II0M0IUII 

IIp1I6opHoro K0MIIJieKca CAKP («CII1IpoaPTep1IoKap,n1Iop1ITMorpa<p»). OueH1IBanII: 

aMIIJIIITY.L\H0-BpeMeHHbie II0Ka3aTeJIII cep.L{eqHoro K0MIIJieKca, Bap1Ia6eJibHOCTb cep

_neqHoro pIITMa ( C IICII0Jlb30BaHIIeM CTarncrnqecKIIX, reoMeTpIIqeCKIIX II CIIeKTpaJib

HbIX IIOKa3aTeneil:), IIepII<pepIIqecKoe CIICT0JIUqecKoe II ,[{1IaCT0JI1IqecKoe A,[( II HX 

BapIIa6eJibHOCTb, II0Ka3aTeJIII reM0,L\IIHaMIIKII, pacqeTHyJO BeJIIIqlIHY qyBCTBIITeJih

H0CTII 6apope<J>neKca, a TaK)Ke MaKCIIMaJibHbie II0Ka3aTeJIII ,[{bIXaTeJibHOil: CHCTeMbl II ee 

II0Ka3aTeJIII B II0K0e. O6Hapy)KeH0, qTo y 3.Q0p0BblX IICIIblryeMblX pa3HbIX rpYIIII He 

Ha6n10,naeTCll pa3Jillqliil: II0 0CH0BHblM TI0Ka3aTeJillM cep,neqHo-cocy,nIICTOil: II ,[\bIXa

TeJibHOH CIICTeM. O.L{HaKO y O<plIUepOB BBC 6hrna II0BbIIIIeHa 0TH0CIITeJihHall: M0IU

H0CTb ,QHaIIa30Ha oqeHb HII3KIIX qacT0T (VLF) B cIIeKTPax BapIIa6eJibH0CTII KaK CA,[( 

(pIIc. 2), TaK II ,[(A,[(, ~o o6bJqHO CBll3b!BaJOT C aKTIIBau1Ieil: peryJil!T0pHbIX IIpoueccoB 
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Pttc. I. Oum6Ka ceHC0pHOH K0ppeKUHH Pttc. 2. OTHOCHTilJ!bHa/1 M0~H0CTb (%) ,[{Ha
<j)J]eKCOpOB (%) lla30H0B crre1ITpa saptta6eJihHOCTII CHCT0-

JIH'leCK0ro rrepmpep1IqeCKOro A):(. *- OTJIHqm1 
OT rpyrrrrhI rrparrop~HK0B <l>Co 

Ha Me)KCIICTeMH0M yp0BHe. B03M0)KH0, 3T0T <paKT 0Tpa)KaeT 6onee Bb!C0KIIH BKJia.L{ 

rrcHXoreHHoli cocrnBJillJOIUeii B peryJlllUIIJO A,[( y o<p1Iuep0B BBC. 

,[(IDI oueHKII <pyttKUIIOHaJibHbIX pe3epB0B cep.L{eqHo-cocy.L{IICTOll CIICTeMbl opra

HII3Ma o6rueIIp1IHl!TbIM MeT0,L\0M llBJllleTCll IIpIIMeHeHIIe TeCT0B, IIJIII <pyttKUIIOHaJibHbIX 

IIpo6 - IIMeHH0 IIPII IIOBbIIIIeHHOH Harpy3Ke CTaH0BIITCll Jl:CH0, M0)KeT JIII opraHII3M 

ycIIeIIIH0 a,[{aIITIIp0BaTbCJl: B HarpY3KaM, MH0roKpaTH0 IIpeBbIIIIa!OIUIIM o6bl)WHHbie. B 

HaCTOl!IUeii pa6oTe B Kaqecrne <pyHKUIIOHaJibHblX IIpo6 IICII0Jib30BaHbl MeT0,[\bl K0HT

ponIIpyeM0ro ,[{blXaHIIll ( C qacTOTOH 6 ,QbIXaTeJibHbIX UIIKJI0B B MIIHYTY 6e3 yqern 

rny61IHbl ,[{bIXaHIIll:) II CMeIIIaHHOH rIIIIOKCIIIIirnIIepKaIIHIIII B nerKOll CTeIIeHII, C03,[{aBa

eMOH IIPII TecrnpoBaHIIII B CIIeUIIaJibHOil: MaCKe. IlplI BbIII0JIHeHIIII 3TIIX TeCT0B 

aKTIIBIIpyJOTCJl: Bee 3BeHbll peryJillT0pHbIX MeXaHII3M0B cep.L{eqff0-C0CY.LlIICTOH CIICTe

MbI, ~o 0Tpa)KaeTCll B II3MeHeHIIII CIIeKTPaJibHblX II0Ka3aTeneii BapIIa6eJihHOCTII cep

_neqff0ro plITMa II IIepII<pepIIqecKOro A,[(. 

IlplI cpaBHeHIIII pe3yJibTaT0B IIp06bI C perynIIpyeMbIM ,[{hIXaHIIeM y O<plIUepoB 

BBC II y IIpaII0PIUIIK0B <l>CE Bhlll:BJieHo, ~o B 06e1Ix rpYIIIIax B0eHH0CJIY)KaIUIIX IIplI 

BblII0JIHeHIIII Teem, II0 cpaBHeHIIIO C pe3yJibTaTaMII TeCTIIp0BaHIIJl: IIplI IIp0II3B0JlbH0M 

.L\bIXaHIIII, MaJI0 MeHJl:IOTCll II0Ka3aTeJIII cep,[{eqHoil: IIp01I3B0.QIITeJibH0CTII, II He MeHl!

IOTCll II0Ka3aTeJIII IIep1I<pep1IqecKoro A,[(. CIIeKTP Bap1Ia6eJibHOCTII cep,[{eqHoro p1ITMa 

MeHlleTCll e.L{IIH006pa3HO B o6elIX rpYIIIIax - B03pacrneT o6ruaJ:I M0IUH0CTb CIIeKTpa, B 

0CH0BH0M 3a cqeT B03pacTaHIIll M0IUH0CTII ,L\IIaIIa30Ha HII3KIIX qaCT0T (LF) B 7-12 pa3, 

M0II(H0CTb ,QIIaIIa30Ha Bb!C0KHX qacTOT (HF) B03pacrneT B 3-7 pa3. 113MeHeHHll 

CIIeKTPaJibHblX II0Ka3aTeneii Bap1Ia6eJibHOCTII CA,[( TaK)Ke 0,[{IIHaK0Bbl y IICIIhITyeMblX 

o6eIIx rpYIIII, TOr,na KaK B CIIeKTPe Bap1Ia6eJihHOCTII ,[(A,[( Bblll:BJieH0 6onee Bbrpa

)KeHH0e B03paCTaHIIe OTHOCIITeJibHOll M0IUH0CTII .QHaIIa30Ha LF y O<pIIuepoB BBC 

(p1Ic. 3), ~o M0)KeT 0Tpa)KaTb 6onee Bblpa)KeHHyJO aKTIIBaulIJO CIIMIIarnqecKIIX BJIIIll

HIIii Ha TOHYC IIepII<pep1IqecKIIX C0CY.L\0B. HecMOTpll: Ha TO, ~o II3MeHeHIIll M0IUH0CTII 

Pa3HbIX .QHaIIa30H0B BapHa6eJihHOCTII cep,[{eqHoro plITMa B pa3HbIX rpYIIIIax He 

Pa3JIHqaJOTCll, pacqeTHaJ:I BeJIII~Ha LF/HF, 0Tpa)KaJOIUaJ:I 6anaHc BererarnBHhrx 

BJIIIllHIIll Ha PIITM cep.nua, B 6oJibIIIeii CTeIIeHH B03pacrneT y O<plIUepoB BBC (plIC. 4), 
~o TaK)Ke CBII,[{eTeJlbCTBYeT 06 ycHJieHHOH aKTIIBH0CTII CIIMIIarnqecKoil: CIICTeMbl HX 

opratt1I3Ma. 

IlpH IIpoBe,[{eHHII TeCTIIpoBaHHll B MaCKe 6hIJIO II0Ka3aH0, ~o y O<pHuepoB BBC, 

B 0TJIII~e OT 3.Q0p0BblX IIITaTCKHX MJ)KqHH, CHII)KaeTCJl: IIepH<pep1IqecKoe A,[( (y 

23,8 % HCIIbrryeMblX 6onee qeM Ha 15 % OT ypoBHll Tecrnp0Batt1Il16e3 MaCKH). IlplI 
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RADIATION EFFECTS ON SMALL INTESTINE EPITHELIUM SYSTEM: 
MATHEMATICAL MODELING 

O.A. Smimova 
Research and Technical Center of Radiation-Chemical Safety and Hygiene, Russia 

Introduction 
One of the critical systems in organism of mammals exposed to radiation is the 

small intestine epithelium [I]. The damage of this system basically determines the 
ultimate effects of high level acute/chronic irradiation on mammals. By now, 
considerable amount of experimental data concerning the radiation effects on this vital 
body system are accumulated. However, some questions remain and it is useful to 
develop mathematical models to test biological concepts used, interpret available 
experimental data and provide predictive models for the future. It is the development 
and investigation of a biologically motivated mathematical model which describes the 
dynamics of the small intestine epithelium system in acutely/chronically irradiated 
mammals that the paper is devoted to. 

Mathematical model 
The small intestine epithelium consists of a great number of villi and crypts. The 

cells of crypts and villi form a unit system of the renewal of small intestine. Basic 
(columnar) cells prevail in this system. Taking these facts into account, we consider the 
population of basic ( columnar) cells in the small intestine epithelium system (SIES) as 
the object of the modeling studies. 

Our model is based on conventional theoretical concepts and available 
experimental data. The originative cells of the population of columnar cells are stem 
cells. They are located near the bottom of the crypt. Stem cells are capable of self
maintenance and of production of progeny that differentiate in the direction of dividing 
maturing crypt cells. These dividing maturing cells move from the lower region to the 
upper region of crypt in the process of maturation. In the upper region of crypt the cells 
stop dividing and form a pool of maturing cells. The matured cells (enterocytes) are 
displaced onto the villous and migrate from its bottom to the top where they exfoliate 
into the intestinal lumen. 

In the model we divide the cells of the SIES into three compartments according to 
the degree of maturity and differentiation, namely: X, dividing precursor cells from the 
stem cell to the dividing maturing cell of crypt; Y , nondividing maturing cells of crypt; 
Z, functional villous cells. 

Taking into account that only X cells of the crypt are radiosensitive, whereas Y 
cells of the crypt and Z cells of the villous are radioresistant, we divide X cells into 

two groups with respect to their response to irradiation: x.d, undamaged cells; Xd, 
damaged cells. 

To describe the radiation-induced damage of the radiosensitive cells in the SIES, 
we apply the one-target-one-hit theory. According to this approach, the damage rate of 
radiosensitive cells is proportional to the dose rate of irradiation N. 

To reproduce the regulation mechanism of the cell division in the SIES, we use 
the chalone theory. According to this theory, the reproduction rate of capable of 
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dividing crypt cells is controlled by a specific inhibitor, a chalone, which is a product of 
cell vital activity and cell death. 

As the model variables, we take the concentrations of x.d, Xd, Y, and Z cells, 

namely: x.d , xd, Y, and z . The dynamics of these concentrations is described by the 
following differential equations: 

dx.d ' N dy dz dxd N 
--=Bx.d-rx.d--D x.d -=rx -Fy -=Fy-Ez -=-x-vxd 

dt o dt ud dt dt Do 

(I) 
Here the parameter B is the reproduction rate of undamaged by irradiation cells 

X.d. The coefficients r, F, and E are the specific rates of cell transition from group 

X.d to compartment Y , cell displacement from crypt onto villous, and cell exfoliation 
from villous into the intestinal lumen, respectively. The coefficient v is the specific 

death rate of Xd cells. The parameter Do is equivalent to the experimentally measured 

dose Do after exposure to which the number of cells remaining undamaged is e times 

less (e=2.718 ... ) than their initial level. The parameter Do characterizes 
radiosensitivity of the cells at hand. 

The reproduction rate B is given by the formula derived by making use of the 

Ierusalimskyequation: B=al[l+P(xud+¢xd+Oy+.9z)]_Here a, P, ¢, 0,and .9 

are constants. This formula takes into account different contributions of x.d, Xd, Y , 
and Z cells to the specific chalone production and, ultimately, to the feedback loop 
control mechanism. 

The model accounts for the peculiarities of the motion of cells over the crypt and 
villous. It was found experimentally that the specific rates of cell displacement from 
crypt onto villous, F, and of cell exfoliation from villous into the intestinal lumen, E, 

increase as the mitotic activity of x.J cells grows, i.e., as the parameter B increases. 
The exact form of these relationships was not determined. We assume them to be linear: 
F = o (1 + BI :i) , E = lf/(I + BI 17) . Here o , :i , If/ , and 17 are constants. 

The initial conditions for solving Eqs. (I) are the pre-irradiation concentrations of 
the above-mentioned cells. In the case of irradiation of a healthy organism, that has not 

been exposed to radiation earlier, the initial concentrations of undamaged cells X ud of 
the compartment X, radioresistant Y and Z cells are equal, respectively, to the 
stationary concentrations of X, Y and Z cells at the normal conditions, and the initial 

concentration of damaged cells Xd of the compartment X is zero: xud(O) = x, 
y(O) = y z(O) = z xd(O) = 0 , , 

To simulate the effect of acute exposure on the SIES, one can employ the model 
(1) in the present form or its simplified version as well. The latter is derived with regard 
for a short-term duration of acute irradiation. As a result, the postirradiation dynamics 
of the SIES is defined by Eqs. (1) with N = 0. The initial conditions for their solution 
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are the following: x.A0)=xexp(-DIDo), y(0)=y, z(0) =z 
' 

xd(O) = x[l-exp(-D/ Do)]. Here D is the dose of acute irradiation. 

Equations (1) can be represented in terms of dimensionless concentrations of x.d, 

y, z and xd cells, namely: x=x.dlx, y=yly, z=zlz., xd =xdlx_ In this form, 
the model describing the dynamics of the SIES in irradiated mammals includes 4 
nonlinear differential equations which are completely specified by 11 independent 
parameters. 

Results 
The developed model was used to simulate the dynamics of the SIES in small 

laboratory animals (rats, mice). Identification and verification of the model were 
performed by making use of the experimental data available in the literature. Computer 
studies show that the model provides qualitative and quantitative description of two 
possible dynamic regimes in the SIES during chronic irradiation: (1) total injury of the 
SIES at dose rates exceeding a certain critical value; (2) setting up a new homeostasis in 
the SIES when the dose rates are lower (Fig. 1 A). The new stable equilibrium is 
characterized by stationary concentrations ofvillous functional cells and crypt precursor 
cells. These concentrations decrease as the dose rate of chronic radiation grows. The 
critical dose rate for the SIES only depends on radiosensitivity of precursor cells 
capable of dividing and on the proliferation potential of these cells. Recovery of 
homeostasis in the SIES is achieved through intensified mitotic activity of crypt cells in 
compensation for those crypt cells that have been killed by chronic radiation. These 
predictions of the model are supported experimentally. The model also reproduces, 
qualitatively and quantitatively, depletion of the SIES at high radiation doses of acute 
irradiation and simulates the damage and recovery processes in this system after doses 
that are not so high (Fig. 1 B). 
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Figure 1. Dynamics of the SIES in rats under chronic irradiation at the dose rate of 
0.84 Gy/day (A) and in mice after acute exposure to the dose of 7 Gy (8). Modeling results are 

the dimensionless total concentration of crypt cells x.d, Xd, and Y (curve 1), and the 
dimensionless concentration of villous cells Z (curve 2). The relevant experimental data for 
crypt cells [2] and villous cells [3, 4] are shown by boxes and circles, respectively. 
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Summary 
The models developed reproduce a broad range of experimental data 

characterizing the dynamics of small intestine epithelium in acutely/chronically 
irradiated mammals. This demonstrates that the models do account for the principal 
cause-effect relationships governing the function of the small intestine epithelium 
system under irradiation. We found the values of constant coefficients and compared 
quantitatively the modeling results with experimental data. The agreement obtained 
suggests that the models can be used to simulate and predict the dynamics of the 
intestinal epithelium in mammals exposed to acute/chronic irradiation at broad ranges of 
doses and dose rates. 
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HCIIOJih30BAHHE CHHXPOTPOHHoro H3JIYqEHIDI B KJIETOqHofi 
PA,L(HOEHOJIOrHH(CHHXPOTPOHHAJIPA,L(HOEHOJIOrIDI) 

Aamurn U:.M., MHHacxH M.A. 

Epe6a11cKuu <fnnu'lecKuu u11cmumym UM. A.lf.AJiuxam111a, 2. Epe6a11, ApMellWl, 
tsovak@mail.yerphi.am) 

B rrocne.11Hee BpeMH B JIHTeparype II0HBJIHeTCH MH0ro pa6oT, CBH3aHHI,IX C rrpH

MeueHHeM CHHXP0TP0HH0ro ll3JI)"IeHHH (CH) a 6HOJIOrHH H a Me.llHIIHHe [14]. O.IIHOH 

ll3 3a.11aq 6HOJIOrHH HBJIHeTCH ll3)"IeHHe MeXaHII3M0B 4lYHKUHOH1fpOBaHHH 6HOCHCTeM, 

.llllHaMlfqecKHX II KHHeTHqecKHX acrreKT0B 6HOJiornqecKHX HBJieHHH. C 3TOH T0qKH 3pe

HIIH CM HBJIHeTCH )'HHKaJII,HI,IM rrpH6opoM. O.IIHaKO ace 3TH HCCJie.11oaaHHH corrp0B0)l(

.11a10TCH CHJil,III,IM II0Bpe)l(.llaIOI.U;IIM .11eil:CTBHeM CM. B pa6oTe [12] Ha yCK0pHTeJie 

CI111AP 61,mo ycTauoaneHo, qTO rrpH peHTreHCTPYKTYPH0M auanll3e cTa6HJihHOCTh 

6eJIKOBbIX KpHCTaJIJI0B K rroape)l(.llaIOI.U;eMy .11eil:CTBIIIO CH 3aBHCHT OT apeMeHH C'beMKH. 

B HCCJie.110BaHIIHX BaJHHOH [2] 61,mo II0KaJaH0 rroape)l(.llaIOI.U;ee .11eil:CTBHe M0H0Xpo

MaTIIqecKoro CM Ha MhIIIIequ1,1x B0JI0KHax, me 06paJe11 rrpH peHTreHCTPYKTYPH0M 

aHaJIII3e .11eHaTypllp0BaJICH ITO.II nyqoM. 3TH .llaHHhie If II0HBJieHHe H0B0ro HCT0qHHKa 

pa.111IaI11III o6H31,!BaIOT Pa.llH06HOJIOrOB BCeCT0p0HHe 3aHHMaThCH II3)"IeHIIeM xapaK

Tepa CM. 
lIHHeap.11 [11] II0KaJaJI, qTo 3JieKTP0H, .IIBH~I.U;HHCH no 0Kpy)l(H0CTH, B MarHIIT

H0M II0Jie BCJle.llCTBHe 60JII,IIIOro ycKopeHHH .II0JI)l(eH CTaTb HCT0qHlfK0M 3JieKTP0Mar

HIITH0ro H3JI)"IeHHH. llioTT [13], HCCJie.11yx .IIBH)l(eHHe 3JieKTP0H0B no 0Kpy)l(H0CTH, 

IIbITaJICH o6'hHCHllTI, rrp1Ipo.11y, B0JIH, 0XBaTbJBa!Oru;Hx .llllaIIaJ0H OT HH<ppaKpacHor6 .110 

peHTreHOBCKOH o6naCTH. B 1947 r. Ha CHHXP0TP0He ".ll:)l(eHepan 3JieKTPHK" C 3Heprneil: 

70 M3B 6bIJIH rrpoae.11eHbl 3KCrrepHMeHTaJibHbie IICCJie.11oaaHHH no crreKTPaJihH0MY 

pacrrpe.11eneHHIO ll3JI)"IeHHH B o6JiaCTH Bll.llHM0ro CIIeKTPa . .n:nx ll3)"IeHHH MHKP0Mnpa 

q>H31IKaMII B .llaJihHeil:IIIeM 61,mn II0CTP0eHbl ycK0pHTeJIH If HaK0IIHTeJIH 3JieKTP0H0B. 

CoapeMeHHble rHraHTCKHe 3JieKTP0HHhie K0JihIIeBbie ycK0plITeJIH C rrpe.11eJibHOH 3Hep

rneil: 6-12 r3B HBJIHIOTCSI HCT0qHHKaMH HHTeHCHBHI,IX CM. [I 5, 16]. IIInpOKHH .11HaIIa-

30H .IIJIIIH B0JIH 0,1-1000 A
0

, H3JI)"IaeMbIX 3JieKTP0HaMH B TeqeHHe IIHKJI0B pa60TI,I 

ycKopnTeJIH, BblC0KM CTerreu1, II0JIHpH3aIIHH, 60JII,IIIlle MrHoBeHHbie HHTeHCHBH0CTH 

II0T0Ka q>OTOHOB B Y3K0M 3HepreTnqecK0M HHTepaane '1E/E ~ 1 o-4 H He3HaqnTeJihHM 

paCX0.IIIIM0CTb II)"IKa ~ 10-4 
Pa.llHaH, .11eJiaIOT CHHXP0TP0HHble II)"IKII YHHKaJil,Hl,IM 

llHCTPYMeHT0M .llJIH HCCJie.11oaaunil: B o6JiaCTll q>II3HKH, 6noJIOrlIH, Me.llHIIHHI,I, ll.T • ./1. 

Cpe.11n MHornx )'HHKaJII,HbIX xapaKTepHCTIIK CM orrpe.11eneHH0e MeCT0 3aHHMaeT 

Herrpepb!BH0CTI, 3HepreT1IqecKoro cneKTPa II oqeHb BbIC0KaSI HHTeHCIIBH0CTI, 6enoro 

(ueMOHOxpoMaTH3HpOBaHHOro) CIIeKTPa. 8 HaK0IIIJTeJibH0M K0J!blle Ha Kpyroaoil: 

op61ITe 3JieKTP0H II3JI)"IaeT IIIHp0KHH H MOI.U;Hblll cneKTP, HarrpnMep, Kor.11a Il)"I0K 2,5 
f3B 3JieKTP0H0B C T0K0M I A aparu;aeTCSI B MarHHTH0M none IO Krc, TO II3JI)"IaeTCH 

6onee 400 KBT M0I.U;H0CTH q>OTOHHoro H3JI)"IeHHH a ITJI0I.U;a./lH rronepeqHoro ceqeHHSI a 

HeCK0Jll,K0 KBa.llpaTHl,IX MHJIJIHMeipoa. l1crron1,3ya HaK0ITHTeJibH0e K0Jlbll0 B 3 r3B, 

CH rrp1I6JIII31ITeJI1,uo B I 000 pa3 apqe B o6nacTH 1,54 A
O 

, qeM peHTreH0BCKM TPY6Ka c 

BpaIIIaIOI.U;HMCH auo.110M. IlpnqeM, 6en1,1il: cneKTP npeB0CX0.IIHT TPY6Ky B I 05 -106 
pa3. 

CrreKTP CM CITJIOIIIHOH, 6e3 xapaKTepHcTHqecKHX IIIIK0B, H npocTHpaeTCSI HenpepbIBH0 

OT llH<ppaKpaCHI,IX .110 o6nacTH peHTreH0BCKIIX JI)"Ieil:, BKJI!OqaSJ: TaKHe .IIJIHHbl B0JIH, 

K0T0pbIX He HMe!OT .11pyrne HaJeMHhie IICT0qHlfKH. 113 TaKoro M0I.U;H0ro HCTOqHHKa 
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nocpe,L\CTBOM MOHOXpoMaTopa MOlKHO Bhl.LleJIJITh HOMHHaJihHhie )UIHHhI BOJIH, 

HMe10rnne rpe6yeMYJO rrmpnHy nonochl. KpoMe Toro, 6enhrii: cneKTP CH cTporo 

naparrJieJieH(OT < 1 Mpa.r:1 .LIO HeCKOJihKHX MpM). 3TO 03HaqaeT, qTo BCIO :meKrpOMar

HIITH)'IO :meprn!O MOlKHO co6paTh B onTuqeCKOM KOMnoHeHTe MOHOXpOMaTopa. ,[(mr 
3KCnepHMeHTOB no PMHal{HOHHhIM B03,L\eil:CTBHJIM lKeJiaTeJihHO HMeTh nonepeqJJOe 

ceqeHue nyqa He MeHee lcM2 n JHepreTuqecKoe pa3perneHue He 6onee HeCKOJihKHx 3B. 

,npyraJI xapaKTepHal! oco6eHHOCTh CH - BhICOKaJI CTCneHh noJIJlpH3al{HH (100 %) B 

op6HTe YCKOpHTeJIJI. 3Ta YffHKaJlhHOCTh npe.LICTaBJIJleT )UIJI onpe.r:1eJieHHhIX 3KcnepH

MeHTOB 6oJihllIOH HHTepec. HanpHMep, HH.L\yl{HpOBaHHhie pMHal{Heii 3<p<peKThl B .D:HK 

MOryT fo,ITh HCCJie,L\OBaHhI B ycJIOBHJIX KOH<papMal{HOHHhIX H3MeHeHHH, qTo o6Hapy

lKHBaeTCJI BparnaIOJnHM ,L\HXpOH3MOM [5]. IloJie3j{hie .LlaHHhie no 3aBHCHMOCTH yrno

Boro pacnpe.r:1eneHmI CH, ero llpKOCTH H HHTeHCHBHOCTH B llIHpOKOM OKHe OT )UIHHhl 

BOJIHhI <pOTOHa (3HeprnH) Moryr 6bITh Hail:.r:1eHhl B o63ope Kyttna [3]. TaKHM o6pa30M, B 

Ba.'<YYMHOM ynhTpaqiuoneTe (BY<l>) n B o6nacrnx peHTreHOBCKHX nyqeil: CH rrpeBoc

XO.LIHT JIJ06oii: aJihTepHaTHBHhlll HCTOqJJHK, a TaKlKe B Bonpocax Hacrpoii:KH, llpKOCTH, 

HHTeHCHBHOCTH nyqa H IIOJillpH3al{HH CBeTa. KaK TaKOBOH, OH He06h!KHOBeHHO xopowo 

Y.LIOBJieTBOpJieT norpe6HOCTJlM CJIOlKHhIX pa.r:1nal{HOHHhIX, XHMHqecKHX, 6nonoruqec

KHX 3KCnepeMeHTOB. 

lfro MOlKeT rrpe.r:1naraTh PMH06HOJIOry CHHXpOTpOHHaJI pa,L\Hal{HJI KaK 

HHCTPYMeHT .LIJIJI H3yqeHHJl PMHal{HOHHhIX 3<p<peKTOB B 6HOMOJieKyJiax H KJieTKax? 

B 06hlqHoM rrpHMeHeHim H3JiyqeHHJI MOJieKyJihl o6nyqaJOTCJI 6e3 pa36opa H3-3a 

cnyqaiiHOro CMerneHHJI JHeprHH B aTOMax. CJie,L\OBaTeJihHO, 3aBHCHMOCTh B036ylK.Lle

HHJI H noBpelK,L\eHiur 6noMOJieKyJI H nocJie,L\OBaTeJihHhie H3MeHeHHJI B HX cpyHKl{HO

HHpOBaHHH B 6nonoruqecKOll CHCTeMe a priori He MOrYT paccMarpnBaThCJl c CChillKOH 

Ha MecTonoJIOlKeHHe rrepBHqHhIX noBpelK,L\eHnii. .ll:JIJI TaKoro IIO.LIXO,L\a He6xo,L\HM 

CB060.L1Hhlll Bhr6op )UIHHhl BOJIHhI na.r:1arornHx q>OTOHOB. B TO lKe BpeMJl HHTeHCHBHOCTh 

nyqa, CBJl3aHHaJI C KalK,L\Oll )UIHHOii: BOJIHhl, ,L\OJilKHa 6hITh .LIOCTaToqHO BhlCOKOll. CH 

rrpueMJieMo Y.LIOBJiernopJieT o6ouM JTHM rpe60BaHHJ1M. B pa6oTe [18], r.r:1e 06cyll(.LlaeT

CJ1 TeopHll nona.r:1aHHJI H ee CJie,L\CTBHe B npHJIOlKeHHH K rrpo6JieMe MyrareHe3a, aBTOpOM 

IIOKa3aHO, qTO H3MeHeHne BeJIHqHHhl nOJIOBHHHOll ,L\03hl (D112 ) C )UIHHOH BOJIHhI A 
HCIIOJih3yeMhIX H3JiyqeHHH, CBJ13aHhl cpopMyJIOll D112 =ll'A.xa/(a+R), r.r:1e R- HCTHHHhill 

rrpo6er BTopnqHhIX JJieKrpOHOB B TKaHH, a - cpe,L\HHll npo6er BTOpnqHhIX 3JieKrpOHOB 

B o6nacTH nona.r:1aimii. 

B nocJie,L\HHe rO,L\hl 6bill0 rrpH3HaHO, qro q>OTOHhl, HMerornne 3HeprHJO B 

HeCKOJihKO K3B HJIH OKOJIO Toro, 3HaquTeJihHO Jq>q>eKTHBHee, qeM y-nyqu, oco6eHHO 

TOT KpHTHqeCKHll HHTepBarr, KOTOphlll HaXO.LIHTCJI BOKpyr IIOrJIOTHTeJihHhIX ypOBHeii:. 

HeKOTOph!e HCCJIC.LIOBaHHJI, npoBe,L\eHHh!C MOHOXpOMaTnqecKHMH X-JiyqaMH IIOKa3aJIH, 

qro 3q>q>eKTHBHOCTh o6nyqeHHJl qacTO 3aBHCHT OT :meprnn na.r:1a10rnero q>OTOHa. MaK

CHMaJihHhlll 3q>q>eKT o6HapylKHBaJICJl rrpn 3Heprnn Wh rrpeBOCXO.LIJ!rneii JHeprn!O CBJl-

3h!BaHHJI 3JieKrpOHa BO BHyrpeHHeii o6onoqKe CaMOro CHJihHOro CBJl3aHHOro C JI.LIPOM 

aToMa. 3HaJI K-Kpaii nornorneHHJI JJieMeHTa, MOlKHO onpe.r:1eJIHTh copT aTOMa rrorno

THTeJIJI [1]. rarrrrepH n MIOTne (1978) o6HapylKHJIH, qro o6nyqeHHe MHKpoopraHH3MOB 

Micrococcus denitrificans, HMe10rnnx qacTnqHo 6poMupoBaHHhIC .D:HK, peHTreHCKHMH 

JiyqaMH C 3Heprneii 14,4 K3B, TO CCTh HCMHOro Bhlllle K-Kpal! (ypOBHJ!) .LIJIJI Br, 

rrpoH3BO.LIHT 60JihIIIee KOJIHqeCTBO rn6eJIH Ha C.L\HHHl\Y rrornorneHHOH .LI03hl, qeM 

o6nyqeHHe peHITCHOBCKHMH JiyqaMH C 3Heprneii: 12.1 K3B, T.e. HHlKC 3TOro ypoBHJI. 
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KalKeTCJI oqeBH.L\HhIM, qro 3q>q>eKT o6nyqeHHJI 3aBHCHT OT JIOKaJIH3al{HH rrepBHq

HhlX rrornorneHHh!X co6h!THH B MOJieKyJillpHOH CHCTeMe. .D:arrhHCHllIHe HCCJie,L\OBaHHJI 

rroBpelK,L\eHHJI (o6nyqeHne), npOH3Be,L\eHHOro MJlrKHMH X-JiyqaMH 6y.r:1yr BalKHhIMH B 

ycTaHOBJieHHH 6hICTPhIX npocrpaHCTBeHHhIX nocJie,L\CTBHH CMerneHHJI 3HeprnH B 

6HOMOJieKyJiax n B HCCJie,L\OBaHHJIX 6HOJioruqecKH qyBCTBHTCJihHhIX yqacTKOB (cail:TOB) 

B rrpe.r:1enax KJieTKH. KaK ylKe H3BeCTHO, .LIJIJI 3TOro HYlKeH nepeMeHHhIH HCTOqJIHK 

q>OTOHOB MJlrKHX peHTreHOBCKHX nyqeil:, T.e.CH. 

Hccne.r:10BaHHJ1 BnpT A. n IOHr r.(17), Kaca10rnuecJ1 BY<l> o6nacTn, BhlnonHeH

Hhie C nOMOJnhIO pa3pJ!.L1Hh!X JiaMn pa3pelKeHHhlX raJOB, nOKa3aJIH, qTO pa3ph!Bhl B 

,n:HK cparoB yBennquBaIOTCJI Ha 5 nopl!.L\KOB, ec.rm o6nyqaTh nx JiyqaMH c JHeprneii: 5 
38 H 11,2 3B. 3m 3HepreTnqeCKaJI o6JiaCTh COBna,L\aeT C TOH, B KOTopoil: B .LIOIIOJIHeHne 

K 3JieKrpOHHOMY B036YlK.LICHHIO HaquHaeT nrpaTh pOJih nponecc HOHH3al{HH • .51cHo,qro 

3,L\eCh TaKlKC He06XO.L\HMO npHMeHJITh CH, KOTOpoe JIBJIJ!eTCJI y.r:106HhIM HCTOqHHKOM 

.L1JIJ1 BY<l>. 

Ilpn HCnOJih30BaHHH HH3K03HepreTnqecKHX peHTreHOBCKHX nyqeii .LIJ!ll o6ny

qeHHJI opraHnqeCKHX Bernecrn HYlKHO 3HaTh, qrn .LIHCKpeTHOe rrornorneHHe q>OTOHOB B 

OT,L\CJihHh!X aTOMax MOJICKYJillpHoii: CHCTeMhl 3aBHCHT B 6oJihlllell CTeneHH OT 3HeprHH 

q>OTOHa. 8 3TOM OTJIHque OT lKeCTKHX q>OTOHOB(HarrpnMep y-ncTt>qHnKa Co
60

), .LIJ!JI 

KOTOphIX ceqeHHe nornorneHHJl He3HaqnTCJihHO 3aBHCHT OT nopll.L\KOro HOMepa aTOMa. 
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M.denitrificans K<:1.K <l>}'liKU,HJl :,uepnm <poTOua. 

O6paTHMCJI K .LIBYM 6uonornqecKnM npuMepaM. Ha pnc.1 .r:1aH rrponeHT cporn

a6cop6nnn B pa3JIHqHhIX orrpe.r:1eneHHhIX arnMax .D:HK Micrococcus denitrificans, B 

KOTOpoii: 8 % THMHHa 6hmH 3aMerneHhl 6poMypanHJIOM .LIJIJI cornacoBaHHJl C K-KpaeM 

:noro BernecTBa. ITocKOJihKY 3HeprHJI q>OTOHa B03pacTaeT OT 3HaqeHHJl K-ypOBHJl .L1JIJ1 
Br K 3HaqeHHJlM BhlllIC 3TOro ypoBHJl (13,48 K3B), OTHOCHTeJihHOC rrornorneHne B 

aToMax Br YBCJIHquBaeTCJI OT 2,4 % .LIO 15,3 % 3a cqer nornorneHHJl B aTOMax On P 

(co.r:1eplKaHHe 6poMa B .D:HK Bcero 0,33 % rro Macce). 

Ilo.r:106Hh1e rpacpnKH .LIJIJI rrpnpo.r:1Horo ,n:HK rroKaJaHhI Ha pnc. 2. Pe3KOe yBenuqe

HHe nponeHTa nornorneHHJI qiocqiopoM nponcxo.r:1n1 rrpn JHeprnJIX <pOTOHa HeMHoro 

BhlIIIe K-KpaJI P.(2,14 K3B). ITopalKa10rnee cne.r:1crnne nornorneHHJI o6pa3l\OM TaKoBo, 

~.,, 
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'ITO rrpII rrpaBIIJibH0M Bbl6ope :meprIIII CJiyqaiiHh!X qJOTOHOB M0lKH0 rrpe,!(orrpe;:ieJIIITb 

B 3HaqIITeJihHOii Mepe pacrroJI0lKeHI1e rrornomeHHhIX co6h1mii B ,[(HK. CJie,!(oBa

TeJibH0, II0CJie.!(yroIIIIle BT0pilqHhie J<p<peKTbl B Bb!COKOH CTerreHII II0BpelK,!\eHHOll MaTe

PIIII, 6y.!(yr cymecrnoBaTb He B CJiyqaiiHhIX , a B orrpe,!(eJieHHbIX Mecrnx .!(aHH0ll 

MOJieKyllilpHOll CIICTeMbl. 

O6ocHOBaHileM ,!(Jlll IICII0Jih30BaHIIJl CH M0ryr CJIYlKIITb CJie,!(yJOIIIHe coo6pa

lKeHHJI: 

A) IlornomeHI1e peHTreH0BCKIIX Jiyqeii B 6I10MaTepI1anax Be,!(eT K BKJia,!(y JHeprnI1 no 

JJieKTP0HHbIM TPeKaM (6JIJIM6aM), K0T0pb!e MoryT 6b!Tb Kopoqe no cpaBHeHHIO c pa3-

MepaMI1 KJieTKII IIJIII ITO,!( KJieToqHblMH opraHeJIJiaMII. IlOJTOMY, MllrKne peHTreH0BCKile 

JI)"III M0ryr IICII0Jib30BaTbCJl B KaqecTBe T0HK0ro 30H,!(a ,!(Jlll HCCJie,!(0BaHHJl pa3Mepa 

co6hITIIH 6I10JiorI1qecKoii CTPYKTYPhI, BOBJieqeHHoii B PMI106noJiorI1qecKI1e rrpol.lecch1. 

3TOT II0,!(X0,!( M0lKeT 6b!Tb KBaJIHqJIII.\IIPOBaH KaK"MOJieKyJIHpHoe BhI6opoqHoe HCCJie

,!(OBUHHe" [10]. 

E) KalK.!(oe rrornomeHile cpoToHa HI13K0JHepreTnqecKIIX X-Jiyqeii rrpnB0.!\IIT K y.!(ane

HIIJO JJieKTP0Ha H3 BHyrpeHHeii o6oJioqKII, corrp0B0)K,!(aeM0e JiaBIIHOll OlKe JJieKTP0-

H0B. 3TO, B CB0IO oqepe,!(b, M0lKeT IIHIII.\IIHpoBaTh JI0KaJIIl30BaHHbie Bb!C0K0,!(eCTpyK

TIIBHbie co6bITIIJl, crroco6Hb!e YCIIJIIIBaTh K0HeqHo-ToqeqHbie J<p<peKTbl. 3TOT II0,!(X0,!( 

M0lKeT 6b!Tb KBaJIIlqJIII.\IIPOBaH KaK "ycnJieHile OlKe J<p<peKTa". 

B) ,[(aJibHeiirnee pa3BHTile JKCIIepnMeHT0B rrpIIBeJI0 K rrpIIKJia,!(HbIM rrporpaMMaM no 

rrpnMeHeHIIIO CH B Me,!(I11.\I1He(KopoHoporpacpI1H) [16]. 

PMno6I10JiorI1qecKne pa6oThI no HI13K0JHepreTnqecKIIMII X-nyqaMII 6wm 

Bcer,!(a 3aTPY.!\HI1TeJihHhIMI1, xorn B XapyJJICKOM ueHTPe (1970) HI1epI1 c C0TPY.!\HII

KaMII 6hIDII rrpoBe,!(eHbl o6IIII1pHb!e JKCIIepI1MeHTbl, r,!(e IICToqHIIK0M yJihTPaMllrK0I'O 

peHTreHa .!\0 1,5 KJB CJIYlKHJIII K-Kpa,:i aJIJOMIIHHH IIJIH 0,28 KJB OT yrnepo.!(a. OHII 

cpaBHIIBaJIII C y-KBaHTaMII Co
60 

H Ha6JIIO,!(aJIH HHaKTHBaUIIIO IIJIH MyraUHIO B ,!(Byx 

TIIIIax KYJibTHBilp0BaHHhlX KJieTOK MOJI0qHoii lKeJie3bl V79, o6nyqeHHb!X 1,5 KJB y
Jl)"IaMH II H0HaMII reJIIIH 20 KJB/MM IIJIH 50 KJB/MM. Ehmo rroKa3aH0, qrn 1,5 KJB X

Jl)"IH ropa3,!\0 J<p<peKTIIBHee, qeM y-KBaHTbl. IlpIIHIIMaJI BO BHIIMaHile, 'ITO 1,5 KJB X

Jl)"III rrp0.!\YUIIPYJOT T0JibK0 oqeHb K0p0TKIIe TPeKII JJieKTP0H0B (< 0.07 HM), aBT0pbl 

3aKJIJOqIIJIII, qTo pa3Mepbl II0,!(KJieT0qHbIX YHIIKaJibHhIX CTPYKTYP, BKJIJOqaJI IIHaKTIIBa

UIIIO II MyraUIIIO, He Moryr 6hITb 60JibIIIIIX pa3MepoB, qeM qyBCTBIITeJihHbie caiiThl B 

KJieTKe, B rrpe,!(eJiax K0T0pbIX rrp0IICX0,!(IIT 0K0JI0 14 IIOHil3aHilll. 3To rrpe,!(CTaBlli!eT 

60JibIIIOll IIHTepec ,!(Jill PMII06IIOJIOI'OB rrpII rrpoBepKe TeopeTI1qecKIIX MO,!(eJieii. TaKIIM 

o6pa30M, B JKcrrepI1MeHTe M0lKH0 rrpe,!(orrpe.!(eJIJlTh 061,eM B rrpe.!(eJiax 6I10JiorI1qecKoii 

CTPYKryphI, rrorJIOIIlaJOIIIeii JHeprn!O BT0pilqHbIX JJieKTP0H0B II K0HTP0JIHp0BaTb JT0 

rrocpe,!(CTB0M II0CTerreHH0ro Il3MeHeHIIJl B JHeprnII X-nyqeii. Y C0BeprneHCTB0BaHile 

JTOll MeT0,!(IIKII (a*) M0lKeT 6hITb ,!(0CTilrH)'T0 T0JibK0 C IICII0Jih30BaHileM IICToqHIIK0B 

CH, r,!(e M0lKH0 II0JiyqIITb JIJ06ble JHeprnII B o6JiaCTII MllrK0ro peHTreHa. 

IlpIIMeHJieMbie TPMIIUII0HHHe IICT0qHIIKII IIOHII3Hpyromeii PMilaUIIII He II03B0-

JIJllOT TaK Il3MeHJITh JHeprIIJO B036y)K,!(eHIIJl, 'IT06hI o6pa30BaJIIICb rrepBilqHhie PMII

KaJihl (ITP) 3a,!(aHH0ro TIIIIa. 3TO CTaH0BIITCJl B03M0lKHbIM JIIIIIIb C rrpI1MeHeHI1eM CH II 

6y.!(eT rrpe,!(CTaBJIJlTb oco6hlll IIHTepec ,!(lliI HHTeprrpeTaUIIII rrpHMhIX J<p<peKTOB Ha ,[(HK 

II MeXaHH3Ma ,!(eHCTBHJl ITP. TOT cpaKT, 'ITO HaqaJibH0e HaK0IIJieHile JHeprnII B o6ny

qeHHbIX 6IIOCIICTeMax HeroMoreHH0, ycJI0)KHJleT KI1HeT11qecKilll aHaJIIl3, oco6eHHO, 

eCJIH Il3JI)"IeHHe C BbICOKOll JIIIHeiiHOll rrepe,!(aqeii JHeprnII (JIIT3). H3MeHeHIIJl B JIIT3 
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M0I')'T B03HHKaTb OT Il3MeHeHIIJl ,!(JIIIHbl B0JIHbl B peHTreHOBCKOll o6JiaCTII. H 3,!(eCh CH 
TaKlKe II03B0JIJleT IICCJie,!(0BaTb ,!(eTaJIII MeXaHH3Ma, He,!(0CTyrrHhie rrpII IICII0Jlb30BaHIIH 

.!(pyrnx IICT0qffIIK0B Il3Jl)"IeHHJI ( 6). 

IlpII rrpoBe,!(eHIIII pa6oT no CIIHXPOTPOHHoii PMI106I10JiornI1 (Ha Kattane CH 

EpcpH) B03HIIKaeT He06XO,!(IIMOCTb T0qHoro H3MepeHHJl qIICJia rrornomeHHbIX qJOTOHOB 

N1 3a,!(aHHOll ,!(JIHHbl B0JIHbl A. Ha e,!(IIHIIUY co6b1TI1Jl [8]. Ha PIIC. 3 rrpe,!\CTaBJieHbl 

pe3YJib TaTbl Il3MepeHIIJl JIIIHellHbIX KOJ<p<p11u11eHTOB rrornomeHIIJl µ(A.) ,!(lliI ceMJIH 

Pisum sativum L, Triticum sativum L, Nicotiana tabacum L, TaKlKe ,!(IICTIIJIJIIlpoBaHHoii 

B0,!(bl. y CTaH0BKa ,!(llil rrpoBe,!(eHIIJl Il3MepeHHJl II o6nyqeHIIJl co,6paHa Ha 6a3e r0HII0-

MeTPa rYP-5 C HCII0Jib30BaHI1eM II,!(eaJibH0ro KpIICTaJIJia Si(iii). H3MepeHile q11cJia 

0TPalKeHHbIX OT KpIICTaJIJia qJOTOHOB ocymeCTBlli!JI0Cb C II0M0IIlb!O II0Hil3aHII0HHOll 

KaMepb!. B ,!(aJibHeiimeM 6bIJIII rrpoBe,!(eHbl JKcrrepIIMeHTbl no .!(eiICTBIIIO CIIJI0IIIH0ro II 

M0H0xpoMaTH3Hp0BaHH0ro (0,3-4,0 A0
) CH. 
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. l\Cic~ncca - AO:ta J>GAM4.l.l;Jifff ; K~ 

0pA.HH<ITH - 'IJICAO a<,Gl'p.Un:m,1x 11(.,\CTOI!., 'X. . 

O6HapYlKeH KIICJIOp0.!\Hblll J<p<peKT (pIIC. 4) II 3aMeTHaJI 3MeplKKa MIIT030B B 

KopemKax pacTeHilii (pI1c. 5, 6). 

. 3ITP CilrHaJibl 0Ka3aJIIICb 60JibIIIe, qeM IIPII K0HTP0Jie, a MIIT0TIIqecKaJI aKTHB

H0CTb 0Ka3aJiaCh HaMH0ro HillKe, qeM IIpII ,!(eil:CTBIIII X-nyqeii c JHeprneii 240 KJB 

(pI1c. 7) [4, 7, 9]. 3rn JKcrrepI1MeHThI rr0Ka3aJIII, 'ITO 6I1onornqecKoe ,!(eiicrnIIe CH no 

CB0eMy xapaKTepy pe3K0 0TJIIlqaeTCJl OT .!(ellCTBilll .!\pyrIIX IICTOqHIIK0B. 

Ilo.!(06Hh1e .!(aHHhle 6hmI1 rroJl)"IeHhI Ha HaK0IIIITeJie B3ITIT-3 B HoBocI16I1pcKe 

(OcIIIIOBa JI.IT., 2001 r.). He.!(aBHO M. KpYMepI1, r. YJIM II E. llIMII.!\ [19], IICCJie.!(yH 
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5 10 f5 
Ao3a, Kp,.,,,. 

Aeik:TBHe X ,\Y'-Jett H CH tta X(>OM:OCoMHLu1 ann. 
KAeTOK ntucHHUJ.a:. 

X ,'-Y'ftt : ------- CH 

,!(Hl{eHTJ)IfqecKHe xpoMOCOMLI B MOHOCJIOJIX JIHMqJOI{HTOB qeJIOBeKa npu o6JiyqeHHJI 
CH c 3Heprneii 1,83-17,4 K3B, ITOJI)"IIIJIH H36HpaTem,Hoe ITornoru;em1e CH 8 .zmamno
He 10 K3B. 3TH 3KCITepHMeHTLI TaK)Ke ITOKa.3bIBlliOT YHHKaJILHOCTL CH npu pa.l(H06HO
JIOrllqecKHX 3KCITepHMeHTax. 

a 

Puc.7 

~I 

J 

b 

CneKTpbI 3ITP 

J 

C 

a) cyxl:lx ceMHlf rrafidKc:l, 6} noc.i\e.,-\CTHHe X-.,'\y'-1ert; u) JIOCAPAC-rane CI,J. 
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3aK.111oqe1111e 
3TOT He60JILIIIOH o63op ITpe,L1Ha.3HaqeH ,LIJIJI ITpOJICHeHHJI HeKOTOpLIX OCHOBHLIX 

TeM, HO He JIBJIHeTCJI ITOITLITKOH o63opa JIHTeparypLI. K CO)KaJieHHIO, MLI He HaIIIJIH B 
JIHTeparype o63opHLIX CTaTeii ITO MOJieKyJillpHOll pa.l(H06llOJIOrHH CH. O.[IHaKO, 3TO He 
3HaquT, ~o Ha KaHaJiax CHHXpOTJ)OHHLIX ITyqKoB HaKOITHTeJieii H ycKOpHTeJieii 
3JieKTJ)OHOB He .[IOJI)KHLI ITJiaHHpoBaTLCJI IIIHpOKOMaCIIITa6HLie 3KCITepHMeHTLI ITO 
BLIJIBJieHHIO YHHKaJILHLIX B03MO)KHOCTeii .[IJIJI pa.l(H06HOJIOrHH, KaK HaITpllMep, y,1:1aqHO 
ITOCTaBJieHHLie 3KCITepHMeHTLI ITO ll3)"IeHHIO CTJ)yKTypLI )l(IlBOll MaTepllH, 
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OIIPE)],EJIEHIIE PA)],IIOIIPOTEKTOPHhIX CBOMCTB <l>EHOJII,HI,IX 
BEill,ECTB no OTHOIIJEHIUO K )],PO)IQKA!\1 SACCHAROMYCES 

CEREVISIAE 
1
AH.11pIIeBCKllil .ZJ:.B., 

2
KolI(eeBa K.E., 

2
<1>emrn A.A. 

1 I'Y BHlflf nuaoaapemwu, 6e3GJ1K020J1b11ou u au11ooeJ1b'lecKou np0Mb1U1J1e11Hocmu P ACXH, 
2. MocKaa, PoccWt, labcognac@mail.ru 

2PX1Yu~1.J],.lf. Me110eJ1eeaa, 2. MocKaa, PoccWt 

I13BeCTHO, qTo ¢eHOJibHhie BelI(eCTBa llBJUIIOTCll MOII(Hh!MII aHTIIOKCII,!laHTaMII. 8 
IIOCJie,!IHee BpeMll 11p0llBJilleTCll 60JibIIIOll IIHTepec K IICCJie,!IOBaHIIIO aHTIIOKCII,!laHTHhlX 

CBOHCTB 11pIIp0,!1Hh!X ¢eHOJihHblX coe,!IIIHeHIIH B pa3JIIIqHh!X MO,!leJibHhIX CIICTe~mx. 

I1Me!OTCll pa60Thl 110 II3yqeHIIIO MIIKp06Hb!X aYToperyJillTOpOB B 3alI(IITe .11pm10KeBhlX 

KJieTOK OT OKIICJIIITeJibHOfO CTpecca. Ilpe,!ICTaBJillJIO IIHTepec IICCJie,!IOBaTh 3alI(IITHh!e 

CBOllCTBa IIH,!IIIBII.IIYaJihHhlX ¢eHOJihHh!X BelI(eCTB paCTeHIIll B OTHOIIIeHIIII .11pm10Keil: II 

B03MOJKHOCTb IICIIOJih30BaH!rn ,!laHHOll MO,!leJIII B KaqecTBe TeCT-CIICTeMbl. 

