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B rrocrre,11ttee ,11ecl!TIIJieT11e, 6rraro,11apll ycrrexaM B o6rracTII r13yqeHIIll 

MIITOXOH,!lpIIaribHOro reHOMa II rrpIIMeHeHIIIO HOBbIX MeT0,110B, HaKOITJieHbl HOBbie ,!laHHbie, 

KOTOpb!e I103B0JilllOT ITOHllTb MexaHII3Mbl ITOCTpa,111IaI.lIIOHHbIX HapyrneHIIH 

MIITOXOH,!lpIIaribHbIX QJYHK!lIIH II IIX porr11 B pa3BIITIIII rryqeBOH peaK!lllll opraHII3Ma. Ha 

OCHOBe pe3yJibTaTOB MHOrIIX IICCJie,!IOBaHIIH B HaCTOllI11ee BpeMll MIITOXOH,!lpllaribHOH ,n:HK 

( MT .l-1:HK) II caMII MIITOXOH,!lpIIII paccMaTpIIBaJOTCll KaK qyBCTBIITeJibHbie MIIIIIeHII ,!IJill 

IIOHII31IpYJ0111eH pa,1111an1111 (I1P) II ,11pyrnx rroBpe)K,!laJOI11IIX areHTOB. IlOJTOMY 

113611paTeJibHOe B03,[leHCTBIIe Ha JTII CTPYKTypb!, Bepol!THO, llBJilleTCll O,!IHIIM 113 IIO,!IX0,110B K 

ITOBbIIIIeHIIJO JqJqJeKTIIBHOCTII PMIIOXIIMIIOTeparr1111 orryxorrett II CHII)KeHIIJO rryqeBOH 

peaK!lllll opraHII3Ma. HaIIIII 11ccrre,110BaHI1ll qJOKYCIIPYJOTCll Ha II3yqeHIIII ITOBpe)K,!leHIIH 

MT.l-1:HK, IIH,!IYK!lllll OKIICJIIITeJibHOro CTpecca, o6ycJIOBJieHHOro rrporroHrnpoBaHHOH 

ITOBbIIIIeHHOH rettepan11ej:j aKTIIBHbIX qiopM KIICJIOpo,11a II a30Ta (A«l>K) B KJieTKax, 

ITO,!IBeprIIIIIXCll B03,!leHCTBIIJO MP. PaccMaTpIIBaeTCll B03MO)l(Hall porrb perrapan110HHbIX II 

aHTIIOKCII,!laHTHbIX CIICTeM, a TaK)Ke rrponeccoB 611orette3a, ,!IIIHaMIIKII II MIITOqJar1111 B 

ITO,!l,!lep)KaHIIII QJYHK!lIIOHaribHO aKTIIBHbfX MIITOXOH,!lpIIH B o6rryqeHHbIX KJieTKax, a TaK)Ke 

ITOIICKII MIITOXOH,!lpIIaribHO-HarrpaBJieHHbIX coe,1111HeHIIH, BJIIllllOJl1IIX Ha perrapa!lIIIO .l-1:HK. 

B rrocrre,11H11e ro,11b1 pa,11110611orrornqecK11e 11ccrre,110BaHIIll CTarIII e111e 6orree 

aKTYaribHhlMII B CBeTe BblllBJilleMhIX pa,1111an110HHblX pIICKOB ,!IJill JKIIITa)KeH ,!IJIIITeJibHblX 

Me)KITJiaHeTHhlX MIICCIIH. Crre,11yeT OTMeTIITb, qTo HeCMOTpll Ha IIOBbIIIIeHHble Mepbl 

6e30ITaCHOCTII, B MIIpe coxpaHl!eTCll ITOTeH!lllaribHall B03MO)KHOCTb pa,1111an110HHhIX aBapIIH, 

Teppop11cT11qecKIIX aTaK Ha pa,1111an110HHbie 061,eKTbl IIJIII B3pb1BOB «rpll3Hb!X pa,1111an110HHblX 

6oM6». B MIIpe yBerr11q11BaeTCll KOJIIIqecrno pa,1111oaKTIIBHhfX MaTepIIarIOB, ll,!lepttoro opy)KIIll 

II ll,!lepHhlX J11epreT11qecKIIX ycTaHOBOK. Ilo ,11aHHbIM MAr AT3, C pa3BIITIIeM ll,!lepHblX 

TeXHOJIOrIIH B MIIpe rrpOII30IIIJIO OKOJIO 70 MarihIX II 6oJibIIIIIX aBapIIH, corrpOBO)K,!laBIIIIIXCll 

B03,!leHCTBIIeM 110111131IpYJ011111X 113Jiyqe1111j:j (I1I1) Ha qerrOBeKa. B rra6opaTOpIIllX MHOrIIX 

CTpaH aKTIIBHO pa3BIIBaJOTCll 11ccrre,110Bal11Ill Ha MOJieKyrrllpHOM, KJieToqHoM II 

opraHII3MeHHOM ypoBHllX. Ilp11 JTOM 061,eKTaMII 6oJibIIIIIHCTBa IICCJie,!IOBaHIIH 6bIJIII II 

OCTaJOTCll rrporr11qiepIIpYJOI111Ie KJieTKII II TKaHII •. Ilpe,!IIIOJiarariocb, qTQ IIOCTMIITOTIIqecKIIe 

TKaHII, B TOM q11crre neHTparihHOH HepBHOH CIICTeMbl (U:HC), llBJllllOTCll ,!IOCTaTOqHo 

pa,1111ope3IICTeHTHb!MII. O,11HaKO pe3yJibTaThl pll,!la IICCJie,!IOBaHIIH, BbIITOJIHeHHblX 3a py6e)KOM 

II B TOM q11crre BbIITOJIHeHHhIX HaMII, IIOKa3b!BaJOT, qTo U:HC qpe3BbJqafiHO Yll3BIIMa K 

B03,!leHCTBIIJO I1I1. Jl11TepaTyp11b1e ,!laHHhle YKa3bIBaJOT Ha B03MO)KHOCTb pa3B11Tllll 
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Heilpo):{ereHepanIBHhlX II onyxoneBh!X naTOJIOI'IIH M03ra npII ):{eHCTBIIII MaJihIX II 60JihllIIIX 

):{03l1l1. 

B Hallleil CTpaHe npOBO):{llTCll orpaimqeHHb!e IICCJie):{OBaHIIll no II3MeHeHIIIO 

<p)'HKIJIIOHaJihHh!X peaKIJIIH IJ;HC II KOI'HIITIIBHOH aKTIIBHOCTII )KIIBOTHh!X nocne B03):{eHCTBIIll 

l1l1. A IICCJie):{OBaHIIH no H3yqeHIIIO MOJieKyJillpHbIX MexaHII3MOB noape)K):{eHIIll 

reHeTIIqeCKIIX CTPYKTYP, nYTeH IIX BOCCTaHOBJieHIIll II coxpaHeHIIll aKTIIBHOCTII nocne 

B03):{eHCTBIIll nJIOTHOIIOHII3IIPYIOIIJIIX II3JIY'feHIIH - eIIJe MeHhllle. Ilo:noMy, ):{aJibHeHilIIIe 

IICCJie):{OBaHIIll MOJieKynllpHb!X II KJieToqHh!X MexaHII3MOB pa):{IIaIJIIOHHOI'O noape)K):{eHIIll 

CTPYKTYP I'OJIOBHOI'O M03I'a OCTalOTCll ):{OCTaTOqHo aKTYaJihHOH npo6JieMOH. Pa3BIITIIe 3TIIX 

IICCJie):{OBaHIIH BOCTpe6onaHo B CBll3II C IlIIIpOKIIM IICnOJih30BaHIIeM l1l1 B TepanIIII onyxoneil 

M03ra. OTCYTCTBIIe ):{OCTaTO'IHhlX 3HaHIIH no B03):{eHCTBIIIO KOCMII'IeCKOH pa):{IIaIJIIII, B 

KOTOpoil npOTOHhl 3aHIIMalOT 6onee 80% II3JiyqeHIIll rny6oKOI'O KOCMOCa [I, 2], Ha 3):{0pOBbe 

KOCMOHaBTOB, npe):{CTaBJilleTCll orpaHIIqIIBalOIIJIIM <paKTOpOM ):{Jlll KOCMII'IeCKIIX MIICCIIH 3a 

npe):{eJibl 0KOJI03eMHOH op6IIThl. 

He):{aBHO COTPY):{HIIKaMII Hallleil na6opaTOpIIII a COTpy):{HII'IeCTBe c KOJIJieraMII JIPE 

O1151l1 6hIJIII II3yqeHhl CTPYKTYPHO-<p)'HKIJIIOHaJihHhie xapaKTepIICTIIKII MIITOXOH):{pIIH II IIX 

reHeTII'IeCKOI'O annaparn B KJieTKaX pa3Hh!X CTPYKTYP IJeHTpaJibHOH HepBHOH CIICTeMhl 

MJieKonIITalOIIJIIX, no):{BeprnYThIX pe):{KO- II nnoTHOIIOHII3IIPYIOIIJIIMII II3nyqeHIIllMII [3, 4]. 
IloKa3aHO, 'ITO penapaIJIIll noape)K):{eHIIH ll)];HK B pa3Hh!X o6nacrnx I'OJIOBHOI'O M03ra 

npOIICXO):{IIT Me):{JieHHO a Te'IeHIIe 24 qacoa; a rnnnoKaMne penapaIJIIll ll):{epHOH )];HK 

(ll)];HK) npOIICXO):{IIT ropa3):{0 Me):{JieHHee, 'IeM B OCTaJihHh!X pernoHax M03ra. KoJIII'IeCTBO 

KOnIIH MT)];HK B Tpex o6naCTllX M03ra Kpb!C yaeJIII'IIIBaeTCll C' 0):{HOBpeMeHHh!M 

nOBh!IlleHIIeM ypoBHll IIX reTeponJia3MIIII. O):{HaKO 'Iepe3 24 qaca nocne o6nyqeHIIll 

KOJIII'IeCTBO MyTaHTHh!X KOnIIH MT)];HK B I'IInnoKaMne 3Ha'IIITeJihHO Bh!Ille, 'IeM B KJieTKax 

KOpbl II M03)KeqKa. B perIIOHax M03ra o6nyqeHHh!X Kpblc npOIICXO):{IIT CHII)KeHIIe 3KCnpeCCl!II 

renoB (ND2, CytB, ATP50), yqacTBYIOIIJIIX a CIIHTe3e AT<!>, II noBhIIlleHIIe TpaHcKpIIIITOB 

reHoa, perynIIpYIQIIJIIX 6IIoreHe3 MIITOXOH):{pIIil (TFAM, PGC-la). C ):{pyroil crnpoHhI, 

aHaJIII3 reHoB, K0HTPOJIIIPYIOIIJIIX ):{IIHaMIIKY MIITOXOH):{pIIil (MFNJ, FJSJ), noKa3aJI IIX 

pe3KOe CHII)KeHIIe TOJlhK0 B rIInnoKaMne. 8 CBll3II C 3TIIM MO)KIIO nonaraTb, 'ITO 

nOBhIIIIeHHbIH ypoBeHb reTeponJia3MIIII MT)];HK npIIBO):{IIT K HapyIIIeHIIIO pa60Thl 

KOMnJieKC0B 0KIICJIIITeJihH0I'O qiocqiopIIJIIIpOBaHIIll II reHepaIJIIII nOBblllleHH0I'O ypOBHll 

aKTIIBHhIX <pOpM KIICJIOp0):{a II a30Ta B MIIT0XOH):{pIIllX, Bb13b!BalOIIJIIX ):{OnOJIIIIITeJibHbie 

noape)K):{eHIIll ll)];HK. CHII)KeHIIe 3KCnpeCCIIII l!):{epHbIX reHOB, peryJIIIPYIOIIJIIX ):{IIHaMIIKY 

MIITOXOH):{pIIH, B CBOIO 0'Iepe):{b, cnoco6crnyeT CHII)KeHIIIO 3JIIIMIIHaIJIIII 

):{IIC<pyHKIJIIOHaJihHh!X opraHeJIJI II3 TKaHeil M03ra. l1 6oJihllle acero 3TO CHII)KeHIIe 

OTpa)KaJIOCb Ha CTPYKTYPHO-<pYHKIJIIOHaJihHbIX xapaKTepIICTIIKax rnnnoKaMna o6Jiy'IeHHhIX 

KpbIC. 

TaKIIM o6pa30M, nonyqeHHb!e pe3yJihTaTbl CBII):{eTeJihCTBYIOT 0 TOM, qTo aKTIIBHOCTh 

penapaIJIIII ll)];HK, CIIHTe3 MT)];HK II ypoBeHb ee MYTaHTHh!X KOnIIH, MO):{YJillIJIIll 3KCnpeCCIIII 

reH0B, n0):{):{ep)KIIBaIOIIJIIX MIITOXOH):{pIIII, pa3JIII'IaIOTCll B rnnnoKaMne, Kope II M03)KeqKe 

o6nyqeHHh!X Kpb!C. 3TII II3MeHeHIIll MOI'YT npIIBeCTII K MIITOXOH):{pIIaJihHOH ):{IIC<pYHKIJIIII C 

nOBhIIlleHIIeM 0KIICJIIITeJibHOI'O CTpecca B perIIOHax I'OJIOBHOI'O M03ra, II MOI'YT 6b!Th 

conpl!)KeHbl C pa3BIITIIeM OT):{aJieHHh!X nocJie):{CTBIIH B03):{eHCTBIIll l1l1. 

YCIIJieHIIe OTCp0'IeHHOI'O 0KIICJIIITeJibHOI'O CTpecca a o6nyqeHHh!X KJieTKax MO)KeT 

Bhl3BaTb noape)K):{eHIIll ll):{ep11oro reHOMa B o6nyqeHHhlX KJieTKax II IIIIIIIJIIIIpOBaTb ero 

Hecrn6IIJih!IOCTh [5], KOT0pllil IIrpaeT KJIIOqeBYIO p0Jih B IIHllYKIJIIII KaHIJeporeHe3a II 

Heilpo):{ereHepaTIIBHhIX HapyrneHIIH [6, 7]. Il03TOMY pe3yJihTaThl 3TIIX IICCJie):{OBaHIIH 

nO):{TOJIKHYJIII Hae Ha nOIICKII MIIT0X0H):{pIIaJihH0-HanpaBJieHHh!X aHTIIOKCII):{aHTOB 

cnoco6CTBYIOIIJIIe npe):{0TBpaIIJeHIIIO pa3BIITIIll OT):{aJieHHh!X nocJie):{CTBIIH pa):{IIaIJIIOIIHOI'O 

noape)l():{eHIIll. Pa3pa6oTKa TaKIIX npenapaTOB ):{eCllTIIJieTIIllMII HaX0):{llTCll B IJeHTpe 
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BHJIMaHirn pa.1111061IOJIOfOB II PaJIII0JI0roB [8]. 3HaqJITeJibHal! .II0Jlll .II0KJIIIHJiqecKJIX 

IICCJie.11yeMb!X pa.1111onpoTeKTop0B II pa.11110MJITJiraTopoB, 3aHJIMaIOT coe.111rneHIIll 

aHTII0KCJI.llaHTH0ro .11eHCTBIIll, Il0CK0JibKY pa3B11Tlle JiyqeBOH peaKI.\IIII B o6JiyqeHHblX 

KJieTKax conpl!)KeH0 C IIH.IIYKl.llleH BHYTPHKJieTOqHoro rrp0JI0HrnpoBaHH0ro 0KHCJIHTeJibH0ro 

CTpecca [9]. Cpe.1111 TaKIIX coe.1111HeHJIH, qpe3BbJqaHHO 3cpcpeKTJIBHblM 0Ka3aJICll MeJiaTOHIIH 

(N-a11eTHJI-5-MeTOKCHTp11maMHH), CHJI)KaJOmHH in vitro II in vivo 3cpcpeKTbl B03.lleHCTBIIll 

HH. 8 HaCTOllmee apeMl! MeJiaTOHIIH (MEJI) KJIIIHJiqecKJI np11MeHl!eTCll KaK rrperrapaT, 

H0pMaJIH3HpyIOmJIH l.\lIPKaJIHbJe piITMbl H ace qame HaX0.IIHT KJIJIHJiqecKoe np11MeHeH11e B 

Kaqecrne aJlbIOBaHTa np11 JiyqeaoH Teparrnn onyxoJieH. 

Ilo3TOMY HalIIH .llaJibHeHIIIHe IICCJie.II0BaHJill 6bIJIII Il0CBllmeHbl cpaBHJITeJibHOH 

011eHKe Pll.lla MapKepoB rroape)K.11eHJIH B TKaHllX K0pbl fOJI0BH0ro M03ra H ceJie3eHKII IT0CJie 

o6JiyqeHJill Bcero TeJia MbJIIIeH peHTreH0BCKIIMII JiyqaMJI II B03M0)KH0CTII M0.IIYJilll.\lIII 3THX 

rroape)K.11eHIIH np11 BBe.11eHJIII MEJI .110 (pe)KJIM pa;:i11orrpoTeKI.\HII) II TI0CJie (pe)KJIM 

PMIIOMIITJira111111) IIX o6JiyqeHHll [10, 11]. ~aHHbJe 3TOfO IICCJie.II0BaHJill I10Ka3aJIH, qTo 

I10Bpe)K.11eHJill ll~HK Ha paHHIIX I10CTpa;:i11a11110HHbIX cpoKax B0CCTaHaBJIJIBaJIIICb 6oJiee 

aKTIIBH0 B ceJie3eHKe, qeM B Kope r0JI0BHoro M03ra MbIIIIeH, o6JiyqeHHbIX H o6pa6oTaHHh!X 

MEJI. B11oreHe3 MT~HK 6bIJI aKTIIBIIp0BaH B 06e11x TKaHl!X o6JiyqeHHbIX MbIIIIeH. 

3HaqnTeJibHal! .II0Jill BH0Bb CIIHTe3Hp0BaHHbIX M0JieKyJI MT~HK npe.11cTaBJillJia co60H 

MYTaHTHble K0TIIIII, K0T0pb!e ycJIJIIIBaIOT OKHCJIJITeJibHblH CTpecc C 3KCrrpecc11eH MYTaHTHblX 

reH0B B JIX C0CTaBe. MEJI CHJI)KaJI K0JIHqecrno MYTaHTHbIX KOITIIH MT~HK II ypoBeHb H2O2 B 

06e11x TKaHllX o6JiyqeHHb!X MbJIIIeH. MEJI crroco6crnoBaJI B0CCTaH0BJieHHIO yp0BHll AT<I> B 

TKaHl!X o6JiyqeHHbIX MbIIIIeH. B TKaHl!X MbIIIIeH IT0CJie B03.lleHCTBIIll peHTreH0BC.K0ro 

JI3JiyqeHJill ypoaeHb MaJI0Hoaoro .I1HaJib.I1ern.11a (MM) rroBbIIIIaJICll, H MEJI cnoco6eH 6bIJI 

ero CHJI)KaTb. KoH11eHTpa1111ll MM B TKaHII K0pbl roJI0BH0ro M03ra 6hma BbIIIIe, qeM B 

TKaHJI ceJie3eHKII. O.11HaKO co.11ep)KaH11e B0CCTaH0BJieHH0ro rJIYTaTH0Ha (fJIT) B ceJie3eHKe 

6bIJIO 6oJiee qeM B .11na pa3a HJI)Ke, qeM B K0pe fOJI0BH0f0 M03ra. B TKaHl!X MbIIIIeH TI0CJie 

o6JiyqeHJill ypoaeHb fJIT pe3K0 CHJI)KaJICll. MEJI crroco6crnoBaJI B0CCTaH0BJieHHIO yp0BHll 

fJIT B TKaHl!X o6JiyqeHHbIX MbIIIIeH. HecMOTpll Ha TO, qTo TKaHJI ceJie3eHKII II K0pbl 

fOJI0BH0r0 M03ra MbIIIIeH pa3JIJiqaJIJICb ITO JICX0.IIHbIM 3HaqeHJillM aHaJIH31IpyeMblX MapKepoa, 

B o6enx TKaHl!X Ha6JIIO.llaJICll pa.1111orrpoTeKT0pHblH H PaJIIIOMIITHraTOpHb!H rroTeHl.\llaJI MEJI. 

MHoroqJicJieHHbJe HCCJie.II0BaHJill TI0Ka3b!BaIOT, qTo MEJI llBJil!eTCll CJIJibHblM 

aHTII0KCJI.llaHT0M, 06Jia.11aIOm11M pa;:i11onpoTeKT0pHbIM .11eHCTBJieM. Hamil HCCJie.11onaHHll, 

0CH0BaHHble Ha pe3yJibTaTax 011eHKII BJIIIl!Hllll MEJI Ha TKaHJI C pa3JIHqHOH 

npO!IHcpepaTJIBHOH aKTIIBH0CTb!O y MbIIIIeH, rro.11aepnn1IXCll B03.lleHCTBIIIO I1I1, 

rro.11rnep)K.I1aIOT 3TY I103Hl.\lIIO. Hawn pe3yJibTaTbl .11eM0HCTp1IpyIOT TaK)Ke, qTQ MEJI 6oJiee 

3cpcpeKTHBHO CHJI)KaeT pa3JIJiqHbie pa;:iHal.\H0HHbie noape)K.11eHHll rrpH ero BBe.lleHJIII MbllIIaM 

II0CJie IIX o6JiyqeHJill. CJie.11yeT TaK)Ke 0TMeTJITb, qT0 B HaCT0llmee apeMl! 06cy)K.11aeTCll 

Bonpoc 0 11eJiecoo6pa3HOCTH CI1JieH3KT0MIIH rrpH JiyqeBOH TepanHH orryxoJieH opraH0B 

6pIOIIIHOH TI0JI0CTH IIJIII y K0CM0HaBT0B BO BpeMll .IIJIIITeJibHb!X K0CMJiqecKHX Il0JieT0B 3a 

rrpe.11eJiaMII 3am11Tbl MarHHTOCcpepbl 3eMJIII. KoHeqHo, .11aHHbie, Il0JiyqeHHbJe rrpH 

' B03.lleHCTBIIII pemreH0BCKHX JiyqeH Ha opraHII3M, TPY.IIH0 Il0JIH0CTb!O 3KCTparr0JIHp0BaTb Ha 

noape)K.11eH11e H0pMaJibHbIX TKaHeH a rrpo11ecce a.11poHHOH Teparr1111 onyxoJieH JIJIH Ha 

B03.lleHCTBHe KOCMJiqecKOH pa;:i11a111111 Ha K0CM0HaBT0B. TeM He MeHee, Il0CK0JibKY 

0KIICJIJITeJibHbJe .IIIICTpeccbl pa3H0ro ypoBHll B03HHKaIOT, K0r.11a KJieTKH no.11aepraIOTCll 

: B03.lleHCTBIIIO pa3JIJiqHbJX I1I1 (56Fe, rrpoT0H0B H peHTreH0BCKIIX JiyqeH), npe.11CTaBJil!eTCll 

B03M0)KHblM cymecTBeHH0 rro.11aBJITb HX C TI0M0mbIO MEJI H B03.llep)KaTbCll OT 

. CIIJieH3KT0MIIII. 

I1ccJie.11onaH11e BblI10JIHeHo rrp11 rro.11.11ep)l(Ke P<l><l>I1 a paMKax HayqHoro rrpoeKTa 

N217-29-01007 O!pll_M. 
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PREDICTING GENOME STRUCTURE AND RESPONSE TO DNA DAMAGE. 
PERSPECTIVES 
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Ha 11 C11Mn0311yMe no M11Kp0/:\03IIMeTp1111 6hIJI npo):(eM0HCTPIIP0BaH IT0/:\XO/:\ K 

C03):(aHIIIO M0):(eJieii np0CTpaHCTBeHHOH CTPYKTYPbl MIIIIIeHeii /:(eHCTBIIll pa):(Hal\IIII B KJieTKe, 

qm6pIIJIJ!bl II /:(0MeH0B xpoMaTIIHa II IIX npIIMeHeHIIll B MIIKp0):(03IIMeTpIIqecKIIX 

BbJqIIcJieHIIllX [1-3], Pe3yJibTaTbl Il0CJie):(yIOII.\IIX pa6oT IlO):(TBep):(IIJIII BruKH0CTb yqeTa 

CTPYKTypHoro q>aKTOpa /:(Jlll nporH031IpOBaHIIll PMIIal\II0HHb!X noape)K):(eHIIH .[(HK II 01.\eHKe 

pa):(II06IIOJ!OfIIqecKIIX 3q>q>eKTOB. B ):(aHH0M /:(0KJia/:(e o6cy)K):(a!OTCll B03M0)KH0CTII pa3B11Tllll 

II rrpIIMeHeHIIll YKa3aHH0ro IT0):(X0/:(a /:(Jlll peIIIeHIIll pll):(a npo6JieM: npe):(CKa3aHirn: 

3aBIICIIM0CTII OTHOCIITeJibHOH 6110JIOfIIqecKOH 3q>q>eKTIIBHOCTII (OE3) OT JIIIHettHOH 

nepe):(aq11 3Heprn11 113JiyqeHIIll (JII13), oneHKII BKJia):(a KpynH0MaC1I1Ta6HOH CTPYKTYPbl 

; xpOM0C0M B o6pa30Bam1e pa):(Hal\lI0HH0-IIH):(Yl\IIpoBaHHb!X (PlI) a6eppan11ii xpoM0C0M, 

pa3pa60TKe H0Bb!X K0MIIb!OTCpHblX TCXHOJIOfIIH rrpe):(CKa3aHIIll CTPYKTYPH0H opraHII3al\IIII 

xpoMOC0M, 

Ilpo6neMa Teopen1qecKoro on11camrn: 3aa11c11MocT11 OE3 OT JII13 anepaue 

113yqaJiaCb B [ 4,5], r):(e 6bIJia pa3pa60TaHa M0/:(eJib II 0IIIICaHbl KpIIBb!e OE3 ):(Jlll KJieTOqHOH 

rn6eJIII OT JII13 B KJieTKax npoKapII0T, a 3aTeM II 3yKap110T. Mb! 113yqaJ111 B03M0)KHOCTb 

0ITIICaHIIll OE3-JII13 3aBIICIIMOCTII /:(Jlll PH 3JIOKaqecTBeHHOH TpaHCq>OpMal\IIII KJieT0K in 

vitro Ha 0CHOBe /:\BYXCTa/:(IIHHOH KJIOHaJlbHOH M0):(eJIII C yqeTOM CTpyKrypb! rrpe):(ITOJiaraeMOH 

MIIIIIeHII Ha ypoBHe qi116p11JIJibl xpoMaTIIHa II neJib!X xpOM0C0M [6] . .[(BOHHb!C pa3pb!Bbl .[(HK 

(.[(P) KJiaCTepII3YIOTCll B rrpocTpaHCTBe 3a cqeT Ha/:(MOJICKyJillpHOH opraHII3al\IIII .[(HK B 

xpoMarnHe II npIIB0/:(llT K MIIKp0CKOIIIIqecKIIM nepecTpOiiKaM CTPYKTYPbl Ha ypoBHe 50-130 

' Tb!C,Il,H. - MIIKpO):(eJiel\IIllM, -IIHCepl\IIllM, -IIHBepCIIllM. qaCTb TaKIIX nepeCTpOeK M0)KCT 

HaCJIC/:(OBaTbCll B IT0T0MKax o6nyqeHHbIX KJieT0K. TaK)Ke npoaepllJiaCb r11n0Te3a 0 BKJia):(e 

Bb!CIIIIIX yp0BHeii opraHII3al\IIII .[(HK B xpoMOC0Max B JII13-3aBIICIIMOCTb PH 

3JIOKaqecTBCHHOH TpaHCq>OpMal.\1111. PacqeTbl qacTOT BHyTp11xpoM0C0MHb!X a6eppan11ii /:(Jlll 

II0HII3IIpy!Oll\CH pa):(11an1111 pa3H0fO Kaqecrna npe):(CKa3b!BalOT 6onee KpynHble nepeCTPOHKII 

reHeT11qecKoro MaTepliaJia, OT HCCK0JibKIIX /:(0 ):(eCllTKa MIIJIJIII0HOB nyKJie0TII/:(Hb!X nap (MJIH 

n,H.), rrpoCTbie II K0MITJieKCHbIC aneHTP1IqeCK1Ie II l\CHTpIIqecKIIC KOJ!bl\a, IIHBepc1111 II /:Ip. 

Xorn B M0/:(eJIII 3JIOKaqecrneHHOH TpaHcq>opMal\lIII KJICTOK He yqlITb!BaJICll Pll/:\ q>aKTOpOB 

(xpOMOCOMHall HecTa61IJibHOCTb, KOHqJJIY3HTHOCTb II /:Ip.), ee rrpe):(CKa3aHIIll JII13 

3aBIICIIMOCTII TpaHCMIICCIIPYIOII.\IIX nepecTp0eK na ypoBHe neTCJib xpoMaTIIHa, a TaK)Ke Ha 

: xpOMOC0MHOM ypoBHe, K0ppeJIIIPYIOT c JII13 3aBIICIIM0CTb!O qaCT0Tbl 3JIOKaqecrnennoii 

TpaHCq>OpMal\IIII KJICT0K Mb!IIICH C3HIOTl/2 in vitro rrp11 06nyqe11111I II0HaMII pa3Hb!X TIIIT0B. 

3Ta KoppeJilll\lill npC):(Il0JiaraeT, qrn rrepecTpOHKII CTPYKTYPbl xpoMaTIIHa II xpoM0C0M 

orrpe):(CJICHH0ro TIIIIa M0ryT 6b!Tb paHHIIMII IIHIII.\IIIIPYIOII.\IIMII co6hITIIllMII PH 

' HCOIIJiaCTIIqecKOH TpancqiopMal\IIII KJieTOK, DIIOJIOrIIqecKIIe MeXaHII3Mbl /:(aJlbHCttIIIero 
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BOBJieqemu:1 IIHIII.\HHPYJOIIIHX nepecTpOeK B MHOfOCTa)lHHHYJO 3JIOKaqecrneHHYJO 
TpaHcqiopMUI.\HIO KJieTOK Moryr 6bITb pa3JIHqHblMH II Tpe6yJOT )laJibHeiirnero H3yqeHHll. 

Mo)leJIH CTpyKTYPbI xpOMOCOM H xpoMOCOMHblX nepecTpOeK B [6] OCHOBblBaJIHCb Ha 
KOCBeHHbIX )laHHbIX no CTpyKType xpoMOCOM, HMeJIH HH3KOe pa3perneHHe II CO)lepJKaJIH Pllll 
npOII3B0JibHbIX npe)lIIOJIOJKeHIIii. lfro6bI o6ecneqHTb 6onee TOqHoe npe)lCKa3aHHe 3.[(­
CTPYKTYPbl xpoMOCOM, Mb! H3MeHHJIH IIO)lXO)l K MO)leJIIIpOBaHIIJO H pa3pa60TaJIII 
TeXHOJIOfHJO OIIHCaHIIll qacTOT KOHTaKTOB xpoMOCOMHb!X JIOKYCOB ll npe)lCKa3aHHll 
BHYTPIIXpOMOCOMHblX a6eppal\IIH c yqeTOM )laHHbIX 3.[(-reHOMHKH, IIOJiyqeHHblX MeTO)laMH 
Hi-C II HTGTS. KoM6HHIIPYll noJIHMepHoe MO)leJIIIpoBaHIIe xpoMocoM H xpoMocoMHbIX 
a6eppal\Hll, HH)l)'I.IHpOBaHHblX y-H3JiyqeHHeM H llPYrIIM .[(HK-noBpeJK)laJOIIIHM qiaKTOpOM, 
HyKJieaJoii I-Seel, MbI paccqHTaJIH pll/l BeJIHqHH II pacnpe!leJieHHii, KOTOpb1e KOJIIIqecrneHHO 
cornaCyJOTCll C 3KCIIepIIMeHTaJibHblMII )laHHblMH )lJill xpOMOCOM IIMMOpTaJIH30BaHHbIX 
MblIIIHHbIX npo-B KJieTOK: OIIHCaJIII KapTbl KOHTaKTOB xpoMOCOM ll pacnpe)leJieHHll 
6p3KIIOHHTOB a6eppal\IIH )lJljl pa3Hb!X xpoMOCOM C Bb!COKIIM pa3perneHIIeM, 06'bllCHHJIH 
BbICOKHe qaCTOTbl BHYTPIIXpOMOCOMHblX 6p3KIIOHHCTOB )laJieKO 3a npe)leJiaMH Mecra 
HH/lYKl\IIII HYKJiea3HbIX .[(P .[(HK H /lp. [7]. CoBMeCTHbiii a11anH3 )laHHb!X Hi-C, HTGTS H 
qJH3IIqecKoe MO)leJIHpoBa1111e )laeT OTBeTbl Ha Pllll BOIIpOCOB, KOTOpbie He 6bIJIII perneHbl 
3KCnepIIMeHTaJibHO. B qaCTHOCTII, KaK reTeporeHHOCTb CTPYKTYPbl xpOMOCOM npOllBJilleTCll B 
pacnpe)leJieHHH 6p3HIIOHHTOB BHYTPHXpOMOCOMHblX o6MeHHbIX a6eppal\Hll OT y-ll3JiyqeHHll 
II HYKJiea3, IIrpaeT JIii )lOMHHIIPyJOIIIyJO poJib MexaHII3M «npe)lcyrneCTByJOIIIero KOHTaKTa» 
HJIH BKJIJOqaeTCll /lIIHaMIIKa IIOBpeJK)leHHbIX JIOKycoB, llBJilleTCll JIH npHHl\lIII CTPYKTYPHOH 
opraHH3al\IIII Mb!IIIIIHbIX xpOMOCOM qipaKTaJibHOll rno6ynoii II llP• TaKJKe npe)lCTaBJieHbl 
npIIMepbl IIOJiyqeHIIll IIHqJOpMal\IIII O KOHqJOpMal\HllX xpOMOCOM B paKOBblX KJieTKax 
qeJioBeKa Ha OCHOBe reHOMHbIX Hi-C )laHHbIX. 

Cpe)lII B03MOJKHblX paCIIIHpeHHii npe)lCTaBJieHHOro IIO)lXO)la K MO)leJIHpOBaHHJO 3.[(­
CTpyKTypbl xpoMOCOM H xpoMOCOMHblX a6eppal\Hll MOJKeT 6bITb Ol\eHKa reHOMHblX 
nepecrpoeK He TOJibKO B pe3yJibTaTe PI1 .[(P .[(HK, HO II noBpeJK)leHHii .[(HK nocne 
XHMIIOTepaneBTHqecKoro B03)leiiCTBHll, npe)lCKa3aHIIll CTPYKTypHblX BapIIal\IIll B paKOBbIX 
reHOMax H /lp. DY/lYIIIIIe HCCJie)lOBaHIIll II03B0JlllT npoaHaJIH3HpOBaTb npe)lJiaraeMyJO 
rIIIIOTe3y O TOM, qTo a)laIITal\IIll 3.[(-reHOMa K xpOHifqecKOMY CTpeccy (peKyppeHTHbie 
HYKJiea3bI, penJIIIKaTIIBHblll CTpecc, IIHqJJiaMMal\IIll, 113MeHeHHOe MHKpooKpyJKeHHe 
xpOMOCOM II KJieTOK, II3MeHeHIIe cneKTpa crpyKTYPHb!X 6eJIKOB, 3IIIIreHeTIIqecKHe 
MO/lIIqJIIKal\HII II /lp.) MOJKeT 6bITb /lBHJKYIIIeii CIIJIOH nepexo)la reHoMa B II3MeHeHHOe, 
«paKOBOe» COCTOllHIIe. Heo6XO/lllMbl pa3pa60TKII npe)lCKa3aTeJibHblX MO)leJieii H anropIITMOB 
HOBOro IIOKOJieHHll, II03B0Jll!JOIIIHe npe)lCKa3bIBaTb 3.[(-opraHH3al\HIO reHOMa KaK KJIJOqeBOfO 
peryJillTOpa reHHOii 3KCnpecCHII, 6HOMapKepa qlyttKl\IIOHaJibHOro COCTOl!HIIll II 
IIHTerpaJibHOfO OTKJIIIKa Ha BHeIIIHIIe B03)leHCTBIIll. 
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3arpH3HeHHbie pa;:i;IIOHYKJIII,!J;aMII TeppIITOpIIII IIOCJie aBapIIii Ha qepH06bIJibCKOll 

aTOMHOll 3JieKTpOCTaHI(IIII (A3C, 1986 r.) II Ha A3C «<l>yKyCIIMa» (2011 r.) HBJIHIOTCH 

YHIIKaJibHbIMII 3KCIIepIIMeHTaJibHbIMII IIJIOJl(a,!J;KaMII ,!J;JIH II3yqeHIIH coqeTaHHOfO BJIIIHHIIH Ha 

KOMIIOHeHTbl 6IIOTbl IIOHII3IIpyI0111ero II3JiyqeHIIH II KJIIIMaTIIqecKIIX <paKTOpOB. 

IlpoBe;:i;eHa MHOfOJieTHHH IICCJie,!J;OBaTeJihCKM pa6oTa IIO aHaJIII3Y 

pa;:i;II06IIOJIOfllqecKIIX peaKI(IIll Ha xpoHIIqecKoe o6nyqeHIIe pa;:i;IIoqyBCTBIITeJihHbJX BII,!J;OB 

pacTeHIIii: COCHa o6bIKHOBeHHaH (Pinus sylvestris L.), COCHa KpaCHM (Pinus densiflora 
Siebold et Zucc.) II pa;:i;IIope3IICTeHTHbIX: pe3yxoBII,!J;Ka TanH (Arabidopsis thaliana L.), 
rracTylllhH cyMKa 06b1KHOBeHHaH (Capsella bursa-pastoris L.). 

3KcrrepIIMeHTaJibHhie yqacTKII ,!J;JIH II3yqeHIIH 3<p<peKTOB xpOHIIqecKoro 

pa;:i;IIal(IIOHHOfO B03,!J;eHcTBIIH pacrrOJIOJKeHbl Ha TeppIITOpIIHX, 3arpH3HeHHbIX 

pa,!l;IIOHYKJIII,!J;aMII B pe3yJihTaTe aBapIIII Ha qepH06bIJibCKOH A3C, B EpHHCKOH o6nacrn 

POCCIIllCKOH <l>e;:i;epal(IIII II Ha TeppIITOpIIII IloJieCCKOfO rocy;:i;apcrneHHOfO pa;:i;IIal(IIOHH0-

3KOJIOfllqecKOfO 3arroBe,!J;HIIKa (IlfP33) B foMeJibCKOH o6JiaCTil Pecrry6JIIIKII Eenapycb. B 

Kaqecrne KOHTpOJibHbIX Bh16paHbl yqaCTKII EpHHCKOll o6JiaCTII (BbirOHIIqCKIIll II YHeqcKIIll 

paHOHbI) II 3a rrpe;:i;eJiaMII rrrP33 (K03eJiyJKCKOe JieCHIIqecrno) C <pOHOBbIM ypOBHeM 

pa;:i;ttoaKTIIBHOfO 3arpH3HeHIIH. IJoqBeHHbie xapaKTepIICTIIKII, co;:i;epJKaHIIe rnJKeJiblX 

MeTaJIJIOB II IIOfO,!J;Hhie ycJIOBIIH Ha Bcex 3KCrrepIIMeHTaJibHbIX yqaCTKax 6b!JIII CXO,!J;Hbl. 

YpoBeHb fO,!J;OBOH IIOfJIOJl(eHHOH ,!J;03bl Ha 3KCIIepIIMeHTaJibHbIX yqaCTKax, r;:i;e OT6IIpaJIII 

rrpo6bI 6IIOJIOfllqecKOfO MaTepIIana, BapbIIpOBaJI OT 0,03 Mfp/ro;:i; Ha KOHTPOJibHb!X yqacTKax 

,!J;O 215 Mfp/ro;:i; Ha HaII6onee 3arpH3HeHHbIX yqacTKax B 30He OTqyJK;:i;eHIIH qepH06bIJibCKOll 

A3C. 

B rrpe<peKType <l>yKyCIIMa 6hIJIII 3aJIOJKeHbl 4 3KcrrepIIMeHTaJibHbIX yqacTKa B 30He, 

IIO,!J;BeprllleHCH pa;:i;IIoaKTIIBHOMY 3arpH3HeHIIIO, II KOHTpOJibHblll yqaCTOK - Ha TeppIITOpIIII 

<l>yKyCIIMCKOfO YHIIBepCIITeTa. YqacTKil xapaKTepII30BaJIIICb CX0/1:HblMII YCJIOBIIHMII 

rrpOII3pacTaHIIH Il rroqBeHHb!MII xapaKTepIICTIIKaMH. YpoBeHh IIOfJIOJl(eHHOii /l:03bl 

BapbIIpOBaJI OT 2,4 Mfp/ro;:i; Ha KOHTpOJibHOM yqacTKe ,!J;O 57 Mfp/ro;:i; Ha HaII6onee 

pa;:i;IIOaKTIIBHO 3arpH3HeHHOM yqacTKe. 

CocHa o6bJKHOBeHHM II COCHa KpacHaH HBJIHIOTCH necoo6pa3yIOJl(IIMII BII,!J;aMII, 

o6na;:i;alOT Bb!COKOH qyBCTBIITeJibHOCTblO K pa;:i;IIal(IIOHHOMY B03;:i;eiiCTBIIIO II MOfYT 

paccMaTpIIBaTbCH KaK MO,!J;eJibHhie 061,eKTbl ,!J;JIH Ol(eHKII IIOCJie,!J;CTBIIll TeXH0reHI-IOfO 

B03,!J;eHCTBIIH Ha 3KOCIICTeMbl. 