B pa6oTe 11pI1MeHllJill C!IIIpTOBb!e pacrnophl KBepueTIIHa, raJIJIOBOH KIICJIOThl, 

KyMapIIHa ll 4-r11.11poKCIIKYMapI1Ha. KOHUeHTpauilll BelI(eCTB B KOHeqHoM ofo,eMe 

COCTaBJUIJia 0,003; 0,015; 0,03; 0,05 II 0,07 Mr/cM
3

• Bb16paHHb!e KOHUeHTpaUHII 

¢eHOJibHhlX BelI(eCTB Ha116onee qacTO 11p11cyTCTBYIOT B BIIHax. 

8 KaqecTBe TeCT-06-heKTa llCIIOJih30Barm BllHHbie .IIPOJKJKII Saccharomyces 
cerevisiae (paca <l>eo.11oc11JI 7) • .ZJ:poJKJKII BhipalI(IIBaJIH B JKil,!IKOil: 1mrnTeJihHOil: cpe.11e 

(cycne 3,5 6ann) B KOJI6ax 061,eMOM 250 CM
3 

(50 CM
3 

cpe.11u), C 11epI10,!IIIqecKHM 

11epeMeII111BaHHeM, IIPII 28 °C. I1HOKYJillTOM CJIYlKIIJia KYJibTypa B Jiorap11¢M11qecKOll 

¢roe poem (12 q, ). )KII3Hec11oco6HocTh .11poJKJKeii 011pe.11enllJIH 110 qI1cny KOJIOHI1eo6pa-

3YJOII(HX e,!IIIHUU (KOE) 11pII Bh!CeBe COOTBeTCTBYJOII(UX proBe,!leHUH KJJeToqHblX 

cyc11eH3uil: Ha cycnoBoil: arap. 

PeaKUUIO pa.11uauuoHHoro OKUCJieHHll 11pOBO,!lllJIU B ycJIOBllllX CTaUUOHapHoro 

o6nyqeHUll y-nyqaM11 
6
°Co Ha ycrnHOBKe PXM-y-20 (PXTY UM . .ZJ:.I1. MeH.11eneeBa). 

)],Jill UCCJie,!IOBaHUH 6hIJia BhI6paHa ,!I03a UOHll3UpyIOII(ero o6nyqeHUll 50 Kpa,!1. 

Ilpe.11Bap11TeJibHO 011pe.11eJU1Jill BJillllHUe pronnqHh!X KOHUeHTpauuil: KBepueTUHa, 

raJIJIOBOil: KllCJIOThl, KyMapnHa II 4-ru.11poKCHKYMap11Ha Ha lKII3Hec11oco6HOCTh KJieTOK 

.IIPOlKJKeii. 3Kc11epnMeHThl 11pOBO,!lllJIII C 11po6aMH, OTo6paHHb!Mll U3 KYJihTYPhl B 

KOJiuqecrne 3 CM . B Ollh!THhie BapnaHThl BHOCIIJIH 0, 1 cM"' ¢eHOJihHhlX BelI(eCTB B 

uccne.11yeMb!X KOHUeHTpaUUllX u UHKy6upOBaJill 11p11 28 °c B TeqeHne 30 MUH 11 2 q_ 
1IucneHHOCTb KOE B 11po6ax 6e3 BHeceHUll ,!laHHb!X BelI(eCTB 6bma ITPHHllTa 3a 100 %. 

IloKa3aH I!HfU6upyiolI(HH ::i¢¢eKT ¢eHOJihHh!X BelI(eCTB B 11ccne.11yeMhlX 

KOHUeHTpauHllX, KaK qepe3 30 MUH., TaK ll qepe3 2 q, ITpe,!1UHKy6auIIH. qllCJIO lKU3He

CITOC06Hb!X KJieTOK CHUlKaeTCll Ha 40 % B OITb!Tax c KBepueTUHOM (0,015 - 0,07 Mr/ 

CM\ Ha 25 % - c raJIJIOBOH KUCJIOTOH (0,03 - 0,07 Mr/ CM\ Ha 60 % - c KYMapHHOM 

(0,003 - 0,07 Mr/ CM
3
) u Ha 70 %- c 4-ru,!lpOKCHKyMapUHOM (0,003 - 0,015 Mr/ CM

3
). 

B OITb!TaX ITO U3yqeHUIO ITpOTeKTOpHblX ¢YHKUHH ¢eHOJihHb!X BelI(eCTB, ITp06hI 

ITpe,!IHHKy6upoBaJIU B TeqeHHe 30 MHH, ITO,!IBepranII y-o6nyqeHUIO .LIO ,!103hl 50 Kpa,!1 II 

OITpe,!leJillJIII qucneHHOCTb lKll3HeCITOC06HhIX KJieTOK qepe3 30 MIIH II 2 q ITOCJie .11eil:CT

Bllll pa.11nauun. HeITocpe.11crneHHhIH ITpoTeKTOpHhIH ::i¢¢eKT oITpe.11eJU1JII1 qepe3 30 MHH 

ITOCJie o6nyqeHHll, a CITOC06HOCTh KJieTOK pa3MHOlKaTbCll - qepe3 2 q, Ilpu )TOM 

paccquTbIBaJIII: ,!IOJIIO (%) BhllKUBIIIHX KJieTOK ITOCJie o6nyqeHHll ITO cpaBHeHIIIO c Heo6-

JiyqeHHhIMII KJieTKaMII (ITpllHJITh!MII 3a 100 %) ,!IJ!ll Ka)K,!IOH KOHUeHTpaunu BHOCIIMhlX 
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Bell(ecrn; II ,!IOJIIO (OTHOCIITeJihHh!H %) BhllKI!BIIIIIX o6nyqeHHb!X KJ!eTOK, ITpe.11I1HKY6H

poBaHHhlX C IICCJie.11yeMhIMII BelI(eCTBaMH, ITO cpaaHeHHIO C He3all(HlI(eHHhIMll KJieTKa

Mll (ITpllHJITb!Mll 3a 100 %). )],JUI ycTaHOBJieHIIJI pea.KTHBHpyiolI(ero .11eil:CTBI!JI llCCJie

.11yeMbie BelI(eCTBa BHOCHJIH cproy ITOCJie o6nyqeHHll .IIPOlKlKeil: ll qepe3 2 q llHKy6aunn 

11pOBO,!lllJIH 011pe.11eneHHe 'IHCJieHHOCTll lKll3HeC11oco6HhlX KJ!eTOK (.IIHarpaMMhl 1-4). 

140~~/ 

# 

~ I~=:= ::!'=;;-RI 

40J/ 

20 

0,003 0,015 0,3 0,05 0,07 

KOHUeHTJ)aum1 KBepueTHHa, MrlcM
3 

,[(11arpaMMa 1. qHCJIO lKll3Hecnoco5Hb!X KJieTOK .IIPOlKlKeii qepe3 2 'I ITOCJie 05JIY'leHHll 

,20 

,oo 

80 
# 

~ l~====~I 
80 

0,003 0,015 0,3 0,05 03°7 

KoHueHTpaUHll raJIJJOBOH KHCJIOTbl, MrlcM 

,[(narpaMMa 2. qHCJIO lKH3Hecnoco5HblX KJ!eTOK .11polKlKeii qepe3 2 'I ITOCJie 05JIY'leHHll 

IIOKa3aHO, 'ITO KBepUeTHH 06na.11aeT 11poTeKTOpHbIM .11eil:CTBHeM B KOHUeHTpauH

llX 0,0015-0,03 MrlcM
3 

n coxpaHJieT cnoco6HocTh KJieTOK K pa3MHOlKeHHIO nocne o6ny-

'IeHIIJI, OH TaKlKe o6Jia,!laeT BhipalKeHHhIM peaKTHBHpYJOII(llM .11eil:CTBHeM: 'IHCJIO lKI!3-

Hec11oco611b1X KJ!eTOK Ha 30 % 6oJibIIIe, lJeM B Ollb!Tax B 11peBeHTHBHhIM BHeceHHeM. 

rarmoBllil KHCJIOTa 06na.11aeT npoTeKTOpHhIM .11eii:CTBHeM B KOHUeHTpauHllX 0,03 -

0,07 Mr/cM
3
, llpll 3TOM OTMe'IeHO CHHlKeHHe c11oco6HOCTH KJieTOK K pa3MHOlKeHHIO, 

Pea.KTHBHpyiolI(ero .11eil:CTBllll Ha .IIPOlKlKI! He BWIBJieHO. 
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KoHL.(eHTJJal..lHll KyMapHHa, MrlcM3 

,n;HarpaMMa 3. lfacno )KH3Hecnoco6HblX KJ1eToK ,npo)K)KeH '-1epe3 2 '-I nocne o6ny'-leHHll 

160-"' 

140 

120 

100 

80 

60 

40 

20 

0,003 0,015 0,3 

KoH1..1eHTPaL1Hll 4-m,npoKcHeyMapHHa, Mr/cM3 

l □ oHece.H Me AO o6n)"l8HKR ~ 
~~i:i-~~e o6nY,.-.IMI 

,n;uarpaMMa 4. qHcno )KH3Hecnoco611b1x KJleT0K ,npo)K)KeH '-1epe3 2 '-I nocne o6ny'-leHHll 

Ky~rnp:irn o6na,n;aeT npoTeKTopHI,IM ,neil:crnneM B K0HUeHTPaum1x 0,003 u 0,03 
Mr/cM3 ll coxpam1eT cnoco6HOCTI, KJieTOK K pa3MHO)KeHHIO. B TO)Ke BpeMJI peaKTHBH
py1muee ,neil:CTBHe K)'MapnHa s1,1pa)KeHo cna6o: OTMe'-leHo He3Ha'-IHTeJihHoe ysenn'-le
Hne '-IHCJia )Kll3Hecnoco6HbIX KJieTOK ,npO)K)Keil:. 

,lvrn 4-rn,npOKCHK)'MapnHa npoTeKTopHbIX CBOHCTB ne BbllIBJieHo, s HCCJie,nosaH
HhlX KOHUeHTPauH.JIX OH CTHM)'JIHpOBaJI rn6eJib KJieTOK. O,nHoBpeMeHHO c '.lTHM 4-
rn,npoKCHK)'MapnH cnoco6crnosan coxpaHeHHIO cnoco6HocTH KJieTOK K ,neneHHIO. ,n;aH
HOe semecrno o6na,n;aeT llpKo Bblpa)KeHHbIM peaKTHBHp)'lOIIIHM ,neil:CTBHeM: '-IHCJIO 
)KH3Hecnoco6HbIX KJieTOK cymecrneHHo B03pacTaeT npn ero BHeceHHH nocne 
06JI)"-leHHJI. 
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TaKHM o6pa30M, B pe3)'JibTaTe npose,neHHbIX '.lKcnepnMeHTOB ycTaHOBJieHO 
BJIHJ!Hlle q>eHOJibHI,IX coe}];HHeHHH Ha )KH3Hecnoco6HOCTI, KJieTOK ll HX pa,n;nonpoTeK
TOpHbie CBOHCTBa no OTHOI!IeHHlO K APO)K)KaM Sacch. cerevisiae. 

IlpoTeKTOpHbIMll CBOHCTBaMH o6Jia,n;aIOT KBepueTHH, faJIJIOBall KHCJIOTa, K)'Ma
pnH; llpKO BI,Ipa)KeHHbIMH peaKTHBHP)'lOIIIHMH CBOHCTBaMH o6Jia,n;aIOT KBepueTHH n 4-
rHAPOKCHK)'MapnH. PeaKTHBHp)'lOIIIHe CBOHCTBa KBepueTnHa n 4-rn}];pOKCHK)'MapHHa 
M0)KHO 061,JICHHTI, C B03M0)KH0H OCTaHOBKOH KJieTO'-IHOro J];eJieHHJI, Bbl3BaHHOro o6ny
qeHHeM, Ha CT!l,D;HH, s KOTOpoil: Han6onee aKTHBHO npollBJilllOTCJI BH)'TPHKJieTO'-IHbie 
penapaunoHHbie npoueccu. 

MccJie}];OBaHHall HaMll MO}];eJII, MO)KeT CJI)')KllTb TeCT-CHCTeMOH AJilI oueHKH 
cneA)'lOIIIHX 3aIIIHTHI,IX CBOHCTB q>eHOJibHbIX semecTB pa3Jill'-IHOfO npOHCXO)K}];eHHJI: 
11enocpe}];CTBeHHOil: npoTeKTOpHOH aKTHBHOCTH semecTB (sse,neHne AO 06JI)"-leHHJ1) no 
0THOIIIeHHlO K o6nyqaeMoil: KJieTKe; rrpoTeKTOpHOH aKTHBHOCTH seI1IeCTB no 
OTHOIIIeHHlO K penpOA)'KTHBHOH q>yHKUHH KJieTKH; peaKTHBHP)'lOIIIeil: cnoco6HOCTH no 
0THOIIIeHHlO K o6nyqeHHOH KJieTKe (sBe}];eHne nocJie o6JI)"-leHHJ1). 
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ACIIMMETPHqHOE MYTAU:IIOHHOE ,[l:ABJIEHHE 
Y O.[l:HOU:EilOqEqHbIX PHK BIIPYCOB 

EapKoacKHH E.B., XpycTanea B.B. 
EeJ1opyccKuii c0cyoapcmee1111blii MeOUIJUIICKUU y11ueepcumem,z. Mu11cK, Ee,mpycb, 

barkovsky@hotmail.ru 

Y o,nHouerroqeqHb!X PHK BHpycoB ace reHbl 3aKOAHpoBaHhl TOJihKO Ha OAHOH 

uerroqKe PHK, KoToprur Ha3hrnaerc» «PHK +» uerrhIO. KoMIIJIHMeHrnpHrur en uerroqKa 
HOCHT Ha3BaHHe «PHK-» uerrH. OTJIHqHTeJihHOH oco6eHHOCTbIO MyrauHOHHh!X rrpouec
COB B reHOMax o,nHouerroqeqHh!X PHK BHpycoB 51BJI5leTC51 HX aCHMMeTpHqHOCTb. 

HarrpttMep, eCJIH HyKJieOTHAHlUI 3aMeHa A Ha G rrpoHCXOAHT B reHOMe o,nHouerroqeq

HOro PHK aupyca Ha PHK + uerru, TO oHa rroBhIIIIaeT o6iuee co,nepiKaHHe G B reHoMe 

He3aBHCHMO OT co,nepiKaHH» C. Ecnu iKe 3a"1eHa A Ha G rrpoucxo,nHT Ha PHK- uerru, To 
OHa IIOBhIIIIaeT o6iuee co,nepiKaHHe CB reHOMe He3aBHCHMO OT co,nep)KaHH51 G. 

EcJIH B BHpHOHe reHOM rrpe,nCTaBJieH PHK + uerrhIO, CaM BHpyc Ha3b!BaIOT 00110-
tjenol/el/llblM PHK+ 6upyco111. TaKoiI Bttpyc, rrorra,nrur B KJieTKY, MO)KeT He3aMe,nmnenh

HO HaqHHaTb rrpouecc CHHTe3a 6eJIKOB. B Haqane peIIJIHKfil\HH Ha PHK+ uemI CHHTe3II
pyeTC51 KOMIIJIIIMeHTapHlUI PHK-uerrh, KOTOplUI 3aTeM HCIIOJih3yeTC51 B Kaqecrne MaT

pHUhI M51 CHHTe3a HOBhIX BIIpyCHhIX reHOMOB [3]. MO)KHO CKa3aTh, qTo reHOM PHK+ 
BIIpyca B KJieTKe cyiuecrnyeT B BH,ne PHK+ uerru ,noJihIIIe, qeM B BH,ne PHK- uerrII. 

Ecnu B BIIpHoHe Haxo,nHTC51 PHK- uerrh, Bttpyc Ha3hIBaIOT 001107Jeno'le'l11blM 
PHK- 6upycoM. Ilpe)!(Ae qeM rnKoiI BIIpyc HaqHeT CHHTe3IIpoBaTh co6crneHHhre 6eJIKH 

B KJieTKe, ,noniKHa rrpott30HTH perrnIIKauu» ero reHoMa c o6pa3oBaHHeM PHK + uerren 

(MPHK). B rrpouecce o6pa3oBaHII» ,noqepHIIX BIIpycHhIX reHoMoB PHK + uerrh cn~IIT 
MarpIIuen, Ha KoTopoiI 06pa3y10Tc» PHK- uerru [3]. )Ku3HeHHhIH UHKJI o,nHouerroqeq

HhIX PHK- BttpycoB rrpe,nrronaraer HecKOJihKO 6onee rrpo,noniKHTeJihHOe cyiuecrnoBa: 
HHe IIX reHOMOB B cpa3e PHK- uerru, He)KeJIH qeM B cpa3e PHK+ uerrII. 

HapyIIIeHIIe rrpaBHJia «C=G H A=U», BhIIIOJIH»IOIUeroc» B )],HK KaK C=G H A=T, 

AOJI)KHO 3HaqHTeJihHO ycyry6JI51ThC51 II3-3a B03,neHCTBII51 MyraUIIOHHbIX rrpoueccoB 

rrpeIIMyiuecrneHHO Ha PHK+ uerrh (y PHK+ 6upyco6) HJIH Ha PHK- uerrh (y PHK-
6upyco6). 

ACHMMerpuqHOCTb MyraUHOHHOro ,naBJieHH51 B reHOMaX o,nHouerroqeqHbIX PHK 

BHpycoB II03BOJI5leT orrpe,neJIHTb, KaKHe H3 rHIIOTeTHqecKHX MyraUHOHHhIX rrpoueccoB 
51BJI51IOTC51 aKTHBHbIMII, TO eCTb, He 51BJI51IOTC51 orpa)KeHHeM 3aMeH Ha KOMIIJIHMeHTap

HOH uerrH. l1HTepec rrpe,nCTaBJIHeT II TO, qro B reHOMax 3THX BHpycoB OTCYTCTByeT 

CHCTeMa perrapauIIII [3). 

MaTepuaJihl H MCTOAhI 

)],M HCCJie,nOBaHHH oco6eHHOCTeH rrpouecCOB MYTauIIOHHOro AaBJieHH51 B 

reHOMax OAHOUerroqeqHbIX BIIpycoB Mhl BbI6panH 1) 84 COBOKyrrHOCTH KOAHPYJOIUHX 
yqaCTKOB (CKY) reHOMOB 001107Jenol/el/11b1X PHK- 6upyco6 H 2) 82 CKY reHOMOB 

001107Jeno'le'l11b1x PHK+ 6upyco6 H3 3JieKrpOHHOH 6a3hI ,naHHbIX Codon Usage 
Database [5]. Bee pacqeTbl rrpOH3BOAHJIHCb rrpH IIOMOIUH OpHrHHaJihHOH rrporpaMMbl 
VVK 3.2. [1). 
Pe3yJihT3Thl H o6cylKJl:eHHe 

Ha cero,nHHIIIHHH ,neHb II3BeCTHO, qTO OCHOBHOH BKJIM B AT-,naaneHIIe BHOCHT 

rrpouecc ,ne3aMHHHpOBaHH51 UHT03HHa [6]. IlpH 3TOM Ha MecTe UHT03HHa B )],HK (HJIII 

PHK) rro»BMeTCH ypauun. B PHK 3aMeHhI C Ha U ocyiuecTBJIHIOTCH cpepMeHTaMH H3 
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ceMeiicrna APOBEC [2]. BecbMa BepoHTHO, qro B uerroqKax BHpycHhIX PHK rrpoucxo
,nHT He TOJibKO cpepMeHTaT!ITBHblll (3a cqeT pa6oTbl cpepMeHTOB KJ!eTOK-X03HeB), HO II 

cnoHTaHHblll rrpouecc ,ne3aM!IHHpOBaHIIH UHT03IIHa, BeCbMa xapaKTepHblll AJI51 ,[!:HK 

[6]. 
Cy,nx no pe3yJibTaTaM HaIIIIIX IIccne,noBaHHH, B reHoMax o,nHouerroqeqHbIX PHK + 

II PHK- BHpycoB ,ne3aMHHHpoBaHHe UIIT03HHa rrpOIICXOAHT. )],OKa3aTeJibCTBOM 3TOMY 

cJiy)KHT TO, qro K03q>4JIIUIIeHT KoppeMUIIH Me)!(Ay U II C B rpyrrrre CKY 001107Jeno
l/e'l11blX PHK+ 6upyco6 co 111a'le11ue111 3C<0,3 cocTaBJIHeT -0,69 (3C - co,nep)KaHIIe 
U!IT03HHa B rpeTbHX IIOJIO)KeHIIHX KOAOHOB). qaCTOThl IICIIOJih30BaHH51 AH GB HaIIIell 

Bh16opKe CKY PHK+ BIIpycoB Boo6iue He KoppenupYJOT Me)!(Ay co6on (R=0,12). 3To 
MO)KeT 6bITh CBH3aHO He TOJihKO C TeM, qro qaiue ,ne3aMHHIIpoBaH!IIO rro,nBepraeTC51 

AOJibIIIe cyiuecTBYJOIUlUI PHK + uerrb, HO H C HaJIIIqHeM .npyrnx MyrauIIOHHbIX rrpouec

COB, tt3MeHHIOIUHX qacToTy ucnonh30BaHIIH G Ha PHK + uenII. 
HII B o,nHoiI CKY reHOMOB 001107Jeno'lel/11b1X PHK- 6upyco6 rroKa3aTenh 3C He 

rrpeBbIIIIaeT 0,3. )],M Bcex CKY 3T!IX BIIpycoB K034J<PIIUHeHT KOppeMUHII Me)!(Ay u H 

C COCTaBJI51eT -0,57. B TO )Ke BpeMH, K03cpqJHUIIeHT KOppeMUIIH Me)!(Ay A II G y 

o,nHouerroqeqHblX PHK- BIIpycoB COCTaBJI51eT -0,73. 3TOT cpaKT 3aCTaBJI51eT HaC 
rrpe,nnoJIO)KHTb, qro 6onee qacTO UHT03HH IIOABepraeTCH ,ne3aMHHIIpOBaHHIO Ha ,nOJih
rne cyiueCTBYJOIUell PHK- uerrII 3THX BIIpycoB, pe3yJibTaTOM qero H HBJIHeTCH CHJihHa51 

o6parnrur CB513b Me)!(Ay AH G. 
B CBOHX pa6oTax CyeoKa H. npu,naer ocHOBHoe 3HaqeHHe B co3,naHHII GC

,naaneHIIH rrpoueccy 3aMeH A Ha C C BOBJieqeHHeM KaK MIIHHMYM rpex cpepMeHTOB II3 
CIICTeMhl perrapauHII [ 6). 3TII cpepMeHThl Bb!pe3aIOT a,neHIIH H3 rrapbl C OKIICJieHHblM 
ryaHIIHOM (8-oKCO-ryaHIIHOM) H BOCCTaHaBJIIIBaIOT 8-0KCO-ryaHHH. B pe3yJibTaTe, Ha 

MecTe A rro»BMeTCH C. B reHoMax o,nHouerroqeqHhIX PHK BHpycoB TaKOH npouecc 

HeB03MO)KeH H3-3a OTCYTCTBIIH CHCTeMhl perrapaUHH. C ,npyroii CTOpOHbl, no TOH )Ke 
rrpuqnHe B reHOMax o,nHouerroqeqHhIX PHK BHpycoB AOJI)KHbl qacTO rrpOIICXOAHTb 

3aMeHhI G Ha U !I C Ha A. TaKIIe 3aMeHhI B03HIIKaIOT II3-3a oKHCJieHHH ryaHttHa He

rrocpe,ncTBeHHO B PHK: BO BpeM» perrnIIKauIIH HarrpomB 8-oKco-ryaHIIHa B uerrb PHK 

BKJIJOqaeTC51 a,neHHH, a He UIIT03IIH. ITocne.nYJOIUlUI perrJIIIKauIIH rrpIIBOAHT K IlOHBJie

HHIO ypauIIna Ha MecTe OKIICJieHHOro ryaHHHa [4]. 
B reHoMax 001107Jeno'le'l11b1X PHK+ 6upyco6 rrpouecc OKIICJieHHH ryaHIIHa 

,neiicTBIITeJihHO rrpIIBOAIIT K 3aMeHaM G Ha U. Cpe,nII CKY, rroKa3aTeJib 3C KOTOpb!X He 
rrpeBbIIIlaeT 0,3, K03cpqJIIUHeHT KOppeMUHII Me)!(Ay G II u paaeH -0,68. Ko34J<PIIU!IeHT 
KoppeMUIIII Me)!(Ay A II C paBeH -0,65 AJI5I Bcex CKY PHK + BttpycoB, o,nHaKO 

OT,neJihHO B rpyrrrrax CKY c 3C > 0,3 II 3C < 0,3 KoppeMUHOHHOH CB513II Me)!(Ay A H C 

HeT. Ilonyqaercx, qro B rpyrrrre CKY PHK+ 6upyco6 c JC> 0,3 orrpe,nenxercx HII3KOe 

co,nep)KaHHe A. 3TO 51BJieHHe He MO)KeT 6b!Tb CB513aHO C qacTb!MH 3aMeHaMII OT A K C. 
)],JI5I 061,HcHeHIIH 3TOH cmyauun H CaMOro qJaKTa HaJIIIqH}l rpyrrIIbl PHK + BIIpycoB C 

oqeHb Bb!COKIIM co,nep)KaHHeM 3C rpe6yeTC51 BHeCeHIIe B Harny CIICTeMy rrpouecca, 

IIOBbIIIlaIOIUero co,nep)KaHIIe UIIT03IIHa B PHK. 
. l13BeCTHO, qro q:iepMeHTaTHBHhlH rrpouecc ,ne3aMHHIIp0BaHH51 a,neHHHa cyiuecT-

ByeT B MPHK [2]. l13yqeHbl HeCKOJibKO rrpe,nCTaBIITeneii q:iepMeHTOB ceMeHCTBa a,neH0-
3IIH-,ne3aMHHa3. B pe3yJihTaTe ,ne3aMIIHHpoBaHIIH a,neHHHa 06pa3yeTCH HH03!IH, KOTO
pbrn 51BJI51eTCH aHaJIOfOM ryaHHHa. l13BeCTHO, qro B )],HK rrpOIICXOAHT CIIOHTaHHOe 

,ne3aMHHIIPOBaHne a,neHIIHa, HBMIOIUeec» MOJieKYMPHbIM MeXaHH3MOM rpaH3HUHH A 
Ha G n U Ha C (Ha KOMIIJIIIMeHTapHOH uerrn) [3]. EcnH CqHTaTb, qro Ae3aMIIHHpOBaHIIe 
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a.a.emrna (KaK CIIOHTaIIHOe, TaK ll 3a cqeT KJieTOqHbIX qiepMeHTOB) rrpollCXO)];IIT B PHK 
Bn:pycax, TO BhICOKoe co,nepJKaHn:e C B CKY HeKOTOpbIX PHK + Bn:pycoB cne.nyeT 
ofo,l!CHl!Tb IIOBbIUieHHOH aKTllBHOCTbIO :noro rrpouecca B llX reHoMax (Ha PHK- uerrn:). 
B 2pynne PHK+ eupycoe c noKmameneM JC> 0,3 oTcyTcTByeT KoppeJillUllll MelK,!l;y C 
ll u (R = 0,07). C pOCTOM qacTOTbI llCIIOJib30BaIIllll C qaCTOTa llCIIOJib30BaHllll u He 
ll3MeHl!eTCll, ~o, CKopee BCero, CBll3aHO C TeM, ~o rrpouecc 3aMeH G Ha U 
rro.n,neplKllBaeT qaCTOTY llCIIOJib30BaHllll u Ha CTa6HJibHOM ypoBHe. 

,ll;e3aMllHllpOBaHn:e aJ].eHHHa ,!l;OJIJKHO rrpOllCXO,!l;llTb ll Ha PHK + uerrn:, BbI3bIBal! 
3aMeHbI A Ha G. Ha CaMOM JKe ,nene, B rpyrrrre CKY PHK+ eupycoe c JC> 0,3 oTMe
qaeTcl! CllJibHeitural! OTPHUaTeJibHal! CBll3h MeJK.ny qacTOTaMll C n: G (R = -0,93). C 
pOCTOM qacTOTbI llCIIOJib30BaHllll C qacToTa llCIIOJib30BaIIllll G He pacTeT (KaK 
rrpon:cxo.nn:T B ,nByxuerroqeqHoit ,[(HK), a rra,a.aeT. CyM no BCeMy, rrpn:qn:Ha 3TOMY -

OKn:cJieHn:e ryaIIn:Ha B PHK, rrpn:BOMIUee K 3aMeHaM G Ha U. To ecTb, pocT qacTOTbr 
HCIIOJib30BaHllll ryaHHHa HHBeJin:pyeTCll ero OKllCJieHn:eM. 

0 TOM, ~o ,ne3aMHHHpoBaHHe a,a.eHHHa B 2pynne P HK+ eupycoe c C > 0, 3 rrpo
HCXOMT H Ha PHK + uerrl!X, CBH,!l;eTeJibCTByeT OTPHUaTeJibHal! CBll3b cpe,nHeH CHJibI 
MelK,!l;y qacTOTaMH A H u (R = -0,62). '.:hy CB.s!3b MOJKHO o6'bl!CHllTb TeM, ~o qacTOTa 

HCIIOJib30BaHHll A rra,a.aeT 3a cqeT ,ne3aMHHHp0Bailll.sI, a o6pa3yroIUHHC.s! rrpn: 3TOM G 
OKllCJI.sieTCll ll 3aMeruaeTCll Ha u. 
BbIBO,!l;bl 

B rpyrrrre 001101Jeno11e1111bix PHK- eupycoe HaMH Hait,neHhI OTPHUaTeJihHhie CBll3H 
MelK,!l;y qacTOTaMH HCIIOJih30BaIIHll G n: U, C n: A, C n: U, G n: A; KoppeMun:.si MeJK.ny A 

H G H MelK,!l;y C H u OTCYTCTByeT. 3To CBH,!l;eTeJibCTBO Toro, ~o ,ne3aMllHllpOBaHHe 
UHT03HHa H OKHCJieHHe ryaHHHa rrpoHCXOMT Ha o6en:x uerr.six PHK- Bn:pycoB, HO qarue 
( CM. Bhrure) - Ha PHK- uerrn:. 

Y 001101Jeno11e1111b1X PHK+ eupycoe c JC < 0,3 o6HapyJKeHbI OTPHUaTeJibHhie 
KoppeMUHOHHbie CBll3H TOJibKO MelK,!l;y C H u H MelK,!l;y G H u. 3TH .naHHbie CBH,!l;e

TeJibCTByroT O TOM, ~o rrpoueccbI ,ne3aMHHHpOBaHH.s! UHT03HHa H OKHCJieHHll ryaIIHHa 
y 3THX BHpycoB rrpoHCXOMT rrpen:MyruecrneHHO Ha PHK + uerrl!X. 

Y 001101Jeno11e1111blX PHK+ eupycoe c 3C>0,3 OTPHUaTeJibHbre KoppeMUHOHHhre 
CBl!3H eCTb TOJibKO MelK,!l;y C ll G (CHJibHal!) H MelK,!l;y A H U (cpe,nHeii. CHJibI). IlOBbI
IIIeHHe ypoBHll C B reHOMax 3THX BrrpycoB ofi'bl!CHl!eTCl! HHTeHCHBHbIM ,ne3aMHHHpo
BaHHeM a,a.eHHHa Ha PHK+ n: Ha PHK- uerr.six. HH3Koe co,nepJKaHn:e G B reHoMax 

,!l;aIIHbIX BHpycoB MOJKHO o6'hl!CHHTb rrpouecCOM OKHCJieHHll ryaIIHHa, rrpen:MyruecT
BeHHO rrpon:cxoMIUHM Ha PHK+ uerrl!x. 

Y o,nHouerroqeqttbIX PHK- eupycoe H y PHK+ eupycoe c ypoe11eM JC < 0,3 
rrpouecc ,ne3aMHHn:poBaHHll UHT03HHa l!BHO rrpeo6na,a.aeT HaJJ. rrpoueccoM ,ne3aMHHn:
poBaIIHll a,a.eHHHa Y o,nHouerroqeqHhIX PHK+ eupycoe c ypoe11eM JC> 0,3 rrpouecc 

,!J;e3aMHHHpOBaIIH.s! a,a.eHHHa 6onee HHTeHCHBeH, qeM rrpouecc ,ne3a>dHHHpOBaHHll UllT0-

3HHa. Y BCex 0,!l;HOUerroqeqttbJX PHK BHpycoB BbipaJKeH rrpouecc OKHCJieHH.sI ryaIIHHa 
Herrocpe,ncrneHHO B PHK. 

JluTeparypa 
1. XpycmneB B.B., EapKoBcKn:ii E.B. II Me.nn:un:HcKn:ii. JKYPHaJI. - 2006. - N2l. -

CTP.118-120. 

2. Deichman A.M., Choi W.C., Baryshnikov A.Yu. RNA-editing. Hypothetical 
Mechanisms/ M.: Practical medicine, 2005. - 266 p. 

270 

3. Singer M., Berg P. Genes and Genomes/ University Science Books, 1991. - Vol.I. 

-373 p. 
4. Kino K., Sugiyama H. // Chemical Biology. - 2001. - Vol.8. - P.369-378. 
5. Nakamura, Y., Gojobori, T. and Ikemura, T. // Nucl. Acids Res.- 2000. - 28, 292. 

6. Sueoka N. // Gene. -2002. - Vol.300. -P.141-154. 

271 



IIO)];XO)];bl K MATEMATHqECKOMY MO)];EJIHPOBAHHIO 
HH)];YIJ,HPOBAHHOro MYTAQHOHHOro IIPOQECCA y EAKTEPHH 

ESCHERICHIA COLI 
EenoB O.B. 

Jla6opamopUR paoualJUOHHoii 6uoJ1owu, OHJ/H, dem@jinr.ru 

PaccMaTJlIIBaIOTCJI coBpeMeHHhie rrpe.l(CTaBJieHIIJI 06 opraHmau1111 c11cTeMhI SOS

perrapau1111 y 6aKTep11ii: Escherichia coli. U:eJihIO ,!(aJIH0ro 11ccJie,!(0BaH11J1 JIBIIJiacb 

pa3pa6oTKa II0,!(X0,!(0B K MaTeMaT11qecK0MY M0,!(eJI11poBaHIIIO IIH.l(yUIIp0BaHH0ro 

MYTau110HHoro rrpouecca y 6aKTep11ii: Escherichia coli. 
PaJiee YKa3hIBaJI0Ch, ~o IIH.l(yu11poBaJ1Hh1ii: MYTaQII0HHhIH rrpouecc y E. coli 

orrpe.l(eJIJleTCJI K0MIIJieKC0M reHHhIX rrpo.l(yKT0B, CIIHTe311pyeMbIX B X0,!(e sos 0TBeTa, 

KaK II0Ka3aJIII IICCJie,!(0BaJIIIJI II0CJie,!(HIIX JieT, BIDKHeHIIIIIMII 113 HIIX JIBJIJIIOTCJI 6eJIKH, 

ocym:ecrnJIJ110m11e umuDC-3aBIICIIMhIH CIIHTe3 .ll:HK no MaTJ)11ue, co.l(epJKameii: rro

Bpe)K,!(eHIIJI (translesion synthesis - TLS). B xo.l(e 3Toro rrpouecca 3aKperrJIJleTCJI 

60JihIIIIIHCTBO MYTaQIIH rrp11 ,!(eHCTBIIII 113nyqeH11ii: II .lJ:HK-TJ)OIIHhIX XIIMIIqecKnx 

areHTOB. B paMKax ,!(aHH0ro IICCJie,!(0BaHIIJI IIO,!(p06Ho rrp0aJiaJill31Ip0BaJI MeXaJIII3M 

q>YHKUIIOHIIpOBaJIIIJI SOS-c11cTeMhI KJieT0K 6aKTep11ii: E. coli. PaccMOTJleH rrpouecc 

o6pa30BaJillJI TJ)ex ocH0BHhIX K0MIIJieKcoB SOS-c11cTeMh1: UmuD2C, UmuDD'C 11 

UmuD'2C II II0Ka3aHa 11x p0Jih B pean113au1m TLS. 

Mo.l(eJIIIpOBaJIIIe MeXaJIII3M0B Pa3JIIIqHhIX 3TaII0B penapaQII0HH0ro rrpouecca 

rrpe.l(IIpIIHIIMaJI0Ch B pJl,!(e pa60T. O.l(Ha 113 M0,!(eJieii:, 0IIIICh!BaIOII{aJI MarIICTJ)aJihHb!e 

IIYTII q>yHKUIIOH11poBaH11J1 SOS-c11cTeMhI pa3pa6ornHa B 1999 ro.l(y B 0115111 [1]. B 

rrpe,!(JlaraeMoii: MaTeMaT11qecKoii: M0.l(eJIII SOS-c11cTeMhI yqeHhI JIIIIIIh rrpouecchl 

B3aIIMO,!(eHCTBIIJI rrp0.l(YKT0B reH0B lexA II recA BO BpeMJI HaqaJihH0ro rrepII0,!(a pa60Thl 

SOS-c11cTeMbl. B II0CJie.l(Hee BpeMJI II0JiyqeHbl H0Bbie 3KCIIep11MeHTaJibHbie ,!(aJIHbie, 

Kacruom11ecJ1 aKTIIBH0CTII 0CH0BHhIX reH0B SOS-c11cTeMbl KJieT0K E. coli, CBII,!(eTeJib

CTBYIOIUIIe o Heo6bJqHOM KOJie6aTeJihHOM 0TKJIIIKe SOS-c11cTeMhI rrp11 Y<l> 06nyqeH1111. 

B CBJl311 C 3TIIM rrepeCM0TJleH PM M0,!(eJibHhIX rrpe.n;CTaBJieHIIH II Borrpoc 0 K0HUeHT

pau1111 B KJieTKe o,nH0HIITeBoii: .lJ:HK, KoTopal! J1BJIJ1eTCJ1 IIH,!l;YQIIPYIOIUIIM SOS-c11ma

JI0M. B HaCT0JIII{eii: pa6oTe coxpaHeH qJYHKUIIOHaJibHhIH Bil,!( ypaBHeHIIH, 0,!(HaK0 napa-

MeTJlbl M0,!(eJIII 113MeHeHbI II cornacoBaHbI C H0BhIMII 3KCIIep11MeHTaJihHhIMII .n;aHHhIMII: 

d[LexA]=t b,+l --r,[LexAJ-k,[LexA]•[RecA*], 
dt 'b, +[LexA]' 

HaqaJJbHbie ycJI0BIIll: 

[LexA]=l, 

[RecA]=l 
d[RecAJ=t b,+l -t.[RecA]-k,[RecAJ-[ssDNA]+8[RecA•], [RecA*]=O. 

dt 'b,+[LexA]' 

d[RecA•J 
--d

1
-=k,[RecA]·[ssDNA]-8[RecA*] . 

..!. H ..!. - BpeMeHa lKH3HII 6eJIKOB LexA II RecA, C00TBeTCTBeHH0. 0 - aJlaJI0r o6paT-
-r, Tr 

H0ro BpeMeHII lKII3HII 6eJIKa RecA *, k1 , k, - napaMeTJ)hI Mo,neJIH. B paMKax HaCT0Jl

mero HCCJie,!(0BaJIHJI Haii:.n;eHbI 3KCIIep11MeHTaJihHbie ,!(aJIHhie ,!(JIJI H0pMHpOBaJIHOH 

KouueHTJlaQIIII 6enKa [LexA] B KJieTKax ,!(HKoro THrra E. coli, o6nyqeHHhIX Y<l> .n;o3oii: 

B 5 l1,lK/M
2 

[2], Haii:.n;eHa BpeMeHHaJI 3aBIICIIM0CTh [RecA *] (t) ,!(JIJI pa3JIIlqffbJX qncJieH

HhIX 3HaqeHIIH rrapaMeTJ)a r, (p11c. l ). ITpoBe,!(eHbI pacqeThl K0HUeHTJlaQIIII 0,!(H0-
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HHTeBOH ,n:HK rrp11 pa3JIIIqffbJX qncJieHHhIX 3HaqeHHJIX napaMeTJ)OB MareMaTHqecKOH 

M0,!(eJIII (pHC. 2). ITpHBe,neHhl peIIIeHllJI rrpe,!(JlaraeMOH MaTeMaTHqecKOH Mo,neJIII 

(pHC. 3). ~· j o.s 
....... 

a 'Q Wild type D ,x;,.chll I! 
'1 E.coli - [LtLI.J 
iJ - [Rte-A*) 
~~c-c-D" - [LUA)' 

~ 0 

,, 

[ 
j o.s 
....... 0 20 40 60 

Time (min) 

T •0.1 LS I 

....., T •0.05 ~ l 

< T •0.0t ~ l 
~ -

0 20 q(J 

Time (min) 
60 

PHc.1. a) BpeMeHHaJI 3aBHCHM0CTb HOpMHposaHHOH K0HL1eHTpa1.11111 6eJIKa [LexA]{t), np11 

o6nyqeHHH Y <l> A03oii 5 l];,K/M2 KJieTKII ,!(IIK0ro TIIIla E. coli. b) PaccqJJTaHHbie speMeHHbie 

3aBJJCHM0CTII HOpMIIpOBaHJIOH K0HQeHTpaUHH aKTHBHpoBaHH0ro 6eJIKa [RecA *](t), B 

0TH0CJJTeJibHbIX e,!(HHIILl3X, np11 pa3!IHqHblX 311aqeHIIl!X napaMeTpa T1 

-10 -s 
~ a D exp. data c exp. data °'5 lb CJ 

- k1=2; t'r= 0.02:2 ~6 ~ 8 - k1=2; tr= 0.017 - - k1=3; t'r= 0.02 ..... 
~ 6 

- k1=3; t,= 0.017 
- k1=10; t'r= 0.017 ~4 - k1=10; fr=0.017 

:;:'4 <' 
~ 2 

z2 
~o r,, 

~o fl.) 

0 20 40 60"'""" 0 20 40 60 
Time (min) Time (min) 

Pttc. 2. BpeMeHHbJe 3aBIICJJM0CTH K0HL1eHTpaL1HH O,!(HOHJJTeBOH ~ [ssDNA](t). PacqeTbl 

npoBe,!(ellbl: a) C HCil0Jib30BaHHeM KpHBOH 1; b) C HCil0Jib30BaHHeM KpIIBOH 3, npII pa3!IJJqHblX 

qHcJieHHblX 3HaqeHJJJIX napaMeTp0B MaTeMaTHqeCKOH M0,!(eJIII 

7
" o,aexp.data 1 

- I 

g6 
~5 = 
]4 
ol 
"d 
93 

-[RtcA) 1/'o 
--[RecA•) 0 
-[LtxA] 

lO 40 
Time (min) 

Pttc. 3. PerneHJJJI MaTeMaTHqeCKOH M0,!(eJIH. 3Kcne

pHMeHTaJJbHbJe ,!(aHHbie ,!(JIJI [LexA] B3J!Tbl 113 pa60Tbl 

[2], ,!(Jlll [RecA] - 113 pa6oThl [3] 

B pa60Te rrpe,ncTaBJieHhl 3Kcrrep11MeHTaJihHhie 

,!(aJIHbie, KacmomHeC.ll CIIHTe3a 6eJIKOB UmuD, 
UmuD' II aKTHBH0CTH reHa umuC B xo.n;e OTBeTa Ha 

rroBpe)K,!(eHllJI ,n:HK (p11c. 4). 
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PHc. 4. a) ~HHaMHKa CHHTe3a 6eJIKOB UmuD H UmuD' npH nospe)l(JleHHH ,[{HK. D - no3HQl!Jl 
UmuD; D' - no3HQHJI UmuD'; CR - K0lfIP0Jib peaKQHH [4]. 6) 11tt.eyKQHJI retta umuC nocne 
YJibTpa<j>HOJleTOBOro o6nyqeHHJI a OTH0CHTeJibHbIX etu1HHQax. ■ - o6nyqeHHb[H wild type; □ -
Heo6Jl)"IeHHbiii wild type;• - o6Jl)"IeHHbiii lexAl-MyraHT; o - tteo6ny'leHHbiii lexAJ-MyraHT 

Kapnrna pacnpe.n:eneHHH <ppaKunii 6enKoB UmuD H UmuD', HHTepnpe
rnpoBatta B BII.n;e KpHBbIX (pnc. 5). 
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PHc. 5. ~HHaMHKa CHHTe3a 6eJIKOB UmuD H UmuD' npH Y«l> o6nyqeHHH: a) )IJIJI .!I03bI 20 
1];K/M

2
, 6) )IJIJI .ll03bl 501];K/M

2
• «l>paKQHH 6eJIKOB npe,!ICTaBJieHbl B OTHOCHTeJibHbIX e,!IHHHQax 

IlpH conoCTaBJieHHH non)"IeHHbIX .D;aHHbIX H Mo.n:enbHbIX no.n:xo.n:oB c.n:enatto 
cne.n:yromee npe.n:nono)KeHne, KacruomeecH MaTeMarnqecKoro Mo.n:ennpoBaHHH pa60Tb1 
TOH 'laCTH SOS-cHCTeMbl, r.n:e nponcxo.n:HT o6p330BaHHe B3)KHeHIIIHX 6enKOBbIX 
KOMnneKcoB: UmuD'2C, UmuDD'C, UmuD2C. 11cnonbJYH 3KcnepnMeHTaJibHb1e 
.n:attHhle no CHHTeJy 6enKoB UmuD, UmuD' H .n;HHaMHKy <popMHpOBaHHH RecA * [5], 

d[UmuD J d[UmuD' ] d[UmuDD'] BOJMO)KHO nOJl)"IHTb npOHJBO.D;Hb!e no BpeMeHH: 2 , 2 , ~---~. 

dt dt dt 
Cne.n:oBaTeJibHO, MO)KHO COCTaBHTb CHCTeMy HJ Tpex .D:H<p<pepeHUHaJibHbIX ypaBHeHHH, 
B KOTOpyio Boii.n:yr KOHUeHrpauHH OCTaJibHbIX 6enKOBbIX KOMnneKCOB SOS-cncTeMbl n 
napaMeTpbl MaTeMaTH'leCKOH MO.n;enH. 11cxo.n;g HJ 3TOro, MO)KHO npH6JIHJHTeJibHO 
onpe.n:enHTb BH.n; CHCTeMbl .D:H<p<pepeHUHaJibHbIX ypaBHeHHH: 
d[UmuD J 

__ ,_ = . ., .. napaMeTpLI " KOHUCHlpRU "" 6eJIKOBLIX KOMfIJICKCOB •••• ; HR'laJILHLie ycnoem1: dt 
d[UmuD', l 

dt ..... napaMe-rpLI H KOHUCHlpaU HH 6eJIICOBLIX KOMfIJICKCOB ••••• 

d[UmuDD'] 
-dt-- = ..... napaMe-rpLI H KOHUCHTpau HH 6eJIKOBLIX KOMfIJICKCOB •••• ; 
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[UmuD,] (0) = I, 

(UmuD',] (0) = 0, 

[UmuDD'] (0) = 0. 

Ilo.n:o6Hyio CHCTeMy .n:n<p<pepeHUHaJibHbIX ypaBHeHHH BOJMO)KHO COJ.D;aTb H .llJIJI 

KOHUeHTpaunii Tpex OCHOBHbIX 6enKOBbIX KOMIIJieKCOB: 

d[UmuD ,CJ ., ... napaMe-rpLI H Kom:1eHTpa11 nn 6enKOBLIX KOMnneKcoe .... , 
dt 

d[UmuD' 'CJ ,, ... napRMeTphI n Koe11eHTpau HH 6enKOBLIX KOMnneKcoe .... ; 
dt 

d[UmuDD' CJ .,, .. napaMe-rphI n Koe11empa11 HH 6enKOBLIX KOMnneKcoe .•.. ; 
dt 

Ha'!aJJLHLie ycnoem1: 

[UmuD,C] (0) = 0, 

[UmuD', CJ (0) = 0, 

[UmuDD']C (0) = 0. 

TaKHM o6p330M, B HaCTOH{UeH pa6oTe npoae.n;eH aHaJIHJ COBpeMeHHblX JKcnepH
MeHTaJibHbIX .llllHHhlX, KacruomttxcH ttccne.n;oBaHHH KHHeTHKH recA, lexA, umuD, umuC 
reHOB. Ha OCHOBe paHee pa3pa6oTaHHOH n ycoBeprneHCTBOBaHHOH Mo.n:enH npe.n;nO)KeH 
no.n:xo.n: K MaTeMaTH'!eCKOMY Mo.n;ennpOBaHHIO KHHeTHKH 3KCnpecCHH OCHOBHbIX reHOB 
SOS-cHCTeMbl. PeanHJ3UHH .D;aHHOro no.n:xo.n:a BOJMO)KHa nyreM ycoBeprneHCTBOBllHHH 
npe.n:no)KeHHOH CHCTeMbl .D:H<p<pepeHUHaJibHbIX ypaBHeHHH. OcHOBHbIMH Ja.n;a'laMH 
npe.n;CTOH{UHX HCCne.n:oBaHHH HBIDIIOTCH ycoaeprneHCTBOBaHHe CHCTeM .D:H<p<pepeH
UHaJibHbIX ypaBHeHHii; nOHCK napaMeTpOB CHCTeM; nOHCK 6onee TO'IHbIX 
3KCnepHMeHTaJibHbIX .D;aHHbIX H HX !pOpManHJ3UHH. 
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B03,Il;EHCTBHE PA3JIH'IHblX <l>H3HKO-XHMH'IECKHX <l>AKTOPOB 
(HOHH3HPYIOIUEE H3JIY'IEHHE, JIEKAPCTBEHHblE IlPEilAPATbl) 

HA 6HOJIOrH'IECKHE MEM6PAHbl 
EnH3HIOK Y.A., qepm1eB A.IT., AneKceeBa IT.IO., qepHbIIII A.M., Ko3JlOB A.IT., 

EpMaKOB A.H. 

MocKoecKuii I'ocyiJapcmee1111blii Y11ueepcumem UM. MB. H0Mo11ocoea, 2. MocKea, PoccUR, 
fomina200 l@rambler.ru 

Hccne,n;oBaHHe np0IJeCC0B, np0HCX0)UIIIJHX B 6HOJlOrulJeCKIIX MeM6paHax npH 

B03,n;eii:CTBllll pa3JllllJHb!X q>H3IIKO-XIIMHlJeCKliX q>aKTOpOB HBmreTCH C0BpeMeHHOU 

npo6neMoii 6ll04Jll3IiKli [1]. LI;eJlbIO ,!l;aHHOll pa60Tbl HBJlHeTCH ,!l;IiarH0CTllKa CKpbITblX 

IIOBpe"lK.L(eHHll, B03Hl!KaIOIIJliX B 6llOJlOrHlJeCKllX MeM6paHax npll B03,n;eii:CTBllll II)"!Ka 

ycKopeHHblX :meKTP0H0B, B03.n;eii:CTBIIH 'Y-ll3l1YtJeHllH B IIIIip0K0M ,!l;IiaI!a30He )];03, a 

TaK)I(e ,n;eii:CTBIIH JieKapcrneHHb!X rrperrapaT0B, KaK 0T,D;eJibH0, TaK II B C0lJeTaHHII C 

,n;eiiCTBHeM ll0Hll3HpyIOIIJero Ii3JIYtJeHHH C II0M0IIJbIO MeTo,n;a '.lJieKTP0nopaIJllll KaJIH6-

p0BaHHbIM HMnyJihCHblM '.lJieKTPHtJeCKiiM noneM. B KatJecrne MaTepHana ,n;JIH llCCJie

,!l;0BaHliH 6bIJia HCn0Jib30BaHa cycrreH3IIH 3pJiTP0IJIIT0B, npe,n;BapllTeJihH0 BhJ,n;eJieHHblX 

Ii3 Kp0BII tJeJI0BeKa, a 3aTeM II0MeIIJeHHblX B 0,9 % pacTB0p NaCl. HcTOlJHIIKOM IIM

IIYJibCH0fO '.lJieKTPlltJeCK0ro II0JIH CJiy)I(JiJI KJillHHlJeCKiill ,n;eqiH6pHJIJ1HTOp, 06ecnelJli

BaIOIIJllll KaJIIi6poBaHHblll llMnyJihC MHTeJibH0CTbIO 6 MC, KOT0pblll C03,D;aBaJI B pacrno

pe none c HanpH)I(eHH0CTbIO E = 1100 B/cM. 

O6nYtJeHHe cycneH3llll '.IPIITP0IJIIT0B nYtJK0M ycKopeHHb!X '.lJieKTP0H0B np0B0-

,!l;IIJI0Cb Ha Pa3pe3HOM MHKPOTPOHe HHI15I<l> MrY. U:enhIO .n;aHHoro '.lKcrrepllMeHTa 

HBm!Jl0Cb IiCCJie,n;0BaHHe pacrrpe,n;eJieHllH 6HOJIOrHtJeCKOro 3q>q>eKTa no Mepe rrp0X0)I(

,n;eHJiH n)"!Ka ycKopeHHhIX '.lJieKTP0H0B B cycneH3llll '.lPllTP0IJliT0B. CycneH3HH o6ny

tJanach B cneIJllaJibH0 ll3rQT0BJieHHbIX n0JIIinponllJieH0BblX IJIIJIIiH.n;plltJeCKllX npo6Hp

Kax ,!l;JlliHOll 3 CM II ,!l;llaM~0M 1,6 CM. ITpo6HpKii n0JIH0CTbIO 3an0JIHHJlllCb cycrreH-

3Heii: 3PHTP0IJiiT0B no 5 MJI Ka"lK.L(aH, TOpIJbl npo6IipOK repMeTlllJH0 3aKpb!BaJIIICb 

TOHKOll nonlillponllJieHOBOll IIJieHK0ii:. )];anee npo6HpKii yKJIMb!BaJill ,n;pyr 3a ,n;pyroM 

BIIJI0THyIO T0PIJaMll B crreIJHaJibHblll )I(eJio6, KOTOpb!ll o6ecnelJllBaJI Heno,n;Bll)I(HyIO 

q>IIKCaIJliIO npo6Hp0K npll npoBe.n;eHHII o6nYtJeHllH. KoJIIitJeCTBO rrpo6IipOK B )I(eJio6e 

onpe,n;eMJl0Cb paCCT0HHHeM, Heo6XO,n;HMbIM ,n;M II0JIH0ro norJI0IIJeHHH nYtJKa '.lJieKTP0-

H0B B cycneH3Hll. 3Heprna nYtJKa '.lJieKTP0H0B C0CTaBJIHJia 20-40 M3B. )];AA np0Be.n;e

HIIH o6l1YtJeHIIH B )I(eno6 6bIJIO noMeIIJeH0 11 npo6Hp0K. BpeMH o6JIYtJeHHH C0CTaBJIHJI0 

15 MIIHYT. )];anee cycneH3llll ll3 Ka"JK.L(Oll npo6HpKii no.n;BepraJIIiCb '.lJieKTPonopaIJlili 

llMnynhCHbIM '.lJieKTPlltJeCKiiM II0JieM. )];eTeKTHpyIOIIJllM q>aKTOpOM 6b!J1 llH.n;Y!Jllpye

Mblll yKa3aHHb!Mll qJI13lllJeCKiiMll B03.n;eii:CTBllHMll reM0JIIi3 3PllTP0!JliT0B. )];anee 

cne,n;llJill 3a ll3MeHeHJieM onrntJeCKOii: nnoTH0CTJi cycrreH3llll BO BpeMeHll, no,n;Bep

raBIIlllXCj[ T0JibK0 o6nYtJeHllIO, a TaK)I(e no,n;BepraBIIIJiXCj[ B03,n;eii:CTBllIO ll0Hll3HpyIO

IIJero H3IlYtJeHJiH Ii llMnyJihCH0ro '.lJieKTPlltJeCK0ro nomr. ITo,n;po6Ho MeT0,!l;llKa onbIT0B 

npHBe.n;eHa paHee B pa6oTe [2]. C n0M0IIJbIO MaTeMaTJilJeCKOll o6pa60TKii nollYtJeHHblX 

KHHerntJeCKliX KpllBbIX YMeHbIIIeHHj[ lJIICJieHH0CTJi 3PllTP0IJliT0B B cycneH3Jij[X aHaJill-

3llp0BaJIII cpe.n;Hlle K0HCTaHTbl CK0p0CTII YMeHhIIIeHJij[ lJIICJia 3PllTP0IJiiT0B npll KOM6ll

HI1p0BaHH0M B03,n;eiicTBllll /J,+H3llt B Ka"JK.L(Oll rrpo6HpKe 0T,n;eJibH0, npll '.lJieKTPonopa

!Jllll KOffTPOJibHOll (Heo6JIYtJeHHOii) cycneH3llll /JH3n• • EiiOJIOrntJeCKiill 3q>q>eKT rrpll 

npoxo"lK.L(eHllll nYtJKa ycKopeHHb!X '.lJieKTP0H0B B Ka"JK.L(Oll i-rrpo6IipKe 0IJeHllBaJill II0 
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_1 

oTHOCl!TeJibHOll K0HCTaHTe CK0p0CTII YMeHbIIIeHllH lJiiCJia 3PllTP0IJliT0B p = /Ji+H3lli • 

' /JH3llk 

Heo6XO,!l;IIMO 0TMeTJiTb, lJT0 onTJilJeCKaH IIJI0TH0CTb o6nYtJeHHbIX cycneH3llll BO BCex 

npo611pKax B TetJeHHe nepBblX CYT0K He 113MeHl!J1aCb, T.e. IIMeJI0 MeCT0 HaJililJlie CKpbI

TblX llOBpe"lK.L(eHllll B MeM6paHax 3PllTP0IJiiTOB. O.n;HaKO, 3Tli II0Bpe"lK.L(eHJij[ CTaJIII 

llBHb!Mli rrpH nocne.n;yIOIIJeM B03,[{eii:cTBIIII HMnyJibCHbIM '.lJieKTPHtJeCKiiM noJieM, TaK 

KaI< /3,.mn, ;,: /Jmn, BQ BCex 11 rrpo6HpKax. Ha pHC. 1 npe.n;CTaBJieHa 3aBHCllM0CTb 

OTHOCllTeJibHOll K0HCTaHTbl CK0p0CTll YMeHbIIIeHIIJI lJliCJieHH0CTli 3PIITP0!JliT0B p OT 

paCCT0HHlfj[, npoii:.n;eHH0ro IIYtJK0M '.lJieKTP0H0B B cycneH3llll. 

~ 3,5 ■ , .. \ 
i 
~ 2,0 1 

Puc. I. 3as11CIIMOCTb OTHOCIITeJibHOH KOHC

Ta!ITbl CKOpOCTII yMeHbllleHIIJI q11CJ1a 3pll

TPOIJIITOB p OT paCCTOJIHIIJI, rrpoiiAettttoro 

nyqKoM ·:JJleKTPOHOB c :rneprneii 40 M3B B 

cycrrem11H (KpHBall 1) 
~2,5 ~ 

e -■-
-■-■ KOHTpOnb 

10 15 20 25 30 35 

pacCTORHMe, CM 

PIie. 1 OTPa)I(aeT rrp0CTPaHCTBeHH0e pacnpe,n;eneHHe 6HOJIOrJilJeCKOro 3q>q>eKTa 

II0 Mepe npoxo"lK.L(eHJij[ nYtJKa ycKopeHHblX '.lJieKTP0H0B C '.lHeprneii: 40 M3B B 

cycrreH3Iill. KaK BH,n;H0 ll3 pHCyttKa, npll npoX0"lK.L(eHllll Il)"!Ka '.lJieKTP0H0B nepBb!X 15 
CM B cycneH3llli 0TH0CHTeJibHaH K0HCTaHTa CK0pocrn YMeHhIIlaJiaCh, lJT0 C00TBeTCT

ByeT YMeHbIIIeHliIO 6llOJIOrnlJeCKOro 3q>q>eKTa B C00TBeTCTBlill C YMeHbIIIeHHeM 3Ha

qeHJiH IIOrJIOIIJeHH0ii: ,!l;03bl B 3aBllCHM0CTli OT paCCTQj[HJiH. O,n;HaKO rrpll ,!l;aJibHeii:rneM 

,!l;BH)I(eHllll '.lJieKTP0H0B B cycrreH3llli Ha6JIIO,n;aJIOCb YBeJIJilJeHJie OTHOCHTeJibHOll 

K0HCTaHTbl CK0p0CTll (rrpllMepHO Ha 20 %) npll ,!l;aJibHeii:IIIeM YMeHbIIleHllll rrorno

IIJeHHOll ,!l;03bl ,n;o 0. 
Cne.n;yIOIIJaH tJaCTb pa6oTbI n0CBj[IIJeHa '.lKCrrepHMeHTaJibHOMY llCCJie,D;0BaHllJO 

BOJ,n;eii:crnliH rr)"!Ka ycKopeHHbIX '.lJieKTP0H0B (3HeprliH '.lJieKTP0H0B 20 M3B, BpeMj[ 

06IlYtJeHJij[ 10 MHH) Ha cycrreH3liIO B pa3JIIilJHblX K0HIJeHTPaIJJij[X OT 0,3 % ,n;o 100 % 
3pJiTP0IJliT0B B 1 MJI cycneH3Iill (,n;o K0HIJeffTPaIJHli KpOBii). IlpH nocJie.n;yIOIIJeM pa3-

6aBJieHlill ,n;o 0,3 % B pe3yJihTaTe '.lJieKTP0II0paIJiili o6JIYtJeHHb!X Ii K0HTP0JibHblX (6e3 

06IlYtJeHJiH) cycrreH3llll Ha6JIJO,D;aJIOCb YMeHbIIIeHJie K0HCTaHTbl CK0p0CTll reM0J1li3a 

3PHTP0IJiiT0B npH YBeJIJilJeHllll liX KOHIJeHTPaIJHH B cycrreH3Jij[X. y o6IlYtJeHHblX cyc

neH3llll K0HCTaHTbl CKOpOCTeii: reM0J1Ji3a 3PllTP0IJliT0B 6b!J1Ii 60JihIIIe, tJeM y 

K0ffTP0JibHblX ,n;M Ka"JK.L(Oll K0HIJeHTPaIJlili C00TBeTCTBeHH0. Ilpll '.!TOM, tJeM 6oJ1bIIIe 

K0HIJeHTPaIJllH 3pJiTP0!JllTOB B cycrreH3llll, TeM MeHhIIle pa3H0CTb K0HCTaHT CKOpocreii: 

reM0J1li3a 3pJiTP0IJiiTOB y o6JIYtJeHHOll ll KOffTPOJibHOll cycneH31ill. 

JleKapCTBeHHble rrperrapaTbl M0ryT 0Ka3h!BaTb HapyIIIaIOIIJee llJill yKpeITJIHJOIIJee 

,n;eii:crnlle Ha CTPyKTypY MeM6paHb! '.lPllTP0!JliT0B. BnHHHlle 0.n;Horo Ii Toro )I(e rrpe

naparn M0)I(eT CYIIJeCTBeHH0 pa3J1lilJaTbCj[ Ilpli ,n;o6aBJleHllll pa3Hb!X ero KOHIJeHTPaIJllH 
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f;. t 

B cycrreH3lllO 3pllTJJOUIITOB. B pa6oTe llCCJie,uomum KOM6llHI1pOBaHHOe B03,Ueii:cTBlle 

ROHI13llpyIOrnero ll3JI)"IeHID! n rrepq>Topyrnepo,1lHoro KpoBe3aMeHnTeJUI rrepq>TopaHa, a 

TaJOKe HOHH3HpyIOrnero H3JiyqeHIDI II aHeCTeTHKa 3CMepoHa Ha MeM6paHy 

3PHTPO~TOB. ~ BhlllBJieHID! BO3MOJKHhIX CJ-.l)hIThlX IIOBpelK,D;eHHR cpa3y IIOCJie BO3-

.ueiiCTBIDI JieKapCTB cycneH3HIO IlO,UBepramI B03,UeRCTBHIO KaJIH6poBaHHOro HMITYJihC

HOro 3JieKTPWiecKoro ITOJUI. Ilpll 06nyqeHI1ll cycneH3HH 3pllTPOUIITOB C .uo6aBJieHHeM 

3CMepoHa Ha6JI10,uanach Hea,zmHTHBHOCTh CKOpOCTeii reMOJIH3a 3PHTPOUHTOB. CYMMa 

KOHCTaHT CKOpOCTH YMeHbllleHHll 'IHCJia 3pllTPOUIITOB o6nyqeHHOR cycrreH3HII /3, II cy

crreH3HH C 3CMepOHOM p3 He paBHHJiaCb KOHCTaHTe CKOpOCTII YMeHhIIIeHID! 'IIICJia 3pn

TPOUIITOB B o6nyqeHHOii cycrreH3IIII c .uo6aBJieHIIeM 3CMepoHa P,.3 : P,.3 > P, + p
3 

• 

Ilpn o6nyqeHIIII cycneH3HII 3pHTPOUIITOB C .uo6aBJieHIIeM rrepq>TopaHa B 6oJibIIIOii 

KOHUeHTpauIIll rrperrapaT «rrpe.uoxpaHHJI» MeM6paHy 3PIITPOUIITOB OT B03,UeRCTBllH 

llOHil31IpyIOrnero ll3JiyqeHIDI (nyqoK ycKopeHHhlX 3JieKTPOHOB: 3HeprnH 40 M3B, BpeMH 

o6ny'!eHID! 10 MIIH) (CM. pllc. 2). CYMMa KOHCTaHT CKOpOCTll YMeHbIIIeHIIll 'lllCJia 

3PIITPOUIITOB o6nyqeHHOR cycneH3llll /3, II cycrreH3IIII C rrepq>TOpaHOM p n He paBHH

JiaCh KOHCTaHTe CKOpOCTll YMeHbIIIeHID! 'IIICJia 3PIITPOUIITOB o6nyqeHHOR cycneH3llll C 

nepq>TOpaHoM P,+n: /3,+n < /3, + /Jn. KoHCTaHThI cKopocTII YMeHhIIIeHIIH 'IIICJia 3PIITPO

UIITOB cycrreH3llll C rrepq>TOpaHOM /Jn II o6nyqeHHOR cycrreH3llll C rrepq>TOpaHOM /3,+n 
paBHhl MelK,D;y co6oi1 II 6oJibIIIe KOHCTaHThl CKOpocTH YMeHbllleHIIll 'IIICJia 3PIITPOUIITOB 

o6nyqeHHOi1 cycrreH3llII /J, B 2 pa3a. 

1,0-fL• ■ 

O,Blt • 
r:::i: '. '! 0,6 ',. o 

~ t 
Q 0,4 ◄ 

0,2 

.. . .. .. 
2 

• 3 

4 ◄~..... · .. : ...... ··-♦ .. • . . 
◄. •◄ ·:: ◄ 

0,0+-~~~~~~~~~~~~~~~~~ 
0 5 W tt ~ ~ ~ ~ ~ ~ ~ 

f. MMH 

PRC. 2. KllHeTU'ICCKlle KpllBbie yMeHbIIICHUJI 
'IUCJieHHOCTU 3pllTJ)OLIUTOB: J - KOIITJ)OJibHllll 
cycneH3u~ (6e3 o6nyqeHHll u npenapaTa), 2 -
o6ny'leHHall cycneH3llll, 3 - cycneH3llll + 
nepqHopaH (100 MKJI Ha I MJI cycneH3nu), 4 -
o6ny'leHHall cycneH3llll + nepcpTOpaH (100 MKJI 
Ha I MJI cycneH3nn) 

IlpoBe,UeHO IICCJie,UOBaHlle IIOBpelK,D;eHIIll MeM6paH 3PIITPOUHTOB qeJIOBeKa rrpll 

BO3,UeRCTBIIII Ha cycrreH3lllO KpOBII y-ll3JI)"IeHIDI B IIIIIpOKOM ,UllaIIa3OHe ,UO3 (2-
1000 fp, MOJIUIOCTh o6nyqeHIIll 2,75 fplMIIH). IlOKa3aHO, '!TO 06nyqeHI1e B ,UllaIIa3OHe 

nornorneHHhlX ,UO3 OT 600 fp II BhIIIIe Be,UeT K reMOJIII3Y 3PIITPOUIITOB cpa3y (IIJIII 

qepe3 HeCKOJihKO qacoB) IIOCJie o6nyqeHIDI, II 3Ha'leHIIe KOHCTaHThl CKOpOCTH reMOJIII3a 

paCTeT C YBeJIR'leHIIeM nornorneHHOll ,UO3bl. ~ ,1lllaIIa3OHa nornorneHHhIX ,UO3 OT 

2 rp .uo - 350 fp He Ha6JIIO.UaJIOCh llBHoro YBeJIII'!eHIDI CKOpOCTII reMOJIII3a 3pllTPO

UHTOB IIOCJie BO3,Uei1CTBIDI Ha cycrreH3lllO llMrryJihCHhIM 3JieKTPII'!eCKIIM noJieM no 

cpaBHeHlllO C Heo6nyqeHHOi1 cycrreH3llei1. 3To CBil,UeTeJihCTBYeT O TOM, '!TO B 3TOM 

,1lllaIIa3OHe .UO3 CTeIIeHb IlOBpelK,D;eHIDI MeM6paH llBJUleTCll MaJIOll II rrpaKTII'!eCKll HC 

3aBIICIIT OT BeJIII'IIIHhl nornorneHHOll ,UO3hl. ~ ,UO3 OT 400 fp .uo - 550 fp Ha6n10.ua

JIOCb HBHOe YBeJIII'!eHIIe CKOpOCTH reMOJill3a IIOCJie B03,Uei1cTBml IIMrryJihCHOro 3JieKT-
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puqecKoro IIOJill, paczyrnee C yBeJIII'leHIIeM rrornorneHHOll ,UO3hl. B 3TOM .llllaIIO3OHe 

)lO3 BO3HHKaIOT CKphIThie IIOBpelK,D;eHIIll MeM6paH • 
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EhlCTJ)Oe pa.3BHTHe aTOMHOH :mepreTHKII, 6e3ycJIOBHO, TaHT B ce6e orraCH0CTh 

Herrpe.[IBH.lleHHoro 06nyqeHm1 rrepcoHana aT0MHbIX 061,eKTOB H HaceneHm1 rrpHneraro

lllHX TeppHTOpHii HOHH3Hpyro111eii pa.[1tta11Heii, qeMy HpKHM CBH.[leTeJibCTB0M HBJlHeTCH 

asapHH Ha qA3C (1986 r). TipH PMHaQH0HH0M B03.[leiicTBHH Ha )KHBOH opraHH3M pe

rrp0.llYKTHBHaH CIICTeMa CTaH0BHTCH Hau6onee YH3BHMOH. B 3TOH CBH3H oco6bill HH· 

Tepee rrpe.llCTaBJIHeT H3yqeHHe pa.3JIHqHbIX 3Tan0B pa.3BlfTHH PMHaQH0HHoro CHH.[lp0Ma 

B crrepMaT030H.llax, K0TopbIM rrpe.z:1orrpe.z:1eneHa poJib KJieT0K-xpaHHTeJieii H rrepeHoc

qHK0B reHeTHqecKoii HH<pOpMallHH rrpH B0CIIp0H3Be.[leHHH II0T0MCTBa [ 4, 5]. TioKa.3aHo, 

qT0 H0HH3HpYJO!llaH pa.z:1Hal1HH BbI3bIBaeT rrospe)K.[leHne TKaHeii H, B TO )Ke BpeMH, 

crroco6cTBYJOT HHJ:IYKllHH rrporpaMMHpoBaHHOH KJieTOqHoii rn6eJIH - arrorrT03a, K0TO

pbIH, corJiaCH0 C0BpeMeHHbIM rrpe.[ICTaBJieHHHM, HBJIHeTCH 0CH0BHhlM MeXaHH3M0M, 

peryJIHPYJOlllHM ecTeCTBeHH0e 0TMHpaHHe KJieT0K B TKaHHX )KHB0ro opraHH3Ma. TI03- , 

T0MY mo6aH CTHMYJIHllHH anorrT03a o6H3aTeJibHO corrpH)KeHa C cy111ecTBeHHbIM YMeHb

IIIeHHeM rrepB0HaqaJibH0ro rryna H0pMaJibH0 <pyHKllHOHHPYJOlllHX KJieT0K B 06111eii 

II0IIYJIHllHH [1-3]. 

OcHOBHOH 3a.[laqeii rrpoBe.[leHHb!X HCCJie.[IOBaHnii 6bIJIO H3yqeHHe 06111Hx , 

TeH.[leHQHH HMM06HJIH3aQHH H M0PTaJIH3aQHH crrepMaT030H.[10B !IO.LI .z:1eilcTBHeM 

pa.3HbIX .[103 HOHH3Hpyro111eil pa.[1Ha111m, a TaK)Ke myqeHHe K0JIHqecrneHHbIX acrreKT0B 

II0CTJ)a.[IHallH0HH0ro rrepexo.z:1a crrepMaT030H.[10B Ha pa.3Hbie CTa.[IHH rrporpaMMHp0BaH

HOll KJieTO'IHOH rn6enn. 

MaTepuaJibl II MeTOJl:bl 
MccJie.[IOBaHHH rrpoB0.[IHJIHCb Ha 6eJibIX 6ecrropO.llHblX II0JI0B03peJibIX KpbICax

CaMllax Maccoii 250 - 300 r pa.3B0.[IKH Mecrnoro BHBapHH. Tiocne .[leKanHTallHH )KHB0T· 

HbIX H3BJieKaJIH ceMeHHbie rrpH.[laTKH (31IHJl:H.llHMHCbl) H II0MelllaJIH B H30TOHHqeCKHH 

pacrnop HaTJ)HH XJI0pll.[la. 3rrH.[IH.[IHMHCbl o6nyqanH y-nyqaMH 
60

co Ha ycTaH0BKe 

«MccJie.[IOBaTeJib)) C M0!llH0CTb!O .ll03bl 1,9 cfp/c B .[1Ha!Ia.30He .[103 1-100 fp. CrrepMa~ 

T030ll.[lbl 0T.[leJIHJIH C II0M0!llb!O HeHJIOHOBOro <pHJibTJ)a C .[IHaMeTJ)0M rrop B 100 MKM. 

C 11eJib!O Tecrup0BaHHH II0.[IBH)KH0CTll crrepMaT030H,1(0B KanJIIO IIpHroTOBJieHHOH 

cycrreH3HH rrepeH0CHJill Ha rrpeJ:J:MeTH0e CTeKJI0 TepM0CTaTnpyeM0ro CT0JIHKa C TeMrre

parypoii 37 °C n rrpocMaTJ)HBaJill II0Jl: MHKp0CK0II0M MEM-15 Ha yseJIHqeHHH x 600. 

KonnqecTBeHHOe H3yqeHHe pa.3HbIX CTa.[lllll KJieToqHOll rn6eJIH B rronyJIJillHll 

crrepMaT030H,1(0B IIp0B0Jl:HJIH Ha Jia.3epH0M IIp0T0qH0M llHT0MeTJ)e p AS <pHpMbl Partee 

(fepMaHmI) rrpH BX0.11:H!lleM HarrpH)KeHHH Jia.3epa 200 MB H .[IJIHHe B0JIHbI 488 HM. )];ml 

pa60TbI Ha rrpoToqHoM llHT0MeTJ)e HCII0Jib30BaJIH Ha6op «Annexine V apoptosis detec

tion kit I» <pHpMbI BD Bioscience (CIIIA). )];eTeKTHpoBaHHe MeqeHbIX aHHeKCHH0M V
<l>MT~ (qiyopoc11e1rn H30TllOllHOHaT) H rrporrH,llHH il0.llH.llOM (ITH) crrepMaT030ll.LI0B 

rrp0H3B0,l(HJiaCb C II0M0!llb!O 3eJieHoro H KpacHoro CBeT0,l(eTeKT0pa C00TBeTCTBeHH0 
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[6-7]. O6pa6oTKy .llaHHhlX rrpoB0J:J:HJIH rrporpaMMoil FlowMax (Partee, fepManm1). 

HopMaJibHO <pYHKllHOHHPYIO!llHe KJieTKH orrpe.l(eJIHJIH KaK aHHeKCHH V -<1> MT~(-) 

/TIM(-). KneTKH, Hax0J:J:H!llHecJI Ha panHeil CTa.11:HH anorrT03a, orrpe.11:eJIJ1JIH KaK anHeK

cnH V-<1> MT~(+ )/ITH(-), a KJieTKH, Hax0J:J:H!llHecJI Ha II03.l1Heii CTa.11:HH anom03a HJIH 

norn6rnHe B pe3yJibTaTe arrom03a, orrpe.l(eJIJIJIH KaK aHHeKCHH V-<I>Hm(+) /TIM(+). 
AHHeKCHH V-<1> MT~(-) /TIM(+) orrpe.l(eJIHJIH KaK MepTBbre KJieTKH, rrorn6rnne B 

pe3YJibTaTe HeKp03a. , 

KonHqecrno crrepMaT030H.ll0B, rrorH6IIIHX B pe3yJihTaTe anorrTo3a, orrpe.l(eJIJIJIH 

rrYTeM BbNHCJieHHJI pa.3Hllllbl Me)l(Jl:y 06111HM qHCJI0M HeII0Jl:BH)KHbIX crrepMaT030HJl:0B H 

rrorH6IIIHX B pe3yJibTaTe HeKpo3a. CTaTHcruqecKyro o6pa6oTKY 3KCrrepHMeHTaJibHhlX 

,1\aHHbIX rrpoB0.[IHJIH !IO 06111errpHHJITOll MeT0,l(HKe [8]. 

PelyJILTaTLI H o6c~eune 
TipH HCCJie.[loBaHHH HMM06HJIH3aQHH crrepMaT030H.[10B 6bIJIO ycTaH0BJieHo, 'ITO B 

,1\Ha!Ia.30He ,1(03 raMMa-o6nyqeHHJI 1-100 fp II0,l(BH:lKH0CTb raMeT MeHJIJiaCb BOJIH006-

pa.3H0, o6pa.3yJI JlBHbIH MHHHMYM rrpH 8 fp H oqeBH.11:Hbie MaKCHMYMhl rrpH 32 H 100 fp 

(pHc. 1 A). 

3Ha'!HTeJibHaH II0TepJI II0Jl:BH)KH0CTll rrpn ,1\03e B 8 fp coqeTanaCb C II0JIBJieHHeM 

MepTBbIX crrepMaT030H,l(0B, rrorn6IIIHX B pe3yJibTaTe pa.3BHTHJI B HHX KaK anomo3a_ TaK H 

HeKp03a, X0TJI BKJia.[I anorrT03a B rn6eJib crrepMaT030ll.[10B 61,m II0'ITll B 2 pa.3a 60JiblIIHll, 

qeM HeKp03a (pHc. 1 E). 

----------

I 

IIOABHlKHOCTb cne pMaT030HAOB 
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Pnc. 1. KOJmqecTBeHHaJI xapaKTepHCTHKa II0CTPa.zlHaQH0HH0ro C0CT0JIHIIJI crrepMaT0301f)10B B 

3aBHCHM0CTH OT ,1\03bl raMMa-o6nyqeHHJI: A: II0,1\Blf)Kff0CTb crrepMaT0301f)10B E: 1 -
ArromnqeCKaJI M0pTaJIH3allllJI, 2 - HeKpOTHqecKaJI M0pTaJIH3allllJI, 3 - II03)1HJIJI CTa)IHJI 

anoIIT03a, 4 - paHHJIJI CTa)IHJI anonro3a. (* - )I0CT0BepHbie H3MeHeHHJI 0TH0CHTeJibH0 K0HTP0JIJI 
npn p :5 0,05) 

C p0CT0M ,1(03bl o6nyqeHHJI, Ha6JIIO.l(aJIOCb rrocrerreHH0e BblpaBHHBaHHe YKa.3aH· 

HOH ,l(HCIIporrop11Hll, rrpHqeM rrpn ,l(03e B 80 fp BKJia.[I o6oHX KOMIIOHeHTOB B peann-

3aQHIO YKa.3aHH0ro <peHOMeHa CTaH0BHTCJI II0'ITH 0J:J:HHaK0BbIM. O.l(HaKO, J)Ke rrpn ,l(03e 

B 100 fp CH0Ba BhlJIBJieHo B0CCTaH0BJieHHe Jl:HC1Iporrop11nn. OJ:J:HaKO He06XOJ:J:HMO YKa

aTb, 'ITO B H3yqeHH0M ,l(Hana3oHe ,1(03 MepTBbIX crrepMaT030ll.[10B 6bDIO o6HapJ)KeHO He 

6onee 22 % OT sceii II0IIYJIHllHll KJieT0K. KpoMe MeprnbIX crrepMaT030ll.[10B 6bIJIH 

TaK)Ke BhlllBJieHbl KJieTKH Ha II03J:J:Heii H panHeii CTa.11:HH anorrT03a. KaK 0Ka.3aJI0Cb, 

HaH60JibIIIee K0JIHqecrno crrepMaT030ll.[10B Ha II03J:J:Heii CTa.[IHH anorrT03a 6bIJIO 
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o6Hapy)KeHo rrpn ,!103e B 8 f'p. B TO )Ke apeMll, pe3Koe B03pacTaHne crrepMaT030ll.!IOB Ha 
paHHeii CTa,n1m arrorIT03a nMeJio MecTO JIHIIIb rrpn _n03e B 32 f'p - 13 %. ITo cpaaHeHmo 
C KOHTPOJieM :no qHCJIO B03p0CJIO rroqrn B 6,5 pa3 (CM. pnc. 1 E). 

HaIIIIIMII IICCJie,!IOBaHIIllMH Y.!laJIOCb TaK)Ke IIOKa3aTb, qTQ IIOCJie o6nyqeHHll 
3IIII.!IHAllMHCOB llOHII3Hpyiomeil pa,nnauneii: B ,!lllaIIa30He ,!103 1 - 100 f'p o6ll3aTeJibHO 
OCTaeTCll He MeHee 60 % KJieToK, KOTOpbre IIOJIHOCTblO COXpaHlllOT CBOIO IIO,!IBH)KHOCTb 
ll rrpHcymHe !IM )KII3HeHHbie q>YffKUIIII (p!IC. 2). 

Hopr,,anbHb1e cnepr,,a103011,[1b1 ... · · · . . i I 
~1111111 ~ 

32 

Ao», rp 

60 BO 100 

P!IC. 2. f!ICTOrpaMMa KOJI!IqecTBeHHbIX II3MeHem1ii: cy6nonyJ1JlUIIII HOpMaJibHO q>yHK
UIIOHIIPYIOllU!X cnepMaT03011)J.0B B o6IUeii nonym1u1111 M)')KCKIIX raMeT B 3aBIICIIMOCTII OT, 

,!1031,1 faMMa-pa,nllaUIIII (* - ,!IOCTOBepHbie II3MeHemrn OTHOCIITeJJbHO KOHTJ)OJ!ll np!I p :s 0,05) . 

ITonyqeHHbre ,naHHbie crroco6crnyioT rronyqeHHIO o6'beKTHBHoii: HmpopMauHH o 
,!1030BbIX 3aKOHOMepHOCTl!X pa3BIIT!Ill aIIOIIT03a II HeKp03a B MY)KCKIIX raMeTaX IIO,!I 

,!leHCTB!IeM raMMa-pa,nHaUHII IIYTeM MO,!leJIHpOBaH!Ill rrpoueccoa pa,nHaUHOHHoro', 
IIOpa)KeHirn Ha crrepMaT030H,!lax Jia6opaTOpHbIX )KHBOTHbIX. 
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MOJIEKY JUIPHO-rEHETHqECKHH 110~0,IJ; ,IJ;JUI HCCJIE,IJ;OBAHIDI 
rEHOMHOH HECT AliHJlhHOCTH P A,IJ;HAU,HOHHO

HH,IJ;YU,HPOBAHHhIX HPRT-MYTAHTHhIX CYliKJIOHOB KJIETOK 
KHTAHCKOro XOMHqKA 

farrHeHKo 0.10., f'oBopyH P.)];., KoIIInaHb H.A., KoIIIJiaHb 11.B., IOpKoB A.M. 
06beou11e1111blu u11cmumym J1oep11b1X uccJ1eooea11uu, 2. /(y611a, PoccUR, pertsevaolya@mail.ru 

BblllBJilleMal! reHOMHal! II xpoMOCOMHal! HecTa6HJibHOCTb y OT,!laJieHHbIX IIOTOM
KOB o6nyqeHHblX KJieTOK rrplIBJieKaIOT BHHMaH!Ie IICCJie,!IOBaTeJieH B CBll31I co ace 6onee 
oqeBH,!IHOH pOJiblO xpoMOCOMHbIX aHOMaJIIIH B rraToreHe3e pll,!la onyxoJieBbIX 3a6oJieBa
Hllll qeJIOBeKa, 3aTParHBaIOIIJ;IIX OT,!leJibHbie reHbl. Crn6HJibHOCTb reHOMa, q>yH.!laMeH
TaJibHOro CBOiicrna Bcero )KIIBOro, 06ecneq1IBaeTCll perrapauHeii: )];HK. PeJyJibTaTOM 

c6oeB 3TOro MCXaHll3Ma l!BJll!IOTCll MYTaUIIH, KOTOpbIC 3aqacTyio, 6bICTPO 3JIHMHHII
py!OTCll B CJie,nyiomHx IlOKOJieHmix, HO II MOfYT coxpaH!ITbCll, peaJIH3Yll ,npyryio, HC 

MeHee 3HaqHMY!O q>YffKUII!O reHOMa, ero II3MeHqlIBOCTh. MexaHII3MbI HH,!lyKUHH II 
IIOMep)KaH!Ill reHeT!IqeCKOH HeCTa6llJibHOCTII ,!10 CHX rrop He BblllCHCHbl ,!10 KOHI~a II 

Tpe6yIOT ,!laJibHeii:IIIero II3yqCHIIll. 
U:HTOfCHeT!IqecKIIM aHaJIII30M 6bma o6Hapy)KeHa BOCIIpO!I3B0,!IIIMal! HeCTa61IJib

HOCTb xpOMOCOM y OT,!laJICHHbIX IIOTOMKOB KJieTOK KIITaHCKOro XOMllqKa, MYTaHTHblX 

no JIOKycy HPRT, KOTOpal! Ha6JIIO,!laJiach KaK y pa.nHfilllIOHHO-IIH.!lyuHpoBaHHbIX My
TaHTHbIX cy6KJIOHOB, TaK II IIp!I CIIOHTaHHOM MYTareHe3e [1, 2]. B UeJillX rrpO,!IOJI)KeHIIll 
H3yqCH!Ill rrpnpO,!lbl reHOMHOii: HeCTa6HJibHOCTII npe.nrroJiaraeTCll rrpoBeCTH llCCJie,!IOBa
HHe HPRT-MYTaHTHbIX cy6KJIOHOB, IIH.!IYUHpOBaHHbIX II3JiyqCH!IllMH pa3HOro Kaqecrna 

MeTO,!laMII MOJieKyJillpHoii: reHeTHKII. JloKyc rHilOKCaHTHH-ryaHIIH qiocqiop116031IJI
TPaHcq>epa3a (HPRT), pacnoJIO)KeHHbiii: Ha X-xpoMOCOMe, y,no6eH .!IJill HH.!lyKUHH, 
H3yqeHHll II KJiaCCllq>llKfillllll MYTaHTHbIX KJICTOK MJieKOIIIITaIOIIJ;IIX II y)Ke ,!IOJiroe BpeMll 

IIIHpOKO IICilOJib3YCTCll KaK ceJieKTllBHblll reHeT!IqecKIIH MapKep [3]. )];Jill KJieTOK 

KHTaHCKOro XOMl!qKa ero pa3Mep II IIOCJie,!IOBaTeJibHOCTb orrpe,neJieHbl II ,!IOCTyIIHbI [4]. 
l10HII31Ipyiomee lI3JiyqeHIIC Bbl3bIBaeT pa3H006pa3Hble IIOBpe)K,!leHHll )];HK: 

O,!IHO- II ,!IByxHHTeBble pa3pb!Bbl, MO.!lllq>IIKfillll!O OCHOBaHllll, qiopMHpoaaH11e )];HK-
6eJIKOBbIX ClllllBOK, TPaHCJIOKaUIIH yqacTKOB )];HK, o6pa30BaHIIC MOCTOB (coe,!IIIHCHIIe 
,!IByx q>parMCHTOB, OTHOCllIIJ;IIXCll K pa3HblM xpOMOCOMaM). HecTa6HJibHbie a6eppaUHII, 
rrpHBO,!llllUIIe K rn6eJIII o6JiyqeHHOH KJICTKII IIJill ee IlOTOMKOB ll3-3a HeB03MO)KHOCTII 

paBHOMCpHoro pacnpe,nenemrn reHeTHqecKoro MaTepHana Me)K.!ly _noqepHHMII KJieTKa
MH, yaepeHHO perHCTPHPyIDTCll MeTaq>a3HbIM MeTO,!IOM [1,2]. )];Jlll 'crn611JibHbIX rrepe
CTPOeK, KOTOpbie conpOBO)K,!laIOTCll nepeMemeHHeM yqacTKOB IlOBpe)K.!leHHbIX xpoMO
COM n MOfYT nepe,!laBaTbCll a Pll.!IY KJieToqHbIX IIOKOJieHHH, TPC6yIDTCll IIO,!IXO,!lbl, OT
JI!IqffbJe OT MeTaq>a3Horo aHaJIH3a, HarrpHMep FISH HJIII ITU:P-aHaJIH3. )];Jill rrpo,noJI)Ke
HHll IICCJie,!IOBaHllll Ilp!IpO,!lbl reHOMHOH HeCTa61IJibHOCTII, HaMH rrpe,nrroJiaraeTCll 

IICilOJib30BaTb MeTO,!IHKY Ha OCHOBe I1U:P-aHaJIII3a. 
KaK O,!IIIH ll3 Ba)l(HbIX 3TaIIOB 6y,nymero IICCJie,!IOBaHIIll, B HaIIIY 3a_naqy BXO,!IIIT 

onrnMH3fillWI npoue.nyp BbmeneHHll H aHaJima )];HK, co,nep)Kameii: HPRT-reH. 

ITocKOJihKY ,neii:crnHe pa.nnauHn Ha )];HK BbI3bIBaeT pa3JIHqffbie noape)K,!leHHll ee 
CTPYKTYPbI (a TOM ~cne II HPRT noKyca), Ba)KHO no,no6paTh npoue.nypbI ee 3KCTPaK

UHH, ~TbIBaIOIIJ;lle !IX xapaKTep ll Tll)KeCTb. 
Cpe,nn HaH60Jiee pacrrpOCTPaHeHHbIX Ha cero,!lmruIHIIH ,!leHb MeT0,!10B, HaH6oJiee 
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.IJ:llBHO IICIIOJlh3YCMhlM HBJUICTCH QlCHOJihHO-XJIOpoqiopMH!UI 3KCTPaKI.IIIH [5], 60Jib
IJIIIHCTBO MO.IJ:IIQJIIK~IIH KOTopoil: rro-rrpe)KHCMy .n:ocrnrnqHo rpOM03.IJ:KII. B 1981 ro.n:y 
6hIJia pa3pa60TaHa rrpOI.IC.IJ:YPa .IJ:JIH II30JIHI.IIIII nHK 113 KJICTOK MJICKOIIIITaIOIJIIIX C IIC
IIOJih30BaHIICM IIOJIIIKap6oHaTHhlX qJIIJihTPOB [6]. '.3TOT MCTO.IJ: .n:aeT xopOIIlllll Bh!XO.IJ: 
nHK 60JibIJIOro MOJICKYJIHpHOro Beca. HecMOTPH Ha Bee ero rrpeIIMYIJICCTBa, 3Haq11. 
TCJihH)'IO KOHKypeHl.111!0 COCTaBIIJI He.n:oporoil:, 6e3orraCHhlll II .n:ocTaTOqHo 6hICTPhIH 
MeTO.IJ: COJICBOH 3KCTPaK1.11111 nHK, pa3pa60TaHHhIH B 1988 ro.n:y II y)Ke .IJ:OBOJihHO 
IJIIIpOKO IIpIIMCHHJOIUIIHCH .IJ:JIH Bhl,IICJICHIIH nHK II IIOCJIC.IJ:)'IOIJICH aMIIJIIIQJIIKal.lIIII B 
TIL(P [7]. OH He TPe6yeT HII o6IJIIIpHoro .n:11an113a [8], HII 11crroJih30BaH11» QJIIJihTPOB[6]. 
CpaBHCHIIC TPCX, HaII60Jiee HCIIOJlh3YCMhIX MCTO.IJ:OB II30JIHI.IIIII nHK rrpIIBC.IJ:CHO B 
Ta6JIIII.IC 1. B11,nHO, qTO CTCIICHh qIICTOThl 113BJICKaeMOH nHK rrpaKTIIqecKII 0.IJ:IIHaKOBa 
BO BCCX Tpex CJIJ'I!UIX. Hcxo.n:H 113 coo6pa)KCHIIH .IJ:OCTYIIHOCTII, npoCTOThl rrpoBe.n:eHIIH 
II Y~ThIB!UI TOT qiaKT, qTO .IJ:JIH TIL(P-aHaJIII3a .IJ:OCTaTOqHo He60JihIJIOro KOJIIIqecrna 
nHK, npe,nCTaBJIHCTCH l.lCJICC006pa3Hh!M .IJ:JIH ee Bhl,IICJICHIIH 113 KJICTOK KIITaHCKOro 
XOMHqKa IICilOJib30BaTb IIMCHHO MCTO.IJ: COJICBOH 3KCTPaKI.IIIII. 

--..,•••u• ... - •• _..,••~-•--••-••••- ..,•---•••••-••----••• .,._ • ..,,_..._,_ -..,n-•r---•u-... •••• r-'11---~ 

MeTO.n: 3KCTPaK1.11111 )];HK 
Bb!.n:eneHHall CTerreHh 0'IIICTKII )];HK 

)];HK,% A260 HMIA280 HM A260 HMIA230 HM 
C IIOJII1Kap60HaTHb[MII qJIIJlbTpaMII 85-90 1,8 2,35 
cpeHOJibHO-xnopocpopMHal! 50-60 1,85 2,35 
C0JieBal! 3KCTPaKl.lllll 50-60 1,8 -

nnH KJICTOK KIITaHCKOfO XOMHqKa 6hIJJa pa3pa60TaHa II OIIpo6oBaHa MCTO.IJ:IIKa 
MYJihTIIIIJICKCHOH TIL(P C 0.IJ:HOBpeMeHHOH aMIIJIIIqJIIKa1.111eil: BCCX .n:eBHTII 3K30HOB 
HPRT-rena [9]. Mb! IIJiaH11pyeM IICIIOJih30BaTb IIOCJIC.IJ:OBaTCJlhHhlll II 113611paTCJihHhlli 
rro.n:xo.n: K aHaJIII3Y IIOBpe)K.IJ:CHIIH pa3JIIlqHoil: IIH.IJ:YKI.IIIII II MaCIJITa6a. TaK, KpyrrHhlC 
.IJ:CJICl.11111 MOryT 6b!Th o6napy)KCHhl IIOCJIC.IJ:OBaTCJihHhIM cpaBHCHIICM aMIIJIIIQJIII.IIIPO· 
BaHHhIX qiparMCHTOB rena. nJIH IICCJIC.IJ:OBaHIIH a66epa1.111il: cpe,nnero pa3Mepa HaMII 
rrpe.n:JiaraeTCH IICIIOJlh30BaTh MCTO.IJ:IIKY pecTpIIKI.IIIOHHOro ananll3a C pa3JlllqHhIMII 
3H.IJ:OHYKJICa3aMII, narrpIIMep HaeIII, AluI, Hinfl, HindIII, PstI [10]. naHHhlll no.n:xo.n: 
IIlllpOKO IICIIOJih3YCTCH B MOJICKYJIHpnoil: 6110Jior1111, B qacTHOCTII MH KapTIIpOBaHIIH 
reHOB 6Jiaro.n:apH 6biCTPOTe II HCIIJIOXOH pa3pCIIlaIOIJICH crroco6nocTI1, 20-50 II.fl . .n:JUI 
o.n:noil: 3H.1J:OHYKJICa3hI. B cJiyqae )KC rrepeKphIBaHIIH cail:TOB peCTPIIKI.IIIII cTaHOBIITCH 
B03MO)l(Hb!M He TOJihKO perIICTPIIPOBaTb IIOBpe)K.IJ:CHIIH pa3MepoM B HCCKOJlhKO nap 
OCHOBaHIIH, HO, np11 Heo6xo.n:11MOCTII, II TOqHo qJIIKCIIpOBaTb IIX IIOJIO)KCHIIC. 

KpoMe Toro, rrepcrreKTIIBHhIM .IJ:JIH 01.ICHKII Hecrre1.111qi11qecKIIX 113MCHCHIIH reHa 
HBnHCTCH MCTO.IJ: TIL(P peaKl.11111 C necrre1.111qi11qecKIIMII OJIIlfOHYKJICOTII.IJ:HhlMII rrpail:Me
paMII (MSP-PCR, AFLP, qmnreprrp11HTI1Hr). Han11q11e rroBTOpHJOIUIIXCH rrocJie,noBa
TCJihHOCTeil:, Harrp11Mep, -GTG-, II03BOJUICT noJiyqaTb qiparMeHThl npOII3BOJlhHOro pa3-
Mepa, B 3aBIICIIMOCTII OT BhI6paHHOro rrpail:Mepa. IlpaBIIJihHhlll BhI6op npail:Mepa II 
.IJ:OCTaTO'IHO 6oJibIIIOe KOJIIIqecrno qiparneHTOB II03BOJIHJOT BCCTII KOJIU'leCm6eHHblU 

aHaJIII3 co6CTBCHHOH (BHyTpIIBII.IJ:OBOil:) reHeTIIqecKOH Bap11a6eJihHOCTII B IlOCJie,noBa
TCJlhHOM PH.n:Y IIOKOJICHIIH [11]. Ilo.n:o6Hblll rro.n:xo.n:, HCCOMHCHHO, MO)KCT 6hITh ycneIII
HO npIIMCHCH .IJ:JUI onpe.n:eJieHIIH CTCIICHII co6cTBeHHOH Bap11a6eJibHOCTII HPRT-reHa II 
IlOJiyqenIIH xapaKTepIICTIIKII reHOMHOH HCCTa6IIJihHOCTII B 3aBIICIIMOCTII OT .IJ:03hl 
pa.n:11~1IOHHOro B03.IJ:CHCTBIIH. I1p11 Heo6xo.n:IIMOCTII, Ba)l(Hble IlOBpe)K.IJ:eHIIH MOryT 
6hITh, B IlOCJIC.IJ:CTBIIII, KapTIIpOBaHhl. 
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ConocTaBJICHIIe .IJ:aHHhIX, IIOJiyqef!HhIX Ha OCHOBC Henocpe.n:cTBCHHOro aHaJIII3a 
reneT11qecKoro MaTep11ana (HPRT rena) nocpe.n:crnoM rroJI11Mepa3noil: 1.1ennoil: peaK1.1I111 
II l.lIITOrenernqecKoro aHaJIII3a, II03BOJIIIT IIOJiyqIITb 6oJiee IIOJIHOe rrpe,nCTaBJICHIIe 0 
rrp11po.n:e reHOMHOH HCCTa6IIJihHOCTII MyTaHTOB. neTaJihHOC II3yqCHIIe MOJICKyJUipHbIX 
co6bITIIH, IIHill.lllllp)'IOIUIIX reHOMH)'IO HCCTa6IIJihHOCTh B IlOCJIC.n:yJOIUIIX renep~IIHX 
MyTaHTHhIX KJICTOK, nocJiy)KIIT 3TailOM .1J:JU1 yCTaHOBJICHIIH np11p0.1J:bl reHOMHOH HCCTa-
6IIJibHOCTII KJICTOK II ee MeXaHII3MOB. 
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PA)J:HOPE3HCTEHTHOCTh H PEAKIJ,IDI rPh13YHOB HA 
XPOHHqECKOE P NJ:HAU:HOHHOE B03,[J;E:UCTBHE B MAJlhlX )];03AX 

(BOCTQqHQ-YPAJihCKH:U P NJ:HOAKTHBHhl:U CJIE,LO 
rpnropKnHa E.E., IlaIIIHnHa 11.A. 

HHcmumym 3K0JI0ZUU pacmeHuu u :»eUBomm,ix YpO PAH, z. EKamepuH6ypz, PoccUR 
grigorkina@ipae.uran.ru 

HarrI1qHe o6IIInpHblX TeppHTOpnii, 3arpJI3HeHHblX pa,nHOHyKJIIIJJ:aMH nocne 

KI,IIIITbIMCKOll (1957 r.) n llepH06billbCKOll (1986 r.) a.I!apnii, OCTaBJIJieT npo6JieMy 

pa,nnoa,nanTa}lllII MeJIKHX MJieKOnIITaIOIIlHX O,n:HOH H3 aKTYaJibHbIX II ,n:HCKYCCHOHHblX B 

pa,nH03KOJIOfllll. B HaCTOJIIIleM coo6meHHH Mbl npIIBOJJ:HM pe3yJibTaTbl KOMnJieKCHOro 

ll3yqeHHJI pa,nnope3HCTeHTHOCTH, a TaK)Ke pJI,n:a q>H3HOJIOfllqecKHX H UHTOreHeTH

qecKHX nOKa3aTeneii y rpb13YffOB, o6HTaIOIIlllX B 30He BocToqHo-YparrbCKOro pa,nIIOaK

THBHOro cne,i;a (BYPCa) n q>oHOBbIX Teppnrnpmrx Yparra. 

O61,eKTbl IICCJie,J;oBaHHJI - rpb13Yffbl, pa3JIHqaIOIIlHeCJI 3KOJIOro-q>ll3HOJIOrHqec

KHMH oco6eHHOCTJIMH (MaJibie JieCHbie MbIIIIH - Apodemus (S) uralensis, noneBbie 

MbIIIIH - Apodemus agrarius, KpaCHbie noneBKII - Clethrionomys rutilus, o6hIKHOBeH

Hbie noneBKH - Microtus arvalis, noneBKH-3KOHOMKH Microtus oeconomus n o6bIKHO

BeHHhie cnenyIIIOHKH - Ellobius talpinus), OTJIOBJieHHbie Ha yqacTKax, cxo,n:HhIX no 

reo60TaHHqecKOMy onHCaHH!O H q>ayttHCTilqeCKOMY COCTaBy, HO pa3HblX no nJIOTHOCTH 

pa,nIIOaKTHBHOfO 3arpJI3HeHHJI. 11MnaKTHble yqaCTKH OTJIOBa 3BepbKOB HaXO,J;HTCJI B 

3nnneHTPe BYPCa: cnenyIIIOHOK B 6 KM, MbIIIIeii H noneBOK - B 13 KM OT MeCTa B3pb1Ba 

eMKOCTH C pa,nIIOaKTHBHbIMII OTXO,J;aMH II pa3JIHqaIOTCJI nJIOTHOCTb!O Pll.nIIOaKTHBHOro 

3arpJI3HeHHJI (rn6n. l); KOHTPOJibHbie yqacTKH Hax0,J;JITCJI 3a npe,i;enaMII BYPCa n 

ypoBeHb 3arpJI3HeHHJI CO0TBeTcrnyeT q>OHOBbIM 3HaqeHHJIM ,J;JIJI YparrbCKOro peruoHa. 