IlpH xpoHIIqecKOM o6nyqeHIIII y KpacHOH HIIOHCKOH COCHbl o6HapyJKeHa 

IIOBbIIIIeHHM qacTOTa HapYIIIeHIIH arrIIKaJibHOfO ,!J;0MIIHIIpOBaHIIH II BblHBJieH PH/l: 
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MOpqJOJJOfll'!eCKIIX 113MeHeHl!ll XB0II [1]. O6Hapy:>KeHO y:sen11qeH11e .!IJJIIHbl II MaCCbl XB0II. Ha 

TIJl0IIJa.!IKe C MaKCIIMaJJbHb!M y:p0BHeM pa.1111oaKTIIBH0fO 3arpll3HeHllll y:seJJIIqeH IIH.lleKC 

~JJYKTYIIP)'I011Ieii ac11MMeTpII11 .!IJJIIHbl XB0II, xapaKTep113yKllllllll Hapy111eH11e CTa611JlbHOCTII 

pa3BIITIIJI. BbIJIBJleHa II0BbIIIIeHHM qacT0Ta CIIJlbH0 11opa)KeHHb!X HeKp030M XB0IIH0K Ha 

60JlbllIIIHCTBe pa.1111oaKTIIBH0 3arpll3HeHHb!X yqacTK0B [2]. B cnyqae C0CHbl 06b!KHOBeHHOH 

ycrniiq11BO B0C11p0113B0.!IIIM0ro BJlllllHIIll .!IJlllTeJlbH0fO xpoHIIqecKoro o6nyqeHllll Ha 

Mopqionor11qecK11e 110Ka3aTeJJII XB0II II qacT0TY HeKp0T11qecKIIX o6pa30BaHIIH He 

o6Hapy)KeHo [3]. 
Y IIMllaKTHb!X IIOIIYJJllUIIH C0CHbl KpaCHOH, TaK )Ke, KaK II C0CHbl o6b!KHOBeHHOH 

0TMeqeHbl CTaTIICT11qecKII 3HaqIIM0 6onee Bb!C0Klle 110 cpaBHeHIIIO C K0HTp0JibHblMII 

nonyJJllUllllMII y:p0BHII UIITOreHeT11qecK11X HapyrneHIIH (aHaJJll3 aHaTeJJOqJa3HbIX KJieTOK) B 

KOpHeBOH Mepl!CTeMe 11popoCTK0B CeMllH II IIHTepKaJJllpHOH Mep11cTeMe XB0II [l, 4]. 
TToKa3aHo, qrn xpoH11qecKoe · pa.1111au110HHoe B03.lleiicrn11e c11oco6Ho pa3py:11rnTb 

3aK0H0MepH0CTII BpeMeHHOH .!IIIHaMIIKII pa3BIITIIll XB0II B II0IIYJillUllllX C0CHbl 

o6bIKHOBeHHOH [5]. 
OTMeqeHO, qTo xpoH11qecKoe pa.1111au110HH0e B03.lleHCTBl!e 113MeHlleT C00TH0IIIeHIIe 

OCH0BHb!X KJJaCC0B qJIITOropMOHOB B XB0e KpaCHOH llllOHCKOH C0CHbI: II0Bb!lllaeT 

KOHUeHTpau1111 IIH.!IOJIIIJJYKCYCHOH KIICJl0Tbl, 3eaTIIHa II AEK II CHl!)KaeT K0HUeHTpau1111 

rn66epeJJJJOBOH KIICJl0Tbl [6]. 
PeaKUllll pacTeH11tt Ha cTpecc qacrn CBll3aHa c yBen11qeH11eM co.11ep)KaH11ll AEK, a 

TaK)Ke C00TH0IIIeHllll Me)K.!IY AEK II UIIT0KIIHl!HaMII, B qaCTH0CTII 3eaTIIH0M [7]. 
Ha1160J1b11Iee co.11ep)KaH11e AEK II 0TH0CIITeJibH0 Bb!C0K0e, 110 cpaBHeHIIIO C K0HTp0JJeM, 

conep)KaHlle 3eaTIIHa BblllBJJeH0 y paCTeHIIH pa,I1110pe311CTeHTH0f0 BIi.iia pe3y:xOBII.!1KH Tanll, 

Bblp0CIIIIIX 113 ceMllH C HaII6onee pan11oaKTIIBH0 3arpll3HeHH0fO yqacTKa IlfP33 [8]. 
/J:ttHaMHKa 11popaCTaHllll ceMllH C 3arpll3HeHHbIX Pa.IIII0Hy:KJJll.llaMII Tepp11Top11ii 

CTaTIICTl!qecKII 3Haq11M0 0TJlllqaJJaCb OT ceMllH K0HTp0JibH0fO yqacTKa: ceMeHa C 

3arpl13HeHHb!X yqaCTK0B 11popaCTaJJII 3Haq11TeJlbH0 Me.!IJleHHee II C MeHbllIIIM 11poueHT0M 

BCX0)KeCTII [8]. 
AHaJJll3 reHeT11qeCKOH CTPYKTYPbl IIOIIYJillUIIH C0CHbl o6bIKHOBeHHOH MeT0.!I0M 

TIOJlllMOpqJ113Ma .!IJlllHbl aMIIJillqJIIUllpOBaHHbIX qiparMeHTOB (AFLP-aHaJJII3) II0Ka3aJJ, qTQ 

qncno IIOJlllMOpqJHb!X Jl0KYC0B B II3yqCHHbIX II0IIYJillUIIllX 3Haq11Mo He CBll3aH0 C yp0BHeM 

pan11au110HH0ro B03.lleiicTBllll (r = d.65, p = 0.08) [9]. O.11HaKO, .11eH.11porpaMMa, II0CTpoeHHall 

Ha 0CH0Be reHeT11qeCKIIX paCCTOllHIIH Hell, KJJaCTep1130BaJJa II0IIYJillUIIII He T0JlbK0 110 

reorpaqi11qecKOMY II0Jl0)KeHIIIO, HO 11 110 ypoBHIO pa.11IIaUII0HH0fO B03.lleiicTBllll [9]. AHaJJll3 

reHeTllqecKoro pa3H006pa311ll C 11p11MeHeH11eM 11pattMepoB, pa3pa60TaHHb!X K .!IJlllHHb!M 

KOHUeBbIM II0BT0paM .1111qiqiepeHUllaJJbHO JKC11pecc11pyeMb!X peTpOTpaHCII030HOIIO.!I06HbIX 

~parMeHTOB C0CHbl o6bIKHOBeHHOH (IRAP-aHaJJ113), pac11pe.11eJJIIJl qepH06b!JlbCKIIC 

TIOTIYJJllUIIII C0CHbl o6bIKHOBeHHOH 110 y:p0BHIO pa.1111oaKTIIBH0ro 3arpll3HeHllll, a II0IIYJillUIIII 

KpaCHOH llllOHCKOH C0CHbl - 110 reorpaqi11qecKOMY II0Jl0)KeHIIIO. B ueJI0M, yBeJJIIqeH11e 

TIOKa3aTeJill cpenHero reHeT11qecKoro pa3H006pa311ll Hell, paccq11TaHH0fO C IICII0J!b30BaHlleM 

KaK AFLP-, TaK II IRAP-MapKepoB, .11eM0HcTp11pyeT, qrn B cpe.11HecpoqHoii 11epc11eKT11Be 

xpoH11qecKoe Hll3K0.!1030B0C 06nyqeH11e CIIOC06HO MeHllTb reHeT11qeCKyKl CTPYKTYPY 

nonynllUllii pacTeH11ii. 

31111reHeT11qecK11e MO.llllqJIIKaUIIII 11pe.11cTaBJlll!OT co6oii: MCXaHll3M, Jie)Ka11111ii B 

OCH0Be cnoco6HOCTII pacTeHIIH C0llp0TIIBJlllTbCll .!I0JlroBpeMeHH0MY CTpeccy 6e3 113MeHeHIIH 

a.· II0CJle.!I0BaTeJJbH0CTII ,[(HK. OueHKa rno6aJJbHOfO ypoBHll MeTIIJIIIp0BaHllll MeTO.!I0M 

B3)KX-MC II IIMMy:HOqiepMeHTHOfO aHaJJll3a (I1<l>A) II0Ka3aJJa, qTQ reH0Mbl C0CHbl 

o6bIKHOBeHHOH, 11po113pacrn1011111x Ha pa.!III0aKTIIBH0 3arpll3HeHHbIX Tepp11TOpllllX, 6b!Jlll 

3HaqIIM0 rn11epMeTIIJJIIp0BaHbl 110 cpaBHeHIIIO C K0HTp0JJbHb!MII yqacTKaMII. I1011yJillUIIII 

KpaCHOll llllOHCKOH C0CHbl II0Ka3aJJII o6paTHyKl KapT1111y: CTelleHb MeTIIJJIIp0BaHllll, 
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011eHeHHall H<l>A, CHII,KaeTCll C yBeJ111qeHI1eM ypOBHll pa,[(IIOaKTIIBHOro 3arpll3HeHIIll. O6a 

BII,[(a pacTeHIIll IIOKa3aJIII CTaTIICTIIqecKII 3Haq11Myio IIOJIO)J(IITeJibH)'IO KoppeJillllIIIO Me)K,[(y 

ypOBHllMII MeTIIJIIIpOBaHIIll II rII,[(pOKCIIMeTIIJIIIpOBaHIIll. 

AHaJIII3 TpaHCKpIIIITOMa XBOII P. sylvestris MeTO,[\OM BblCOKOIIp0113BO,[\IITeJibHOro 

ceKBeHIIpOBaHIIll PHK Bbll!BIIJI ,!\H<p<pepeHI-1IlaJibHO 3KCIIpecc11py10ll1IIeCll reHbI, 0611111e ,[(Jill 

3arpll3HeHHb!X pa,[(IIOHYKJIII,[(aMII IIOIIYJillllllll. H3 IlllTII Bbll!BJieHHb!X reH0B C IIOHH)KeHl!Oll 

3KCrrpecc11eii qeTb!pe 6bIJIII CBll3aHbl C OTBeTOM Ha crpecc: TpaHCKpIIIIT aHHOHHOll 

rrepoKCII,[(a3bl, BOBJieqeHHb!ll B arr0IIT03, II TPII TpaHCKpIIIITa, CBll3aHHbie C CllrHaJIIIHfOM 

a6c111130Boii KHCJIOTbI (AEK) - CIPKK, CIPKA II SLACJ [10]. Auan113 TpaHCKpIIIIT0Ma ue 

Bbll!BIIJI aKTI1Ba111111 rrpo11ecc0B perrapa11HH B xpoH11qeCKII o6nyqaeMb!X pacTeHIIllX II 

rrpo11ecCOB 3JIIIMHHa111111 aKTIIBHb!X qiopM KIICJIOpO,[(a (A<l>K) B qiepMeHTHb!X peaKQIIllX [10]. 
AHaJIIl3 KOMIIOHeHTOB aHTIIOKCII,[\aHTHOll CIICTeMbl TaK)Ke He Bbll!BIIJI 113MeHeHIIll aKTIIBH0CTII 

aHTIIOKCII,[(aHTHb!X qiepMeHTOB. 

Cxo,[(Hblll rrpoq>IIJib TpaHCKpIIIIllllOHHOro OTBeTa Ha xpoH11qecKoe o6nyqeHIIe 6bm 
Bbll!BJieH B IIOIIYJillllllllX pa,[(IIOpe3HCTeHTHOfO BII,[(a TpaBllHIICTb!X pacTeHIIll - rracTylllbll 

cyMKa o6bIKHOBeHHall. IlpO,!\YKTbl reHOB, 0611111x ,[(Jill pa,[(IIOaKTIIBH0 3arpll3HeHHb!X 

yqacTKOB, II ,[(Il<p<pepeHI-1llaJibHO 3KCrrpecc11pyio11111xcll IIO OTHOllleHIIJO K K0HTpOJibH0MY 

yqaCTKY, BOBJieqeHbl BO Bee OCHOBHb!e MeTa60JillqecKIIe IIYTII, B KaTa60JIII3M 6errKOB, 

peryJilll-111!0 TpaHCKpIIIII-11111, TpaHC,[(YKLIIIIO CllrHaJIOB, OTBeTbl Ha CTpecc, TpaHCII0pT, 

q>IITOropMOHaJibHblll CllrHaJIIIHr, rrpo11eCCbl reHepa111111 A<l>K II aHTIIOKCII,[(aHTHb!e npo11ecCbl. 

Cpe,[(II 25 ,[(II<p<pepeHI-11IaJibHO 3KCIIpecc11pyio11111xcll reHOB, %ll 3KCnpeCCIIll CIIJibHee BCero 

OTJillqaJiaCb OT KOHTp0JibHOll, OTMeqeHbl reHbl M06IIJibHb!X reHeTuqecKIIX 3JieMeHTOB, 

rIICTOH0B, lllarrepoHOB, <paKTop TpaHCKp11rr111111, KOHTpon11pyio11111ii AEK-onocpe,[(OBaHHblll 

CllrHaJIIIHr II 6eJIKOB, uarrpllM)'IO K0HTporr11pyio11111x aKTIIBaQIIJO TIIOpe,!\OKCIIH0B (KOTOpble, B 

CB0IO oqepe,[(b, onpe,[(eJilllOT OKllCJIIITeJibHO-BOCCTaHOBIITeJibHblll IIOTeHQIIaJI KJieTOK II 

rrepe,[(aqy CIIrHaJIOB) [11]. OTMeqeHa Bb!pa,KeHHall perrpeCCIIll reHOB, npo,!\yKTbl K0T0pb!X 

yqacrnyJOT B perrapa111111 )];HK rrocne pa3pb!Ba 11en11 11 B IIO,[(,!\ep,Ka11u11 TenoMep, a rn10Ke 

reHa, BOBJieqeHHOfO B 6HOCllHTe3 r1166epenn11Ha C-20 [ 11]. 

AHaJIIl3 TpaHCKpIIIITOMHb!X npoq>HJiett pacTeHIIll A. thaliana B ,[(Byx 3arpll3HeHHb!X 

pa,!\IIOHYKJIII,[(aMII rrorrymillllllX BblllBIIJI 80 reHOB c IIOBhlllleHHOll 3KCnpeccueii 11 25 reHOB - c 

IIOHIIlKeHHOll. O611111e ,[(Jill 3arpll3HeHHb!X rrorryJillllllll ,[(II<p<pepeHI-1IIaJibHO 

3KCIIpeccupyio11111ecll reHbl B OCHOBHOM 6bIJIII CBll3allbl C q>IITOropMOHaMII, 

TpaHCKpllllllIIOHHbJM ll TpaHCJillllIIOllllblM K0HTporreM (BKJIJOqalJ ,[(Jlllllllble HeKO,!\llP)'IOllllle 

PHK), 3allIIITHblMII peaKQIIllMII, OKllCJIIITeJibl!0-BOCCTaH0BIITeJibHb!MII rrpo11eccaMII, 

CllrHaJibHOll TpaHC,!\YKLIIIeii II pa3BIITIIeM pacTeHIIll. 

)];aHHbie O MOJieKyJillpllblX rrpo11eccax, orrocpe,!\yJOllIIIX a,[\aIITIIBHbie peaKI-11111 B OTBeT 

Ha xpo1111qecKoe 06nyqe1111e, IIMeJOT rrpIIKJia,[\HOe 311aqe1111e ll Moryr 6bJTb IICTIOJib30Ballbl B 

6ttoTeXHOJIOfllll pacTe1111ii ,[(Jill rronyqe111Ill CTpeccoycrniiqIIBb!X copTOB 

ceJibCKOX03llllCTBeHHb!X KYJibTYP· TpaHCKpIIIITOMl!b!e rrpoq>IIJIII o6nyqeHHblX pacTeHIIll C. 
bursa-pastoris, A. thaliana II P. sylvestris xapaKTepII3)'10TCll K0HTponeM aKTIIBH0CTII 

M06IIJibllb!X reHeT11qecKIIX 3JieMeHTOB, OTCYTCTBIIeM aKTIIBa111111 perrapa111111 )];HK, 

113MeHeHIIeM MeTa6oJIII3Ma TIIOpe,[(OKCIIIIOB II rnyraTIIOHa, K0HTponeM CllfHaJIIIHra 

rrepoKCII,[\a B0,!\0pO,[(a ll AEK, a TaK)Ke IIOBb!llleHHeM 3KCrrpeCCllll reH0B, K0,!\IIp)'IOU.\IIX 

fIICTOHbl ll lllarrepOHbl. B pe3yJibTaTe MHOroJieTHero Ha6JIJO,[\eHIIll II IICCJie,[(OBaHIIll 6bIJIII 

BbI6paHbl reHbl - MIIllleHH ,[(Jill reHOMl!OfO pe,[(aKTIIPOBaHIIJI, KO,!\IIp)'IOllIIIe: 6eJIOK, 

BOBJieqeHHblll s KaJiblllleBblll CllrHaJIHHr; MeM6paHHblll 6erroK, BOBJieqeHHblll B rrepe,[(aqy 

AEK-3aBIICllMblX CllfHaJIOB; ll 6eJIOK 611oc1111Te3a )KaCMOHOBOll KIICJIOTbl. 

E;wzooapHocmu: UCCJle006QIJU,Jl npoeeoeltbl npu noooep:J1C11:e zpaHmoe PH<P N2 20-74-
10004, 21-16-00004, 14-14-00666 11 P<l><l>H N2 19-54-50003. 
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C03,llaHIIe MaTeMaT1IqeCKIIX MO,lleJieil. B pa,ll1I061IOJIOflllI Be,lleT CB0e HaqaJIQ C 

q:JOPMYJIIIpOBKII KJiacc1IqeCK0fO IIplIHIJIIIIa rrorra,naHII51 II TeOplIII MllIIIeHII, K0T0pb!e ceil.qac 

OTMeqaIOT CTOJieTHIIH 1061IJieH. C TeX rrop KOJIIIqecTBeHHhie rrpe,llCKa:mTeJihHhie MeT0,llbl a 

pa,lllI061IOJIOflllI rrpeTepneJIII cepbe3H0e pa3BIITIIe. IleJib HaCT0511IJeH pa60Tbl C0CTOIIT B 

o63ope COBpeMeHHOro C0CT05IHII51 II ,llaJibHeHIIIIIX rryreil. IIp1IMeHeHII51 TeopeT1IqecK1IX 

MeTO,llOB a pa,ll1I061IOJIOflllI. 

Ha 3ape pa3BIITII51 TeopeT1IqecKOH pa,ll1I061IOJIOflllI KOJIIIqecTBeHHb!H aHaJIII3 Ha 

OCHOBe TeOplIII rrorra.naHIIH II03B0JIIIJI OIIIICaTb 0CHOBHhie q:iopMbl KplIBh!X «,lJ03a-:iq:iq:ieKT» 

[1,2]. IloCKOJibKY a o6lljeM BII,lle TaKOH II0,l!X0,ll He yqlITbIBaeT rrp1Ipo.ny MIIIIIeHII, rrapaMeTphl 

MO,lleJIII IIplIXO,lJIIJIOCh orrpe,lleJI51Tb II3 3KCrrep1IMeHTaJibHb!X ,llaHHbIX. HeCMOTp51 Ha 3TO, B 

p5!,lle 3a,llaq .naHHbIH IIO,l!XO,ll ,!JO CIIX rrop HaXO,lJIIT ycrreumoe rrp1IMeHeH1Ie [3]. ITOIIbITKII 

yqeCTb crreIJIIq:JIIKY CTOXaCTIIqecKIIX q:JII31IKO-XIIMIIqecKIIX rrpoIJeCC0B Ha Macuna6e KJieTKII II 

rrpe,llCKa3aTb pa3JIIIqlI5J B fo10JIOf1IqeCKOM .neil.CTBIIII II3JiyqeHIIH pa3H0f0 KaqecTBa IIplIBeJIII K 

pa3BIITIIIO M1IKpO,ll031IMeTpm1 [4,5]. Ilo5IBJieHIIe pa3JIIIqHb!X MO,lleJieH CTPYKTypbl TpeKa [6-
10], II03B0JIIIJI0 B ,llaJibHeil.rneM rrepeHTII K Herrocpe,llCTBeHHOMY pacqeTy IIOBpelK,lleHIIH ,[(HK, 

peIIIIITb rrpo6JieMy 0THOCIITeJibHOH 61IOJIOmqecKOH :iq:iq:ieKTllBHOCTll [11], a TaKlKe rrepeil.rn K 

0TIIICaHIIIO MyrareHHblX :iq:iq:ieKTOB II3JiyqeHIIH pa3JIIIqHoro Kaqecrna [12]. 

B HaCT05llljee BpeM51 na6JIIO,llaeTC5! aKTIIBHOe IlplIMeHeHIIe B 3a,llaqax pa,lllI061IOJIOflllI 

rrporpaMMHbIX K0,l!OB MO,lleJI1Ip0BaHII5! MeTO,lJOM MoHTe KapJIO TpaHcrroprn II3JiyqeHII51 B 

aelljecrne ( CM. Harrp1IMep, o63op [ 13]). Ha1I60Jiee IIIIIpoKoe pacrrpocTpaneH1Ie rronyqlIJIII 

rrporpaMMHble K0,llhI o6ll!ero Ha3HaqeHII51, Harrp1IMep, TaKIIe KaK MCNP, EGS, GEANT, 

FLUKA, PENELOPE, B CB5131I c IIX rrp1IMeHe1rneM B pa,n1IaIJ1IOHHOH 6e3orracHocrn II 

pa3pa60TKe Ha IIX OCHOBe KOMMepqecKIIX CIICTeM IIJiaH1IpOBaHII51 o6nyqeHII51 B nyqeaoil. 

TepaIIIIII. Ha IIX 0CH0Be B II0CJie,lJHIIe ,lleC5ITIIJieTII5! II05!BIIJIIICb KaK MO,lJIIq:JIIKaIJIIII, narrplIMep, 

GEANT4-DNA, TaK II crreIJIIaJIII31IpoaaHHhie cpe.ncrna MO,lleJI1IpoaaH1IH KURBUC, 

PARTRAC, RITRACKS II .np., no3B0MIOllJIIe cMo.nen1IpoaaTh q:JII31IKO-XIIM1IqecK1Ie 

rrpoIJeCChl B TpeKax 3apHlKeHHb!X qacTIIIJ II paccqlITaTb IIH,l!YKIJIIIO IIp5!MbIX II nenp51MblX 

IIOBpelK,lleHIIH ,[(HK, B rrepBYIO oqepe,llh ,lJBYHIITeBbIX pa3pb1BOB. EOJihlIIIIHCTBO rrporpaMM, 3a 

IICKJIIOqeHIIeM rraKeTa GEANT4, pa3BIIBaeMoro 0TKpb!Tb!M coo6lljeCTBOM, IIMe!OT 3aKpb!TbIH 

KO,ll II He,lJOCTYIIHbl ,l!JI51 IIIIIp0K0ro Kpyra IIOJib30BaTeJieH. Bb!COKOH CTerreHII ,lleTaJill3aIJIIII 

,llOCTlffJIII paCCMaTplIBaeMhJe MIIIIIeHII - OT KJieTOK CJIOlKHOH reoMeTPIIII [ 14 ], ,!JO MO,lleJieii 

xpoMaTIIHa II JJieMeHT0B ,[(HK [15]. O.nnaKO, Ha TeKyllJIIH M0MeHT rrpaKTIIqeCKII ace 

YKa3aHHhie cneIJIIaJIII31Ip0BaHHbie nporpaMMHb!e KO,llbl paccMaTplIBa!OT B Kaqecrne 

MaTepliaJia lKII,lJKYIQ BO,!JY KaK OCHOBHOH K0MIIOHeHT KJieTOK [ 13]. IloCKOJihKY q:JII3ll'leCKIIe 

MO,lleJIII B3alIMO,lleHCTBII5! ,l!JI51 nepa1Iqnux II BTOpliqHb!X qaCTIIIJ, a TaKlKe npoIJecca 

pa,l!II0JIII3a II ,lJIIg:Jq:JY31III ero rrpo.nyKTOB yqTeHbl T0JihK0 ,l!JI51 BO,llhl, cylljecrnyeT 3a.naqa 

pacqeTa npoIJeCCOB B MOJieKyJie ,[(HK, np1IBO,lJ5lllJIIX Henocpe.ncrneHHO K q:iopM1IpOBaHIIIO 

noapelK,lleHII5!. Ha ,llaHHb!H MOMeHT npo6JieMa pernaeTC51 BBe,lleHIIeM 3Mil1Ip1IqecKIIX 

Bep051THOCTeii, orrpe,lleJI5leMbIX II3 cpaBHeHII51 C 3KCnep1IMeHTaJibllb!MII ,llaHHbIMII. Pa3pa6oTKa 

CO0TBeTCTBY!QllJIIX MO,lleJieii Ha 0CHOBe KBaHT0BO-XIIMIIqeCKIIX pacqeTOB BMeCTe C 
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cosepweHCTBOBaHHeM MeTO,IIIIK MOJieKyJrnpHO-pa,11H06HOJIOrHqecKHX 3KCIIepIIMeHTOB 

II03B0JIIIJIII 6bl ycTpaHHTb 3TY 3XIIJIJieCoBy rnny COBpeMeHHb!X MoHTe KapJIO K0,110B H 

BLIBecm HX npe,11CKa3aTeJibHYJO cnoco6HOCTb Ha HOBblll ypoBeHb. 

Ilporpecc MIIKp0,1103IIMeTpIIII H ycneXH MOJieKyJillpHOH 6IIOJIOrHII II03BOJIHJIII 

npO/IBIIHYTbCll ,llllJibllle B co3,11aami: MO,lleJieii:, 061,l!CHllIOI.QIIX KPIIBLie «,II03a-3cpcpeKT>) Ha 

MOJieKyJillpHOM ypOBHe. Db!JIH pa3pa6oTaHbl MaTeMaTHqeCKHe MO,lleJIH pa3HOH CTeIIeHII 

CJIOlKHOCTII, yqIITLIBaIOI.QIIe uenoqKy co6bITIIH HaqIIHAA C cpopMIIpOBaHIIll nepsIIqHbIX 

nospelK)leHIIH .[(HK, lIX penapauuu [16], u 3aKaHquBall cpopMIIpOBaHHeM reHHblX [17] u 

crpyKrypHblX MYTauuii: [18], xpOMOCOMHOH HecTa6HJibHOCTlI [18] II T.,11. ,[(aJKe OTHOCHTeJibHO 

npoc11,1e MexaHIICTHqecKIIe MO,lleJIH, He yqIITbIBaIOI.QIIe IIOJIHYJO uenoqKy 6ttOXlIMHqecKHX 

np011eccOB, rreJKaI.QIIX B OCHOBe IIH.!IYKUlilI IIOBpelK,lleHIIH .[(HK lI KJieTOqHoii: rn6eJIH, 

Il03BOJIIIJIII ,IIOCTaTOqHo xopolIIO BOCIIpOH3BeCTlI IlIIIpOKIIH Ha6op 3KcnepIIMeHTllJil,HbIX 

,llaHHLIX [20]. IloBbllIIeHHe ypOBHll ,lleTllJII13aUHlI B KHHeTuqecKHX MO,lleJillX penapauuu 

Il03B0JllieT, C 0,IIHOH CTOpOHbl, yqeCTb oco6eHHOCTlI pa,IIIIoqyBCTBHTeJibHOCTlI lI MYTareHe3a 

pa3mlqHblX JIIIHlIH KJICTOK, B TOM qIIcJie C .11ecpeKTaMII B pa6oTe onpe,11erreHHblX reHOB [17]. C 
,llpyroi1 CTOpOHbl, :no ,IIOCTHraeTCll pOCTOM qIIcrra HeH3BCCTHbIX napaMeTpOB MO,lleJIH, 

paccqIITaTb IIJIII onpe,11eJIHTb lI3 3KCIIepuMeHTa KOTOpbie CTaHOBlITCll BeCbMa 

3a1py)IHIITeJibHblM. TaKHM o6pa30M, B KaJK,IIOM lIH,IIIIBII.!IYlUlbHOM CJiyqae Tpe6yeTCll 

HaJ{O)l(,lleHIIe onpe,11eJieHHOro 6llJiaHCa MeJK,11y CJIOlKHOCTblO ll 3aTpaTaMII Ha C03,llaHHe 

MO)leJIH ll ee npe,11cKa3aTeJibHOH CIIOC06HOCTbIO. 

DOJiblllllHCTBO ,IIOCTIIrHYTbIX ycnexoB s pa3pa6oTKe MaTeMaTuqecKHX MO,lleJieii: B 

pa!IH06IIOJIOrnll OTHOCllTCll Bee JKe K OIIIICaHIIIO npoueccoB Ha ypOBHe OT,lleJibHb!X KJieTOK II 

roMoreHHLIX KJieToqHbIX KYJibTyp, T. e. cpaKTIIqecKII K BOCIIpOH3Be,lleHIIIO pe3yJibTaTOB 

3KCnep11MeHTOB in vitro. 0,11HaKO B 3HaqIIMbIX npaKTIIqeCKIIX IIpllJIOJKeHIIllX Tpe6yeTCll 

on11ca11, 3cpcpeKTbl in vivo Ha ypoBHe TKaHeH II CIICTeM opraHII3Ma. HanpIIMep, ,II/Ill 

lIJiaH11poBaHl1ll JiyqeBOH TepanIIll BaJKeH He TOJibKO pacqeT ,1103bl Ha onyxOJib, KOTOpblii: B 

np11a1111ne pelllaeT KJiaccIIqecKAA JIHHeii:HO-KBa,11paTHqHAA MO,lleJib, HO II nporH03 II03,IIHIIX 

nyqeBbIX OCJIOlKHeHllH, r.11e ru6eJib HOpMlUlbHbIX KJieTOK MHOroqIICJieHHbIX pa3HOBll,IIHOCTeii: 

o6ycJIOBJieHa He TOJibKO nospeJK,11eHIIllMII .[(HK, HO II BOCIIllJIIITeJibHb!MlI peaKUIIllMlI, 

nospelK,lleHIIl!MII KaIIllJIJillpOB II T. ,II. Bcrre,11CTBIIe 3TOro 60JiblIIIIHCTBO pa3pa60TaHHb!X 

MO)leJieH B ,11aHHb!X 3a,11aqax JIBJIJIIOTCJI noJiy-3MIIIIpIIqeCKIIMII [21,22]. EI.Qe 60JiblIIYJO 

CJIOlKHOCTb Bbl3bIBaeT npe,11CKa3aHue HapyllleHIIJI HOpMlUlbHOH pa6oTbl onpe,11eJieHHbIX 

CIICTeM opraHII3Ma IIOCJie pa,11IIaUIIOHHOfO B03,lleucTBIIJI, B oco6eHHOCTII, 11eHTplUlbHOH 

HepBHOH CIICTeMbl, qTo BalKHO ,IIJIJI 011eHKlI pa,11IIaUl!OHHbIX PIICKOB B xo,11e MeJKnJiaHeTHbIX 

KOCM11qeCKIIX norreTOB. l1 eCJill rII6eJib pa,IIIIOqyBCTBIITeJibHbIX nonyJIJIUIIH KJieTOK M03ra, 

ttanp11Mep, yqaCTBYJOI.QIIX B npo11ecce Hei1poreHe3a, y,11aeTCJI OIIIICaTb ,IIOCTaTOqHo ,lleTllJibHO 

[23), TO 3cp<peKTbl HapyllleHllH pa6oTbl CIIHaIICOB HaMHOro 6oJiee CJIOlKHAA 3a,11aqa. TeM He 

Mettee, He,llaBHO C IIOMOI.Qb!O MeT0,110B MOJieKyJillpHOH ,IIIIHaMIIKH Y.!lllJIOCI, [24] paccqIITaTb 

!13MeHeHlle CTPYKTypbl II cpyttKUHH 6eJIKOB CIIHaIITIIqecKIIX peuenTOpOB B pe3yJibTaTe 

B03HIIKHOBeHIIJI MYTau11ii: B COOTBeTCTBYJOI.QllX reHax, II ,llllJiee CMO,lleJIIIpOBaTb pa6oTy 

HettpOHHblX CeTeH onpe,lleJieHHbIX OT,lleJIOB fOJIOBHOro M03ra C TaKIIMII «.11ecpeKTHblMII» 

Cl!HancaMII. 0,11HaKO B CBJl3II C oqeHb 6oJILI1IIIM KOJIIIqecTBOM pa,11IIa11110HHbIX 3cpcpeKTOB, 

OKa3LIBaIOIUIIX coqernHHOe BJIHJIHIIe Ha pa60Ty Hei1pOHHbIX ceTeH M03ra, 0 cpopMnpoBaHIIII 

npe11cKa3aTeJihHbIX Mo,11eJiett HapyllleHIIll pa6on,1 M03ra B orneT Ha o6JiyqeHne rosopl!Tb eIUe 

npelK,11espeMeHHo, 

TaKIIM o6pa30M, Ha cero,IIHJ!IlIHllH ,lleHb TeopeTuqeCKAA pa,11II06IIOJIOfIIJI ,IIOCTIIrJia 

)IOCTaTOqHo BbICOKOro ypOBHJI OIIIICaHIIJI 3KCIIepIIMeHTOB in vitro, qTo B OCHOBHOM 

o6ycJIOBJieHO ycnexaMII B pa3pa60TKe MeT0,110B MoHTe Kaprro MO,lleJIIIpOBaHIIJI HaqllJibHblX 

npo11ecc0B nepe,11aqII 3HeprHII lI3JiyqeHIIJI BeIUeCTBY Ha MOJieKyJillpHOM ypoBHe. JlcHO, qTo 

lIOJIHOIIeHHOe OIIIICaHIIe pa,11IIaI1IIOHHO-l1H,IIYJlIIPOBaHHblX 3cpcpeKTOB B lKIIBbIX CIICTeMax 
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HOCllT 11epapxn:qeCKllH xapaKTep, KOr,[(a Ha pa3HblX BpeMeHax ll rrpocTpaHCTBeHHhIX 
Macnna6ax Heo6xo,[(n:Mo C03,[(aBaTh crre11n:arrn:3n:poBaHHb1e n: cornacoBaHHhie /:\pyr c /:\pyroM 
MO,[\eJill Ha OCHOBe pa3JillqHhlX MaTeMaT11qecKllX ll BhJq11cJin:TeJibHhie IIO,!\XO,[\OB. TaKHM 
o6pa3oM, /:\arihHeil.rnee pa3BttTn:e TeopeTn:qecKoil. 6n:onorn:n: rro Mepe HaKorrneHn:ll narnn:x 
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CnncoK JI11TepaTyp1,1 
1. /..fUMMep K.I'. Ilpo6JieMhl KOJillqecTBeHHOH pa,!\tt06llOJIOfllll. M.: rocaTOMll3,[\aT, 1962. 
100c. 
2. TUMopeee-PecoecKuu H.B., lfea,we B.11., Kopo20iJu11 B.11. Ilpn:MeHeHn:e rrpn:1111Hrra 
rrorra,[(aHllll B pa,!\tt06llOJIOfllll. M.: ATOMll3,[(aT, 1968. 228 C. 
3. Jlemu11 B.I'., EeJ1Ku11a C.B., )KypaKoecKaR I'.Il. MaTeMaTn:qecKn:e MO,!\eJin: n: peaKI.IHH 
KJieTOK Ha o6nyqenn:e n:0Hmn:pyio111n:Mn: mnyqeHttl!Mll pa3Horo Kaqecrna. M.: Yl.3.[(.fEOC, 
2020. 263 c. 
4. Xy2 0., KeJ1J1epep A. CrnxacrnqecKall pa,!\Ho6n:onorn:ll. M.: ATOMll3,[(aT, 1969. 183 c. 
5. l1ea11oe B.11., JlblCl,JOB B.H. OcHOBhI MttKp0/:\03HMeTpn:n:. M.: ATOMll3,!\aT, 1979. 192 c. 
6. Butts J. J., Katz R. Radiation Research, 1967. V. 30. P. 855-871. 
7. Gunther K., Schultz W. Biophysical Theory of Radiation Action. Berlin: Akademie-Verlag, 
1983. 
8. Chatterjee A., Holley W.R. Int. J. Quant. Chem. 1991, V.39. P.513-531 . 
9. Michalik V. Int. J. Rad. Biol., 1992. V.62. P.9-20. 
10. Nikjoo H., Emfietzoglou D., Liamsuwan T., et al. Rep. Prog. Phys. 2016. V.79. P.116601. 
11. Kpacaeu11 E.A. Ilpo6neMa OE3 n: perrapa11n:ll .ll:HK. M.: 3HeproaTOMH3,!\aT, 1989. 192 c. 
12. Kpacaeu,1 E.A., Ko3y6eK C. MyrnreHHoe ,[(eil.crnn:e 113nyqeHn:il. c pa3HOH JII13. M.: 
3HeproaTOMll3,!\aT, 1991. 184 C. 
13. Kyriakou I., Sakata D., Tran H.N., et al. Cancers, 2022. V.14. P.35. 
14. Batmunkh M, Aksenova S. V., Bayarchimeg L., et al. Phys. Med. 2019. V.57 P.88-94. 
15. Mey/an S., Incerti S., Karamitros M, et al. Sci. Rep. 2017. V.7. P.11923. 
16. Belov 0. V., Krasavin E.A., Lyashko MS. et al. J. Theor. Biol. 2015. V.366. P.115-130. 
17. Bugay A.N., Krasavin E.A., Parkhomenko A. Yu. et al. J. Theor. Biol. 2015. V.364. P.7-20. 
18. Eide/man Y.A., Andreev S.G. Rad. Prot. Dosim. 2015. V.166. P. 80-85. 
19. 3uiJeJ1bMa11 IO.A., CJ1a11u11a C.B., A11iJpeee C.I'. Pa,!\. 6Honornl!. Pa,!\n:OJKOJIOrnll, 2013. 
T.53. C.367-379. 
20. McMahon S.J., Prise K.M Front. Oncol. 2021. V. 11. P. 689112. 
21. l1ea11oe B.K. MaTeMaTn:qecKoe MO,[\eJin:poBaHn:e ll OIITllMll3a11n:ll nyqeBOH TeparrHH 
orryxoneil.. M.: 3HeproaTOMH3,!\aT, 1986. 144 c. 
22. Victori P., Buffa F.M Br. J. Radio!. 2018. V.92. P.20180856. 
23. Cacao E., Cucinotta F.A. Rad. Res. 2016. V. 185. P. 319-331. 
24. Batova A.S., Bugay A.N., Dushanov E.B. J. Bioinf. Comput. Biol., 2019, V.17, N2!, P. 
1940003. 

20 



fl 

PA)]JIOlilIOJIOrllqEcKME 3<I><I>EKTbl BTOPllqHoro 113JiyqEHIIH, 
<I>OPMIIPYIOIQErocH 11PM IIPOXOJK:)],EHIIII IIPOTOHOB qEPE3 

liETOHHYIO KOHCTPYKD;IIIO 
O.B. HwwmeHKo

1
· 
2
, T.MEw1Ko6a

1
· 
2
• A.I'. Mo110KaH06

3
, I'.H. TUMoUteHKo

3
, 

A.A. H6aHoe1· 2· 3 
1
rocy.z:1apcTBeHHhlll Ha)"!Hhlll l(eHTp PocCllllCKOll <l>e.z:1epal(IIII - lfHCTHT)'T Me.[IIIK0-

611onorH'-IeCKIIX npo6neM P AH, MocKBa 

2<1>e.z:1epanhHhIH Me.LlllllllHCKIIH 611oqim11qecK11ii QeHTp 11M. A.H. Eypmrnma <l>MEA Pocc1111, 

MocKaa 
3
O6be.[IIIHeHHhlll IIHCTIITyr ll.[lepHbIX 11ccne.[IOBaHllll, r. ,ny6Ha 

dorozhkina88@mail.ru 

B npol(ecce aHan113a Ha)"IHO-TeXH11qecKOll IIHqJOpMal(IIII no npo6neMe B03.[lellCTBllll 

KOprrycKynllpHoro, B T,q, rrp0TOHH0ro 113n)"leHllll Ha 3.LIOP0Bbe cnel(llanllCT0B ycrnH0BneHa 

Ilpl!Hl(IIIIllanbHal! B03M0lKH0CTh He6narorrp11llTHOro B03.[lellCTBllll BT0p11qHoro 113n)"leHllll, 

¢opM11pyiomerOCll nocne npoX0lK.[leHllll BhIC0K03HepreT11qecKIIX np0TOH0B qepe3 

¢11311qecKyio nperpa.z:1y Ha cneQ11an11cTOB pa3n11qHoro npoqi11nll. B 11x q11cne Heo6xo.z:111Mo 

OTMeTIITh K0CM0HaBTOB, pa60THIIKOB ycKop11Teneii 3apl!lKeHHhIX qacTlll(, nal(lleHT0B, 

npOX0.[lllll(IIX Kypc a.z:1poHHOll Tepan1111. 

U:enh pa60Tb1: 11ccne.z:1oaaTh pa.z:1110611onornqecK11e 3qiqieKThI arnp11qHoro 113n)"leH11ll, 

¢opM11pyiomerocll np11 np0X0lK.[leHIIII BhICOK03HepreT11qecKIIX npoT0H0B qepe3 6eTOH. 

MaTep11anhI II MeTO.[lhl. 3Kcnep11MeHThl npoae.z:1eHbl Ha 214 ayr6pe,L1HhlX MhIIIIax ICR 

CD-I, caMKax, c Maccoii OT 24-35 r, SPF-KaTerop1111, co.z:1eplKaBIIIIIXCll a KOHBeHQ11irnanhHhIX 

ycJIOBllllX. 3Kcnep11MeHT BhlI10nHeH Ha MbIIIIax, o6n)"leHHhIX BTOp11qHhlM 113n)"leH11eM JI3 

6eTOHHhIX Ml!IIIeHeii, nocne npoXOlK.[leHHll n)"!Ka np0TOH0B .[IIrnMeTp0M 5 CM Ha BXO.[le, c 

JHeprneii 650 M3B Ha qia30TpOHe O6be.[IIIHeHHOro IIHCTHTyra ll,LlepHbIX 11ccne.z:1oaaHllll 

(OIDII1) r. ,ny6Ha. Ilone CMeIIIaHH0ro (raMMa•KBaHThl II a,LlpOHbI) JI BTOpnqHoro 113nyqeHllll 

¢opM11poaanoch B pe3ynhTaTe npOX0lK.[leHJill npoT0HH0ro n)"!Ka qepe3 6eTOHHYJO 

KOHCTPYKlllllO TOnll(IIHOll 20, 40 n 80 CM. )J{JIBOTHhlX pacnonaran11 B cnel(llanhH0 

CKOHCTPYHPOBaHHOll KneTKe JI3 nepqiop11poBaHHOro nnaCTIIKa C .[leBllThlO (1-9) JlqeiiKaMII .[lnll 

MbIIIIeii, KalK.[lall pa3MepoM 5x5x5 CM. B KalK.[IYJO JlqeiiKy noMell(anH no 2 lKJIBOTHhJX. 

KneTKy pacnonarann ropH30HTanhH0, nepneH.[IHKynllpH0 OCH n)"!Ka TaKIIM o6pa30M, qrn6hI 

ocb nyqKa npoxo.z:1nna qepe3 J1qeiiKy 5. ,nnll cpaBHeHJill 6brno npoae.z:1eHo o6n)"leHne MhIIIIeii 

y-KBaHTaMII 
6
°Co B IIIHp0K0M .z:111ana30He .[103 OT 0,02 rp .LIO 25 rp. 

Pe3ynhTaThI. B 3Kcnep11MeHTe c y-o6n)"leHneM non)"leHa KnaccnqecKal! Kp11Bal! .z:103a-

3¢¢eKT no q11cny Kap110l(IITOB C BhlX0.[I0M Ha nnaTO np11 CBepxneTanbHhIX .[103ax. BrnpnqHoe 

U3Jiyqe1111e, qiopM11pyiomeecll nocne np0X0lK.[leHJill npOTOH0B qepe3 6eTOH TOnll(IIHOll 80 CM, 

no BCeM 3KCnep11MeHTanbHbIM TQqKaM 06ycnoa11no 6onhIIIJill nopalKaIOil(llll 3qiqieKT B 

cpaBHeHIIII C y-KBaHTaMJI, npn 3T0M 0TMeqaeTCll onpe.z:1eneHHal! aC!IMMeTpllll 

6!10JIOf11qeCKOro 3qJqJeKTa n)"!Ka - B JlqeiiKax C 9 no 6 OH 0Ka3anCll BhIIIIe qeM B JlqeiiKax 1-4. 
Ilp11 T0nll(l!He KOHCTPYKllllH 20 II 40 CM n0BhIIIIeHne pa.z:1110611onornqecKoro 3qiqieKTa He 

6bIJIO 311aq11TenhHhIM. Ilon)"leHHbie pa3nnq11J1 B 6nonornqecKOM 3qiqieKTe BT0p11qHoro 

!13JiyqeH!lll no TOnll(l!He 80 CM Mb] CKnOHHbl o6bl!CHIITh np11cyrcrn11eM B ero COCTaBe 

CYIIIeCTBeHHOll HeiirpOHHOll K0Mn0HeHThl. 

Ha116onee cnel(llqlllqHhlMII JI .[IOCTaTOqHo qyacTBJITenhHhIMJI noKa3aTenllMII 

pa,!IHal(l!0HH0ro B03.[lellCTBJill llBnllIOTCll l(IIToreHeTJiqecKJie 3qJqJeKThl B qiopMe 3a.z:1eplKKJI 

M!IT030B II B03HJIKH0BeHllll xp0M0C0MHhlX noapelK.[leHJill (a6eppal(llll). 

8 3KCnep11MeHTe C y-06n)"leH11eM II0n)"leHa Knacc11qecKal! Kp11Ball .[I03a-3qiqieKT C 

PH/IOM H!OaHC0B B qacTH xp0M0C0MHhIX a6eppal(llll. B o6naCTII caepxneTanbHhIX .[103 q11cno 

a6eppaHTHhIX KneTOK qepe3 24 qaca rrocne o6nyqeHllll .[I0CTJirno MaKCHMyMa II BhIIIInO Ha 
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IlJiaTO nocne nepaoro MIIT03a. B ,II03e 0,02 rp npo,n:eM0HCTpIIp0BaHa 113BeCTHall 30Ha 

r11nepqyacTBI1TeJibH0CTII, a Haq11Hal! C ,1103 0,1 rp .n:o 2,5 rp, 0TMeqaeTCll nponopUII0HaJibHall 

3aBIICIIM0CTb ,n:03a-JcjlcjleKT. M11TOTI1qecK11ii IIH,lleKC - KaK n0Ka3aTeJib pa.n:11au110HH0ro 

B03,n:eiicTBml npo,n:eM0HCTpIIp0BaJI 11,n:eaJibHblll 0TBeT ,II03a-JcjlcjleKT. 

B llqeiiKe 5 0TMeqaeTCll npl!Mall 3aBIICIIM0CTb ,1103a-JcjlcjleKT no np0TOHH0MY 

o6nyqeHIIIO, np11 3T0M q11cno a6eppaHTHbIX KJieT0K C0Bna.n:ano C C00TBeTCTByIOIUIIMII no 

,1103e 3HaqeHIIllMII y raMMa-o6nyqeHHbIX )KIIB0THbIX. B KpaiiHIIX llqeiiKax 1 II 9 Bb!X0.11 

xp0M0C0MHblX a6eppau11ii npeBb!CIIJI TaK0B0ii y COOTBeTCTByIOIUeii ,11030B0ll rpyrrnbl raMMa­

o6nyqeHHbIX )KIIB0THbIX. 