Pa,nnope3HCTeHTHOCTb H3yqarrn TPll.nHUHOHHO B pa,nno6nonoruqecKOM 3KCnepnMeHTe 

nocne OCTPOro TOTaJibHOfO o6nyqeHHJI )KllBOTHbIX, OTJI0BJieHHbIX Ha qnCTbIX 

TeppnTOpHJIX, paccqnTblBaJIH JI,ll;o130 (Ta6JI. 2). C neJib!O HCKJI!OqeHHJI BJIHJIHHJI 

q>ll3nonornqecKoro crnzyca Ha pa.nnannoHHYIO ycToiiqnBOCTb, B 3KcnepnMeHTax 

ncnOJib30BaJIH 3BepbKOB (MbIIIIII H noneBKH) TOJibKO BTOporo THna OHTOreHe3a (cxeMa) 

[1]. 3TO ceroneTKH, OTJIOBJieHHbie oceHb!O, He yqacTBYIQIIllle B ro,i; CBOero po)K,(eHHJI 

B npoueccax nonyJIJIUHOHHOll penpO,!;YKUHII, xapaKTepH3Y!QTCJI MIIHIIMaJibHbIM 

ypOBHeM o6MeHa BemecTB, q>yHKUIIJI - coxpaHHTh nonyJIJI}lll!O 3HMOH, a BeCHOll HaqaTb 

HOBblll UIIKJI ee 06HOBJieHHJI. 
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P11c. 1. CxeMa ,n:Byx aJibTepHaTIIBHbIX nyreii OHTOreHeTHqecKoro pa3BllTHJI y MbillleBII.IIHblX 

rpb13YHOB [l] 
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KpoMe Toro, 3BepbKH 3TOH rpyrrnnpOBKll JIBJIJI!OTCJI Han6onee pa,nnope3HC

TeHTHbIMH no Jl.ll:so/30. JieTaJibHOCTH, peaKUHH CHCTeMbl reMOn033a, cpe,i;Heii 

npo,n:OJI)KHTeJibHOCTH II .n:pyruM xapaKTepIICTIIKaM [2]. 

Ta6nm1a I. Pa.n:1103KOJIOruqecKaJI xapaKTep11CTI1Ka yqacTK0B 0TJI0Ba, BIDKHble 611onornqecK11e 

napaMeTpbI n nornoIIJeHHbie .II03bI y rpbI3yHoB Ha BYPCe 

Il.rIOTHOCTb Ilpo.n:om1rn- IlornoIIJeHHaJI Penpo.n:yK- ,[(03ay 

B11.11 3arpll3HeHHJI TeJlbH0CTb 3a JKH3Hb .II03a THBHbIH JKHB0THbIX 

yqacTKa o6ITTaHHll JKil3HH Ha BYPCe, fop B03pacT penpo.n:yKTHB. 

Ha BYPCe 
90Sr rpbI3YH0B B03pacTa, o3p 

A.(S) uralensis 
A. agrarius 

400-540 K11/KM
2 

1,5 ro.n:a 0,07-1,5 1,5 Mee. 0,36 
Cl. ruti/us 

(15-20 MEKIM
2

) Marva/is 
M oeconomus 

E. talpinus 950-1050 Kn/KM
2 

6neT 0,33-29,63 2 ro.n:a 11,40 

( qepHaJI MOpcpa) (35-39 MEKIM
2

) 

Y CTaHOBJieHO, o6bIKHOBeHHbie cnenyIIIOHKH JIBJIJI!OTCJI CaMblM pa,nnoqyBCT

BHTeJibHblM BH,l;OM H3 6oJibIIIOll cepnn ll3yqeHHbIX HaMH BHJJ:OB rpb13YffOB (Ta6JI. 2) [3], 
qTO CBJI3aHO C HX o6pa30M )Kll3HH H 3KOJIOro-q>H3HOJIOfllqecKHMH oco6eHHOCTJIMH. 3TO 

norrHMOpq>Hbie no OKpacKe Mexa )KllBOTHbie (6ypaJI n qepHaJI MOpq>bI), HMe!OT 6orrb

IIIYIO, qeM MblIIIH H norreBKH, Macey Terra, xapaKTepH3YIQTCJI HH3KOll Mnrpanneii, Be,i;yT 

no,i;3eMHblll HOpHblli o6pa3 )KH3HH. 

Ta6nm1a 2. Pa.n:nope3HCTeHTHOCTb rpb13YH0B pa3HOH 3KOJIOfl,IqecKOH cneIJHaJIH3aIJ!lll, 

0TJI0BJleHHbIX Ha qJOHOBblX reppttTOpllllX Ypana [3] 

Bn.n: lIIIso/3o, fp M±m MecTO 0TJIOBa 

El/obius talpinus * 26 5,0±0.7 KyHall!aKCKIIH p-H (qeJ1J16I1HCKall o6n.) 

(qepHaJI Mopcpa) 

Ellobius talpinus * (6ypaJ1 17 5,1±0.6 Jie6llJKbeBCKIIH p-H (KypraHCKaJI o6n) 

Mopcpa) 

Apodemus (S) uralensis 36 7,0±0.4 11.nbMeHCKHH 3an0Be.1IHIIK 

(qem16ttHCKaJ1 o6n.) 

Microtus arvalis* 27 9,4±0.4 HI1JKHe-CeprnHcK11il p-H (CBep.lIJIOBCKaJI 

o6n.) 

Microtus oeconomus 30 9,6±0.4 KacJIHHCKHH p-H (lJeJ1J16IIHCKaJI o6n.) 

Apodemus agrarius 57 10,0±0.2 IlorreBcKoii p-H (CBep.lIJIOBCKaJI o6n.) 

C/ethrionomys ruti/us 56 12,8±0.4 lipeMeJlb (qeJ1J16IIHCKaJI o6n.) 

TTpHMeqaHHe: 3Be3)1QqKoll o603Haqem,I BH)II,I, .IIJIJI KOTOphIX JI.rlso/30 onpe11eneHa BnepBI,Ie 

PaHee HaMH [3] n0Ka3aHO, ~o Macca Terra, THn nHTaHHJI n 6HOTOnHqecKaJI npn

ypoqeHHOCTh )KHBOTHblX JIBJIJI!OTCJI OCHOBHblMH xapaKTepncTHKaMH, KOTOpbie o6y

crroBrrHBaIOT pa,nnope3HCTeHTH0CTb MeJIKHX MrreKonHTaIOIIlHX. Bo3MO)KHO, o6HTaHHe B 

Hopax (cTa6HrrbHOCTb MHKpOKJIHMaTHqeCKHX ycJIOBHii) npn OTCYTCTBHH ecTecTBeHHOll 

HHC0JIJIUHH, npeIIJITCTBYeT pa3BHTHIO y crrenynmHOK npea,nanTanHn K OCTPOMY 

o6nyqeHHIO. 

ttccne,i;oBaHne reMaTonornqecKHx, HMMyttonorHqecKHx [4] n nnToreHeTnqecKHX 

[5] xapaKTepHCTHK y )KHB0THbIX H3 30Hbl BYPCa, BblJIBHJI0 6oJibIIIYIO ycrniiqnBOCTb 
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o6bIKHOBeHHblX CJierrynIOH0K K xpoHll'JeCK0MY 06ny<1emno (.11mueJibHOe, B Teqemre 50 

JieT, o6nnume B PaJIHfillH0HH0M 6HO{leH03e) T. K. HH B O,!IHOH H3 amUIH3HpyeMbIX 
CHCTeM He 6blJIO o6Hapy)l(eHO 3HaqHMblX c K0HTP0JieM pa3JIHqnii (rn6JI. 3). 

Ta6imua 3. CpaBHemie UIITOretten1qecKIIX, reMaTOJJOr11qeCKIIX II IIMMYHOJJorttqeCKHX 

xapaKTepllCTIIK y rph13YHOB (BYPC- KOHTpOJJb) 

811,11 U11ToreHen1qecK11e feMaTonor11qecK11e l1MMYHOJJOrttqecK11e 

llOKa3aTeJJII ll0Ka3aTeJJII ll0Ka3aTeJJII : 
MbIWII II llOJJeBKII +* +* +* 
CnenvwoHKtt - - -

Ilp11Me'laH1Ie: • o603HaqeHO HaJJIIqlie ,llOCTOBepHbIX pa3!1fl'lflH no KOMilJleKcy ITOKa3aTeJJeH y rpb13YHOB 

II3 IIMITaKTHbIX II KOHTPO!lhHblX Bb16opoK 

IlpH 3T0M rrornomeHHbie .!I03bI [6] y cnerryrnoH0K perrpo.11yKTHBHoro B03pacrn a 
30 pa3 BbIIIIe, qeM TaK0Bbie y MbIIIIeii H II0JieB0K (Ta6JI. 1), y K0T0pb!X yCTaHOBJieilb! 

MHoroqHcJieHHb!e ,!I0CT0BepHbJe (no cpaBHeHHIO C 0,!IH0HMeHHb!M KOHTPOJieM) C,!IBHrH B 

CHCTeMe reM0II033a H HMMYHHTeTa, a TaK)l(e yaennqeHHaJ! qacT0Ta MHKp0H,!lep B 

KJieTKax K0CTH0ro M03ra. 

IlonyqeHHbie pe3yJibTaTbl .11orrycKaIOT reHeTJ1qecKYJO HHTeprrpeTa{IHIO, T. e. 

paC{leHeHbl KaK rrorrymr{IH0HH0-reHeTHqecKaJI pa,nnoa,nama11mr y £. ta/pinus. B 

3arpH3HeHHOH PaJIH0HYKJIH,!laMH cpe.11e rrpH H30JIHIIHH rroceJieHHH (HH3KaJ! MHrplUIHH) B 

ceaepHoii qacTH apeana. MbllIIH H II0JieBKH B CHJIY CBoeii Bb!COKOH MHrpfillH0HHOH 

crroco6HOCTH, 3a K0p0TK0e BpeMH M0ryT rrpe0,!I0JieBaTb rrp0CTPaHcTBa, C0II0CTaBHMb!e 

C rrorrepeqHbJMH pa3MepaMH 30Hbl 3arpH3HeHHH, qTQ rrpHB0,!IHT K qiopMHpoBaHHIO 

«rrpoToqHoro» HaceneHHH, T. e. HaceneHHH c MeHHIOIIIHMCH cocrnaoM [7]. Ilpn 3T0M 

ycTaHaBJIHBaeTCH paBH0BeCHe Me)l(,!ly BCeJieHIIaMH C qnCTbIX TeppHTOpHii H Bb!Ce

JieH1IaMH H3 30Hbl 3arpH3HeHHH. TaKHM o6pa30M, rpbI3Yffbl II0,!IBH)l(Hb!X BH,!10B ycK0Jib-

3aIOT OT ,!IJIHTeJibH0ro B03,!leHCTBHH II0Bpe)l(,!laIOlllero qiaKTOpa, ~o rrperrHTCTByeT 

pa3BHTHIO y HHX pa,nnoa,narrTalIHH. .IJ:n.a BepHqJHKa1IHH HalIIHX paccy)l(,!leHHH rrpe.11-

CTaBJ!HeTCH Ba)l(Hb!M 011eHHTh HaJIHqHe pa,nna11H0HH0-HH.!1YI1Hp0BaHH0ro 8,!laIITHBH0fO 

0TBeTa y H3yqaeMbIX BH,!10B rpb13YH0B pa3HOH 3KOJ!OfIIqecKoii crre11HaJIH3fillHH. Mo)l(HO 

rrpe,!III0JI0)l(HTb, ~o B KaqecTBe 8,!laIITHPYJOIIIHX ,!103 o6nyqeHHH B ,!laHH0M cnyqae 

Bb!CTyrraeT xp0HHqecKoe o6nyqeHHe B MaJiblX ,!I03ax, K0T0poe B03,!leiicrnyeT Ha 

opraHH3M )l(HB0THb!X II0CT0HHH0 o6HTaIOIIIHX B 30He 3arpH3HeHHH. 

Pa6orn BbIII0JIHeHa rrpH II0Mep)l(Ke P<l><l>M (rrpoeKT 07-04-96091 p_ypan_a). 
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liEJIKOBbIE <l>PAK.QHH OPrAHH3MOB IlPH 3KCTPEMAJibHbIX 
COCTO.SIHIDIX 

.IJ:aarnH M.A., Haaacap.11.aH n.A., EapcernH 3.X., AplIPYHH H.A., MapyrnH C.B., 

rpnropHH P. 
Epe«a11cKuu wcyoapcm«e1111blu )'IIU«epcumem, Ka<jJeopa 6uoxUMuu, marsed@ysu.am 

)KHBbie opraHHJMbl o6JI8,!laIOT 6oJiblIIHMH rrpHCIIOC06HTeJibHblMH B03M0)l(H0CTH

MH, II03B0JIHIOIIIHMH HM Bbl)l(HBaTb B 3KCTPeMaJibHb!X ycJI0BHHX. QqeBH,!IHO, rrpH 3T0M 

opraHH3Mbl Bbipa6aTb!BaIOT orrpe.11eneHHb!e 3alllHTHbie MeXaHH3MbI, H3yqeHHe K0T0pbIX 

HBJIHeTCH OCHOBOH .!IJIH pa3pa60TKH crroco6oB 3alllHTbl opraHH3M0B OT 3KCTPeMaJibHb!X 

B03.!leiicTBHii. 

MHOrHMH HCCJie,!I0BaHHHMH II0Ka3aH0, ~o H0HH3HpYJOmee H3Jl)"IeHHe Bbl3bIBaeT 

MH0)l(eCTBeHHb!e 0,!IHOCaiiTOBb!e (O.!IHOHHTeBbie pa3pb!BbI, MO,!IHqJHKllllHH OCHOBaHHii) H 

MYJibTHCaiiTOBbie KJiacTepHb!e (JIOKaJibHb!e MH0)l(eCTBeHHb!e ,!IBYffHTeBb!e pa3pb!Bbl, 

Me)l(M0JieKyn»pHbie crnHBKH mrra .D:HK-6eJIOK H .IJ:HK-.IJ:HK) rroape)l(,!leHH» .D:HK 

[Pfeiffer P.,et.al.,1996]. M3aecTHo 6onee 100 rrp0.!IYKT0B pa,nH0JIH3a H CTPYKTYPHbIX 

HapyrneHHii .IJ:HK o6nyqeHHbIX KJieToK [Teoule R., 1987; Von Sonntag C., 1987; 

Fielden E., et.al.,1991]. 

He.11ocTaTOqHQ H3yqeHbI B0IIp0CbI H3MeHeHHH qipaKIIHH 6eJIKOB rrpH 3KCTPe

MaJibHb!X B03,!leHCTBmIX pa3JIHqffbJX qJaKTOpOB Ha opraHH3Mbl. MMeIOTCH CBe,!leHHH, ~o 

rrpH fOJI0,!laHHH Ha qJOHe o6mero KaTa60JIH3Ma 6eJIKOB rrpoHCX0,!IHT H 6HOCHHTe3 

orrpe.11eneHHb!X 6eJIKOB H, B TOM qncne, HH.!IYKIIllH HeK0T0pbIX qiepMeHTOB. B 3T0M 

HaIIpaBJieHHH rrpe,!ICTaBJIHeT 60JiblIIOH HHTepec HH.!IYKIIHH CTPeCCOBblX 6eJIKOB, Ha3bl

aaeMblX 6eJIKaMH TepM0III0Ka (ETill) [Bensaude 0., et.al.,1983; Barnett Th.,et.al.,1980; 

Ellis R.J., 1987; Hartl F.U., 1999], K0T0pb1e cHHTe3HPYJOTCH He TOJibK0 rrpH TerrnoaoM 

B03,!leHCTBHH, HO H ITO.II BJIHHHHeM .11pyrnx CTPeCC0BbIX qJaKTOpOB (3TaHOJI [Watson 

K.,et.al.,1983; Zeuthen M.,et.al.,1988]; rnrroKcHH [Sachs M.,et.al.,1980]; rrepeKHCb 

ao.11opo.11a [Keyse S.,et.al.,1987] H .11p.). XoT» HMeeTCH orrpe.11eneHHb1ii rrporpecc B 

o6naCTH H3yqeHHH 3THX 6eJIKOB (Bb!HBJieH reH ETill, H3yqeHbl oco6eHHOCTH 3KCrrpec

CHH II0CJie,!IHero, ycTaH0BJieHa K0HcepBaTHBH0CTb ETill B 3B0JIIOIIHH [Lind

guists, 1986]), HO PH.II rrpHHIIHIIHaJibHbIX B0IIp0C0B 3alllHTH0ro MeXaHH3Ma. ETill 

0CTaeTCH 0TKpb!TbIM. B 3T0M HarrpaaneHHH rrpe,!ICTaBJIHIOT orrpe.11eneHHb!H HHTepec 

HeK0T0pb!e rrpe.11aapHTeJibHbie ,!laHHble 0 rrpe.11oxpaHeHHH ETill xpoMaTHHa OT rroape)l(

,!leHHH [Levinger L., et.al.,1981] n ,!la)l(e nx yqacme B rrpo11eccax perrJIHKfillHH [Munro, 

et.al.,1986] H perraplUIHH ,n:HK [Lai B.-T., et.al.,1984]. 

Hccne.110BaHH» rroKa3aJIH (pnc.l), ~o y .11po)l()l(eii C.guilliermondii BKM Y-42 
II0CJie II0CJie,!I0BaTeJ!bH0f0 f0JI0,!laHllH Ha 2 %-oil fJIIOK03e (48 q) HBO.lie (24 q) pe3K0 

yaeJIHqnaaeTCH menoqepacrnopHMaJ! qipaKllllH 6eJIKOB H YMeHblIIaeTCH B0,!10-

pacTB0pHMaJI. 
BbmBJieHbl HeKOT0pb!e pa3JIHqnj{ B KQJilfqeCTBeHH0M C00TH0IIIeHHH aMHH0KHCJI0T 

BO,!IOpaCTBOpHMOH qipaKIIHH 6eJIKa ,!10 H II0CJie fOJI0,!laHHH (Ta6JI. 1) 

TaK, II0CJie fOJI0,!laHHH 3aMeTH0 II0Bb!IIIaeTCH co.11ep)l(aHHe JIH3HHa, rHCTH,!IHHa H 

acrraparnHOBOH KHCJIOThI H, Hao6opoT, II0HJI)l(aeTCH co.11ep)l(aHHe qieHHJ!aJiaHHHa n 
BaJIHHa BO,!lopaCTBOpHMOH qipaKUHH 6eJIKa. Ilpo11enTHoe co.11ep)l(aHHe !IMHH0KllCJI0T 

menoqepacrnopHMOH qipaKUHH rrpH f0JI0,!laHHH II0,!IBepraeTCH He60JiblIIHM H3Me

HeHHHM, 3!1MeTH0 II0HH)l(aeTCH co.11ep)l(aHHe JIHIIII, qieHHJ!aJiaHHHa. 
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P11c. l. <l>paKQIIOHHhlH COCTaB 6eJJKa 
.npollOKett C.Guilliermondii BKM Y-42 .no 11. 
nocne a3OTHOro rono.na1111J1 11 np11 
IIHKy6a1..11111 t = 8 q Ha Ba..'111He-N15

• 

EB- so.nopacTBop11MaJ1 <jipaK1..111J1; 
•- conepaCTBOpllMall +cn11pTOpaCTBO
E!!,Mal1 <jipaK1..11111; 
LJ II1eJ1oqepaCTBOpllMhie <jipaKl..11111 (!+II) 

□- 11epaCTBOpllMhIH OCTaTOK 

.n:o rono- rrocne rono- HHKy6aum1 
.n;aHHll .n;aHllll t = 8 q 

MO)l(HO 3aKJIJOqHTh, qTo H3yqaeMbie q>paK{lHII 6eJIKOB, llBJillllCh reTeporeHHhIMH, 

Ha6mo.n:aeMbie 113MeHeHHll B rrpoueHTHOM co.n:ep)KaHHII aMIIHOKIICJIOT llBJilllOTCll 

cne.n;CTBHeM 113MeHeHHll KOJIHqecrneHHOro COOTHOIIIellllll rro.n:q>paKUHll 6eJIKOB. 

Ta6n111..1a I. AMIIHOKOCJIOTHhlH COCTaB BOJ10paCTBOp11MOH II II1eJ1oqepacTBOpllMOH <jipaKQIIH 
6enKa .n:pollOKett C. guilliermondii BKM Y-42 (B MOJJllx) 

AMHHOKIICJIOThl IBo.nopacTBOPIIMall cboaKQllll [llenoqepacTBo 0IIMall cppaKQllll 
lfoXOJIHall rono.nruo1I1a» Hcxo.nHall rono.na10II1all 
KYJlhTYPa KYJlhTYPa KYJJhTYPa KYJJhTYPa 

I.J;11cTe1111 8,4±0,06 9,3±0,2 - -
Jln31111+r11CTIIJIHH 10,9±0,1 15,2±0,3 20,6±0,4 21±0,5 
Apr11111111 5,8±0,07 4,7±0,06 6±0,04 5,7±0,05 
Acnaoar1111osa» K11cnorn+cep1111 15,7±0,2 21±0,3 5,4±0,03 4,8±0,04 
rn111..11111 8±0,1 8,1±0,2 6,3±0,5 8,4±0,06 
rnYTaMIIHOBall 18,8±0,3 19±0,3 24±0,4 24,5±0,45 
KIICJIOTa+TpeoHIIH 
Ana111111 10,8±0,2 10,2±0,2 11,4±0,3 12±0,2 
TIIP0311H 4,2±0,05 3±0,05 2,7±0,05 3,3±0,06 
Ba.rr1111 4,3±0,06 1,32±0,03 6±0,04 6,3±0,03 
<l>eHIIJJaJiaHIIH 3,2±0,05 1±0,03 4,3±0,04 2±0,01 
JlettUIIH 9,4±0,1 7,5±0,09 14±0,2 12±0,1 

B rrocne.n:YIOIIIHX 3KCIIep11MeHTax H3yqaJIHCh 113MeHeHHll B 6eJIKOBbIX q>paKUHllX 

rrp11 BOCCTaHOBJieHHII IIHTallllll rono.n:aBIIIIIX KYJibTyp C ueJihIO BHeceHHll llCHOCTII B 

CYIIIHOCTb BbIIIIerrp11Be.n;eHHbIX 113MeHeHHH rrpH roJIO/l:aHHH. B :noil: cepHH OIIhITOB 

rrpe.n:Bap11TeJibHO fOJIOiJ:aBIIIHe .n:po= rrepeHOCHJilICb B IIOJIHOUeHHYIO IIHTaTeJihHYIO 

cpe.n:y, co.n:ep)KaruYIO B KaqecTBe ncToqH11Ka a3OTa BaJIHH-N
15

• IlpoueHTHoe co.n:ep

)KaHlle N
15 

B rrperrapaTe COCTaBJillJIO 17,3. I1HKY6aullll rrpoBO/l:IIJiaCb B Teqenne 8 q_ 

Pe3yJihTaTbl IIOKa3aJIII, ~o rrp11 3TOM co.n:ep)KaHHe 6110MaCCbl He rrpeTeprreBaeT 

cy11..1ecTBeHHhIX 113MeHeHHH. TaK, KOJillqeCTBO 6110MaCCbl yBeJinq11BaeTCll Ha 1 +2 %, 
rnr.n:a KaK KOJinqecTBO 6eJIKa 11 0611..1ero a3OTa Ha 11±1 % 11 45,5±1,5 % COOTBeTCTBeHHO. 

B rrocne.n:YIQIIIeM 113yqanacb .n;HHaMIIKa BKJIIOqeHllll N
15 

BO q>paKUHIO 

Bo.n;opaCTBOpllMhIX a3OTco.n:ep)Kat:UHX ne6eJIKOBbIX coe.n;HHeHHll (aMIIIIOKHCJIOThl, 
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NH/n .np.). C :noil: uenhIO rrpo6b1 6pannch qepe3 0,5 q, 1 q, 2 q, 4 q n 8 q HHKy6aun11. 

KaK BH/l:HO H3 rrp11Be.n;eHHOH Ha p11c. 2 Kp1rnoil: .n;HHaMHKII 06ora11..1eHllll ne6eJIKOBbIX 

a3OTco.n:ep)Karu11x coe.n;nHe11nil: N15, .n:o rrepBoro qaca HHKy6au11n rrpoueHTHoe 

co.n:ep)KaHtte N 15 
rrocTerreHHO yBen11qnBaeTCll, .n:oxoM .n:o 8,5, a rrocJie rrepBoro qaca 

1111Ky6aun11 B Teqenne 1 qaca IIOCTeITeHHO IlOHH)l(aeTCll. MO)l(HO rrpe.n:rroJIO)KHTb, qTO 

noHll)l(eH11e rrpoueHTHOro co.n:ep)l(aHirn N 15 B 3TIIX ycJIOBHllX rrpo11cxo.n;HT TOJihKO 

scne.n:cTBHe pa36aBJieHHll ero aMHHOKIICJIOTaMH, o6pa3YIQIIIHMIICll 3a cqeT KaTa6oJIH3Ma 

6eJIKOB KJieTKII. 
Ilocne BToporo qaca nnKy6auIIn, KaK noKa3hIBaeT rpaq>IIK, npoueHTHoe 

co.n:ep)l(aHIIe MeTKII B He6eJIKOBOH a30Tco.n:ep)l(arueil: q>paKUIIII BHOBb nocTeIIeHHO 

yBeJIIIq11BaeTCll II K KOHUY BOCbMOro qaca iJ:OCTIIraeT 12.6. ITO-Bll/l:HMOMY, IIOCJie 

BTOporo qaca yKa3aHHall BO3MO)l(HOCTh pa36aBJieHHll MeTKII (BepollTHee Bcero 

KaTa60JIII3MOM HeKOTOpbIX 6eJIKOBhIX q>paKu11il:) IlOCTeneHHO ocna6eBaeT. TaK IIJIII 

IIHaqe, 11a6n10.n:aeMaJ1 /l:IIHaMIIKa BKJIIOqeHIIll BaJIHHa-N
15 

BO q>paKUIIII He6eJIKOBbIX 
a3OTCO.n;ep)l(aruIIx coe.n:11neHIIil: CBn.n;eTem,CTByeT O TOM, qTO B rrepIIo.n: BOCCTaHOBJieHIIll 

ITHTaI!llll roJIO/l:aBIIIIIX ITO a3OTY .n;pO)l()Keil: npOIICXOMT rny6oKIIe CiJ:BIIrII He TOJibKO 

a11a6onIIqecKoro rropll.n;Ka. 

LJ:anee HaMII IICCJie.n;oBaJIOCh rrpoueHTHOe co.n:ep)l(aHHe N 15 
B OT.n;eJibllbIX 

aMIIHOKIICJIOTax r11.n:poJIII3aTa cyMMapHoro 6enKa. CooTBeTCTBYIOIIIIIe /l:aHHble 

npnBe.n;eHhl Ha pIIC. 2. KaK II CJie.n;oBaJIO O)l(ll_n:aTh, qepe3 3OMIIH IIHKy6aunn 

11an60JibIIIIIll npoueHT N 15 
o6Hapy)l(IIBaeTCll B BaJIIIHe, necKOJihKO MeHhIIIIIH - B 

q>eHHJiaJiaHIIHe II 311aqIITeJibHO MeHbIIIIIH - B .n:pyrIIX aMIIHOKHCJIOTax. qepe3 48OMHH 

HHKy6aunII co.n:ep)KaHIIe N 15 
B BaJIIIHe OCTaeTCll 11a1160JibIIIIIM, HO 3aMeTHO BO3pacTaeT 

B pll.n;e .n:pyrIIX aMIIHOKIICJIOT, oco6eHHO B JIII311He, q>eHHJiaJiaH11He II rJIIOTaMIIHOBOH 

KIICJIOTe. 
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P11c.2. ,n:,rnaMIIKa HaKOIIJleHHll N 15 B cso60.n110M 
aMHHOKHCJIOTHOM nyne .npollOKett C. guil/iermondii 
BKM Y-42 nocne BOChMnqacosott 1111Ky6a1..1n11 B 
npllCYTCTBHII BllJIIIHa- N

15 

TaKIIM o6pa30M, B pa3Hble rrepIIOiJ:hl 

IIHKy6auII11 IIHTeHCIIBHOCTb BKJIIOqeHIIll 

OT.n;eJihllbIX aMIIHOKHCJIOT B 6nOCIIHTe3 6en

KOB HeO_n:IIHaKOBa. 3To MO)KHO 061,llCIIIITh, 

Bepoll:THO, HepaBHOMepHbIM aHa6oJill3MOM 

pa3JillqllbIX 6eJIKOBbIX q>paKUIIH B rrepIIO/l: 
I 2 4 

BOCCTaHOBJieHllll a3OTHOfO IIIITaHIIll rono.n;aB

IIIIIX .n;pO)K)Keil:. .lJ:aHHbie Ta6JI. 2 II pnc.1 IIOKa3hIBaIOT, ~o rrpII BOCCTaHOBJieHIIII 

IIIITaHHll roJIO/l:aBIIIIIX KYJih TYP rrpOIICXOMT rny6oKne C/l:BllfII BO q>paKJ:lllOHHOM 
COCTaBe 6eJIKOB, a IIMeHHO 11a6JIIO.n;aeTCll 3Haq11TeJibHOe yaenIIqeHIIe KOJIIIqecTBa 

Bo.n;opacTBOpllMbIX 6eJIKOB II yMeHbllleHIIe ruenoqepacTBOpHMblX. TaKHM o6pa30M, rrpII 

BOCCTaHOBJieHIIII IIIITaHIIll rono.n;aBIIIIIX KYJibTYP IIOCTerreHHO 11OpMaJIII3YeTCll 

npoue11THoe COOTIIOIIIeHne 6eJIKOBhIX q>paKUIIH .n;pO)K)Keil:, np116JIII)KaJICb K TaKOBOMY 

il:Jill 11erono.n;aBIIIIIX KYJihTYP-

6 8 t, q 

CoB0Kyn11ocTh npIIBe.n;eHHhIX /l:aHHblX IIO3BOJilleT 3aKJII0qllTh, ~o npII BOC

CTaHOBJieHIIII a3OTl!OfO IIIITaHIIll roJIO/l:aBIIIIIX .n;pO)K)Keil: B 6eJIKOBOM o6MeHe 
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Ta6nm-1a 2. <l>paKUHOHHhltt cocrne 6enKa rono,1aeumx no a:iory ,1pm10Kel! C. Guilliermondii 
BKMY-42 nocne BOChMttqacoeol! HHKy6al.{HH e npttcyrcTBHH BaJIHHa-N

15 

<l>paKl.{HH Or 6ttOMaCCbl APO)l()Kett, % Or o6ll.{ero KonnqecTea 6enKa, % 
Bo,1opaCTBOpHMall 7,3+0,2 36,5±1,1 

ConepacTBopttMal! 0,3+0,05 l,5+0,25 

CnttpTOpaCTBOpttMall 0,05±0,01 0,25+0,05 

menoqepaCTBOPHMal! I 
menoqepaCTBOpHMal! JI 8,6±0,3 43±1,5 

HepaCTBOpHMblH 0CTaT0K 3,4±0,2 17±1 

CyMMa 19,65±0,76 98,35±0,9 

npoIICXO,!(JlT npOI.(eCCbl, o6paTHb!e no xapaKTepy, Ha6mo,1aeMb!M nptt fOJIOAaHIIII. 

H3MeHeHJIJI npII roJIOAaHIIII B 061l.(IIX qeprnx BblpIDKa10TCSI B ycIIJieHIIH KaTa60JIII3Ma 

BOAOpacrnopHMbIX 6eJIKOB II atta6oJIII3Ma ll.(eJioqepacrnopn:MblX 6eJIKOB, a npn BOC

CTaHOBJieHHH a30THOro nIITaHHSI, Hao6opoT, B YCIIJieHIIH KaTa60JIH3Ma ll.(eJioqepacrno~ 

PIIMb!X 6eJIKOB II aHa60JIH3Ma BOAOpacrnopIIMb!X 6eJIKOB. Mb! MO)l(eM nonaraTh, qro 

yKa3aHHbie ll3MeHeHHSI OTHOCSITCSI He KO BCeM 6eJIKaM YKa3aHHb!X clipaKI.(IIll, a, CKOpee 

BCero, K onpeAeJieHHb!M llHAHBIIAYaJibHb!M 6eJIKaM (noA<!ipaKI.(IISIM) 3TIIX clipaKI.(llll. 

IlpnAaBasi BIDKHOe 3HaqeH11e pon11 IIHAyrrnpyeMb!X ETlll B cliopM11pOBaHHH 

TepMoycToil:q11BOCTH, Mb! npoBeJIH IICCJieAOBaHIIe CHHTe3a ETlll y II!TaMMa 

TepMOTonepaHTHoro MYTaHTa Candida rugosa BCE-925. 
.l(pmroKeBbie KJieTKII Candida rugosa BCE-925 6b!JIII HHKy6npoBaHbI np11 40°C. 

B TeqeHIIe IIHTeHCIIBHOll cliaJbl poem (17-il: qac IIHKy6al.(IIII) APO)l(JKH 6b!JIH BbJAeJieHbI 

113 KYJibTypaJibHOll cpeAbl II noMell.(eHbl B cpeAy, COAeplKall.(yro BaJIHH-N
15 

B Kaqecrne 

eAIIHCTBeHHOro IICTOqHIIKa a30Ta. lfHKy6al.(IIIO npOBOAIIJIII B TeqeHne 3-x qacoB np11 

OTHOCIITeJibHO BbICOKoil: TeMnepaType - 44 °C. 3aTeM 113 KYJibTYPaJibHoil: cpeAbI 6bIJIH 

BbJAeJieHbl KJieTKII. IlonyqeHHYIO APOlKlKeByro 6IIOMaccy 3aMOp0lKIIBaJIII (-15 °C) II 

nponycKanII qepe3 <l>peHq-npecc, nocne qero BbIAeJISIJIII BOAoconepacrnop11Mbie 6enKH 

II npOBOAIIJIH clipaKI.(IIOHHOe pa3AeJieHIIe MeTOAOM reJib-cliIIJibTPal.(IIII. Kon11qecrno 

CIIHTe311poBaHHOro 6enKa onpeAeJISIJIII MeTOAOM Jloyp11 [Lowry O.H., et al, 1951]. 

,[(attHb!e Ta6JIIII.(bl 3 nOKa3b!Ba10T, qro c yqeTOM CTeneHII BKJIIOqeHHSI TSilKeJioro 

1130TOna a30Ta N
15 

B 6eJIKOBb!e clipaKI.(1111 B ycJIOBIISIX TepMOIIIOKa KOJIIIqecrno CIIHTe-

3IIpOBaHHb!X Hil3KOMOJieKyJISipHblX (M ~ 78 K,[() 6eJIKOB npIIMepHo B 2 pa3a 60JibIIIe 

Bb!COKOMOJieKyJISipHb!X. CTeneHb BKJUOqeHIISI N
15 

B 6eJIKOBbie clipaKI.(IIII nOKa3aJia 

TaKlKe, qro npol.(eHTHOe COAepJKan11e HII3KOMOJieKyJISipHb!X 6eJIKOB, CIIHTe3IIpOBaHHblX 

B APO)K)l(ax Candida rugosa BCE-925 np11 TepMOIIIOKe, npIIMepHo B 3 pa3a 6oJibIIIe 

Bb!COKOMOJieKyJISipHblX. 

Ta6n. 3. Co,1epJKanne N
15 

B pa:innqHhIX npenapaTax APO)l()Kett H KYJihrypanbHOl! cpe,1e 

IlpenapaThI Co,1eplKaHtte N ", % 
~eJIOCTHble KJleTKH l,7+0,05 

BhICOKOMOJieKYJillpHble 6eJIKH 1,5±0,08 

HH3KOMOJieKyJillpHbie 6eJIKH 2,75±0,06 

Cpe,1a AO HHKy6al.(HH 17,0±0,01 

Cpe,1a nocne HHKY6aunn 15,0±0,15 
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IlonyqeHHbJe AaHHb!e CBIIAeTeJibCTByroT O TOM, qro B ycJIOBIISIX TepMOIIIOKa B 

APOlKlKeBb!X KJleTKax, B03MOlKHO, npOIICXOASIT rny6oKIIe 611ox11M11qecKIIe CABIIru, 

KOTOpb!e BblpIDKruoTCSI B ycuJieHIIII 611oc11HTe3a onpeAeJieHHb!X 6eJIKOB, TaK u B 

yc11JieHIIU KaTa60JIII3Ma Apyr11x, 0 qeM CBUAeTeJibCTByeT npol.(eHTHOe COAeplKaHIIe N 15 

B 6eJIKOBbIX <liPaKl.lIISIX, a TaKlKe B KYJibTypaJibHOil: cpeAe AO II nocne IIHKy6al.(1111. 

Ha6JIIOAaeMoe nOHIIlKeHIIe npol.(eHTa MeTKH B cpeAe IIHKy6al.(IIII MOlKeT npOll.30llTII 3a 

cqeT pa36aBJieHIISI MeTKII 3a cqeT KaTa60JIII3Ma onpeAeJieHHb!X 6eJIKOBbIX u Apyrnx 

BblCOKOMOJieKyJISipHb!X a30TCOAeplKall.(HX coeAIIHeH11il:. 

Ilpu cpaBHIITeJibHOM IICCJieAOBaHIIII Me30cliIIJibHOro IIITaMMa APO)K)l(eu C.maltosa 
II ero TepMOTOJiepaHTHOfO MYTaHTa C. rugosa, Bblpall.(eHHb!X B TeqeHue 48q np11 32°C11 

40°C COOTBeTCTBeHHO, Ha 3JieKrpoclioperpaMMax 6eJIKOB APOlKlKeil: C. maltosa II 

MYTaHTa APOlK)l(eil: MeqeHHbIX 35S-MeTIIOHIIHOM, OKa3aJIOCb, qTo npu TenJIOIIIOKe e 

TeqeHne 20 MHH (pnc. 3 11 4) UHAyrrnpyroTCSI 2 noA<!ipaKI.(IIU, IIMeIOII.(IIe MOJieKynsipHbie 
MaCCbl 74 11 79 K,[( COOTBeTCTBeHHO. 

BepoSITHO, HenocpeACTBeHHyro 3all.(IITHYIO <liYHKI.(IIIO Bb!IIOJIHSIIOT TOJlbKO 2 rpyrr

nbI ETlll, KOTOpb!e npOS!BJISIIOTCSI y TepMOTOJiepattTHOro MYTaHTa np11 TeMrrepaType 

40°C II YCUJIUBaeTCSI ux CIIHTe3 rrpu TeMnepaType 44 °C, TO ecTb np11 TepMOIIIOKe. 

lf3BeCTHO, qro HeCMOTpSI Ha TO qro y MYTaHTa He BblpIDKeHbl 3TII 6 rpyrrrr ETlll 
xapaKTepHb!X MS! AHKOro npeAIIIecrneHHIIKa, OH IIpOS!BJIS!eT pe3HCTeHTHOCTb AIDKe rrp11 
TeMneparype 40 °C. 

He IICKJUOqeHa B03MOlKHOCTb, qro cnel.(ucli11qecKue OTJIIIqusi, o6HapJ)l(eHHbie np11 

CpaBHIITeJibHOM UCCJieAOBaHIIII 113yqaeMbIX APOlKlKeBb!X IIITaMMOB B ycJIOBUSIX 

noBbIIIleHHb!X TeMneparyp, o6'bSICHSIIOTCSI TeM, qTo y TepMO<!iIIJibHOro BIIAa Mbl IIMeeM 

AeJio He TOJibKO C UHAyKI.(Ueil: CIIHTe3a non11nenTIIAOB de nova, KaK y AIIKOro 

npeAIIleCTBeHHIIKa, a C coxpatteHIIeM II YCIIJieHIIeM CIIHTe3a KOHCTIITyTIIBHb!X 6eJIKOB C 

Maccoil: 74 u 79 K,[(, o6pa3yIOII.(IIXCSI B HOpMe rrpu OIITIIMaJibHOll TeMneparype. 

Hamu IICCJieAOBaHUSI IIOKa3aJIII, qTo II rrp11 3TaHOJIOBOM crpecce (3TaHOJI 6 %) B 

TeqeHIIe 5 MIIH noBbIIIleHHOll pe3IICTeHTHOCTbIO xapaKTep113yeTCSI TepMOTOJiepaHTHblli 

MYTaHT, no cpaBHeHIIIO C Me3ocliIIJibHb!M IIITaMMOM. Ilp11 3TOM y TepMOTOJiepattTHoro 

MYTaHTa MeqeHblll MeTIIOHIIH IIHTeHCIIBHO BKJUOqaeTCSI e 6eJIKII c MOJieKynsipHblMII 
BeCaMII 74 II 79 K,[(. 

MOlKHO CAeJiaTh BblBOA, qro IIAeHTH<!iIIl.lllpOBaHHbie 6eJIKII c MOJieKynsipHblMII 

MaCCaMII 74 II 79 K,[( Bb!IIOJIHSIIOT He TOJibKO <liYHKI.(IIIO, CBSI3aHHyro C o6ecneqeHIIeM 

KJieTKII TepMoycToil:q11eocTbIO, HO II IIrpruoT l.(eHrpaJibHyro pOJib B cliopMIIpOBaHIIII 

KJleTOqHoil: pe3IICTeHTHOCTII Boo6rne B OTHOIIleHIIII pa3JIIIqHb!X crpeccopHb!X cliaKTOpOB. 

8 HalllIIX npeAbJAYII.(IIX IICCJieAOBaHIISIX IIOKa3aHO, qro np11 IIHTeHCIIBHOM 

o6nyqeHIIII peHITeH0BCKIIMII nyqaMII AP0lKlKeil: noBpeJKAaeTCSI ,[(HK II B penapal.(II0H

HOM rrepIIOAe noepe)l(AeH11e np0A0JI)l(aeTcSI. IlpII IICCJieA0BaHIIII HaMII 3JieKrpoclio

PeTIIqecKIIX <liPaKl.lllll 6eJIKOB_ AP0lKlKeil: 0Ka3aJI0Cb, qro 6eJIKOBbie <liPaKllIIII AO II B 

TeqeHIIe o6nyqemrn He rrpereprreBruoT 113MeHeHIISI, HO rrp11 II0CTPaAIIal.(II0HH0M 

(penapal.(IIOHHOM) nepII0Ae YCIIJIIIBaeTCSI 6110CIIHTe3 HeKOT0pb!X <liPaKl.lllll II AIDKe 

noSIBJIS!eTCSI PM HOBbIX clipaKI.(Illl, cpeAII KOT0pbIX oqeBIIAHO IIHAYllIIPYII.(TCSI 6eJIKII 

clipaKI.(IIH c MOJieKyJISipHbIM BeC0M 70-72 K,[(. QqeBIIAHO, OHII SIBJISIIOTCSI 6eJIKaMII 

TeITJIOBOro IIIOKa, Bep0SITHee BCero - hsp70. B HaCT0SIII.(ee BpeMSI HaMII npoB0MTCSI 

3KcrrepIIMeHTbl no IIAeHTII<!iIIKal.(1111 yKa3aHHb!X 6eJIKOBb!X <liPaKl.lllll II BblSICHeHIISI IIX 
C0OTBeTCTBIISI 113BeCTHblM manep0HaM. 

293 



J,faaeCTHO, 'ITO MHorne 6eJIKH, a TOM qncJie - aprHml3a, a KHCJIOH cpe,ue (pH3 n 
HH)Ke) pacna,uaeTCJI Ha cyfo,e,uHHHUhl H npH 3TOM q>epMeHT HHaKTHBHpyeTCJI. To )Ke 
CaMOe npoHCXO,UHT npn CBJBhIBaHHJI EDTA npHpO,UHOro aKTHBaTopa aprHHa3hl - Mn++_ 
<l>epMeHT MO)KHO peaKTHBHpOBaTb HHKy6npoBaHHeM npH pH9,5 B npHCYTCTBHe Mn++ 
COOTBeTCTBeHHO. B HaIIIHX 3KCnepHMeHTax yKa3aHHhIMH cnoco6aMH 6hIJia HHaKTH
BHpOBaHa H peaKTHBHpOBaHa aprHHaJa neqeHH JIJiryIIIKH Rana ridibunda. MoneKyJIJip-

_.-- 79 K}]; 

_74K}]; 

_6JK}]; 

_30K}]; 

a 6 

Pnc. 3. a - 3neKTpoq>operpaMMa 6enKoB 
t1poJ10Keil: C. maltosa Me'!eHHbIX 35S-Me-· 
TII0HIIH0M, np11 TeIIJI0III0Ke B Te'!ett11e 20 
MIIH; 6 - pa;:i;11oaBTOrpaq>11J1 :noil: )Ke 
3JJeKTpoq>operpaMMbI 

-- 79K}]; = .._ 74K}]; 

P11c. 4. a - 3neKTpoq>operpaMMa 6enKoB 
TepM0T0Jler,aHTH0r0 MYfaHTa i'.IPOllOKeH, 
Me'!eHbIX 3 S-MeTIIOHIIHOM, npH TepM0III0Ke B 
Te'!eH11e 20 MIIH; 6 - pa;:i;noaBTOrpaq>IIJI 3TOH 
)Ke 3JJeKTpoq>operpaMMbI 

HaJI Macca HaTHBHOro qiepMeHTa COCTaBJIJieT 125000-130000 .n:. OKa3aJIOCh, 'ITO npH 
KHCJIOTHOH HHaKTHBaUHH aprHHa3hl qiepMeHT pacna,uaeTCJI Ha qeTbipe cy6oe,UHHHUhI c 
MOJieKyJIJipHOH Maccoil: 32 K)];, a nocne peaKTHBHpOBaHHJI MOJieKyJIJipHhIH Bee qiepMeH
Ta COCTaBJIJieT 31 K.ll:, T.e. JIBJIJieTCJI OKTaMepoM, a HaTHBHhIH qiepMeHT - TeTpaMepoM. 
CooTBeTCTBeHHO, 3HaqeHHe Km ,uJIJI TeTPaMepHoil: H OKTaMepHoil: apruHaJ pa3JIHqtthl. 
TaKHM o6pa30M, npn peaKTHBaUHH rrpe,uaapHTeJihHO HHaKTHBHpOBaHHOH aprHHa3hl 
nponcxo,uHT o6pa30BaHHe HOBoro onnroMepa. nhIJlo c,uenaHo npe,urroJIO)KeHne, 'ITO 
B03MO)KH0 HenpaBHJihHOe CBOpaqnBaHHe HJIH c6opKa cy6oe,UHHHU B OJIHfOMepHyro 
CTPyKTYPY CBJl3aHO C He,UOCTaTO'l'.HhIM KOJIHqeCTBOM IIIanepoHOB, rJiaBHhIM o6pa30M, 
BCJie,UCTBHe pa36aBJieHHJI cpe,Uhl peaKTHBHpOBaHHJI. 

Ilpn HHaKTHBHpOBaHHH qiepMeHTa E)];TA TeTpaMep pacna,uaeTCJI Ha ,unMephI H 
MOHOMepbI c MOJieKyJIJipHhIM BeCOM 63 n 32 K)]; COTBeTCTBeHHO. Ilpn peaKTHBauHH a 
ycJIOBHJlX HHKy6aurin npH pH 9,5 n a npHCYTCTBHe Mn++ BOCCTaHaBJIHBaeTCJI TeTPa
MepHaJI CTPYKTYPa 3a cqeT )'MeHhIIIeHHJI KOJIHqecTBa MOHOMepoB H ,UUMepoB. O,uHaKO 
peaKTHBHpOBaHHhIH TeTpaMep He qyBCTBHTeJieH K THOJIOBhIM ll,upaM. TaKHM o6pa30M, H 
npn ,UaHHOH q>OpMe HHaKTHBauHH H peaKTHBauHH npOHCXO,UUT o6pa30BaHHe OJIHrO
MepHOH CTPYKTyphl He n,ueHTHqttOH HaTHBHOMY qiepMeHzy. Bo3MO)KHO, npnqnHoil: 
3TOro JIBJieHHJI JIBJIJieTCJI HenpaBHJihHhIH qion,unHr 6eJIKa H3-3a He,UOCTaTKa IIIanepoHOB. 

ABTopaMH nOKa3aHO, 'ITO ,uo,ueKaMepHaJI rJIYTaMHHCHHTeTa3a pacna,uaeTCJI Ha . 
HeaKTHBHhie cy6oe,UHHHUhl no,u BJIHJIHHeM 6M ryaHH,uHHru,upoxnopn,ua HJIH 7M 
MoqeBHHhl. y ,uaneHHe ,ueHaTYPHPYIOIUHX q>aKTOpOB COBepIIIeHHO He,UOCTaTOqffO ,uJIJI 
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peaKTHBHpOBaHHJI q>epMeHTa, T.K. q>OJI,UHHr n c6opKa npoTeKaIOT HenpaBHJihHO. Ilpn 
yqacTHH IIIanepoHoB (hsp-70, GroEL) H IIIanepoHHHOB (hsp-60, hsp-10, GroES H ,up.) 
peHaTypaUHJI (peaKTHBauHJI), T.e. q>OJI,uHHr n c6opKa npoHCXO,UHT oqeHh npO,UyKTHBHO 
H 6b1cTPo [Hartl F.U., 1999; Mosimoto et al, 1994; <l>nIIIep M.T. 1998]. Caoil:cTBaMH 
IIIanepOHOB o6na,uruoT n HeKOTOphie q>epMeHThl. K nocJie,UHHM OTHOCJITCJI ,UBe 
pa3JIHqHhie q>OJih,Ua3hl (npoTeHH,UHCYJihq>H,UH30Mepa3a H nenTH,UHJinpoJIHJIUHCTPaHc
H30Mepa3a) [qy-qeH, 1998]. 

Pe3yJihTaThl HaIIIHX npe,uaapnTeJihHhIX 3KcnepnMeHTOB n0Ka3hIBaIOT, qTo ,uo6aa
Ka K cpe,ue peHaTypaunn npe,uaapnTeJihHO HHaKTHBHpoBaHHoil: ,UB)'MJI cnoco6aMn 
aprHHa3hI, onpe,ueJieHHhie 6eJIKOBhie q>paKUHH 3KCTPaKTa neqeHH JIJiryIIIKH, He 
o6na,uruoiunx aprHHa3HOH aKTHBHOCThIO, 3HaqnTeJihHO nOBhIIIIaeT 3q>q>eKTHBHOCTh 
peaKTHBHpOBaHHJI C Bh!COKHM BhIXO,UOM HaTHBHOro TeTPaMepa. QqeBH,UHO, B YKa3aH
HbIX <l>PaKUHJIX co,uep)KaTCJI 6eJIKH TepMOIIIOKa (IIIanepOHhl, IIIanepOHHHhl n ,up.) 
HaITpaBJIJIIOIUHe npouecc q>OJI,UHHra no npaBHJihHOMY HanpaBJieHHIO. B HaCTOJIIUee 
BpeMJI Be,uyTCJI HCCJie,uoBaHHJI no H,UeHTHq>HKauHH 3THX 6eJIKOB. 
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MAJiblX ,lJ;03AX 
11BaHeHKO r.11>., EypnaKOBa E.E. 

HHcmumym 6uoxw.tu11ecKou <jnl3UKU UM. H.M3MaH)"3JIJl PAH, z. MocKBa, PoccUH, 
galiv03@rambler.ru 

bbIJIO H3YtJ.eH0 BJIHHHHe cna6hrx pa,n;Hfil\H0HHhIX B03,neii:CTBHH Ha C0CT0HHHe 6Ho
XHMHK0-UHTOreHeTHtJ.eCKHX nOKa3aTeJieii: B nepmpeptttJ.eCKOH Kp0BH y nonyJIHUHH 
mo,neil: B 0T,naneHHhie cpoKH nocne qepHofihmhcKoil: KaTacTPo<pi.1. O6HapylKeHo, tJ.T0 B 
,l{HaIIa30He HH3KHX ,1{030Bh!X HarpY30K (OT 0,1 ,no 20 c3B) n0BhIIIIeHa BblpalKeHH0CTh 
reHeTHtJ.eCKlIX noBpelK,n;eHHll B JIHMq>OUHTaX Kp0BH. B 3T0M lKe HHTepsane ,1{03 Ha6mo
,naeTCH yBeJIHtJ.eHHe KaK B0,nopaCTB0pHMhIX, TaK H JIHnH,1{3aBHCHMhIX aHTlI0KCH,l{aHT0B 
(AO) B nna3Me KP0BH. C p0CT0M HH,l{HBH.l{yaJihHhIX nornomeHHhIX ,1{03 (OT 20 c3B ,no 
150 c3s) HCCJie,nyeMbie CHCTeMbl 0TBetJ.aJOT no pa3H0My: ypoBeHb AO CHHlKaeTCH, a 
tJ.aCTOTa a6eppfil\Hll xpoMaTH,l{H0ro THna a JIHMq>OUHTax nepttcpeptttJ.eCKOH Kp0BH 
yseJIHtJ.HBaeTCH, HO He CT0J!h 3HatJ.HTeJibH0 no cpaBHeHHIO C ,neii:CTBHeM Hll3KHX ,1{03. 

IlpHCYTCTBHe pa,n;Hfil\HOHHOH aKTHBH0CTll B cpe,ne 0611TaHHH tJ.enoBeKa Bhl3h!BaeT 
oco6YJO 03a6otJ.eHHOCTh, TaK KaK 0TMetJ.aJOT ycttneHHe MYTfil\H0HHhIX npoueccoB B 
pa3JIHtJ.HhIX KJieTKax H TKaHHX H CTHMYJIHUlIIO KaHUeporeHe3a B 0TBeT Ha ,neiiCTBHe 
HH3Kl!X ,1{03 pa,n;Hfil\HH. MYTareHe3 conp0B0)K,l{aeTCH HeCTa6HJibHOCThlO xpoM0C0MH0ro 
annapaTa KJieT0K pa3JIHtJ.HhIX TKaHeii H ,necrn6HJIH3aQHeii reHoMa. IlpHtJ.eM 3q>q>eKThl 
HH3K0HHTeHCHBH0rO o6nytJ.eHHH B o6naCTH MaJihIX ,1{03 M0rYT 6h1Tb BhIIIIe, tJ.eM 
3q>q>eKThI 6oJihIIIHX ,no3 pa,n;ttaUHH [Crompton, 1998; Cuttler, Pollycove, 2003; Hooker, 
2004]. 

,l(JIH oueHKH ,neiiCTBHH o6JIYtJ.eHHH B MaJihIX ,no3ax nhITaJOTCH pa3pa60TaTh 
pa3JilltJ.Hble 6HOXHMHtJ.eCKlle H 6ttoq>H3HtJ.eCKHe KpHTepHH, B tJ.aCTH0CTH, 60JihIIIOe BHH
MaHHe y,neJIHeTCH H3YtJ.eHHIO aHTl!0KCH,l{aH0BTH0ro crnryca opraHH3Ma. YpoBeHb aHTll
OKHCJIHTeJihHOH aKTHBH0CTH (AOA) KJ!eT0K KpHTlltJ.eCKHX opraH0B HMeeT 60JihIIIOe 
3HatJ.eHHe B HCX0,ne JIYtJ.eB0ro nopalKeHHH. Hatt6onee ycTOlltJ.HBOe C0CT0HHHe Mern6o
JIH3Ma K ,neiicTBHIO lIOHH311pYJOmeii pa.n;HaUHH B cpe,n;HeJieTaJihHhIX ,1{03ax o6JIYtJ.eHHH 
xapaKTepH3yeTCH KaK Bh!COKOH BeJIHtJ.HHOH AOA JIHnH,l{0B, TaK H Bh!C0KHM yp0BHeM 
cyJihq>rn,n;pHJihHhIX rpyrrn [EypnaKOBa 11 ,np., 1983]. 

Cpe,n;H so,nopacrnop11MhIX aHTH0KCll.l{aHT0B rnYTaTHoH(GSH) 3aHHMaeT oco6oe 
MeCT0. HapH.n;y C BHTaMl!HaMH C, A H E rnYTaTH0H no,naBJIHeT 0KHCJIHTeJibHbie npouec
Chl B KJ!eTKe 11 npenHTCTBYeT nepeKHCH0My 0KHCJieHHIO JIHnH.l{0B. OTHOCHTeJihHO 6oJih
IIIOH BKJ!a.l{ rJIYTaTH0Ha CBH3h!BaJOT C q>YHKUHeii pereHepaI.\HH, no KpaiiHeii: Mepee, 

,n;Byx BHTaMHH0B: a-TIP tt acKop611HOH KHCJI0Thl. KpoMe TOro, OH ycHJIHBaeT HX 
,neiicTBHe [Winkler et al., 1994]. 

l{eJihlO HaIIIeil: pa60Thl 6bIJIO oueHHTh 3<pq>eKT ,1{030BhIX HarpY30K H onpe,neJIHTh 
B03M0lKHbie CBH3H MelK.ny 6HOXHMHKO-UHTOreHeTHtJ.eCKHMH n0Ka3aTeJIH y nonyJIHUHH 
JIIO,l{eil:, no,nseprIIIHXCH xp0HHtJ.eCK0MY HH3K0HHTeHCHBH0MY o6JIYtJ.eHHIO nocne 
qepH06hIJihCKOH KaTaCTPO<phI. 

MaTepullJILI u MCTO,l{LI 

. B o6cne.n;oBaHHYJO rpynny BX0,l{HJIH YtJ.aCTHHKH JIHKBH,l{fil\HU asapHH, pa60TaB
IIIHe B nepBhle ,l{HH nocne asapHll (Jll) 11 B nocJie,l{YJOIQHe ro,l{hI (JI2), n0JIYtJ.HBIIIHe 
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C)'MMapm,re ,!{030Bbie Harpy3Kll B .nn:arrmoHe OT 0,1 c3B ,!{0 150 c3B, n: ,!{eTH, rrp0lKll

Barourn:e Ha 3arpH3HeHHbIX pa.nn:oH)'KJill,!{aMll Teppn:T0pllHX (rr. MneHCK, EoJIXOB ll 

qeqepcK). C)'MMapHbie ,!{030Bbie HarpY3Kll y ,!{eTeii Ha rrop»,!{0K HHlKe (0,01-7 c3B), 'leM 

y B3p0CJibIX Jllll.{, II03T0MY n:ccne.nyeMbie rrapaMeTpbI K0ppenn:p0BaJill C ,!{030BbIMH 

HarpY3KaMH, II0JIY'leHHbIMll ,!{JIH llX MaTepeii, ,!{030Bbie Harpy3Kll ,!{JIH K0TOpbIX C0CTaB

JIHJill OT 0,1 ,!{0 70 c3B. IlOKa3aHO, 'ITO B CllCTeMe MaTb - IIJI0,!{ K0Hl.{eHTpal.{HH pa.nn:o

l.{e3HH B IIJial.{eHTe ll B IIJI0,!{e C00TBeTcTByeT ero K0Hl.{eHTpal.{llll B MaTepllHCK0M 

opraHH3Me. KpoMe Toro OCHOBHOH rryrb rrocryrrneHHH 
137

Cs K rpy.nHoMy pe6eHKY 

JielKllT 'Iepe3 M0JI0K0 MaTepn [EaH,!{ITTKeBCKn:ii, 2001]. rpyrrrroii cpaBHeHn:H 6bmn 

lKHTeJIH "'lllCTbIX" paiiOHOB. 

AHaJIH3HpOBaJill IIJia3MY KaIIHJIJIHpHoii Kp0Bll (B3H1)10 HaTOuraK) llJlll rryrr0BHH

HYJO Kp0Bb H0B0polK,!{eHHbIX. B 100 MKJI IIJia3MbI crrercrpocpnyopn:MeTpH'leCKll 0rrpe.z:1e

JIHJIH co.neplKaHHe rnyraTn:oHa rrpn: 350/420 HM MeT0,!{0M McNeil. et al., 1968 B Harneii 

MO,LlllqJllKal.{llll. ToKOcpepon n peTHH0JI orrpe.z:1eJIHJlll rrpn: 295/325 HM n: 339/470 HM 

cooTBeTCTBeHH0 [Storer, 1974]. Bee pe3yJibTaTbI BbipalKaJill B MKM. 

Pe1yJILTaTbl II 06cylK.l{eH11e 

IlonyqeHHble HaMll 3KCrrepn:MeHTaJibHbie pe3yJibTaTbI II0Ka3aJIH, 'ITO co.z:1eplKaHn:e 

rJIYTaTH0Ha He 3aBHCllT OT B03pacrn ll He 3aKperrneH0 KaK reHeTH'leCKllH rrpH3HaK 

[l1BaHeHKO, EypnaKOBa, 2004]. Hawe 3aKJIIO'leHn:e cornacyeTCH C JIHTeparypHbIMll 

,[laHHbIMll [Pastore A et al.,1998]. B T0lKe BpeMH Mbl o6pamnn: BHllMaHn:e Ha 

YBeJIH'leHHe Bapn:a6eJibHOCTll n:ccne.nyeMbIX rrapaMeTp0B y llH,!{llBll,[I0B. lfaMeH'lllBOCTb 

rrpn:3HaKa M0lKeT roB0pHTb KaK 06 llH.[lllBH,!{YaJibHOH pa.nn:o'lyBCTBHTeJibH0CTH JIIO.[leii, 

TaK n: 0 pa.nn:o6n:onorn'leCKHX oco6eHHOCTHX Hll3K0HHTeHC,llBH0ro ll3JIY'!eHn:H, K0T0po

MY II0,LIBeprnn:cb lKHTeJIH 3arpH3HeHHbIX pa.nn:0H)'KJill,!{aMll paiiOHOB. 

AHaJill3 OKllCJIHTeJibHO-BOCCTaHOBHTeJihHOH CHCTeMbI rnyraTH0Ha (pn:c.l a, 6), 

BllTaMHHa E (pnc. 1 B) B IIJla3Me y ,[leTeii (HH,!{llBll,!{YaJihHbie ,[laHHbie ), rrp0lKllBfilOIIIHX 

Ha pa3HbIX no 3arpH3HeHH0CTll pa.l{ll0HYKJIH,[laMll TeppHTOpHHX, JlllKBH,!{aTOp0B (Jll,J12) 

aBapllll Ha qA3C qepe3 4-5-6-7 JieT II0CJie KaTaCTpOq>bI BbIHBllJI CJIOlKHbIH xapaKTep 

3aBHCllM0CTll llCCJie.z:1yeMbIX rrapaMeTp0B OT ,[103bl pa.nnal.{llll. Ha pn:c.1 rrpe,LICTaBJieHbI 

3aBHCHM0CTll ,[I03a-3cpcpeKT .LIJIH n:ccne.z:1yeMblX rrapaMeTp0B. lfa pn:cyrrKa. Bll.[IH0, 'ITO B 

.[lllaIIa30He Hll3KllX ,[1030BbIX Harpy30K (0, 1 c3B - 25 c3B) Ha6JIIO,[laeTCH yBeJIH'leHn:e co

.neplKaHHH He T0JibK0 B0CCTaH0BJieHH0ro rnyraTH0Ha, HO ll lKHpopaCTB0pllMbIX AO 

(.naHHble rrpn:Be,[leHbI T0JlbK0 ,!{JIH BllTaMHHa E) B IIJia3Me y ,[leTeii, rrp0lKllBfilOIIIHX Ha 

pa3HbIX no 3arp»3HeHH0CTH pa.nn:0H)'KJill,!{aMll TeppHTOpllHX, ll JlllKBH.[laTOp0B (Jll, J12). 

IloBhIIIIeHHe 0KllCJIHTeJibH0-B0CCTaH0BHTeJibH0ro II0TeHl.{HaJia o6ycJIOBJieHO, B 0CH0B

H0M, YBeJin:'leHHeM B0CCTaH0BJieHHbIX cpopM rnyramoHa [l1BaHeHKO, EypJiaKOBa, 

2005]. C pocT0M C)'MMapHbIX ,!{030BhIX HarpYJ0K (30-150 c3B) co.z:1eplKaHn:e GSH 

CHHlKaeTCH .LIO KpHTH'leCKllX 3Ha'!eHHii, a ypoBeHb GSSG B IIJla3Me II0BbIIIIaeTCH. 

TaKHM o6pmoM, cn:cTeMa AO B IIJIITTMe y rrorryJIHnn:n n10.neii rro-pa3H0MY oTBe'!aeT Ha 

B03,[leiicTBHe xp0HH'!eCK0ro Hll3K0.[1030B0ro ll0Hll3Hpyiourero ll3JIY'!eHHH B Hll3KllX ll 

6oJihIIIHX .z:103ax. 

B Ka'!ecrne II0Ka3aTeJIH CK0p0CTll MyrareHe3a B C0MaTH'!eCKllX KJieTKax y ,!{eTeii, 

rrpolKllBfilOIIIllX Ha 3arpH3HeHHbIX paM0H)'KJill,!{aMll Teppn:Topn:»x, Mb! llCII0Jib30BaJill 

'!aCT0TY HH.l{eKca pa3pbIB0B xpoMam.z:1 (HPX) [lIBaHeHKO n: .z:1p., 2004]. ,lvul 
JlllKBH.[laTopoB-2 (.z:1aHHbie l.{llT0reHeTH'leCK0ro aHaJIH3a rrpe.nocTaBJieHbI r.rr. CHnrn

peaoii) TaKlKe 6bm paCC'lllTaH 3T0T II0Ka3aTeJib (HPX). Mbr o6HapylKHJill (pn:c.lr), 'ITO 
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Pn:c.l. OrneT CllCTeMI,I rnyraTH0Ha (a, 6), BllTaMHHa E (a) a IIJla3Me 11 'laCT0Tbl HH,!leKca 

pa3pb1BOB xpoMaTH,!I a JIHM!pOI.IHTax (r) y ,!leTeii n: JIHKBH,!laTOp0B (JI!, JI2), II0,!IBeprlllHXCJI 

B03,!leiicTBmo pa,!1n:a1.1n:n: HH3KOH HTeHCHBH0CTH. Ilo OCH a6c1.111cc: .ll:03a, c3B 

He TOJibKO y .[leTeii, HO ll y JI2 '!aCT0T llH,[leKca pa3pbIB0B xpoMaTH,!{ B ,!{llaIIa30He 

Hll3KllX ,[103 3Ha'!llTeJibH0 rrpeBbIIIIaeT (6onee 'leM B 2 pma) 'laCT0TY xpoMaTH.[IHbIX 

a6eppann:ii y JIIO,!{eii, II0JIY'lllBIIIllX BbIC0Klle ,!{03bI. 

TaKHM o6pa30M, rrpn Hll3K0llHTeHCllBH0M o6nyqeHn:n: II0IIYJIHl.lllll JIIO.[leii, Ha6JIIO

.z:1aeMbie l.{llT0-6HOXllMH'leCKHe ll3MeHeHHH rrpn B03,!{eiicTBHll Hll3KllX ,!{03 (0, 1 c3B - 30 

c3a) cyurecrneHH0 0TJill'lfilOTCH OT HapyIIIeHHii, BbI3BaHHbIX BbIC0KllMll ,!{03aMll (30-70 

c3a): 3cpcpeKT Hll3KHX ,!{03 y HeK0T0pbIX llH,!{llBll,!{0B rrpeBbIIIIaeT 3cpcpeKT BbIC0KHX. 

IlOBbIIIIeHHe [We0BHH xpoMaTll.[IHbIX HapyrneHHii y JlllKBH,!{aTopoB 2, KaK 

IIOJiararoT aBTOpbI ~B'leHKo/, CHnrnpeaa, 2006] M0lKeT 6bITb o6ycJIOBJieHO XllMH'leC

KllM 3arpH3HeHHeM 0KpylKaroureii cpe,LlbI. HeJib3H llCKJIIO'lllTb TaKlKe ll BJIHHHHH Ha 

reHeTH'!eCKllH arrrrapaT KJleT0K II0CT0HHH0ro, B Te'leHHe ,!{JIHTeJibH0ro BpeMeHH B03-

.z:1eiicTBHH ll3JiyqeHHH Hll3KOH llHTeHCllBH0CTll 3a C'leT pa.nH0H)'KJill,!{0B, rrocryrrarournx 

B opraHH3M 'leJioBeKa ll3 OKpylKaroureii cpe,!{bI C IIP0.z:IYKTaMll IIllTaHHH. 

Ilpn COII0CTaBJieHHll 6n:oxHMH'leCKllX n l.{llT0reHeTH'!eCKHX II0Ka3aTeJieii MelK,!{y 

co6oii, Mb! 06Hapy)KHJill, 'ITO IIpll Hll3KllX ,!{03ax (.no 20 c3a) MelK,!{y yp0BHeM GSH 

(pnc. 26) llJIH co.nep)KaHHeM, Harrpn:Mep, BllTaMHHa A (pn:c. 2a) B IIJia3Me n '!aCTOTOH 

HPX a JlllMq>Ol.{llTax rrepncpepn'leCKOH Kp0BH Ha6JIIO.[laeTCH II0JI0lKHTeJibHaH K0ppeJIH

l.{llOHHaH 3aBHCllM0CTb. C YBeJIH'leHn:eM ,[103bI (20 c3B - 70 c3a) xapaKTep 3aBllCllM0CTll 

MeHHeTCH: YBeJIH'IHBaeTCH 'laCT0Ta xpoMaTll,!{HbIX a6eppannii a JlllMq>Ol.{HTax n CHlllKa

eTCH co.neplKaHlle lKllp0- ll B0,!{0pacrnopn:MbIX AO B IIJla3Me y rrorryJIHl.{llll JIIO.[leii. Ha 

pn:c. 2 CTpeJIKaMll II0Ka3aH0 HarrpaBJieHHe 3TllX 3aBllCHM0CTeii. 
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Puc. 2. 3aBHCHMOCTb Me)KJI)' qacTOTOH xpoMaTHJ:IHbIX HapyrneHHH a JlHMqlOIIITTaX (a, 6) tt 
CO):lep)l(aHJJeM peTttHOJla (a) HJJH GSH(6) a IlJH!3Me y ):leTeH tt JI2. flo OCH a6cuucc: lfacTOTa 
ttH):leKca pa:ipbIBOB xpoMaTHJ:1 (x 100) 

I1HL{HBHL{hl, BXO,WIIIJHe B 3TH ,nae rpyrrrrhI, B03MOiKHO, COCTaBmIIOT rpyrrrry pHCKa. 

Jlm1a, y KOTOphIX nccne,nyeMhie napaMerphl HaXO.IVITCSI B rrpe.nenax: MS! peTHHOna ,no 
1,5 MKM, GSH ,no 15 MKM, a ,nJISI qacTOThI I1PX ,no 3,5 e,nnHHIJ (o6nacTh o6o3Ha'leHa 
rrpSIMoyronhHHKOM), 110-BHL{HMOMY, 6y,nyT COCTaBnSITh rpyrrrry "KoHrponsr." Kaqeci

BeHHO pa3Hh!H OTBeT nccne,nyeMhlX CHCTeM Ha ,neil:crnne HH3KllX H Bh!COKHX ,[{03 

HOHH3HpyioIIJeH pa,nnaIJHH MOiKeT 6b!Th 061,eKTHBHhIM IIOKa3aTeneM pa,nnaIJHOHHO

HHL{YIJHpoBaHHhIX HapyrueHHH H MOiKeT cnyiKHTh OCHOBOH MS! qiopMHpOBaHllSI 

OTL{aJieHHhlX rraTonornqeCKHX COCTOSIHHH y rrorrynsrIJHH mo,neil:. 
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H3YqEHHEHH)];HBH,l(YAJibHOHPA,[J;H01IYBCTBHTEJlbHOCTHHA 
JIHM<I>OU:HTAX IIEPH<l>EPHqECKOH KPOBH qEJIOBEKA IIPH 

B03.Lt:EHCTBHH HOHH3HPYIOJ:nHX H3JIYqEHHH C Bbl CO KOH JIIl3 
3ail:11eaa E.M. 1

, ,[{errepac - KaMHHhCKa M. 1
•
2 

1061:,eou11e1111b1u u11cmumym R0ep11b1X ucc1ieoo6a11uu, ,l(y611a, PoccUR 
1C6RmoKtuu11cKllll aKa0eMUR, Ke!lblJe, llo!lbtua 

I13BeCTHO, 'ITO MeiKL{OHOpHble OTnH'IHSI MOryr 6h!Th rrpH'IHHOH OIIIH6KH B 
6no,no3HMerpnn rrpn orrpe,neneHHH rronyqeHHOH L{03hI, a ,TaKiKe To, 'ITO rrpn 
rrpoae,neHHH KOCMH'leCKHX rroneTOB HnH nyqeBOH Teparrnn B03pacTaeT BepOS!THOCTh 
o6nyqeHHSI 'leJioBeKa HMeHHO H3JiyqeHHSIMH C Bh!COKIIMll JIIT3. qTO 110,[{TBep)KL{aeT 
aKTyaJihHOCTh HCCJieL{OBaHHH HHL{HBHL\YaJihHOH pa,nnoqyBCTBHTeJibHOCTH qeJIOBeKa, B 
KOTOphIX JIHMqJOIJHThl rrepnqiepnqecKOH KpOBH qeJIOBeKa in vitro IIOL{BepraroTCSI 
o6Jiy'leHHIO IIY'!KaMH TSiiKeJihIX HOHOB. 

B KOJIJia6opaIJHH c IIOJlhCKHMll HCCJie,noaaTeJISIMH 6hrna rrpoae,neHa cepnsr 
3KCIIepnMeHTOB no H3yqeHHIO HHL{HBHL{YaJihHhlX OTKJIOHeHHH pacrrpe,neJieHHSI 
IIOBpe)KL{eHHH ,[{HK B xpOMOCOMax, pe3yJihTaThl KOTOphIX IIOKa3aJIH, 'ITO OIIIH6Ka 

MOiKeT 6b!Th MHHHMll3HpOBaHa, eCJill OIJeHnBaTh IIOBpe)KL{eHHSI B xpoMOCOMe 2, TaK KaK 
OTKJIOHeHHSI IIOKa3aTeJieH IIOBpe)KL{eHHH Me)KL{y L{OHOpaMH (9 L{OHOpOB) xpoMOCOMhI-2 
HaHMeHee Bapna6eJihHhl. KpoMe Toro, BhlSIBJieHo, 'ITO OTHOIIIeHne Me)KL{y 
11eHrpnqeCKHMH KOJlh!JaMH n L{HIJeHrpHKaMH B xpoMOCOMe-2 MOiKeT SIBJIS!ThCSI 
perrepHOH TO'IKOH MS! OIJeHKll L{03hl o6nyqeHHSI rrpn o6nyqeHHll Bh!COKHMH JIIT3. 

HacTOSIIIJHH 3KCIIepnMeHT 6hlJI rrpoae,neH B rrpo,nOJiiKeHne ,naHHOro HarrpaaneHHSI 
HCCJieL{OBaHHH, 11eJIH 3KcrrepnMeHTa: 

I. l13yqeHne HHL{HBHL\YaJihHOH pa,nHOqyBCTBHTenhHOCTH qeJIOBeKa Ha MOL{eJIH 
JIHMqJOIJHTOB rrepnqiepnqecKOH KpOBH qenoBeKa rrpn B03,[{eHCTBHH TSiiKenhIX HOHOB. 

·2. I1ccne,noaattne rrpnMeHHMOCTH PCC - aHanH3a LlJISI orrpe,neneHnsr 
IIOrJIOIIJeHHOH L{03hl rrpn o6nyqeHHll TSiiKeJih!Mll HOHaMH. 

3. 011eHKa KOJIH'leCTBa a6eppaIJHH B JIHMqlOIJHTax KpOBll qeJIOBeKa rrpn 
qJHKCaIJHH B pa3Hhle cpOKll, 6y,neT Jill OHO B03paCTaTh rrpn yaeJIH'leHHH BpeMeHH 
KYJlhTHBHpOBaHHSI B CBS13H C 3!1,D;epiKKOH rrpoxo)KL{eHHSI KJieTO'IHOro IJHKJ!a rrpn 
o6nyqeHHll HOHaMH 2°Ne. 

MaTep11am,1 II MCTOL{LI 
JlHMqlOIJHThl rrepnqiepnqecKOH KpOBH rpex L{OHOpOB o6nyqeHhl Ha IJHKJIOTPOHe 

U400M Jla6opaTopnn SIL{epHhlX peaKIJHH 061,e,nnHeHHOro HHCTHTYTa sr,nepHhlX 

nccne,noaaHHH noHaMH 2°Ne c ::JHepmeil: 52 M::iBIHyKJioH n JIIT3 170 K::JBIMKM, c 

,no3oil: 1 rp. 
KneTKH qJHKCHpOBaJill qepe3 50, 60, n 70 qac. KYJihTIIBllpOBaHllSI (International 

Atomic Energy Agency, IAEA, 2001), rrperrapaThI oKparnnaannch cornacHo 
crnH,napTHOH FPG MeTO,nHKe (Perry & Wolff 1974), MSI orrpe,neneHnsr qacTOThI 

L{HIJeHrpHKOB ll Kone11 11eHrpH'IeCKllX aHaJIH3HpOBaJIHCh TOJihKO rrepBhie rrocnenyqeBhie 

MeTaqJa3hI. 
qacTOTY PCC-qiparueHTOB orrpe,neJISIJIH B KJieTKax, HaxO.IVIIIJllXCSI G2 qia3e 

MHT03a, HCIIOJ!h3YSI MeTOL{ rrpe)KL{eBpeMeHHOH KOHL{eHCaIJHH xpoMOCOM (Durante et al 

1998). 
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Pe3yJibT3Tbl JI o6CyiK,ll;CHIIC 

Ha P11c. la MO)KHO Bn.n;eTh, 'ITO CYMMapHoe KOJmqecrno .1111ueHTPIIKOB 11 
ueHTPllqecKIIX KOJieu y TPeX ,!IOHOpOB pa1n11qaeTCH. y ,!IOHOpOB 1 II 2 npll qmKcau1111 
qepe1 50 11 60 qacoB ypoBeHh a6eppau11ii He onmqaeTc», a nocne 70 qacoB CHll)KaeTc». 
,[(onop 3 OKa3aJICH Ha116onee pa.u11oqyBCTBIITeJihHhIM, Ha1160Jihlllee KOJI11qecrno 
a6eppau11ii na6mo.uaeTc» np11 qmKcau1111 qepe1 50 qacoB, a 3aTeM, c yBen11qeH11eM 
BpeMeHII KYlihTHBllpOBaHIIH OHO na.uaeT. 

I1p11qeM no KoJI11qecTBY .1111ueHTPIIKOB n ueHTP11qecK11x Koneu Ha116onee 
pa.u11oqyBCTBIITeJihHbIM OKa3aJICH ,!IOHOp 3, rnr.ua KaK no ypOBHIO PCC qlparMeHTOB 
Ha116onee qyBCTBIITeJibHhIM HBMeTCH ,!IOHOp 1. 

AHaJill3 Kon11qecrna PCC qiparMeHTOB y TPeX .!IOHopoB n0Ka1an, qTQ 11x ypoBeHh 
y ,!IOHOpOB 2 11 3 npaKTnqecKII He pa1n11qaeTCH, y ,ioHopa 1 OH BhIUie (p11c. 16). 
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P11c.2 Pacnpe.11ene1111e cyMMapttoro KOJ111qecTBa ,!IIIUCHTpllKOB II KOJlC!l UCHTPllqecKIIX B 
JlllM$OI.UITax TPCX ,!IOHOpOB nocne o6JI)"IeHIIJI IIOHaMII 2°Ne C ,!1030H lfp II JITI3 170 KJB/MKM 
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Ilp11 3TOM y ,!IOHOpOB 1 II 2 KOJ111qecrno KJleTOK C 6onee qeM 0,!IHOll a6eppau11eii 
Bblllle np11 qlllKC3UIIII B 6onee no3,!1Hlle CpOKII, y ,!IOHopa 3 3TOro 3qJqJeKTa He 
Ha6mo.uaeTCH (p11c. 2). 

3aKJIIO''ICHIIC 

IlonyqeHHbie HaMII pe3yJ1hTaTbI rDBOpHT O TOM, 'ITO: 
1. MeTO,!I npe)K,!leBpeMeHHOll KOH,!leHC3UIIII xpoMOCOM MO)KeT 6hITh IICnOJih30BaH 

np11 onpe.11eneH1111 nornomeHHOii .!I03hI nocne Bo3.11eiicrn11» 110H11311pyIOmero 
113nyqeH11H C BhICOKOll JlllHeiinoii nepe.uaqeii 3Hepru11. 

2. Pa.u11oqyBCTBHTeJ1hHOCTh lIIIMqlOUIITOB nep11qiep11qecKoii KpOBII qeJIOBeKa np11 
B03,!leHCTBIIII 113JiyqeHIIH C BhICOKOll JII13 IIH,!IIIBH.ll:YaJihHO Bapna6eJ1bHa. 

3. Ilpll 06nyqen1111 IIOHaMII 2°Ne B KJleTKax qlllKCllpOBaHHhIX B 6onee no3,!1Hlle 
cpOKII YBeJ111qeHIIH KOJ111qecrna a6eppau11ii Mhl He Ha6J1IO,!laJIII, HO IICCJie,!IOBaHIIH 6y.UYT 
npo.uon)KeHhI. 

B ,!laJihHeii111eM npe.unonaraeTc» np0Be.11en11e aHaJill3 a6eppau11ii xpoMocoM II nx 
pa.u11oqyBCTB11TeJibHOCTII nocne 06nyqen11» IIOHaMII 2°Ne (c ,!1030ll 1 fp, JII13 170 
KJB/MKM) c 11cnoJih30BaH11eM FISH-Mern.ua. 

TaK)Ke nnaH11pyeTCH npoBe,!leH11e 3KCnep11MeHTOB no o6nyqeHIIIO JIIIMqlOUIITOB 
KpOBII qeJIOBeKa pa3JillqHhIMII Bll,!laMII TH)KeJibIX IIOHOB. 
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BJIIDIHHE 3MH KB~ HA PEIIPO,[l;YKTHBHbIH IIPOQECC 
H IIOCT3MliPHOHAJlbHOE PA3BHTHE IIOTOMCTBA MblillEM JIHHH:U 

C57/Bl6 H Bals 
HcaeBa H.P., KypoTqeHKO JI.B., TepeIIIK1rna O.B., Cy66onrna T.H., 5IrnuH A.A. 

Ty11bcKuii 2ocyoapcmee1111blii y11ueepcumem, mbd2@rambler.ru 

HccneAOBa.rJOCh BJIH51HHe qiaKTopa B03AeHCTBH51 3MH KBlJ Ha peITpOAYKTHBHyro 

QlYHKIIHIO MbillieH. ,l(JI51 OIIeHKH ITJIOAOBHTOCTH CaMIIOB H CaMOK HCITOJib30Ba.rJH ITapa

MeTPhI OTPaJl(alOIIIHe AaHHbIH ITPOIIecc: CKpeIIIHBaeMOCTb, qucJieHHOCTb ITOTOMCTBa, 

H3MeHeHHe 3CTPfillbHOro IIHKJia. H3MeHeHHe '.lCTPfillhHOro IIIIKJia yqIITbIBfil!II no 

cpOKaM HaczynneHil51 6epeMeHHOCTH II cpoKaM nonyqeHil51 noTOMCTBa. ,l(AA Bbl51BJieHI151 

oco6eHHOCTeH nOCT3M6pI10HfillhHOro Pa3BIITH51 noTOMCTBa HCnOJib30Ba.rJII TaKile 

KpIITepHII, KaK: Bee HOBopo)K,[leHHbIX MbilliaT, cpOKII ITOKpbITH51 wepCTblO, ITOKa3aTeJib 

JieTaJibHOCTH, Ha OCHOBe YBeJIIlqeHil51 cnyqaeB MepTBOpO)K,[leHil51 B noMeTe II YBeJiuqe

Hil51 rn6eJIH HOBOpO)K,[leHHbIX «B rHe3Ae» (AO TPeXHeAeJibHOro B03pacrn), TO CCTb 

OKOHqfillil51 ITepHOAa BCKapMJIIIBaHil51. 

B03ACHCTBHIO 3MH KBlJ B TeqeHile OAHOro Mec111Ia nOABepra.rIOCh TOJihK0 

POAHTCJibCKOe (P) noKOJICHile MbllliCH. POAIITCJibCKOe nOKOJICHile 6hIJIO ITPCACTaBJieHo 

ABYM51 napHbIMII ceMhl!MII, KOTOpbie BKJIJOqa.rJII OAHOro CaMIIa II OAHY caMKY, AJI51 
KaJKAOH JIIIHIIII. HcnOJib30Ba.rJIICb qepHb!e MbllliH JIHHIIH C57 /B 16 II 6eJibie MbllliII 

JIIIHHII Balb. Bo BCex cqiopMI1poBaHHbIX CCMbl!X pOAHTeJibCKOro nOKOJICHil51 6bIJIO 

nonyqeHo no qeTbrpe nOMeTa. AHa.rIIl3 AaHHbIX ITO o6meMy KOJIHqecTBY IlOTOMCTBa, 

nonyqeHHOro B qeTbipex noMeTax, l(JI51 Ka)K,[loro Il3 ACC51TH IlOKOJieHIIH no3BOJIIIJI 

Bhl51BIITh p11A oco6eHHOCTeH, OTPa)l(aJOllIHX BJII151Hile B(!3AeifcTBHll 3MH KBlJ KaK Ha 

POAHTCJibCKOe, TaK II Ha IlOCJICAYJOIIIIIC nOKOJICHile. 

Ha BTOpOM ::JTane '.lKCnepIIMCHTa Il3 MbilliaT nepBbIX nOMCTOB 3KCne

pI1MCHTfillbHOH II KOHTPOJibHOH rpynn 6brnII cqiopMI1pOBaHbl no ABC CCMbII nepBoro 

(Fl) IlOKOJICHilll, OT Ka)K,[loro Il3 KOTOpbIX 6bIJIO nonyqeHo no qeTbipe noMeTa. CeMbll 

qeTBepTOro nOKOJICHil51 (F4) Aa.rJa TOJibKO ABa noMeTa no 1 ACTCHbilliY B Ka)K,[IOM. TaK 

KaK o6e oco6I1 nl!TOro noKOJICHHll OKa3filIHCb CaMIIaMH, qiopMHpOBaI!He CCMbH Il51TOro 

(F5) Il0KOJICHH51 OKa3a.rJOCb HCB03MO)l(HbIM. 

B noBTOpHOM '.lTane '.lKCnepHMeHTa, HCCMQTPll Ha CHH)l(CHHe qucna CaMHX 

IlOMeTOB, YMCHblliCHHe KOJIHqeCTBa oco6eif B noMeTax HaqHHall c TPeThero (F3) 

IlOKOJICHHll B CeMbl!X MbllliCH JIHHHH C57/Bl6 ITOJiyqeHHOe COOTHOlliCHHe noJIOB 

0Ka3fill0Cb AOCTaToqHbIM l(JI51 qiopMHpOBaI!Hll HOBbIX ceMeH. Ilo HCTeqeHHH 18 MCCllIICB 

OT Haqa.rJa '.lKCnepHMeHTa, HaqIIHall C CCAbMOro IlOKOJICHHll (F7) B CCMb51X JIHHHH 

C57/Bl6 Ha6JIIOAfill0Cb yBeJIHqeHHe KOJIHqecTBa oco6eif B noMeTax. 3KcnepHMeH

TfillbHbie MhilliH JIHHHH C57/Bl6 c wecrnro (F6) no Aec11Toe (FlO) noKoJieHHe BKJIIO· 

qHTCJibHO Ha npOTl!)l(CHHH 15 MCC51IICB npHHOCHJIH KOJIHqecTBO ACTCHbllliCH 

COOTBeTCTBYJOIIIee HOpMe AAA AIDIHOH JIHHHH, IlOll;TBep)K,[leHHOH pe3yJibTaTaMH B 

KOHTPOJibHbIX rpynnax, ~o CBHAeTCJibCTByeT O BOCCTaHOBJICHHH penpOAYKTHBHOH 

QJYHKIIHH MhIWeif, 3al];eHCTBOBaHHOH B noBTOpHOH cepHH '.lKCnepii:MeHrn. 

HccneAOBaIIHe AHHaMHKH H3MCHCHH51 KOJIHqecTBa oco6eif B noMeTax 

'.lKCnepHMCHTfillbHOH H KOHTPOJibHOH rpynn MbllliCH JIHHHH Balb no3BOJIHJIO ycrn

HOBHTb, ~o B '.lKCnepHMCHTfillhHOH rpynne Ha6JIIOAfill0Cb YMCHblliCHHe KOJIHqecTBa 

ACTCHbllliCH C nepBoro no n11Toe noKoJieHHe. HaII6onee HH3KHe nOKa3aTCJIH qH:CJieH· 

H0CTH noTOMCTBa 3aQJHKCHp0BailbI B nepBOM, TPeTbCM H n11TOM noKOJICHHH. CpeAHee 
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KOJIHqecTBO B noMeTe AAA nOKOJieHH51 Fl COCTaBHJIO 5 AAA nOKOJieHI151 F3 5 H AAA 

IIOKOJieHH51 F5 4 oco6H. HaqHHall C noKOJieHH51 F7, cpeAHee KOJIHqecTBO oco6eif 

B03pacTaeT C 7 AO 8 B noKOJieHHH Fl0. IlpH '.!TOM, HaqH:Hall C nOKOJieHH51 F6, AHHaMHKa 

H3MeHCHH51 cpeAHero KOJIHqecrna oco6eif Q)aKTHqecKH COBnal];aeT C TaKOBOH B KOHT

pOJibHOH rpynne, ~o CBHACTCJibCTBYeT O BOCCTaHOBJieHHH penpOl(yKTHBHOH QlYHKIIHH. 

rpa<jiHK AHHaMHKH H3MCHCHH51 KoJIHqecTBa oco6eif B '.lKCITepHMeHTfillbHOH H 

KOHTPOJibHOH rpynnax JIHHHH C57 /B 16 npeACTaBJieH Ha pHCyttKe 1. 
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Pttc. I. ,ll;HHaMIIKa q11cJieHH0CTII H0B0p0lK,!leHHblX 3KCnep11MeHTaJibH0H II KOHTpOJibHOH rpynn 
MbIIIIeii JIIIHIIH C57/Bl6 s psmy Il0KOJieHIIH 
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P11c. 2. ,ll;l!HaMHKa q11cJieHH0CTII H0B0p0lK,!leHHblX 3KCnep11MeHTaJibH0H II KOHTpOJibHOH .rpynn 
MbIIIIeii JIIIHIIII Balb B pJI.zzy noKoJieH11ii 

rpa<jiHK l];HHaMHKH H3MeHeHH51 K0JIHqecTBa oco6eii B '.lKcnepHMeHTfillbHOH H 

KOHTPOJibHOH rpynITax JIHHHH Balb ITpeACTaBJieH Ha pHCyttKe 2 . 
B XOAe aila.rJH3a AHHaMHKH H3MeHeHH51 KOJIHqeCTBa oco6eif, oqeBHl(HO, ~o 

MbllliH JIHHHH C57/B16 B '.lKcnepHMeHTfillbHbIX rpyrrnax ITpHHOCHJIH MeHblliee 

KOJIHqecrno AeTeHbllileH B nOMeTax C ITepBoro ITO IJ51TOe ITOKOJieHH51 B CpaBHCHHH C 

KOHTPOJibHOH rpynITOH. H3yqeHHe Beca HOBopo)K,[leHHbIX MbllilaT IT0CJIY)l(HJIO 

KpHTepHeM AAA OIIeHKH BHYTPHYTP06Horo pa3BHTH51 '.lM6pHoHoB B '.lKcnepHMeH

TfillhHhIX H KOHTPOJibHbIX rpynnax. B3BClliHBaI!He HOB0pO)K,[ICHHbIX MbllliaT 

ocyniecTBAAJIOCb ITapaJIJieJibHO C n0ACqeTOM oco6eif B ITOMeTax. YqH:TbIBfil!C51 TOT QlaKT, 

~o Bee H0B0pO)K,[leHHOro Mbllli0HKa 3aBHCHT H OT KOJIHqecrna oco6eif B noMeTe. 

,l(HHaMHKa H3MeHeHH51 cpeAHHX IT0Ka3aTeJieH Beca MbllliaT JIHHHH C57/Bl6 B 

'.lKCnepHMeHTfillbHOH H KOHTPOJibHOH rpynnax n0Ka3aHa Ha pHCyttKe 3. 
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Puc. 3. ,[(ttHaMttKa Beca H0B0p0JK.!leHHbIX Mbllll3T nttHllll C57/Bl6 B 3KCnepttMeHTanbHOH Ii 

K0HTp0nbHOH rpynnax 

AHanII3 )],IIHaMIIKII II3MeHeHIIX cpe)],HIIX IIOK33aTeneii Beca MbIIIIaT B 

JKcrrepIIMeHTaJI&Hoii II K0HTP0JibHOii rpynrrax JIIIHIIII Balb rro)],rneplK)],aeT CHIIJKeHIIe 

Beca B II0K0JieHIIXX F4 , F5 II F6 3KCIIepIIMeHTaJibHOH rpynrr1,r. HaqIIHM C II0K0JieHIIX 

F6, II0K33aTeJIII Beca B 3KcrrepIIMeHTaJibH0ii rpyrrrre rrpII6JIIIlKaIOTCX K II0K33aTenxM 

K0HTP0JibHOH rpynrru II, C II0K0JieHIIX F7, crn6IIJIII3IIpyeTCX Ha yp0BHe H0pMaJibHbIX 

4Jll3IIOJiornqecKIIX 3HaqeHIIii )].nj! JIIIHIIII Balb. B K0HTPOJibHOii rpynrre JKIIB0THbIX 

JIIIHIIII Balb BO BCex II0K0JieHIIXX, II0K33aTeJIII Beca 0CTaBaJIIICb CTa6IIJibHbIMII II ue 

BbIX0)],IIJIII 3a rrapaM~bI H0pMbI. 

.D:IIHaMIIKa II3MeHeHllX Beca MbIIIIeii JIIIHIIII Balb B 3KCIIepIIMeHTaJibHOH II 

K0HTP0JibHOii rpynrrax II0K33aHa Ha pIICyuKe 4. 
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Puc. 4. ,[(uHaMttKa Beca H0B0p0JK.!leHHbIX MbIIllaT nttHHll Balb B 3KCnepttMeHTanbH0ll H 

K0HTpOnbHOll rpynnax 

.D:anbHeiiIIIee ll3yqeHIIe BJIIIXHIIX 3Ml1 KBq Ha IIOCT3M6pIIOHaJibHOe pa3BIITIIe 

II0T0MCTBa 0CH0BbIBaJI0C!, Ha 3Tarre 3KCrrepIIMeHTa, B TeqeHIIe K0T0poro pernCTPII

p0BaJIIICb cp0KII II0KpbITllX MbIIIIaT IIIepCTbIO. ,n:nx BbffiBJieHIIX II3MeHeHIIH B )],aHH0M 

KpIITepIIII 6bIJia 3a)].eHCTBOBaHa JIIIHIIII MbIIIIeii C57 /B 1. Oco6eHHOCTbIO npoBe)],eHH0rD 

3KCnepIIMeHTa XBAAeTCX TO, ~o ceMbII MbIIIIeii )],0 B03)],eHCTBllX 3Ml1 KBq B noMeTax 

rrpIIH0CIIJIII H0pManbH0 onyIIIeHHbIX oco6eii, TO ecTb HaqnHmomIIx II0KpbIBaTbCX 
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IIIepCTbIO c 4 - 6 )],HX lKll3HII II II0JIH0CTbIO orryIIIeHHbIX K 2 - 3 MeCXIIaM )KII3HII. CpoKII 

IT0JIH0rD noKpbITIIX IIIepCThIO B 3KCrrepIIMeHTaJibHOH rpynrre 3HaqnTeJibH0 rrpeBbIIIIaJIII 

TaK0Bbie B KOHTPOJibHOH rpynrre II C0CTaBIInII OT 3 )],0 5 MeCXIIeB. C II0K0JieHIIX F7 no 

Fl 1 K0JIIIqecTB0 HeorryIIIeHHbIX MbIIIIaT CHII3IIn0C1, )],0 35 % - 26 %, ~o C0BIIa)],aJI0 C 

Il0K33aTeRXMII IICX0)],H0ro qJOHa II )],aHHbIMII, nonyqeHHbIMII B K0HTP0JibHOH rpynne. 

O)].HOBpeMeHHO c HapYIIIeHIIeM cp0K0B II0KpbITIIX IIIepCTbIO cpe)],II II0T0MCTBa 

3KCnepIIMeHTaJibHOH rpynn1,r 3aperHCTPIIP0BaH0 YMeHbIIIeHIIe K0JIIIqecTBa oco6eii B 

noMeTax )],0 15 - 16, qTo TaK )Ke CBII)],eTeJibCTByeT O HaII6onee HeraTIIBH0M 

B03)].eiicTBttII 3Ml1 KBq Ha F3 - F5 rroKoneHIIX. B rroKoneHIIXX F7 - Fl I cpoKII 

qiopMIIpOBaHIIX IIIepCTH0ro noKp0Ba C00TBeTCTB0BaJIII n0K33aTenxM H0pMbI. TaKIIM 

o6pa30M, nonyqeHHbie pe3yn1,TaTbI CBII)],eTeJibCTByroT 0 TOM, ~o BCJie)],CTBIIe 

B03)],eiicrnIIx 3Ml1 KBq qiopMIIpyroTcx rrarnnornqecKIIe 0TKJI0HeHIIX B 

noCTIM6pIIOHaJibHOM pa3BIITITII noT0MCTBa, K0T0pbre B qacTH0CTII np0XBJIXIOTCX B 

II3MeHeHIIII cp0K0B qiopMIIpOBaHIIX IIIepCTH0ro noKp0Ba II HaII6onee BbrpaJKeHbI co 

BT0poro (F2) no nxrne (F5) - IIIecTOe (F6) noK0JieHIIX. 

IloKaJaTeJib neTaJibH0CTII B 3KCIIepIIMeHTaJibHOH rpynne )KIIB0THbIX XBAAeTCX 

0)],HIIM II3 Hatt6onee BaJKHbIX )],AA orreHKII )KII3Hecrroco6HOCTII oco6eii B n0K0JieHIIXX, 

rronyqeHHbIX OT po)],IITeneii, II0)],BeprIIIIIxcx B03)],eiicrnIIro 3Ml1 KBq_ B Ka)K)],Oii 

rpynrre neTaJibH0CTb onpe)],enxnac1, IIYTeM II0)],CqeTa yMepIIIIIX MbIIIIaT B B03pacTe OT 

polK)],eHIIX )],0 TPeXHe)],eJibH0ro B03pacTa, TO eCTI, )],0 0KQHqaHllj! nepII0)],a 

BCKapMJIIIBaHIIX. B X0)],e IICCJie)],0BaHllX 61,mo ycTaH0BJieH0, qTo B 3KCnepIIMeHTaJlbH0ii 

rpyrrrre rn6en1, H0B0p0)K)],eHHbIX MbIIIIaT Ha6JIIO)],anac1, c nepB0rD (F 1) II0K0JieHIIX no 

Fl 1. CooTHoIIIeHIIe neTanbH0CTII B JKcrrepIIMeHTaJibHOii II KOHTPOJibHOii rpynrrax 

npIIBe)],eHbI Ha pIIcyuKe 5. 

14 
:s: 12 t; 
0 
:z: 
.a 
:a 8 
Iii 
c; 6 
I-:z: 
Cl> 4 ::r 
0 
a. 2 C 

0 

2 3 4 
1,2 • C57/Bl6, 3,4- Balb 

1,3 .. Onbrr, 2,4 • JCOHTpOnb 

Puc. 5. O6muii noKaJaren& neTan&H0CTtt y M&1111eii nHHttii C57/Bl6, Balb 

J13yqeHIIe qacTOTbl rn6enII MbIIIIaT B 3aBIICllM0CTII OT noKOJieHIIH II0K33aJI0, ~o 

B 3K<;:rrepIIMeHTaJibHOH rpyrrne IIIIK neTaJibH0CTII npHX0)],IITCX Ha noK0JieHIIX F3, F4 II 

F5. Pe3yn1,TaT1,r, rronyqeHHbre B JKcnepHMeHTaJibHOii rpynne Mbuueii JIIIHIIII Balb, 

cornacyroTCX C aHanornqHJ,IMII noKaJaTeAAMII B rpynne MbIIIIeii JIIIHIIII C57/Bl6, B 

KOTOpoii Hatt6on1,nree K0JIIIqecrno rrorn6IIIIIX MbIIIIaT )],0 3x He)],eJibH0ro B03pacTa 

npIIIIIJI0C!, Ha noK0JieHllX F3 - F5 II C0CTaBIIJI0 17 II3 46, TO eCTb 37 % OT oco6eii 

polK)],eHHbIX B 3TITX noK0JieHIIXX. 
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Aml.JIH3 pe3yJihTaTOB JieTaJibHOCTll B 3KCnepnMeHTaJibHOH rpyrrne MbJllleii JIHHHH 
Balb no COOTHOll!eHHIO norn6llIHX oco6eii BO Bcex noKoJieHnHX no,nrnep)KJJ;aeT, qTo 
nnK ru6eJJll npnxo,nnTCJ:I Ha noKOJieHHH F3 - F5. I13 64 norn6ll!HX B nOKOJieHHHX Fl -

Fl 1, 35 oco6eii npnxo.nnTCJ:I Ha noKoneHHJ:1 F3 - F5 n cocTaBJIJ:IeT 55 % OT o6mero 
KOJinqecrna norn6llIHX BO BCeX IlOKOJieHHHX. B KOHTPOJibHOH rpyrrne Mblll!eii JIHHHH 
Balb TaK ,Ke 6b1Jla 3aperncTPHPOBaHa JieTaJihHOCTh Ha nporn)l(eHnn Bcex 11 
nonyqeHHbIX nOKOJieHnii, ll3 663 po)KJJ;eHHbIX ,neTeHblllleii norn6no 24, ~o COCTaBHJIO 

3,7 % OT o6mero qncna HOBOpo)KJJ;eHHbIX. 
IlonyqeHHhJe pe3yJibTaThl CBn,neTeJihCTBYfOT O TOM, ~o naTOJiornqecKne 

3<P<PeKTbl BCJie,ncrnne B03,neiiCTBHJ:I 3MI1 KBq HaqnHaIOT <PopMnpoBaTbCH C 
noKoneHnH Fl n 6hrnaIOT Han6onee Bbipa,KeHhI c TPeTbero (F3) no nuoe (F5) 

noKoJieHUJ:I. TaKHM o6pa30M, pe3yJihTaTbl aHaJIH3a B 3KcnepnMeHTaJibHOH rpyrrrre 
Mblll!eii CBH,neTeJibCTBYIOT O 6onee Bb!COKOH JieTaJibHOCTH no cpaBHeHHIO C 
KOHTPOJibHOH rpyrrrroii. Oco6oe BHHMaHne JacJiy)l(HBaeT TOT <PaKT, qTo MaKCHMYM 
JieTaJibHbIX ncxo,noB npnllIJIOCb Ha IJOKOJieHHH F3, F4 n F5, ,nJIJ:I KOTOpb!X 

O,nHOBpeMeHHO xapaKTepHbl TaKne OTKJIOHeHHH, KaK .nocTOBepHoe CHH)l(eHne 

po)KJJ;aeMOCTH, Beca HOBOpO)KJJ;eHHblX MbJll!aT n OTCTaBattne B IJOCT3M6pnOHaJibHOM 
rrepno,ne pa3BHTHJ:I. OTCYTCTBne aHanornqHbIX ll3MeHeHnii B KOHTpOJibHOH rpyrrrre 

rro.nrnep)KJJ;aeT, qTo BOJ,neiicrnne 3MI1 KBq Ha po,nnTeJibcKoe rroKOJieHne J:IBJIHeTCJ:I 

<PaKTopOM, OKaJb!BaIOill;llM HeraTHBHOe B03,nettCTBHe Ha perrpo,nyKTHBHYIO <PYHKQHIO He 

TOJibKO B po,nnTeJibCKOM IJOKOJieHHH, HO n B rrocne.nYIOmnx, He HMeBll!HX KOHTaKTa C 

,naHHbIM <PmnqecKnM <PaKTOpOM. Ilpn 3TOM Han6onee YH3BHMb!Mll J:IBJIJ:IIOTCJ:1 TPeThe, 
qeTBepToe n IJJ:ITOe IJOKOJieHHJ:I )KHBOTHbIX, ITOJ:IBHBlllllXCJ:I B cpOKH OT 9 .no 15 MeCJ:IQeB 
rrocne BOJ,neiicrnnJ:I 3MI1 KBq Ha po,nnTeJibcKoe rroKoJieHne (P). 
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paJBe,neHne, co,nep,KaHne n ncrroJibJOBamre B 3KcrrepnMeHTe. - roc.Me,n.nJ,n. 
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HHTeHCHBHOCTH II MHJIJIHMeTPOBhJe BOJIHbl B 6nonornn H Me,nHQHHe. - 2002. - N2 
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4. TepellIKHHa O.B. BnnJ:IHne 3MI1 KBq Ha perrpo,nyKTHBHYIO <PYHKQHIO y 
MJieKOIJHTaIOill;HX. PoJib COQHaJibHbIX Me,nHK0-6nonornqecKHX n rurneHnqecKHX 
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I1J,n. IlpnBOJI)l(CKHii ,lJ;oM 3Hattnii., c. 108-111. 
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Y1-IACTHE KOMilJIEKCOB CDC28, SAGA H RENT B PErY IDIU:HH 
PE3HCTEHTHOCTH KJIETOK K ,lJ;EHCTBHIO HOHH3HPYIOI.QEH 

P A.lJ:HAU:HH 
KonTOBaH H.A. 