MIITOTIIqecKIIii IIH,lleKC y )KIIB0THbIX 113 llqeiiKII 5 0Ka3aJICll BbIIIIe, qeM y raMMa­

o6nyqeHHbIX )KIIB0THbIX, o6nyqeHHbIX B con0CTaBIIMbIX ,1103ax. 

IlOKa3aHO n0BbIIIIeHIIe MIIT0TIIqecKoro IIH,lleKca y )KIIB0THbIX, o6nyqeHHblX a 

KpaiiHIIX llqeiiKax - MaKCIIMaJibH0e np11 T0JIIUIIHe 80 CM II MIIHIIMaJibH0e npII T0JIIUHHe 

3aIUIITbl 20 CM. Pa.n:11aunoHHal! CTIIMYJillUHll MIITOTIIqecKoii aKTHBH0CTH 

pa.n:11oqyBCTBIITeJibHblX KJieT0K, conpoB0)K,llalOIUal!Cll n0BbIIIIeHHbIM Bb!X0,II0M a6eppaHTHbIX , 

KJieT0K, nornqHo M0)KeT CTaTb npe,n:BeCTHHK0M KaHueporeHH0ro JcjlcjleKTa pa,n:HaUHH B 

,llaJibHeiiIIIeM. O,n:HaKO B 3T0M HanpaBJieHIIII, 6e3yCJIOBHO, Heo6xo,n:HMbl ,II0il0JIHIITeJibHbie 

IICCJie,n:oBaHIIll. 

TaKIIM o6pa30M, UIIT0reHeT11qecK11e IICCJie,n:oBaHIIll Bn0JIHe MoryT CTaTb OCHOBOii 

,IIOH030JIOfIIqecKoii .n:11arH0CTIIKII cjlaKTa B03,n:eiiCTBIIll BT0p11qHoro 113JiyqeHIIll, 

cjlopMIIpyIOrueroCll nocne npoX0)K,lleHIIll np0T0H0B qepe3 6eTOHHyIO K0HCTPYKUHIO. 

22 

\.,_ 



POJlh MIITOXOH,l],PIIH B rHliEJIII KJIETOK IIPII KOMlilIHIIPOBAHHOM 
B03,ll,EHCTBIIII IIOHII31IPYIO~IIX II3JiyqEHIIH C D;IICIIJIATIIHOM II 

3OJIOThIMII HAHO'-IACTIID;AMII 
E.I'. I'opdeeea, lf.H. llleimo 

<l>fEY «rH~ PoccttiicKoii <l>e,11epal.\HH - <l>ME~ HM. A.H. EypHa:3~rna» <l>MEA PoccHH, 

MocKBa, PoccttiicKall <l>e,11epal.\Hll, gordeyevae@gmail.com 

THE ROLE OF MITOCHONDRIA IN CELL DEATH UNDER THE COMBINED 
EFFECT OF IONIZING RADIATION WITH CISPLATIN AND GOLD 

NANO PARTICLES 
E.G. Gordeeva, I.N. Sheino 

State Research Center- Bumasyan Federal Medical Biophysical Center of Federal Medical 

Biological Agency, Moscow, Russian Federation, gordeyevae@gmail.com 

HHHOBal.\HOHHblll TepaneBTHqeCKHll Il0,!1X0,!1 C HCII0Jib30BaHHeM «rnlKeJibIX» 

3JieMeHT0B (BbICOKHM aT0MHblM H0MepoM -Z) B coqeTaHHH o6nyqeHHeM, npewiaraeT 

MHOroo6ema10mHii II0,!1X0,!1 K JieqeHHIO pe3HCTeHTHbIX BH,!10B paKa. 

Pa,11HOCeHCH6HJIH3HpYJOillee ,11eiiCTBHe «TlllKeJibIX» :meMeHTOB xoporno H3BeCTHO Ha 

rrpOTl!lKeHHH Il0CJie,!1HHX .11Byx ,11eCllTHJien1ii. EbIJIO ony6m!KOBaHO MHOro HCCJie,!10BaHHH, C 

oco6bIM aKI.\eHTOM Ha HCIIOJib30BaHHe TaKIIX 3JieMeHT0B B Bil.lie HaHoqacTHI.\ (Hq) B KaqeCTBe 

ycmrnTeJietl ,!103bl o6nyqeHHll. MHoroqHcJieHHbJe 3KCIIep11MeHTbl in vivo II in vitro Il0Ka:3aJIH 

3Haql!TeJibH0e II0BbIIIIeHl!e 3<p<peKTHBHOCTII B npl!CYTCTBHH Hq H3 30JI0Ta (ZAu = 79) H 

11pyrnx 3JieMeHT0B, HO 0CH0BHble MexaHH3Mbl, np11B0,!1llllllle K yaeJIHqeHHIO r116e.ri11 KJieTOK, 

BCe eme 0CTaIOTCll HeH3BeCTHblMII. Pa,1111oceHCH61!Jill311pYJOillllll 3cp<peKT rrpenapaTOB 

IJJiaTHHbl (Zrt=78) xoporno 113BeCTeH, HO TaKlKe He HaIIIeJI CB0ero o6'bl!CHeHllll. 

3cpcpeKTIIBHOCTb TlllKeJiblX 3JieMeHTOB He M0lKeT 6b!Tb o6'bl!CHeHa !pH3HqecKHMII 

HBJieHl!llMH, TaKIIMH KaK yaeJIHqeHHe nornomeHHOll ,!103bl o6nyqeHHll Ha M11Kpo- H 

HaH0yp0BHe. KacKa,!1bl OlKe-JJieKTpOHOB, reHepttpyeMbie B HaHoqaCTHI.\ax C Bb!COKIIM z 
IJOCJie o6nyqeHl!ll !pOTOHaMII paCCMaTpl!BaJIHCb KaK IIOTeHI.\llaJibHblll MexaHH3M 

pa1111oqyacTBHTeJibH0CTH Hq, O,11HaKO npeHMyllleCTBeHHal! JI0KaJill3al.\Hll Hq I.\IIT030Jie Ha 

3Haql!TeJibHOM paCCTOllHHII OT l!,!1epHOll ,ll,HK He Il03BOJilleT o6'bl!CHl!Tb 3<p<peKT TOJibKO 

nJJRMblM .11eiicrn11eM. B 3TOH CBll3H 01.\eHKa KOC6eHHblX 3cp<peKTOB (CBl!3aHHbIX C 

o6pa30BaHl!eM aKTHBHbIX cpopM KHCJI0po,11a - A <l> K) Bb!X0,!111T Ha nepBblll IIJiaH, ,!1Jlll 

IJOHIIMaHllll pa,1111oceHCH6HJIH3al.\HII ((Tl!lKeJiblMII» 3JieMeHTaMII, 

B pa6oTe Ha 0CHOBe aHaJill3 JIIITepaTypHbIX HCTOqHIIK0B IlOKa:3aHa pOJib BHel!,11epHblX 

MllllleHeii (B T,q, MIITOX0H,!lpllii, 3aHHMaIOillllX ,110 25% 06'beMa I.\IITOilJia:3Mbl KJieTKII) B 

rn6en11 KJieTOK np11 KOM61!HHpOBaHHOM B03~eiiCTBIIH II0Hll311pYJOillllX 113JiyqeHllll C 

[111CIJJiaTIIH0M II 30JI0TblMH HaHoqaCTl!I.\aMH. 

rro pe3yJibTaTaM IICCJie,[I0BaHl!ll 6bIJia Il0Ka:3aHa Be/:IYillal! p0Jib BHel1,11epHbIX co6b!Tllll 

, C yqaCTl!eM MIITOXOH/:IPIIH II Jill30C0M ,[IJill IIH/:IYKI.\1111 KJieT0qHoro an0IIT03a I.\IICIIJiaTHH0M. 

0KCl!,[laTIIBHblll CTpecc a MIITOX0H/:IPHllX HrpaeT rnaBHYJO p0Jib a rn6eJIH KJieTOK. ITpH 

B03,11eiiCTBIIII I.\IICilJiaTl!Ha Ha KJieTKII 3JI0KaqecTBeHHbIX HOB006pa:30BaHllll aKTHBHPYJOTCll 

CllfllaJibHbie IlYTII, 11p11B0/:lll1Illle K IIOBpelK,[leHIIIO MIITOX0H/:lpllii, Bb!CB060lK,!1eHHIO A <l> K II 

anom03y. ,l],onoJIHl!TeJibHal! np0/:IYKI.\llll A<l>K H0Hll311PYJOillllM H3JiyqeHHeM 3anycKaeT 

OTKpbITl!e rrepeXO,[IHbIX nop np0HIII.\aeM0CTII MHTOXOH/:lpHH H HH/:IYI.\HPYeT aII0IIT03. 

Hq l!MeIOT TeH,[leHI.\11!0 JIOKaJIH30BaTbCll B I.\IITOilJia:3Me, H MHT0X0H/:IPHH, B 

'laCTH0CTII, llBJillIOTCll 3<p<peKTHBHOll MHIIIeHbIO ,[IJill o6nyqeHllll, yqHTb!Bal! HX MHOrHe 

BalKHb!e <pyHKI.\IIOHaJibHb!e p0JIII B KJieTKe. MexaHH3MaMII pa,1111oceHCH6HJIH3al.\HH llBJilllOTCll 

Bbipa6oTKa A<l>K H OKIICJil!TeJibHblll CTpecc. A<l>K HapyrnaIOT I.\eJI0CTH0CTb MIITOXOH/:lpllii, 

'ITO npl!B0/:IIIT K 3anycKy KacKa,11a peaKI.\llll, rrpHB0/:llllllHX K anonT03y. 
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IIEPCIIEKTHBbl HCIIOJlb30BAHHH 3KOJIOrHqEcKHX H MOJIEKYJIHPHO­
rEHETHqEcKHX MAPKEPOB B HCCJIE)],OBAHHHX liHOJIOniqECKHX 

3<1><1>EKTOB PA)],HAU:HOHHOro B03)],EHCTBHH Y MEJIKHX 
MJIEKOIIHTAIOIIJ.HX 

E.E. I'puzopKuHa 
l1HCT11Tyr 3K0JI0rIIII pacTeH11i111 )KI!B0THbIX YpO PAH, r. EKaTep11H6ypr, Poccm1 

e-mail: grigorkina@ipae.uran.ru 

Ilpo6JieMa 6110JIOf11qeCKOH 3q>q>eKTI!BHOCTII MaJib!X ,1103 I!0Hil311pyroll\IIX 113JiyqeHI!H II 

0T,llaJieHHb!X II0CJie,!ICTBIIH pa,1111au:110HH0ro B03,lleHCTBllll llBJUieTCH q>yH,llaMeHTaJibHOH B 

pa,111106110JIOfilII II ,110 HaCT0HII\ero BpeMeHI! 0CTaeTCH o6JiaCTblO aKTilBH0ro HayqHoro II0IICKa. 

Ka)K,llaH 30Ha TexHoreHHoro 3arp»3HeHI!H crreu:IIqi11qHa He T0JILK0 rro crreKTpy, K0JI11qecrny 

pa,!III0HYKJIIl,!I0B, CTPYKType 3K0CIICTeM, HO II II0 KOHq>I!rypau:1111 II pa3MepaM. BocTOqHo­

YpanbCKI!H pa;moaKTHBHLIH cne,11 - BYPC (pe3yJILTaT KmmuMCKoi1 pa,1111au:110HHOH aaap1111 

1957 r.) IlMeeT crreu:11qi11qecKyro KOHq>Ilrypau:1110 - Y3Kyro rrp0TH)KeHHyro TeppI!T0pI!IO C pe3K0 

rraJ:{aIOII\IIM rpa,1111eHT0M pa,1111oaKTIIBH0ro 3arpH3HeHIIH. 3TO 0,!IHa 113 rnaBHb!X oco6eHHOCTei1 

30HbI BYPC II rrpo6neMa N2 1 rrp11 rrpoae,11eH1111 paJ:{I!03K0JI0f11qecKoro M0HI!TOpI!Hra Ha 

MeJIKilX MJieK0IIIITalOII\IIX. B J:{0KJia,11e 6yJ:1yr rrpe,!ICTaBJieHbl pe3yJibTaTbl 20-TI! JieTHIIX 

HerrpepbIBHblX IICCJie,!IOBaHIIH, 03ByqeHbl rrpo6JieMbl, C K0T0pb!MII CTaJIKI!BaeTCH 

I!CCJie,!I0BaTeJib rrp11 rrpoae,11eHIIII M0HIIT0pIIHra Ha rpb13yHax, KaK TeCT-06beKTaX, paCCM0TPeH 

MeTOJ:{I!qecKIIH II0,!IX0,11 J:{JIH pa60Tbl C 0J:{H0p0,!IHb!MII II0 q>YHKU:IIOHaJibHOMY C0CT0HHIIIO 

)KI!B0THb!MII Il3 reTeporeHHblX rrp11p0J:{Hb!X rrorryJI»U:IIH. 

8 Kaqecrne 3K0JI0rIIqecKoro MapKepa B3aIIM0CBH311 rrorryJIHU:II0HHb!X rpyrrrr11p0B0K 

30Hbl BYPC II corrpe,11eJibHbIX yqacTK0B paCCMaTpI!BaJOTCH MI!rpau:110HHble rrpou:eCCbl. 

Ilpe,11CTaBJieHbI co6cTBeHHbie MaTepI!aJibI (c 2002 r.) II0 MI1rpau:11»M M0,lleJibHbIX Bil,110B 

rpbl3ytt0B II HaceK0M0HJ:{HbIX Il3 30Hbl pa,1111oaKTI1BH0ro 3arpH3HeHI!H Ha corrpeJ:{eJibHbie 

TeppI!T0pIIII, II0JiyqeHHb!e pa3Hb!MII MeT0,llaMII MaCC0B0ro MeqeJIIIH )KI!B0TH0fO HaceJieHI!H 

(TeTpaU:I!KJIIIH, po,11aMI1H), a TaK)Ke 
90

Sr (IIO)KI!3HeHHb!M Tpei1cep rrp11Ha,11Jle)KH0CTII 

)KI!B0TH0r0 K 30He BYPC). OxapaKTepH30BaHbl B03M0)KH0CTII II rrpe11MyII1eCTBa MeqeHI!H 

poJ:{aMI!H0M. 

M11rpau:1111 3a cqeT reHeTIIqecKoro o6MeHa 0Ka3LIBaJOT BJII1»H11e Ha ¢opMIIpoaaH11e 

reHOQ)OH,lla II0IIYJIHU:IIH, KaK B 30He 3arpH3HeHIIH, TaK II 3a ee rrpe,11eJiaMI1, a TaK)Ke IIrpaIOT 

Ba)J(Hyro p0Jib B pa3B11TIIII pa,1111oa,11arrrnu:11II. PoJib M11rpau:11i1 HaMII BIIepBb!e HaJ:{e)KH0 

II0,!ITBep)K,lleHa J:{aHHbIMII, II0JiyqeHHblMII C IlCII0Jib30BaHI!eM M0JieKyJI»pHo-reHeT11qecKI1X 

MapKepoB (MI!KpocaTeJIJIIITHaH )],HK II q>parMeHT reHa U:I!T0XpoMa b MIITOX0HJ:lPilaJibHOH 

,D.HK) y rpb13yH0B. 

Pe3yJibTaTbl Hanmx IICCJie,!IOBaHI!H II0Ka3aJIIl, qTQ peu:eHTHb!e yp0BHII 

paJ:{I!0aKTIIBH0ro 3arpH3HeHIIH B 30He BYPC IIHJ:lYI.IIIPYIOT yBeJI11qeH11e HecTa6IIJibHOCTII 

JI0KYC0B MIIKpocaTeJIJIIITHOH ,D.HK II IIOKa3aTeJieH raIIJI0TIIIII!qecKoro pa3H006pa3IIH y 

rpu3yHoB. M11rpau:1111 crroco6crnyroT rrepeHocy 611onorIIqecK11x 3q>q>eKTOB Ha corrpe,11eJILHL1e 

TeppI!T0pIII!. COBMeCTHOe IICII0Jib30BaHIIe 3K0JI0r11qeCKIIX Il M0JieKyJIHpHo-reHeT11qecKIIX 

MapKepoB CJieJ:{yeT paccMaTpIIBaTb KaK Ba)J(HeHillllH Illar Ha rryr11 ,llaJibHeHillero pa3BIITIIH 

pa6oT B o6JiaCTII 113yqeHilH 0T,llaJieHHb!X pa,1111au:110HH0·IIH,!IYU:IIpoBaHHblX reHeTIIqecKI!X 

IIOCJie,!ICTBIIH y MeJIKIIX MJieK0IIIlTaJOru:11x B 30Hax JI0KaJibH0ro TeXH0reHH0ro 3arpH3HeHIIH. 

Pa6orn Bb!II0JIHeHa B paMKax rocyJ:1apcrneHHoro 3a,llaHIIH l13P11)K YpO PAH II qacTIIquo 

II0Mep)KaHa P<l><l>l1 (rrpoeKT N2 20-04-00164). 
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AHO "HaUIIOHaJlhHhlH IICCJiel(OBaTeJihCKIIH ueHTp 6e30IIaCHOCTII H0Bh!X TeXHOJ!OflIH"' 

MocKaa, Poccm1 

oa.grigoriev@yandex.ru 

RADIOBIOLOGY OF NON-IONIZING RADIATION FOR 60 YEARS: THE MOST 
IMPORTANT RESULTS AND URGENT TASKS 

O.A. Grigoriev 
Autonomous non-profit organization "National Research Center for the Safety of New 

Technologies", Moscow, Russia 

oa.grigoriev@yandex.ru 

HccJiel(OBaHIIll Me.1(1IK0-61IOJIOrIIqecKIIX ::icp<peKTOB JJieKTpoMarHIITH0fO II0J!ll B Harneii 

crpaHe Herrpeph!BH0 Bel(YTCll 11oqT11 130 JieT. Crrpaael(JIIIBO cq11TaTh, qTo 60 JieT Ha3a.1( 

IICCJiel(0BaHIIll 6a3IIp0BaJIIICh Ha rrpoqHoM TeopeT11qecK0M II MeT0.l(IIqecK0M <pyttl(aMeHTe. 

HccJiel(OBaHIIll 6110::icp<peKTOB 3JieKTpoMarneTII3Ma CTaJIII JI0fIIqecKIIM rrp0.l(0JilKeHIIeM 

IICCJiel(0BaHIIll p0JIII JJieKTpIIqecraa B opraHII3Me, ero 3HaqeHIIIO B cpyHKUIIOHIIpoaaHIIII 

HepBHOH CIICTeMbl B K0HUe 19 BeKa. Arill rrepexol(a !pll3110JIOrIIII OT 3JieKTp1Iqecraa K 

3JieKTp0MameTII3MY rrepB0CTeIIeHH0e 3HaqeHIIe IIMeJI0 II0CJiel(0BaTeJihH0e cpopM11poaaH11e 

reop1111 JJieKTp0MamIITH0fO II0J!ll, pa3BIITIIe TeXHIIqecKIIX cpel(CTB reHepau1111 II IIX 

BHe):lpeHIIe a rrp0Mh!IIIJieHH0CTh, 6bIT II Mel(IIUIIHY-

AKal(eMIIK A.A. YxroMCKIIH IIIICaJI a 1933 M rol(y: "<l>II3IIOJ!OrIIll 11 

3JieKTpO!pll3IIOJ!OrIIll CTp0IIJIIICh .1(0 CIIX rrop ... Ha TaKIIX rrpel(CTaBJieHIIllX, K0T0pbie 3ByqaT 

apxa11q110... 6yl(eT l(eJI0M HaCyIUHhIM rrepeCM0TpeTb II0J!0lKeHIIll JJieKTpO!pll31IOJ!OrIIII C 

roqKII 3peHIIll HOBOH JJieKTpOMarHIITHOH !pll3IIKII II yqeHIIll 0 II0Jie. Ilepaooqepel(HOH 

3a):laqeii 6yl(eT rrepeCM0Tp yqeHIIll 0 !plI31IOJ!OfIIqecKOM pa3.l(palKIITeJie C T0qKII 3peHIIll 

reoplIII II0J!ll. O.l(HIIM 113 rrepBb!X KaMHeii B rrpel(CT0llIUYIO pa6oTy II0JI0lKeH B . .51. 
~aHHJieBCKIIM ero IICCJiel(0BaHIIllMII Hal( !plI3IIOJ!OrIIqecKIIM l(eHCTBIIeM 3JieKTp1IqecKIIX 

HanplllKeHIIH Ha paCCTOllHIIII)), TaK 3al(aH rnaBHhlll BeKT0p pa3BIITIIH IIJiaH0Bh!X HayqHh!X 

IICCJiel(OBaHIIH 61Im<p<peKTOB 3JieKTp0MameTII3Ma, orrpel(eJIIIBIIIIIH rrepcrreKTIIBhl 

IlOCJie):lyIOJUIIX 30 JieT. «3HepreT11qecKoe» IIJIII «TeIIJI0B0e» HarrpaBJieHIIe B IICCJie):I0BaHIIllX 

pa3BIIBaJI0Ch B Hepa3pb!BHOH CBll311 C paCCM0TpeHIIeM JJieKTp0MarHIITH0ro II0J!ll B KaqeCTBe 

pa3):lpalKIITeJill B X0):le peIIIeHIIll 3a):laqa II0CTp0eHIIll 3aBIICIIM0CTII «l(03a-::icpcpeKT» B 

):ll!anaJ0He OT Hel(eHCTBJIOIUIIX .1(0 JieTaJihHh!X ypOBHeii. 

K HaqaJiy 1960x fO.l(0B rrpe):ICTaBJiemrn 0 Me.1(1IK0-6110JIOfIIqecKIIX ::icp<peKTax 

3JieKTp0MameTII3Ma KpaTK0 xapaKTepII3JIOTCll CJiel(YIOIUIIM. Ilp11 o6nyqeHIIII 

3JieKTp0MarHIITHh!M II0JieM BO BCeM l(IIarra30He qacT0T HeJih3ll rrp0TIIB0II0CTaBJillTh IIJIII 

B3al1MH0 3aMeHllTh TeIIJIOBOH II HeTeIIJIOBOH ::icp<peKT BO BCeM l(IIaIIa30He IIHTeHCIIBHOCTeii. 

311eprnll II0rJI0IUaeTCll B JII060M cnyqae BO Bcex TKaHllX, B K0T0pb!e rrp0HIIKaeT 

3JieKTp11qecKIIH K0MII0HeHT II0J!ll, B 3aBIICIIM0CTII OT JHepreT11qecKoro 6aJiaHca M0lKH0 

rosoplITh 0 "TeIIJIOBOM" ::icp<peKTe. He3aBIICIIMO OT JHeprnII, JJieKTp0MarHIITH0e II0Jie (3MI1) 

BbicrynaeT KaK pa3.l(palKIITeJib ueHTpa.TlbHOH HepBHOH CIICTeMhl (U:HC), K0TOpall 0TBeTH0 

pearnpyeT (Ha pa3.l(palKIITeJib ), 11p11qeM oco6eHHO Bb!palKeHa peaKUIIll Bh!CIIIIIX 0T):leJI0B 

QHC, xapaKTep peaKUIIII 3aBIICIIT OT rrapaMeTp0B '.lJieKTpIIqecKIIX KOJie6aH11ii: 

HanpaBJieHH0CTh peaKUIIH opraHII3Ma B 3KCIIep1IMeHTe M0lKeT 6b!Th rrpOTIIBOIIOJ!OlKHOH B 

3aBIICIIM0CTII OT crroco6a opraHII3aUIIII CllrHaJia (HerrpepbIBHOe IIJIII IIMIIYJihCH0-

MOLIYJIIIp0BaHH0e ). BhIB0.1( 0 p0JIII U:HC cornac0Bh!BaJICll C 11.l(ellMII aKal(eMIIKa H.II. 
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IlaBJIOBa 0 po;rn HepBHOH CllCTeMbl B aHaJill3e ll ypaBH0BeIImBaHllll acex pa3.11pai1mTeJieH OT 

BHernHeil: n BHyrpeHHeil: cpe.11u opraHH3Ma. 

EhIJI onpe.11eJieH npnH11nn noKa3arem1 ape.11Horo .11eil:crnm1 pa3anr11e 

K0MneHcaropHbIX peaK[lllH opraHH3Ma, K0T0pbie Moryr nepeil:Tll B naTOJIOfll'leCKllH npo11ecc. 

Ha :noil: 0CH0Be o60CHOBaHbl nepBbie caHHTapHbie H0pMbl .l\JIH pa60TaI01I1llX C llCT0'IHHKaMH 

n aoeHi-i1,1x K l 960My ro.11y. KoHcrnrnpoaarrocb, 11ro pa3.!leJieHne nepexo11a 

Qlll3llOJIOfll1JeCKOH K0MneHca11nn B naT0JI0fllIO BeChMa CJI0lKHa, 'IT0 Tpe6yeT llCCJie.l\0BaHHJI 

ll.HTerparrbHbIX nOKa3aTeJieil:, xapaKTepll.3YJOIIlll.X 06111yro peaK[lll.IO opraHH3Ma Ha .11eil:CTBlle 

3MII n QJYHKIIHH, 11yacrnnreJibHbIX K ero B03.!leil:crnnIO . 

B l 960x ro.11ax HaY1JHM K00p.l\HHa[lll.H ll.CCJie.11oaaHHH a Macrnrn6ax crpaHbl 

ocy111eCTBJIHJiaCb Hay11Hb!M C0BeT0M AH CCCP no Kll.6epHeTHKe, a TaKlKe HaY1JHblM C0BeTOM 

no npo6JieMaM 6nocqiepb1 n npo6JieMHbIMH K0Mnccn»MH AMH CCCP. 

HanpaaJieHne qiytt.11aMeHTaJibHbIX nccJie.11oaaHnil: npenMy111ecrneHH0 aeJin a paMKax I 
Kll.6epHeTH1JeCKOfO no.11xo.11a, KOTOpb!H 3aKJIIO'laJICH B CJie.11yID1I1eM. PeaK[lllH l.(HC Ha 

ll.3MeHeHne napaMeTpa BHernHeil: cpe.11u (no IlaBJIOBY) paccMaTpll.BaeTCH KaK BocnpllHTHe 

llHQ)OpMa[IHll. CoorneTCTBeHHO, eCJill .l\0Ka3aHa peaK[lllH l.(HC ll opraHll3Ma Ha 

!'HeTenJIOBOH11 ypoBeHh, TO :no M0lKH0 Ha3bIBaTb ll.HQ)OpMa[IHOHHbIM .11eil:crnneM 

3JieKTp0MafHll.TH0fO Il0JIH. Borrpoc rrepBH'IH0f0 MexaHll3Ma B0CilpllHTllH 6bIJI 0CH0BHb!M 

npe.11MeTOM llCCJie.l\OBaHHH ll 06cyJK.11eHHH B ycJI0Bll.HX 0TC)"fCTBll.H .11aHHbIX 0 

crre11narrH3Hp0BaHHbIX pe11errropax ll. aHaJill3aTopax .l\JIH aocnpHHTll.H 3MII, B TOM 'lllCJie B 

K0HTeKCTe MexaHH3M0B rrpnpO.l\HOH opneHTallll.ll ll. peryJIHllll.ll rroae.11eHHH. 

B 3T0T nepno.11 TeMaTll.Ka ITJiaH0BbIX ll.CCJie.l\0BaHHH qiopMnpoaarracb no 

HarrpaaJieHll.HM: 6HOQlll.3ll1JeCKlle MeXaHll3MbI; orrpe.11eJieHne ll.HTeHCllBH0CTll, MeTp0JI0fHJI, 

.l\03HMeTpllH ll. opraHH3a[lll.H ycJIOBll.H o6JIY1JeHHH B 3KCrrepnMeHTe; xapaKTepHCTHKa 

TeITJI0B0f0 .11eil:CTBllH 3JieKTp0MafHll.TH0fO Il0JIH pa.11no11aCT0T, BKJIIO'laH 

CBepXBbIC0K0'laCTOTHbie (CBl.l); BJillHHll.e Ha cep.11e11Ho-cocy.11ncTYJO CllCTeMy, Ha QJYHKIIIIIO 

opraH0B IllllileBapeHHH, Ha 3H.l\0KpllHHYJO Cll.CTeMy ll. o6MeH, Ha ll.MMYHHYJO Cll.CTeMy, Ha 

Cll.CTeMy Kp0BII, Ha l.(HC ll. rroae.11eHne, Ha perrpo.11yKTll.BHYJO CllCTeMy. O606111arr11c1 

B0rrp0Cbl 3Tll0JI0fll.ll ll. rraroreHe3a QlYHKllllOHaJ!bHbIX ll MOpQ)OJIOfll'leCKll.X ll.3MeHeHl!H. 

B- 1960-x ro.11ax llHTeHCllBH0 pa3BllBaJ!ll. Cll.CTeMbl CBH31l., pa.11110- ll. TeJieae111aHHJI, 

TeXH0JI0fl!'leCK0fO rrpnMeHeHll.H 3JieKTp0MarneTll3Ma. 3TO cqiopMnpoaarro rrorpe6HOCTb B 

pernaMeHTallllll 3MII .l\JIH HaCeJieHHH ll. pa6oTaIOIIIIIX, He CBH3aHHbIX C 3KCnJiyarn1111eii 

ll.CT0'IHll.K0B 3MII, .11arro pa3BllTlle llCCJie.l\0BaHHHM a ll.HTepecax KOMMYHaJ!bHOH rnrneHbl, 

rro.11rneplK.l\eHHe Ha.11elKH0CTll. npe.11eJibH0·.l\0fiycTll.MbIX ypoaHeil: (II)];Y) .l\JIH pa60TalOIIIIIX. 

rnrneHH'leCKM xapaKTepHCTHKa ycJIOBllH o6JIY1JeHll.H CTarra 0CH0BH0H KaK .!IJlll 
ITJiaHnpoBaHHH 3KCrrepnMeHTa, TaK ll KJlllHll.K0-3nH.11eMll.0JI0fllll. )];03HMeTpllll 

06ecrre11naarrach C03.l\aHHoil: ao BHl111<l>TPl1 B 1960-69 ro.11ax e.11nHoil: cncreMoii 

MeTp0JI0fll'leCK0fO corrp0B0lK.l\emrn ll.3MepeHIIH HanpHlKeHH0CTll. 3JieKTpH11eCK0fO II 

MafHllTH0fO noJieil:, IlJI0TH0CTll Il0T0Ka 3Heprnn, BKJIIO'laH CllCTeMy np0ll.3B0.1\CTBa cpe.l\CTB 

ll.3MepeHHH ll llX MeTp0JI0fll.'leCK0fO 06ecrre11eHHH, Karrn6pOBKll aHTeHH ll rroaepKH cpe.11crn 

ll.3MepeHHH, nepBH'IHbJe ll. pa6011ne 3TaJI0Hbl. 3TO Il03B0JIHeT f0B0pl!Tb 0 BblCOKOii 

.l\0CT0BepH0CTll. .11aHHblX 06 ycJI0BIIHX o6JIY1JeHHH. 

C 1978 ro.11a HaY1JHaH K00p.l\HHa[IHH Q)ytt.!laMeHTaJ!bHbIX BorrpocoB .11eil:CTBHJI 

3JieKrpoMarnnrnoro qiaKropa Ha 6noJiofl!11ecKne o6oeKThI n coaeprne11crnoaa11ne HaY1JHOii 

0CH0Bbl H0pMnpoBaHHH B03.l\eHCTBllH qiaKTOpa Ha 'leJI0BeKa ll 6Imo6oeKTbl rropY1JeHa 

O6oemrneHHoil: ceK11nn 3JieKrpoMamnro6110Jiofl!11 B paMKax HaY1JHbIX coaeroa AH CCCP 

no rrpo6JieMaM 6110JIOfll.1JeCKOH Qlll3llKll. ll pa.11na11110HHOH 6110JIOfllll. Koop.1111Ha[lllOHHblii 

ITJiaH "<l>ll3ll'leCKM cpe.11a" CTaJI OCHOBOH .l\JIH QlllHaHCllpOBaHIIH 60JibIIIeil: 11acT11 

llCCJie.11oaaHHH. 
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HeJib3H yrneplK,11aTb, 'ITO Ka11ecTBeHH0 rrnam1pyeMbie HaITpaBJieHHH HCCJie,IIOBaHHH 

OTJJH'lamicb OT ITpelKHHX. B 1983 ro,11y a paMKaX O61,e,11HHeHHOH ceK[fHH 6bIJill 0ITpe,11eneHbl 

011epe)1Hble 3a)1a'IH HCCJie,IIOBaHHH • qiaKTH'leCKH Ha ITOCJie,IIHHH ITJiaHOBblH ITepH0,11. B TOM 

'll!CJie HCCJie,II0BaHtte MexaHH3M0B ,11eliCTBHH Ha pa3Hb!X ypoBHHX 6uonorn11ecKOH 

l!HTerpa[fttH; 0[feHKa 3Ha'IHM0CTH Ha6JII0,11aeMblX ll3MeHeHHH " 0THeceHHe HX K peaK[fllHM 

BOCllpHHTHH HJIH a,11aITTHBH0-K0MITeHcaTopHb!M H ITaT0J!0rH'leCKHM peaK[fHHM C aHaJIH30M 

rrp0/10JllKHTeJibl!0CTH coxpaHeHHH nacTyITHBIIIHX H3MeHeHHli; IT0HCK 0611JHX 

3aKOII0MepnocTeli 3<p<peKTa OT qJH3H'leCKHX ITapaMeTp0B 3MII; 0ITpe,11ene11He IT0p0roBblX 

rrapaMeTp0B 3MII, ,IIJIH 6HOJIOrH'leCKHX peaK[fHH pa3JIH'IIIOH 3Ha'IHM0CTH; HCCJie)10BanHe 

~113H'leCKHX ITOJieli 6H006beKTOB. 

HeCMOTpH na CTpeMJieHHe K K00p/1HHa[fHH, B 70-80 ro,11ax Me,IIHK0-rnrne11H11ecKoe H 

611onorn11ecKoe 11aITpaane11He ttccne,110Banwli 6H03<p<peKTOB JJieKTpoMarneTH3Ma 

pa:mttBaJIHCb ne C0BMecTno. Ilo pacITopHlKeHHIO CoBeTa MttnttcTpoa CCCP 6brn pa3pa6ornH 

11 B 1984 ro,11y yrneplK,11e11 CoBMHHOM na ITeptto,11 ,110 2004 ro,11a «IInan-rpa<pHK 11ayq110-

11ccne11oaaTeJihCKHX pa6oT, naITpaBJiel!Hb!X na pa3pa6oTKY rttrneHH'leCKHX H TeXHH'leCKHX 

MeporrpHHTHH, CBH3al!Hb!X C pa3Mel!JeHHeM ITepe11aI011JHX pa11HoTeJieBH3H0HHb!X II 

PaAH0JI0Ka[fH0HHb!X CTaHlfHH». bbIJia IT0CTaBJieHa 3a,11a11a o6ecITe'IHTb 6anaHC Ha)"'IH0 

o6oCHOBaHHblX CaHHTapH0-3ITH)1eMH0J!0rH'leCKHX Tpe6oBaHHH K ycJI0BHHM K0HTaKTa 

HaceneHHH CTpaHbl c HCT0'IHHKaMH 3MII tt TeH,lleH[fHHMH rrp0MblIIIJieHH0-TeXH0JI0rH'leCK0ro 

pa3BHTHH. "fHrHeHHCTbl
11 

HaX0,IIHJIHCb ITepe,11 Heo6xo,11HMOCTbIO 06oc110BaHHH K0HKpeTHb!X 

3Ha'leHHH II.[(Y B ycJI0BHHX orpaHH'leHH0ro BpeMeHH, o6ycJIOBJieHHOro ITJiaHaMH pa3BHTHH 

rrpOMb!IIIJieHH0CTH H CBH3H. Pe111aI011Jee 3Ha'leHHe HMeno MaTeMaTH'leC~0e H 

3KcrrepttMeHTaJibH0e M0,lleJIHp0BaHHe JKCITepHMeHTa, pa3pa60TKa MeT0,110B MaTeMaTH'leCK0ro 

rrporno3a B orrpe11eneHHH II.[(Y Ha 0CH0Be orpaHH'leHHblX 3KCrrepHMeHTaJibHblX ,llaHHb!X. 

Hepe111eHH)"IO ITpo6neMy MexaHH3Ma 060I11JIH paccMaTpHBaH B 3KCITepHMeHTe opraHH3M KaK 

«11epHblH HIIJHK», 0ITpe,11eJIHH MeT0,II0JI0rHIO KaK KH6epHeTH'leCKHH IT0,IIX0,11. l1cxo,11HJIH H3 

Toro, 'ITO BJIHHHHe 3MII rrp0HBJIHeTCH Ha cy6KJieTO'IHOM, KJieT0'IH0M ypoBHe, na yp0BHe 

opraH0B H CHCTeM, na ypoBHe opraHH3Ma B [feJI0M, ITPH IT0Bb!llleHHH CJI0lKH0CTH opraHH3Ma 

B03pacraeT 'l)"BCTBHTeJibl!0CTb K 3JieKTpOMarHHTHOH 3HeprnH. AKa,lleMHK M.r. illaH,11ana 

o6oCHOBaJI ll0IIHTHe 06 0ITTHM)"Me 3MII o6CTal!OBKH - H36blTO'lllbJe 3Ha11e11HH 3MII H 

l!CKYCCTBeHHaH H30JIH[fHH OT ITpHpo,1111oro K0MITJieKca cjJaKTOpOB 3JieKTpoMarneTH3Ma 

11eiiCTB)"IOT ne6narorrpttuno na opranH3M. Ilo ero MnenHIO, T0'IH0 orrpe,11eJIHTb 311a11e11He 

IIOCJie11cTBHH B03)1eHCTBHH 3MII na opraHH3M BeCbMa Tpy,11110, 'laCTO H3-3a CJ!OlKIIOCTeli 

B3aHM0)1eHCTBHH MelK.IIY 3JieKTpOMarHHTIIOH 3Heprneli H 3,II0p0BbeM qeJI0BeKa, ne,II0CTaTKa 

3HaHHH 0 <paKTope H MexaHH3Max ero ,11eliCTBHH. 

Ha 11a111 B3rJIH,II, 3T0 0'lel!b BalKl!b!H Te3HC H cero,1111H: HHKor,11a He ITpeKpa11Janacb 

/1l!CKYCCHH 0 rrpttpo,11e 3JieKTp0MarneTH3Ma, ero qJH3H'leCKOH 0CH0Be, 0 cy11JeCTB0BaHHH 
11
3~Hpa" HJIH 3KBHBaJieHTH0ro qJH3H'leCKOro IT0HHTHH. OTHOCHTeJibHOCTb ITpe11cTaBJieHHH 0 

rrp11po11e 3JieKTp0MarHHTH0r0 <paKTOpa ,11orrycKaeT 0TH0CHTeJibl!0CTb 3HaHHH 0 ero 

B3aHM0)1eHCTBHH C lKHBblMH o6beKTaMH, TeM 6onee, 'ITO 3HaHHe 0 lKHB0M T0lKe neJib3H 

C'll!TaTb ll0J!llblM. 

Ha11ttHaH c 1990x ro,110B TPY.IIH0 ITepeo[feHHTb 311a11eHHe Hayqttoro co Bern P AH ITO 

pa.11no6ttonorntt H 11eITocpe,11crne11110 3aMeCTHTeJIH Ilpe11ce,11aTeJIH CoBeTa rrpoqieccopa IO.r. 

fpllfOpbeBa )1JIH K00P.IIHHa[fHH HCCJie,IIOBaHHH H K0HC0JIH,lla[fHH yqeHb!X. Ilocne 1995 ro.11a 

ycHJIHHMH Coaern ITp0Be,lleHbl KOH<pepeH[fHH ITO pa11Ho6HOJIOrHH II rttrnene 

Hel!OHH3Hp)"IOIIJHX H3JI)"'lel!HH, B TOM 'IHCJie C0BMeCTH0 C BceMHpHOH opraHH3a[fHeli 

3/1paaooxpanenHH H C P0CCHHCKHM Ha[fH0l!aJibHblM K0MHTeT0M ITO 3al!JHTe OT 

Hel!OHH3Hp)"IOIIJHX H3JI)"'leHHH. 

BalKHblM HBJIHeTCH PH.II 060611JeHHH, BblII0JIHeHHb!X K0JIJieraMH B 3TH r0,llbl, B TOM 

'll!CJie pa3BHBaIOIIJHX rrpo6neMaTHKY 
11
,1103HOro" IT0,IIX0,lla, HBmlIOl!JerocH 0CII0BHbIM B 
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pa,11II06Irnnonm IIOHII3IIPYJOIIIIIX II3Jiy'leHIIii, HO npo6neMHblM ):lJUI pa):lII06IIOJIOrHH 

HeIIOHII3IIPYJOIIIIIX II3JIYtJeHHll. 

)],aHHble pa):lH06IIOJIOfIIlJeCKIIX IICCJie):lOBaHIIll, B KOTOpbIX IICnOJib30BaJIII CJIOlKHbie 

pelKIIMbl 06Jiy'leHIIll, n03B0JllllOT ClJIImTb, '!TO 3MI1 CBq CO cpe):lHIIMII 3Ha'leHIIllMH I1I13 ::', 

500 MKBTICM2 (B HenpepbIBHOM pelKIIMe IIJIII a IIMnynbce) He06XO):lIIMO paccMaTpIIBaTb KaK 

pa3):lpalKIITeJib 11eHTpaJibHOll HepBHOll CIICTeMbl, IlOJTOMY cnpaBe):l)IIIBO npIIMeHl!Tb 3aKOHbl 

q>II3IIOJIOfllII O 6IIOJIOfIIlJeCKOll CIIJie, a):lanTal(IIOHHOM OTBeTe II nyrnx ycIIJieHIIll 

6IIOJIOrIIlJeCKOll 3HalJHMOCTII cna6oro pa3):lpalKIITeJil!. 

O6o6meHIIe JKcnepIIMeHTaJibHb!X ):laHHblX O KOJIIIlJeCTBeHHb!X noKa3aTeJillX 

MIIKpOBOJIHOBOro nopalKeHIIll IIOKa3aJIO oco6eHHOCTb peaKIIIIII U:HC Ha IIMnyJihCHOe caq­

II3JIYtJeHIIe npII OIIeHKe no noporaM paBH03Ha'IHb!X 6IIOJIOrH'leCKIIX peaKIIIIll (H-p, CKOpOCTb 

yracaHIIll ycJIOBHb!X pecpneKCOB, CKOpOCTb cpopMIIpOBaHIIe peaKIIIIII m6eraHIIll II T.):l.): 

IIMIIYJibCHOe o6nyqeHIIe 6IIOJIOrII'!eCKII B 25-100 pa3 6onee 3q>cpeKTIIBHO no cpaBHeHIIIO C 

HenpepbIBHblM o6Jiy'leHIIeM no OIIeHKe cpe):lHeii MOIIIHOCTII a IIMnyJihCe. EbIJia ):lOKa3aHa 

JKCnepIIMeHTaJibHO II no JIIII):leMIIOJIOfII'leCKIIM ):laHHblM II o6paTHal! 3aBIICIIMOCTb: npII 

paBHOll cyMMapHoii MOIIIHOCTII o6nyqeHIIll B03):lellCTBIIe HMnyJibCOM npHBO):lIIT K 6onee 

Tl!lKeJiblM 6IIOJIOfII'leCKIIM II KJIIIHII'leCKIIM nocne):lCTBllllM no cpaBHeHIIIO c HenpepbIBHblM 

o6nyqeHIIeM. 

Ilocne 2000x COTOBal! CBll3b CTaJia MaccOBblM npO/:lYKTOM II JJieKTPOMarHIITHblll 

cpaKTOp npeapaTIIJICll B nonyJillIIIIOHHO 3Ha'IIIMblll. Ha OCHOBe cpy11):laMeHTaJibHb!X 

npe):lCTaBJieHIIii O Me):lHK0-6IIOJIOrII'leCKIIX 3cpcpeKTax 3JieKTpoMarHeTII3Ma, llCXO):lll II3 

npIIHIIIInIIaJibllb!X II3MeHeHIIll ycJIOBIIll o6nyqeHIIll HaceneHIIll II He):lOCmTO'!HOCTH HaYtJHb!X 

):laHHblX O IIOCJie):lCTBIIl!X o6ny'leHIIll fOJIOBHOro M03ra B HeKOHTpOJIIIpyeMblX YCJIOBIIl!X BO 

acex rpyrrnax HaceneHIIll, BKJIIO'lal! ):leTeii, a nepHO):l 2000-2008 fO):lOB 6bIJIII o6ocHOBaHbl 

npOrH03bl B03MOlKHOfO poem 3a6oneaaeMOCTII B CBll3II C o6nyqeHIIeM 3MI1 COTOBOH CBll3II. 