O6be0uHeHHblii UHcmumym R0epHblX ucCJ1e0oeaHuii, z. J(y6Ha, PoccUR 

Pa,nnope3HCTeHTHOCTb opraHH3MOB onpe,neJIJ:leTCJ:I reHeTHqecKHM CTaTYCOM KJie
TOK. MHoroJieTHHe nccne,noBaHHJ:I IJ03BOJIHJIH BbI,neJIHTb 6oJihll!Oe KOJinqeCTBO reHOB, 

rrpo.nYKThI KOTOpbIX OCYll!eCTBJIJ:IIOT perrapaQHIO pa3JIHqffbJX. IlOBpe,K,neHnii ,D;HK 
(GaJne, 2000). ,ll;o HaCTOJ:11I1ero BpeMeHn BbI,neJIHIOT BCe HOBble n HOBbJe reHbl pa,nno

qyBCTBHTeJibHOCTH, nrpa10111ne pOJib B pa3JIHqffbJX acneKTax perrapaQHH (Bennett et al., 
2001; Birrell et al., 2001). ,ll;onrue ro,nbl ocrnBanacb Jara,nKoii rrpo6neMa penapaQnn 
,ll;HK, KOMnaKTH30BaHHOH B KJieTKe B HYKJieo-rrpoTeHHOBbJe KOMnJieKCbJ. ,ll;AA 3<P<PeK
THBHOro npoxo,K,neHHH perrapaQHOHHblX npoQeCCOB CTPYKTypa xpoMaTHHa ,nOJI)l(Ha H3-

MeHHTbCJ:I. B nocne,nHne ro,nhl Haqann nOJ:IBJIJ:!TbCJ:I ,naHHbJe, YKaJb1BaI0111ne Ha Ba,K
HOCTb rrpoQeccoB Mo.nn<PnKaQHH rucTOHOBbIX 6eJIKOB, B pe3yJihTaTe qero ,ll;HK CTaHO

BHTCJ:I ,nOCTyrrHOH .nJIJ:I perrapaQHH (Meyer, 2001). 
CoBMecTHo c MMI' P AH HaMH 6b1Jln nonyqeHhI y ,npo)l()l(ett HOBhie J:I.nepHhie 

MYTaQHH pa,nnoqyBCTBHTeJibHOCTH srm (Koltovaya et al., 1998; 2003). Tpn H3 HHX 

y,nanocb JIOKaJIHJOBaTh (Devin et al., 1990; Koltovaya et al., 2003), a nMeHHO B reHax, 
Ko,nHpYfOIIIHX rrpoTeHHKHHaJY CDC28, cyfrhe,nnHnQy Adal TPaHCKpnnQHOHHOro 
<PaKTopa SAGA, 06na,na10111ero rucTOH-aQeTHJITPattc<PepaJHoii (HAT-histone acetyl
transferase) aKTHBHOCThIO, n KoMrroHeHT Netl KOMIJJieKca RENT, perynnpYf01I1ero 
JIOKaJIHJaQHIO <Poc<PaTaJhI Cdc14 n rucToH-,neaQeTHJITPacipepaJbI (HDAC- histone 
deacetyltransferase) Sir2 (Devin et al., 1990; Koltovaya et al., 2003). HapyllleHne Adal 
npnBO,nHT K CHU)l(eHHIO JIOKYCHOro MYTareHe3a Ha nopJ:I,nOK, a MYTaQHJ:1 cdc28-srm K 
ysennqeHHIO ypoBHJ:I cnoHTaHHOH H CHH)l(eHHIO HH,nyQnpoBaHHOH reHHOH KOHBepcnn. 
IloKaJatto yqacme reHoB B G0IGI- (CDC28, NET]), Gl/S- (NETJ, ADA]), S- (NET], 
ADA]), G2- (CDC28) checkpoint-KOHTPOJie. IIpe,ncTaBAAeTcJ:I BepoHTHhIM, ~o 3TH 
reHbl HrpaIOT pOJib B perrapaQHH pa3JIHqffbJX IJOBpe)KJJ;eHHH ,D;HK H HX ,neiicrnne 

orrocpe,nyeTcJ:I qaCTHqffO qepe3 Mo.nn<PnKaQHIO 6eJIKOB penapaQHH H ttyKJieOCOMHOH 

CTPYKTYPhI xpoMOCOM, nrpa10111eii Ba,KHYfO pOJib B OTBeTe KJieTKH Ha ITOBpe,K,neHHJ:I 
,ll;HK, BKJIIOqaH ,nocTaBKY checkpoint- n perrapaQnoHHbIX <PaKTopoB K Mecry rro

Bpe,K,neHHJ:I ,ll;HK H HX aKTHBaQHIO. 

PeryJIHU:HH BLI6opa DyTH penapau;uu. MexaHH3M perrapaQHH ,nByttHTeBbIX pa3pbIBOB 
(,ll;HP) ,n;HK IJOCBJ:lllleHhl MHoroqncneHHbie ofoopbl (I'naJep, I'JiaJyttOB, 1999; 

KoponeB, 2007). C KOHQaMH ,ll;HP CBJ:IJb!BaIOTCJ:I 6eJIKOBhie KOMITJieKChI Ku n MRX 
(MREJ 1/RAD50/XRS2), y,nep)l(HBaIOIIIHe n rrpoQeccnpYfOIIIHe KOHQhI ,ll;HP. KoMrrneKc 

6eJIKOB Ku o6ecrreqnBaeT HHHQHaQHIO He3aKOHHOH peKOM6HHaQHH (NHEJ), KOMIJJieKC 

MRX npHHHMaeT yqaCTne B HHHJUiaQHH o6enx BeTBeii peKOM6HHaQHOHHOH perrapaQHH 

(HRnNHEJ). 
PenapaQHJ:1 ,n;HP no MeXaHHJMY roMOJIOrHqff0tt peKoM6HHaQHH (HR) MO)l(eT rrpo

ncxo,nnTh npn HaJIHqnn B KJieTKe ,nByx 11 6onee rOMOJIOfHqHblX xpoMOCOM HJIH xpoMa

TH,n. 3TOT npoQeCC H,neT B 003,nHeii s H B G2 <PaJax raIJJIOll,nHblX KJieTOK H B ,nHITJI0-
11,nHbIX KJieTKax. B noJ,nHeii S-<PaJe n B <PaJe G2 rarrnon.nttoii KJieTKH HR Me,K,ny 

cecTPHHCKHMH xpoMaTn,naMn J:IBAAeTCR npenMy111eCTBeHHoii (Gonzalez-Barrera et al., 
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2003). Crroco6HOCTb K perrapauim rryreM HR orrpeJ:(CJllleTCll He TOJibKO HaJIH'IHCM 
fOMOJIOra, HO aKTHBHOCTbIO UHKJIHH-3aBHCHMOH <pOCq>OKHHa3hl CDC28 (Ira et al., 2004; 
Aylon, Kupiec, 2005). Kntta1a CDC28 o6ecrre'IHBaeT Bb16op rryrn perrapaunn (HR HJIH 
NHEJ) B q>a3ax G 1 n G2. KnHa3Hal! aKTHBHOCTh CDC28 Heo6xoJ:(HMa J:(Jill rrporn)I(eH
Holi )];erpMaunn KOHUOB .D:HP KOMIIJieKcoM MRX (Ira et al., 2004). B q>a3e GI OTCYTCT
BYeT fOMOJIOfll'IHal! MaTPHUa H Ha q>OHe HH3KOH aKTHBHOCTH rrpoTeHHKHHa3bl CDC28 
KOMIIJICKC MRX CBll3hIBaeTCll C ,n:HP .D:HK, HO BblCOKal! CTa6HJibHOCTb KOHUOB ,n:HP 
.D:HK CTnMynnpyeT NHEJ. B q>a3e G2 Ha q>oHe BhICOKOli aKTHBHOCTH KHHa3hI CDC28 n 
3q>q>eKTHBHoli ,n;erpMaunn KOHUOB .D:HP .D:HK Moryr penapnpoBaTucl! HR-nyreM. 5'-3'
J:1CrpMaum1 nO'!TH IIOJIHOCTbIO 3aBHCHT OT KOMnJieKca MRX B q>a3e G2 H Jllllllb 
qacTH'IHO B q>a3e Gl (Deide, Gottschling, 2001). B npouecce NHEJ ,n;erpMaunll .D:HP 
.D:HK ocymecTBJilleTCll HYKJiea3aMH Mre 11 n Exo 1. KnHa3Hal! aKTHBHOCTh CDC28 
Heo6XOJ:(HMa n ,l{Jill aKTnBaunn checkpoint .D:HP .D:HK (Ira et al., 2004).11Hrn6npoBaHne 
KHHa3Holi aKTHBHOCTH CDC28 He BJIHlleT Ha aKTHBfillHIO checkpoint-KOHTPOJill B q>a3e S 

npn o6pa6oTKe HU, B pe3yJibTaTe KOTOpoli B03HHKa!OT yqacTKH 0,l{HOHHTCBOH .D:HK 
(oH.D:HK) B 3aCTPl!BIIlHX penJIHKaTHBHb!X BHJIKax. 3TH ,n;aHHhie cornacyIOT C HaJilHMH 

,n;aHHbIMH O BJIHllHHH MyTaunn cdc28-srm Ha PMHOqyBCTBHTCJibHOCTb, fOMOJIOfll'IHYIO 
peKoM6nHaun10, Gl-, G2 -checkpoint n 06 OTCYTCTBHH BJIHllHHll Ha HU-'lyBCTBH
TCJihHOCTh (KoJITOBal!, KMbIIIlCBCKal!, 1997; Koltovaya et al., 1998). 

IlpeJ:(nonaraeTcll, 'ITO KHHa3a CDC28 B q>a3e G2 perynnpyeT CTaTyc qiocqio

pnnnpoBaHHll KOMnJieKca MRX H /1:pyrnx q>aKTopOB, yqaCTBYIQIUHX B npoueccnpo
BaHHH .D:HP .D:HK . .D:eliCTBHTCJibHO, HCKOTOpbie 6eJIKH, yqaCTBYIOIUHC B peKoM6HHfillllH 

,n:HK, llBJillIOTCll cy6cTPaTaMH CDK, BKJIIO'lal! Xrs2p H Srs2p (Ubersax et al., 2003; 
Liberi et al., 2000). IlOKa3aHO q>yHKUHOHaJibHOe B3aHMOJ:(CHCTBne MC)I(,l{y KHHa30H 

CDC28/CLB2 n KOMnJieKCOM MRX B npouecce MHTOTH'lecKoro unKJia, peKoM6nHaunn 

n penapaunn (Grandin, Charbonneau, 2003; Aylon, Kupiec, 2005). B Heo6nyqeHHbIX 
KJieTKax 6enoK Mrel I BMCCTe c rennKa3aMH Srs2 n Sgsl BXO,l{HT B coCTaB 6oJihllloro 

KOMnJieKca, npn o6nyqeHHH npoHCXO,l{HT HH,n;yun6eJibHOe CDC28-3aBHCHMOe qiocqio

pHJIHpOBaHHe Srs2p n Meclp-3aBncnMoe o6pa30BaHne OT,l{CJibHhIX KOMnJieKCOB Sgslp

Mrel Ip n Srs2p-Mrel lp (Chiolo et al., 2005). <t>ocqiopnnnpoBaHne Srs2p Heo6xo,n;nMo 

J:(Jill checkpoint, y MyranTa srs2 He nponcXOJ:lHT aKTnBaunn KHHa3hI Rad53 n 3aMeMe
HHll peITJinKaunn B oTBeT Ha intra S-noBpe)I(,l{eHHll .D:HK (Liberi et al., 2000). 

KaK nOKa3aJI aHaJIH3 peKOM6HHfillHOHHOfO BOCCTaHOBJieHHll KJieTOK C HapyllleH
HOH TeJI0Mepa1oli KHHa3a CDC28/CLB2 KOHTPOJinpyeT )];Ba nyTH roMOJIOrH'IHOli 

peKoM6nHaunn Rad50p/Rad59p (Rad52p, Rad50p, Mrellp, Xrs2p, Rad59p, Sgslp) n 
Rad52p-3aBHCHMbili Rad50p-, Rad5lp-He3aBncHMbili (Grandin, Charbonneau, 2003). B 
pa3JIH'!Hb!X CHCTeMax nOKa3aHO yqacTne UHKJIHHOB B OTKJIHKe Ha noBpe)I(,l{eHHll .D:HK. 
TaK, noTepl! S-umOIHHOB Clb5 n Clb6 BhI3hIBaeT noBhIIIleHne 'IYBCTBnTeJibHocTH 

KJieTOK K )];eliCTBHIO MMC, Y<l>-cBeTa n nottmnpYIQmeli pa,n;uaunn (Meyn, Holloway, 
2000). .D:AA APO)I()I(eli S. pombe n0Ka1ano yqaCTne KHHa3hI Cdc2/unKJIHH B B 
peryJillunn peKoM6nHaunoHHoli penapaunn HHAyunpoBaHHhIX pMnauneli .D:HP .D:HK B 

q>a3e G2 (Caspari et al., 2002). Ilpn 3TOM ,n;eqieKT KHHa3Holi aKTHBHOCTH CDKI BJIHllCT 
Ha 06pa10BaHne ueHTPOB Rhp5lp (oprnnor Rad51p) B OTBeT Ha )];elicTBne HOHH3H

PYIOIUeli pMnaunn, KpoMe Toro aKTHBHOCTh UHKJIHH-3aBncnMoli KHHa3hI CDKI-unK
JIHH B coBMeCTHO c checkpoint-6eJIKOM Crb2 Heo6xoJ:(HMhI ,l{Jill noMep)I(aHHll q>yttK
UHOHaJibHoli aKTHBHOCTH TOnOH30Mepa3bl III. 

Mb! aHaJIH3Hp0BaJIH pMHOqyBCTBIITCJibHOCTb ,l{IlnJIOH,l{Hb!X KJICTOK B CTfillHO-
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Hapuoli q>a3e pocrn (Koltovaya et al., 1998). MyraUHll cdc28-srm yBeJIH'IHBaeT PMHO
qyBCTBHTeJibHOCTb MyraHTa rad52 C 6JIOKHpOBaHHOH HR, nO-BH,l{HMOMy, 3TO CBl!3aHo C 
HapyIIIeHHeM MHHOpHoro nyrn penapaunn NHEJ nnn checkpoint. BBe,n;eHne 
,n;onoJIHHTCJibHoli checkpoint-Myraunn rad53 B reHOTHn ,l{BOliHoro MYfaHTa cdc28-srm 
rad52 He npnBO,l{HT K ,l{OnOJIHHTCJibHOMy YBCJIH'ICHHIO y-qyBCTBHTCJlhHOCTH. Myraunll 
rad53 CHH)I(aeT 3q>q>eKTHBHOCTh HR(Glaser et al., 1990) n NHEJ (de la Torre, Lowndes, 
2000), HO He H3BCCTHO 3a C'leT OCTaHOBKH KJICTO'IHOro UHKJia mm HH.l{YKUHH perrapa

UHOHHbIX reHOB. ,n:soliHoli MyraHT cdc28-srm rad53 6onee 'IYBCTBIITeJieH, 'ICM 
0,l{HHO'!Hblli MyraHT rad53, nO-BH,l{HMOMy, 3a C'leT ,l{OnOJIHHTCJibHOH perrapaunoHHOH 
<i>YHKUHH CDC28 (KonTOBal!, .D:eBnH, 2002). 

B cnyqali ,l{HIIJIOH,l{HOli KJICTKH s JII06oli CTMHH UHKJia cymecrnyeT BTOpoli 
KOMIIJICKT XpOMOCOM H KJleTKa MO)I(CT HCIIOJlh30BaTb HR ,l{Jlll perrapaunn ,n:HP. B CBl!3H 

C 3THM y ,n;pO)I()I(CH cymecTsyeT CIICUHaJIH3HpOBaHHal! CHCTeMa peryJillUHH, Harrpas

Jlll!OJUal! .D:HP Ha rryrh rrpe,n;rro'!TnTeJibHoro ncrroJib30BaHHll HR H rro,n;asneHHll NHEJ B 
G l-qia1e KJieTO'!Horo UHKJia. r eTepo3nrornocTh no JioKycy Tnrra crrapirnaHHll MAT 
BJIHlleT Ha Bb16op Me)I(,l{y aJibTCpHaTHBHb!MH IIYfHMH perrapaunrr, OT,l{aBal! npe,n;rroq

TCHHe HR (Heude, Fabre, 1993; Yan et al., 1995). JloKyc THIIa crrapnsaHilll HBJilleTCll 

peryJillTOpOM TPaHCKpHIIUHH, B '!aCTHOCTH, y reTep03HfOT no Tnrry crrapnBaHHll pe
rrpeccnpoBan reH NEil, yqacrny10mnli B NHEJ, 'ITO HarrpaBJil!eT perrapaumo no rryrn 

HR, a He NHEJ (Frank-Vaillant, Marcand, 2001; Valencia et al., 2001). HapyIIIeHne 
peryJillUHH caliJieHCHHra KOIIHH JIOKyca MAT MO)I(CT rrpnBeCTH K ,n;eperrpeccnn reHa 

NEil. RENT-KoMrrJieKc yqacrnyeT B peryJillunn JIOKaJIH3aunn 6eJIKa caiineHCHHra Sir2 

(Cuperus et al., 2000), o6JIMaIOIUero HDAC-aKTHBHOCTbIO (Ghidelli et al., 2001). 
HapymeHI1e 6eJIKa Netl, y,n;ep)I(HBaIOJUero 6enoK Sir2 B ll,n;ph1IIIKe, MO)I(eT BJIHl!Th Ha 

PMHOqyBCTBHTCJihHOCTb HeIIpHMbIM o6pa30M qepe3 caliJieHCHHr JIOKyca Tuna cnaprr
BaHHH . .D:eliCTBHTCJihHO, HaMH IIOKa3aHO, 'ITO MYffillilll net-srm BJIHHeT Ha PMHOqyBCT
BHTCJibHOCTb ,n;pO)I()I(CBbIX KJICTOK (Koltovaya et al., 2003). 

XHMll'ICCKHe MOiJ:Hcl>nKau1111 rHCTOHOB. y Bcex 3yKapHOT JIIl3I1Hbl B II03IIUHHX 5, 8, 
12 II }6 Ha N-KOHUC fHCTOHU H4 II B Il03HUHHX 9, 14, 18, 23 H 27 Ha N-KOHUC fHCTOHa 

H3 o6paTHMo aUeTHJIHPYIOTCl! in vivo. MoneKyJIHpHo-reHeTH'lecKnil: anann3 IIOKa3an, 
'ITO B J:lPO)I()I(CBbIX KJieTKax 3a rno6aJibHOe aueTnJinposanrre fHCTOHa H4 OTBCTCTBCHHa 

cy61>e)];I1Hnua Esal KOMIIJieKca NuA4. ,n:Jlll rno6aJibHOro aueTnnnpoBann» H3 Heo6xo
/l:IIMa filleTHJITPaHcq>epa1a Gcn5, BXO,n;HJUal! B KOMrrJieKc SAGA (Kuo et al., 2000; 
Vogelauer et al., 2000). 

B Herrocpe,n;cTBeHHoli 6JIH30CTH OT calirn .D:HP rrpoHCXO,l{HT ,n;onOJIHHTCJibHOe 
aueTnnrrposanne rncToHos. B rrpouecce HR K .D:HP npnsJieKaIOTc» aueTHJia3hI Gcn5 n 
Esal (Tamburini, Tyler, 2005). YposeHb aueTnnnposaHHll JIH3IIHOB rncTOHOB H3 H H4 

YBCJIIl'IHBaeTCll B o6nacrnx, qJJiaHKHPYIOIUIIX pa3pb!B, a 3aTeM CHH)I(aeTCH B npouecce 
HR. B rrpouecce HR Ha yqacTKe 6onee 0.6 TITH n MeHee 2 mH OT pa3phm Ha6JIIOJ:(aeTcH 
YBCJIH'leHne filleTHJIHpOBaHHll ,l{CBHTH OCTaTKOB JIH3HHa B N-KOHUax rHCTOHOB H3 H 
oco6eHHO B rHCTOHe H4. 3aMCHbl filleTHJIHpyeMbIX JIH3HHOB B XBOCTOBOH '!aCTH 
fHCTOHa H4, ,n;eneunn XBOCTOBblX yqaCTKOB fHCTOHOB H3 n H4, pa3pymeHne reHOB 

GCN5 H ESAl 6JIOKHPYIOT HR-perrapaun10. Ha6JIIO,n;aeMoe aueTHnnpoBaHne rnCTOHOB, 

q>JiaHKHPYIOmnx HO-pa3phm .D:HK, HBJIHeTCll, no-Bn,n;nMoMy, cne)];crnneM perrapaunn 
.D:HK, a He HaJIH'!Hll CaMoro .D:HP, TaK KaK OHO cymecTBCHHO CHH)I(CHO B cnyqae 
pa1pymeHHl1 fOMOJIOrH'IHOil: ,l{OHOpHoil: nocne)];OBaTeJibHOCTH mm 6eJIKa Rad52, 
Heo6xo,n;nMoro ,l{Jill npoxo)I(,l{eHnH HR. 
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K ,[(HP ,[(HK peKpyrnpy10Tc» TaK)Ke ,lleauenrnaJhI Rpd3, Sir2, Hstl (Tamburini, 
Tyler, 2005). ,[(ea1.1en1m1posam1e rno6arrbHOe H JIOKaJJhHoe JIH3HHa 16 rncToHa H4, 
KOHTPOJIHpyeMoe reHaMH SJN3 HJIH RPD3, npHBO.llHT K HapyrneHHIO penapaunn ,[(HP 
(Jazayeri et al., 2004). IlpH '.HOM, B OTJIHqHe OT rno6arrbHOro ,lleaueTHJIHpOBaHIIH 
rncTOHOB, xapaKTepHoro ,llJIH 6enKosoro KOMITJieKca Sin3/Rpd3, B caiiTe ,[(HP 3TH 
6eJIKH ,lleaueTHJIHPYIOT TOJibKO JIH3HH 16 rHCTOHa H4. Bo3MO)KH0, ,lleq>eKT penapauHH y 
MYTaHToB no reHaM SIN3 H RPD3 CBH3aH c yMeHbllieHHeM 3q>q>eKTHBHOCTH CBH3hI· 
BaHHH penapaUHOHHbIX 6eJIKOB C KOHUaMH ,[(HP, 3aHHTbIX KOMnJieKCOM NuA4. 

fpyrrnoii: »nOHCKHX yqeHbIX 6hill0 noKaJaHO yqacn1e 6eJIKOB caii:neHCHHra B 
penapaunn ,[(HP ,[(HK IIYTeM NHEJ (Tsukamoto et al., 1997). 11cnonb3y» ,llHru6pH,ll
HYIO CHCTeMy, Tsukamoto C coaBTOpaMH o6Hapy)l(HJIII B3aHMO,lleHCTBHe 6eJIKOB Ku70 II 
Sir4. Ilo-BH.llHMOMY, c KOHUaMH ,[(HP ,[(HK CBH3bIBaeTc» 6enoK Ku70, peKPYTH· 
PYIOIUHii 6enoK Sir4 K ,[(HP, a 6enoK Sir4 B CBOIO oqepe.llh B3aHMO,lleii:crnyeT c 6eJIKaMH 
Sir2 II Sir3. Sir-6enKH MO.llHq>HUHPYIOT CTPYKTYPY xpoMaTHHa, B3aHMO,lleii:crny» c 
aMHHOKOHUaMII rHCTOHOB H3 H H4, npHHHMaIOT yqacTIIe B C03,llaHHH HeaKTHBHOH 
xpoMaTHHOBoii CTPYKTYPhI, npe,llornpaIUa» ,llerpa,n;aun10 KOHUOB oH,[(HK. AHarrH3 
3q>q>eKTHBHOCTH NHEJ noKaJarr yqacrne reHoB SJR2, SIR3 II SIR4 B soccoe,llHHeHIIH 
KOHUOB (Tsukamoto et al., 1997; Boulton, Jackson, 1998). IlpnqeM 6enKH Ku70, Ku80 
II reHhI SIR2, SJR3, SIR4 II SRS2, Heo6xo,llIIMbI .llJIH 3q>q>eKTIIBHoro H 6e30lliH6oqttoro 
coe,llHHeHHH JIHnKHX KOHUOB (Hegde, Klein, 2000). ,[(JI» penapauHH rynhIX KOHUOB 
Heo6xo,llHMbI reHhI RAD50, RAD52, SRS2 II coe,llHHeHHe KOHUOB conpoBo)K,llaeTc» 
)leJieUHHMII. B KJieTKax MJieKOnHTaIOIUHX p53-3aBIICHMbIH peryJIHTOpHbIH nYTh TaK)Ke 
onocpe)lyeTCH Sir2a.-3aBHCHMbIM ,lleaueTHJIHpOBaHHeM rHCTOHOB (Luo et al., 2001; 
Vaziri et al., 2001). 3KcnpeCCHH KaTaJJIITHqecKII HeaKTHBHOro 6enKa hSIR2 aKTHBH· 
pyeT p53-3aBHCHMblH anonT03 II BJIIIHeT Ha pa,n;noqyBCTBHTeJibHOCTb. KoMnJieKC RENT 
yqacrnyeT B peryn»UHH JIOKaJJil3aUHH 6enKa caii:neHCIIHra Sir2 (Cuperus et al., 2000), 
o6na.n;aIOIUero HDAC-aKTIIBHOCTbIO (Ghidelli et al., 2001). MYTaUHH netl-srm BJIHHeT 
Ha pa,n;noqyBCTBIITeJibHOCTb (Koltovaya et al., 2003). 3TO BJIIIHHHe MO)KeT 6b1Tb 
o6ycJIOBJieHo BJIIIHHileM Ha caii:JieHCHHr HJIH 3q>q>eKTIIBHOCTb NHEJ. 

Pel\lO,!Q'JIHpOBauue crpyicryphl xpol\13THH3. B ,llHHaMHqecKHX Il3MeHeHHHX CTP)'K· 
TYPhl xpoMaTHHa npHHHMaIOT yqacTHe peMO.llYJIHPYIOIUHe KOMnJieKCbl INO80, 
SWI/SNF, RSC, SWRl. CB»3hIBaHile INO80 c xpoMaTIIHOM o6nerqaeT npoueccHHr 
oH,[(HK, o6paJYIOIUeii:c» B XO.Ile ,llerpa,n;aunn KOHUOB ,[(HP ,[(HK, II He BJIH»eT Ha 
checkpoint (Van Attikum et al., 2004). KoMnneKc SWI/SNF pa3pylliaeT HyKJieocoMHhlH 
KOP AT<f>-3asncHMhIM cnoco6oM n MO)KeT Y.llaJJHTh rncTOHbI c ,[(HK (Kingston, 
Narlikar, 1999). ,[(n» peKpyrnpoBaHHH peMO.llYJIHPYIOIUHX xpoMaTHH KOMnneKCOB B 
OTBeT Ha HH,llyUHpOBaHHbIH HO-3H,ll0HyKJieaJoii: ,[(HP Ba)KHO al\eTHJIIlpOBaHHe rHCTO· 
HOB, HarrpnMep, peKpYTnposaHHe Rvbl-co,llep)KaIUHX KOMnneKCOB SWRl n INO80 K 
HO-pll3pbIBY CHH)KeHo B KJieTKax, MYTaHTHbIX.no HDAC-Esal-NuA4 (Downs et aL, 
2004). SAGA-KOMnJieKc, nOMHMO MO,llHqJHUHpOBaHHH xpoMaTHHa, TaK)Ke Heo6xo,llHM 
.llJ1H c6opKH peMO.llYJIHPYIOIUHX KOMnneKcos. HAT-He3aBHCHMa» q>yttKUHH SAGA· 
KOMnJieKca 3aKJIIOqaeTCH B nOBbJIIIeHHll 3q>q>eKTHBHOCTll ,llOCTaBKH peMO,llyJIHPYIOIUero 
KOMnneKca SWI/SNF K npoMoTopaM (Yoon et al., 2003). Adal p n Ada5p BMecTe c 
Spt7p Heo6xo,llHMhl .llJ1H uenocTHOCTII SAGA-KoMnneKca. MYTal.lHH B 3TIIX cy6ne,llIIHH· 
uax pa3pyrnaIOT KOMnJieKC ll IIMeIOT 6onee Bbipa)KeHHblH 3q>q>eKT, qeM B HeCyIUecrneH· 
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HhIX cy6ne.llHHHUax, BKJI10qa» HAT-Gcn5 (Sterner et al., 1999). M)"Tal.lHH gcn5L1 n 
ada2L1 He BJIHHIOT Ha Y<f>-qyBCTBHTeJibHOCTb, HO BJIHHIOT Ha 3q>q>eKTIIBHOCTb NER 
(Ferreira et al., 2006). HaMH noKaJaHo BJIHHHHe hfil-srm (=adaJL1) Ha qyscrnnTeJih
HOCTb K HOHH3HPYIOIUeii: pa,n;na1.1nn, JioKyCHhiii: MYTareHe3 H checkpoint-KOHTPOJib 
(Koltovaya et al., 2003). 

KHHaJa CDC28, nO-Bll,llIIMOMy, npHHHMaeT yqacTne B peryJIHUHII MO,llll· 
q>HUHPYIOIUHX n peMO,!Q'JIHPYIOIUHX KOMnJieKCOB. Cy6'be)lHHHUa peMO,llyJIHPYIOIUero 
KoMnJieKca SWI/SNF KHHaJa Snfl qiocqiopHmipyeT rncTOH H3 no cepHHy-10, ~o 
o6neNaeT .llaJJbHeiilllee auernnnpoBaHne JIH3HHa-14 HAT-Gcn5 (Lo et al., 2001). 
HerarnBHbiii: peryJIHTOp Sip2 KHHaJbI Snfl »Bn»eTc» cy6cTPaToM KHHaJbI CDC28 
(Ubersax et al., 2003). Cy6cTPaTaMH KHHaJbI CDC28 »BJIHIOTCH TaK)l(e n KOMnoHeHTbI 
MO.llHq>HUHPYIOIUHX HDAC- Hos2p n Hos3p n peMO.llYJIHPYIOIUHX xpoMocoMbI 
KOMnneKcoB CAFI (Rlf2), FACT (Spt16), SWI/SNF (Sip2 - Snfl), SAGA 
(Nggl/Ada3), SLIK (Nggl/Ada3), a TaK)Ke 6enKH, yqacTBYIOIUHe B caii:neHcnHre (Netl, 
Sir4, ORC) (Ubersax et al., 2003). TaKHM o6paJoM, KOMnJieKCbI CDC28, SAGA H 
RENT, 06na.n:a10IUne q>ocqiopIIJIHPYIOIUeii, HAT- H HDAC- aKTnBHOCTHMH, HrpaIOT 
Ba)KHYIO pOJib B XHMilqecKoii: MO,llllqJHKaUHH penapal\HOHHbIX 6eJIKOB n HyKJieOCOM n 
peMO.llYJIHpOBaJIHH xpoMaTnHa, onpe,lleJIHIOIUHX 3q>q>eKTHBHOCTb penapaunn H 
checkpoint-KOHTPOJIH. 
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XPOMOCOMHAJI HECTAliIIJibHOCTb HPRT-MYTAHTOB, 
IIH)],YIJ.IIPOBAHHbIX IIOHAMII A30TA (14N) II JIIITII.SI ('LI). 

KournaHb H.A., foaopyH P.,n;., KournaHh H.B. 
06beou11e1111b1u u11cmumym J1oep1tb1X ucc,wooea11uu, l(y611a, PoccUR. 

ITpo6JieMa reHOMHOH HeCTa6IIJibHOCTII OCTaeTCJ:I aKT)'aJibHOH II npIIBJieKaeT 
BHIIMaHIIe IICCJie,noaaTeJieii. fIOBbIIIIeHJie ypoBHJ:I Myra[(IIH II xpoMOCOMHbIX a6eppa[(IIH 
Hafimo,naeTCJ:I He TOJibKO B nepBbIX, HO II B nOCJie,nyrol[(IIX nOKOJieHirnX 06JiyqeHHbIX 
KJieTOK [1,2]. fIOBbIIIIeHHbIH ypoBeHb xpoMOCOMHbIX a6eppa[(IIH y noTOMKOB 
o6nyqeHHoii KJieTKII yKa.JbJBaeT Ha cymecrnoaam1e qiaKTopa, no.n,nep)!mBarol[(ero 
Hecrn6IIJibHOCTb a nocne,nyrol[(IIX nOKOJieHIIJ:IX KJieTOK. Oco6eHHO o6ocrpll:eTCJ:I :na 
npo6JieMa a CIITya[(IIJ:IX, Kor,na JIIOMM no TeM IIJIII IIHbIM npIIqIIHaM nOCTOJ:IHHO 
rrpIIXO,nIITCJ:I CTaJIKIIBaTbCJ:I C B03,D;eHCTBIIeM pa,nIIa[(IIII. O,nHaKO npIIpo,na 
pa,nIIa[(IIOHHO-IIH,!l;y[(IIpOBaHHOH HeCTa6IIJibHOCTII .no CIIX nop OCTaeTC.ll HeBbIJ:ICHeHHOH. 

B na6opaTopIIII pa,nIIa[(IIOHHoii 6IIonornII Ol-UIH npoae,neHa cepIIll: 
JKCnepIIMeHTOB no o6nyqeHIIIO KJieTOK MJieKOnIITaIOI[(llX ll3JiyqeHIIJ:IMII c pa3HbIMII 
JIIT3 ,!J;JIJ:I O[(eHKII BJIIIJ:IHIIJ:I KaqeCTBa II3JiyqeHIIJ:I Ha npOll:BJieHIIe xpoMOCOMHOH 
Hecrn6IIJibHOCTII y IIOTOMKOB MyraHTHbIX KJieTOK [3,4]. bblJIII BbI,neJieHbI CnOHTaHHbie II 
pa,nIIa[(IIOHHO-IIH,ny[(IIpOBaHHbie HPRT-MyTaHTHbie cy6KJIOHbI KJieT0K KIITaHCKOro 
XOMJ:lqKa JIIIHIIII V-79 II npoae,neH IIX [(IITOreHeTIIqecKIIH aHaJill3. KrreTKII o6JiyqaJIII 
ycKopeHHbIMII IIOHaMII aJOTa 14N c JITI3 77 KJBIMKM II JIIITIIJ:I 7Li c JITI3 20 KJBIMKM B 
,!J;03ax 1, 2 II 3 fp. )];JIJ:1 BbIJ:IBJieHIIJ:I II ceJieK[(IIII cnOHTaHHbIX II pa,nIIa[(IIOHHO
IIH,D;Y[(IIpOBaHHbIX HPRT-MyraHTOB IICIIOJib30BaJIII TeCT-CIICTeMy, OCHOBaHHyro Ha 
pe3IICTeHTHOCTII KJieTOK C MyTa[(IIeii B JIOKyce HPRT K TOKCIIqHOMY ,!J;JIJ:I HOpMaJibHbIX 
KJieToK rrypIIHOBoMy aHanory 6-moryaHIIHY (6-TG)[5]. 

IlpII [(IITOreHemqecKOM aHaJIII3e Ha6JIIO,D;aJIII reTeporeHHOCTb CIIOHTaHHbIX II 
. pa,nIIa[(IIOHHO-IIH,!l;y[(IIpOBaHHbIX HPRT-MyraHTHb!X cy6KJIOHOB no IICCJie,noaaHHbIM 
[(IITOreHeTIIqecKIIM nOKa.JaTeJIJ:IM (MIITOTIIqecKoii aKTIIBHOCTII, aHeyIIJIOII,!J;IIII, ypOBHJ:IM 
xpOMOCOMHbIX a6eppa[(IIH). Cpe,nII MYTaHTHbIX cy6KJIOHOB BbIJ:IBJieHbI o6pa3[(bl c 
IIOBbIIIIeHHbIM a 1,5-3 pa3a ypoBHeM xpoMOCOMHbIX a6eppa[(IIH no cpaBHeHIIIO c 
Heo6nyqeHHbIM KOHTPOJieM (6e3 6-TG). ITpII cnoHTaHHOM MyrareHe3e o6Hapy)KeHbI 
TaK)Ke rpyrrna MYTaHTOB C JKcrpeMaJibHO BbICOKIIM co,nep)KaHIIeM xpOMOCOMHbIX 
HapyIIIeHIIH c qIICJIOM a6eppaHTHb!X KJieTOK ,no 40% II o6I[(llM qIICJIOM xpoMOCOMHbIX 
HapyIIIeHIIH ,no 60% II BbIIIIe. ITpII o6nyqeHIIII KJieTOK IIOHaMII 7Li 6bIJI acrpeqeH 
e,nIIHIIqHbIH o6pa3e[( c JKCrpeMaJibHO BbICOKIIM ypOBHeM xpoMOCOMHbIX a6eppa[(IIH. 

Fig.1 Cells with chromosomal aberrations Fig.2 Total chromosomal aberrations in the cells 
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KpoMe Toro, npII o6nyqeHJIII KJieTOK IIOHaMJI 
14

N BCrpe'-!eHbl M)'TaHTbl co CHJI)KeHHbIM 

no cpaBHemno c IIHTaKTHblM KOHrponeM B 2-4 pa3a ypoBHeM xpoMOCOMHblX 

a6eppal.{11li. 

Fig.3 Fraction of mutants with higher level of chromosomal aberrations 
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AHaJill3IIpy» nony'-!eHHbie 

,llaHHbJe, Mb! He OTMeTJIJIJI 

3aBJICIIMOCTII OT ,ll03bl o6ny'-leHII» 

BblXO,lla M)'TaHTOB KaK He 

OTJIII'-laJOII\IIXC» OT KOHrpOn», TaK 

II C nOBbIIIIeHHblM ypOBHeM 

xpOMOCOMHblX a6eppal.{Jill (p11c. 

1,2). Ha pIICyttKe 3 BII,llHO, '-ITO 

Bb!XO,ll M)'TaHTOB C nOBbJIIIeHHblM 

ypOBHeM xpoMOCOMHblX 

a6eppan11li CHJI)Kaerc» c 

yBeJIII'IeHIIeM JII13 IIOHOB. I1p11 

cnOHTaHHOM MyrareHe3e rpyrrna 

TaKIIX COCTaBJIJia 67%. I1p11 

pa,nIIal.{IIOHHO-IIH,llyl.{IIpOBaHHOM 

MyTareHe3e ,llOJI» KJieTOK C 

nOBbIIIIeHHblM no cpaBHeHIIIO c KOHTponeM ypOBHeM xpoMOCOMHbIX a6eppal.{Jill 

CHII)KaeTc» ,llO 50% nplI IIH.llYKl.{IIII IIOHaMII 
7
Li II ,llO 13%- IIOHaMII 14N. 

Hanm IICCJie,llOBaHII» noKaJaJIII, '-ITO nocne,llCTBII» MYTal.{IIOHHbIX co6bJTIIll 

npo»BJI»JOTC» B B03HIIKHOBeHIIII xpOMOCOMHO.H HeCTa61IJibHOCTII B nonyn»l.{IIHX 

M)'TaHTHbIX KJieTOK. Hx ITOTOMKII OKaJaJIIICb rereporeHHbIMII ITO IICCJie,llOBaHHblM 

l.{IITOreHeT1I'-1eCKIIM ITOKaJaTeJI»M, '-!TO 6hmo xapaKTepHO KaK ITPII CITOHTaHHOM, TaK II 

ITPII pa,nIIal.{IIOHHO-IIH.llYl.{IIpOBaHHblX MyrareHe3e. y MHOrlIX 113 M)'TaHTHblX cy6KJIOHOB 

OTMelJeHo ITOBbIIIIeHIIe tJaCTOTbI xpOMOCOMHblX a6eppal.{II.H, ypoBeHb KOTOpoii 

Bapb1IpOBaJI B IIIIIpOKIIX ITpe.nenax. 

KpoMe Toro, cpe,lllI pa,n1Ial.{IIOHHO-IIH.L{yn11poBaHHblX MyraHTOB, o6nyqeHHbIX 

IIOHaMII aJOTa, Ha6JIJO,llaJIIICb BapIIaHTbI co CHII)KeHHblM ITO cpaBHeHIIIO c KOHrponeM 

ypoBHeM xpOMOCOMHbIX a6eppal.{1Ill. OTC)'TCTBIIe cpe.n11 pa,n11al.{1IOHHblX M)'TaHTOB 

o6pa31.{0B C ITOBbIIIIeHHblM ypOBHeM xpoMOCOMHblX a6eppal.{1Ill HaxO,lllIT CBOe 

06o»CHeH1Ie. MO)KHO nonaraTb, '-ITO ITPII o6nyqeHIIII T»)KeJibIMII IIOHaMII ITOrH6aJOT BCe 

KJieTKII C KaKIIMII-JIII6o .necjJeKTaMII, HO )KJI3HeCITOC06Hbie B HOpMaJibHblX 

QJII31IOJIOr11qecK1IX ycnoBIIHX, a B03HIIKaJOII\IIe II3 HaJI6onee ITOJIHOl.{eHHblX BbI)KIIBIIIIIX 

KJieTOK MyraHTbI (HaITpIIMep, C 3QJQJeKTIIBHO pa6oTaJOII\e.H CIICTeMO.H peITapal.{IIII 

ITOBpe)K.L{eHIIll) He OTJIII'-laJOTC» OT KOHrpOn» IIJIII ,lla)Ke IIMeJOT CHJI)KeHHblll ypoBeHb 

xpoMOCOMHbIX a6eppal.{1Ill B KJieTKax. 

Ha6JIJO.naeMa» Bap1Ia6eJibHOCTb l.{IITOreHeTII'-leCKIIX ITOKaJaTeJieii, ITO-BII,lllIMOMY, 

OITpe.nen»erc» TIIITOM B03HIIKIIIIIX MYTal.{IIll. Hx ITOCJie,llCTBII» MOf)'T ITpO»BJI»TbC» B 

PW KJieTOlJHblX ITOKOJieHIIll KaK tJepe3 113MeHeHIIe II HapymeHIIe aKTIIBHOCTII reHa, TaK 

II qepe3 HapymeHIIe aKTIIBHOCTII COOTBeTCTBYJOII\ero cjJepMeHTa. 3TO MO)KeT 6hITb 

CBH3aHO He TOJibKO C TO'-IKOBblMII M)'Tal.{II»MII, HO II co CTPYKTYPHbIMII 113MeHeHII»MII 

reHa: MIIKpo.nenel.{JI»MII, IIHBepcII»MII, BCTaBKaMII, a TaK)Ke '-!aCTIIlJHOll IIJIII ITOJIHO.H 

ITOTepeii reHa B cnyqae crpyKTypHO.H .nenel.{JIII X-xpOMOCOMbI, B KOTOpoii OH 

HaxO.L{IITC» [ 6). 
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B nocne.nHeM cnyqae, 06paJOBaH11e nyplIHOBbJX HyKJieOTII,llOB ,llOJI)KHO II,llTII no 

IT)'TII de novo. A B cnyqae CIIHTe3a cjJepMeHTa co CHII)KeHHO.H aKTIIBHOCTbIO IIJIII nplI 

CIIHTe3e He,llOCTaTO'-IHOro KOJIII'-!eCTBa HaTIIBHoro cjJepMeHTa B03HIIKaeT CIITYal.{II», 

nplIBO,ll»Il\a» K HapymeHIIJO paBHOBeCII» B MeTa60JIII3Me KJieTKII. TaKoe HeycTO.H'-IIIBOe 

COCT0.1HIIe MO)KeT conpOBO)K,L{aTbC» xpOMOCOMHOll HeCTa6JIJibHOCTbIO KaK 3TanoM B 

nOIICKe paBHOBeC!Ill II a,narrTal.{IIII K II3MeHIIBJIIIIMC» YCJIOBII»M Cyll\eCTBOBaHJI». B 

IITOre 6y.nyr QJOPMIIpOBaTbC» MyraHTHbie cy6KJIOHbl c noBbIJIIeHHblM no cpaBHeHJIIO c 

KOHrponeM ypOBHeM xpoMOCOMHbIX a6eppan11ii [7]. 

CTaHOBIITC» TaK)Ke noH»THbIM MexaHII3M HecTa6JIJibHOCTII xpoMOCOM y 

nOTOMKOB M)'TaHTHb!X KJieTOK. Myral.{JIII nepe,llaJOTC» II3 noKoJJeHII» B noKoJieH1Ie II, 

TeM CaMbIM, CHIIMaeTC» Bonpoc O KOHcepBal.{1111 IIHIIl.{IIIIPYJOII\ero co6bITII» B p».ny 

nOKOJieHII.H. ITo»BJieHIIe nOBbIJIIeHHOro KOJIII'-leCTBa xpoMOCOMHblX a6eppal.{Jill B 

KJieTKax MHOrJIX cnOHTaHHbIX II pa,n11al.{1IOHHO-IIH.llYIIIIPOBaHHblX M)'TaHTOB MO)KeT 

CBII,lleTeJibCTBOBaTb O TOM, '-ITO npII MyrareHe3e B KJieTKax MJieKOnIITaJOII\IIX C 

He1I36e)KH0CTbJO nOBbIJIIaeTc» BepO»THOCTb HapymeHII» l.{eJIOCTHOCTJI xpoMOCOM, '-ITO 

MO)KHO paccMarplIBaTb KaK 3Tarr COOTBeTCTBYIOII\ell nepecrpO.HKII reHOMa, a,neKBaTHOll 

II3MeHIIBIIIIIMC» ycJIOBII»M cyll\eCTBOBaHII». 
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MEXAHll3Mbl HEHPOIIPOTEKTOPHOro )];EHCTBIDI IIP0113BO)];HblX 
)];BYXA TOMHbIX <I>EHOJIOB 11PM rHIIOKCHqECKOM IIOBPE'}K)];EHIIH 

ACTPOU:HTOB IN VITRO 
Me3eH H.11., <l>e.nynoB A.C., KBaqeBa 3.E., llla.nh1po O.M. 

liellopyccKuii zocyoapcmeennblii MeOUlJUHCKUU ynueepcumem, c. MuncK, lie!lapycb 

rn:rroKCllll - Be.nymee 3BeHO MeXaHH3MOB IIOBpe)K,Z{eHn:ii HepBHOii TKaHll, B03HH

KaIOII(llX rrpn: MHOrnX rraTOJIOI1IllX HepBHOH CllCTeMhl [5]. Bm1myio pOJih B a,Z{aIITaIJll

OHHhIX peai<nn:HX, pa3BllBaIOII(llXCll B HepBHOll TKaHn: B OTBeT Ha I1IIIOKCllqecKoe 

B03,Z{eiicTBHe, n:rpaIOT acrponn:Thl. 0.nHaKO MeXaHll3M n:x rn:IIOKCHqecKoro IIOBpe)K,Z{e

Hllll ,Z{O KOHIIa He llCeH. 0.Z{HllM H3 cyll(eCTBeHHh!X cpaKTOpOB CJIO)KHOH nerrn: MeTa6o

JIUqecKHX HapyrneHllll, pa3BHBaIOII(HXCll B KJieTKax HepBHOll TKaHH rrpH rHIIOKCHH, 

llBJilleTCll aKTllBaIJllll CB060,Z{HOpa.Z{HKaJihHOro OKllCJieHHll JIHIIH,Z{OB [4]. B 3TOH CBll3H 

aKTYaJihHhIMH llBJlll!OTCll llCCJie,Z{OBaHHll, HarrpaBJieHHh!e Ha C03,Z{aHn:e 3cpcpeKTHBHh!X 

n:Hrn:6n:TopoB CB060,Z{HOpa.Z{llKaJihHOro OKllCJieHllll - aHTHOKCH,Z{aHTOB. Cpe.nn: IIOCJie,Z{

HllX rro CBOeii aHTllOKllCJIHTeJihHOii aKTHBHOCTll Bhl,Z{em110TCll MHoroaTOMHhie cpeHOJihl. 

I.(eJ!blO oa1111020 UCCJle006QIIUJl R6UJl0Cb n:3yqeHn:e B03MO)KHhIX MexaHll3MOB rrpoTeK

TOpHoro .neiICTBllll rrpoll3BO,Z{Hh!X .Z{ByxaTOMHhIX cpeHOJIOB Ha acrpOIIHThl, 

KyJihTllBHpyeMhie B ycnoBHllX rnIIOKCHll. 

MaTepnaJI H MeTO,Z{hl HCCJIC,Z{OBaHHH 

AHTllOKCH,Z{aHTHYJO aKTllBHOCTh coe.nn:neHn:ii n:3yqann: IIO llX BJllll!HlllO in vitro 

Ha KHHeTn:Ky HaKOIIJieHllll MaJIOHOBOro .neanh,Z{ern.na (M.[{A) B roMorenaTax roJIOBHOro 

M03ra na6oparnpHhIX KphIC rro MeTOl(n:Ke[l]. IlepBn:qHyio KYJihTYPY acrponn:rnB rrony

qann: IIO MeTO.IIY [7] B MO,Z{ll(pllKann:n: [3] • .[{Jill 3TOro. llCIIOJ!h30BaJIH rQJIOBHOll M03r 

HOBOpO)K,Z{eHHhIX KphlCllT 1-2-He,Z{eJihHOro B03pacTa. B 3KCrrepn:MeHT 6pann: KyJihTypY 

1-2 rracca)l(Horo ypoBHll Ha 4-5 cyTKn: poem in vitro. Co.nep)Kann:e acrponn:TOB B KYJih

rype ll llX (pYHKIIllOHaJihHYJO aKTHBHOCTh KOHrponn:pOBaJill C IIOMOlllhlO HeIIpllMoro 

MeTO,Z{a qJJIIOOpecnn:pyioll(llX aHTHTeJI C llCIIOJih30BaHHeM IIOJillKJIOHaJihHhIX aHTllTeJI K 

rnn:anhHO cpn:6pn:JlllpHoMy Kn:cnoMy 6enKy (f<l>KE) (Sigma, ClllA) • .[{Jill Mopcpono

ruqecKoro HJyqeHHll KYJihTyphl KJieTKll qJHKCllpOBaJill pacrnopoM ,[{I06ocK-Epa3HJlh

Ey3Ha, OKpfilllllBaJill reMOTOKCHJlllHOM EeMepa ll 0,5 % BO,Z{Hh!M pacrnopoM 303n:Ha. 