3To 3JIOKa'leCTBeHHbie HOB006pa30BaHIIll (B TOM lJIICJie onyxoJIII B fOJIOBHOM M03re, B TOM 

'!IICJie B cnyxoBOM Hepae ), 6one3HII II cpyttKIIIIOHaJibHbie paCCTPOHCTBa HepBHOll CIICTeMbl, 

BKJIIO'lal! npoBOKaIIIIIO JnIIJieIITHlJeCKOll fOTOBIIOCTII, 3a6oneBaHIIll, CBll3aHHbie C 

HapymeHIIeM IIMMYHHOfO CTaTyca. 

no COBpeMeHHblM ):lal!Hb!M PoccmT q>IIKCIIPYJOT pocT 3a6oneaaeMOCTII 3a 25 JieT no 

nporH03Hb!M rpynnaM 6oJie3Heii B nonyJillIIIIII no):lpOCTKOB 15-17 JieT (3JIOKa'leCTBeHHbie 

onyxonII, 6oJie3HII HepBHOll CHCTeMbl, HapymeHHe IIMMyttHOro CTaTyca, 6oJie3HII opraHa 

cnyxa ll 3peHIIll). )],aHHbJe cpyH):laMeHTaJibHblX IICCJie):lOBaHIIii, a mKlKe OIIeHKa B03MOlKHOro 

BKJia):la JJieKTpOMarHHTHOro nOJill COTOBOH CBll3II B pocT 3a6oneaaeMOCTII, BblIIOJIHeHHal! Ha 

OCHOBe MeTO):lOJIOfIIII IARC, nOKa3bIBaeT, '!TO o6ycJIOBJieHHOCTb poem 3a6oneaaeMOCTII 

BJIIIl!HIIeM JJieKTpOMarHIITHOro IIOJill CKOpee ):lOCTOBepHO cymecrnyeT, '!eM l!BJilleTCll 

cnyqaiiHb!M coana):leHHeM. O):lHaKO Henocpe):lCTBeHHOe onpe):leJieHIIe pIICKa 3aTPY/:lHeHO B 

CBll3II C 11eonpe):leJieHHOCTblO ):laHHbIX ):l03HMeTpIIH, OTCYTCTBHeM COBpeMeHHblX rpyrrn 

cpaBHeHIIll II 11epa3pa6omHHOCTblO KOHIIeIIIIIIII npIIeMJieMoro pIICKa ):lJill MaCCOBOll 

TeXHOJIOfIIII COTOBOH CBll3II. 

Bonpoc o6ycJIOBJieHHOCTII npIIpocm 3a6oneaaeMOCTII o6nyqeHIIeM 

JJieKTpOMarHIITHbIM IIOJieM o6opy/:lOBaHIIll COTOBOH CBll3II l!BJilleTCll KJIIOlJeBbIM. 

O):lHOBpeMeHHOe o6ny'leHHe 3MI1 pa3Hb!X cmH):lapTOB CBll3II Be):leT K pa3Hb!M 

IIll):lIIBII/:lYaJibHblM cnoco6aM opraHII3aIIIIII o6nyqeHIIll, '!TO 3HalJIIMO ):lJill 6II03cpq>eKm II 

IIOCJie):lYJOII1eii HX KYMYJillIIIIII npII IIOBTOpHOM ):leHCTBIIII, B03MOlKHO, JTO YKa3bIBaeT Ha IIYTb 

K KOMIIeHCaTOpHb!M peaKIIIIl!M II K pa3BIITHIO 3a6oneBaHHll. )],nll HOBbIX ycJIOBIIll o6ny'leHIIll 

y Hae npaKTH'!eCKII He cymecrnyeT ):l03HMeTpIIII KaK ):lJill 6JIIIlKHeii, TaK II ):laJibHeii 30Hbl. 

Tpe6yeTCll HaIIIIOHaJibHOe nporpaMMHOe o6ecne'!eHIIe paclJeTHOro nporH03IIpOBaHllll 

na):la10II1eii II nornomeHHOll JJieKTPOMarHIITHOll JHeprnII, B TOM '!IICJie Heo6XO):lIIM 

HaIIIIOHaJibHblll IIIIq>pOBOll 
11
3JieKTpoMarHIITl!blH

11 
cpaHTOM (/:leTCKHH ll B3pOCJibIH). 
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MelKJlyttapo):(ttoe arettTCTBO no paKy (IARC) np11cao11no Knacc 2E 3MI1 pa):(noqacTOT 

B 2011 ro,l:(y, a B 2019 ro,l:(y BHCCJIO q>aKTOp a CnllCOK HallBblCIIIHX npnopHTCTOB. BnepBbIC 

MexaHH3M "OKHCJlllTCJlbHOro CTpecca" npH3HaH OCHOBHbIM ,l:(JIH yaennqeHHH BepOHTHOCTH 

HOB006pa3oBaHHH. B HaIIIeli CTpatte HCT co6CTBCHHbIH ,l:(aHHbIX no TeMe "3MI1 pa):(HOqacTOT 

H HOBOo6pa30BaHHH", yqHTbIBaCMbIX IARC, xorn )')KC ll3BCCTHOe KOJIIfqecrno yqTeHHbIX 

onyxoneii B ,l:(CTCKOM KOHTHHreHTe nO3BOMCT npoBeCTH aHaJill3 «cnyqatt-KOHTpOJib». 

B CBH311 C pa3BIITHCM CTaH):(apTOB CBH3ll 4-6 noKOJICHIIH Ha116onee Ball<HO 

CJIC):(yromee: Ol.lCHKa ,l:(CHCTBIIH Ha noaepxHOCTHbie TKatt11; BO3MOlKHOCTb JlOKaJibHbIX 

rroapelK):(CHHH MO3ra B CBH311 c pean113a1111eii MexaH113Ma nornomett11H "Momttoro 

HMITYJibCHoro MIIKpOBOJlHOBOrO 113JiyqeHIIH B MIIKpoceKyH):(HOM ,l:(llana3OHe ,l:(JIIITCJlbHOCTII 

HMITYJibca"; BJlllHHlle IIMnyJibCHbIX CllrHaJIOB Ha pocT MeJiaHOMbI. 

q11cno OT):(eJibHbIX ny6n11Ka1111ii no TeMaT11Ke paJ:1110611onorrrn n rrrrrrettbI 

HCHOHll311pyromnx 113JiyqeHIIH Ha pyccKOM H3bIKe ,l:(aBHO npeBbICIIJIO CIIMBOJ111qecKyro l.lllq>py 

10000 11 cerO,l:(HH eme 60JibIIIYJO aKTYaJibHOCTb npno6peTa!OT CJlOBa E.H. ,ll;aBbI,l:(OBa II ero 

KOJIJier (1984 ): "Tpe6yeTCH nep11O,l:(11qecKaH CIICTeMaTll3al.111H HaKonneHHOro MaTepnana, 

ycTaHOBJICHHe C,l:(IIHOH TepMHHOJIOrIIII, CTaH,l:(apT113al.1HII MCTO,1:(OB HCCJIC,l:(OBaHHH II attan113a 

rronyqeHHbIX ,l:(aHHbIX». 
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CTMMY Jllf PYIOrn;Mii PA3BMTME PACTEHMH B COJIEBhIX YCJIOBMHX 

3. C. Pxarpapoe 
11HCTIITyr paJJ;IIal.\II0HHblX npo6JieM MIIHIICTepcrna HayKII II o6pa:maaHIIll, EaKy, 

A1ep6aiIJJ;)KaH, elimkhan.jafarov@gmail.cQm 

PRE-SOWING GAMMA IRRADIATION OF SEEDS AS A FACTOR 
STIMULATING THE DEVELOPMENT OF PLANTS IN SALT CONDITIONS 

Jafarov Elimkhan Suleyman 
Institute of Radiation Problems of the Ministry of Science and Education, Baku, 

Azerbaijan, elimkhan.jafarov@gmail.com 

YqIITb!Bal!, qTQ 60JibUIIIHCTBO ceJibCKOX03llllCTBeHHblX pacTeHIIll qyaCTBIITeJibHbl K 

C0JieB0MY CTpeccy, M0)KH0 cqIITaTb, qTQ BblC0Kal! 3aC0JieHH0CTb l!BJIJ!eTCJI 0JJ;HIIM II3 caMbIX 

«)KeCT0KIIX» a6IIOTIIqecKIIX cpaKTopoB OKp~aIOil.\ell cpeJJ;bl. CqIITaeTCll, qTo eCJIII He 

npIIHl!Tb cpoqHblX Mep, TO B cepeJJ;IIHe XXI BeKa 3aC0JIIITCll npIIMepH0 50% 
ceJibCK0X03l!llCTBeHHblX yroJJ;IIll [l]. IlpIIHIIMal! BO BHIIMa1rne, qTo 3aC0JieHIIe noqa 

npeJJ;CTaBJilleT co6oiI 60JihlllYIO yrp03y KaK Ml! poem II pa3BIITIIJI, TaK II np0JJ;YKTIIBH0CTII 

ceJibCKOX03l!llCTBeHHbIX pacTeHIIll, B nocJie)J;HIIe f0)J;bl npeJJ;npIIHIIMaIOTCJI nonbITKII CHII3IITb 

ee HeraTIIBH0e BJIIIJIHIIe. CpeJJ;II JTIIX nonbIT0K onpeJJ;eJieHH0e 3HaqeHIIe npIIJJ;aeTCJI 

IICn0Jib30BaHIIIO y-o6JiyqeHIIll. 

OTMeqaeTCll, qTQ ));0 HaCT0l!Il.\efO apeMeHII 6oJiblllIIHCTBO nonbIT0K II npoaeJJ;eHHbIX 

IICCJie)J;0BaHIIll no n0BbIUieHIIIO C0JieycToiiqIIB0CTII pacTeHIIll, yJiyqUieHIIIO IIX 

MopcporeHeTIIqecKIIX B03MO)KHOCTeiI II <pII3IIOJIQrIIqeCKIIX xapaKTepIICTIIK 3a cqeT 

IICn0Jib30BaHIIll y-o6JiyqeHIIJI B KaqecTBe !pII3IIqecKoro MyTareHa He IIMeJIII cepbe3Horo 

xapaKTepa [2]. KpoMe TOro, HeCM0TPll Ha MHoroqIICJieHHhie JJ;aHHbie 0 TOM, qTQ ll36b!TOK 

C0JIII M0)KeT Bbl3bIBaTh cepbe3Hble MeTa60JIIIqecKIIe II3MeHeHIIll B paCTIITeJibHblX KJieTKax [3 l' 
)J;O CIIX nop He YJJ;aJI0Cb noJiyqIITb )KeJiaeMbIX pe3yJihTaT0B no II3yqeHIIIO MexaHII3M0B 

npIIcnoco6JieHIIll pacTeHIIll K ycJI0BIIJIM nOBbIUielllIOll 3aC0JieHH0CTII II 0 poJIII 

paJJ;IIal.\II0HH0ro cpaKTopa B JTOM np0l.\eCce. 

~eJib!O HaIIlllX IICCJie)J;0BaHIIll l!BIIJI0Cb Bbll!CHeHIIe p0JIII y-o6pa60TKII ceMl!H nepeJJ; 

noceB0M B aJJ;anTal.\IIII pacTeHIIH K ycJI0BIIJIM BblC0K0fO 3aC0JieHIIll II myqeHIIe npII JT0M 

JJ;eTaJiell MexaHII3M0B aJJ;anTal.\IIII. B Kaqecrne 061,eKTOB IICCJie)J;oBaHIIll 6bIJIII BhI6paHbl ropox 

(Cicer arietinum L.) II KYKYPY3a (Zea mays). 11cnoJih30BaJIIICh MeCTHhJe coprn ropoxa 

«YryHaHa» II KYKYPY3hI coprn «3araTaJia 68». 

B pa6oTe II3yqeH0 BJIIIJ!Hlle paJJ;II0aKTIIBH0fO II3JiyqeHIIJI B UIIIp0K0M JJ;IIana30He ));03 

Ha pocT II pa3BIITIIe JTIIX pacTeHIIll, Bb!pall.\eHHblX B ycJI0BIIl!X C0JieBoro CTpecca pa3JIIIqHQll 

K0Hl.\eHTpal.\IIII, Ha XO)); peaKI.\IIll nepeKIICHoro 0KIICJieHIIll JIIInIIJJ;0B, Ha IIHTeHCIIBH0CTb 

np0l.\eCca <pOTOCIIHTe3a, Ha C0JJ;ep)KaHIIe 6eJIKa II Ha aKTIIBH0CTb CIICTeMbl aHTIIOKCIIJJ;aHTH0ll 

3all.\IITbl B YCJI0BIIJIX )J;BOllHOro (paJJ;IIal.\IIOHHOro II COJieaoro) CTpecca. AKTIIBHOCTb CIICTeMbl 

aHTIIOKCIIJJ;aHTHOll 3all.\IITbl pacTeHIIll 01.\eHeHa Ha 0CH0Be K0JIIIqecrneHHblX II3MeHeHIIll 

C0JJ;epl!<aHIIJI HII3K0M0JieKyJillpHb!X aHTII0KCIIJJ;aHT0B, TaKIIX KaK np0JIIIH, aHT0I.\IIaHbl, 

<pJiaBOHOII)J;bl, Kap0TIIH0II)J;bl, II Ha 0CH0Be Il3MeHeHIIll aKTIIBH0CTII aHTII0KCIIJJ;aHT0B: 

cynep0KCIIMIICMyra3hl - CO.lJ:, acKop6arnepOKCIIJJ;a3bl -AI1O II KaTaJia3bl - KAT. 
1. BJJIIHHIIe B OTJ];eJJbHOCTH npe)J;noceBHOro y-06JJyqe11IIH ceMHII H COJJeBoro 

CTpecca na pa3BHTHe paCTCHHll, 

Ha pHC 1. n0Ka3aH0 BJIIIJIHIIe paJJ;IIal.\II0HH0fO II C0Jieaoro CTpeccoB Ha pa3BIITIIe 

pacTeHIIH ropoxa (l II 2) II KYKYPY3hI (3 II 4). 
113 PIIC. 1 BII)J;H0, qTo y-o6JiyqeHIIe B JJ;IIana30He MaJiblX ));03 He 0Ka3hIBaeT JJ;eHCTBIIe, 

napoti 0Ka3bIBaeT onpeJJ;eJieHH0e CTIIMYJIIIPYIOil.\ee JJ;eHCTBIIe Ha pa3BHTIIe ropoxa, B cpeJJ;HHX 
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JI03ax, Hao6opoT, ysern-1'!eH11e no3bl o6nyqeHH!I np11sonin K 3aMenneHmo pocTa H pa3BHTWI, a s 

60JlbWHX 

)103ax nOJlHOCTblO OCTaHaBJlHBaeT pa3BHTHe :rroro paCTeHWI. 

AHaJJOrH'IHM 3aBHCHMOCTb OT no3bl o6nyqeHH!I Ha6J110naeTC!I H nJJj( KYKYPY3bl . np11 

'.JTOM n03bl o6nyqeHH!I, paBHble I H 5 rp, 0Ka3bIBalOT CTHM)'JlHPYfO!l.lee neHCTBHe Ha pa3BHTHe 

paCTeHWI, a no3bl I 00 rp H 6onee, Hao6opoT, HHrn611py1011.1ee. 0rJ1H'IHe COCTOHT B TOM, '!TO 

ecn11 nm ropoxa HHrn611py1011.1a11 n03a Ha'IHHaeTc!I c IO fp, TO nm KYKYPY3bl oHa Ha'IHHaeTC!I 

co I 00 rp. KpoMe TOro, KYKYPY3a na>Ke npH BblCOKHX n03ax MOlKeT paCTH MenneHHO. 3TH 

pe3YllbT3Tbl CBHneTeJlbCTBYfOT O TOM, '!TO HCCnenyeMbie paCTeHWI 06nana10T pa3HOH 

4YBCTBHTeJlbHOCTblO K B03neHCTBHIO HOHH3HPYfO!l.lero H3JlyqeHWI. 

PHc. I . 8J1H!IHHe panHaUHOHHOro ( 1,3) 11 COJleBoro (2,4) CTpecca Ha pa3BHTHe pacTeHHH. 

Pe3yJ1bT3Tbl no BJlH!IHHIO COJleBoro CTpecca Ha pa3BHTHe pacTeHHH ropoxa noKa3bIBalOT, 

4TO )1a>Ke caMM HH3KM (IMM) KOHUeHTpaUH!I COJlH 3Ha'IHTeJ1bHO 3aMennJieT pa3BHTHe 3TOro 

pacTeHWI. O6ocTpeHHe COJleBoro CTpecca ycyry6AAeT 3TOT 3cpcpeKT, H npH KOHUeHTpaUH!IX 

BblWe 50MM pa3BHTHe pacTeHH!I noJJHOCTblO npeKpa11.1aeTC!I . MolKHO cnemrrb BbIBOn o TOM, '!TO 

BJIHIIHHe conesoro cTpecca Ha pa3BHTHe ropoxa 6onee npaMaTH'IHO, '!eM BJJHJIHHe pan11au1111. 

8J1W1HHe COJleBoro CTpecca Ha pa3BHTHe KYKYPY3bl TaKlKe npO!IBJlj(eTC!I B 3aneplKKe 

pa3BHTH!I paCTeHWI. OnHaKO B 3TOM cnyqae 3aMenneHHe He TaKOe MaCWTa6Hoe, KaK y ropoxa, H 

)1aJKe npH KOHUeHTpauwix BbIWe 50MM pacTeHHe MOlKeT cna6o paCTH. 

vf TaK, MO)KHO npHHTH K BblBOny O TOM, '!TO KYKYPY3a no cpasHeHHIO C ropoxoM 

npo!IBJl!ICT 60.nee BblCOKYfO yCTOH'IHBOCTb KaK K neHCTBHIO HOHH3HPYfO!l.lero H3J1yqeHHJI, TaK H 

conesoro CTpecca. npen nonaraeM, npH'IHHOH 3TOro !IBAAeTC!I BbJCOKM cnoco6HOCTb KYKYPY3bT 

Hcn0J1b30BaTb BHYTpeHHHH nOTeHUHaJl aHTHOKCHnaHTHOH 3all.lHTbl . 

2. BJJ HHHHe npei.nocee,rnro y-o6JJyqeHHH ceMHH Ha pa3BHTHe pacTeHHH B 
YCJIOBIIHX COJJeeoro CTpecca. 

nocKOJlbKY B ycJJOBH!IX nsoHHOrO CTpecca 3cpcpeKT 6blJ1 6onee 3aMeTHblM npH n03e 

o6ny'leHH!I 50 rp, Mbl y n osJ1eTBOpHJ1HCb npen cTaBJleHHeM pe3yJ1bT3TOB TOJlbKO npH 3TOH 

110Je. 

npen cTaBJleHHble BbIWe pe3yJ1bT3Tbl noKa3aJIH, 'ITO 8 OTneJJbHOCTH panHoaKTHBHOe 

H3IIY'JeHHe B 60J1bWHX n03ax, a NaCl B BblCOKHX KOHUeHTpaUH!IX 3aMenn11eT pa3BHTHe 3THX 
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paCTeHl111. O)].HaKO, KaK B11)].HO 113 p11c. 2, 06JTy'-leH11e ceMSIH B /l.03e 50 rp, CT11MyI111pyeT 

pa3B11Tl1e pacTeHl111 )].a)l(e np11 BblCOKl1X KOHl..leHTpal..ll1SIX COJTl1 . 

I1CXO/l.SI 113 3Tl1X pe3yJlbTaTOB npe)].TTOJJaraeM, '-!TO 110Hl1311py10wee 113J1Y'-leH11e MO)l(eT 

B HeKOTOpOH CTeneHl1 CMS1f'-111Tb HeraTl1BHOe /].eHCTBl1e conesoro CTpecca. 

sorp 2 sorp 

...... 
P11c. 2. 3aBl1Cl1MOCTb 6110MeTp11'-1eCKl1X 00Ka3aTenei1 /l.ByxHe)].eJlbHblX pacTeHl1H 

ropoxa (I) 11 KYKYPY3bl (2), BblpaweHHblX 113 o6ny'-leHHh!X ceMSIH B ycJJOB11SIX conesoro 

CTpecca, OT KOHl..leHTpal..ll111 COJ111. 

3. HccJieil,OB3Hl1e 6HOXHMH'ICCK11X npo .. eccos, np0TCKa1011111x B paCTCHl1HX, B 

ycJI0BHHX il,B0HH0rn c-rpecca. 

M,l],A. KaK 113BeCTHO, CB060)].Hble pa)].11KaJJbl, o6pa3yIOW11eCSI B CTpeCCOBblX 

ycnOBl1SIX, Bbl3bJBalOT peaKl..ll111 nepeKl1CHOfO OKHCJleHHSI Jll1011)].0B (IIOJI) B KJleTO'-IHblX 

MeM6pattax [4]. PeaKl..ll1SI IIOJI B KOHe'-IHOM 11TOre np11B0)].HT K HaKonneHHIO B KJleTKe 

sewecrna, Ha3bJBaeMoro MaJJOHOBhlM )].11aJJh/].efl1)].0M (M,l],A), no KOJIJ1'-!eCTBY KOTOporo 

MO)l(HO CY/l.11Tb O CTeneHH nospe)l(/].eHl1SI MeM6paH [5]. 
Pe3ynhTaTbI 3aa11c11MOCT11 KOJ111'-leCTBa M,l],A OT KOHl..leHTpal..l1111 NaCl s KJleTKax 

pacTeHl1H, ceMeHa KOTOphlX 6b!J111 o6pa60TaHbl y-ny'-laM11 B )].03e 50 rp 11 BblpaweHhl B 

COJleBOH cpe)].e (p11c. 3.1 ), fl0Ka3bJBalOT, '-!TO KOJll1'-!eCTBO M,l],A yseJJl1'-111BaeTCSI C YC11J1eH11eM 

conesoro CTpecca. Ilp11 3TOM KOJ111'-leCTBeHHb1e 113MeHeH11SI M,l],A y ropoxa 6onbwe, '-leM y 
KYKYPY3hl. KpoMe Toro, ysen11'-!ett11e co)].ep)l(aH11SI M,l],A )].JJSI ropoxa npo11cxoi1,11T np11 H113Kl1X 

KOHl..leHTpal..ll1ilX (BbIWe [ MM), a )].JlSI KYKYPY3bl np11 OTHOCHTeJlbHO BblCOKl1X KOHl..leHTpal..ll1SIX 

COJll1 (BhIWe [0 MM) 

IIpOJIHH. I •13BeCTI-IO, '-!TO npOI111H, KaK aHTl10KCl1)].aHT, MO)l(eT 11rpaTb onpe)].eJJeHHYIO 

pOilh B 3aWHTe KJleTOK OT CTpecca [6]. Pe3yJJhTaTbl OTHOCHTeJlbHO KOJll1'-leCTBa npOIIHHa B 

ycJJOBl1i!X /l.BOHHOfO CTpecca (p11c. 3.2) flOKa3b.lBalOT, '-!TO o6pa60TKa ceMSIH y-ny'-laMl1 np11 

KOHl..leHTpal..ll1SIX COJll1 )].O I MM He BJll1SieT Ha C11HTe3 npOI111Ha. O)].HaKO np11 KOHl..leHTpal..ll1SIX 

Bb1we I MM yc11neH11e conesoro CTpecca conpoBO)l()].aeTCSI Macwrn6HbIM ysen11'-!eH11eM ero 

KOJll1'-!eCTBa. vlHTepeCHO, '-!TO cpopMa 3aBl1Cl1MOCTl1 y 06011x paCTeHl111 0)].11HaKOBa. 

0,7 

<t.' 0, 6 c;t 

~ ~ 0, 5 

~ i Q4 
lE ~ 
o. ~ 0,3 
CJ 
< 0,2 0 u 

--<>-- fopox -o- KyKypy3a 

1 5 10 SO 
KoH4eHTpa411A NaCl, mM 11 2 KoH4eHTpa41111 NaCl,mM 

10 so 100 200 

. . ~ ~ 6 -~---,l 
I¾· Io==~ ~ 2 = I I ~ 0 u 

----o- ropo.x ---0- KYKYPY.J.a 

100 

P11c. 3. 3aBl1Cl1MOCTb CO)].ep)l(aHl1SI M,l],A 11 npOI111Ha OT KOHl..leHTpal..ll111 COJIH 
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KapOTIIIIOH.[lbl. BblllCHIIJIOCb, 'ITO o6pa60TKa ceMl!H y-JiyqaMI! rrepe,!1 rroceBOM 

npHBOJ:iHT TaK)Ke K CTHMYJilll.lHH CIIHTe3a KapOTIIHOll.[10B. 

AHTOI.IH3Hbl H l!>JiaBOHOH.[lbl. CYll.leCTBeHHblX KOJil!'IeCTBeHHb!X 1!3MeHeHl!ll .[IJill 

3THX rr11rMeHTOB rrpH H113KIIX KOHI.1eHTpa1.111l!X COJieii He 3a<lmKCHpOBaHO, a rrp11 Bb!COKIIX 

KOHI.1eHTpa1.111l!X COJieii Ha6JIIO):jaJiaCb TeH.[leHl.lllll K He3Ha'Il!TeJibHOMY yMeHbll!enmo. TotIHee 

CHll)KeHHe KOJil!'Iecrna aHTOl.ll!aHOB II <pJiaBOHOll.[10B na6JIJO.[laJiaCh na ¢one yBeJil!'IeHllll 

KOJil!'Iecrna KapOTIIHOH.[10B. 

XJI. a H XJI. b. Pe3yJibTaTb! ITOKa3aJIII, 'ITO CIIHTe3 XJIOpO<pllJIJia 'IYBCTBIITeJieH K 

B03.[leiicTBHIO KaK paJ:(IIOaKTIIBHOfO 113Jiyqen11l!, TaK II COJieBoro CTpecca y 06011x pacTeHIIH. 

IToJiyqeHO, 'ITO rrpopOCTKII ropoxa, ceMena KOTOpb!X ITO,!lBeprn11cb o6JiyqeHIIIO, 

CIIHTe3Hp0BaJIII XJIOpO<pllJIJI ,!la)Ke B Bb!COKOKOHI.1eHTp11poBaHHOM COJieBOM pacrnope, TO y 

KYKYPY3bl B TaKIIX ycJIOBl!l!X CIIHTe3 XJIOpO<pllJIJia rrpaKTl!'IeCKII ITOJIHOCTblO rrpeKpa11.1aJIIICb. 

06ll.lHH 6eJIOK. Ilp11 ,!lBOHHOM CTpecce Ha6JIIO,!laJiaCb TeH,!leHI.11!ll CHll)KeHllll 

' KOJIH'Iecrna 0611.1ero 6eJIKa C yBeJI11qen11eM KOHI.1eHTpa1.11111 COJIII. Ilp11 3TOM B YCJIOBl!l!X 

H113KOH COJieHOCTII CHll)KeHl!e He3Ha'Il!TeJihHO, a rrp11 Bb!COKOH COJieHOCTII OTHOCIITeJibHO 

BeJil!KO. 

A11T110KCH.L1aHTHble 4>epMCHTbl (CO~, AIIO, KAT). IlOKa3aHo, 'ITO rrp11 11113KIIX 

KOHI.1eHTpa1.111l!X yc11Jie1111e COJiesoro CTpecca rrpl!BO,!ll!T K yseJI11qe111110 aKTIIBHOCTII CO,[( J:(Jill 

06011x pacTe1111ii. A rrp11 6oJiee Bb!COKIIX KOHI.1eHTPa1.111llX COJIII <jiepMeHT Bee e11.1e rrpOl!BJil!eT 

cpaBHl!TeJibHO Bb!COKYJO aKTIIBHOCTb (p11c. 4.1 ). 3aBl!CIIMOCTb aKTIIBHOCTII KAT OT 

KOHI.1eHTpa1.11111 COJIII MaJIO OTJill'IaeTCll OT 3aBIICIIMOCTII CO,[(. AITO rrp11 3TOM rrpOl!BJilleT 

pa3Jill'IHYJO aKTIIBHOCTb. 3TOT <jiepMeHT IIMeeT He6oJibll!YJO aKTIIBHOCTb rrp11 11113KIIX II 

OTHOCHTeJihHO 60Jibll!YJO aKTIIBHOCTb rrp11 Bb!COKIIX KOHI.1e11Tpa1.111l!X COJIII (p11c. 4.2). 

,,50 
I --o-- ropo• ---o- KYKYPV3Df 
~40<-----------~--+-~ 
~' 

11 30 -1-----------~:.:=::===+­o. 
~ ·20 +--1:-------:.&,:_------' 
t; 
i 10 +-~'---";__~'!.!=--------, 
! 
~ Os/---,---.---,--~---.--~ 

1 5 10 ,50 100 'l K 5' 10 SO 
, KOttL\eKTpal\11~ NaC~ mM Ko•Ll•HTP•41'" Naq mM 

100 • 

Pnc. 4. 3aBIICIIMOCTb aKTIIBHOCTII CO,[( II AITO OT KOHI.1eHTpa1.11111 COJIII 

OCHOBb!Bal!Cb Ha 3TII pe3yJihTaTbl, MO)KHO rrpllttTII K Bb!BO,!ly o TOM, 'ITO KaK 

HH3KOMOJieKyJillpHbJe, TaK II BblCOKOMOJieKyJillpHb!e aHTIIOKCll,!laHTbl MOfYT ,!lettCTBOBaTb 

cornacosaHHO .llpyr C ,!lpyroM rrp11 3alll11Te pacTeHIIH OT CTpeCCOBb!X COCTOl!Hllll. 
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PA)J;JIOPE3JICTEHTHOCTh IIOIIYJHIQJIJI OIIYXOJJEBhIX CTBOJJOBhIX 
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11.A. 3aJ11yJ1ae6a 1·2 

I MC/lll[lllHCKllH pa/lllOJI0rnqecKllH Ha)"IHhIH [lCHTp IIM. A.<I>. l.l;h16a - lpllJlllaJI cpe,11epaJibHOro 

rocy,11apcTBeHH0ro 6I0,!1JKCTHOro yqpeJK/lCHllJI «Ha[lllOHaJihHhlH MC/lll[lllHCKllH 

llCCJIC/lOBaTCJlhCKIIH [lCHTp pa/lll0JI0flfll)) MllHllCTepcrna 3/lpaaooxpaHCHIIJI POCCllHCKOH 

· <l>e.11epa[lllll,O6HllHCK,POCCllJI 
2 

O6bC/lIIHCHHhlH llHCTllTYT Jl/lCpHbIX llCCJIC/lOBaHllH, ,lfy6Ha, PoCCllJI 

zamulaeva@mail.ru 

BnepBbie CYillCCTB0BaH!fe onyxoJICBhIX CTBOJI0BhIX KJICTOK (OCK) 6bIJIO /l0Ka3aH0 

6onee 20 JICT T0MY Ha3a,!1: B 1997 r. npll 0CTp0M MIICJI0II/lHOM JICHK03e, B 2003 r. npII paKe 

MOJIOqHOH JKCJIC3hl, X0TJI npe/lIT0JI0JKCHllJI 0 HaJIIIq!f!f 3TOH KJICTOqHOH nonyJIJI[lllll 

IlOl!BllJIIICh HaMH0ro paHbIIIe. IlocJie o6HapyJKeHllJI OCK a C0Jill/lHhIX onyx0JIJIX /l0B0JlhHO 

6hICTpO BhlllCHIIJI0Ch, qTo 3TII KJieTKII 06Jia,11a10T ycTOHq!fBOCTh!O K B03/lCHCTBIIIO 

pe,!1KOllOHll3llPYIOillCfO ll3Jl)"ICHIIJI If Tpa,!1II[lllOHHb!X XIIMIIOITpenapaTOB. Il03TOMY 

IlOl!BllJIOCh npe.11noJIOJKCHlle, qTo IIMCHHO OCK MOfyY coxpaHJIThCJI ITOCJie JieqeHIIJI ll 6hITh 

npllq!fHOH IT0JIBJICHllJI pe[lII/lIIBOB 3a6oJieBaHIIJI ,11aJKe cnycTJI fO/lhl JieqeHllJI. 3Tll cpaKThl II 

npe.11noJIOJKCHllJI o6ycJIOBllJIII BCITJICCK IIHTepeca K BhlJICHCHIIIO 3aKOHOMepHOCTCH ll 

MexaHll3M0B pe3llCTCHTH0CTII OCK K npOTllBOOITyxoJieBhIM B03/lCHCTBIIJIM B 

3KCnepllMCHTaJihHhIX ycJIOBllJIX II, KaK CJIC/lCTBIIe, K pa3pa60TKe cnoco6oa 3JlllMllHa[lIIII OCK 

111HJI!l ITOBhlIIICHIIJI IIX qyacTBIITCJlhHOCTII K pa,!1ll0- ll XllMII0Tepan1111. C .11pyroii CTOpOHhl, 

6bIJia C/lCJiaHa ITOITb!TKa TpaHCJIIIpoaaTh 3TII pe3yJihTaThl B KJIIIHIIKY C [lCJlh!O BhlllCHIITh 

npornocn1qecKoe 3HaqeHIIe OCK II npllMCHllTh 3TII 3HaHIIJI Ha npaKTllKC /l!IJI 

coaeplliCHCTBOBaHllJI MCTO/lOB JieqeHIIJI OHKOJIOfllqecKIIX 6oJihHhIX. 

B ITOCJIC/lHCe apeMJI BO BCCM MIIpe OTMeqaeTCJI HCYKJIOHHhIH pOCT KOJIIIqecTBa 

ny6JillKa[lllH, ITOCBJIIllCHHhIX llCCJIC/lOBaHIIIO OCK, HCCMOTPJI Ha o6beKTllBHhie CJIOJKHOCTII, 

BKJIIOqaJI, npeJK/lC acero, OTCyYCTBlle YffllBCpCaJihHOro MCTO/la IIJIII e,!1llHOro MapKepa /lJIJI 

11/lCHTllq>HKa!lHII OCK pa3HhIX JIOKaJIII3a!lllH. BhlllCHIIJIOCh, qrn nonyJIJI!lllJI OCK 

npe/lCTaBJIJICT reTeporeHHYIO rpynny KJieTOK C pa3JI!fqHhlMII MOJICKYJillpHbIMII II 

~YHK!lIIOHaJihHh!Mll xapaKTepllCTIIKaMII, IT03TOMY pa3Hble MCT0/lhl M0fYT BhlJIBJIJITh pa3Hble 

no.11rpynnh1 OCK. KpoMe rnro, CTaJI0 noHJITHO, qTo nonyJIJI!lIIJI OCK HaxO/lIITCJI a 

/ll!HaMIIqecKOM paBHOBCCllll C OCTaJihHhIMII onyxoJICBh!Mll KJieTKaMII, KOTOpb!C MOfyY 

/lC/lllq>cpepeH!lllpoaaThCJI II rronoJIHJITh nyn OCK. B TO JKe apeMJI OCK no.11sepra10TcJ1 

acCIIMMeTpllqHoMy /lCJICHIIIO II 0/lHa 113 )loqepHIIX KJICTOK rrepeXO/lIIT B OCHOBHOH nyJI 

/lllq>cpepeH[lIIpoaaHHhIX KJICTOK. <l>aKTIIqecKII, see CYillCCTBYIQillIIC MCTO/lhl IT03B0JIJIIOT 

Bbl/lCJIJITh TOJlbK0 cppaK[lllll KJICTOK, 060raI1lCHHbie OCK (B TOM q!fCJie ll3-3a ITOCTOJIHHhlX 

npo[leCCOB /lllq>q>epeH[lllpOBKII-/lC/lll!pq>epeH[lIIpOBKII). If, HaK0HC[l, 3a pe,!1KIIM 

IICKJI!OqeHIICM OCK COCTaBJIJIIOT JIIIIIIh oqeHh MaJIYIO qacTb onyxoJieBOH
0 

MaCCbl (o6uqHo OT 

0,01 /l0 5%), qT0 BHOCllT /lOITOJIHIITCJlhHble TCXHOJIOf!fqecKlle CJIOJKHOCTII. TeM He MeHee, K 

HaCTOJIIllCMY speMeHII OCK o6HapyJKCHhl a CTa6HJihHh!X KJieT0qHhIX JIIIHHJIX ll 

3JIOKaqeCTBCHHhIX onyx0JIJIX pa3Hb!X JIOKaJIH3a[lIIH, B TOM q!fCJie paK MOJIOqHoH JKCJIC3bl, 

rrerKoro, fOJIOBhl-IIICH, IlllillCBO/la, neqeHII, npJIMOH KIIIIIKII, ITO/lJKCJIY/lOqHOH JKCJIC3hl, 

npe,11CTaTCJihHOH JKCJIC3hl, 3H/lOMeTpHJI, JlllqH!fKa, KOJK!l (MeJiaHOMa), rJIIIOMa, 

MC/lYJIJI06JiaCTOMa If /lp.), KaK ITOKa3aHO MHoroqucJieHHh!Mll aBTOpaMH C ITOMOillhlO MCTO/lOB 

npornqHOH [lHTOq>JiyopuMeTpHH If copTllpOBKH, MarHHTHOH llMMYffOCenapa[lHll, 

KYJihTllBllp0BaHllJI B CITC[lHaJibHhIX ycJIOBllJIX /lJIJI cpopMIIpOBaHHJI ccpepOll/lOB, CCJICK[lIIH no 

·ycrniiqlfBOCTII K npOTHBOOnyxoJICBhIM npenapaTaM IIJIH o6JI)"ICHIIIO 11 

KCCHOTpaHCITJiaHTa[lllll B opraHll3M llMMYffO/lC!pH[lHTHhIX Mh!IIICH. 
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lllttpOKllll cneKTP 3JI0KaqecTBeHHb!X HOB006pa30BaHHH, .11m1 K0TOpb!X 6b!JIO .110Ka3aH0 

HaJillqne OCK, ll noTeHljllaJibHal! p0Jib '.HllX KJieT0K B peann3aljllll 3<p<peKTOB nyqeaoil. ll 1 

KOM6ttHnpoBaHHOil. Tepannn onpe.11emrnn 3HaqnTeJihHbiil. HHTepec pa.11no6uonor0B K 

1nyqeHll!O nonyJillljllll OCK B pa3JillqHb!X acneKTax. B qacTH0CTll, Haum llCCJie.11oaamrn 

6bIJill HanpaBJieHbl Ha pernem1e cne.11Y1Q11JHX 3a.11aq: Bbll!CHeHHe 3aKOHOMepHOCTeil. ll 

MexaHH3M0B B03.11eil.cTBl!ll H0HH31IPYIOIIJHX 113nyqeHnil. pa3HhIX T11n0B Ha OCK B ycn0B11l!x in 
vitro ll in vivo, pa3pa60TKa Ha 3TOH 0CH0Be H0Bb!X cpe.11crn ll cnoco60B 3JIIIMl!Haljllll OCK, 

0ljeHKa nporH0CTl!qecKoro 3HaqeHllll nonyJillljllll OCK B 0TH0illeHIIII 3<p<peKTIIBHOCTII 

neqeHIIll 0HK0JIQfl!qecKHX 60JibHb!X. O6beKTaMII llCCJie.11oaaH1Ill l!BJil!JlllCb CTa61!JibHbie 

Jil!Hllll onyxoneBb!X KJieT0K, a TaKlKe 3JI0KaqecrneHHbJe onyxon11 3KCnep11MeHTaJibHb!X 

lKHB0THb!X ll qeJI0BeKa B xo.11e nyqeaoil. TepanHII. 

Ha nepBb!X 3Tanax pa60Tbl HaMII 6b!JIII nonyqeHbl pe3yJihTaTbI, no.11rneplK.lla!Olljlle 

.11aHHb!e Jil!TepaTypbl 0 6onee Bb!COKOH pe31!CTeHTH0CTll OCK K 0.IIH0KpaTH0MY B03.11eHCTBIIIO 

pe.11K0II0HII31IpY!QIIJero ll3JiyqeHIIH no cpaBHeHH!O C OCTaJibHOll Maccoil. KJieT0K CTa61lJibHb!X 

JlllHllll paKa MOJIQqHoil. lKeJie3bl, rneil.Kll MaTKll II MeJiaH0Mbl in vitro. B qaCTH0CTII, 

npe.11Bap11TeJibH0 0TC0pTHp0BaHHbie OCK npo.11eM0HCTp1!p0BaJIII 6onee Bb!C0KY!O 

KJI0H0reHHY!O BbllKl!BaeM0CTb, qeM 0CTaJibHbie KJieTKII nocne y-o6nyqeHl!ll (Hanp11Mep, B 

cnyqae MeJiaH0Mbl 3aper11cTp11p0BaHbl noqTll .IIByxKpaTHbie pa3Jillqlll{ no BeJI11q11He DO .IIJlll 

OCK II 0CTaJibHb!X KJieTOK, p<0,05). Ilpn 06nyqe1111n necopTHp0BaHHb!X KJieTOqllbIX KyJihTYP 

na6JI!0.11aJIOCb CTaTIICTl!qecKII 3Haq11Moe yBeJI11qe1111e 0TH0Cl!TeJihH0f0 II a6COJI!OTHOro 

K0JIHqecrna OCK C n0BbillleHHeM .1103bl 06nyqe11Hl! np11Mep110 .110 7-10 rp, nocne qero 

K0Jil!qecrno OCK Bb!X0.IIIIJI0 Ha nJiaT0 llJIII Haq1111ano yMeHhlllaTbCll. 3TO l!BJilleTCll xop0llll!M 

apryMeHT0M B n0Jib3Y HCn0Jib30BaHHH KpyrrHh!X qipaKIJl!ll .1103bl np11 CTepe0TaKCIIqecKOH 

nyqeBOll Tepan1111 B .11onon11e1111e K .11pyrnM BeC0MbIM apryMeHTaM. 3aTeM 6bIJill 

ycTaH0BJiellbl 3aK0II0MepnocTI! BJil!llllllll y-H3JI)"lelll!ll B pelKl!Me qipaKljllOHllpOBaHHll .1103bl 

na nonyJillIJII!O OCK in vitro II in vivo, np11qeM Ha np11Mepe Mhilllllnoii Menan0MhI n1111u11 

B16 n0Ka3an cy11Jecrne11Ho 6onee BhICOKHii Bhixo.11 OCK na e.111111111Jy .1103hI B nepB0M cnyqae. 

KaK II cne.110BaJI0 0lKII.llaTb, qipaKIJIIOHHpOBaHHOe y-06nyqe1111e (no cpaBHeHl!!O C 

0.IIIIOKpaTHbIM) 0Ka3b!BaJI0 Menee 3<p<peKTHBHOe .11eiicrn11e na 0611Jy10 nonyJillljll!O 

onyxoneBbIX KJieT0K, 110 np11 3T0M np11MepH0 o.1111HaK0B0 BJilll!JI0 Ha pa3Mep nonyJillljllll 

OCK. 11 B cnyqae 0.IIII0KpaTH0ro, ll B cnyqae qipaKijl!OHIIpOBaHHOro o6nyqeHllll 

K0JIIIqecrneHHble ll3MeHeHHH nonyJillljllll OCK Koppennp0BaJill C pa.11Halj1IOHHOH llll.llYKIJIIeii 

npoljecca 3nl!TeJil!aJibH0-Me3eHXHMaJibH0ro nepexo.11a (3Mll), K0TOpblll 0ljeHl!BaJIII no 

3KCnpeCCl!ll 6eJIKa Bl!MeHTIIH ll MPHK Pll.lla reH0B, K0HTP0JIHPY!OIIJIIX 11/1IJI11 MapKIIPY!OIIJIIX 

3T0T npoljecc. Ilp11qeM YKa3aHHal! 3aK0H0MepH0CTb Ha6JI!0.11aJiaCb He T0JibK0 npn o6nyqeHl!ll 

KJieToqHbIX KYJibTYP in vitro, HO ll B xo.11e neqeHIIll 0IIK0JIQfllqecKIIX 60JibHbIX, KaK n0Ka3aH0 

HaMH Ha npHMepe paKa llleHKll MaTKll. BalKHO, qTO npn HHrn611poBaH1m 3Mll B 

3KCnep11MeHTaJibHb!X ycJI0Bl!l!X n0CTpa.1111aIJ1I0HH0ro yBeJI11qeHHH nonyJillljllll OCK He 

na6JI!0.11aJIOCb. 