IlperrapaThl aHaJIH3llpOBaJIII B CBeTOBOM MHKpocKorre "Biostar" (<l>Pr) C yBenn:qeHHeM 

100-400. ,r:(nll orrpe.neneHIIll MIITOTHqecKoii aKTHBHOCTII rro.ncqHThlBaJill B IIOJie 3peHHll 

MIIKpOCKOIIa 3000-5000 KJieTOK, Bhl,Z{eJllll! cpe.nu HHX KJieTKH B CTa,Z{IIH .neneHIIll u 

Bhipa)KaJill B rrpoMIIJIJIHX (%0). YnhrpacrpyKTYPY acrpOIIIITOB n:3yqanu rro o61I(errpn:

HllTOH MeTO,Z{IIKe Ha KJieTKax, qJIIKC!IpOBaHHhIX 2,5 % rnyTapaJih,Z{ern.noM ll 1 % Os04 B 

0,1 K KaKO,Z{IIJiaTHOM 6ycpepe (pH 7,3), o6e3BO)KeHHhIX II crrn:prax B03pacTaIOllleii KOH

neliTpaIJllH ll 3aKJIIOqeHHhIX B apaJI,Z{HT. Y JlhrpaTOHKIIe cpe3hl aHaJIII3llpOBaJIII C rro

MOII(hIO 3JleKrpOHHOrO MIIKpOCKOIIa JEM-100-CX (5IrroHIIll). rn:rroKcn:qecKoe B03-

.neiiCTBHe Ha KYJihTYPhl ocymeCTBJlllJIII B repMeTllqffOll KaMepe c raJOBOll CMeChIO 95 % 

a30Ta ll 5 % yrneKIICJIOro ra3a rrp!I 37 °C. MopcpoMerpuqecKIIll aHaJill3 rrpoBO,Z{IIJICll C 

IICIIOJih30BaHHeM KOMIIhIOTepHOH CllCTeMhl aHaJIH3a II306pa)KeHHll "Bioscan-NT" IIO 

rrporpaMMe, pa3pa6oTaHHOH B Jia6opaTOpllII KOMIIhIOTepHhlX TeXHOJiornii MfMY. 

AKTHBHOCTh CO.[{ orrpe.neJillJIH MeTO,Z{OM [6]. 
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Pe1yJILTaTLI II o6cym.a;eune. 

Ha Kacpe.npe Pa.Z{HaIJHOHHOH XHMHH u XHMHqeCKOH TeXHOJIOI1IH ErY 6hIJIH CllH

Te3HpOBaHbl rrpOH3B0,Z{Hhie IIHpOKaTeXHHa H rn:.npoXHHOHa, ycJIOBHO Ha3BaHHhie T-2, 

T-3, K-1, T-37. 

B Kaqecrne rrperrapaTa cpaBHeHHll HCIIOJih30BaJIH 6JIH3KHH rro crpYKType n:ccne

.nyeMhIM coe.nn:HeHIIl!M IIIIIpOKO H3BeCTHhlH aHTHOKCHl(aHT HOHOJI 

Han:60Jih!IIeii aHTHOKCHl(aHTHOH aKTHBHOCThIO H3 HJyqaeMhIX coe.nn:HeHHH o6na

.naeT 3,5-l(HrpeT-6yTHJIIIHpOKaTeXHH (coe.nn:HeHHe T-3), KOTopoe HHrn6n:pyeT o6pa3o

BaHHe M)];A B HHTepBane KOHQeHrpann:ii l0~-10-
3 

M. YpOBeHh M.[{A rrpu KOH

neHrpann:llx coe.nn:neHHll 10·7 
- 10·3 

M He rrpeBhIIIIaeT 9,4-3,1 % OT KOHTPOJlll-((HOpMa». 

B KOHIIeHrpann:n: 10·
8 

M coe.nn:HeHHe T-3 HHrn6n:pyeT o6pa3oBaHn:e M.[{A Ha 61,5 %. 

Coe.nn:HeHn:e T-37 (anKn:nn:poBaHHhiii o-aMHHocpeHon) B KOHIIeHrpaIJn:HX 10-6-10·
3 

M 

CHH)KaeT o6pa3oBaHn:e M.[{A Ha 80,6-98,7 %. B KOHIIeHrpann:llx 10·8-10·7 M - Ha 1,7-

8,3 %. no 3tpcpeKTHBHOCTH .naHHhie coe,Z{HHeHHe rrpeBOCXO,Z{llT HOHOJI, oco6eHHO B ,Z{Ha

lia30He HH3KHX KOHIIeHrpaIIHH, r.ne IIOCJie,Z{HHH ne BJIHlleT Ha co.nep)KaHHe M.[{A. 
.[{aJihHeHIIIal! onenKa 6HOJIOrn:qecKoii aKTHBHOCTH OTo6paHHhIX COe,Z{HHeHn:ii 

rrpOBO,Z{HJiach B rrepBHqHoii KYJihType acrpOIIHTOB M03ra HOBOpo)K,Z{eHHhIX Kpb!C, Haxo

,Z{llll(eiicl! B YCJIOBHllX rHIIOKCHH. I1onyqeHHhie HRMH KYJihTyphl M03ra HOBopo)K,Z{eHHhIX 

Kph!C COCTOl!JIH Ha 95 % H3 f<l>KE - IIOJIO)KHTeJihHhIX KJieTOK. KyJ!hryphl rrpe,Z{CTaBJie

Hhl rrpoTOIIJiaJMaTn:qecKHMH n: cpn:6pn:JIJlllpHhlMH acrpOIIHTaMH. ITpoTOIIJia3MamqecKHe 

acrponn:ThI cpe.nn: acrpornn:anhHhIX KJieTOK rrpeo6na.nann:. XapaKTepHoii oco6eHHOCThIO 

HX rrpH o6pa6oTKe aHTHCh!BOpOTKOH K f<l>KE llBJllleTCll HaJin:qn:e paBHOMepHOro crrenn:

cpn:qecKoro CBeqeHHll TeJI II orpOCTKOB. ITpH YJihrpacrpyKrypHOM H3yqeHHH KOHTPOJih

HOH KYJihTyphl acrpOIIHTOB !IX IIHTOIIJia3Ma ll ll,Z{pa IIMeJIH HII3KYJO 3JieKrpOHHYJO 

IIJIOTHOCTh. B llllTOIIJiaJMe co.nep)KaJIOCh He6oJihIIIOe KOJIHqecTBO rJIHOqJH6pHJIJI n: 

pn:6ocoM. 3H.Z{OIIJia3MaTHqecKn:ii peTHKYJIYM n: KOMIIJieKC roJih,Z{)Kll rrpe,Z{CTaBJieHhl KO

pOTKllMH IIHCTepHaMH. Konn:qecrno MHTOXOH,Z{pHii, HX pa3Mephi H cpopMa BapbHpOBaJIII 

B !IIHpOKllX rrpe.nenax. 51.npa IIpOTOIIJiaJMaTHqecKHX acrpOIIllTOB HMeJIH OKpyrnyio llJIH 

OBaJihHYJO cpopMy, co.nep)KaJIH paBHOMepHO ,Z{HCIIeprnpoBaHHh!H xpoMaTHH, B 6oJih

IIIHHCTBe cnyqaeB 2-3 HYKJieOJIOHeMHhIX ll.11PhIIIIKa. Mn:TOTHqecKal! aKTllBHOCTh HH

TaKTHhIX KYJihTyp COCTaBJlllJia 15,6 %0. PaJMephl KJieTOK B rrepBn:qHhIX acrponn:rapHhlX 

KYJihTypax BapbHpYJOT OT 150 MKM
2 

,Z{O 1700 MKM
2

• Han:60J!hIIIee KOJin:qecTBO KJieTOK 

HMeeT IIJIOII(a,Z{h OT 700 MKM
2 

.no 1000 MKM
2

• 

ITepBhie MOpcponornqecKn:e ll3MeHeHHll B acrponn:Tax na6JIIO.nanHch qepe3 18 

qacOB OT naqana rHIIOKCJiqecKoro B03,Z{eiicTBHll. 0HH xapaKTepn:30BaJIIICh IIOllBJieHHeM 

OTeqffhJX KJieTOK C BaKYOJill3aIJHeii HX IIHTOIIJia3MhI, IIOl!BJieHlleM MHOroll,Z{epHhIX 

KJieTOK. ITpn: 3TOM CHH)KaJICll ypoBeHh MIITQTHqecKoii aKTHBHOCTH acrpOIIllTOB. CTe

rreHh Bh!pa)KeHHOCTII 3TllX ll3MeHeHHH ycHJIHBanacb IIOCJie 20-qaCOBOH rnrrOKCHH, 

BOBJieKal! B IIOpa)KeHHe ll.Z{pa. Ilopa)KeHHe KJieTOK n:MeJIO oqaroBhlH xapaKTep. 

U:eJIOCTHOCTh MOHOCJIOll B 3TH CpOKII ell(e coxpaHllJiaCb. IT03TOMY 3TOT BpeMeHHOH 

HHTepBan 6bIJI Bhl6paH HRMH ,Z{Jlll oneHKH aHTHI1IIIOKCHqecKHX CBOHCTB n:ccne.nyeMhIX 

coe.nn:'nenn:ii. .[{aJibHeiiIIIal! HHKy6aIIHll KyJihTYP B rnIIOKCHqecKOll KRMepe B Teqenn:e 

24 qacoB u 6onee rrpHBO,Z{llJia K HapyrneHIIIO neJIOCTHOCTll MOHOCJIOll c OTTOp)KeHn:eM 

qacTH KJleTOK OT IIOBepXHOCTH tpJiaKOHa. 

3JieKrpOHHO-MHKpOCKOIIllqecKHH aHaJIH3 acrpOIIllTOB, IIO,Z{BeprnyrhlX 20-qaco

BOMY B03,Z{eiicTBHIO rHIIOKCHH, Bhll!BHJI Bhlpa)KeHHhie ynhrpaCTPYKTYPHhie II3MeHeHllll B 
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.!1,llpe ll UHT0IIJHl3Me. TaK, 6oJibllHUI qaCTb .!l,llepHoro xp0l'.faTIIHa 6bIJia ,llllCIIepn1p0BaHa, 

y BHYTPeHHero JlllCTKa HYKJieoJieMhl Ha6mo,llaJiaCb Jllllllb ero YJKa.!I K0H,lleHCllp0BaHHa.!1 

II0JI0CKa. Ha6JIIO,llaJillCh MHT0X0H,llpllll c ,lleCTPYKUUeil: KpllCT u pa3pelKeHHbIM MaTpllK

C0M, "lllCJI0 K0T0pblX a HeK0T0pbIX KJieTKax ,!I0CTllfaJI0 20-30 % OT o61[(ero K0JIH"leCT

Ba. QucTepHbl IIIepoxoaaTOro 3H,!I0IIJiaJMaTU"leCK0fO peTHKynyMa 6bIJill HeCK0JibK0 

paCIIIHpeHbl. TaK lKe HaMH 6bIJIO 0TMe"leH0 CHHlKeHue ypoBirn co,n: a roMoreHaTe 

KYJihTYPhI KJieT0K aCTP0UHT0B a 1,9, pa3a. Tipu fllII0KCllll II0.!IBllJillCh KJieTKll c IIJIO

l[(a,llbIO UllT0IIJiaJMhl OT 1700 MKM
2 

,!10 4000 MKM
2

. 

O,!IHHM ll3 II0,l\X0,!10B, II03B0JI.!ll01[(llM TeCTttpoBaTb C0CT0.!!Hlle MeM6paHHhlX Jlll

Illl,!10B, Hax0,ll.!lllIHXC.!I KaK B 6ucnoe, TaK ll rrpu6eJIKOBhIX ( aHYJI.!!pHbIX ) Jlllllll,!10B .!IB

JI.!leTC.!I orrpe,lleJieHHe CTerreHH 3KCHMepu3a[(Hll MeM6paHOCB.!13aHHOfO qmyopecueHT

H0fO 30H,lla rrnpeHa [2]. Ilpu fllII0KCllll rrp0HCX0,llllT yaeJIH"leHue 0TH0IIIeHH.!I llHTeH

CllBH0CTeil: 3KCHMepHOH K MOHOMepHOH qmyopecueHUllll KpacuTeJI.!I rrpn B036ylK,lleHHll 

3 3 5 HM 6onee "leM B 2 pa3a, "ITO CBll,lleTeJihCTBYeT 0 CHlllKeHllll B.!13K0CTll Jlllllll,!IH0f0 

6ucJIO.!I MeM6paH aCTP0UHT0B. 

BHeceHue B KYJihTypaJibHYJO cpe,lly rrepe,!1 II0Mel[(eHUeM aCTp0UllTOB B fllII0KCll

qecKyio KaMepy llCCJie,llyeMhlX coe,!IHHeHllll B ,!103e 0,05 MKr/MJI rrpHB0,llllJI0 K cyl[(eCT

BeHH0MY CHlllKeHHIO BbipalKeHH0CTll Heil:po,lleCTPYKTllBHbIX rrpoueccoB. 

BbIBO,llhl 

l. IIpOll3BO,l\Hhle ,l\ByxaT0MHhIX qieHOJIOB T-2, T-3, T-37, K-1 o6Jia,llaJOT aHTllOKCll

,llaHTHOH aKTHBHOCThlO. 

2. AHTllOKCH,llaHTHa.!I aKTllBHOCTb y ,llaHHblX coe,!IHHeHllll 3aBHCllT OT CTPOeHH.!I llX 

llCX0,l\HhlX COe,!IHHeHHH, cpe,llll KOTOpbIX ,llllqJeHOJI T-3 u aMllHOqJeHOJI T-37 rrpe

BOCXOMT no aKTllBHOCTll llOHOJI. 

3. PaJpa6oTaHa MO,lleJib fllIIOKCH"leCKOro rroapelK,lleHH.!I aCTPOUHTOB n rrepBH"IHOll 

KYJihType M03ra HOBOpolK,lleHHOll KpbICbl. XapaKTepHb!Mll rrpH3HaKaMll rropalKeHH.!I 

KJieTOK .!IBJI.!leTC.!I HapyIIIeHue qJYHKUHOHaJihHOro COCTO.!!Hll.!I llX MeM6paH, OTeK 

KJieTOK, qiopMnpoBaHue MHOfO.!l,llepHbIX KJieTOK, CHlllKeHHe MllTOTH"leCKOll aKTllB~ 

HOCTH, CHlllKeHHe ypoBH.!I co,n:. B 6onee ,!IJIHTeJihHhie cpOKll (24-48 qacoa) -

,lleCTpyKUll.!I KJieTO"IHOro MOHOCJIO.!I. 

4. YcTaHOBJieH BbipalKeHHblll rrpoTeKTHBHblll 3qJqJeKT llCCJie,llyeMbIX rrperrapaTOB T-3, 

T-37 B ycJIOBll.!IX fllIIOKCH"leCKOfO B03,lleHCTBll.!1 Ha aCTPOUHTbl in vitro, KOTOpblll 

rrpO.!!BJI.!leTC.!I HOpMaJIHJauueil: MeTa60Jill3Ma ll 4JYHKUllOHaJibHOH aKTllBHOCTll 

KJieTOK. 
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MYJihTHAJiEPPAHTHhIE KJIETKH H XPOMOCOMHhIE AliEPPAI.JJIH 
B JIHM<l>Ol).HTAX IIEPH<l>EPHqECKOH KPOBH 60.Jil,HhlX 

JIHM<l>OrPAHY JIEMAT030M 
P.!16"1eHKO H.11., HacoHoaa B.A., <I>eceHKo 3.B., KoH,llpaIIIOBa T.B., AHTOIUllHa M.M., 

IIaBJIOB B.B., P.!16uKuHa H.B. 

MeOulfu11cKUu paouo!IOW'lecKuu IIGJ"lllblu l{e11mp PAMH, PoccU11, z. 0611u11cK, 
nryabchenko@ranbler.ru 

IIpu UHTOreHernqecK0M aHaJIHJe JlllMqJOUllTOB rrepnqiepuqeCKOH KpOBll B p.!l,lle 

cnyqaeB o6HapylKHBaJOTC.!I MeTaqJaJhI, CO,lleplKal[(He 60JibIIIOe 'lliCJIO CTPYKTYPHhIX xpo

MOCOMHbIX rroapelK,lleHHH. TaKne noapelK,lleHHhie MeTaqJaJbl HaJh!BaJOT CJIOlKHb!Mll 

KJieTKaMH, MynhTHa6eppaHTHhIMH KJieTKaMH (MA-KJieTKn), a TaKlKe "rogue-cells" [l, 2, 

3]. MA-KJieTKH Ha6JIIO,llaJOTC.!I KaK npn o6cJie,!IOBaHllll JlllU, IlO,!IBepraaIIIHXC.!I B03-

,lleHCTBHIO ll0Hll3llPYJOllillX ll3JiyqeHHH [4, 5, 6, 7], TaK ll JIHU, He IlO,!IBepraBIIIHXC.!I 

,lleHCTBlllO KJiacTOreHHbIX qJaKTOpOB [2, 8]. HecTa6HJibHOCTh MA-KJieTOK n Herrpe,!1-

CKaJyeMOCTb HX IIO.!IBJieHH.!I B pa3Jill"IHblX rpynrrax nauneHTOB ll 3,!IOpOBhIX llH,llll

BllJIYYMOB cymecTBeHHO JaTPYJIH.!!eT llCCJie,!IOBaHHe qieHOMeHa MYJihTHa6eppaHTHOCTll 

B KaqecTBe IIOKaJaTeJI.!I xpOMOCOMHOH HecTa6HJibHOCTll ll B03MOlKHOf0 yqaCTll.!I 3TllX 

KJleTOK B rrpO.!!BJieHHll OT,llaJieHHhIX rrocne,ncrnnil: ,neil:CTBH.!I KJiaCTOfeHHhIX qJaKTOpOB 

Ha opraHH3M. 

HaMH 6bIJIO IlOKaJaHO [9], "ITO 6onee 80 % 60JibHhIX JlllMqJOrpaHyneMaTOJOM 

(JifM) rrocne npoae,neHH.!I XllMHOTepaneBTH"leCKOfO Jie"leHH.!I co,neplKaT MA-KJieTKll. 

Bb!COKa.!I qacTOTa BCTPeqaeMOCTll MA-KJieTOK Il03B0Jlllll0 npoBeCTll UHTOfeHernqec

KllH aHaJill3 MYJibTHa6eppaHTHbIX KJieTOK ll HJyqHTb 3aKOHOMepHOCTll HX ITO.!IBJieHH.!I. 

l1ccne,nyeMa.!I rpynna COCTO.!IJia H3 43 6oJibHhlX JlllMqJOrpaHyneMaTOJOM, nony

"laBIIIHX B KJIHHHKe MPHQ PAMH TOJihKO o,nHy XHMHOTepann10 (18 6onhHhIX) n 

nonyqasmnx nocne xnMnoTepannn Kypca nyqeaoil: Tepann10 c paJJIH"IHhIMH CYMMap

HhIMH oqafOBbIMll ,ll03aMll (25 6oJihHbIX). fpynnhI cpaaHeHH.!I 6bIJill npe,ncTaBJieHbl 30 

nepBH"IHb!Mll 60JihHb!Mll JifM ll 76 3,llOpOBh!Mll ,llOHOpaMH. 

O6pa3Ubl KpOBll nonyqann OT 3,llOpOBhIX ,llOHOpOB, 60JihHbIX JifM ,no ll B Te"leHHe 

nepBhIX ,nayx CYTOK nocne npoae,neHH.!I eypca xnMnoTepannn n nocne,nyiol[(eil: 

nyqeaoil: Tepannn. JlnMqioUHThI KYJihTnanpoaann npn 37°C a cpe,ne RPMI-1640 c 20 % 
3M6ptt0HaJihHOH TeJI.!l"lheil: CbIBOpOTKll B npHCYTCTBllll qJHTOreMarJIIOTllHHHa ( <I> r A). 

,n:JI.!I onpe,neneHH.!I 'lliCJia npoil:,neHHhIX KJleTKaMll UHKJIOB penJIHKa[(llll ,n:HK (MHT030B) 

HCITOJih30BaJill MeTO,n ,nnqiqiepeHUllaJibHOH OKpaCKll xpoMarn,n C IlOMOll\blO 5-

6poM,neJOKCHypn,nnHa, KOTOpblH ,no6aBJI.!IJill BMeCTe c <I> r A a KYJib TYPY JlllMqJOUHTOB. 

JlHMqJOUHThI qJllKCHpOBaJill qepe3 48-96 qacoB nocne KYJibTllBllp0BaHll.!1 B npHCYTCTBllll 

<I>fA ll 5-6poM,neJOKCHypn,nnHa • .ll:JI.!I HaKOITJieHH.!1 MeTaqJaJ 3a 2 qaca ,no qrnKCa[(llll B 

KalK,!IYJO KYJihTYPY ,no6aan.!leTC.!I ,neMeKOJlb[(llH n KOHe"IHOH KOHUeHTPa[(llll 0,6 MKr/MJI. 

Y'lliTbIBM aapnaunn ,llaHHhIX pa3Jill"IHbIX aBTOpOB O 'lliCJie a6eppaunil: xpoMOCOM 

a MA-,KJieTKax, Mb! OTHOCHJ!ll K MYJihTHa6eppaHTHh!M KJieTKaM MeTaqJaJbI, KOTOpbie 

co,neplKaT He MeHee qeThipex o6MeHHhIX a6eppaunil: xpOMOCOMHOro TllITa. .ll:J1.!I 
myqemrn MeXaHH3MOB qiopMHpOBaHll.!I MA-KJieTOK 6bma nccne,noBaHa JaBHCllMOCTh 

llX ITO.!IBJieHll.!I OT TllITOB B03,neil:CTBYJOl[(llX Ha opraHH3M qJaKTOpOB, a HMeHHO 

XllMHOTepanenrnqeCKHX (KOMITJieKC npenapaTOB, npHMeH.!leMbIX npn Jie"leHHll 60JlbHblX 

JirM), KOTOpbie HHJIYUHPYJOT a6eppaunn xpoMaTH,llHOro Tnna, n pa,nnaunoHHblX, 

KOTOpbie npn B03,lleHCTBllll Ha IlOKO.!ll[(lleC.!I JlllMqJOUHThI nepnqiepn11eCKOH 
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IIH.!IYIIIIPYIDT a 0CH0BH0M a6eppaUIIII xpoM0C0MH0ro TIIIIa (raMl\ta-JI)"leBa.ll Teparnrn:). 
Ebma oueHeHa qaCT0Ta II0JIBJieHIIJI crpyicrypHbIX a6eppaQ1IH xpoM0C0M a 

HeMyJihT1Ia6eppaHTHbIX MeTa<pa'.3aX rrepaoro MIIT03a JIIIMqJOUIITOB 3,!I0p0BbIX ,!I0H0p0B, 
rrepa1IqHhIX 6orrhHhrx JlfM (rpyrrrrh1 cpaaHemrn:), a TaKJKe 6orrhHhIX rrocrre rrpoae,11eHHJI 
XIIM1I0Teparr1I1I II rrocrre.llyiomeii JI)"leaoii Teparr1I1I. O6mM qacrnrn a6eppau1Iii: 
xp0M0C0M Ha 100 MeTa<pa3 y rrepBIIqHbIX ( He II0JI)"laBIIIHX rreqeHIIJI) 60JibHb!X JifM 

0Ka3arracb 3HaqmeJihH0 BbIIIIe, qeM y 3,!I0p0BhIX JIIIII (4,80 ± 0,54 II 2,12 ± 0,13, 
C00TBeTCTBeHH0; p<0,0 1 ), a y 6orrhHbIX rrocrre rrpoBe,!leHIIJI XIIMII0TepanmI - BbIIIIe, qeM 
y rrepaliqHbIX 60JihHblX (7,20 ± 0,58; p<0,01). Pa3HIIUa a qacTOTe a6eppau1Iii MelK,!ly 
rrepBIIqHbIMII 60JibHblM11 H 3,!I0p0BbIMII ,!I0H0paMII o6J,JICHJIJiaCb, fJiaBHbIM o6pa30M, 

IIOBbIIIIeHHOH qacTOTOH xpoMaTH,!IHbIX a6eppaUIIH (4,34 ± 0,51 y 60JibHbIX II 1,87 ± 
0,12 B K0Hrpone; p<0,01). Ilocne npoae,11eH1IJI XIIMII0TeparrlIII y JIIIMqJOUHTOB 60JibHbIX 
Ha6mo,11arrCJI He T0JibK0 IIOBbIIIIeHHbIH ypoBeHb a6eppauHii xpoMaTII,!IH0ro rnna (5,20 ± 
0,50), HO II a6eppaQIIH xpoM0C0MH0ro rnna: 1,99 ± 0,36 np0TIIB 0,47 ± 0,19 y 
nepaIIqHbIX 60J!bHbIX (p<0,01) II 0,25 ± 0,04 y 3,!I0p0BblX JIHII (p<0,01). Ilpeo6na

,!lfilOIQHH BKJIM B o6myio qacrnzy a6eppauIIii B KalK,!loii: II3 06cne,11oaaHHhrx rpyrrn 

BH0CIIJIH a6eppaUHII xpoMaTH,!IH0ro THIIa, a ,!I0JIJI a6eppauIIii xp0M0C0MH0ro rnna y 
60JibHb!X nocne XIIMII0TeparrIIII CO.CTaBJIJIJia 28 %. 

y 15 6oJibHbIX JlfM rrocne XIIMII0TepanHII H He3aBepIIIeHJIOfO Kypca faMMa

nyqeaoii TepanlIH no MH0ron0JibH0My aapIIaHTY (cyMMapHa.ll oqaroBa.ll ,!I03a (CO):() 
MeHee 12 fp) 6bmH B3Jl:Tbl ,!IJIJI aHarr!I3a o6pa3Ubl Kp0BH. IlOKa3aHO, qro ,!I0n0JIHII
TeJibH0e o6nyqeHIIe yaenIIqIIBaeT o6mee q1Icno a6eppauHii xpoMocoM Ha 100 MeTa<pa3 

,110 18,3 ± 5,2, np1I 3T0M 'lHcrro a6eppau1Iii: xpoMaTH,!IH0ro TIIna yaen1Iq1IaaeTcJI ,110 11,0 

± 4,9, a ypoaeHb a6eppauHii xpoM0C0MH0ro TIIna yaennq1IaaeTCJI ,110 7,3 ± 1,7 H 

cocTaaJIJieT 39,9 % OT acex 1IH,11yrr1IpoaaHHhIX a6eppauHii. 3aaepIIIeHIIe nocne 

XIIMH0TepanIIII (10 60JibHbIX) IT0JIH0f0 Kypca ,-zyqeaoii TepanIIII no MHoron0JibH0MY 

aap1IaHzy c CO.IJ: 19-23 fp Ha IIIeii:Ho-no,11KJI10qHtJHYID o6nacTh, cpe,11ocTeHHe, cene-
3eHKY, JierKIIe II ,11pyr1Ie o6naCTII nplIB0,!IIIT K ,!laJibHeiiIIIeMy n0BbIIIIeHIIIO ypoBHJI -

a6eppauIIii xp0M0C0M Ha 100 MeTa<pa3 ,!10 43,3 ± 2,5, H3 K0T0pbIX 91,4 % C0CTaBJIJIIOT 

a6eppaQIIH xpoM0C0MH0ro THna (39,6 ± 2,6). Cne,11yeT 0TMeTHTb, qTQ y 60JibHbIX JlfM 

nocne 3aBepIIIeHIIJI Kypca XHMH0- H JI)"leBOH TeparrlIII Ha6JIIO,!laeTCJI KaK CHHJKeHIIe 
qIIcJia JIIIM!pOUIITOB a nepH<pep1IqecKOH Kp0BII, TaK H CH1IJKeH1Ie cnoco6HOCTII <l>fA 
CTIIMYJIIIp0BaTb MIIT0THqecKyio aKTIIBH0CTII KYJihTIIBIIpyeMbIX JIIIMqJOUHTOB, qTQ 
cymecTBeHH0 3arpy,11HJieT aHaJIII3 MA-KJieTOK y 3TOH rpyrrnhI 6oJihHbIX. 

KpoMe o6b!'lHhIX a6eppaHTHhIX KJieTOK, JIIIM<pOUHThI 15 H3 18 6onhHhIX JifM, 

06cne,110BaHHhIX nocne npoae,11eH1IJI XIIMH0TeparrlIH, co,11epJKarrII MA-KJieTKII, Hecym;He 
qeTbipe II 6onee o6MeHHbIX a6eppaQHH xpoM0C0MH0ro TIIIIa. Bcero y 3TIIX 60JibHbIX 

nocne rrpoBe,!leHHH Kypca XIIMII0TepaIIIIII 6bmo Haii,11eHO 60 MA-KJieTOK, HJIII 1,1 % OT 
o6mero tJIIcna MeTacpa3 (5568), npoaHaJIII3HpoaaHHhIX ,!IJIJI 3TIIX 18 qenoaeK. Cne,11yeT 

no,11qepKHYTh, qro cpe,!IH 4988 MeTa<pa3, npoaHaJIH3Hp0BaHHb!X y 30 nepBHqHblX 
60JibHhIX, JlfM 0Ka3arracb T0JibK0 0,!IHa MYJibTHa6eppaHTHa.ll, a y 76 3,!I0p0BblX 
,!I0H0p0B ( CBbIIIIe 12000 npoaHaJIH3Hp0BaHHbIX MeTa<pa3) He 6bmO HaH,!leHO HII O,!IHOH 
MA-KJieTKH. a OTJIHqHe OT o6b!'lHbIX a6eppaHTHbIX KJieT0K. 

B nepH<pepHqecKOH Kp0BH 33 6oJibHbIX rrocne 3aBepIIIeHHH Kypca XHMH0TeparrlIH 
H HenoJIH0fO Kypca JI)"leBOH TeparrHH 6bmO Haii,11eHO 109 MA-KJieTOK, H3 K0T0pbIX 

6onee noJI0BHHbl (a HMeHH0, 67) 6bmH HaH,!leHbI cpe,11H ,!IHnJI0H,!IHb!X MeTa<pa3 rrepaoro 

in vitro ,11eneHHH, B TO BpeMH KaK 0CTaJibHhie 42 MA-KJieTKH 6bmH HaH,!leHhl a 
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IIOJIHIIJI0H,!IHb!X MeTaqiroax. Ilpn 3T0M cpe,!IH ,!IHnJI0H,!IHbIX MeTa<pa3 BT0poro H 

TPeThero in vitro MHT030B MA-KJieTOK o6HapyJKeHo He 6hmo. B cneKrpe a6eppaQIIii 
60JibHbIX nocne XHMH0TepannH H He3aaepIIIeHHOH JI)"leBoii TepanHH npeo6Jia,!laJIH 
a6eppauHII xpoMaTH,!IH0ro rnna, a TO BpeMH KaK a cneKrpe a6eppaQHH MA-KJieTOK 
npeo6na,11arrH a6eppaQHH xpoM0C0MHoro THna (97,5 %). 

IlonHnJIOH,!IHbie MA-KJieTKH BCrpe'laJIHCb 0TH0CHTeJibH0 qacTO B JII060M H3 rpex 
nocne,110BaTeJibHb!X UHKJI0B in vitro perrJIHKaUHH. ConocTaBJieHHe H aHaJIH3 THn0B, 

xapaKTepHCTHK n crpyicrypHbIX oco6eHHOCTeii a6eppauHii, Ha6JI10,11aeMblX a MYJibTII
a6eppaHTHbIX n0JIHnJI0H,!lax pa3JIH'lHb!X UHKJI0B ,!leJieHHJI, 110Ka3aJI0, qro MA-KJieTKH 

MOfYT qiopMIIpOBaTbCH KaK in vivo, TaK H in vitro B 0TCYTCTBHe Henocpe,11crneHHbIX 
KJiacrnreHHb!X CTHMYJI0B, npH'leM npH ycJI0BHII 6JIOKHp0BaHHOH cerperaQHH xp0M0-
COM MA-KJieTKH He no,11aeprruoTCH 3JIHMHHaUIIH B X0,!le MHT03a H cnoco6Hbl coxpa
HHTbCH B Te'leHHe, no Kpaii:Heii Mepe, ,!IByx IIHKJI0B ,!leJieHHH. IlOJI)"leHHbie pe3yJihTaTbI 
YKa3b!BfilOT, qro qiopMHpoBaHne MYJibTHa6eppaHTHbIX KJieT0K 110,!l'lHHHeTCH HHbIM 
3aKOHOMepH0CTHM, 'leM <pOpMHpOBaHHe o6bI'lHbIX a6eppaHTHbIX KJieT0K. HaIIIH ,!laHHbie 
II03B0JIHIOT BblCKa3aTb npe,11noJI0JKeHHe 06 )"laCTHH B <pOpMHpOBaHHH MA-KJieTOK 

He3aaepIIIeHH0ro an0ITT03a, npH K0T0p0M uenb 0TBeTHblX Ha anorrT0TH'leCKIIH CIIfHaJI 

co6bITHH rrpelK,!leBpeMeHH0 o6pbIBaeTCJI H KJieTKa B0CCTaHaBJIHBaeT uen0CTH0CTb CB0e

ro xpOMOCOMHOro arrnapaTa, HeCM0TPH Ha HaJIH'lHe MH0JKeCTBeHHbIX .!IBYHHTeBbIX 
pa3pb1B0B ,n:HK. 

Pa6orn BblIIOJIHeHa npH qJHHaHCOBOH no,!l,!lepJKKe P<l><l>J.1 (rrpoeKT 06-04-48300). 
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METHJIHHTP030MOqEBHHA CHALLENGE-MYT ArEH B O.QEHKE 
AKTHBHOCTH KOPPEKQHOHHOH PEIIAPAQHH ,ll;HK (MMR): CB.H3I, 

C HEKOTOPbIMH BH.lJ:AMH PAKA 
TpoHOB B.A., KpaMapeHKO H.H., KmnoBa A.,[{., Kpacamrn E.A. 

HX<P PAH, 2. MoCKea,PoccUR, tronov@center.chph.ras.ru 

lliTh MeXaHH3MOB penapan1rn o6ecne'IHBaJOT neJIOCTHOCTh H HHTaKTHOCTb 

reHOMa B KJieTKe: npllMOe BOCCTaHOBJieH11e noBpeJK.L1eH11il:; penapan11ll .UBYHIITeBblX 

pa3pb1BOB (BKJIIO'IaeT MeXaHH3M roMOJIOrH'IHOH peKOM611Han1111 II MeXaHll3M CIIIIIBaHllll 

HeroMOJIOrll'IHhlX KOHJ:lOB; 3KCJ:lll3110HHaH penapan11ll HYKJieOTll,UOB; 3KC!lll3110HHaH 

penapan11ll ocH0BaH11il:; penapan11ll HeKoppeKTHhlX nap (mismatch repair, MMR, Kop

peKJ:llIOHHa» penapan11ll). HeKoppeKTHb!e napbl o6pa3YJOTCll B pe3yJihTaTe 01111160K 

,[{HK-nOJIIIMepa3bl c ,llOBOJihHO Bb!COKOH qacTOTOH (I napa Ha 10000 HyKJieOTII,llOB). 

Cero,UHll O,UH03Ha'IHO ,UOKa3aHa CBll3h Myranm1 reHOB 3TOro MexaHll3Ma C HaCJie,UCT

BeHOH npe,upacnoJIO)KeHHOCThlO K HaCJie,UCTBeHHOMY HenOJilln03HOMY KOJiopeKTaJih

HOMY paKy (HPTK), Ha3hrnaeMoMy c11H,upoMOM Jl11H11a I. 

Ta6mu:(a. I 
,[{eqieKT MMR MMR-crnTyc 3a60JieBaH11e/c11H,UDOM I) 

fepM.-MyraQIIII retta MLHJ H113KIItt yposeHh HPTK/c11H.l:(pOM Jlllwia I, 
HPTK-crreKTOICIIH.l:(POM JI11tt11a2 

reoM.-Mvra1-11I11 retta MSH2 H1I3Klltt ypoBeHb HPTK, CIIH.l:(P0M MIOIIP-Topp 

fnrrepMeTIIJillpOBaHHe HmKnil: ypoBeHh Crropa.l:(1I11ecKntt PTK, paK JH.l:(0MCTpHll, 
MLHJ rrpoMoTepa paK llll'IHHK0B H ,l:(p. 

Myrn1-1n11 reHa mgmt ' 1 8bJCOKHH yp0BCHb CrropMn11ecKnil: PTK, 1-1nppo3 rre11eH11, 
rerraT0KJ!eTO'IHbltt oaK 

Tip11Meqa11ID1. HPTK - HaCJIC,llCTBCHHblH HCIIOJIIIII03Hhlli paK TOJICTOli KIIIIIKII; PIK - paK TOJICTOli 

KIIIIIKII. 
11

C11H,!1pOM JI1111qa I BKJlloqaeT B ce6JI TOJlbKO HaCJJC,llCTBCHHhle KOJJopeKTMbHble orryxoJJII. 

Cl!H,llpOM Jln11qa 2 OXBaTbIBaeT HaCJIC,llCTBCHHble onyXOJIII 6JJH3JielKaII111X opraHOB - 3H.LIOMCTJ)Hli, Httq

HHKH, TOHKHli KHllleqHHK, lKCJl)',llOK, MQqeTQqHHK, rroqeq111,1e JIOXaHKH. Ctttt,llpOM M10np-Topp - ttacJJe,11-

CTBCHHaH HCOIIJ!a3IDI CMbHblX lKCJie3, <j>eHOTHIIttqCCKHli napnaHT HPTK. 21feH mgmt KO,llllpyeT <j>epMeHT 

npllMOro ,llCMCTHJJllpOBaHIDI ryattHHa, MCTHJ1ryatt11tt-,lUIK-MeTHJJTJ)attc<j>epa3y. He.11ocrnrnq110CTb 110 

3TOMY <j>epMettry rrpHBO,llHT K neperpY3Ke CHCTCMbl MMR II MYTaTOpHOMY <j>eHOTHny. 

B rn6n11ne I nepe'IHCJieHhl reHeTll'IeCKlle ,ueqieKThl B CIICTeMe KoppeK!lllOHHOH 

penapan1111 11 CBll3aHHh1e c HIIMII onyxoneBhie 3a6oneBamrn 11enoBeKa. CyII(ecrneHHO, 

'ITO BO MHOr11x naTOJIOrllllX,, npe,ucTaBJieHHhlX B _Ta6;mne, 113MeHeHllll B reHax, KaK 

C'IIITaJOT, nOHll)KaJOT ypoBeHb aKTIIBHOCTII MeXaH113Ma,MMR. IlOHll)KeHlle aKTIIBHOCTII 

MMR accon1111poBaHo KaK c Hacne,ucrneHHhIMII, TaK II co cnopa,u1111ecK11M11 3a6one

BaHllllM11. 3rn accon11an11ll HBJilleTCll Ba)l(Heil:111eil: npll'IIIHOH IIHTepeca K MeXaHll3MY 

KOppeKJ:lll0HHOH penapan1111. BTopa» np111111Ha 3aKJIIO'IaeTCll B TOM, 'ITO Ha cero,UHll HeT 

y6e,u11TeJihHOil: npone,uyphl oneHKII 4JYHKJ:lllOHaJihHoil: aKTIIBHOCTII MMR. CyJK.L1eH11ll o 

crnryce MMR, npe,uCTaBJieHHhie B Ta6n11ne, c,ueJiaHbl Ha OCHOBaHIIII KOCBeHHhlX 

,UaHHh!X - HeCTa611JibHOCTh MIIKpocaTeJIJIIIT0B II ypoBeHb 3KCnpecc1111 6eJIKOB CIICTeMbl 

MMR. O6a nOKa3aTeJIH He llBJIHIOTCll B crporoM CMh!CJie KOJill'IeCTBeHHhIMII. Il03TOMY 

neJiblO Hall!eil: pa60Thl 6bIJia pa3pa60TKa MeTO,ua KOJill'IeCTBeHHOH oneHKII 4JYHK!lllO

HaJihHOH aKTl!BHOCTII MMR II IICCJie,UoBaH11e C ero noMOII(hlO penapan1111 B JIIIMq>O

J:lllTax 3,UOpOBhlX ,llOHOpOB II OHKOJIOm11eCKIIX 60JihHhlX. 

MMR llBJilleTCll e,UIIHCTBeHHh!M nocrpenJIIIKaTIIBHh!M penapaTIIBHh!M Mexa-
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HH3MOM. OH B nOJIHOH Mepe q>yHKJ:lllOHIIPYeT TOJihKO B ,ueJIHII(IIXCll KJieTKax II xapaK

Tepn3yeTCll .UBYMll oco6eHHOCTllJ\,III: (I) MMR npOTeKaeT TOJihKO Ha BHOBh CIIHTe311po

BaHHOH nen11 ,[{HK, OCTaBJIAA HerpOHYTOH MaTp111IHYJO HHTh; (2) MeXaHll3M xapaK

TepII3yeTCll CllMOH 0611111pHOH 3KCJ:lll311eil:, OCTaBJillJOII(eil: O,llHOHIITeBbie 6pe111n ,uo 2000 
HYKJieOTll,llOB. KoJib CKOpo nponecc 3arpamBaeT TOJihKO ,uo11epHIOIO nenh ,[{HK, TO B03-

HIIKaeT Bonpoc, 'ITO 6y,ueT, eCJIII noBpeJK.L1eH11e HaxO,UIITCll B Marp11ne II He npeIIHTCT

BYeT penJIIIKaJ:lllll. TaKIIM nospeJK.L1eH11eM llBJIHeTCll MO,llllqJHnllpOBaHHhlll no 6 KIICJIO

po,uy ryaH11H - O6meG. CTPYKTYPHO OH CIIJihHO HanoM11HaeT a,uemrn. Ilo3TOMY B 

napax C J:lllT0311HOM II a,ueHIIHOM OH He CIIJihHO ,ueqiopM11pyeT perympHYJO crpyKTypy 

,uyrrneKca, II noTOMY ero He Y3HaeT MeXaHll3M ,uopenJIIIKaTIIBHOll penapan1111 HYKJieO

Tll,llOB. KneTKa, co,uep)KaII(aH 3TY MO,llllqJIIKa!llllO, BXO,UIIT B J:lllKJI, II nocne ero 3asep-

111eHllll Ha'IHHaeT paYH.U KOppeKnllOHHOH penapan1111. OH 3aKaH'IIIBaeTCll q>OpM11po

BaHlleM HeKoppeKTHOH napbl, noCKOJihKY OCHOBaHIIH, KOMnJieMeHTapHoro O6meG B 

KJieTKe HeT. 3Ta napa aKT11B11pyer HOBhIH payH,u penapan1111, KOTOphrn TaK)Ke He 

3aBep111aeTcll y,uaneH11eM ,ueq>eKTa. TaKa» penapan11ll Ha3hIBaeTCll a6opTIIBHoil: (He3a

seprneHHoil:). B pe3yJihTaTe Ha6n10,uaeTCll 11epe,ua 3KC!lll3HH II peCHHTe3a C o6pa30Ba

HlleM BpeMeHHOH O,UHOHIITeBOH 6pe11111, KOTOpa» co BpeMeHeM nepexO,UIIT BO BTO

p111IHhlll .UBYHIITeBOH pa3pb1B no,u ,ueil:CTBlleM 3H,llOHYKJiea3. 3TOT pa3pb1B c11ruan11-

311pyeT o ,ue311HTerpan1111 reHoMa II nponecc 3asep111aeTcll anonTo3oM. 3TH co6hITIIH 

pa3Bopa'I11BaJOTCll B KJieTKax C aKTIIBHOH CIICTeMOH KOppeKnllOHHOH penapan1111. ECJIII 

)Ke MeXaHll3M KOppeKJ:lllll HapyrneH, TO HeT pa3pb1BOB, HeT anonT03a, HO 11epe3 2 J:lllKJia 

penn11Kan1111 npo11cxo,u11T rpaHcsepc11ll G:C -+ A:T. TaK11M o6pa3oM, BTop111IHb1il: 

pa3pb1B ,[{HK eCTb pe3yJihTaT 4JYHKJ:lllOH11pOBaHl!H 3KCJ:lll3110HHOH penapan1111 II MO)KeT 

penpe3eHT11pOBaTb ee aKTIIBHOCTh. 

B3l1B 3a OCHOBY 3TY cxeMy, Mhl nonhITaJIIICh Ha ee OCHOBe pa3pa6oTaTh cnoco6 

oneHKII BTOpll'IHhlX .UBYHIITeBblX pa3pb1BOB, B03HIIKaJOII(IIX B KJieTKe B OTBeT Ha 

,ueil:crn11e MeTIIJIIIPYJOillero areHTa - MeT11JIH11rpo30Mo11eB11HhI (MHM). IlocKOJihKY 

KOppeKJ:lllll npoTeKaeT TOJihKO B ,ueJIHII(IIXCll KJieTKax, pa3pa6aTurnaeMb!H TeCT ,UOJI)KeH 

pa3Jill'IaTh ,ueJIHII(lleCll II He,UeJIHII(lleCll KJieTKII. 3To rpe6oBaHlle np11BeJIO Hae K 

BbJ6opy MeTO,ua KOMeT B CO'IeTaHIIII c MapKepOM KJieTO'IHOro ,ueJieHIIH BrUdr. TaKIIM 

o6pa3oM, cxeMa 3KcnepnMeHTa no oneHKe 3q>q>eKTIIBHocm KoppeKnllOHHoil: penapan1111 

B ,ueJIHII(IIXCll KJieTKax BKJIIO'IaeT B ce6ll CJie,UYJOII(lle 3JieMeHThl (Ta6n11na 2): 
11cnOJih30BaH11e MHM B Ka11ecrne challenge-MyrareHa, 11H,uyn11pyJOII(ero O6meG; 11c

noJih30BaH11e 11Hm611rnpa TPaHCq>epa3bl O6bzG ,llJIH n0,UaBJieHllll npHMoro BOCCTa

H0BJieHl!H MeTIIJillpOBaHHOro ryaH11Ha MeTIIJITPaHCq>epa3oii; IICnOJih30BaHlle Heil:rpanb

HOro sap11aHTa MeTO,Ua KOMeT ,llJIH ,ueTeKJ:lllll .UBYHIITeBblX pa3pb1BOB 11epe3 24 q nocne 

B03,UeHCTBllll MyrareHa; KOHrpOJih arronTOTll'IeCKOH m6en11: Mb! ,llJIH 3Toro 11cnOJih-

30BaJIII paHHIIM noKa3aTeJih IIHBepc1111 MeM6paHHOro qiocqiaTll,UIIJiacep11Ha II n03,llHIIH 

noKa3aTeJib - 113MeHeHlle MOpq>OJIOmll H,llpa KJieTKII. 

Ta6n111-1a2.O ·--.---,---- - -- -- - - -----, ---------- ----·---

BneMJI 11 1JettCTBllll 
KVJibTlfBHDOBaHHe 24-48 q 

0 +o6bzG, +MHM, +BrUdr 

24 Bmpn11Hb1e pa3pbIBhI ,[{HK (Comet assay); 

aHHeKClfH-Il03HTlfBHhle KJ!eTKlf 

48 TepMHHaJihHall q>a3a aII0ilT03a 

(Monchonorllll,rHrro.l:(HIIJIOl{,l:(llll) 
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3m cxeMa 6bIJia peaJIH30BaHa B 0IU,ITaX Ha JIHMQJOIJHTax 3,ll0p0Bb!X rrepuqie

puqecK0H Kp0BH 3,ll0p0BblX ,ll0H0p0B. I1ccne,IIOBaJIH II0K0.l!IIJHeCH H <l>f A-CTHMYJIH

p0BaHHble KJieTKH. IlOKa3aHO, qT0 qepe3 24 q II0CJie BHeCeHH.ll MYTareHa Ha6JIIO,llaeTC.ll 

qiopMHpOBaHHe .llBYHHTeBblX pa3pbIB0B B CTHMYJIHp0BaHHb!X JIHMQJOIJHTax; B JT0 JKe 

BpeMH Ha6JIIO,llaeTC.ll B03pacTaHHe qaCT0Tbl aHHeKCHH-1103HTHBHbIX KJieT0K; MOpqJOJIO

rnqecKHe H3MeHeHH.ll Ha6JIIO,llaIOTC.ll T0JlbK0 B II03,IIHHH rrepno.11, qepe3 48 q; II0K0H

IIJHeCH JIHMQJOIJHTbl ycToiiqHBbl K .11eiiCTBHIO MeTHJIHHTP030M0qeBHHbl 110 BCeM HCII0Jlb-

30BaHHbIM II0Ka3aTeJIHM. 3TH pe3YJibTaTbl roBopHT 0 TOM, qT0 (i) BT0pHqHbie pa3pb!Bbl 

rrp0HBJIHIOTC.ll crrycrn 1 IJHKJI perrJIHKaI.IHH (qepe3 24 q) B pe3yJihTaTe rrpoIJeCCHHra 

6e3pa3pbIBHOro ,11eqieKTa O6meG, HH.llYIJHpoBaHH0r0 MeTHJIHHTP030MOqeBHHOH; (ii) 
3TH pa3pb!Bbl HBJIHIOTC.ll CHrHaJI0M ,IIJl.ll II0CJie,llymIIJero aII0IIT03a, paHHHe npH3HaKH 

K0T0poro np0HBJI.lllOTC.ll BCK0pe nocne II0HBJieHH.ll pa3pb!B0B; (iii) MOpqJOJioruqecKHe 

H3MeHeHH.ll Ha6JIIO,llaIOTC.ll Ha 24 q n03,llHee, qrn xapaKTepH0 AJIH JIHMQJOIJHTOB; (iv) 
MHM M0JKeT Bb!II0JIH.l!Tb p0Jib 30H,lla npu 0IJeHKe aKTHBH0CTH KOppeKIJHOHHOH 

perrapaI.IHH. 

3ry MeT0,llHKY Mb! npHMeHHJIH K onyxoJieBblM KJieTKaM, n0JIH0IJeHHblM u 

.11eqieKTHblM no KOppeKIJHOHHOll perrapaI.1HH n o6HapylKHJIH, KaK noKa3aH0 Ha pHCYffKe, 

y6e,llHTeJibHYIO K0ppeJIHIJHIO Bb!X0,lla BT0pHqHblX pa3pb!B0B c HaJIHqHeM B KJieTKax 

MYTaI.IHH B CHCTeMe MMR, T.e. C OlKH,llaeMOH B HHX aKTHBH0CTblO KoppeKIJHOHHOH 

perrapaIJHH (cepb1e crnn6HKH Ha mcTOrpaMMe). 
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Puc. 1. I - JlttMQJOIJHTbl 3,ll0p0BblX ,110-

H0p0B (n = JO); 2 - JIHMQJOIJHTbl fiOJibHblX 

paK0M J[HqHlfK0B (n = 8); 3 - KJieTKH HeLa, 

MMR-rrpocpttIJHTHble (n = 6); 4 - KJieTKH 

COLO320HSR (n = 5); 5 - KJieTKtt 

HCTI 16, MMR-,11ecpHIJHTHbJe (n = 8) 

bOJibIIIOH HHTepec rrpe,llCTaBJ!HlOT 

pe3yJibTaTbl, II0JiyqeHHbJe Ha JIHMQJOIJH

Tax Kp0BH 3,ll0p0BblX ,ll0H0poB H 6oJib

HblX °CII0pa,11HqecKHM paK0M HHqffHK0B. 