Cpe.1111 MexaHl!3M0B pe31!CTeHTH0CTII OCK K pe.11K0II0Hll31IpY!QIIJeMy 113JI)"leHII!O, 

K0T0pbie 6bIJIII ycTaH0BJieHbl HaMII II .11pyrHMll aBT0paMII, cne.11yeT 0TMeTIITb 11113KYIO 

nponnqiepaTl!BHYIO aKTHBH0CTb; oco6eHHOCTII CTPYKTYPHOii opraHl!3aljl!ll xpoMaTHHa ll 

peryJillljllll aKTllBHb!X qiopM KllCJiopo.11a, npHB0.llllllJIIe K 0TH0Cl!TeJibH0 Hll3K0MY K0Jillqecrny 

nepa11qnbIX pa.11HaljH0HH0-IIH.IIYIJllP0BaHHbIX noapelK.11en11ii ~HK; Bb!C0KYIO 3<p<peKTIIBHOCTb 

nocTpa.1111aIJ1IOHHOll penapaIJHll .IIBYHIITeBb!X pa3pbIB0B ~HK; Bb!COKHH ypoBeHb 

pa.11naIJ110HHO-HH.IIYIJHpoaannoii 3Kcnpeccnn 6eJIKOB Tennoaoro lII0Ka (ETlll27 11 ETlll70) B 

3TIIX KJieTKax ll .!IP- I1cxo.11ll 113 MexaHH3M0B pa.1111ope3HCTeHTII0CTll OCK, Mb! npe.11n0JI0lKIIJill 

ll npoTeCTHp0BaJIII Pll.11 cnoco60B/cpe.11crn 3JlllMHHaljl!II OCK IIJIII n0BbillleHl!ll HX 

qyBCTBHTeJibH0CTII K pa.1111alj1I0HHblM B03.lleiicTBHl!M. Ha pncynKe noKa3aHbl ycnelllllble 
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Bap,rnHTbl B03,ZleHCTBIIH, nponeMOHCTpIIpoBaBurne CBOJO 3<p<peKTIIBHOCTb B ycJIOBIIJIX in vitro 

rr/mrn in vivo. 

I lknan.10UHKO I 
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coe.ttmrt-mrii: Hl XII3CCJ.,D'ltM:ep!WX 

6HC6<~.,,.o..,t­
~xpc,,tznoa. • ~max 
~ .. ,,mrp,emp_,..Ilfil( 

TOH'll«:lte 

apa6mr.ottl!'10ffllf.l) 

lic.n:OJI:UOsamt'! ~ 
(,ue,oipm.repo•),,urp;,,:= 

npo~np,em.pzrum. 
• mM.6mw:m:a c &o!,lle.iknaeM 

pe.!lll)HO~HlltY"emtl 

PIIcyHoK. Cnoco6b1/cpencrna 3JIIIMIIHal.(IIII OCK IIJIII nOBblllleHIIll IIX 

'IYBCTBIITeJibHOCTII K panIIaUIIOHHb!M B03,ZleHCTBIIJIM 

B paMKax pellleHIIll TpeTbeH 3a,Zla'III Halllett pa60Tbl oueHIIBaJIOCb nporHOCTH'!eCKOe 

3Ha'leHIIe OCK npII CTaH,ZlapTHOH panIIOTepanIIII IIJIII KOM6IIHIIpOBaHHOM XHMIIOJiyqeBOM 

Jie'!eHIIII 60JibHb!X paKOM BepXHIIX ,Zlb!XaTeJibHb!X IIYTeH II llJeHKII MaTKII. MaTepIIaJIOM ,ZlJill 

l!CCJie,ZlOBaHIIll l!BJIJIJICJI 6IIOIICIIHHblll MaTepIIan onyxoJIII HJIII COCK06b! C llJeHKII MaTKII, 

C00TBeTCTBeHHO. IlOKa3aHO, '!TO IIOBblllleHHe ,ZlOJIH OCK IIOCJie o6nyqeHIIll B cyMMapHOH 

011aroBon ,Zl03e (CO)];) lOfp J1BJIJ1eTcJ1 cpaKrnpoM He6naronpIIllTHOro nporn03a 6nm1<anlllnx 

pe3yJibTaTOB ne11eHIIJ1 yKa3aHHblX 3a6oneBaHIIH (cTeneHII perpeccIIII onyxonen B xone IIJIII 

110 3aBepllleHIIII nyqeBOH TepaIIIIII) (rn6JIIIUa), npII 3TOM IICXO,ZlHOe KOJIII'!eCTBO OCK no 

Jie'!eHIIll He IIMeeT npOrHOCTH'!eCKOro 3Ha'leHIIJI. 

Ta6JIIIl.(a. Pe3yJibTaTbl MHOJKeCTBeHHOfO perpeCCIIOHHOfO aHaJIII3a 3aBIICHMOCTH CTeIIeHH 

perpeCCIIII nepBII'!HOfO 011ara OT IIOCTpannal.(HOHHblX II3MeHeHIIH ,ZlOJIH OCK II KJIHHIIKO­

Mop<jJonorn11eCKIIX IIOKa3aTeJieH 

TToKa3atem1 ( npe,11ttKTOpb1) Beta 
Benu11utta p .!lJ!ll 

R 
BeJIII'IIIHa p Ml! 

npe,llttKTOpa MO,!leJIII B uenOM 

Pa,, zueiiKU MGmKU, n=55 

Pa.ri11auttOHHhlH 0TBeT 

(n0Bh!lllem1e ,11on11) OCK Ha -0,37 0,02 
o6JJ}"leHtte B CO.[( l0fp 0,60 <0,002 

Cta,ri1rn 3a6oneBa11m1 (FIGO) -0,46 0,01 

PaK eepx11ux db1xameJ1bllblX nymeii (e oc11oe110M, wpma11u), n=53 

Pa,ri11aQttOIIHhlH 0TBeT 

(noBhIWe1me ,11on11) OCK Ha -0,36 0,02 
06JIY11eHtte B CO.[( l0fp 

Cra,n11ll 3a6oneea1111l! (T no 
-0,25 0,10 0,47 0,03 

cucreMe TNM) 

rucronorn11ecK11il rttn onyxonu 0,19 0,22 

37 



IlpttMeqam1.e: Beta - CTaH/WPTll3llpOBaHHhlH yrn0BOH K03g:><j:mljlleHT perpeCCllll (B e):lllHllljaJ( 

SD), R - K03lplpllljlleHT MHO)l(eCTBeHHOH K0ppeIDiljllll. 

Eonee Toro, B rpyrme 60JibHb!X paK0M BepxHllX ,!1bIXaTeJibHb!X nYTeH YCTaH0BJieHO 

nporH0CTHqecKoe 3HaqeHlle pa,1111.aljH0HH0fO 0TBeTa OCK B 0TH0IIIeHim ,!10JlfOBpeMeHHb!X 

pe3yJibTaTOB JieqeHHH (5-JieTHeH 6e3peljll,!111.BHOH BbJ)l(HBaeMOCTH). TaK npn cy)IJeCTBeHH0M 

noab1IIIeH11.11. ,11on11. OCK (6onee qeM Ha 2,5%) nocne o6nyqeHHH B CO,ll; 10 fp 

6e3peIJH,!1HBHaH Bbl)l(HBaeM0CTb 60JibHb!X C0CTaBJIHJia TOJibKO 45% B K0H)je nep11.o.11a 

Ha6JII0)1eHllH, a npH YMeHbIIIeHHH HJIH He3naqHTeJibH0M ll.3MeHeHHH ,!10JIH OCK - 80%. 

(p<0,05). qyaCTBHTeJibHOCTb 3T0ro MeT0,!1a np0rH03Hp0BaHHH 0T,11aJieHHb!X pe3yJibTaT0B 

JieqeHHH C0CTaBJUieT 0,67 (95% ,ll;H 0.35-0.88), cneljHlpHqHOCTb 0,71 (95% ,ll;H 0.50-0.86). 

TaKHM o6pa30M, cy)IJeCTBeHIIOe n0BbIIIIeHlle ,!10Jlll OCK B Haqane pa,1111.0Tepamm HBJIHeTCll 

He6naronpnHTHb!M nporH0CTnqecKHM npll3HaK0M. 

Bb1B0,!1bl: 

1. OCK o6Jia,!1aIOT 6onee Bb!C0K0H pe3HCTeHTH0CTb!O K ,11ei1:CTBHIO pe,!1K0H0Hll.3HpY1QIIJero 

ll3JiyqeHHH no cpaBHeHII.IO C 0CTaJibHOH Maccoi1: onyxoJieBb!X KJieT0K, KaK n0Ka3b!BaIOT 

pe3yJibTaTbI co6crneHHbIX 11.ccne,11oaaH11.i1: 11. ,11aHHbie n11.reparypb1; 

2. Pa3pa6oTKa H0Bb!X np0TII.B00nyxoneBb!X cpe,!1CTB H cnoco6oB ,!10JI)l(Ha np0ll.3B0,!111.TbCH C 

yqeT0M qyacTBHTeJibH0CTll K HII.M nonyJIHIJll.11. OCK II. Ha 0CH0Be M0JieKyJIHpHo-KJieroqf!b!X 

oco6eHHOcrei1: OCK; 

3. I1cnoJib30BaHHe nyqK0B np0T0H0B, Hei1:rp0H0B, 11.0H0B 
12

C 11. q>OT0,1111.HaMHqecKoro 

B03,!1ei1:cTBHH 0,!1HHaK0B0 3g:>q>eKTII.BHO B 0TH0IIIeHllll onyxoneBblX CTB0JI0BblX II. He 

CTB0JI0BblX KJieT0K in vitro; 

4. B nocJie,!1Hll.e f0,!1bl HaMeTII.JICH npopb!B B pa3pa6oTKe cpe,!1CTB HanpaBJieHH0fO 

B03,!1eHCTBHH Ha nonyJIHijll.IO OCK, B TOM qncne cpe,!1CTB, n0BbIIIIaIO)IJIIX 

pa,11HoqyBCTBl1TeJibH0CTb 3TII.X KJieT0K H 6JIOKIIPYIOIIJHX pa,1111.aljll.OHH0-IIH.!1YIJHP0BaHHblH 

3Mll; 
5. PeaKIJIIH nyna OCK Ha pa,1111.aIJH0HHoe ao3,11eticrn11.e B CO,ll; l0fp B xo,11e pa,11110Tepan1111 

llJIII. KOM611.HHpOBaHHOro JieqeHHH 60JibHhlX paK0M aepxHIIX ,!1b!XaTeJibHb!X nYTeH II IIIeiiKI! 

MaTKH 11.Meer nporHocrnqecKoe 3HaqeHtte. 

Aarop Bb!pa)l(aeT 6naro,11apHOCTb corpy,!1HllKaM 0T,!1eJia pa,1111.aljll.OHHOii 611.0XIIMIIII 

MPHU: HM. A.<t>. U:b16a K.6.n. MarqYK O.H. H K.6.H. CeJIHBanoaoii E.H., BbIII0JIHHBIIIIIX 

0CH0BHYIO qaCTb pa6oTbl no HCCJie,!10BaHHIO pa,1111.06HOJIOfHqecKII.X CBOHCTB OCK, 

corpy,11HHKaM 0T,!1eJia pa,1111.aljll.OHHOii 611.oq>H3HKII., Ha 6a3e K0TOporo npoB0,!111JI0Cb raMMa-, 

neiirponnoe H nporoHHoe o6nyqeHHe KJieroqnux KYJibTyp H )l(HB0THbIX, a TaK)l(e 

corpy,11HHKaM KJIII.Hll.qecK0ro ceKTopa MPHU: HM. A.<t>. U:u6a, npe,110CTaBII.BIIIII.X Marepml.11 

,!1JIH 11.ccne,11oaan11.H H ,!1aHHbie 06 3g:>q>eKTII.BHOCTII. JieqeHII.H 60Jib!IbIX. 
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Pa3pa60TKa Hay11Ho-060CHOBaHHOH CHCTeMbl II0.[{6opa 'IJieHOB KOCMH'leCKOfO 3KHIIalKa, 

OCHOBaHHOH Ha MaKCHMaribHO B03MOlKHOH IICHXOJIOrH'leCKOH ycTOH'IHBOCTH K CTpecCOBbIM 

B03.[{eHCTBH»M <jlaKTOpOB KOCMH'leCKOro IIOJieTa, »BJI»eTc» 0.[{HOH H3 CaMbIX cepbe3Hb!X 

Me.[{Hl.lHHCKHX rrpo6JieM .[{JIHTeJibHbIX IIHJIOTHpyeMbIX IIOJieTOB, HarrpHMep, K Mapcy 

(Xa11amypbRHtf u iJp., 1976; Eo6Koe u iJp., 1964). B 3THX ycJIOBH»x 11pe3Bb111ai1Ho BalKHa 

orrepaTHBHa» KJiaCCHQ)HKa11H» KaH.[{H.[{aTOB B 'IJieHbl KOCMH'leCKOro 3KHIIalKa KaK no 

MOJieKyJI»pHblM, TaK H IICHXOQlH3HOJIOrH'leCKHM KpHTepH»M H BbI.[{eJieHHe cpe.[{H KaH.[{H.[{aTOB 

rpyITIT pHCKa ITO ITOHHlKeHHOH IICHXOJIOrH'leCKOH ycTOH'IHBOCTH H ITpO»BJieHHIO 

Hea.[{eKBaTHbIX IIOBe.[{eH'leCKHX peaKI..IHH HapaBHe C rpyITrraMH pHCKa ITO ITOBbIIIIeHHOH 

PMHO'IYBCTBHTeJibHOCTH (JlymHUK06, A6poCUM06, 2012). 
B ycJIOBH»X .[{JIHTeJibHOfO KOCMH'leCKOro IIOJieTa H3-3a .[{JIHTeJibHO HeMeH»IOll..lei1c» 

0KpylKaIOmei1 o6CTaHOBKH, He.[{OCTaTKa CJiyXOBbIX, TaKTHJibHbIX, 3pHTeJibHbIX H LlPYfHX 

pa3.L\PalKHTeJiei1 pe3KO yMeHbIIIaeTC» rrpHTOK HHQ)OpMal.lHH - HepBHblX HMIIYJibCOB - B 

11emparibHYIO uepBHYIO cucTeMy (U:HC) KOCMOHaBTa (Kopo11Kw1, Muxaunoe, 2000). 
ITocKOJibKY .[{JI» HOpMaribHOfO QlYHKI..IHOHHpOBaHH» QlH3HOJIOfH'leCKHX CHCTeM opraHH3Ma 

qeJIOBeKa ueo6XO.[{HM OITpe.[{eJieHHbIH MHHHMYM HMIIYJibCOB, HHlKe KOToporo B03MOlKHbl 

HapyrneHH» H .[{alKe ITCHXH'leCKHe paccTpOHCTBa, rrpH .[{JIHTeJibHbIX KOCMH'leCKHX IIOJieTax 

OCTPO BCTa!OT BOIIpOCbl IIOBe.[{eHH» H IICHXOJIOrHH 'leJIOBeKa B ycJIOBH»X 3aMKHYTOro 

rrpocTpaHCTBa, HeH3MeHHOCTH o6CTaHOBKH, orpaHH'leHHOCTH Kpyra o6meHH» H T • .[{. 

(Me.[{Be.[{eB, 1982; HeM'IHH, 1983; DO.[{pOB, 2001). HCKJIIO'IHTeJibHO BalKHbl CBe.[{eHH» 06 

IIH.[{HBH.L\YaribHbIX IICHXOQJH3HOJIOfH'leCKHX oco6eHHOCT»X KaH.[{H.[{aTOB B KOCMOHaBTbl .[{JI» 

perneHH» BOIIpOCOB HH.[{HBH.L\YaribHOro yrrpaBJieHH» MbIIIIe'IHOH .[{e»TeJibHOCTb!O H peryJI»l.lHH 

)IB!flKeHH» a 3KCTpeMaribHblX ycJIOBH»X (3opuHa u iJp., 2002). He.[{OCTaTO'IHa» 

rrpopa60TaHHOCTb JIH'IHOCTHblX IICHXOJIOfH'leCKlfX If KOfHHTHBHbIX oco6eHHOCTei1 'IJieHOB 

3KlflialKa MOlKeT rrpHBeCTH, B KOHe'IHOM HTOre, K CTOHKHM HapyIIIeHH»M B 

~YHKI..IHOH!IpOBaHHH QlH3HOJ10rH'leCKHX ClfCTeM opraHH3Ma - HepBHOH, cep.[{e'IHO-
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COCY.!IHCTOH, ,!IBHraTeJibHOH, )Keny.11oqHO-KHIIIe1rnoi1, 3H,!IOKpHHHOH. 3TO 3aMeTHO CHH3HT 

pa60TOCIIOC06HOCTb H Ha,!le)KHOCTb KOCMOHaBTOB (Xa11amypbRIIIJ u iJp., 1976). KpoMe TOro, 

OC03HaHHe KOCMOHaBTaMH IIOCTO.l!HHOro B03,!leHCTBll.ll Ha HHX HOHH3Hp)'Klll.(ero ll3JiyqeHHll 

(1111) - BblCOK03HepreTHqHbIX KOMIIOHeHTOB rarraKTHqecKoro KOCMHqecKoro ll3JiyqeHHll 

(rKJI), H3JiyqeHH.ll pa.11Ha[IHOHHblX IIO.l!COB 3eMJIH (PI13) H COJIHeq11bIX KOCMHqecKHX nyqei1 

(CKJI) (I'puzopbe6, 1975) TaK)Ke .l!BMeTC.ll CTPeCCOBblM <paKTOpOM, 0Ka3b!Ba!Oll.(HM CBOe 

.11ecrn6HJIH3Hpyiolllee .11ei1CTBHe Ha U:HC (Jluemu!J, 1961; ToiJopoe 11., ToiJopoe I'., 2003). 
TaKHM o6pa30M, H3yqeHHe IICHXOJIOrHqecKHX oco6eHHOCTei1 qeJIOBeKa, Ha,!le)KHOCTH 

ero HepBHOH CHCTeMbl ll 3MO[IHO!lllJib!IOro COCTOlIHHll B pa3JIUqllbIX ycJIOBHHX 

.11eiTeJ1hHOCT11, np116mrn.:e1111blx no xapaKTepncnrn:aM K ycJiomrnM i.:ocM11qec1rnro 

Kopa6J1H, HMeeT orpOMHOe 3HaqeHHe, T.K. OT ycTOi1qHBOCTH HepBHOH H Hei1po-ryMoparrbHOll 

peryJI.ll[IHll 6y.11eT 3aBHCeTb IIO.!l.!lep)KaHHe HOpMllJibHbIX rrpocTpaHCTBeHHO-BpeMeHHbIX 

CB.ll3ei1 If qJH3HOJIOrHqecKHX <pyHK[IHH opraHH3Ma KOCMOHaBTa. Oco6eHHO Ba,KHO nonyqe1me 

CBe,!leHHH O reHeTHqecKH ,!leTepMHHHpOBaHHbIX nCHXO<pH3HOJIOrHqecKHX Kaqecrnax ll 0 

MO,!IHqJHllllP)'IOllleM .11ei1CTBHH Ha HHX KOHKpeTHbIX oco6eHHOCTei1 rrpo<peCCHOHllJibHOll 

,!lel!TeJibHOCTH Ha 3Tane BXO,!IHOro TeCTHpOBaHHll KaH,!IH,!laTOB B qJieHbl KOCMHqeCKHX 

3KHna)KeH (Kopo11Ku11, Muxawwe, 2000; 3opu11a u iJp., 2002; I'pu20pbee, 1991; J13apiJ, 
1999). 

B ,!IOKJia,!le npe,!ICTaBJieHbl pe3yJibTaTbl HCCJie,!IOBaHHH, BbIIIOJIHeHHblX Ha qeTbipex 

Koroprnx Jlllll, pa60Ta!Oll.(HX B ycJIOBHlIX xpoHnqecKoro B03,!leHCTBH.ll 1111 Ha 061,eKTe 

HCnOJib30BaHH.ll aTOMHOH 3HreprnH (OJ1A3), HO pa3JIHqa!Oll.(HXCll no xapaKTepy 

,!le.sITeJibHOCTH: nepCOHllJI HCCJie,!IOBaTeJibCKHX .ll,!lepHbIX peaKTOpOB (P-Koroprn), 

npOH3B0,!ICTBeHHblX nepCOHllJI (Il-Koroprn) H HCCJie,!IOBaTeJibCKHH rrepCOHllJI OHA3 (H­

KOropTa). B KOHTpOJibH)'IO KOropTy 6bIJIH BKJIJOqeHbl JIH[la, He KOHTaKTHP)'IOlllHe c 1111 Ha 

npOH3B0,!ICTBe (K-Koroprn). ,ll;JI.ll ycJIOBHH pa60Tbl Ka,K,!IOll ll3 o6cJie,!IOBaHHblX KOrOpT B 

pa3JIHqnoi1 CTeneHH xapaKTepHbl qepTbl, aHarrorHqHbie ycJIOBH.l!M pa60Tbl KOCMOHaBTOB (H B 

3TOM CMblCJie 3TH ycJIOBHll MO,KHO HCnOJib30BaTb KaK Ha3eMHbie aHarrOrH KOCMHqecKoro 

noJieTa) - neo6XO,!IHMOCTh B UOCTOHHIIOH IICHXOJlO['HqecKOU l'OTOBIIOCTII K 

pearnpoBaHHIO Ha BHemTaTHhle cnryaIJHII B COCTOHHIIII 11eonpe.11eJ1eHHOCTII II 

BhlCOKoro pnci.:a, B CJlO:lKHhlX OhlTOBblX ycJIOBIIHX 3KCUe,!IHIJIIII, ,!IJlHIIJeUCH HeCKOJlbKO 

MeCH[leB; B TIIJaTCJlbHOCTH, BHHMaTCJlhllOCTH, IIOCTOHIIIIOU co6paHHOCTH, BhICOKOU 

,!IHCIJIIIIJlllHHpOBaHHOCTII " CTporou COl'JlaCOBaHHOCTH KOJ1J1eKTHBllblX .11eiiCTBIIII; 

HeOOXO,!IIIMOCTh UOCTOHHHO CTporo KOIITpOJIHpOBaTh CBOH 31\IOijllOHaJlhllbJe 

npOHBJleHHH II c.11epm11BaTh arpeCCHBllhle peaKijllH, 

JlH11a, BKJIJOqeHHble B 06cne.110BaHHbie KOropTbl, 6bIJill no.11aeprnyTb1 

UCHXOJIOr11qecKOMY TeCTHpoBaHHJO rrp11 IIOMOll.(H CJie,!l)'IOll.(llX MeTO,!IOB: ,!IHarHOCTHKa 

caMOO[leHKH TpeBO,KHOCTll CnHJI6eprepa-XaHHHOH (Paii20poiJcKuii, 2001; Eamapmee, 2002), 
,!IHarHOCTHKa ypOBH.ll HeBpOTH3a[IHll BaccepMaHa (KapeJtUH, 2007), ,!IHarHOCTHKa 

arpeCCHBHOCTH Eacca-,z:t:apKH (KapeJIHH, 2007), ,!IHarHOCTHKa TeMnepaMeHTa, Hellp0Tll3Ma, 

nCHXOTH3Ma, 3KCTpa- H llHTpOBepcHH Ai13eHKa-EPI (B a.11anTa[lllll lllMeJieBa~ 

Cyxo,!IOJibCKoro-IlonoBa) (Paii2opoiJcKut1, 2001; CyxoiJoJlbCKuii, 2004; I'llyxa1110K, 2003) H 

MeTO,!IHKa H3yqeHH.ll THna HepBHOH .11e.sITeJibHOCTH CTPeJilIY (Paii20podcKuii, 2001). 
reHOTHnHpoBaHHe npoae.11eHo no 21 reHy (ABO, RhD, RhC, RhC, Kell, MN, ACP, EsD; 

PGM, 6-PGD, GLOl, Tf, Ge, Hp, GSTTl, GSTMl, GSTPI, CSFlPO, Fl3A01, TPOX, 

TH0l) C HCnOJib30BaHHeM CTaH,!lapTHbIX MOJieKyJillpHo-reHeTHqecKHX MeTO,!IHK. 

Cpe,!IH 06cne.11oaaHHbIX KOropT BbIBBJieHhl ,!IOCTOBepHbie pa3Jillqlll! no 13 
nCHXOJIOrlfqecKHM ('11) nOKa3aTeJilIM ll3 18 npoaHllJIH3HpOBaHHbIX. IlpH 3TOM Pll.!I KJIIO'IeBbIX 

nOKa3aTeJiei1 CTaTHCTH'IeCKH 3HaqHMO pa3JilfqaeTCll Me)K,!ly BCeMH qeTbipbMll KOropTaMll (K-, 
P-, IT-, H-): UOKaJaTCJllf TpeBO:lKIIOCTH, arpecc1111 If )KCTpaBepc11n. Ha1160JiblllHMll 

3HaqeHHlIMII ncHXOJIOrHqecKHX nOKa3aTeJiei1 xapaKTepH3yeTCll 11-Koroprn (7 ll3 13 
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IIOJGl3aTeJieii). Pe3yJibTaTbl MH0)l(eCTBeHH0ro perpeCCII0HH0ro aHamna IlOKa3aJIH 3HaqHMYJO 
3aBl!CIIMOCTb nepeqncJJeHHblX 'l'-ITOKaJaTeJJeii OT KOHKpeTHOfO xapaKTepa pa6oT H 
BOJpacTa, npn 3TOM C B03pacT0M 3HaqHMO CHl!)l(a!OTCll BO acex KOroprnx TOJlbKO 
¢11311qecKall arpeCCHll Il HH,UeKc apa)l(,lle6HOCTH (OTplll.(aTeJJbHal! KoppeJJll[IHll), OCTaJibHble 
ysen11qIIaa10TCll C B03paCTOM. TaKHM o6paJOM, IlOKaJaHO, qTo B o6cne,uonaHHblX Koroprnx 

oco6eHHOCTH pa6oTbl ccpopMHpOBaJIH xapaKTepHbJH ,UJlll K~,uoii Il3 KOrOpT ITCIIXOTHIT 
corpy,uHIIKOB. 

feHeTnqecKHH aHaJill3 Bbll!BHJJ 3HaqHMYJO 3aBHCHMOCTb BOCbMil (8) '1'-nOKaJaTeJJeii OT 

IIOJil!MopcpH3MOB no cne,uyrol[IHM reuaM H JJoKycaM .z:t:HK: 11eepom1nalJUR - reH GSTP I; 
cumyamue11a51 mpeeo:J1C11ocmb - reHhI MN, ACP; e036y:J1Coe11ue - reu ACP; rjn13u1Jec1w,1 
a2peccu,1 - JIOKYCbI TPOX H reH ACP; eep6Wlblla5l a2peccuR - JJoKyc CSFIPO; 11e2amueU3M 
- JIOKyc CSFIPO n noiJ03pumeJ1b11ocmb - JJoKyc TPOX. 3TO onIIcbrnaeT KOMITJJCKC 
imanrllBHbIX reHOTHITOB, HOCHTCJlbCTBO KOTOpbIX Il03B0Jll!CT ,llJlIITeJJbHO ( B TeqeHHC 

HeCK0JlbKIIX ,uecl!TKOB JJeT) pa6oTaTb a KOHKpCTHblX YCJJOBIIllX. 

KpoMe Toro, B ,UOKJJa,ue npe,uCTaBJleHbl pe3yJJbTaTbl HCCJJe,uoaaHHii ,uayx KJI!QqeahJX 
IlCIIX0JJ0fO-CO[lllOJlOfllqecKIIX ITOKaJaTeJJeii, O[leHKa KOTOpbiX qpe3Bbiqaiiuo B~Ha ,UJlll 
nporno3a BJllll!Hllll qenoaeqeCKOro cpaKTopa Ha a,uanTa[IHIO KOCMOHaBTOB K CTpecCOBbIM 

¢aKropaM KOCMnqecKoro rronern n 6e3onacHoCTb nonern: muna op2a11u3al{uo111wii 
«ynhmypbl nypoa11R 1<ynbmypb1 6e3onac11ocmu. 

IIo,u THITOM opramIJa[IHOHIIOH Kym,rypbl nOHHMaCTCll onpe,ueJJCHHall rpynna 
KYJibTyp, 061,e,unHeHHbIX no o6I[leMy, HaII6onee cyl[leCTBCHHOMY npH3HaKy, ornnqaIOI[leMy 

)laHHbJH THIT OT ,upymx. 
Cyl[leCTByeT ,UOCTaTOqHo MHOfO CIICTeM KJJaCCH!pHKa[IHII TIIITOB opraHII3a[IHOHHOH 

KyJibTYPbI. CaMblH paHHIIii no,uxo,u K TpaKTOBKe opraHII3a[IHH B coapeMeHHYJO ::inoxy 
6a311pOBaJICll Ha pa6oTe HCMe[IKOro COLIHOJJOra MaKCa Be6epa, KOTOpb!H H3yqaJI 
esponeiiCKl!e npaBHTeJJbCTBeHHblC opraHH3a[IHII 1800-x rr. 3aTCM nOl!BIIJJaCb Teopen-1qecKal! 
MO/leJih no,u HaJBaHHeM «PaMOqHalJ KOHCTPYKLIIlll KOHKypnpyrol[IHX [leHHOCTeii». Ha 
cero,uHllllIHHii ,ueHh nmpoKo HJaecTHhI TIIITOJJOrHII Y. Oyqn; K.C. KaMepoH II P.3. KYIIHHa; 

T.E. )];11nna n A.A. KeHHe,un; P. AKocpcpa; P. XappIICOHa, O.C. BnxaHcKoro n A.H. HayMoaa; 

E.M. EoprnnKa, 3.M. KopoTKoaa II A.IO. HIIKHTaeaoii; I1.,n:. Jla,uauoaa n ,up. 
KyJihrypa 6e3onac11ocTH KBaJIHcpHKa[IHOHHaH H nCHXOJIOruqecKaH 

IlO!lfOT0BJICIIII0CTh BCCX JIHLI, rrpn KOTopoii o6ecneqeHHe 6e3onaCHOCTH llBJllleTCll 

np11op1ITeTHOH [ICJlb!O II BHYTPCHHeii ITOTpe6HOCTb!O, npHBO,lll!I[leii K caMOC03HaHHIO 
OTBCTCTBeHHOCTH II caMOKOHTpOJJIO npu BblITOJJHeHHII BCCX pa6oT, BJllllllOI[IHX Ha 
6eJonacHOCTh (.r:t:oKna,u MKDI.E NQ 75-INSAG-4, 1991). Kmo'leBhlM ::JJieMeHT0M Kli 
HBJJHCTCH nc11xoJiomH 6e3onacnocT11 (INSAG-3, INSAG-4, INSAG-15). 

KE caMa no ce6e HBJIHCTCH no,ul\momecTBOM KYJILTYPhI Bceii opranHJaQ1111 
(JK11nama) B QCJIOM, T.e. opraHH3a[IH0HHOii KyJJhTypu (Pmeumue 1<:ynbmypb1 6e3onac11ocmu 
6 RiJep11ou oeRmeJ1b11ocmu, MAI'AT:J, 1998). He,uocrnTKH opraH11JaL1110HHOii KyJ1bTypb1 

np11B0,Ul!T K OllIII6oq11uM pellleHlll!M 11 ,ueiicTBIIllM (aaapII11 Ha Three Mile Island, , I 979, 
IJA3C, 1986 11 Davis-Besse, 2002) (JlpU1tl{Unb1 eb1co1<:ou 1<:ynbmypb1 ,1oep11ou 6e3onac11ocmu, 
INPO, 2004). 

I1Hb!MII CJJ0BaMII, KE - 3TO TaKal! KYJlbTypa opraHII3a[IIIII (OK), npII K0TOpoii 
CTall0BIITCll B03M0)1(HbIM 6e3onaCHOC <pYIIKLIIIOHllpoBaHlle 3TOH opraHII3a[IIIII (3KIIIla)l(a). KE 
- IICIIXOJJOfO-CO[IIIOJIOfIIqecKoe n0HllTIIC, OTpa)l(a!QI[lee fOTOBHOCTb nepCOHaJia C03HaTeJJbHO 

BhlIT0JIHl!Tb Tpe6oBaHIIll 6e3onacHOCTII, qacTHbIH cnyqaii OK. 
)];nll O[leHKII TIIITOB OK II ypoaueii KE aBTopaMII ,UOKJia,Ua npoae,ueu KOMUJJeKC 

IlJlaH0BbJX IICCJie,uoaaHIIH B 21 CTPYKTypHOM no,upaJ,UeJJeHIIII 5-TII opraHII3a[IIIH. O6I[lal! 
q11cJieHH0CTb o6cne,uoaaHHblX - 800 qeJJ., pe3yJJbTaTbl OTpa)l(eHbl B oTqernx O HI1P, 
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MeT0,LlttKaX, MeT0,LllfqecKHX YK!l3aHHHX If nporpaMMH0M IIp0,LlyKTe (Kop3eHeea, I'pa6cKUU u 
op., 2014; Kop3eHeea, )KypaeJ1eea u op., 2015; Kop3eHeea, Kop3euee u op., 2017), 
ony6nttKOBaHhI B 9-rn CTaThHX tt ,L10KJia.z:1ax (Kop3e11eea, 2018; Kop3e11eea, I'pa6cKuii, 2011; 
Kop3eueea, lloppupbeea u op., 2013; Korzeneva, Porfirieva, 2013; Kop3eHeea u op., 2011-
2014). B pe3yJihTaTe Bh!II0JIHeHa BaJill,LlaQHH MeT0,LlllKll. 

TaKHM o6pa30M, ,LlaHHhie, II0JiyqeHHhie Ha Koroprnx Jlll'-l, pa6oTaIOll.lllX B ycJI0BllHX, TIO 

p».LIY xapaKTepttCTllK nptt6Jitt)KeHHh!X K ycJI0BllHM, B K0T0pb!X Bh!II0JIHHeT CB0IO pa6oTy 

KOCMuqeCKllH 3KttIIa)K, II03B0JIHIOT npe,LIBapttTeJihH0 yCTaH0BllTh KpttTeptttt IIO,L16opa 

KaH,Lltt,LlaT0B B qJieHhl K0CMttqecKttX 3KlfII8)KeM.. 

KoMIIJieKC anpo6ttpOBaHHh!X MeT0,LlllK ,LIJill KOJittqecrneHHOH 0QeHKll. TllIIa OK tt yp0BHH 

KE M0)KeT 6h!Th 3<p<peKTllBHO llCII0Jih30BaH ,LIJill ,LlllHaMttqecKoro Ha6JIIO,LleHtteM 3a 

xapaKTepoM CKJia,Llh!BaIOll.lerocll B K0CMlfqecK0M 3KttIIa)Ke MttKp0KJittMaTa If ,LIJill nporn03a 

BJilll!Hllll ((qeJI0BeqecK0ro cpaKTOpa» Ha 6e30IIaCHOCTh II0JieTa. 
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HCCJIE~OBAHHE MOJIEKYJUIPHbIX MEXAHH3MOB AilOIlTO3A no 
AKTHBHOCTH KJIJOqEBblX rEHOB-If~YKTOPOB If rEHOB­

llHrHliHTOPOB IlPII HII3KO~03OBOM IN VIVO BO3~EMCTBIIII AJib<l>A- II 
r AMMA-IIJJiyqEHII.H 

H.B. Ko03e1-1eea 
<l>fYIT «P<l>51IJ,-BHHH3<1>», CapOB, Poccm,, e-mail: inna-korzeneva@yandex.ru 

Pa)l11au110HH0-3IIH)leMHOJIOfHqecKHH perncTp PocCHHCKOfO <l>e)lepaJibHOfO ll)lepHOfO 

ueHTpa (P<l>51IJ,-BHHH3<1>) rrpOB0)lHT HCCJie)lOBaHHll M0JieKyJI»pHo-reHeTnqecKHX 0CHOB 

l!H)lHBH/lYaJibHOH peaKUHH qeJIOBeKa Ha B03)lettCTBHe BCeX BH)lOB H0HH3ttpy,muero 

1!3JiyqeHllll (HH). O)lHHM H3 BalKHb!X npaKTHqecKHX rrpHJIOlKeHHll 3THX HCCJie)lOBaHHH 

HBJllleTCll pa3pa6oTKa MeTO)l0JIOfHqecKHX H npaKTnqecKHX 110/lX0)lOB K pa3pa60TKe 

l!H)lllBH/lYaJibHb!X rrporpaMM rrporH0311pOBaHHll, rrpocjinJiaKTHKH H JieqeHHll 3a6oJieBaHHH y 

pa6oTHHKOB aTOMHOH 0TpaCJIH B ueJillX II0CJie)lyIOIUero BHe)lpeHHll TeXHOJIOfHH 

nepCOHttcp11unpoBaHHOH Me)lHUHHbl. 

IJ;em,IO )laHHOfO HCCJie)lOBaHHll llBJlllJIOCb ycrnHOBJieH11e Be)lyIUero nyTH, no 

KOTOpOMY 3anycKaeTCll npouecc anonT03a, KOr)la Han6onee IIHTeHCHBHbIM nepBoHaqaJibHblM 

CllfHaJIOM llBJilleTCll HH3KO)l030BOe B03)leHCTBHe nJIOTH0 HOHH3ttpyIOIUero aJibcpa-HH HJIH 

pe/lKO noHn3npyroIUero raMMa-HH. 

MaTepnaJibl n MeToi.bl. 3KcnepnMeHTaJibHbJe HCCJie)lOBaHHll BbJIIOJIHeHbl Ha 

o6pa3uax CbIBOpOTKH nepncpepnqecKOH BeH03HOH KpOBH H JIHMcpounrnpHb!X JlH3aTOB 

ITJ!a3Mbl /lBYX rpynn nepCOHaJia O)lHOfO H3 o6beKTOB HCnOJib30BaHHll aTOMHOll 3Heprnn 

(OHA3) rocKopnopaunn «PocarnM», npn 3TOM nepBall rpynna no)lBepranacb in vivo 

npe11MyIUeCTBeHHO B03i.ettCTBHIO aJibcpa-H3nyqeHHll, a BTOpaH - raMMa. O6IUaH qncJieHHOCTb 

Bhl6opKH - 86 qeJIOBeK. HccJie)lOBaHne npOBO)lHJIOCb npn noMOIUH o6opy/lOBaHHll 

ITOCJie)lHero noKOJieHHll - CHCTeMbl «MagPix» )lJill MYJibTHnJieKCHOfO aHaJIH3a 6noMapKepoe, 

pa6oTaIOIUeii no TeXHOJiornn Luminex® xMAP®. 

Pe3yJihTaThl. BbIIIOJIHeHO H3MepeHtte H nocJie)lyIOIUall aHaJIIITnqecKM oueHKa 

ypOBHett 3Kcnpeccnn 7-MII KJIJOqeBb!X reHOB-MapKepoB paHHero anonT03a (HH/lYKTOpbl -

JNK, BAD, TP53, CASP-8, CASP-9, nHrn6nrnpbI - BCL-2, AKT). YcrnHOBJieHbI 

npeBanttpyIOIUHe MOJieKyJillpHbie CHfHaJibHbie rryTH HH/lYKUHH anonT03a H oueHeHa HX 

aKTl!BHOCTb. B pe3yJibTaTe cpaBHHTeJibHOro aHaJIH3a 3KCrrpeccnn Bcex BOBJieqeHHblX reHOB 

BbllIBJieHbl cyIUeCTBeHHbie pa3Jlnqnll B C0CTaBe OCH0BHb!X peryJillT0pOB anonT03a B aJibcjia- H 

raMMa-o6nyqeHHblX rpynnax nepCOHaJia. ITo pe3yJibTaTaM COCTaBJieHa Kaprn OTHOCHTeJibHOH 

aKTIIBHOCTH rryTett anorrT03a )lJill HCCJie)l0BaHHb!X rpynn. H3MepeHO CO)leplKaH11e 26-TH 

u11pKynnpyIOIUHX OHKOMapKepoB (OM) B nepncpepnqecKoii KpOBH 06cne)l0Ba11Hb1X. 

ITonyqeHHbie )laHHbJe n03B0JlllIOT npe)lnOJIOlKIITb, qTo )lJlll o6ecneqeHHll «no6e)lbl)) 

nyTeM arronT03a Ha)l noBpelK)leHHb!MII aJibcpa-o6JiyqenneM KJieTKaMH opraHH3MY Tpe6yeTCll 

B)IBOe 60Jibllle pecypcoB, qeM B CJiyqae faMMa-o6nyqeHHll. BblllBJieHbl MOJieKyJlllpHbie 

MeXaHH3Mbl, npe)lpacnonaraIOl1(He K 66Jiblllell 0HK0Hanp»lKeHHOCTH B aJibcpa-rpynne -

66m,II1al1 aKTHBHOCTb BHelllHero nyTH anonrn3a (qepe3 aKTHBaUHIO KacnaJbI-8) H 66Jiblllal! 

3Kcnpeccnl! reHoB-HHrn6nrnpoB anom03a (BCL-2 n AKT), T.K. 3TOT nyTb anomo3a (qepe3 

«/IOMeH cMepTH» TNF-R, «peuenTopu CMepTH» DR nnn «cpaKTOp CMepTH» FAS-L, 

aKTHBttpyIOIUHe KacnaJy-8) HHHI.(HttpyeTCll, KaK npaBIIJIO, B OTBeT Ha nOllBJieHHe pa3JIH'IHb!X 

Jil!HHH 3JIOKaqecrneHHb!X KJieTOK B KpOBOTOKe. rnnoTe3y 0 66Jiblllett OHKOHanp»lKeHH0CTH B 

ai!bcpa-rpyrrne nO)lTBeplKaIOT pe3yJibTaTbl npl!MOfO H3MepeHHll unpKynnpyIOIUHX OM. 

Bhrnoi.hI. Pe3yJibTaTbl MOryT 6b!Tb ncn0Jib30BaHbl )lJlll 3KCrrpecc-nporH03HpoBaHHll 

l!H)IIIBll)lyaJibHOH peaKI.(1111 opraHll3Ma qeJIOBeKa Ha B03)lettCTBlle HH B Koroprnx nepconana 

aTOMHOH HayKH II np0MbllllJieHHOCTII, BOeHHO·KOCM11qecKIIX CIIJI, nau11eHTOB H rrepconana 

PMIIOTepaneBTllqecKIIX II peHTfeHOJiornqecKIIX OT)leJieHIIH KJIIIHIIK. 
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3KCIIPECCIHI KJnoqEBhIX liEJIKOB ClffHAJlhHhIX IIYTEH 
PACII03HABAHIDI IIOBPE)K)],EHHM )],HK, PEIIAPAIJ,HH H AIIOIIT03A 

)],H<l><l>EPEHIJ,HAJlhHO BJIHHET HA HMMYHHTET H 3AliOJIEBAEMOCTh 
IIPH )],JIHTEJihHOM HH3K0)],030BOM AJih<l>A- Hr AMMA-OliJIYqEHHH IN 

VIVO. HMMYHO-rEHETHqECKHE qAChI 
Jf.E. Kop3e11eea1• T. T. Pao3U6UJ12 

1PoccniicKnii cpe,11epanhHhiii ll,11epHbIH IJeHTp - BcepoccniicKHii HayqHo­

nccne,110BaTeJihCKnii HHCTHTyT 3KcrrepHMeHTaJibHoii cpn3nKn ( <I> rYrr «P<I> 5IIJ;-BHIHi3<1>» ), 

Capoa, Poccnl!. 
2Cn6npcKnii <l>e,11epanbHh1ii HayqHo-KJIHHHqecKnii IJeHTp (Ctt6<1>HKIJ; <l>MEA), 

CeaepcK, PoccHll. 

inna-korzeneva@yandex~ru 

)];nll BblllBJieHllll 3<p<peKTOB ,11eiiCTBllll MaJib!X ,!103 II0HII31IpyIOIUero ll3JiyqeHllll (HH) Ha 

qeJI0BeKa, ,!IJill 0ljeHKII II rrporH031Ip0BaHllll C0CT0l!Hllll 3,!I0p0Bbll o6nyqeHHb!X Jllllj II IIX 

II0T0MK0B Heo6XO,!IIIMO rrpoBe,!leHHe IICCJie,!IOBaHllil c rrpnMeHeHHeM C0BpeMeHHb!X 

M0JieKynllpHo-reHeTHqecKIIX TeXHOJIOrllii. ToJibKO HaK0IIJieHHe 3KCIIepHMeHTaJlbHb!X 

,11aHHbIX, rronyqeHHhIX rrpn aHantt3e 6noo6pa3IJOB o6nyqeHHoro in vivo rrepcoHana, rro3B0JIHT 

pa3pa6oTaTb 3cpcpeKTIIBHbie «pHCK0MeTpbI» 0CH0BHbIX C0ljllaJibH0-3HaqnMbIX 3a6oneBaHHH 

,!IJlll pa3JillqHbIX K0HTIIHreHT0B JIIO,!leii, II0,!IBepraIOJUIIXCll rrponoHrnpoBaHH0My ,11eiiCTBHIO 

HH. B rrocne,11Hee BpeMl! rry6nnKyeTCll Bee 6oJihIIIe ,!laHHb!X O TOM, qTQ xp0HHqecKoe 

B03,!leHCTBlle Bpe,!IHblX 3K30feHHb!X cpaKTOpOB, BKJIIOqall HM, ,!laJE:e B HH3KIIX KOJIIjeHTpaIJHllX 

rrpHB0,!IIIT K CHHJE:eHIIIO 3KCIIpeCCllll BaJE:Heiiumx reHOB, qTQ ocna6nl!eT KOHTpOJib opraHH3Ma 

3a B03HIIKHOBeHHeM IIIllp0KOro crreKTpa 3a6oneBaHllll. 