3m naT0JI0rHH 0TH0CHTC.ll K crreKTPY 

paKa T0JICT0ro KHIIIeqHHKa, T.e. 

xapaKTepn3yeTCH nOHHJKeHHOH 

aKTHBH0CTblO KOppeKIJHOHH0H perrapaIJHH. 3,11ecb 3T0T QJaKT npe,llCTaBJieH co BCeii 

oqeBH,llH0CTblO u y6e,11HTeJibHOCTblO (qepHbie CTOJI6HKH rHCTOrpaMMbi). TaKHM 

o6pa30M, no,11Xo,11, 6a3HJ>YIOIIJHHCH, Ha ucnoJih30BaHHH MHM KaK challenge MYTareHa, 

II03B0JIHeT K0JIIJqecTBeHH0 0IJeHHBaTb 3qJqJeKTHBHOCTb KOppeKIJHOHHOll penapaI.1HH B 

KJieTKax. Ilpo11e.11ypa a,11arrpHp0BaHa AJIH HCCJie,lloBaHH.ll JIHMQJOIJHTOB Kp0BH H n0Ka3ana 

CB0IO HHQJOpMaTHBHOCTb Ha naT0JI0I'HH C OJKH,llaeMOH He,ll0CTaToqH0CTblO MeXaHH3Ma 

KOppeKIJHOHHOH penapaI.1HH (cnopa,11uqecKHH paK HHqffHKOB). 
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MHTOXOHJI.PHAJlbHbIE HAPYIIIEHIDI H30JIHPOBAHHOro 
IlEP<l>Y3HPOBAHHOro CEP.lJ:qA IlOCJIE rAMMA-OliJiyqEHIDI 

XaqaTPHH r.11., racnapHH A.r., AiiparreTHH P.JI., ApaKeJIHH JI.H., feBopKHH r.A. 

H11cmumym 6uoxuwuu uw. I' Ey11J1f/1Jl11a HAH PA, 2. Epeea11, ApMeHUR, kevorg@ipia.sci.am 

KpeaTHHQJOCQJOKHHa3Hblll nYTh TPaHCQJOPMaI.IHH JHeprHH HBJIHeTC.ll 0,IIHHM H3 

qyBCTBHTeJibHblX peaKIJHH, pearupymIIJHll Ha pa3JIHqHbie naT0JI0rHH opraHH3Ma. 3To 

6hmO n0Ka3aH0 Ha 60JibIIIOM KJIHHHqecK0M MaTepnane HCCJie,lloBaHHH 60JibHblX C HH

qiapKTOM MH0Kap,11a, HIIIeMnqecKoii 6oJie3HblO cep.1111a, a TaKJKe npH 3KCnepHMeHTaJib

H0M KpaIII CHH,llp0Me H MH0rHX ,11pymx rraTOJI0rHHX [I]. 
B HaCTOHIIJeii pa6oTe Mb! HCn0Jib30BaJIH M0,lleJib H30JIHp0BaHH0ro nepqiY3npo

BaHH0ro cep,1111a (no JlaHreH,11opqiy) MH BbNBJieHll.ll T0HKHX HapyIIIeHHH, B03HHKaIO

IIJllX II0CJie T0TaJlbH0ro raMMa o6nyqeHH.ll opraHH3Ma. B cxeMy 3KCnepnMeHTa BKJIIO

qaJin 25-MHHYTHYIO TOTaJlbHYIO HIIIeMnqecKyIO HarpY3Ky. Ilpu TaKOH Harpy3Ke He 

rrponcxo,11uT pa3BHTHe Heo6paTHMhIX rrpo11eccoB rroBpelK,lleHHoro MH0Kap.11a H nocne 

perrepqiy3Hll cep,1111e nerK0 B0CCTaHaBJIHBaeT CB0IO ,lleHTeJibH0CTb, TeM CaMb!M rrpe.11-

CTaBJIHeTC.ll B03M0JKH0CTb Bb!HBJieHH.ll ,ll0CT0BepHblX pa3JIHquii MeJK.llY HOpM0H ll 

o6nyqeHHeM. 

3KcnepHMeHTbl np0B0,llHJlllCb Ha 6ecrropo,11Hb!X 6eJiblX Kpb!Cax-CaMIJax JIHHHH 

Bucrnp BeC0M 200-250 r. )l(uBOTHbIX o6nyqann T0TaJibH0, O,llH0KpaTH0, B paBH0Mep

H0M none raMMa H3JiyqeHH.ll 
6
°Co Ha ycrnH0BKe 'TYE3" B ,II03e 6,2 fp npn M0IIJH0CTH 

,ll03bl 0,9 fplMHH. Bee 3KCnepnMeHTbl rrp0B0,llllJillCb Ha BTopoii ,lleHb nocJie o6nyqeHH.ll. 

ToTaJibHYIO HIIIeMIIIO Bbl3b!BaJlll nyTeM n0JIHoro BbIKJIIOqeHII.ll npoT0Ka nepqiy3npye

MOH lKH,llK0CTH B TeqeHHe 25 MHHYT- 3KcTpaKIJIIH, pa3,11eJieHne u KOJIHqecrneHHblll aHa

Jlll3 QJOCQJOJIHnn,110B lI3 rpy6oii qipaKIJHH IIJla3MaTuqecKHX MeM6paH npoB0,llHJIH no Me

TO.IIY [2, 3]. CKHHllpOBaHue 6HOIICllllHOro MaTepnana 5-7 Mr np0B0,llHJIH no MeT0.llY [4]. 

B pa6oTe 6b1Jlll llCCJie,ll0BaHbl CJie,llyIOIIJHe HaH6onee qyacTBnTeJihHble K pa,11na

IJHOHH0H naT0JI0rHH rrapaMeTPbl ,llb!XaHHH: C00TH0IIIeHIIe CK0p0CTH A,n:<t> CTHMYJIHpo

BaHH0ro ,llb!XaHH.ll K CK0p0CTll 6a3aJibHOro ,llb!XaHH.ll (VMaKCN6a3), npoIJeHT HHm6n

poBaHH.ll Kap6oKcnaTPaKTHJia3H,lla % KaT =IO0(l-VKaTN6a3), HH,lleKc KpeaTHH-CTIIMy

JiupoBaHHoro ,llb!XaHHH IKp=(VKP-V A,n:<l>)/ VA,n:<t>. P
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HHp0BaHo C nepqiy3ueii ll30JIHpoBaHH0ro cep,1111a npoB0,llllJIH no MeTo,ny 0nIICaHH0MY B 

pa6oTe [5]. IlpoBO,lll!Mbie lICCJie,110BaHH.ll Bb!HBIIJ!ll cna6oe 3BeH0 KpeaTHHQJOCQJOKHHa3-

H0ro (K<l>K) nYTn TPaHcnoprn 3Hepmn. 3m MHTOXOH,llpHaJihHblii nyn o6pa30BaHHH 

qiocqioKpeaTHHa. Mnoqin6puJIJIHpHuii nyn K<l>K peaKIJHH rrocne o6nyqeHnH npaKTn

qecKH He MeH.lleTC.ll [6]. 

bbiJIO n0Ka3aH0, ~o nocne T0TaJlbH0ro o6nyqeHH.ll B Mll0Kap,ne QJOCQJOKpeaTHH 

YMeHbIIIaeTC.ll Ha 25 %, K0HCTaHTa CK0p0CTll K<l>K peaKIJHH YMeHbIIIaeTC.ll Ha 18 %, a 

nepeH0C qiocqiopa OT AT<l> n QJOCQJOKpeaTHHa- Ha 40 % (rn6JinIJa 1). 

Ta6nm-1a I. KpeaTHHQJOCQJOKHHa3a-3aBHCHMblH IIOT0K cpoccpopa lf3 KpeamH<j>oc<jlaTa If AT<I> 

-- .... -- ---- - ------ ..... ---- -, - .... 
Cepuu Co,11eplKaHHH KoHcTaHTa IloTOK <jloccpopa (F) llF 

13KcnepHMeHT0B KpeaTHHcpoc<jlarn CK0p0CTH KpeaTHH<jJoccjJaT➔ A T<I> (MKMOJ!b·MHH. 1-r 

MKM0J!b•r cyx. Bee-') (ceK"1
) (MKM0Jlb•MHH-1·r cyx.eec-1

) CyX. Bec-1
) 

~OHTpOJlbHhle 26,8±0,8 (6) 0,85±0,04 1375±100(4) 
551 

K)6Jl)"leHHble 19,8±0,6 (6) 0,69±0,03 824±56(6) 
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Cne,nyeT OTMeTHTb TaKlKe, qTO rrocne perrepq>y3Hll y o6nyqeHHbIX lKllB0THhIX 
BepmITH0CTh B0CCTaH0BJieHll.sI pa6oThl cep.nIIa HeCK0JihKO YMeHhIIIaeTC.sI. Ha6mo,naeTC.sI 
ll3MeHeHne BpeMeHH HacryrrneHH.sI IIOCTHIIIeMHqecKoii KOHTPaKryphl. 

B 3TllX 0IIbITax Ha6mo,naeTC.s! TaKJKe yBennqemIe K0HIIeHTPaIIHll Jlll30q>OCq>O
rnnIIepn,noB B rpy6hIX q>paKIIll.sIX IIJia3Marn'IeCKllX MeM6paH Kap,nHOMll0IIllTOB (pllC. 1). 

4.0 

3,0 

~ 

e: 2,0 
i::: 
e 
t:::1,0 

0,0 
KoHTpons HweMH» 

y-o6nyqettHe 
+ ttllieMI-UI 

Pile. I. lfaMeHeHHe Jill3ocpoccponmuepH,noB B ycnoam,x raMMa o6nyqemrn " T0TMbH0ii • 
ll!IIeM!U! M!!0Kap;i;a Kpb!Cbl. <))JI cpoccpoimnH,nbl, JI<fJf Jlll30q>OCq>OrJIIIIICPll;J;bl - Jlll30-
cpoccparn;i;llJJXOJJifH+mnocpoccpaTH,nlIJJ3TaHOJJaMl!H P<0,05 

O,nHaKO HaCK0JibK0 3TO BJIH.sieT Ha llHTaKTH0CTh KJieTKll, Heo6xo,nHMO OIIeHHTh 
MeTO,nOM ::ineKTOHHOH MHKpOCK0IIllll. COCTO.s!Hlle MllTOXOH,npnii Mb! 0IIeHHJill Ha 6no

IICHHHOM MaTepnane MeTo,noM CKllHllp0BaHll.sI CaII0HllH0M. CKopoCTb 6a3aJibHOro. 
,nhIXaHll.sI Ha BTOpoii ,neHb rrocne o6nyqeHH.sI rrpaKTH'IeCKll He OTJJH'IaeTC.sI OT CK0pOCTll 

KOHTP0JibH0fO. O,nHaKO YTBepJK,naTb Ha 0CH0BaHllll 3TOro, qTo 0KllCJIHTeJihHO-B0C

CTaHaBHTeJihHM IIeIIh MllTOXOH,npnii He rro,naBJI.sieTC.sI ll0Hll3llPYJOIIIHM ll3JiyqeHH.sIM, 
6bIJIO 6bI OIIIH6oqHbIM, IIOCK0JihKY o,nH0BpeMeHH0 He3HaqnTeJihH0e yBeJIH'IeHne rrpo

TOHHOH yre'IKll BHYTPeHHeii MeM6paHbl MllTOXOH,npnii M0r 6bI KOMIIeHcnpoBaTb 

6a3aJihHOe ,nbIXaHHe. 3m no,nrnepJK,naeT ll ITOBbITIIeHHhIH q>OH Jlll30q>OCq>OJillITll,nOB 

nocne o6nyqeHH.sI (pHC. 1). KocBeHHO 06 3T0M CBH,neTeJibCTByeT ll TOT q>aKT, qro nocne 

o6nyqeHH.sI Ha6mo,naeTC.sI He60JibIIIOe (HO ,nOCTOBepHoe) CHlllKeHne np0IIeHTH0ro 

HHrH6Hp0BaHll.sI Kap60KCllaTPaKTHJia3ll,nOM. Ha6mo,naeTC.sI TaKlKe yMeHhIIIeHne ,nhIXa

TeJihH0ro K0HTPOJI.sI CKllHllpOBaHHbIX BOJIOK0H nocne o6nyqeHH.sI. 

KaK IT0Ka3aJill 3KcnepHMeHThI, CaMbIM 'IYBCTBHTeJibHhIM K o6nyqeHHIO napaMeT

poM ,nhIXaHll.sI .sIBJI.sieTC.sI KpearnHOBbIH llH,neKc. 3TOT napaMeTP, xapaKTepll3YJOIIIHH 

K0HTP0Jib MllTOXOH,npllaJibHOro ,nbIXaHll.sI K<l>K peaKIIllH, Ha BTOpoii ,neHb nocne o6ny
'IeHH.sI YMeHhIIIaeTc» 6onee qeM B ,nBa pa3a. 

TaKHM o6pa30M M0lKHO CKa3aTb, qro ecnn ll3MeHeHH.sI pa60Thl MllTOX0H,n

pnanhHOH K<l>K o6HapylKnBaeTC.sI yJKe Ha BTOpoii ,neHh nocne o6nyqeHH.sI, TO MllOq>n6-

pnJIJI.sipHM KpeaTHHq>OCq>OKHHa3a B 3TOT JKe nepno,n npo,nonlKaeT H0pMaJibHO q>yttK

IIH0HHpoBaTh. 3m n npHB0,nllT K YMeHhIIIeHHIO nepeH0Ca qiocq>opa OT A T<l> K q>ocq>o

KpearnHy B 5IMP nccne,noBaHH.sIX. 
ABrnpcKHii KOnneKTHB BhipaJKaeT rny60Ky10 6naro,napHOCTh Pyyre E.K., 

lllTeiiHIIIHeii,nepy A.5I. n JlaKOMKHHY B.JI. 3a npe,nocrnBJ1eHHYIO B03M0lKH0CTh n 

0Ka3aHHYJO KBaJillq>llllllPOBaHHYJO IT0M0IIIh npn ocyIIIeCTBJieHUH 5IMP nccne,noBaHllii. 
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IIHrMEHTHPOBAHHhlE ,lJ;HMOPCl>HhIE nA3H,z:i:HOMH~EThl -
IIEPCIIEKTHBHhIH On'hEKT ,lJ;JUI p A,z:i:HOnHOJIOrHqECKHX 

HCCJIE,lJ;OBAHHH 
IOpKOBA.M. 

Jla6opamopUR paoualJUOHHoii 6uono2uu OHJIH, 2. J(y6Ha, PoccUR, yurkov@jinr.ru 

ITnrMeHThl KapOTllHOll.L{HOH IIpllp0,Llhl nmpoK0 pacrrpocrpaHeHhl y pa:mnqHbIX 

opraHll3M0B: pacTeHHH, lKllB0THhIX ll MllKpoopraHH3M0B. OHll BhIIT0JIHIDOT <pyttK[(lllO 

«ranreHmI» CB060.L{HhIX pa,LlllKaJI0B, HBJifil!Cb CllJihHhIMll aHTll0KCll,LlaHTaMll, a y HeKo

T0pbIX rrpoKapll0TllqecKHX opraHll3M0B KaporuH0ll.L{bl yqacTBYIOT B <pOTOCllHTe3e. 

Cpe,Llll rrpe,LlCTaBllTeJieii [(apcrna rpn60B, Bll.L{0B0e pa3H006pa3lle K0T0pbIX 0[(eHll

BaeTCH 0K0JI0 1,5 MJIH. Bll.L{0B (Hawksworth, 1991; 2001), ll3BeCTHbl n 0TKpbIBaIOTCH 

rrp0,Lly[(eHTbI H0BhIX KapoTHH0ll.L{HbIX COe,LlllHeHHH, K rrpllMepy B rpynrre ,LlllMOpq>HhIX 

6a3H.LlllOMll[(eTOB (Sampaio, 2004; Madhour, 2005; IOpKoB ll .LIP-, 2007). 
flnrMeHThI, CllHTe3HpyeMhie B H0pMe ,LlllMOpq>HbIMll 6a3ll,Llll0Mll[(eTaMll llCII0Jih-

3YIQTCH B HaCT0HI[(ee BpeMH B pa3JillqHbIX o6nacrnx: CeJihCK0e X03HHCTBO (aKBaKyJihTY

pa, 0KpaCKa lKeJITK0B Jill[(), Me,Llll[(llHa (neqeHlle paKa, aTepocKJiepo3a, II0CJie.L{CTBHH 

o6nyqeHHH). YcranoBJieHo, qro rrperrapaT IIHrMeHTa acmaKca11mu11a 3HaqnTeJihH0 

YCK0pHeT CK0p0CTh perrapa[(HH B 3YKapnoruqeCKHX KJieTKax. MneKOIIllTaIOI[(lle He crro

co6Hhl K CllHTe3y KapoTHH0ll.L{HhIX rrnrMeHTOB, 0.L{HaK0 llX KJieTKH M0ryT 3aXBaTbIBaTb 

(HarrpnMep B q>OpMe 3q>HpoB) H llCII0Jih30BaTh 3TH coe.L{HHeHHH. HccJie.L{OBanne CBOHCTB 

IIHfMeHT0B, II0llCK ll ,Lla)Ke C03.L{aHlle H0BhIX coe,LlHHeHllH II03B0JIHIOI[(llX CTHMYJill

poBaTb perrapa[(ll0HHbie rrpo[(eCChI II0CJie o6nyqeHllH n BhIIT0JIHHTb rrporeKT0pHbie 

<pyttK[(llH Ha pa3H006pa3Hbie BHeIIIHlle areHThl HeC0MHeHH0 HBJIHeTCH BalKHOH 3a,Llaqeii 

Me.L{ll[(llHCKOH n KOCMllqecK0H pa,nno6noJIOfllll, . 

,[{HMOpq>Hble 6a3ll.L{ll0Mll[(eTbI peryJIHpH0 Bhl.L{eJIJIIOTCH ll3 pa3H006pa3HhIX rrpn

p0,LlHbIX MeCT006llTaHHH, B TOM qncne n c He6narorrpHHTHhIMll ycJI0BllHMll cpe,Llhl. 

qaCTO YKa3hIBaJI0Ch, qro IIllfMeHTllp0BaHHhie MllKpoopraHll3Mhl .L{0MllHllPYIOT B Mee

Tax C IIOBhIIIIeHHOH 3KCIJ03ll[(HeH K COJIHeqHOH pa,Lllla[(llll, TaKHX KaK <pllJIJIOIIJiaHa 

(Fonseca, Inacio, 2006), a TaKlKe na yqacTKax c rroHnlKeHHhIM co,LleplKaHneM 030Ha 

(BbICOKOropHble pernOHbI). KpoMe Toro, B II0CJie,L{Hee BpeMH H0Bbie Bll.L{hl ,LlllMOpq>HhIX 

6a3ll.L{HOMH[(eTOB He0.L{H0KpaTH0 o6napJ)KllBaJill B MecTax, MHorne ll3 K0TOpbIX pac

CMarpllBaIOTCH KaK 3KCrpeMaJihHhle MH MllKpoopraHll3M0B (rny60KOBO.L{Hble MeCTO

o6nTaHHH, aBTOMOpq>Hble B0.L{OeMbI) ll MH )KllBbIX cymecrn B [(eJI0M (KllCJihie HCT0qHH

KH, K0Jih.Llephr, «qepHhre KypHJihl[(HKn») (Sampaio, 2004; Fell et al., 2004). 
B TO )Ke BpeMH MeXaHll3M ycmiiqnaocru K pa3H006pa3HbIM <paKTOpaM cpe,Llbl ll 

ero CBH3h co crroco6HOCThlO K o6pa30BaHlllO IIllfMeHT0B ll3yqeHbl cna6o. qTO ,LleJiaeT 

0.L{Hll ll Te )Ke IIIllp0KO pacrrpocrpaHeHHbie Bll.L{bl crroco6HhIMll o6nTaTb B CT0Jih pa3HhIX 

rrpllp0,LlHhIX ycJIOBllHX? CymecrnyeT Jlll crporM II0JI0)KHTeJihHM K0ppeJIH[(llH Me)K.L{y 

HaJillqneM (llJill KOJIHqeCTBOM) IIHfMeHT0B, KapOTllH0ll.L{HbIX HJill MeJiaH0ll.L{HhIX, ll 

crroco6nocThIO oprattll3Ma 3aHHMaTh He 6narorrpllHTHhle Hlllllll, narrpnMep c II0BhlnreH

HOil: 3KCII03ll[(Heil:? KaKOBbl rrpe,LleJibl ycToil:qnaocru pa3JIHqHbIX .L{0MllHllPYlOI[(llX 

Bll.L{0B .L{llMOpq>HbIX 6a3ll.L{HOMll[(eTOB K He6narorrpHHTHhIM <paKTOpaM BHeIIIHeil: cpe,Llhl? 

BoT TOJibK0 HeK0T0phle rrpnMepbl <pytt,LlaMeHTaJibHhIX B0IIp0C0B COBpeMeHHOH 

MllKp06Hoil: 3K0JI0fllll, K0TOpbre M0ryT ycrreIIIH0 myqaTbCH B pa,nna[(llOHHOH 6HOJIO

fllll. ,[{HMOpq>Hbie 6a3ll.L{llOMH[(eThl HBJIHIOTCH He TOJihK0 OTJillqffblM ofo,eKTOM 

<pOT06llOJIOfllll, KaK rrpo.Lly[leHThI Kap0TllH0H.L{HhIX qiomrrpoTeKTOpOB. OHll TaK )Ke 
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CllHTe3llpYIQT Bel[(eCTBa MllK0CII0pllHhI, K0T0pbre Haqann ll3yqaTh C0BCeM He,LlaBH0 

(Libkind, van Broock, 2006). Caoiicrna, ponh n B03M0lKH0CTh npaKTHqecKoro rrpnMe

HerrnH MllK0CII0pllH0B B HaCT0HI[(ee BpeMH MaJI0 H3yqeHbl. HccJie,Ll0BaHlle .L{Byx TllII0B 

coe,LlllHeHHH rrpoTeKT0p0B Ha 0.L{H0M 061.eKTe II03B0JillT pacnrllpllTh rrpe.L{CTaBJieHHe 0 

rrpe,LleJiax ll MexaHll3Max T0JiepaHTH0CTll lKllBbIX cymecTB. J13yqeHne rrpe,LleJI0B 

3K0JIQfllqecKoil: na6HJihHOCTII 3TOH rpynIIhl )KHBhIX cymeCTB .L{eJiaeT ee II0TeH[(llaJihH0 

ll.L{eaJibHhIM 061,eKTOM MH rrpoBe,LleHHH M0HllTOpllHfOBhIX pa,Llll03K0JI0fHqecKHX llCCJie

.L{0BaHHH Ha pa3Hoo6pa3Hoe aHrporroreHH0e B03.L{eiicrnne. 

Ycnexn II0CJie.L{Hero BpeMeHll B o6JiaCTll CllCTeMaTllKll ll ll3yqeHllH 6nopa3H0-

o6pa3llH rpn6oa yKa3hIBaIOT Ha .LlaJihHeiinrnii pocT qncna coo6meHHH 06 o6HapylKeHne 

H0BbIX Bll.L{0B .LlllMOpq>HbIX 6a3ll.L{llOMII[(eTOB, cpe,Llll K0T0pbIX Hax0.L{HT II0TeH[(llaJihHhIX 

rrp0.L{y[(eHT0B rrpoMbIIIIJieHH0 3HaqIIMhIX IIllfMeHT0B. He,LlaBHO 6bIJia ycneIIIH0 rrpoBe

.L{eHo CKpHHllHfOB0e llCCJie,L{0BaHlle 60JihIIIOro qncJia IIITaMM0B .L{llMOpq>HhIX 6a3ll.L{llO

Mll[(eToB, MH0flle ll3 K0T0pbIX He ll3yqaJillCb paHee Ha rrpe,LlMeT C0CTaBa Kap0TllH0ll.L{0B 

(IOpKOB n .Lip., 2007). K HaCT0HI[(eMy BpeMeHll 0IIllCaH0 cpaBHHTeJibH0 MH0ro IIllfMeH

Tllp0BaHHhIX Bll.L{0B, 0.L{HaK0 qame Bcero HHTepecbl llCCJie,LlOBaTeJieii K0H[(eHrpll

PYIOTCH Ha IIllfMeHTax: 6era-KapoTllH, T0pymrn, Topyno-p0.LlllH, aCTaKCaHTllH, JillK0-

IIllH. He,LlaBHO y rrpe,LlCTaBHTeJieH .L{llMOp<pHOro TaKC0Ha Dioszegia 6blll o6HapJ)KeHa 

cnoco6HOCTb CIIHTe3HpoBaTb pe.L{KllH KapOTllHOll.L{HhIH IIllfMeHT mreKTaHllaK-CaHTllH 

(Bae et al., 1971; Libkind, van Broock, 2006). OTKphITHe H0BhIX coe.L{nHeHHii y Mano 

ll3yqeHHhIX TaKC0H0B ll, CJie,LloBaTeJibH0, panee Hell3BeCTHhIX 6HOXIIMllqecKHX nyreil: 

pacnrnpHeT Hallie rrpe,LlCTaBJieHHe 0 B03M0)KH0CTHX ll npe,LleJiax cymecTB0BaHIIH )KllBbIX 

cymecTB. oe3yCJIOBHO, rpe6yeTCH 6onee IIIllp0K0e llCCJie,L{0BaHne opraHll3M0B, panee 

II0IIa,LlaBIIIllX B none 3peHlle Jllllllh Y3KllX CIIe[(llaJillCT0B C [(eJihlO ll3yqeHllH C0CTaBa ll 

CBOHCTB npo,Llyu:npyeMhIX llMII Kap0TllH0ll.L{HhIX IIllfMeHT0B, B TOM qncne C II03ll[(llll 

pa,LIH06HOJIOfllqecKllX llCCJie,Ll0BaHllH. ITpoTeKTOpHbie ll perrapaTllBHhie <pyttK[(llll 

ll30IIpeH0H.L{HbIX COe,LlllHeHHH, B TOM qncne H 6ec[(BeTHhIX (HarrpnMep, <pllTOllH), oco-

6eHHO IIHTepecHbl B CpaBHeHllll C J)Ke IICII0Jih3YeMhIMll acTaKCaHTllH0M, 6era-Kapo

TllH0M. 

K HaCT0JII[(eMy BpeMeHll ll3BeCTHa crroco6HOCTb K OIITllqecKOH ll30Mepll3a[(llll 

HeK0T0pbIX IIllrMeHTOB KapOTllH0ll.L{HOH rrpnpo.L{hI, K0T0pble o6HapJ)KeHhI y .L{llMOp<p

HbIX 6a3ll.L{ll0Mll[(eTOB. O6paTllMM H ynpaBJIJieMM 0IITllqecKM ll30Mepll3a[(HH IIpllBJie

KaeT llHTepec K 3TllM coe.L{HHeHHHM, a TaKlKe II0llCKy ll ceJieK[(llll II0TeH[(llaJibHhIX 

IIp0,Lly[(eHT0B, .LlJlH llCII0Jib30BaHHH B rrepcrreKTllBHhIX HaH0TeXH0JI0fllqecKllX pa3pa6oT

Kax. ITpnMeHeHne 6nonornqecKnx M0JieKyJI, crroco6HhIX K orrruqecKoil: H30MepH3a[(Hll, 

MH rrepe.L{aqn CllfHaJia n TeXH0JI0fllll T.H. «6HOJIOfllqecKoro K0MIIhIOTepa» n rrepcrreK

TllBe II03B0JillT HaMH0ro yBeJillqllTh 6blcrpo,L1eil:CTBlle B~CJillTeJihHbIX MaIIIllH . 

Bo3MO)KHOCTh rrpnMeHeHllH opraHnqeCKllX M0JieKyJI MH rrepe,Llaqn CHfHaJia 6hma 

II0Ka3aHa Ha rrpnMepe coe.L{HHeHHH p0,Ll0IICllH. O.L{HaKO HCII0Jib30BaHlle 3T0f0 Bel[(eCTBa 

0CJI0)KHeH0 TeM, qTo OHO pa3pynraercJI rrpll II0BbIIIIeHHhIX TeMrreparypax. ITnrMeHTbl 

KapOTllHOll.L{HOH rrpnpo,Llbr 6onee CTa6HJihHbl ll M0ryT ycnenrH0 HCIIOJih30BaThCH B 3T0H 

TeXH0JI0fllll. 

,[{HMOpq>Hbie 6a3ll,Llll0Mll[(eThl rrpe,LlCTaBJIHIOT HeocrropllM0e y,L106CTBO MH 3KCIIe

pnMeHTaJihHOH pa6oThI. OHll o6Jia.L{aIOT IIIllp0KllM crreKrp0M yrHJIH3HpyeMhIX cy6crpa

T0B, T.e. M0ryT paCTH Ha pa3H006pa3HhIX CllHTeTnqecKllX cpe,Llax H ,LlalKe rrpo.L{YKTax 

IIlll[(eBhIX IIp0ll3B0,LlCTB. TeMrrepaTypHbIH 0IITHMYM y 3TOH rpynIIhl TaKlKe oqeHh 

nmpoKnii. 
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fpyrrrra ,D;IIMOpq>HbIX 6a:m,n;IIOMIIlleTOB lIBJUieTClI xoponmM MO,D;eJibHb!M 3yKapIIo
TII'!eCKIIM 061,eKTOM ,D;JllI rrocne.n;yio!lleii 3KCTPaIIOJllillIIII ,D;aHHbIX Ha KJieTKII MJieKOIIII
TaIOlllIIX II qeJIOBeKa. OCHOBHbJe q>II3IIOJIOrII'!eCKIIe rrpo11eCCbl y HIIX rrpoTeKaIOT KaK y 
Bb!CIIIIIX opraHII3MOB; K}'Jibrypa MO)KeT pacrn B O,D;HOKJieTO'IHOH q>OpMe; cpe,n;II rrpe,n;
CTaBIITeneii pa3JIII'!Hb!X TaKCOHOB eCTb opraHII3Mbl C pa3JIII'!Hb!M Ha6opoM xpoMOCOM; 
y pi:i,n;a BII,D;OB eCTb IIOJIOBOH rrpo11ecc. ITo,n;xo,n;bl K reHeTII'leCKOMY aHaJIII3Y 3TIIX rpII-
6oB ,D;OCTaTO'IHO xopOIIIO OTPa60TaHbl II cy!lleCTBeHHO He OTJIII'!aJOTClI OT IICIIOJib-
3yeMbIX ,D;JllI IICCJie,n;oBaHIIlI HII3IIIHX 3YKapHOT, K rrpnMepy, ,n;pO)K)KeH. HeKOTOpbie 
KJIJO'!eBbJe BH,D;bl ,!l;HMOpq>Hb!X 6a3H,D;HOMHlleTOB HCIIOJib3)'10TClI B Me)K)];yHapo,D;Hb!X 
nporpaMMax ITO orrpe,n;eneHHIO IIOJIHbIX IIOCJie,D;OBaTeJibHOCTeii IIX reHOMa H C03,D;aHHII 
3BOJIIOllHOHHoro ,n;peBa fpn6oB (AFTOL). Hannqne ,n;ocTyrrHhIX rrocne,n;oBaTeJib
HOCTeii, IIOMHMO rrpoqero, ,n;aeT 6oJibIIIOe rrpenMy!lleCTBO )];JllI BbI6opa HMeHHO 3THX 
opraHH3MOB B Ka'leCTBe o6beKTa )];JllI reHeTII'!eCKIIX HCCJie,n;oBaHIIH, B TOM 'IHCJie II 
pa,n;II06HOJIOrII'leCKHX. 

fpH6bJ II3 rpyrrrrhI ,D;HMOpq>Hb!X 6a3H)];IIOMHlleTOB lIBJllIIOTClI nepcneKTIIBHb!M 
o6beKTOM )];JllI pa3Hoo6pa3HbIX pa,n;no6HOJIOrII'!eCKHX HCCJie,n;oBaHHH 6y.n;y!llero: 
q>OT06HOJIOrII'!eCKHX,pa,n;H03KOJIOrII'!eCKHX,pa,n;HallIIOHHO-reHeTH'!eCKIIX. 
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THE IN VITRO MICRONUCLEI AND FISH TECHNIQUES APPLICATION ON 
HUMAN FIBROBLASTS AND PERIPHERAL BLOOD LYMPHOCYTES 

AFTER X-RAYS IRRADIATION 
Durgaryan A.A. 

Yerevan State University, Yerevan, Armenia, a.dourgarian@mail.ru 

Introduction , 
Ionizing radiation causes very efficiently damage in the genetic material of living 

cells. The main target of ionizing radiation is DNA, where it induced different types of 
"lesions" (damages): single strand breaks, double strand breaks, 'base damages etc. All 
these alternations can lead to perturbation in the cell cycle, formation of micronuclei, 
point mutations, chromosome aberrations, cell differentiation or even cell death in the 
way of necrosis or apoptosis, despite of very efficient DNA-repair systems present in 
the cells. Repair of radiation damage needs time, so hit cells usually show cell cycle 
delay and most damaged cells can not enter mitosis. Point mutation and "transmissible" 
chromosome aberrations like translocation or inversions persist in the cell and could 
lead to carcinogenesis. Therefore it is important to examine how ionizing radiation 
influences cells. Several cytogenetics techniques can be used for investigation of the 
effects of ionizing radiation in the cell systems. The goals of recent study were to reveal 
and describe the effects of ionizing radiation in human fibroblasts and lymphocytes 
using basic cytogenetic techniques. 

Materials and Methods 
The micronucleus assay is frequently used for purposes of biological dosimetry or 

as a test for genetic toxicology. Micronuclei (MN) are formed from chromosomal 
fragments or lagging chromosomes at an anaphase which are not included in the nuclei 
of daughter cells. Therefore they are visible as distinctly separated objects within the 
cytoplasm of the daughter cells [1]. We compared MN frequency between control and 
irradiated cells in human normal fibroblasts. 

Almost confluent fibroblasts (AG1522D) were cultivated in minimum essential 
medium Eagles with Earles salts (EMEM) with a twofold concentration of essential and 
nonessential amino acids and vitamins. The medium was supplemented with 10% fetal 
calf serum (FCS), 1 % antibiotics and 1 % glutamine at 3 7 °c. Cells were irradiated with 
0, 2 and 6 Gy of X-rays. After 2.5 h cells were trypsinised, counted using a cell counter 
(CASY company), and seeded into 3 cm 0 Petri dishes at a density of 15000 I 1 Petri 
dish. Immediately afterwards Cytocholasin B in the concentration of 1 µg/ml was added 
to block cytokinesis. After 48h and 72h of cultivation, the medium was removed and 
cells were treated 20 min with 2 ml of 4% paraformaldehyde. Then cells were washed 
three times with phosphates buffered saline (lxPBS) and treated 7 min with 2 ml of 
0.5% Triton X-100. All samples were stained with DAPI 10 µI in 50 ml PBS (DAPI 
stock solution 1 µI/ml). Cells were scored with a fluorescent microscope. The percen
tages ofbinucleated cells were scored (per 1000 cells/ slide). The criteria for selecting 
binucleated (BN) cells were used according to M. Fenech (2000) [2]. MN frequency 
was scored only in BN cells. 

To visualise certain aberration-types like translocations or insertions, which are 
not visible in Giemsa-stained slides in the irradiated samples of human peripheral blood 
lymphocytes, fluorescence in situ hybridization (FISH) technique was applied. FISH-
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technique is based on the hybridisation of labelled DNA probes to cytological targets 
such as metaphase chromosomes, interphase nuclei, extended chromatin fibres in a 
complementary way [3]. With a fluorescence microscope probe binding site on the 
chromosome can be visualized. 

Chromosomes slides of human lymphocytes irradiated with 0 and 2 Gy of X-rays 
were painted with whole chromosome probe for chromosome 2. The probe was labelled 
with Fluoresceine (FITC, 2XCP probe, MetaSystems, Germany). 

Slides were counterstained with commercially available DAPI + Antifade solution 
(MetaSystems, Germany). A hundred images (DAPI filter and FITC filter - green color) 
of metaphase spread both for control and irradiated samples, were captured using 
Olympus fluorescent microscope and ISIS software (MetaSystems, Germany). All 
chromosome aberrations involving the painted chromosome 2 were scored. The PAINT 
system was used to describe chromosome aberration. 

Results 
Frequency of BN cells are presented in the Fig. I. The number of BN cells 

decrease slightly after 48h of cultivation, although at 72 h number of BN cells decrease 
essentially after irradiation. 
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Fig. I. Frequency of binucleated cells 
in the samples irradiated with 0, 2 
and 6 Gy ofX- rays after 48 and 72h 
of cultivation 

MN frequency in the samples irradiated with 0, 2 and 6 Gy is shown in Fig. 2. 
Average MN frequency increase of after irradiation at 48 hand 72 h. The greatest 

rise of MN frequency was in irradiated samples with 6 Gy after 72h of cultivation. 
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In control sample only one translocation was found (total aberration frequency= 
1.04/100 mitosis) (Fig3). In the irradiated sample we found 5 translocations, 7 dicent-
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rics, 1 centric ring, 3 acentric fragments accompanied by truncated chromosomes and 1 
complex aberration. The difference in chromosome aberrations between the control and 
irradiated samples is obvious, and the same time a Giemsa stain doesn't allow 
visualizing almost 30% of total aberration-types, like translocations. 
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Fig. 3. Aberration frequency 
involving painted chromosome 2 
in control and irradiated human 
lymphocytes.(t: translocation, die: 
dicentric, r: centric ring, T + ace: 
truncated chromosome 
accompanied with acentric 
fragment, comp!.: complex type 
aberration, tot. ab.: total 
aberrations) 

Conclusions 
In present work we could see the influence of ionizing radiation on the cells using 

different cytogenetic assays. The techniques used, micronucleus and one-color FISH
assays allow to reveal high level both micronuclei and symmetrical/asymmetrical 
chromosome aberrations in irradiated samples cells. The techniques used are highly 
sensitive and adequate to study effects of ionizing irradiation at cellular/chromosomal 
levels. 
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The study of relative biological effectiveness (RBE) of low-energy protons and 
neutrons attracts considerable interest for many scientific fields. The reason of expected 
increasing the RBE of protons in the energy range of the Bragg peak is still the matter of 
scientific discussion. Our purpose was to present theoretical results on quantitative 
modeling of irradiation of V79 cells using track structure of slowing down protons and 
simulation of initial DNA breaks for investigation a variation of RBE values as a 
function of initial proton energy. 

Methods 
The details of stochastic track structure simulation, estimation of microdosimetry 

spectra and DNA breaks induction have been published [1-3]. In brief, proton tracks 
below I MeV were simulated with LepHist code [I], and track segments higher I MeV 
with PITS code [2] in liquid water. The codes have been analyzed to provide the 
reliability on main physical quantities showing good agreement with experimental and 
theoretical data. The geometry of thin mono-layer have been considered, see fig. I. The 
shape of V79 cell nucleus was a rotation ellipsoid of 15 µm width and 8 µm high and the 
thickness between base and nucleus was I µm [4). It was used the description in terms of 
linear energy y = e/<l>, where i: - energy imparted in the target, <I> - mean chord. This 
value has been recommended by ICRU as a tool, useful for estimation ofRBE using dose 
averaged linear energy, YD• Considering that linear energy is defined without reference 
to track structure it's applicable even if a range of ionizing particle is less than size of a 
target. We simulated a frequency distribution, f(y), of linear energy and irradiation to 
proton beam at given dose D as following. The mean number <N> of proton traversals per 
target area, S, was <N>=6.2-D-S/LET, where Din Gy, Sin µm2, and LET in keV/µm. 
The actual number of traversals was extracted from Poisson distribution with expected 
averaged value <N>. 

The rnicrodosimetry spectra of linear energy were calculated using the whole cell 
nucleus and spherical volume with diameter I µm (ICRU sphere) located along the 
short axis of cell nucleus. Then it was considered the yield of molecular damage which 
10 is the result of energy deposition and production of 1 track of proton . . . . 

E= 550 keV 10ruzed and exited states m a DNA molecular. For nucleus 
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this purpose it was used a section of linear DNA of 
300 nucleotide pairs randomly orientated with proton 
beam. The canonical B-DNA was applied for twin 

Fig. I. The schematic shape of cytoplasm and nucleus in a 
V79 cell used in the simulation of monolayer irradiation of 
cells to proton beam. b - impact parameter 
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helix. The volumetric DNA strand breakage model was used to estimate single and double 
strand breaks (SSB/DSB) [5]. 

Results& Discussion 
In the Fig. 2 the calculated YF, and YD, values using whole cell nucleus are shown 

as a function of initial energy of proton entering V79 cell. The low-energy protons with 
energy less 70 keV, are not able to deposition energy in a cell nucleus due to its short 
range. The calculated values show distinct maximum at 550 keV. The calculated linear 
energy distributions of 250 keV and 10 MeV protons in ICRU sphere located in a cell 
nucleus at the nearest point to beam entry are shown in the fig.3. Compared with the 
whole cell nucleus a linear energy in ICRU sphere is distributed rather broadly, up to 
160 keV/µm. Such the largest linear energies are the result of □ 100 keV energy 
deposition that is much less proton energy entering a cell. Besides, in the contrast with 
whole cell nucleus case, for ICRU sphere the YF value is about twice less YD· 

It was pointed out that cellular effects of ionizing radiation should be determined 
by ionization clusters at the level of DNA molecule, rather than at the level of 
micrometers sensitive volumes [6]. Therefore the simulation of initial DNA breaks was 
carried out to test the hypothesis whether SSB/DSB do or do not correlate with observed 
biological effectiveness. It was calculated the yields of DNA breaks using geometry when 
protons expose segment of DNA straightforwardly. 
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Fig. 2. Calculated frequency averaged, YF, 
and dose averaged, YD, values using a cell 
nucleus as a function of initial proton 
energy. The dot line represents LET of 
protons shown for comparison 

80 

60 
E 
:I. 

~ 40 
"' 

20 

cell nucleus 
- - - YF 
--yD 

····· LET 

"'· 
04--~.....:,;::-_~~.---~~ 

OJ 1 10 
Energy of protons, MeV 
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In the Fig. 4 the yields of DNA breaks per Gray per Dalton simulated in short DNA 
segment are shown as a function of initial energy of proton and classified on complexity 
[7]. Those results were calculated to show the shape of different DNA breaks as a 
function of proton energy. 

CaJculated spectra of linear energy and averaged values using cell nucleus, see 
Fig.2, obviously show the difference between LET and mean linear energies especially 
for very low-energy protons. The distribution of linear energy of 250 keV protons 
calculated using ICRU sphere, Fig.3, extends up to 160 keV/µm showing the peak at 140 
keV/µm, that corresponds absorption of 93 keV. At that protons with energy 50 keV, 
which range is about 1 µm give the linear energy just 75 keV/µm. So, the maximal linear 
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energies result from protons with initial energies in the order of Bragg peak crossing the 
sphere with maximal pathlength. In other words, the largest linear energies in the ICRU 
sphere are the result of so called "crossers" but not from the "stoppers" (particles full 
slowing down inside the target). 

It can be clearly seen from fig.4 that sum of all single breaks (SSB) and simple 
single breaks (ssb) show monotone increasing curves in the range from 70 keV to 10 MeV 
whilst complex single breaks (ssb+ and 2ssb) show the curve with maximum. The sum of 
double breaks (DSB) and the complex breaks (dsb+, dsb++) also show the curves with 
maximum at about 0.2 MeV. 
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Fig. 4. Simulated yields of DNA breaks: SSB and DSB classified on complexity and shown as a 
function of energy of proton affected straightforwardly on a DNA segment 

The results shown in fig.4 are the clear illustration of the following statements: (i) 
sensitive sites for cell lethality (transformation) are located in the cell nucleus and (ii) the 
complex DSB are the most relevant initial lesions leading to cell killing or trans• 
formation. The most efficient for delivering absorbed energy in whole V79 cell nucleus 
are the protons with incident energy of 550 keV. At that the protons with 200 keV were 
found to be the most efficient in order to induce a complex double strand breaks of DNA 
affecting DNA straightforwardly. Those calculated numbers are in the range of 
experimental RBEMAX values (not shown). 
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BACTERIAL EFFECTS OF LOW•INTENSITY ELECTROMAGNETIC 
IRRADIATION WITH EXTREMELY HIGH FREQUENCY: PHENOMENON, 

EFFECTS OF ANTIBIOTICS AND MECHANISMS 
Tadevosyan H., Trchounian A. 

Department of Biophysics, Biological Faculty of the Yerevan State University, 
Yerevan, Armenia, Trchounian@ysu.am 

The electromagnetic irradiation (EMI) of extremely high frequencies, or 
millimeter waves, with low-energetic intensity and with non-thermal action, is widely 
used in tele-communication technology and therapeutic practice (for reviews, see [1-2]) 
although low-orbital systems of cosmic communication and different elements of 
mobile one, and in addition, devices used in therapeutic practice radiate EMI of this 
frequency, small and very small doses of which (low flux capacity of 0.005 mW/sm2

) 

affects living cells and organisms, including bacteria. This is of interest because bacteria 
and the other cells can interact with each other through EMI (for review, see [2]). In 
such respect, it has been shown, for instance, that bacteria possess the ultrasonic 
radiation [3] or reemission of secondary photons in sub-millimeter frequency range [4]. 

The coherent and "noise" (with broadband frequencies and accidentally changing 
phases) EMI of extremely high frequencies with low intensity have been shown to cause 
different, including bactericidal effects on Escherichia coli and the other bacteria [1-2, 
5-9]. 

Here, the results on phenomenon and possible mechanisms of irradiation of E. coli 
K 12 by coherent EMI with the frequency of 51.8 and 53 GHz are presented. 

The methods of determination of bacterial growth specific rate under anaerobic 
conditions upon fermentation of glucose and of growth log-phase duration as well as of 
the changes in membrane properties by direct irradiation with coherent EMI of the 
frequency of 51.8 and 53 GHz with low intensity (flux capacity of 0.06 mW/sm2

) 

(generator G4-141 assembled in the Institute of Radiophysics and Electronics of the 
NAS of Armenia, Ashtarak City) have been detailed elsewhere [7, 10-11]. 

The irradiation of bacteria by EMI at the frequency of 51.8 or 53.0 GHz led to a 
significant decrease in the specific rate of bacterial growth, the inhibitory effect was 
reinforced with time of the irradiation of 30 min to I h (Fig. I). Such results comply 
with those that the frequency of 51.8 GHz is resonant for E. coli [12] and, on the other 
side, the exposition of I h is enough effective to inhibit bacterial growth [7-8]. The 
resonance, in which proteins and other macromolecules can be entered, might be a basis 
of membranous and the other mechanisms of the action of EMI of extremely high 
frequency on bacteria. 
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Fig. 1. The E. coli K 12 growth rate changes 
after irradiation by EMI at the frequency of 
51,8 and 53 GHz. Bacteria were grown in 
peptone medium with 0.2 % glucose at pH 
7 .5 under anaerobic conditions [I OJ after 
direct irradiation of 30 min or 1 h. Average 
data (in %) of 2-3 measurements are repre
sented, standard errors are less than 3 % 
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Fig. 2. The changes in inhibitory effect of 
DCCD on H+ fluxes from E. coli K 12 after 
irradiation with EMI of the frequency of 
51.8 and 53 GHz. The irradiation time was 
I h, for the others see the legends to Fig. I 

Importantly, sensitivity of bacterial cells to reagents like N,N'-dicyclohexyl
carbodiimide (DCCD), inhibitor of the H+-transporting F oF 1 -A TPase, was decreased. 
Indeed, inhibitory effect of DCCD (in concentrations of 0.1 to I mM) on H+ fluxes 
markedly decreased after irradiation of bacteria with EMI at the frequency of 5 I .8 or 53 
GHz (Fig. 2) in spite of different values of H+ fluxes (not shown). A less sensitivity to 
DCCD could result from conformational changes in subunits of the F0F1-ATPase [13] 
having a key role in effects of EMI on bacteria. 

Furthermore, a changed sensitivity to DCCD is of interest to detect changes in 
inhibitory effects of antibiotics on bacteria. Tetracycline and chloramphenicol were 
really effective to decrease the E. coli growth specific rate under fermentative condi
tions (Figs. 3 and 4): the effects of these antibiotics were obtained in a concentration
depended manner (Fig. 3). But the irradiation of bacteria by EMI had changed the 
following growth in the presence of these antibiotics: the elevated decrease in the 
growth rate and the increased log-phase duration were determined (Fig. 4). 
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Fig. 3. Effects of tetracycline (Tet) and EMI 
irradiation with the frequency of 51.8 GHz 
on the E. coli K12 growth. The specific 
growth rate without addition and irradiation 
was I 00 %. In control, no irradiation; for the 
others see the legends to Fig. 2 

Fig. 4. Effects of EMI irradiation with the 
frequency of 51.8 GHz on the E. coli K 12 
growth rate and log-phase duration in the 
presence of antibiotics. 2 µM tetracycline 
(Tet) or 2 µM chloramphenicol (Cmp) were 
added into the growth medium. In control, 
no irradiation, standard errors are represen
ted; for the others see the legends to Fig. 3 

In addition to sensitivity to DCCD, these data indicate change in sensitivity of 
bacteria also to antibiotics detected. In the other words, irradiation of bacteria by EMI at 
the frequency of 5 I .8 GHz enforced the inhibitory effects of antibiotics. This seems to 
be in accordance with results that EMI of extremely high frequency with non-thermal 
intensity could change the Staphylococcus sensitivity to various antibiotics affecting 
membranous properties [6]. 

To confirm membranous effects of EMI of the extremely high frequency, this 
EMI upon irradiation duration of up to I h was shown to cause marked changes in W 
conductance of the membrane (decrease in - 1.7-fold), energy-dependent W and K+ 
transporting fluxes across the membrane (increase in -1.4-fold),' including via the W
F0F1-ATPase, by E. coli whole cells. Membrane potential values (- -145 mV) had no 
marked changes. The production of H2 by whole cells became less (blocking in -8-
fold). Moreover, the decrease in total and DCCD-inhibited ATPase activity of 
membrane vesicles after irradiation of bacteria was determined. 

In concluding remarks, these results are mentioned to confirm input of 
membranous changes in bacterial action of low intensity EMI of extremely high 
frequency, when the FoF1-ATPase is playing probably a key role, although action of this 
EMI is offered also on structure and properties of water [I, 14-15] leading, for instance, 
to increase in chemical activity of water or hydration of proteins and other cellular 
structures. These could also relate to modifications of structure, properties and function 
of membrane proteins. So a target role of the F0F1-ATPase suggested might be 
following the changes in water properties. 

It should be noted that, additionally, conformational changes in bacterial genome 
or DNA are also suggested [16]. Moreover, bactericidal effect might be determined by 
transition of bacterial pro-phages from lysogenic to lytic state [12]. 

The effects of such EMI can be a result of resonant interaction, when in case with 
E coli it is shown that, regardless of intensities of EMI of extremely high frequency, 
resonance is at the frequencies of 41.5, 51.8 or 70.6 GHz [12, 16]; other resonant 
frequencies are not ruled out. However, the effects of EMI on E coli and the other 
bacteria, especially primary cellular mechanisms of these effects, require a further 
study. 

The effects of this EMI are also of significance to understand distinguishing role 
of bacteria in biosphere leading to changed metabolic pathways and, for instance, to 
antibiotics resistance. It is possible to use EMI for product protection from bacteria too. 

The authors thank L. Arutyunyan and K. Akopyan for help in some experiments, 
and Dr. V. Kalantaryan for generator of EMI used and valuable advice. This study was 
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