IJ,em,IO ,11aHH0fO IICCJie,!IOBaHllll llBJilleTCll n3yqeH1Ie M0JieKynllpHb!X MexaHH3M0B 

B03HIIKHOBeHllll II pa3BIITllll xpoHnqeCKIIX II OCTpb!X 3a6oneBairnii B KOroprnx JIHIJ, 

IIO,!IBepra!OJUIIXCll ,11eiiCTBHIO MaJib!X ,!103 .!IBYX Bll,!10B MM - IIJI0THO IIOHII31IPYIOIIJero 

KoprryCKYJillpHoro aJib<pa- II Hll3K0 IIOHII31IPYIOIUero <pOTOHHOfO raMMa-H3JiyqeHHll. 

MaTepHaJibl H MCTO,!lbl. 3KcrrepHMeHTaJibHbie IICCJie,!IOBaHHll BblII0JIHeHbl Ha 

o6pa3Qax rrepttcpepnqecKoii BeHo3noii KpOBH rrepcouana ,11ayx rpyrrrr rrepconana o,11Horo H3 

061,eKTOB IICII0Jlb30BaHllll aTOMHOH 3Heprnn (OHA3), rrpn 3TOM rrepBall rpyrrrra 

IIO,!IBepranacb in vivo rrpenMyJUeCTBeHHO B03,!leHCTBIIIO aJib<pa-H3JiyqeHHll, a BTOpall - raMMa. 

O6mall qncneHHOCTb BbI6opK1I - 86 qenoBeK. MeTO,!IOM H<l>A 6brnn 0ljeHeHbl 19 
IIOKa3aTeneii IIMMYHHOfO CTaTyca (o6mne IIOKa3aTeJIH IIMMYHHTeTa, xapaKTepHCTIIKII ero T­
H B-3BeHbeB ). liMMYHOIJIITOXIIMllqecKHM MeT0,!IOM ITO TeXHOJIOfllll rrpOTQqHoii IJIITOMeTpHH 

H3MepeHa 3KCIIpeCCllll KJI!QqeBb!X DDR-6eJIKOB CllrHaJlbHb!X rryTeii pacII03HaBaHllll 

rroBpeJE:,11eHuii )],HK, HX perrapaIJUH u arrorrT03a rroapeJE:,11eHHhIX KJieTOK (wipl, rad50, mdm2, 

nbsl, mrel 1, atm, brcal). 

Pe3yJibTaTbl. )];nll paHHero o6HapyJE:eHHll 3a6oneBaHHH BepXHHX ,!lbIXaTeJibHbIX 

rryTeii, 6one3Heii opraHOB IIHIUeBapeHHll, MoqerroJIOBOH CUCTeMhl, HapyrneHHH o6MeHa 

aemecTB II 3H,!I0KpUHHblX 3a6oneaannii BblllBJieH pll,!1 M0JieKynllpHblX MapKepoB, 

,11ucjJcjJepeHIJllaJlbHO HH<pOpMaTHBHbIX B pa3Hb!X ycn0BllllX o6nyqeHHll; pa3pa60TaHbl 

«IIMMyno-reHeTuqeCKHe qacu», CIIeIJHcpHqHble ,!IJill rrepcoHana, K0HTaKTIIPYIOIUero C 

aanbcpa- II raMMa-HH; ycTaH0BJieHbl pa3JillqUll B MexaHII3Max cjJopMHpOBaHHll 60JiblIIIIHCTBa 

3a6oneBaHnii B 3THX rpyrrrrax rrepcoHana. 

BblBO,!lbl. IlonyqeHHb!e pe3yJihTaTbl CBII,!leTeJibCTBYIOT O TOM, qTo MOJieKynllpH0-

reHeTHqecKne U3MeHeHllll He 0CTa!OTCll 6e3 IIOCJie,!ICTBUH He T0JibKO ,!IJill KJieTKH, HO II ,!IJ!ll 

opraHII3Ma B IJeJIOM, U BblpaJE:a!OTCll B pa3JIUqHoM BJ!Hl!HHII Ha MexaHH3M B03HHKHOBeHHll 

KaK xpoHnqecKUX, TaK II 0CTpb!X 3a6oneBaHllll. 
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01.J;EHKA 3«1><I>EKTHBHOCTH HHrHliHTOPOB NO-CHHTA3 
B KAqECTBE CPE,ll;CTB IIPO«l>HJIAKTHKH OCJIO)KHEHHM 

JiyqEBOM TEPAITHH B OliJIACTH MAJioro TA3A 
A.O. Koca'leHKO, B.A. Pb16a'lyK, K.A. HuK011ae6, JI.l1. llle6'leHKO, O.B. Co11oamo6a, 

A.A. lllumo6a, C.H KopRKUH, A. C. <f>UJ1UMOH06, MB. <f>UJ1UMOH06a 
Me11murncKIIii pa11IIonornqecKIIii HayqHbiii IJeHTp IIM. A.II>. U:b16a - cpIInIIan <I>rEY HMHU: 

pa.[(IIOJIOrHII MIIH3.[(paBa PoccIIII, O6HIIHcK, Poccm1, e-mail: br.shepard@Iist.ru 

Pe310Me. IIpoBe,[(eHa cepm, IIIIJIOTHb!X JKCOepIIMeHTOB Ha caMijaX MblIIIeii II Kpb!C no 
O[leHKe J<p<peKTIIBHOCTII npIIMeHeHIIH 1rnrn6InopoB NO-CIIHTa3 ,[(JIH npo<pIIJiaKTIIKII 
OCJIOJKHeHIIH nyqeBOH TepaIIIIII opraHOB Manora Ta3a. Coe,[(HHeHIIe N62 KaK Ha paHHHX, TaK 
II Ha 0T,[(aJieHHb!X cpoKaX (11 - 41 cyTKII) IIOCJie nyqeBoro B03,[(ettCTBHH 3aIIIIIIIIaeT 
CJIH3HCTYIO MOqeBOfO IIY3blp», TOJICTOH II np»MOH KHIIIKH, CHII)KaH Bb!pa)KeHHOCTb 
pa.[(Ha[(IIOHHO-IIH.[(yIJIIpoBaHHbIX IIOBpe)K.[(eHIIH II ynyqIIIa» o6mee COCTOHHIIe )KIIBOTHb!X. 
Pe3yJJbTaTbl CBH,[(eTeJibCTBYIOT O nepcneKTIIBHOCTII .[(aHHOfO 110,[(XO,[(a. 

/vz10'1e6ble CJI06a: IIHrH6IITOpbl NO-CHHTa3, pa.[(HOIIpOTeKTOpbl, OCJIO)KHeHHH 
pa.[(HOTepaIIIIII, cpe11crna npO!pIIJiaKTHKH 

EVALUATION OF THE EFFICACY OF NO-SYNTHASE 
INHIBITORS AS A MEANS OF PREVENTING COMPLICATIONS 

OF RADIATION THERAPY IN THE PELVIC AREA 
A.O. Kosachenko, V.A. Rybachuk, K.A. Nikolaev, L.I. Shevchenko, 0. V. Soldatova, 

A.A. Shitova, S.N. Koryakin, A.S. Filimonov, M V. Filimonova 
A. Tsyb Medical Radiological Research Center - Branch of the National Medical Research 
Radiological Center of the Ministry of Health of the Russian Federation, Obninsk, Russia, 

e-mail: br.shepard@list.ru 

Summary. A series of pilot experiments on male mice and rats to evaluate the efficacy 
of NO synthase inhibitors as prevention of complications of radiation therapy of the pelvic 
organs has been performed. Compound N62 both at early and late terms after radiation 
exposure protects the mucosa of the bladder, colon and rectum, reducing the severity of 
radiation-induced injuries and improving the general condition of the animals. The results 
indicate the promise of this approach. 

Key words: NO synthase inhibitors, radioprotectors, radiotherapy complications, 
prophylactic agents 

Jiyqeaa» TepanHH opraHOB MaJioro Ta3a MO)KeT conpoBO)K,[(aTbCH pa3BIITHeM nyqeBbIX 
peaK[(IlH H OCJIO)KHeHIIH co CTOpOHbl Moqeaoro IIY3b!p» II np»MOH KIIIIIKH - nyqeBb!X IJIICTIITa 
II peKTHTa. CymecrnyIOIIIHe cpe,[(CTBa II 110,[(XO,[(bl K npo<pnnaKTHKe Pa3BIITHH ,[(aHHbIX 
OCJIOJKHeHIIH HecoaepIIIeHHbl, B CBH311 C qeM, aKryaJibHa pa3pa6oTKa HOBblX cnoco6oB 
npe11ynpe)K.[(eHIIH pa3BIITHH nyqeBbIX peaKIJIIH co CTOpOHbl opraHOB MaJIOfO Ta3a. 

B na6oparnpnII pa.[(IIaIJHOHHOii cpapMaKonornn MPHU: HM. A.<I>. U:b16a 
CHHTe3IIpyIOTCH H HCCJie.[(yIOTCH COe,[(HHeHIIH - IIHrII6IITOpbl NO-CHHTa3, IIOTeHIJIIaJibHO 
crroco6HbJe ceneKTIIBHO 3aIIIIIIIIaTb 3.[(0pOBbie TKaHII OT B03,[(ettCTBIIH HOHII3HpyIOIIIero 
1!3JlyqeHHH. B paHHee npoBe,[(eHHblX HCCJie,[(OBaHIIHX HaMH IIOKa3aHa Bb!COKa» 
nepcneKTHBHOCTb npIIMeHeHIIH IIHrII6IITOpOB NO-CHHTa3 B Kaqecrne cpe,[(CTB npo<pIIJiaKTIIKH 
pa3BIITHH OCJIO)KHeHIIH nyqeaoii TepaIIIIH. B HaCTO»IIIee BpeM» HCCJie,[(OBaHIIH B JTOM 
HarrpaBJieHHH npo.[(OJI)KaIOTCH. 

U:eJibIO pa60Tbl HBJIHJiaCb OIJeHKa J<p<peKTHBHOCTII HOBoro IIHrII6IITOpa NO-CIIHTa3 
IlO,[( ycJIOBHb!M IIIH!ppOM N62 a Kaqecrne cpe.[(CTBa npocpnnaKTHKII nyqeBblX IJHCTIITa n 
peKTIITa y MbIIIIeH H Kpb!C. 
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CaMI.\hI Mhillleii F1(CBAxC57B1/6j) 6bJJIII pa3,n:eJieHbI Ha TPII rpymm: «KoHTpOJib 

o6JiyqeHmrn, «N62 150 Mr/Kr» II «N62 225 Mr/Kr». CaMI.\bI Kpb!C JIIIHIIII Wistar 6bIJIH 

pa3,n:eJieHhl Ha rpynnhI: «KOHTpOJib o6JiyqeHII.!I» II «N62 225 Mr/Kr». )i{IIBOTHhie 

no,n:BepraJIIICb O)IHOKpaTH0MY JiyqeB0MY B03,n:eiicTBHJO B o6JiaCTII MaJIOro Ta3a ~-II3JiyqeHIIeM 

Ha ycKopIITeJie :meKTP0HOB «Novac-11» B ,n:03e 25 rp c :meprneii :meKTPOH0B 10 M3B; 

)i{IIBOTHhie 3KCnepIIMeHTaJibHbIX rpynn «N62 150 Mr/Kr» II «N62 225 Mr/Kr» 3a 25-40 MIIHyr 

,n:o o6JiyqeHII.!I noJiyqaJIII coe,n:IIHeHIIe N62 BHYTPII)KeJiy,n:oqHo (B/)1() B ,n:03ax 150 II 225 Mr/Kr, 

COOTBeTCTBeHHO. Ha 11 II 41 CYTKII nocJie JiyqeBoro B03,n:eiiCTBII.!I y )KIIBOTHbIX Bhl,n:eJI.!IJIIICb 

MoqeBoii ny3blpb, rrp.!!Ma.!I II TOJICTa.!I KIIlllKa )IJI.!I rIICTOJIOrIIqecKIIX IICCJie,n:oBaHIIii. 

JlyqeBoii I.\IICTHT. Ha 7-10 CYTKII y Mblllleii IIOCJie o6JiyqeHII.!I rpynnhI «KoHTpO!Ib 

o6JiyqeHII.!I)) 0TMeqaJI0Cb CHII)KeHIIe Beca, HapaCTaHIIe nIIypIIII, II rrpIICYTCTBIIe npIIMeCH 

Kp0BII B Moqe, Ha 11 CYTKII 3IIIITeJIIIH MoqeB0ro ny3bip.!1 IICTOHqeH, 6a3aJibHbIH CJIOM 

npe,n:cTaBJieH e,n:IIHIIqHblMII KJieTKaMII, MbJll]eqHaJI o6oJioqKa OTeqHa, MIIO<}lII6pIIJIJI.!1pHblll 

arrnapaT rna,n:KOMbJllleqHbIX KJieTOK B MIIOI.\IITapHbIX KOMnJieKcax ,n:e3opraHII30BaH. Ha 41 

CYTKII rrepexo,n:Hh!H 3IIIITeJIIIH Ha npOT.!l)KeHIIII CJIII3IICTOH HepaBHOMepHOH T0JIII.\IIHbl. 

KJieTKII 6a3aJibHOro CJI0.!I pacrrpe,n:eJieHbl HepaBHOMepHO, B HeKOTOpb!X yqacTKax CJIII3IICTOM 

o6oJioqKII oTCYTCTBYIOT. 

flpIIMeHeHIIe coe,n:IIHeHII.!I N62 B Kaqecrne cpe,n:crna 3aII.\IIThI OKa3aJIO CMJirqa10ll1ee 

B03,n:eiiCTBIIe Ha 0611\ee COCTO.!IHIIe )KIIB0THbIX. Ha 11 cyTKII CJIII3IICTa.!I o60JIOqKa Moqeaoro 

IIY3blp.!1 HaxO)IIIJiaCb B 6oJiee coxpaHH0M COCTO.!IHIIII, B 3H)IOTeJIIIII He o6Hapy)KIIBaJIOCb 

npII3HaKOB ,n:eCTPYKI.\IIII. Ha 41 CYTKII y )KIIBOTHbIX o6eIIX 3KCIIepIIMeHTaJibHbIX rpynm,I 

CTp0eHIIe 3IlIITeJIIIaJibHOro II MbJll]eqHoro CJIOeB He OTJIIIqaJI0Cb OT 3,n:OpOBbIX )KIIB0THbIX. 

y o6JiyqeHHbIX caMI.\OB Kpb!C, He II0JiyqaBlllIIX JieqeHII.!I, 3IlIITeJIIIaJibHa.!I BbICTIIJIKa 

CJIII3IICTOH o6oJioqKII qallle acero C0CTO.!IJia II3 2 CJIOeB KJieT0K, a B OT,n:eJibHbIX yqaCTKaX B 

Heii onpe,n:eJI.!IJIC.!I TOJibKO CJIOH 6a3aJibHbIX KJieTOK. 

)i{IIBOTHbJe a rpyrrrre «N62 225 Mr/Kr» MeHhllle Tep.!IJIII a aece. CJIII3IICTa.!I o60JIOqKa 

Moqeaoro ny3blp.!1 co,n:ep)KaJia 2-3 CJIO.!I 3IIIITeJIIIaJibHbIX KJieTOK. OTMeqaJiaCh CTa6IIJIII3al\Hl! 

noape)K,n:eHHhIX Mop<}loJiornqecKIIX CTPYKTYP· 

Jlyqeaoii peKTIIT. Ha 11 CYTKII a CTpoeHIIII np.!IMOH II TOJICTOH KIIlllKII Mblllleii B 

rpynne- «KOHTpOJib o6JiyqeHII.!I)) Ha6JIIO)laJIIICb ,n:eCTPYKI.\II.!I 0T,n:eJibHblX KpIIIIT, 0TeK 

co6crneHHOii IIJiaCTIIHKII CJIII3IICTOH o6oJioqKII II IlO)ICJIII3IICTOii OCHOBbl. Ha 41 cyTKII B 

CTPOeHIIII CJIII3IICTOH OTMeqaJIOCb OTCYTCTBIIe MIIT030B, KpIIIITbl C MOp<}JOJIOrJiqeCKIIMH 

rrpII3HaKaMII ,n:eCTPYKI.\IIII. 

Ha 11 CYTKII CTpOeHIIe CJIII3IICTOH TOJICTOH KIIlllKII MbJllleii B rpynne «N62 150 Mr/Kr» 

He OTJIIIqaJIOCb OT IIHTaKTHblX )KIIBOTHbIX, CJIII3IICTa.!I rrp.!!MOH KIIlllKII 6bJJia CJierKa OTeqHa, K 
41 CYTKaM CTpOeHIIe TOJICTOH II np.!IMOH KIIlllKII He OTJIIIqaJIOCb OT IIHTaKTHblX )KIIBOTHblX. 

Y MbJllleii a rpynrre «N62 225 Mr/Kr» KaK Ha 11, TaK II Ha 41 CYTKII CTpoeHIIe TOJICTOM 

II rrp.!!MOH KIIlllKII IlOJIHOCTb!O COOTBeTCTBOBaJIO IIHTaKTHblM )KIIBOTHbIM. 

flpII pa3BIITIIII Jiyqeaoro peKTIITa y KpbIC a rpynne «KOHTpOJib o6JiyqeHIIJ!)) 

CJIII3IICTa.!I o60JIOqKa KIIlllKII 0TeqHa. Bbl.!IBJI.!IJIIICb OT,n:eJibHbJe KpIIIlTbl B CTa)IHII ,n:eCTPYKI.\HH. 

OTMeqaJIOCb HaJIHqIIe KJieTOK 3IlIITeJIII.!I, rrorII6aIOII.\IIX IIYTeM anonT03a. B IIO)ICJIII3IICTOM 

OCHOBe Ha6JIIO)laJIIICb He60JiblllIIe yqacTKII pa3paCTaHH.!I coe,n:HHHTeJibHOH TKaHII. 

Y Kpb!C a rpynrre «N62 225 Mr/Kr» apxIITeKT0HIIKa TOJICTOro KIIllleqHIIKa mi 
II3MeHeHa. Co6CTBeHHa.!I nJiaCTIIHKa CJIII3IICTOH o6oJioqKII MeCTaMII C He60JiblllHM OTeKOM. B 
KpIIIITax BII)IHbl e,n:IIHIIqHbJe MIITOTIIqeCKII ,n:eJI.!111\IIeC.!I 3HTep0I.\IITbl. 

TaKIIM o6pa30M, B IIIIJIOTHbIX IICCJie,n:oBaHII.!IX IlOKa3aHa BblCOKa.!I nepcneKTIIBH0CTb 

IIHII6IITOpOB NO-CIIHTa3, a qaCTH0CTII, HOB0ro coe,n:IIHeHII.!I N62 a Kaqecrne cpe.n:crna 

3aII.\IITbl 3,n:opOBbIX TKaHeii npII Jiyqeaoii TepanIIII 3JIOKaqecTBeHHbIX HOB006pa30BaHIIii B 

o6JiaCTII MaJIOro Ta3a. 
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OIJ.EHKA ~II CO,l],EPJKAHIDI JIAKTATA B KA~CTBE 
IIOTEHIJ.llA.}lhHOro <l>APMAKOJIOr~cKoro MAPKEPA 

PA,l],MOIIPOTEKTOPHOM 3<1><1>EKTMBHOCTM NOS-MHrIIliMTOPA T1023 
B.M MaKap'IVK, MB. <PWIUMOHOBa, Jl.J1. IlleBl/eHKO, A.C. <PWIUMoHoB, O.C. H3.,11ecmbe6a 

Me,!UIQHHCKHii PMHOJiornqecKIIii HayqHhiii 1-1emp l!M. A.<l>. ~16a -
qJl!JlllaJI <l>IBY «HMMI.J; pa,!UIOJiornm> Mm!3.[lpaBa PoccHH, O6Hl!HCK, Poccllll, 

e-mail: vikymakarchuk@mail.ru 

Pe3JOMe. B 3KCIIepHMeHTaX Ha Kph!Cax myqeHO BJillllHHe coe,[\HHeHllll Tl 023 Ha 
,[\l!HaMHKY C0,1\ep)KaHHll JiaKTam B KpOBH Ii KOMIIeHCaTOpHbie C,[\Bllfll B ra30B0M Ii KHCJIOTHO­
OCHOBHOM COCTaBe KpOBH, IIpem1TCTBYJOIL1He pa3BHTHIO aQH,[\03a, IIpOBe,[\eHO COIIOCTaBJieHHe 
3TIIX ,[laHHhlX C Kap,1\HOBaCKYJillpHb!Mll Ii pa,[1H06HOJIOfl!qecKHMH 3qJqJeKTaMH coe,[\HHeHHll 
Tl 023. TTOKa3aHO, HaJIHqHe Bbipa)KeHHOll KoppeJillQHH Me)K,[ly IIpOTHBOJiyqeBhlM ,[\ettCTBHeM 
T1023 H HH,[\YLIHPOBaHHOll HM JiaKTaTeMHeii, KOTOpal! KOMIIeHCHpOBaJiaCh qJH3HOJIOfl!qecKHM 
6anaHCOM fa30B0f0 Ii KHCJIOTHO-OCHOBHOfO COCTaBa KpOBH. C,1\eJiaH Bh!BO,[\ 0 B03MO)KHOCTH 
HCIIOJih30BaHHll JiaKTaTeMHH B Kaqecrne qiapMaKOJIOfHqecKoro MapKepa ll3MeHeHHll 
pa,1\HOpe3HCTeHTHOCTH. 

Kn101Je6ble CJI06a: HHfH6HTOphl NOS, fllllOKCHqecKHll pa,[\HOIIpOTeKTOp, JiaKTaTeMHll, 
KHCJIOTHO-OCHOBHOe COCTOJIHHe, qiapMaKOJIOrnqecKHll MapKep 

EVALUATION OF LACTATE CONCENTRATION DYNAMICS AS A 
POTENTIAL PHARMACOLOGICAL MARKER OF THE RADIOPROTECTIVE 

EFFICIENCY OF NOS-INHIBITOR T1023 
V.M Makarchuk, M V. Filimonova, L.1. Shevchenko, A.S. Filimonov, D.S. lzmesteva 

A. Tsyb Medical Radiological Research Center- branch of the National Medical Research 
Radiological Center of the Ministry of Health of the Russian Federation, Obninsk, Russia, 

e-mail: vikymakarchuk@mail.ru 

Summary. In experiments on rats, the effect of compound Tl023 on the dynamics of 
blood lactate concentration and compensatory shifts in the gas and acid-base composition of 
the blood, which prevent the development of acidosis, was studied, and these data were 
compared with the cardiovascular and radiobiological effects of compound T1023. It was 
shown that there is a pronounced correlation between the radiation protection effect and 
T1023-induced lactatemia, which was compensated by the physiological balance of the gas 
and acid-base composition of the blood. The conclusion is made about the possibility of using 
lactatemia as a pharmacological marker of changes in radioresistance. 

Keywords: NOS inhibitors, hypoxic radioprotector, lactatemia, acid-base state, 
pharmacological marker 

B pe3yJihTaTe XHMHqecKoro Ii qiapMaKOJIOrnqecKoro CKpHHHHra pMa HOBhlX N-aQHJI,S­
aJIKHJI 3aMemeHHh!X IIpOH3B0,[\Hh!X H30THOMOqeBHHhl HaMH ,[\Jill ,[\aJihHeiiumx HCCJie,[\OBaHllll 
OT06pauo coe,[\HHeHHe Tl023, KOTOpoe llBJilleTCll HHfll6HTOpoM CHHTa3 3H,[\OreHHOfO OKCH,[\a a30Ta 
(NOS-HHrtt6HTop). l1MeJOIL1HeCJ1 Ha cero,[\HlllllHllll ,[\eHh 3KCIIepHMeHTaJihHhie ,[\aHHhJe 
CBH,[\eTeJihCTBYJOT O BhICOKOll pa,[\H03aIL1HTHOll 3qJqJeKTHBHOCTH Ii OTHOCHTeJihHOll 
6e30IIaCHOCTH 3T0f0 coe,[\HHeHHll, a TaK)Ke O ero CIIOC06HOCTH K m6npaTeJihHOll 
npOTHBOJiyqeaoii 3alLIHTe HeMaJIHfHH3HpOBaHHh!X TKaHeii. B 3T0ll CBJl31l HeCOMHe1111a 
IIepcIIeKTHBHOCTh ,[\aJihHeiillleii pa3pa60TKH 3TOfO COe,[\HHeHHll, KaK B Kaqecrne 
pa,[\HOIIpOTeKTOpa, TaK Ii B Kaqecrne cpe,[\CTBa npoqittJiaKTHKH OCJIO)KHeHHll nyqeaoii 
repaIIHH. B TO )Ke BpeMll IIpOBe,[\eHHe ,[\OKJIHHHqecKHX Ii KJIHHHqecKHX HCCJie,[\OBaHHll 
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rreqe6Ho-npocp1rnaKTllqecKOH ::icpcpeKTllBHOCTll npOTllBOJIY'{CBblX cpel(CTB B OTHOIIICHllll, 

Hanp11Mep, OCTpoil: rryqeBOH 6orre3Hll He npel(CTaBJIJIJOTCJI B03M0)1(Hb!Mll 6e3 o60CHOBaHHJI ll . 

Bep11cp11Ka1Jllll cpapMaKOJIOrllqeCKllX MapKepoB cne11Hcp11qeCKOH aKTllBHOCTll TaKMX 

JieKapCTBCHHbIX cpel(CTB, no3B0JIJIIOIIJl1X 3KCTpanOJIJIIJlllO npOTllBOJIY'{CBbIX 3cpcpeKTOB C 

)l(llBOTHbIX Ha qeJIOBCKa. 11cXOl(JI 113 B03MO)l(Hb!X MexaHll3MOB pal(ll03aIIJl!THOro l(CHCTBllJI 

COCl(llHCHllJI T1023, Ol(HllM 113 KOTOpbIX, BepoJITHO, JIBJIJICTCJI l!Hl\YKIJllJI TKaHCBOH rHnOKCllll, 

MapKepoM npOTllBOJIY'{CBOH aKTllBHOCTll 3TOro BCIIJCCTBa MO)l(CT 6b!Tb yaerr11qeHHC 

npOl\YKIJllll rraKTaTa ll COl(Cp)l(aHl1JI ero B KpOBll - B03paCTaHllC rraKTaTCMllll KaK Ol(HOro ll3 

HaH6orree paHHllX npH3HaKOB YMCHblIICHllJI CHa6)1(CHllJI TKaHeii KllCJIOPOl\OM. IJ;errhJO l(aHHOH 

pa60Tbl JIBJIJIJIOCb ll3Y'{CHl1C BJll1JIHllJI COCl(llHCHl1JI Tl023 Ha COl(Cp)l(aHHC rraKTaTa, raJOBblH ll 

KllCJIOTHO-IIJCJIOqHOH COCTaB KpOBll )l(l!BOTHbIX l(JIJI 3KCnepl!MCHTaJibHOH OIJCHKll 

B03M0)1(HOCTll l!CnOJih30BaHllJI ypOBHJI rraKTaTCMllll B Kaqecrne cpapMaKOJIOrHqecKoro 

MapKepa pal\110pe311CTCHTHOCTll npH l(CHCTBllll T 1023. 

MaTep11aJ1bl ll MCTOJ:(1,1. 11ccrrel(OBaH11JI BblIIOJIHCHbl Ha caM11ax KpbIC JlllHllll BHCTap 

B B03pacTe 3-4 MCC. Ilpel(BapHTCJII,HO )l(l!BOTHbIX HapKOTll3llpOBaJill nYTeM 

BHYTp116p10lllllHHOH 11HbCKIJllll pacrnopa Tl!oneHTaJia HaTp11JI B l(03e 80 Mr/Kr, 3aTeM HM 

npoBOl(l!Jlll TpaxeOTOMllJO ll ycrnHaBJil1BaJill TpaxeOCTOMY, a TaK)l(C KaTeTepH3llpOBaJill 

npaBYJO COHHYJO apTepll!O, H3 KOTOpoil: npoH3B0l(llJlll 3a6op o6pa31JOB KpOBll. Coel(MHCHlle 

Tl023 BBOJ:(l!Jlll BHYTP116p!OlllllHHO B l(03ax 25-150 Mr/Kr, a Kaqecrne npenapaTa cpaBHCHllJI 

11CnOJI1,30BaJill PMHOnpOTCKTOp C l(0Ka3aHHblM rHnOKCllqecKMM MexaH113MOM l(CHCTBllJI • 

MCKCaMl!H B l(03e 20 Mr/Kr, BHYTp116pi01IIl1HHO, )l(llBOTHbIM 113 KOHTpOJibHOH rpynnhI 

BHYTPH6p!Ollll!HHO BBOJ:(11Jll1 3KBllBaJICHTHbIH o6beM 0,9% pacrnopa xrropHl(a HaTpllll. 

J13yqeH11e KllCJIOTHO-IIJCJIOqHoro ll raJOBOrO COCTaBa apTepllaJil,HOH KpOBll )Kl1BOTHbIX 

npoBOl\HJill Ha a11arr113arnpe ABL80 FLEX CO-OX (Radiometer Medical ApS, ~aHHJI) cpa3y 

nocrre 3a6opa Kp0B11. KoHIJCHTpalJHIO rraKTaTa B CbIBOpOTKe apTepHarrhHOH KpOBll 

onpel(eJIJ1JI11 a 1eqeHHe 30 Ml!H nocrre 3a6opa npo6u c noMOIIJhJO 611ox11MttqecKoro 

aHarrH3arnpa Randox RX Monza (Randox, BerrHK06p11rnHHJ1). 

PeJyJibTaTbl. 81,JJIBJICHO, q10 MCKCaMHH ll Tl023 B HCnOJib30BaHHI,IX l(03aX ne 

OKa3b!BaJill KaKOfO-JIH6o BJil1JIHllJI Ha npo11eCCbl OKC11reHa1Jllll ll KllCJIOPOl\TpaHcnopTH)'IO 

cpyttKIJlllO KpOBII. BMeCTe C TCM, 3Tll COCl(llHCH11JI Bl,13b!BaJIII Ol(HOHanpaBJICHHbIC ll3MCHCHIIJI 

B ap1ep11arr1,HOH KpOBII 3KCnep1IMCHTaJIJ,Hl,JX )l(IIBOTHbIX, KOCBCHHO 01pa)KaJOIIJIIC pa3BIITIIC y 

HIIX TKaHeBOH r11noKCllll, - yaen11qeH11e COl(Cp)l(aHIIJI rraKTaTa, KOTOpoe conpOBO)Kl(aJIOCb 

KOMneHCaTOpHblMII 113MCHCH11JIMII KllCJIOTHO·IIJCJIOqHoro II ra30B0f0 COCTaBa KpOBII, 

npel(OTBpaIIJalOIIJl!Mll pa3B11TIIC a1111l(03a. Ben11q11Ha naKTaTCMIIII y )l(IIBOTHblX, nonyqaBIIIIIX 

COCJ:(11HCHllC T1023, B 311aq111eJibHOH CTeneHl1 3aa11cena OT 11cnoJib30BaHHOH J:(031,1. Ilpll 

l(03aX T1023, He o6nal(a!OIIJHX pal(II03aIIJl1THbIM l(CHCTBIICM (25 Mr/Kr), II MllHHMaJIJ,Hl,IX 

pal(l103aIIJIITHbIX l(03ax ( 40 Mr/Kr) B03paCTaHIIC naKTaTCMllll OCTaBaJIOCb B npel(errax 

CTaTIICTllqecKoii TCHJ:(CHIJ1111, a KOMneHCaTopHbIC Cl(Bllrll co CTOpOHbl CIICTCM peryJIJIIJIIII 

fOMCOCTa3a HOCIIJlll orpaH11qeHHblH xapaKTep. Ho B OnTIIMaJibHOH pal(II03aIIJIITHOH l(03C (75 
Mr/Kr) II caepXOIITl!MaJihHOH l(03C (150 Mr/Kr) COCJ:(11HCHIIC T1023 Bbl31,!BaJIO y KpblC TaKHe 

)KC no xapaKTepy 11 Bblpa)KCHHOCTII ll3MCHCHIIJI, KaKl!C 61,m11 IIHl\YIJHpOBaHbl MCKCaMHHOM B 

3cpcpeKTllBHOH pal(l!03aIIJIITHOH l(03C 20 Mr/Kr. 3111 l(aHHbIC CBIIl(CTCJlbCTBYJOT, q10, 

HCCMOTPJI Ha pa3n11q11e MOJICKYJIJipHbIX MCXaHII3MOB l(CHCTBl1JI, COCl(IIHCHllC Tl 023 -

1111r116111op NOS, 6noKllPYJOIIJl1ii NOS/sGC/cGMP-nYTh penaKca111111 cocyl\OB, 11 MeKcaM1111 -

aroHIICT 5HT2-pe11emopoa, aKTHBl1PYJOIIJIIH BaJonpeccopHuii PLC/IP3/PKC-nYT1,, 11Me101 

06IIJl1H cpH3110JIOfllqecKIIH MexaHll3M l(CHCTBHJI ll peaJI113YJOT CBOII npoTllBOJIY'{CBJ,Je 

::icpcpeKTbl npe11MYIIJCCTBCHHO r11noKc11qecK1IM nYTCM. 

Ilp11 113Y'{CHllll l(HHaMIIKII COl(Cp)l(aHIIJI naKTaTa ll KOMneHca1opHbIX Cl(BllfOB B 

ra30BOM ll Kl!CJIOTHO-OCHOBHOM COCTaBe KpOBH, npenJITCTBYJOIIJl1X pa3B11Tlll0 a1111l(03a, 

BblJIBJICHO, q10 3111 113MCHCHIIJI 01qeTJIIIBO KoppenllpYJOT no BpeMCHH C 
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Kap,n110BaCKyJrnpHblMII 3cii<jieKTaMll coe,nHHeHl!ll Tl 023, 1111.ny11ttpy10JnllMII TpaH3llTOpHyIO 

fl!IlOKCHIO. ConoCTaBJieHHe 3TllX ,naHHhIX C pa.ntto611onomqecKHMll 3cliclieKTaMll Tl 023 
Il0Ka3ano Hanttq11e BbipalKeHHOH KoppeJilll.lllll MeJK,ny rrpOTHBOJiyqeBb!M .neiiCTBHeM Tl023 If 
HH,ny1111poBaHHOH IIM naKTaTeMHeii. IIpH 3TOM BhUIBJieHHal! B3aHMOCBll3h KOJilfqecTBeHHO 

Oill!ChIBaeTCll rrpOCTh!MII JIIIHeHHh!Mll Mo,neAAMll. 

3aKmoqe11tte. IIonyqeHHhJe ,naHHhle I10Ka3hIBa!OT, qTo llCI10Jlh30BaHHhle .nocTyITHhie 

Jia6opaTOpHbie MeTO,nhI a,neKBaTHO OTpalKa!OT fllITOKClfqecKoe If pa,ntt03aJnMTHOe .neiiCTBHe 

1111m6ttTOpa NOS Tl023 B ,nHHaMHKe. 3TO CBH,neTeJibCTByeT, qTQ naKTaTeMllll MO)KeT 

lIBJ!llThCll ctiapMaKonomqecKHM MapKepoM H3MeHeHHll pa.nttope3HCTeHTHOCTll. IIoJIHal! 

Bep11clittKaI.1Hll TaKOro MapKepa, ITOTeHl.lllMbHO, MOlKeT I103B0JlllTh Tl 023 rrpeo.noneTh 

cymecrny10mtte rrperrl!TCTBllll KJIHHlfqecKIIX llCIThITaHHH pa,nttorrpoTeKTopoB. 
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OIJ;EHKA BO3MOJR:HOCTEM HHrIIBHTOPOB NOS B IlPO<l>HJIAKTHKE 
JiyqEBbIX IlA TOJioru:fi, HH)JYIJ;HPOBAHHblX KOPilYCKY JIRPHblMII 

HJJiyqEHHRMH 
K.A. HuK01we6, B.A. Pb16a'lyK, A. 0. Koca'le11Ko, Jl.H. llle6'le11Ko, O.B. Co!liJamo6a, 

A.A. lllumo6a, B.O. Ca6ypo6, A.C. <PU!lUM0/106, MB. <PU!lUMOII06a 
Me,\HI.\IIHCKIIH pa,11IIonomqecKIIH Ha)"!HbIH uemp HM. A.<I>. Qb16a - qmnIIan <l>fEY HMHQ 

pa,n:IIonomII MIIH3,n:paaa PoccIIII, O6HIIHCK, Poccm1, e-mail: nireallki@gmail.com 

Pe3/0Me. B 3KCnepHMeHTaX Ha MbIIIIax IICCJie,n:0BaHa cnoco6HOCTb IIHm6IITOpa NOS 
iNOS-A K npoqrnnaKTIIKe OJIE npII o6meM paaHoMepH0M o6nyqeHIIIl npoTOHaMII c 
3Heprm1MII .[(0 150 M3B II Ha nIIKe Ep3rra (78-104 M3B). IlOKa3aHo, qrn INOS-A npn 
rrpeBeHTIIBH0M Bf)K BBe,n:eHIIII B 6e30IIaCHOH ,1103e (200 Mr/Kr; 1/11 n.n10) o6ecneqIIBaer 
3cpcpeKTIIBH)'IO rrpocpIInaKTIIKY OJIE, IIH,n:yuIIp0BaHH)'IO rrpoTOHaMII 06e11x 3Hepmii (<l>H~ -
1.3-1.4 ). IlpIIMeHeHIIe IN OS-A ,II0CTOBepH0 II0BbIIIIano Bbl)KIIBaeM0CTb )KIIB0THb!X H 
3cpcpeKTIIBHO rrpOTIIBO,lleHCTBOBano pa3BIITIIJO KaK KOCTHOM03rDBOH, TaK II KIIIIIeqHoii cpopM 
OJIE. 

M/Ol/e6ble Cll06Q.' K0CMIIqecKoe Il3JI)"leHIIe, rrp0T0Hbl, IlHm6IITOpb! NOS, 
pa,n:II03aIUIITH0e ,n:eiiCTBIIe, nyqeBal! 6oJie3Hb. 

ESTIMATION OF THE POTENTIAL OF NOS INHIBITORS TO PREVENT 
RADIATION PATHOLOGIES INDUCED BY CORPUSCULAR RADIATION 
K.A. Nikolaev, V.A. Rybachuk, A. 0. Kosachenko, L.I. Shevchenko, 0. V. Soldatova, 

A.A. Shitova, V.O. Saburov, S.N. Korakin, A.S. Filimonov, M V. Filimonova 
A. Tsyb Medical Radiological Research Center - branch of the National Medical Research 
Radiological Center of the Ministry of Health of the Russian Federation, Obninsk, Russia, 

e-mail: nirea1Lki@gmail.com 

Summary. In experiments on mice the possibility of nitric oxide synthase inhibitor 
(NOS) iNOS-A in the prevention of radiation pathologies induced by protons with energy of 
140 MeV was studied. It was shown that the studied compound has a high prophylactic 
efficacy against fast protons. Application of our radioprotector reliably increases animal 
survival rate and effectively counteracts the development of bone marrow and intestinal forms 
of ARS. 

Key words: protons, irradiation, NOS inhibitor, radioprotectors, survival rate, radiation 
sickness, cosmic rays. 

B HaCT0llJUee apeMl! II0HII31Ip)'IOIUIIe II3JI)"leHIIll CTMII He0TbeMJieM0H qaCTb!O cpe/lhl 
o6IITaHIIll qenoBeKa. Ilporpecc B 3HepreTIIKe, Me,IIIIUIIHe, aBIIaUIIII II K0CM0HaBTIIKe 
CTpeMIITeJibH0 paCIIIllplleT K0HTaKT qenoBeKa He T0JibK0 C pe,n:K0II0HII311p)'IOIUIIMII, HO II C 
KoprrycKynllpHb!MII 113JiyqeHIIllMII (KI1). B o603p1IMOM 6y.n:Yll.leM HeII36e)KHO HaCTyrrneHHe 
3pbl IIIIJI0TIIpyeMb!X K0CMIIqecKIIX II0JieT0B. I1 B 3TOH CBll3II Bb!C0K)'IO aKTyanbHOCTh 
rrpIIo6peTaeT 3a,!1aqa o6ecrreqeHIIll pa,n:IIaUII0HHOH 6e30IIaCHOCTII K0CMllqecKIIX 3KIIIIaJKeil. 
OCHOBHbIM K0MII0HeHT0M K0CM11qecKOH pa,n:IIaUIIII l!BJ!ll!OTCll KM, B03,lleHCTBIIe K0TOpb!X Ha 
611onor1IqeCK1Ie o6beKTbl rrpoTeKaeT C cymecrneHHb!MII 0TJil!qlll!MII no MeXaHII3MaM 
Bbl,lleneHIIll 3Hepm11 II crreKTpaM M0JieKynllpHblX rroape)K,n:eHIIH OT .n:eiiCTBIIll cpoTOHHhIX 
II3JI)"leHIIH. Ilo 3TIIM rrpIIqHHaM B03M0)KH0CTII PaJIII03aIUIITHb!X cpe.n:crn, pa3pa6ornHHh!X 
Ml! rrpOTIIBO,lleHCTBilll y-II3JI)"leHl!IO, HeB03M0)KH0 3KCTparronIIpoaaTb ,IIJ!ll nporno3a MX 
rrp0TIIB0JI)"leB0H 3cpcpeKTIIBHOCTII B 0TH0IIIeHIIII rraTOJI0rIIH, IIH.[(yuIIp0BaHHb!X rrp0TOHaMH, 
HeHTpOHaMII II T3q_ 3TO Tpe6yeT 0T,n:eJibHb!X IICCJie,n:oBaHl!H. 
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B na6opaTOp1m pa;:111al_\110HHoii ¢apMaKonornu MPHU: HM. A.Cl>. LI;b16a pa3pa6oraHa 
rpynna fllII0KCUqecKUX pa,1:111onpoTeKTOp0B C NOS-11Hrn611pyioll.\llM MexaHll3M0M ,[ICHCTBllll, 
cnoco6Hb!X K 3<p<peKTIIBHOll npo<puJiaKTHKe 0CTpoii JiyqeBoii 6one3Hll (OJIE) npu 

B03,[leHCTBllll y-H3Jl)"ICHllll (<1>11,l..l, - 1.6-1.9), a TaK)Ke K ceJieKTIIBHOll npo<pIIJiaKTIIKe 
ocJI0)KHeHuii nyqeBoii Tepanuu onyxoneii. 

U:eJib llCCJie,[I0BaHHll: ll3Y'fllTb cnoco6HOCTll llHrn611Topa NOS II0,[I ycJI0BHb!M 
IIIH<ppOM INOS-A K npo<puJiaKTIIKe OJIE y Mb!llleii npu TOTaJibH0M o6nyqeHllll np0T0HaMll 
pa3JrnqHhIX 3Heprnii - ,1:10 nuKa Ep3rra II Ha nuKe Ep3rra. 

MeTO,[lbl IICCJie,[I0BaHIIll BKJI1QqaJI11 113yqeH11e BJllll!Hllll C0C,[lllHeHIIll INOS-A npII 
npeeeHTIIBH0M BBe,[leHIIII (200 Mr/Kr, 0,[IH0KpaTH0, B/)K, 3a 30 MIIH ,[10 o6nyqeHHll) Ha 30-
cyioqHyIO Bb])KIIBaeM0CTb caMl_\0B Mblllleii F1 (CBAxC57B1/6j) npII o6meM paBH0MepH0M 

o6nyqemm B ,1:103ax 6.1-11.1 fp npoTOHaM11 cKaH11pyiomero nyqKa «IlpoMeTeyc» (MPHU:, 
06HHHCK) c 3HeprnHMII 150 M3B (,1:10 nuKa Ep3rra) 11 78-104 M3B (pacurnpenHhiii ,1:10 35 MM 
IlHK Ep3rra). 

Pe3yJihTaTbl IICCJie,[I0BaHIIll n0Ka3aJill, qTo 3Heprnl! np0T0H0B npII T0TaJibH0M 
paBH0MepH0M o6nyqemrn 3HaqIIMO He BJIIIHJia Ha IIX 0TH0CIITeJibHYIO 611onor11qecKyio 
3<pcpeKTIIBHOCTh (OE3) no 11H,1:1yKl.\1III OJIE y Mhillleii: ,[IJIH ,1:106p3rroBcK11x npoT0HOB OE3 (B 

COIIOCTaBJICHlllI C y-H3JiyqeHUeM 6°Co) C0CTaBJil!Jia 1.08 ( 1.02+ 1.17), ,[IJill np0TOHOB Ha nuKe 

Ep3rra - 1.10 ( 1.03+ 1.19). Ilpo<punaKTIIqecKoe npuMeHeHue INOS-A B 6e3onaCHoii ,1:103e 
(200 Mr/Kr; 1/11 Jl,l..1,10) 3<p<peKTIIBHO npOTIIBO,[leHCTBOBaJIO pa3BllTIIIO OJIE y Mb!llleii nplI 
o6nyqeHUII np0T0HaMU o6eux 3Heprnii: no TeCTY 30-cyTOqHOll Bb])KIIBaeMOCTII <1>11,l..l, 
coe,1:11IHeHllll INOS-A C0CTaBJil!Jl 1.30-1.33 ,[IJill 6bICTpb!X npoTOH0B, 11 1.36-1.41 - ,[IJill 
npOTOH0B Ha nuKe Ep3rra. Ilpu 3T0M aHaJill3 ,[lllarpaMM Bb])KllBaeM0CTll Mblllleii 
CBH,[leTeJibCTB0BaJI, qTQ npO<plIJiaKTIIqecKoe ,1:1eiiCTB1Ie INOS-A ,[I0CT0BepHO 
npOTIIBO,[leHCTBOBaJI0 pa3BllTIIIO KaK KOCTHOM03r0BOll (p = 0.00001-0.00029), TaK ll 
KmueqHofl ¢opMbI OJIE (p = 0.00175-0.00426), 11H,1:1ynupoBaHH0ii npoToHaMII. 

BbIBO,[lbl: nonyqeHHhie Ha cero,[IHlIIIIHllll ,[ICHb ,[laHHhie nOKa3aJIII, qTo runoKCIIqecKUe 
pa,1:111onpoTeKT0pbI, B qaCTH0CTll, INOS-A, cnoco6Hbl 3<p<peKTllBHO IIpOTllBO,[leiicrnOBaTb He 

TOJibKO y-H3Jl)"ICHllIO, HO ll coxpaHl!IOT Bb!C0KYJO npOTllBOJiyqeByio aKTllBHOCTb B 
OTHOIIIeHIIll npOTOH0B. 3TO CBII,[leTeJibCTByeT 0 l_\eJiecoo6pa3HOCTll ,[laJibHeiiIIIero 
3KCIIepuMeHTaJibH0ro II3)"ICHIIll cnoco6HOCTeii 3T0ro II aHanoruqHbIX coe,[IUHeHIIll K 
npo<pttJiaKTIIKe 0CJI0)Kl!eHUH np0T0HHOll TepaIIHII onyxoneii Ha nyqKe «ITpoMeTeyc», a 
TaKJKe IIX pa,1:11I03all.\llTHbIX B03MOJKHOCTeii npu B03,[leiiCTBllll HeiiTpOHOB II Tl!JKeJibIX 
3apHlKeHHbIX qaCTlll.\. 
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KOJIHqECTBEHHLIE H3MEHEHHH <l>OKYCOB JiEJIKOB PEIIAPAIJ,HH )];HK B 
ME3EHXHMAJILHI,IX CTPOMAJibHblX KJIETKAX qEJIOBEKA IIPH 

B03)];EMCTBHH 3H-THMH)];HHA H TPHTHPOBAHHOM BO)];bl 
A.A. Ocunoe!. MB. Ilycmoewwea2

, A.K. l./uzacoea3
, H.lO. Bopo6beea1

•
2
, /{.H. Ka6mwe2, 

B.I'. Eap'ly1we2, O.A. Kol/em,wi, A.H. Ocunoe1·2 

1<1>111( X<l> PAH HM. H.H. CeMeHoea PAH, MocKea, P<l>; 
2<l>I'EY I'Hl( P<l> <l>MEI( HM. A.H. Eypmmrna <l>MEA PoccHH, MocKea, P<l>; 

3HEX<l> PAH HM. H.M. 3MaHy3m1 PAH, MocKea, P<l> e-mail: a-2-osipov@yaniiex.ru 

Tp!ITIIH - SIBJil!eTCll 0.llHIIM II3 OCHOBHblX no6oqHblX npO.llYKTOB ll)lepHOH npOMbIIJJJieHHOCTH, 

nonanaIOIIJIIX B OKp)')KaIOIIJYIO cpeny. B CBll31I C 3TIIM, B03paCTalOT onaceHIIll no n0B0,11y 

noTeHI.(IIaJibHb!X noCJie)lCTBIIH ero nocTynJieHIIll B opraHH3M .llJlll 3.llOPOBbll qeJI0BeKa. 

CHTya[(IIIO ycyry6nlleT TO, qTQ II3·3a He.llOCTaTKa IIH<pOpMa[(IIII O 6HOJIOrHqecKIIX 3<p<peKTax 

TPIITIIll HeT e)llIHOro MHeH!Ill MelK.llyHapO)lHOro coo6I1Jecrna no BOnpocaM HOpMHpoeaHl!H 

nocTynJieHIIll HeopraH1IqeCKIIX II opraHHqeCKIIX COe)lHHeHIIH TPIIT!Ill B opraHII3M qeJioBeKa. 

l(eJiblO HaCTOl!IIJett pa60Tbl CTaJIO II3yqeHHe KOJIIIqecTBeHHbIX II3MeHeHIIH <pOKYCOB 6eJIKOB· 

MapKepoe nsyHHTeBhIX pa3pbIBOB (,[(P) ,[(HK yH2AX, 53BPI II pATM B KyJihTHBHpyeMbIX 

Me3eHXIIMaJibHblX CTpOMaJibHblX KJieTKax (MCK) qeJIOBeKa np!I B03)leHCTBIIII 3H-TIIMII.lllIHa 11 

TPIITHpoeaHHOH BO.llhI (HTO). B 1IccnenoeaHH1I 6hrno noKa3aHo, qrn npH HHKy6a[(HII MCK c 
3H-TIIMII.lllIHOM Ha6JIIO)laeTCll .ll0303aBIICIIMOe yeeJI1IqeH1Ie KOJI!Iqecrna <pOKYCOB yH2AX Ha 

24 q IIHKy6a[(HH, nocne OTMeqaeTCll nnarn. IlpH HHKy6a[(HII MCK c HTO yeen1IqeH11e 

KOJI!Iqecrna cpoKycoB yH2AX OTMeqaJIOCb TOJlbKO qepe3 24 q_ CpaBHeH!Ie JIIIHeHHbIX 

yrnoBb!X K03<p!plI[(IIeHTOB nOKa3aJIO, qTQ KOJI!IqecrneHHblH BbIXO.ll cpoKycoB yH2AX np11 

B03)leHCTBIIII 3H-TIIMII.lllIHa B TeqeH!Ie 24 qaCOB - B 6 pa3 BbIIJJe, qeM np!I B03)leHCTBIIII HTO. 

XapaKTep II3MeHeHtti1: KOJittqecrna cpoKycoe 53BPI II yH2AX 6bIJI cxoneH, TaK JKe 

Ha6JIIO)laeTCll .ll0303aBIICIIMOe yeeJI1IqeH1Ie KOJIII'Iecrna cpoKycoB 53BPI Ha 24 q IIHKy6a[(HII, 

nocne OTMeqaeTCll nJiaTO. TaKlKe CXOlKa KapT!IHa II3MeHeHHH KOJIIIqecrna 53BPI B ll,11pax 

MCK, iIHKy6HpoeaHHhIX c HTO: Ha6n10naeTCll yeenttqeHtte KOJittqecrna cpoKycoe B paHHHii 

nepHO.ll IIHKy6a[(IIII (24 q), nocne qero cnenyeT !IX CHIIlKeHHe .llO KOHTpOJibHbIX 3HaqeHIIH. B 
[(eJIOM KOJIIIqecTBeHHbIH Bb!XO.ll <pOKYCOB 53BP I 6bIJI 6JIII30K K KOJl!IqecrneHHOMY BbIX0/1Y 

cpoKycoe yH2AX. KaK II B cnyqae c yH2AX II 53BPI B TeqeHHe nepeblx 24 q 1IHKy6a[(1111 

OTMeqanoch mrneiittoe yeenHqeHHe cpoKycoe pATM, nocne qero perncTpHposanoch nnaro. 

HTO He Bbl3b!BaJIO CTaTIICT!IqecKII .llOCTOBepHoro yeeJIHqeHIIll KOJI!Iqecrna <pOKYCOB pATM B 

MCK. IlpH cpaetteHHII 3<p<peKTOB B03.lleiicTBHll 3H-TIIMII.lllIHa II HTO no BhIXO.llY cpoKycoa 

pA TM nonyqaeTCll oqeHb BbICOKIIH K03!p!plI[(IIeHT - 27, CyI1JeCTBeHHO OTJIIIqaIOIIJIIHCll OT 

K03<p<pIII.\IIema nonyqeHHOro .llJlll cpoKycoe yH2AX II 53BPI (- 6). 48 q HHKy6al.\IIll c 3H­
TIIMII.lllIEIOM c yneJihHOH pa)l!IOaKTIIBHOCTblO 300 MEK!JI CHIIlKaeT .llOJIIO Ki67 (6eJIOK•MapKep 

KJieTOqHoii npOJIII<pepa[(IIII) n031ITIIBHblX KJieTOK npHMepHO B 2.5 pa3a, a IIHKy6a[(Hll B cpe,11e 

c ynenhHoi1: panHoaKTHBHOCThIO 400 MEK/n ylKe B 3.6 pa3a B TOlKe epeMll, HTO c ynenbHOil 

pa)lHOaKTIIBHOCTblO I 00-400 MEK!JI He BJIIIlleT Ha npOJIII<pepaTIIBHYIO aKTIIBHOCTb 

KYJibTIIB!IpyeMhIX MCK. no Bcei1: Bil.lllIMOCTII, 3TO o6ycJIOBJieHO pa3JI!Iqlll!MII B KIIHeTHKe 

BKJIIOqeHIIll 3TIIX coe)l1IHeH1IH B lKIIBbie KJieTKII. Ilp!I 0.llHHaKOBOH yneJibHOM 

pa.llHOaKTIIBHOCTII B cpene KYJibTIIB!IpOBaHIIll 3H-T!IMII.lllIH BKJIIOqaeTCll B KJieTKII B 87 pm 

aKTHBHeii no cpaeHeHHIO c HTO. Pa6orn 6hma BhmonHeHa npII nonneplKKe rpaHTa PH<I> N2 
22-2400490. 
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PA3PAEOTKA IIPOTMBOJiyqEBhIX CPE,l];CTB KAK ACIIEKT PA3BMTMH 
IJ>YH,lJ;AMEHTAJlhHOH PA,lJ;MOEMOJIOrMM ll KAK <l>AKTOP IIO,lJ;,lJ;EPJKAHMH 

PA,l];MA~MOHHOHEE30IIACHOCTM 
JI.M Po:»ciJecmeeHc11:uu 

rm~ cI>e,11epaJibHhlH. Me,IIHl.(IIHCKIIH. 6HOqJH3HqecKHH. l.(eHTp HM. A.I1.EypHa3HHa, MocKBa, 

PoccHHCKM cI>e,11epal.\HH, lemrod@mail.ru 

RADIATION COUNTERMEASURE AGENTS ELABORATING AS THE ASPECT 
OF FUNDAMENTAL RADIOBIOLOGY PROGRESSING AND A FACTOR OF 

RADIATION SAFETY SUPPORTING 
L.M Rozhdestvensky 

State Research Center- Bumasyan Federal Medical Biophysicall Center of Federal Medical 

Biological Agency, Moscow, Russia, lemrod@mail.ru 

B ro,11 30-JieTHH ,lleHTeJibHOCTH HayqHoro COBeTa no pa,11H06IIOJIOrHH PAH 

Heo6XO,!\HMO OTMeTHTh oco6yio pOJih 3TOH. CTPYKTypbl, o6be,IIIIHHIOll.(eH. KaK HIIKaKaH ,11pyraH 

cneQllaJIIICTOB p33HOro rrpo<pHJIH II Be,IIOMCTBeHHOH. rrp1IHa,11JieJKHOCTII B peIIIeHIIII 3a,11aq, 

CBJ!33HHhlX C ,11eil.CTBIIeM pa,1111al.(HOHHOfO <paKTOpa II IIMelOll.(IIX KaK rrpaBIIJIO KOMITJieKCHhIH. 

xapaKTep. 

ECJIII IlOCMOTpeTh Ha p33pa60TKY ITJIC B IICTOp11qeCKOM pa3pe3e, TO CTaHeT 

O'JeBII,!\HOH. ee CBH3b C JIII,IIHpYJOll.(eH. pa,111Io611onomqecKOH. KOHl.(eITl.(IIeil. B TOT IIJIII IIHOH. 

nepHo,11. 

1. B 50-70-x ro,11ax XX aeKa ae,11yll.(ee rronoJKeH11e B rrpe,11crnaJieH1IHX o rrarnrette3e 

pa,111131.(IIOHHhIX rropaJKeHIIH. 3aHIIMaJIH KOHl.(eill.(IIII CB060,11Hh!X p3,11HKaJIOB BO,llbl, 

KIICJIOpO,IIHOfO 3<p<peKTa, aKTIIBHhIX <pOpM KIICJiopo,11a II 330Ta, l.(eITHhIX OKIICJIIITeJibHh!X 

npo11eccoa. 0TCIO,!\a OCHOBHhlM HarrpaaJieHIIeM IlOHCKa fihIJIII pa,1111orrpoTeKTOpbl (PIT), 

HanpaarreHHhie Ha rrpe,11ornpall.(eH11e (rrepexBaT, 6JIOKIIpoaaHIIe) ,11eil.CTBIIH YK33aHHbIX 

OKIICJIHIOll.(IIX areHTOB (3.EaK, IT.AJieKCaH,llep). IlOIICK BeJIII rrpe1IMyll.(eCTBeHHO cpe,111I 

Be111ecTB-BOCCTaHOBI1TeJieil. C TIIOJIOBblMII rpyrrrraMH pa3JIIIqHQH. CTPYKTypbl, cpe,1111 areHTOB, 

Bb13hlB3!011.(IIX rHITOKCIIIO pa3HOro reHe3a, cpe,1111 Bell.(eCTB IIIIIpOKOro rrpo<pIIJIH, IlOJiyqHBIIIIIX 

Ha11MeHOBaH11e aHTIIOKCII,!\aHTOB. DOJibIIIIIHCTBO II3 C03,llaHHhlX B 3TOT rreplI0,11 KJiaCCIIqJIIKal.(IIH. 

IIJIC fi3311pOBaJIOCh Ha HCITOJlh30BaHIIII B Kaqecrne OCHOBHOro KJiaCCII!plll.\lIPYJOIIIero 

npII3HaKa IlOK33aTeJIH 30-cyroqHQH. BhIJKIIBaeMOCTII MblIIIeil. rrpII KpoaeTBOpHOH. qiopMe 

ocrporo nyqeaoro rropaJKeHIIH (Z.M.Back, B.I1.Jlere3a II B.f'.Bna,1111M11p0B, M.B.BacIIH, N. 
M. Xiao and M.Whitnall). 

I1TOfOM 3TOro rro,11xo,11a CTaJIO OTKpbITHe B Kaqecrne BeCbMa 3<p<peKTIIBHhIX B 

3KcrrepIIMeHTe pa,11HorrpoTeKTOpOB TaKIIX rpyrrrr aell.(eCTB KaK aMHHOTIIOJihl II 6IIoreHHbie 

aMIIHhl (B apceHaJie rrpoTIIBOJiyqeBbIX cpe,IICTB ,!\JIH qeJIOBeKa B HaCTOHll.(ee apeMH peaJihHO 

~11ryp11py10T, xorn II C BeCbMa orpaH11qeHHhlM rrpIIMeHeHIIe II3-3a rrofioqHhIX 3<p<peKTOB, -

3apy6eJKHblH aMIIHOTIIOJI aMIIqJOCTIIH II OTeqecrneHHhlH. a-a,11peHOMIIMeTIIK IIH,llpaJIIIHIE-190). 

Mettee ycrreIIIHblMII OK33aJIIICh ITOIICKII 3<p<peKTIIBHblX ITJIC cpe,111I rrpHpO,IIHhlX II 

CIIHTeT11qeCKIIX aHTIIOKCII,!\aHTOB. 

2. Hoaoe HarrpaaJieHIIe IlOHCKa ITJIC oqiopMIIJIOCh IlOCJie o6pall.(eHHH K IICCJie,IIOBaHIIIO 

BhICOKOMOJieKyJIHpHbIX coe,1111HeHIIH. (60-70-e rr). 113 HIIX IlOCTerreHHO Ha rrepBbIH. ITJiaH 

Bh!IIIJIII IlOJIIICaxap11,11hI II IlOJIHITeITTil,!\bl KaK 3K3oreHHOH. (rnaBHh!M o6p330M, MHKpo6uoro 

npOIICXOJK,lleHHH BilJIOTh ,110 KOprrycKyJIHpHblX aaKl.(IIH), TaK Il 3H,!\OreHHOH. rrp11pO,llhl 

(peryJIHTOpHhie IlOJIIIITeITTil,llhl, IlOJiyqIIBIIIIIe Ha11MeHOBaHIIe l.(HTOKIIHOB, HJIH 3H,lloreHHh!X 

IIMMYHOMO.IIYJIHTOpoa). Be,11yll.(eH. KOHl.(eITl.(Heil. MexaHH3Ma nponrnonyqeaoro ,11eil.CTBIIH 

npenapaTOB 2-il. rpynrrhI CTaJIO npe,11cTaBJieHHe O rrpOTIIBO,!\eH.CTBIIII KJieToquoil. m6eJIH, 

npeJK,lle acero, KJieTOK CTBOJIOBOro TIIIla, B fihICTpO o6HOBJIHIOll.(HXCH pa,1111oqyacrn11TeJibHh!X 
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TKam1x KOCTHOfO M03ra H JIHM!pOH.[{HblX opraHOB, T.e. B CHCTeMe HMMyHoreMOIIO33a. TaKoe 

BMeIIJaTeJibCTBO rrpOHCXO.[{HT IIYTeM 6onee paHHett H reHepaJIH30BaHHOll M06HJIH3al.lHII 

HaxO.[{lllllHXCll B Go KJieTOK CTBOJIOBoro THIIa n KJieTO'JHblll l.lHKJI, HHrH6npoBaHII» 

BHYTPHKJieTO'IHb!X CHfHaJIOB peaJIH3al.lHH aIIOIITO3a, rrepeKJIIO'JeHHll CHrHaJia Ha aYTo¢armo. 

IlperrapaTbl 3TOH rpyrrIIbl MOlKHO IIO.[{pa3.[{eJIHTb Ha 2 11O.z:1rpy1111u: reMOIIO3TH'JeCKIIX 

pOCTOBb!X cpaKTOpOB (r-KC<l>, rM-KC<l>) H rrycKOBblX !IpOBOCIIaJIHTeJibHblX l.lHTOKHHOB (J1JI. 

I/6eTanettKHH, TpoM601103THH/peBoJieu.z:1, CBLB-5O2hHTOJIHMO.z:1). Bee 3TO IIO3BOJIHIT0 

B3rJillHYTb Ha norrpoc KJiaccncpnKal.lHH IIJIC C HHb!X IIO3HI.1Hll, KOr.[{a OCHOBHb!MII 

KJiaCCH!pHI.IHPYIOlllHMH rrpH3HaKaMH. CTaHOBllTCll CHrHaJibHbJe cpapMaKOJIOrH'JeCKHe 3cpcpeKTLI 

IIJIC, Jiellmll.lHe B OCHOBe COCTOllHHll IIOBb!IIJeHHOll pa.z:1nope3HCTeHTHOCTH (B.11.KyJIHHCKIIH, 

JI.M.PoJK.z:1ecrneHcKnu). 

TaKHM o6pa3oM, ccpopMnponanncb 2 rpyrrrru IIJIC 

(pa.z:1norrpoTeKTOpOB/OKCH.[{OMO.[{YJillTOpOB H pa.[IHOMO.[{H!pHKaTOpOBIHMMYHOMO.LIYJillTOpoB), 

rrpHHI.IHIIHaJibHO OTJIH'IaJOll.lHeCll 110 xapaKTepy CBoero .z:1eucTBHll H MO.[IH!pHI.1HpyeMOMY 3TaIIY 

pa3BHTH» nyqenoro rropaJKeHn». 

OcHOBHOll 3a,[{a11eu, CTOlllllett rrepe.z:1 pa3pa60T'IHKaMH IIJIC, OCTaeTCll 06ecrre11eH11e 

pa.z:1na11noHHOll 6e3011aCHOCTH rrpn 3KCTpeMaJibHb!X CHTya11n»x aBapHHHOro, BOeHHOfO 11 

TeppopHCTH'JeCKOfO xapaKTepa, 0 'IeM IIpllMO CKa3aHo B YKa3e Ilpe3H.[leHTa P<l> OT 13.10.18 

N2 585. O.z:1HaKo, CHTya111110, CJIOlKHBIIJYIOCll B HaCTOllll.lee npeMll C IIOMeplKaHHeM II 

yKpeIIJieHHeM pa.z:1na11HOHHOH 6e30IIaCHOCTH TPY.LIHO oxapaKTepH3oBaTb KaK ycrreIIJH)'lO 

(Ta6n.) 

Ta6nn11a 

Pecypc MeAMKaMeHT03Horo o6ecne'-leHMff 

BHe3anHblX paAMa4MOHHblX MHI..IMA8HTOB (y-i,,3ny'-leHMe) 

npenapaTbl: 3KCTpeHHoro npMMeHeHMR ,an1,1T9IlbHOro nplllMeHeHHR 

n OAD,9p)K"1 Ba l0l.J..18R 
Tepam'1R 

P Pa,Q"10npoTeKTObl Pa,QIIIOMOAVIQ)HK8TOPbl 
E (Ao o6ny4eHIIIR) (nocne o6ny"-leHvis:i) 
A 
n IIIHApanMH 
b 

6eTaneiilKMH (I?) 

H r-KC<l> LtviTOKVIHOB8R Tepan"1R 
bl _£_ ________________________________________ _ 

h 
0 
T 
E 
H 

~ 
A 
n 
b 
H 
bl 
E 

AMM(pOCTMH TpOM60n03TMH 
(aapy6e)l(Hb1'1) (aapy6e)l(Hb1'1) 

<1>narenn111H 
T1023('1Hn16'1TOP NO-C'1HTa3) 

1. 111Mel0l.J..1"19CR nnc H8,QO AOBO,QIIITb AO CTaryca npenapaTOB 

ABOJ.1Horo H83H8"-19HIIIR, T.e LIICKaTb B03MO>KHOCT1'1 "1X np111MeHeH"1s:I B 

06l.l.leMe,Q"1l...lVIHCK0!4 npaKTLIIKe. 
2.BMeCTO noi,,cKa HOBblX npon,eony"-leBblX cpe,QCTB H8,QO 

cocpe,QOTO"-IIIITbCR Ha pa3pa60TK8 peL1enryp/KoM6"1H841,1&4 "13 
111Met01J..1"1XCR acpq:>eKT"1BHblX nnc c np111ene4eH111eM cpapMaKonoroe 
"' Ha np111MeHeH"'"' Mo.Qenel4 KPn III cPn. 

J13 .[laHHblX Ta6JI. BH.[{HO, 'ITO peaJibHO H3 cpe.z:1cTB 3KCTpeHHOro rrpnMeHeHHll B 

HaJIH'IHH y Me.[ICJIYJK6bl eCTb JIHIIJb 11H.LlpaJIHH, a Han6onee BOCTpe6onaHHblll n TaKIIX 

CHTya11n»x EeTanettKHH He rrpOH3BO.[IHTCll H3-3a OTCYTCTBHll cpe.[ICTB .[{Jlll BblIIOJIHeHIIK 

Tpe6oBaHHll Ha.z:13opHOll opraHH3al.lHH K ycJIOBHllM rrpoH3BO.[{CTBa. HcrnpHll C 6eTaJiellKHHOM 

ell.le pa3 IIO.[ITBep.[{HJia Heo6XO.[{HMOCTb rocy.z:1apcTBeHHOro MeHe.[llKMeHTa B 06JiaCTII 

pa3pa6oTKn IIJIC, KOTOpbltt cyll.leCTBOBaJI B 8Ox - 9Ox rr, HO 3aTeM 6bm YTPa11eH. Kpaumrn 

Me.[IJIHTeJibHOCTb B pa3pa6oTKe TI023 H <l>JiareJIJIHHa TOJlbKO IIO.LIKpeIIJilleT 3TOT Bb!BO.[{. 

Hap».z:1y C yKperrneHneM pa.[1na11noHHOll 6e3011aCHOCTH 3KCTpeMaJibHb!X CHTya1111ii 

HeJib3ll 3a6brnaTb O Heo6XO.[{HMOCTH HaxO.[IHTb rrpHMeHeHHe IIJIC H B 06ll.leMe.[IHI.1HHCKOH 

rrpaKTHKe, rrpeJK.[{e ncero, rrpn XHMHOJI)"leBOll Teparrnn OHK03a6oJieBaHHll TaK KaK 3T0 

06ecrre11nBaeT peHm6eJibHOCTb HX rrpoH3BO.[{CTBa H OlibIT pa60Tbl C HHMH. TBep.[lbie II03Hl.11111 
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3)leCb HMCCT J!Hlllb r-KC<l>. Xorn He6e3yCITCllIHbie IT0ITbITKH B 3T0M ITJiaHe ITpC,LIITpHHl!MaJil!Cb 

C EeTaneflKHHOM, HO ,[IOJilKHOfl IT0MCP)KKH 0HII He IT0JI)"IHJIH. 

B Ka'!ecrne IT0HCKa CITOC060B BbIX0,[la II3 KpII3HCa B pa3pa60TKe ITP0TIIB0JIYlJCBblX 

cpe)lCTB ,[IJ!ll 3KCTpeMaJibHbIX c1nya11IIfl 11 ITpaKTIIKll XHMHOJIY'ICBOfl TeparrIIII 

OHK03a6oJieBaHIIfl paccMaTpHBa!OTCll CJIC,LlyIOII..IIIC HaITpaBJICHHll: 

pa3B0p0T K 0TKa3y OT K0HI..ICITI..IIIII «II,[ICaJibH0ro pa,LIH0ITp0TCKTOpa» II K pa3pa6oTKe 

npOTIIB0JI)"ICBblX pe11eITTYP Ha 6a3e IIMC!Oll.lIIXC51 ITpeITapaT0B ( C )"laCTIICM qiapMaKOJIOroB) B 

11p0TIIB0BCC ,[I0MIIHHpoBaBllICMY B TC'ICHIIC ,[IJIIITCJibH0ro BpCMCHII IT0IICKY H0BbIX 

11perrapa10B, 

pellICHIIe 3a,[la'III BHC,LlpCHIIll ITp0TIIB0JI)"ICBbIX cpe,LICTB (IIJIC) B llIIIp0KyIO 

Me)l!Il.lIIHCKyIO ITpaKTIIKY (c HeITpeMeHHbIM )"laCTIICM MC,[IIIKOB) B Ka'!ecrne He T0JibK0 

npOTIIB0JI)"ICBblX, HO II qiapMaKOJIOfH'ICCKIIX areHT0B (Ha ITPIIMepe IT0ITbIT0K C 

6ernneflKIIHOM TT, B03M0lKH0, C T-1023, IIHfll6IITOpoM NO-CIIHTa3), 

IT0CTaH0BKa KpyITHblX IICCJie,[I0BaTeJibCKIIX ITpoeKT0B ITO C03,[laHIIIO H0BbIX pe11eITTYP II 

110/IX0,[I0B Ha 0CH0Be H0BblX TeXH0JIOfllfl (HaITpIIMep, rn6epHOTepaITII51) B HC,[I0CTaTO'IH0 

ll3YlJeHHbIX, HO BeCbMa aKTYaJibHbIX acITeKTax .z:1eflCTBII51 II0HII3HPYIOll..lero II3JI)"ICH!Ill 

(KOCMII'leCKIIe IT0JICTbl, KaH11eporeHHblfl 3<p<peKT caMbIX pa3JIII'!Hb!X pa.z:111a111I0HHblX 

B03,!leflcTBIIfl, oco6eHHO, ITp0JI0Hfllp0BaHH0f0 B03,[leflCTBII51 C HII3KOfl M0II..IH0CTb!O ,[103b1). 

3. HaII6onee MHoroo6e111a10111efl B pellleHIIII ITp06JieMbl ITpaKTII'leCK0f0 ITpIIMeHeHII51 

IIJIC B llIHpOKOfl Me,[IIII..IHHCKOfl ITpaKTIIKe BII,[IIITCll pa3pa60TKa KOM6ttHaI.11Ifl (pe11emyp) IlflC 

11pyr c .z:1pyroM IIJIII c qiapMaKOJIOfll'!eCKIIMII ITpeITaparnMII, aHTaf0HHCTII'IHbIMII K 

HelKeJiaTeJibHblM IT060'!Hb!M 3<p<peKTaM rrnc. IlpII 3T0M 3a.z:1aqefl ITepBOCTeITeHHO_fl BalKH0CTH 

Bll,[IIITC51 Bb151BJieHIIC 61IOMapKepOB ITOBblllICHHOfl pa,LIII0pC31ICTCHTH0CTII ITpII BBC,[ICHIIII IlflC 

/10 o6JI)"ICHII51, IIJIII - YCIIJICHHOro/ycKopeHHOro B0CCTaH0BJICHIIll B cnyqae IT0CTJIY'leBoro !IX 

npuMeHeHIIll, TaK KaK TaKOfl IT0,[IX0,[I 3T0 ITO cyTII C,[IIIHCTBCHHai:1 B03M0lKH0CTb peaJibH0 

3aHIIMaTbCll BHC,LlpCHHCM IlflC B lllllp0KyIO MC,[IIII..IIIHCKyIO ITpaKTHKY (pelllaTb CJI0lKHYIO 

3a,!la'ly HeIT0Cpe,LICTBCHHOH 01.ICHKII ITpOTIIBO!IY'JCBOH 3<p<peKTIIBHOCTII ,[IOITYCTIIMOfl ,[103bl IlflC 

/llliI 'ICJI0BCKa Ha 2-fl CTa,[IIIII KJIHHII'ICCKIIX IICITbITaHIIfl) II 01.ICHIIBaTb B03M0lKH0CTII IlflC II IIX 

pe11emyp B 3KCTpeMaJibHblX pa,111IaI.1II0HHbIX CIITyaI.11I51X. , 

4. IlOIICK ITpeITapaT0B, CITOC06Hb!X CHII3IITh ypoBCHb 0T,[laJICHHbIX 3qlqJCKTOB 

llOHII3IIpyI0111ero II3JIY'ICHII51 (ITpClK,[IC BCero, KaH11eporeHHblfl 3<p<peKT), CTaH0BIITCll BC.LIYil.lIIM 

B pa3pa6oTKe IIJIC H0B0f0 IT0K0JICHII51, Pe'lh ,[I0JilKHa Il,[ITII 0 ITPCITapaTax, K0TOpblC CMoryT 

o6ecrre'IIITb IT0,[l,LICplKaHIIe Ha IT0BblllICHH0M <pyHKI..IIIOHaJibHOM ypoBHe CIICTCMbl P-53 B 

Te'!eHIIe BCero ,[IJIIITCJibH0ro ITepII0,[la OT M0MCHTa o6JI)"ICHII51 ,[10 cp0K0B IT051BJICH!Ill 

orryxonefl. 

5. COBepllleHHO He0CB0CHHbIMII C IT031Il.11Ifl MC,[IIIKaMeHT03H0H ITPOTIIBOJiyqeBOH 

3all.lIITbl 0CTa!OTC51 .z:1eiicTB1Ie ITJI0TH0II0HII31IpyIOil.llIX II3JI)"leHIIH (HeiiTpOHbl, aJib<pa­

ll3JI)"leHIIe, ll,Llpa Tl!lKeJiblX MeTaJIJIOB) II ,[ICHCTBIIe pe,LIK0II0HII31IpyIOil.lllX Il3JI)"ICHilll B 

CBepxcMepTeJibHbIX ,[I03ax. B Ka'!eCTBe ITp0MelKyT0'IH0ro IT0,[IX0,[la K IT0HCKY crroco6oB 

npOTIIBOJI)"leBofl TepaITIIIl ,[IJI51 Bcex BbillleyKa3aHHbIX cn1ya111Ifl M0lKH0 IT0CTaBilTb 3a.z:1aqy 

KOHCepBal.llIII Tl!lKeJioro JI)"leBoro IT0palKeHHll Ha caMbIX paHHIIX CTa,!III51X. 3TO M0lKH0 

cpaBHilTb C BBe,[leHHCM ITa11neHTOB ITPII Tl!lKeJiblX IT0BpelK,[leHH51X B HCKyccrneHHyIO K0My. Ilpn 

nyqeB0M ITopalKeHnn ::110 6y.z:1e1 ncIT0Jib3oBaHne cIToco60B rn6epua11nn, T.e. cy111ecrneuHoe 

CHUlKeHne TeMITepaTypbl Tena C IT0M0ll..lb!O qlll3II'leCKilX OXJia,[lnTeJieii Il ITO.LI ITpHKpbITHeM 

~apMaKOJIOfII'leCKIIX cpe,LICTB 0TKJIIO'leHII51 MexaHH3M0B TeMITepaTypHoro roMe0CTa3a. BpeMll 

Hax0)K,[ICHIIll B K0MaT03H0M C0CT051Hllll Heo6XO,[IHMO IlCIT0Jib30BaTb ,[IJI51 3KCTpaK0pIT0paJibH0ro 

HaKaITJIHBaHHll coxpaHHBlllllX lKil3HeCITOC06HOCTb co6crneHHblX II30reHHbIX reM0II03TH'leCKIIX 

ll Me3eHXIlMaJibHblX CTB0JI0BblX KJieT0K ,[IJI51 ITOCJie,[lyIOil.leii !IX TpaHCIIJiaHTal.llIII. 

6. ,[(pyrnM BalKHblM HaITpaBJICHHeM IlCCJie,[I0BaHHH Ha ,[IJIIITCJibHyIO ITepcITeKTilBY 

/lO!IlKH0 6bI CTaTb Il3)"1eHne ropMe3IICH0ro 3<p<peKTa Hll3KllX ypOBHeii pa.z:1naI.11III. B Ka'!ecrne 

55 



rrepcrreKTHBHOH 3,[leCb rrpe,LICTaBJilleTCll MO,LleJib Me3eHXHMa.JlbHbIX KJieTOK C HX crroco6HOCT!,IQ 

OTBetJaTb Ha pa,[11,IaIJHOHHOe BO3.[leiicTBHe He )'MeHbIIIeH!IeM, a )'BeJittlJeHneM KJieTOlJHOii 

MaCCbl, corrpmKeHHb!M C ITOBbIIIIeHHeM 3KCrrpeCCHH pa3JIHlJHb!X CTPYKTYP KJieTOlJH0ii 

MeM6paHb] (HMe!OTCll 3KcrrepnMeHTaJibHbie ,[laHHbie). 

KouKpeTuhle rryn1 rrpeo,L10J1e11un Kpn1Hca: 
1. CKopell:IIIee BOCCTaHOBJieHHe rrpOH3BO,LICTBa 6eTaJieHKHHa Ha 6a3e rHI1l1 Qq6. 
2. Y CKopeHne pa3pa6oTKH oTetJecrneHHbIX rrperraparnB cjmareJIJIHHa n nHrn6Hrnpa 

N0-CHHTa3 Ha 6a3e <!>MEL( HM. A.l1.EypHa3llHa H MPH[( HM. A.<l>.l~u6a 

COOTBeTCTBeHHO. 

3. 06ecrretJeHHe Be,LIYIIJHX pa,LIH06HOJIOrHtJeCKHX IJeHTpOB COBpeMeHHblMH 

o6nyqaTeJibCKHMH raMMa-ycTaHOBKaMH. 

4. Pa3pa6oTKa HOBb!X MeTO,LIHtJeCKHX )'Ka3aHHH ,[IOKJlHHHtJeCKHX HCCJie,[IOBaHHH 

C aKIJeHTOM Ha HH,[IHKaIJHOHHblll ITO.LIXO.LI H pa3pa60TKY MapKepoB ITOBblIIIeHH0H 

pa,LIHOpe3HCTeHTHOCTH H ycKopeHHOro ITOCTpa,LIHaIJHOHHOro BOCCTaHOBJieHHll. 

5. ITpO,LIBHlKeHne ITJ1C B !IIHpOKYIO Me,[IHIJHHCKYIO rrpaKTHKY c HerrpeMeHHb!M 

yqacTHeM Me,LIHKOB (rrperrapaTbl ,[IBOHHOro Ha3HatJeHHll) HaITO.[I06He rrpe,L1I1pHHl!ThlX 

paHee I1OI1b!TOK C 6eTaJieiiKHHOM. 
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3IIIIrEHETJiqECKAfl PEBOJIIOU,II.H II EE YPOKII )];JI.H PA)];IIOlilIOJIOrOB 
A.B. Py6aH06U'I, H. C. Ky3bMUHa, H.llJ. J/anme6a 

l1HCTIIT)'T 061.Qeii reHeTI!KII HM. H.l1. BaBI!JIOBa PocCI!HCKOH aKa)J,eMI!II HayK, MoCKBa, 

Poccm1 

E-mail: rubanovich@vigg.ru 

MHororreTHIIH M0HIIT0pI!Hr reHeT11qecKoro CTaTyca npe)J,CTaBI!Terreii o6rryqeHHhIX 

JIOKaJibHhIX nonyJIHIJIIH, yqaCTHIIK0B JIIIKBI!)J,alJl!ll pa,1J,11a11110HHhIX KaTaCTpO<p, JIIIIJ, 

IIO)J,Beprllll!XCH pa,1J,11a11110HH0MY B03)),CHCTBHIO B pe3yJihTaTe npo<peCCI!OHaJihHOH 

.IICHTCJihH0CTII, np0B0)J,I!Mhlll C0TPY,iJ,HI!KaMH rra6oparnp1111 3KOJIOrttqecKOH reHeTI!KII l1OfeH 

PAH (aHaJIIl3 a6eppm-111ii xp0M0C0M, Myra1111ii reH0B II MIIHI1-/M11KpocaTeJIJIIITHhlX JI0KYC0B, 

CD95+ - npe)J,I!KT0p0B anonT03a) CBI!)J,CTCJihCTByeT 0 TI0BhIIIICHH0M yp0BHe COMaT11qecKoro 

MyrareHe3a B 6rrm1<aii1II11e II 0T)J,aJICHHhle Cp0KII nocrre 3KCTI0HI!p0BaHI!.H. AHarror11qHbie 

3<p<peKThl BhIJIBJIHIOTCH II y )J,CTCH - TI0T0MK0B o6rryqeHHhIX pO)J,IITCJieii. 3n11reHeT11qecK11e 

3<p<pCKThl - HOBhlll acneKT TI0CJIC)J,CTBIIH pa,1J,11a11110HH0ro B03)),CHCTBHH Ha opraHil3M 

qeJI0BeKa. Ha npornlKCHI!II HCCK0JlhKIIX rreT HaMI! np0B0)J,I!JI0Ch TIIIJI0TH0e 113yqeHI!e 

pa,1l,11a11110HH0-HH)J,YIJI!p0BaHH0r0 r11nepMeTI1JII!p0BaHI1.H np0M0T0p0B reH0B B rreiiKOIJl!Tax 

Kp0BII JII!IJ pa3JII!qHhIX K0HTI!HreHT0B (JIHKBI!)J,aTOpbl aeap1111 Ha qA3C, lKIITCJIII Tepp11rnp11ii 

C PMII0HYKJIIl)J,Hh!MII 3arpH3HCHIIHMII, npo<peCCHOHaJihI-aTOMI.QI!KII r. Capoea II pa6oTHIIKII 

IIO «Ma.HK» r. O3epcKa), TI0)J,Beprllll!XCH xpoH11qeCK0MY HJIH <ppaKIJIIOHI!pOBaHHOMY 

o6rryqeHI!IO B IIII!p0K0M )J,IlaTia30He )J,03. IT0Ka3aHa )J,Il<p<pepeHIJl!aJihHaH 3Haql!M0CTh 

B03pacrn II PMila!JI!0HH0ro B03)],CHCTBI!H B MCTIIJII!p0BaHI!II CpG-ocTpOBKOB np0M0TOp0B 

pa3Hh!X reH0B, qTQ )J,CM0HCTPIIPYIOT 0)J,H0HanpaBJICl!Hhie 3<p<peKThl, Ha6JIIO)J,aCMhie B 

He3aBl!CI!MhIX BbJ6opKax o6rryqeHHhIX JIIIIJ. ROC-anarrll3 TI0Ka3aJI Bh!C0KYIO 

llH<pOpMaTI!BHOCTh paCCM0TpeHIIH BhIJIBJIHCMhIX 3TII1reHeTJ1qeCKIIX HapyllleHIIH KaK 

6llOMapKepoB nepeHeceHnoro o6rryqeHI!H (AUC 0.846±0.015, p l.5E-48). 
f11nepMernrr11poeaH11e CpG-ocTpOBKOB re HOB RASSF 1 A 11 p 14/ ARF 3ae11c11T OT B03pacrn, a 

3IIllreHernqecKM M0,1J,ll<pllKa1111H rroKycoe pl 6/JNKA II GSTP 1 BhIC0K0 3Haq11Mo 

acC0IJllllp0BaHa C pa,1J,lla1Jll0HHhlM B03)),CHCTBlleM, qTo BepI!<pIIIJHPOBaHO Ha )J,Byx TCCT0BhlX 

Bhl6opKax o6crre)J,OBaHHhlX IIH)J,llBil)J,0B. BhrnBJICHHhlll )J,0303aBl!CI!Mhlll xapaKTep 

rnnepMeTI!JII!p0BaHI!H 113yqeHHhIX reH0B K0CBCHH0 TI0)J,TBeplK)J,aeTCH HaJI!fql!eM 

IIOJIOlKI!TeJihHOH aCCOIJllaTHBHOH CBH3ll Me)K)J,y ypoBHCM a6eppa1111ii xp0M0C0MH0ro Tllna II 

qacTOTOH MCTIIJII!p0BaHHh!X reH0B (r = 0.604, p = 2.3E-l l). QqeBI!)J,HO, qTQ Bhl.HBJI.HeMbIH 

CTICKTP HapylIICHIIH reHOMahn11reHOMa HBJIHCTCH He T0JihK0 6110HH)J,I1KaTOpOM B03)),CHCTBHH 

pa,1l,lla1JI1H, HO II M0lKCT CBI!)J,CTCJihCTB0BaTb 0 pa3BIITIIII <pyHKIJllOHaJihHOro )J,IIC6arraHca 

KJICT0K opraHll3Ma, npl!B0,IJ,HI.Qero K npelK)J,CBpeMeHH0MY pa3B11TIIIO MYJihTH<paKTOpHaJihHOH 

rraTOJI0rHH, a TaKlKe ee xp0HI!3alJHH. 

PeaKIJHH opraHH3Ma qerroBeKa Ha 06rryqem1e HMeeT MCCT0 Ha <pOHe )J,CHCTBHH 11erroro 

K0MTIJieKca 3K0JI0ro-reHeTttqecKIIX <paKTOpOB, B qaCTH0CTH, BBC)J,CHIIH B 0KpylKaIOI.QYIO cpe)J,y 

MH0lKCCTBa reH0T0KCllKaHT0B, a TaKlKe pe3K0ro 113MCHCHIIH reHeTnqecK0H CTPYKTYPhI 

C0BpeMCHHOH nonyJIHIJHII. B nepBYIQ oqepe)J,b, 3TO CJie)J,yeT yq11Th1BaTb )J,JIH Hacerremrn 

ropo)J,0B. B K0HeqHQM IIT0re M0lKH0 roeopttTh 06 113MCHCHHII KaqecTBa lKil3HII II CHI!lKCHIIII 

611orrornqecKOH ycToitqf!BOCTII o6rryqeHHh!X IIH)J,IIBil)J,0B II nonyJIHIJIIII B IJCJI0M. Ilo3TOMY 

pa3pa60TKa CHCTCMhl 0T)J,aJICHHhlX MapKepoB nepeHeceHH0ro o6rryqeHI!H, conp.HlKCHHhIX C 

pa3B11TlleM pa3Jil!qHh!X 3a6orreBaHI!H, HBJIHCTCH KpaiIHe BalKHOH. l1CXO)J,.H 113 TI0CJIC)J,HIIX 

)J,0CTHlKCHIIH 3TIHreHeTI!KII, JIOKyc-cne1111<1>11qecK11e 113MCHCHIIH MCTIIJIHp0BaHI!H MoryT IIMCTh 

0'ICBil)J,HYIO nporH0CTil'ICCKYIO IJCHH0CTh B 0TH0IIICHIIII 3,1l,0p0Bh.H o6rryqeHHOro IIH)J,IIBil)J,a, a 

IIMCHH0 B 0IJCHKe ero 611orror11tJeCKOro B03pacTa II pI!CKa pa3BHTIIH TOH IIJIII IIHOH 

pa,1l,tta11110HHO-IIH)J,YIJIIPOBaHHOH naTOJI0rHII, qTQ 6y,1J,eT npe)J,IIICCTB0BaTb perncTpa111111 

MOp<pO<pyttKIJI!OHaJihHh!X 113MCHCHIIH opraH0B II CIICTCM opraHI!3Ma. 
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MCCJIE.Li:OBAHME BO3MO)KHOCTM IIPMMEHEHMll IIPOM3BO,r:i:Horo MTM 
B KA qECTBE CPE.Li:CTBA IIPOll>MJIAKTMKM 

JiyqEBOro OPAJihHOrO MYKO3MTA 
B.A. Pb16a'ly1<, A. 0. Koca'leHT<O, K.A. Hu1<0JZae6, JI.JI. llle6'1eH1<0, A.A. lllumo6a, 

O.B. CoJZiJamo6a, C.H. KopRKUH, I'.A. j(eMRIUT<UH, A.C. <PUJZUMOH06, MB. <PUJZUMOH06a 
MPHU: IIM. A.II>. U:b16a - cpmrnarr <l>riiY HMHU: pa,n:11onorn11 M11tt3,n:paBa Pocc1111, O6tt11ttcK, 

Poccm1, e-mail: rybachukvitaliy@gmail.com 

Pe310Me. Ha pa3pa60TaHHOH 3KCnep11MeHTaJibHOH MO,n:en11 JlY'leBoro oparrbHOfO 
MYK0311Ta npo,n:eMOHCTpIIpOBaHa cnoco6HOCTb npOII3B0,!IHOro HTM VVI OKa3bIBaTb 
3alIIIITHoe ,n:encrn11e np11 nopalKeHIIII cn11311crnn »3bIKa, BbI3BaHHOM P-113JIY11eH11eM. 
Coe,n:11HeH11e vv 1 3HalC(IIMO ITOBb!IllaJIO BbllKIIBaeMOCTb lKIIBOTHb!X npII pa3B1ITIIII naTOJIOrHII, 
a TaKlKe CHIIlKaJIO CTeneHb rnlKeCTII JlY'leBoro opaJibHOro MYK03IITa II ITJIOI11a,llb nopalKeHIIll 
CJIII31ICTOH H3b!Ka. 

KJZ10'1e6b1e oJZo6a: P-06JIY11eH11e, npo113B0,11Hbie HTM, JIY11eBOtt oparrbHbitt MYK03IIT, 
OCJIOlKHeHII» JlY'leBOH Tepan1111 

STUDY OF THE POSSIBILITY OF USING AN ITM DERIVATIVE 
AS A PROPHYLACTIC OF RADIATION-INDUCED ORAL MUCOSITIS 

V.A. Rybachuk. A. 0. Kosachenko, K.A. Nikolaev, L.I. Shevchenko, 0. V. Soldatova, 
A.A. Shitova, S.N. Koryakin, G.A. Demyashkin A.S. Filimonov, M V. Filimonova. 

A. Tsyb MRRC-Branch of the National Medical Research Radiological Center of the 
Ministry of Health of the Russian Federation, Obninsk, Russia rybachukvitaliy@gmail.com 

Summary. The developed experimental model of radiation-induced oral mucositis 
demonstrated the ability of ITM derivative VVI to exert a protective effect in P-radiation­
induced lesions of the tongue mucosa. Compound VVl significantly increased the survival 
rate of animals in the development of the pathology, as well as reduced the severity of 
radiation-induced oral mucositis and the area of tongue mucosa lesions. 

- Key words: P-irradiation, ITM derivatives, radiation oral mucositis, complications of 
radiation therapy 

B HaCTO»I11ee BpeM» Ha6mo,n:aeTC» HYKJIOHHb!H pocT q11cna CJIY'laeB 3a6oneBaeMOCTII 
3JIOKaqecTBeHHblMII HOB006pa30BaHII»MII. O,n:HIIM 113 Ha116onee BOCTpe6oBaHHb!X MeTO,!IOB 
neqeHII» ocrneTc» JIY11eBa» Tepairn». HecMOTp» Ha Bee npe11MyI11ecrna ,n:aHttoro MeTo,n:a, ero 
He,n:OCTaTKOM »BJI»eTC» Bepo»THOCTb pa3BIITII» JlY'leBbIX peaKI.\IIH 3,n:OpOBblX TKaHett, qro 
3HalC(IITeJibHO CHIIlKaeT 3cpcpeKTIIBHOCTb neqeHII». O,n:HOH 113 Ha116onee pacrrpocTpaHeHHbIX 
JlY'leBb!X peaKI.\IIH npII JlY'leBOH Tepan1111 orryxonett, JIOKaJIII30BaHHb!X B o6naCTII roJIOBbl II 
IIIeII, HBJI»eTC» JlY'leBOH oparrbHb!H MYK031IT. Pa3BIITIIe opaJibHOro MYK0311Ta CHIIlKaer 
KaqeCTBO lKII3HII IIal.\IIeHTOB, BblHYlK,llaeT Ha3HaqaTb ,!IOITOJIHIITeJibHOe neqeHIIe, a B p»l(e 
cnY'laeB npeKpaI11aTb Kypc Tepan1111. CyI11eCTBYJOI111Ie no,n:xo,n:hl K neqeHIIIO 11 
npe,n:yrrpelK,n:eHIIIO pa3B1-1Ba10I11ettc» naTOJIOrHII MaJI03lplpeKTIIBHbl, B CB»311 C qeM, 
pa3pa6oTKa HOBb!X cpe,n:CTB npocp11naKTIIKII »BJI»eTC» Bb!COKOnepcneKTIIBHOH 3a,n:aqen. 

B na6oparnp1111 pa,n:IIal.\IIOHHOtt cpapMaKonorn11 MPHU: IIM. A.<l>. U:b16a 
CIIHTe311poBaHbl YHIIKaJlbHbie coe,n:11HeHII» - npOII3B0,11Hbie 1130TIIOMOlC(eBIIHbl (HTM), 
KOTOpbie ITOTeHI.\IlaJlbHO cnoco6Hbl 3aI111II11aTb 3,!IOpOBbie TKaHII OT B03,n:ettCTBIIll 
IIOHII3IIPYJOI11ero 113JIY'leHII». B paHee npoBe,n:eHHb!X IICCJie,n:oBaHII»X Ha MO,lleJI»X JIY11eBOfO 
OlKOra KOlKII II IIHeBMOqJII6p03a nern11x 6bIJia IIOKa3aHa Bb!COKa» nepcneKTIIBHOCTb TaKOfO 
no,n:xo,n:a. B CBH311 C 3TIIM l.leJiecoo6pa3HblM HBJI»eTC» II3Y11eH11e rrp0113B0,11HblX HTM B 
Kaqecrne cpe,n:crna npocp1rnaKTIIKII pa3BIITII» JIY11eBoro oparrbHoro MYK03IITa. 
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L(eJiblO ueene,noBaHmI HBJIJieTe» 01.(eHKa 3<p<peKTHBHOeTH HOBOro rrpOH3B0AHOro 
HTM, eoe,nuHeHHH VVI, a Kaqeerne epe,nerna npoqiunaKTHKH nyqeaoro opanbHOro 

MYK03HTa. I1eene,noBaHHe BKJIIOqano B ee6» HeeKOJihKO 3TaIIOB. Ha nepBOM 3Tane 6hIJia 

0Tpa6oTaHa MOAeJib nyqeaoro opaJibHOro MYK03HTa y Mh!llleil:. AYT6pe,nHble Mh!IIIH-eaMl.(hl 
(n=l2) no,naeprantteh OAHOKpaTHOMY JIOKaJihHOMY nyqeaoMy B03,neil:eTBHIO B o6naeTH 
roJIOBhI-llleH P·tt3JiyqeHtteM Ha yeKopttTeJie 3JieKTpOHOB «Novae-I I» a _n03e 16 rp e 
3Heprneil: 3JieKTpOHOB 10 M3B. Ha 2, 5, 7 H 9 eYTKH rroene nyqeaoro ao3_neil:ernu», 

COOTBeTeTBeHHO, Bb!AeJIHJIH TKaHH H3hIKa AJIH rneTOJIOfHqeeKoil: 01.(eHKH KapTHHbl pa3BHTHJI 

naTOJIOrHH. floene P-o6nyqeHHH y lKHBOTHhIX noeTerreHHO pa3BHBaJIOeb nopaJKeHHe 
CJIH3HeTOH o6onoqKH H3hIKa. flpoueXOAHJIH pa3pyI1IeHHe KJieTOK H HapyllleHHe eTpoeHHH 
31IHTeJIHaJihHOH BhieTHJIKH, AHeTpoqiuqeeKHe H HeKpOTHqeeKHe H3MeHeHHH, qTo npHBOAHJIO K 

pa3BHTHIO y lKHBOTHb!X nyqeaoro OpaJibHOro MYK03HTa Bb!eOKOH eTerreHH rnJKeCTH. Ha 
rroeJieAYIOIIJHX 3Tanax Ol.(eHHBaJIH 3<p<peKTHBHOeTh eoe,nuHeHHH VVI B Kaqeerne epe,nerna 

rrpO<pHJiaKTHKH nyqeaoro OpaJibHOro MYK03HTa y Mhlllleil:. 
TecT 30-TH eYToqHoil: BhIJKHBaeMoeTH. Mb1I1Ieil:-eaMl.(OB F1(CBAxC5781/6j) (n=30) 

3KerrepuMeHTaJihHOH rpynnhJ «VVI» H rpyrrrrhI «KOHTpOJih o6nyqeHHH» rro,naepranu 

B03Aeil:ernuIO P-n3nyqeHHH B o6naeTH roJIOBhI-llleH Ha yeKopttTeJie 3JieKTpoHoa «Novae-I I» 

B A03e 18 fp. )KuBOTHhie 3KerrepuMeHTaJihHOH rpyrrrrhI 3a 25-40 MHHYT AO o6nyqeHHH 
IIOJiyqaJIH eoe,nHHeHHe VVl BHYTpmKeny_noqHo (B/JK) B _n03e 200 Mr/Kr, qTQ eooTBeTeTByeT 

1/8 Jlll,10, CoeAHHeHHe VVI Bh!COKO ,noeTOBepHO eHHlKaJIO rn6eJih lKHBOTHb!X rrpH pa3BHTHH 
nyqeaoro opaJibHOro MyK03HTa. B rpynrre «KOHTPOJih o6nyqeHHH» K 30-M eyTKaM BhllKHJIO 
20% lKHBOTHb!X, B TO apeMH KaK B 3KerrepHMeHTaJibHOH rpyrrne BhllKHBaeMOeTb eoeTaBHJia 

87%. O1.(eHKa 3aIIJHTHOrO 3<p<peKTa no IIJIOIIJaAH rropalKeHHH eJIH3HeTOH H3hIKa H eTerreHH 
Tl!JKeeTH nyqeaoro opanhHOro MYK03HTa. Mb1I1Iu-eaMl.(hI F1(CBAxC5781/6j) (n=67) 6bIJIH 

pa3AeJieHhl Ha TPH rpyrrrrhJ: EuonornqeeKHH KOHTpOJih, rpynna «KOHTpOJih o6nyqeHHH» n 
3KCrrepuMeHTaJihHM rpynna «VVI». )KuBOTHhlX rro,naepranu aHanornqHOMY nyqeBOMY 
B03,neil:eTBHIO. B 3KenepnMeHTaJihHOH rpyrrne 3a 25-40 MHHYT rrepe,n o6nyqeHHeM lKHBOTHh!e 
rronyqanu eoeAHHeHHe VVI a/JK a _n03e 200 Mr/Kr. 

Ha 7, 9 H 11 eYTKH rroene nyqeaoro B03,neil:eTBHH y )KHBOTHh!X BhIAeJIHJIH TKaHH 
l!3hIKa n orrpe,nen»JIH eTerreHh rnJKeeTH nyqeaoro opanbHOro MYK03HTa eornaeHo 

MeJK,nyHapo,nHoil: IIIKaJie RTOG/EORTC. )],anee TKaHH »3hIKa 0KpaI1IHBaJIH 1 % paernopoM 
BHTaJibHOfO KpaeuTeJIH TOJIYHAHHOBh!H eHHHH. TeMHOOKpallleHHb!e yqaeTKH eJIH3HeTOH 

rrpHHHMaJIHeb 3a rropalKeHHhie yqaeTKH. f!JIOIIJMb rropalKeHHH paeequTh!BaJIH B rrporpaMMe 
IpSquare H 01.(eHHBaJIH OTHOeHTeJibHO 06IIJeil: IIJIOIIJMH H3hIKa. 

Ha 7 eYTKH Ha6JIIOAaJIOeh He3HaqJITeJibHOe pa3JIHque B eTerreHH rnJKeeTH rraTOJIOrun: 

y lKHBOTHh!X B rpyrrrre «KOHTpOJib o6nyqeHHH» H y lKHBOTHhlX 3KerrepHMeHTaJihHOH rpyrrrrhI, 
rronyqttBIIIHX rrepe,n 06nyqeHtteM eoe,nuHeHne VVI, eTerreHh rnJKeeTH nyqeaoro opanhHoro 

MYK03HTa eoeTaBHJia 2,0 ± 0,5 n 1,6 ± 0,5, eooTBeTeTBeHHO. HaquHa» e 9 eyTOK, OTMeqanoeh 
CTaTHeTuqeeKH 3HaqJIMOe eHHlKeHHe eTeIIeHH rnJKeeTH rraTOJIOrHH y lKHBOTHb!X rpyrrrrhI 

, «VVl »: 3,4 ± 0,5 y He3aIIJHIIJeHHh!X lKHBOTHh!X u 2,6 ± 0,5 y lKHBOTHh!X 3KerrepHMeHTaJihHOH 

rpyrrrrh1. Ha 11 eYTKH noene nyqeaoro B03,neil:eTBH» 3Haq11Moe pa3Jmque eoxpaH»JIOeh: 2,7 ± 
0,9 a rpyrrrre «KOHTpOJih o6nyqeHHH» n 1,5 ± 1,0 y lKHBOTHh!X rpyrrrrhl «VVI». B TO lKe 
BpeM», HaquHal! e 7-x eyTOK, Ha6JIIOAaJIOeb Bb!eOKO 3HaqHMOe pa3Jiuqne B OTHOeHTeJihHOH 

IIJIOIIJaAH rropaJKeHHH eJIH3HeTOH H3hIKa: Ha 7 eYTKH 1,9% ± 1,6% y lKHBOTHhlX rpyrrrrhl 
«KOHTpOJih o6nyqeHHll» 11 0,2% ± 0,1% y lKHBOTHbIX rpyrrIIhl «VVI»; 43,7% ± 15,5% n 
18,0% ± 13,4% Ha 9 eyTKtt; 15,3% ± 19,5% n 2,5% ± 7,2% Ha 11 eYTKH eooTBeTeTBeHHO. 

TaKHM o6pa30M, Ha MOAeJIH nyqeaoro opaJibHOfO MYK03HTa IIOKa3aHa BbieOKa» 
rreperreKTHBHOeTb HOBOro eoe,nHHeHHH VVI B Kaqeerne epe,neTBa 3aIIJHThl eJIH3HeTOH 

o6onoqKH IIOJIOeTH pm OT HOHH3HPYIOIIJero H3Jiyqemrn. 
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AHaJIII3IIpy:io IICTOpmo pa3BIITIUI pa.11II06IIOJIOrHII, He06X0.11IIMO OTMeTIITb HeCKOJibKO 

ITPIIHIJIIITIIaJibHb!X MOMeHTOB, KOTOpbie xapaKTepII3YJOT ee KaK MelK.!IIICIJIIITJIIIHapHYJO 

o6naCTb 3Ham1ii: 3apOlK.11eHIIe paL(II06IIOJIOrHII CBl!3aHO C BeJIIIqaiiIIIIIMII Ha)"!Hb!MII 

OTKpb!TIIl!MII B o6naCTII l!J:lepHOH qJII3IIKII, a IIHTeHCIIBHOe pa3BIITIIe - C BOeHHblM II MIIpHb!M 

IICITOJib30BaHIIeM l!L(epHbIX TeXHOJIOfIItt; COBpeMeHHal! paaIIo6IIOJIOrHl! ITpeL\CTaBJil!eT 

KOMITJieKC caMOCTOl!TeJibHb!X Ha)"!Hb!X L\IICIJIIITJIIIH, TeopeTIIqeCKIIe pa3pa6oTKII KOTOpb!X 

OKpblJIII IIIIIpOKIIe ITepcITeKTIIBbl .11Jll! IICITOJib30BaHIIl! IIOHII3IIPYJOIUIIX II3JI)"IeHIIH B 

pa3JIIIqHbIX cqiepax L(el!TeJibHOCTII qeJIOBeKa. HaqIIHal! c 60-70-x fOL\OB ITpOIIIJIOro BeKa, 

ITpIIMeHeHIIIO L\OCTIIlKeHIIH aTOMHOH HaYKII II TeXHIIKII B ceJibCKOM X03l!HCTBe II ITIIIUeBOH 

ITPOMblIIIJieHHOCTII yaeJil!JIOCb oco6oe BHIIMaHIIe [ 1, 2]. Ha BCex 3TaITax pa3BIITIIl! 

paaIIaIJIIOHHb!X TeXHOJIOrHH (PT) OTMeqaJiaCb KaK OCTpal! ITOTpe6HOCTb B ITpOBeL(eHIIII 

q>yHL(aMeHTaJibHbIX IICCJieL(OBaHIIH B .11aHHOH o6JiaCTII, TaK II ITpo6JieMbl IIX IIIIIPOK0ro 

BHeapeHIIl!. B HaCTOl!IUee BpeMl! pa3BIITIIe PT II BOCTpe6oBaHHOCTb IIX IICITOJib30BaHIIl! B 

ceJibCKOM X03l!HCTBe II ITIIIUeBOH ITpOMb!IIIJieHHOCTII HaxOL(l!TCl! Ha ITpIIHIJIIITIIaJibHO H0B0M 

ypoBHe II BHOCl!T CBOH BKJiaL( L(OCTIIlKeHIIe IJeJieii ycrniiqIIBOfO pa3BIITIIl!. BoITpOCbl 

6e30ITaCHOCTII B cqiepe ITPOL\OBOJibCTBIIl! II ceJibCKOro X03l!HCTBa B MIIpOBOM MaCIIITa6e He 

TOJibKO He yrpaTIIJIII CBOett aKTYaJibHOCTII, HO II, HaITpOTIIB, IIX peIIIeHIIe ITpIIo6perneT Bee 

6oJihIIIee 3HaqeHIIe. 

B CeJibCKOM X03l!HCTBe pa.11IIaIJIIOHHbie TeXHOJIOrHII Moryr 6bITb IICITOJib30BaHbl Ml! 

ITOBbIIIIeHIIl! ypolKaHHOCTII II ynyqIIIeHIIl! Kaqecrna ITPO.!IYKIJIIII, ycKopeHIIl! pa3BIITIIl! 

KYJibTyp, yaeJIIIqeHIIl! cpOKOB xpaHeHIIl! II CHIIJKeHIIl! ITOTepb ITPII xpaHeHIIH, YHIIqTOJKeHl!l! 

ITaTOreHHOH MIIKpoqinopbl II HaceKOMbIX-BpeL(IITeJieii, ceneKIJIIII HOBbIX copTOB. B ITIIIUeBoli 

ITPOMbIIIIJieHHOCTII ITpIIMeHeHIIe pa.11IIaIJIIOHHb!X TeXHOJIOrHH IT03BOJil!eT C0KpaTIITb ITOTep11 

ITPII TpaHCITOpTIIpOBKe II xpaHeHIIII ITJI0.110B II OBOIUt;ii; Y.!IJIIIHIITb cpOKII xpaHeHIIl! pb!6b!, 

Ml!Ca II ITPO.!IYKTOB IIX ITepepa6oTKII; yBeJIIIqIITb cpoK fOL(HOCTII II peaJIII3aIJIIII ITPOL\YKTOB 

ITIITaHIIl! [3]. 
HayqHb!e OCHOBb! ITPIIMeHeHirn PT BKJIIOqaIOT IIIIIpOKIIH CITeKTp 

paL(II06IIOJIOrnqecKIIX IICCJieL(OBaHIIH. CeJibCKOX03l!HCTBeHHal! paL(IIOJIOrHl! II3yqaeT 

paaIIoqyBCTBIITeJibHOCTb CeJibCKOX03l!HCTBeHHbIX pacTeHIIH II lKIIBOTHbIX, HaCeKOMblX 

Bpe.11IITeJieH, MIIKpoopraHII3MOB II B036yL(IITeneii 6one3Heii; BJIIIl!HIIe 1111 Ha qJII3IIKO­

XIIMIIqecKIIe, 61IOXIIM1IqecKIIe, reHeTIIqecKIIe, qJII31IOJIOf!IqecKIIe ITPOIJeCCbI; BJI!Il!HIIe Ha 

IIIIIUeBy:io IJeHHOCTb, opraHoJieITTIIqeCKIIe II q>yHKIJIIOHaJibHble CBOHCTBa, CTPYKTYPH)'IO 

IJeJIOCTHOCTb, ITOK33aTeJIII 6e30ITaCHOCTII ITPOL\YKIJIIII. 

MeJKL(yHapOL\HOe areHTCTBO ITO aTOMHOH 3HeprnII (MAr AT3) B TeqeHIIe MHOrIIX JieT 

IIHIIIJIIIIpyeT ITpOBeL(eHIIe IICCJieL(OBaHIIH ITO ceneKIJIIII ceJibCKOX03l!HCTBeHHb!X KYJibTYP. C 

ITpIIMeHeHIIeM TexHonornii pa.11IIaIJIIOHHoro MyrareHe3a. B 6a3y MAr A T3 BKJIIOqeHo 6onee 
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TIJCX ThICJlq M)'TaHTHhlX copT0B 3JiaK0BhIX, <l>PYKTOB, OBOIIICM ll MaCJillqHh!X KYJihTYP• 

11cnoJih30BaHlle ll0Hll3llPYJOIIICrQ ll3JiyqeHllll ,!1Jlll llH.11YKIJllll MyraIJllM pe3K0 yaennqnJio 

::i<pqieKTllBHOCTh ceJICK!jll0HH0f0 np0IJecca, 6naro.11apl1 nonyqeHll!O ,!10CTaTQqHal! Bap!Ia!jllll 

IjeJieB0f0 npll3HaKa. BhlllBJICHlle MexaHll3M0B .11a1rnoro 3<p<peKTa CBJl3aH0 C nporpeccoM 

MOJICKYJillpHOM 6HOJIOfllll. B HaCT0J11IIee BpeMll 60JihlllllHCTBO llCCJIC,!10BaHllM B o6JiaCTll 

3KCnepllMCHTaJihH0ro MyrareHe3a HanpaBJICH0 Ha reHeTnqecKne 3<pqJCKThl [4]. CoBMCCTHOe 

npllMCHCHlle pa,11naljll0HHh!X TCXHOJIOfllM, TCXHOJIOfllM pe,11aKTllpoBaHllll reH0Ma ll 

ycKopeHHOM ceJICK!jllll 0TKpb!BaeT lllllp0Klle nepcneKTllBhl Ml! pelIICHllll 3a,11aq 6bICTporo 

nporpecca B C03,!1aHllll H0BhIX copT0B ceJihCKOX03llHCTBeHHh!X KYJihTYP· 

Pa,11naIJllOHHhJe TCXH0JI0fllll M0f)'T 6hITh llCII0Jih30BaHhl ,!1Jlll ynyqllleHllll Kaqecrna 

II0CCBH0ro MaTepnana, II0Bh!IIICHllll ypo)KaMHOCTll ceJihCKOX03llMCTBeHHhlX KYJihTyp. ,lvlll 

pa3pa60TKll TCXH0JI0fllll 11pe,1111oceBH0ro o6nyqeHllll CCMJIH 11poB0,!1l!TCll HayqHhie 

IICCJIC,!10BaHllll 110 onpe,11eJieHll!O .11nana30Ha CTllMYJillPYJOIIIIIX ,1103 ll c11oco6HOCTll 

II0HII3IIPYIOIIIllX ll3JiyqeHllM YCK0pl!Th p0CT ll pa3BllTlle Bblpa1IICHHhIX ll3 o6nyqeHHhIX ceMllH 

pacTeHllM. EhIJill 0ljeHeHbl 3HaqeHllll CTIIMYJillPYJOIIIllX ,1103 ,!1Jlll 60JihlllllHCTBa 3epH0BhIX, 

3epH06060BbIX, 0B0IIIHhIX, 6axqeBbIX, ::i<pnpoMaCJIIIqHh!X CCJihCK0X03llMCTBCHHhIX KYJihTYP ll 

MH0f0JICTHllX rpaB, a TaK)Ke 011pe,11eJieHbl ycJI0Bllll, BJIIIJIIOIIIIIC Ha ::iqiqieKTllBHOCTh 

11pe,1111oceBH0ro o6nyqeHllll [5]. CoapeMCHHb!e llCCJie,!10BaHIIll 1103B0JillJIII nonyqIITh H0Bh!e 

pe3yJihTaThl 0 MexaHH3Max q>OpMIIpoaamrn ::iqi<peKTa, CBJl3aHI!h!X C IIH.11YKIJIICM pe11apa!jllll 

,[(HK, II3MCHCHIICM qJIITOropMOHaJihHOro 6anaHca, aHTIIOKCll,!1aHTHOM aKTIIBH0CTll, 

CTIIMYJillIJIICH q>OTOCIIHTe3a II .11p. [6]. IIpaKT11qecKoe IICII0Jih30BaHIIe TCXH0JI0fl!II 

11pe,11noceBH0f0 o6nyqeHIIll CCMJIH Tpe6yeT 11p0,!10JI)KCHIIJI IICCJIC,!10BaHIIll KaK BII,!10BOM II 

copTOBOM BapIIa6eJibHOCTII pa,1111oqyBCTBIITCJihH0CTII KYJihTYP, TaK II M0,!111q>IIIJIIPYJOIIIllX 

<paKTOpOB, BJilllllOIIIIIX Ha CTa611JihHOCTh np0llBJICHllll ::iqi<peKTa CTIIMYJillIJIIII. 

IIepc11eKTIIBHOM o6JiaCTh!O npIIMCHCHllll pa,11HaIJII0HHhlX TCXH0JI0fl!M llBJillCTCll 

06ec11eqeHIIe q>IITOCaHIITapHOM 6e30llaCHOCTII 11po,11yKIJIIII. BhICOKII p11CKII II0Tep11 YP0)Kal! OT 

6oJie3Heii pa3JillqHhIX CCJihCKOX03llMCTBCHHhIX KYJibTyp - OT 10 ,110 40%, OT Bpe,1111TeJieii - OT 

8 .110 20%, qro CBll3aHo c 110J1BJieH11eM nexapaKTepnoro ,11JIJ1 Poccnn M11Kpo611onomqecKoro II 

qJIITOCaHIITapHoro B11,110B 3ap~eHllll, o6ycJIOBJICHHOro rno6aJill3aIJIICM pbIHKa 

11p0,!10B0JihCTBllll, a TaK)Ke B03MOlKHh!M IjCJieHanpaBJICHHhIM pacnpocTpaHeHIICM H0BhlX 

B11,110B HaCeK0MhIX Bpe,!111TCJieii II B036y,11IITeJieM 6oJie3HeM. 

MnoroqIICJICHHhlMII IICCJIC,!10BaHIIJIMII II0Ka3aHa BhIC0Kall ::iqi<peKTIIBHOCTh 

11pe,11noceBHal! o6pa60TKa CCMJIH CCJihCKOX03llMCTBCHHhlX KYJihTyp II0HII3IIPYJOIIIIIM 

113JiyqeHIICM ,!1Jlll no,11aBJICHllll q>IITOllaToreHHOM MIIKpO<pJIOpbl, K q>IITOllaTOreHHhlM 

M11Kpo6aM 0TH0CllTCll B036y,1111TeJI11 IIH<pCK!jllOHHhIX 3a6oneaa1111ii y pacTCHIIM - 6aKTepII11, 

rp116hI II BIIPYChl. ,[(Jill 11paKT11qecKOM peaJIH3aIJIIII IICII0Jih30BaHllll II0Hll311PYJOIIICro 

113Jiyqemrn B IJCJIJIX 11pe.11noceBHOM o6pa60TKII CCMJIH CeJibCK0X03l!MCTBeHHh!X KYJihTYP 

pa3pa60TaHa e-ventus TCXH0JI0fllll C IICII0Jih30BaHIICM ycK0pIITCJill Hll3K03HepreT11qecKIIX 

3JICKTP0H0B [7]. B 0CH0Be TCXH0JI0fllll JIC)KIIT 6110IJII,!1HOe ,11eMCTBIIe 3JICKTp0H0B HII3KIIX 

3Heprnii, 11p1I 3T0M 3JICKTp0Hhl np0HIIKa!OT B o6onoqKy Ha TaKYJO rny6IIHY, K0TOpal! 

Il03B0JilleT IICKJIIQqlITh JII06oe B03,!1CMCTBIIe Ha 3ap0,!1hllll II 3H,!10C11epM. B pe3yJihTaTe 

IICCJIC,!10BaHHM pa,11IIoqyBCTBIITCJihH0CTII B036y,11IITeJieii 6oJie3HCM pacTeHIIM BhlllBJICH0, qTQ 

CII0pbl pa3JIIIqHhJX B036y,111ITeJieii 110 CBOeii qyBCTBIITCJihH0CTII K o6nyqeHIIIO 0TJI1Iqa10TCJI 

.11pyr OT .11pyra B ,!1CCllTKII II ,11a)Ke B C0THII pa3. OcHOBHhlMII qiaKTopaMll, BJIIIJIIOIIIIIMII Ha 

pe3IICTCHTH0CTh naToreH0B K o6nyqeHIIIO, l!BJIJIIOTCJI MH0rQKJICTQqHQCTh, MH0rQll,!1CpH0CTh, 

IlJI0II,!1H0CTh ll ,!1p. [8], 
l1ccne,110BaHIIll 110 BJIIIJIHIIIO ll0HII31IPYJOIIICro II3JiyqeHIIll Ha 11p0IJCCChl pa3BIITIIJI II 

pa3MH0)KCHIIJI HaCeKOMhIX-Bpe,111ITeJieM CTaJIII OCHOBOM ,!1Jlll pa3pa60TKII TCXHOJIOfllM, 

Ha11paBJICHHhIX Ha IIX YHIIqTQ)KCHIIe B 3epHe II 3epH011p0.!1YKTaX, cyllleHhIX qipyKTax, 0B0IIIaX 

II IIIIIIICBhIX K0HIJCHTpaTax. C 11paKTll'ICCKOM TO'IKH 3pemrn na1160J1ee BOCTpeoOB3HHOM 
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HBJIHeTCH .ne31111ceKUIIH 3epHa 11 3epHOIIpo.nyKTOB, KOTOpaH OOJia.[\aeT PHAOM 

11peHMy111ecTB, B qaCTIIOCTII: CIIHlKaeTCH rrpllMCHCHHC XHMnqecKHX cpe.ncrn; BpeMJI 

o6pa6oTKH coKpamaeTcJI .no 7-14 .nHeti; .nocrnraeTCJI 100% rn6eJih HaceKOMhIX-Bpe.nnTeneti 

3epHa, rrpn JTOM rropalKa!OTCJI He TOJibKO B3pOCJibie oco6n, HO H .npyrne CTa.nnn OHTOreHe3a 

(JIHIJa, nnqnHKH, KYKOJIKH). TipnMeHeune TeXHOJIOrHH 633npyeTCJI Ha H3yqeunn 

lKll3Hecrroco6HocT11 HaceKOMhIX rrpn .neiicrnnn pa.nna11nn. l1Hrn6npYIQIIIHH Jq>q>eKr 

HOHll3HPYIOIIIHX H3Jiyqeunti Ha cpyuKIJHOHaJihHY!O .neJITeJihHOCTb opraHH3Ma H3XO.[{HTCJI B 

rrpJIMOH 3aBHCHMOCTH OT .[{03hl o6nyqeHHJI. YcTaHOBJieHO, qTo BbICOKaJI Jq>q>eKTHBHOCTh 

TeXHOJIOrHH .[{OCTHraeTCJI rrpn He60JibIIIHX .[{03ax o6nyqeHHJI - KaK rrpaBHJIO B .nnarr330He 100-
500 rp [5]. Bennqnua a6COJIIOTHOii JieTaJibHOH .[{03bl (JI,ll;100) 3aBHCHT OT B11):{a HaceKOMblX H 

CTa.[\HH p33BHTHJI H H3MeHJieTCJI B rnnpOKIIX rrpe.nenax. BblJIBJieHa 3aBHCHMOCTb 

JcpcpeKTHBHOCTII o6nyqeHml OT MOIIIHOCTH .[{03bl [9]. IIpe11My111eCTBa pa.n11au1101111oro 

MeTO.[{a .ne31111cei.:u1111 3aKJIIoqaJOTCH B OTCyYCTBIIII B o6pa6oTaHIILIX 11po.nyKTax H.[{0-

BIITLIX IJ!yMHraHTOB, 11p11MeHHeMLIX 11p11 XIIMHqecKOM c11oco6e .ne3HHCeKIJllllj 

yJiyqrnemm YCJIOBllii Tpy.na II TeXHIIKII oe3011ac110CTII .[{JIH rrepconaJiaj B03MOlKIIOCTII 

C03.namrn ITOJIIIOCTLIO aBTOMaTll311pOBa1111oro 11pouecca. 

BocTpe6oBaHHOH o6JiaCTh!O rrpnMeHeHIIJI pa.n11a11noHHbIX TeXHOJIOrHH JIBJIJICTCJI 

06ecrreqe11I1e MHKpo6nonor11qecKOH 6e30I1aCHOCTII rrpOAYKIIIIII. 3uaqIITeJihHOe KOJIIlqecTBa 

rrpOL\YKIIIIII CCJihCKOro X03JIHCTBa (OT 10 .no 25%), oco6eHHO OBOIIICBO.[{CTBa II IlJIO.[{OBO.[{CTBa, 

TepJieTcJI B rrpo11ecce xpa11e11I1J1 KaK B pe3ynuaTe ecTecrnennhIX rroTeph (ncrrapeHne Bnarn, 

pacxo.noBaHI1e oprannqecKHX Bemecrn), TaK II BCJie.[\CTBile rropqII rrpo.nyKTOB, Bhl3BaHHhIX 

r11I1e11I1eM, CBJl3al!Hb!M C lKil3He.neJITeJihHOCTh!O MI1KpoopraHil3MOB. 3cpcpeKTIIBHOCTh 

rrpIIMeHeHIIJI IIOHil3IIPYIOIIIero Il3JiyqeHIIJI 3aBIICHT OT .[{03bl o6nyqeHIIJI, B11):{a II lllTaMMa 

M11KpoopraHll3Ma, B03pacTa II IJ!ll3110JIOfllqecKoro COCTOHHIIH, BHelllHHX ycJIOBHii 

(cpe.nLI, TeMIIepaTypLI, MOlllllOCTII .[{03LI 11 .np.), a TaK».:e OT IICXO.[{IIOro q11cJia KJieTOK, 

IIp11 11e60JILlllllX .[{03ax 11apyrnaeTCH CIIOCOOIIOCTL KJieTOK K pa3MHOlKem110. Ilo Mepe 

yseJI11qe1111H .noJLI 11apyrnaeTcH 06Me11 ee111ecTB KJieTKH 11, 11ai.:oue11, Hacry11aeT ee 

OTMHpa1111e. rn6eJih lKHBbIX KJieTOK 110):{ BJIHJIHHeM ll0Hll3HPYIOIIIeti pa.nna11nn 11poncxo.nnr 

BCJie.[\CTBHe cymecrneHHbIX uapyrneunti B uyKJieHHOBOM n .npyrnx CTOpouax o6Mena, 

rrpoTeKa!OIIIHX B KJieTKe. ,ll;JIH npaKTnqeci.:oro np11Menemrn BLl.[{eJIHIOT TPII BH)l3 

11pouecca 06pa60TK11 1111111eeLix 11po.nyKToe: 1 - pa.nanepnBalJlrn (no.naBJIHeTcH , 

npaKT11qecK11 BCH MHKpolJ!Jiopa, 11 npo.nyKT MOlKeT coxpaHHTLCH npn OTCYTCTBIIII 

DOBTOp11oro 3apamemrn BeCLMa .[{JIIITeJILHOe BpeMH)j 2 - pa.nyp113au1rn (110.naBJIHeTCll 

qacTL KJieTOK, O.[{HaKO JTO 1103BOJIHeT YAJIIIHIITL B HeCKOJILKO pal 06L1q11L1e cpOKII 

xpa11e111rn); 3 - pa.n11c11.nau11H - nor116a10T ece KJieTKH 011pe.nene11Horo e11.na 6aKTep11ii, 

a OCTaJILHaH MHKpolJ!Jiopa HIIaKTIIBHpyeTCH Jlllllll, qacy11q110; JTO BalKIIO B 6opb6e C 

caJIMOHeJIJiaMH II .npyr11M11 pa.n110JiaOIIJILIILIMII BOlOYJ:lHTeJIHl\111 m1111eBLIX OTpaBJieHllii 

[3]. CJie.nyeT OTMeTIITL, qyo 06pa60TKa 11011113Hpy1011111M 113Jiyqe1111eM 11p11 11p11Mene111111 

11ayqHo-06oc110BaHHLIX .[{03 11 ycJIOBIIH ooJiyqemrn 1103B0JIJleT 110):{aBHTh 

lKll3He.[\eJITCJibHOCTb MHKpoopraHH3MOB, He yxy.nrnaJI Kaqecrna 11po.nyKIJllll. C IIOl\10IIILIO 

pa.n11au1101111oii: o6pa6oTKII MOlKHO: npO.[{JIIITL cpOKII xpa11emrn MHOfllX 11po.nyKTOBj 

c.neJiaTL IIX OOJiee Tpa11c11opTaOeJILHLIMII, qyo BalKHO 11p11 yeeJI11qe111m JIOfllCTIIKII 

DOCTaBKII npo.nyKUIIHj cyu~eCTBeIIHO yMeIILlllllTL IIOTepu; coxpamITL Kaqecrno 

npo.nyi.:um1, T.K. 11p11 06Jiyqe1111e COIIpOBOlK.[\aeTCH 11e60JILlllHM 11orJIOI11e1IHeM J11epn111, 

qyo He BLl3LIBaeT cy111ecTBeJ11ILIX 6HOXHM11qecKHX 11peepa111e1111ti. Pa.nyp113aUHH 11 

pa.nncu.naunH MOfYT 11p11MeHHTLCH .[{JIH o6pa60TKII MHCa II MHCOnpo.nyKTOB, pLIObl II 

pL16011po.nyKTOB, npo.nyKTOB MOpCKOro npOMLICJia, IIJIO.[{OB, Hro.n, OBOI11eii II IIPOAYKTOB 

IIX nepepaoOTKH [ J OJ. ,ll;JIH pa3BHTIIH pa.n11au1101111LIX TeXIIOJIOrllii II 06oc11oeamrn 

6eJOIIaCHLIX YCJIOBHii IIX 11p111\1e11eHHH .11eo6XO.[{IIMO .naJILHeiirnee npoBe)leH11e 
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4>yu11.aMe11TaJU,HbIX uccJie11.oeau11ii B o6JiaCTII pa11.11au:11011uoii MIIKpo6110Jior1111, 

pa11.11an:1101111oii 6IIOXIIMHII II XHMIIH, pa11.11au:1101111oii 61101j>113HKH. 

E111e 0/1.IIH Jlj>lj>eKT npHMeHeHllff 11011113Hpym111ero 113Jiyqe111Iff II.Jiff yeeJill'leHHff 

cpoKOB xpanellllff II ro11.110CTII n11111eBbIX np0/1.YKTOB 33KJIIO'l3eTCff B no11.aBJieH11H 

npopaCT3ll11ff 11 33Me11.Jie111111 co1peea1111ff 33 C'leT 33Me/l.JieHHff lj>epMeHT3TIIBllbIX 

npon:eccoe. 3TOT npHeM HCUOJih3yeTCff /I.Jiff KapTolj>eJiff, JiyKa, qecHOKa u HeKOTOpbIX 

«l>PYKTOB npu IICUOJih30B31111H HH3KHX H cpe11.1111x /1.03 113Jiyqe1111ff. l-fa-3a BblC0K0ro 
co11.epJKaH1rn BO/I.hi, oco61,1x ycJI0B11ii xpanemrn, Tpancnopn1poBKII 11 06pamenm1, 
II0TeHU:llaJihllhle U0TepII ypoJKall KJiy6nenJIO/I.HhIX II JIYK0Bll11Hb!X KYJihTYP MoryT 6b!Th oqe11b 
Bh!C0KII. Cpe11.11 ql!I31IOJIOf!IqecK!IX qiaKTopOB, K0T0pb!e BJIIIll!OT 11a xpaneHIIe KJiy6neii II 
JIYK0BIIU:, rrpopaCTaH!Ie 0Ka3hIBaeT Ha1I60Jiee neraTHBH0e 11.eiicrn11e. l111m61Ip0B3Hlle 
rrpopaCTaHllll B 3HaqIITeJihHOH CTene1111 33BIICIIT OT np!IMeHlleMoii /l.03hl II0IIII31IpY!QIIIero 
ll3JiyqeHIIll, ycJIOBIIH xpaHeHIIll, B qaCTH0CTll OT TeMrrepaTyphl II BJiaJKH0CTH, ycJIOBHH 
KYJihTllBHp0BaHHll, BpeMeHH noceBa, /1.JIHTeJibll0CTH nep11011.a 110K0ll JIYK0BHU: C M0MeHTa 
y6opK11 ypoJKal! /1.0 M0MeHTa o6JiyqeHHll. Ilornome11Hal! /I.Ola, 11eo6XO/I.IIMal! 11.Jlll 
Y/1.0BJiernopIITeJibH0r0 HHf!I61IpOBaH1Ill npopacTaHllll BapbnpyeT B 11pe11.enax OT 20 /1.0 150 rp 
B 3aBIICIIM0CTH OT BhIIIIeynoMllHYThlX qiaKTOpOB ll HX B3a!IMH0ro 11.eiiCTBllll [3]. 

WnpOKIIH c11eKTp B03MOJKHOCTeii 110 U0BhIIIIeHHIO KaqeCTBa II 6e3onaCHOCTll 
ceJibCKOX03l!HCTBe1111oii II nnmeBOH npo11.yKU:HII 011pe11.eJill!OT 11epc11eKTHBH0CTh 11p11MeHeHHll 
pa;\11an:110HHhlX TeXHOJIOf!IH 11p11 peIIIeHIIII 3a11.aq 11pO/I.OB0JihCTBeHH0H 6e3011aCHOCTII 
Pocc1111. 
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CPABHHTEJlhHhIM AHAJlll3 IIOBE,ll,EHqECKHX PEAKIJ,IIM II 
MOP<I>OJIOrHqECKHX H3MEHEHHM B rOJIOBHOM M03rE KPhIC IIOCJIE 

B03,ll,EMCTBIIR IIOHll3HPYIO~IIX H3JiyqEHIIM C PA3JIJlqHhIMII 
<1>113JlqECKIIMII XAP AKTEPIICTIIKAMII 

IO. C. Ceeep10xuH 
O6ne,11rneHHblll lIHCTIIT)'T l!,lepHbIX IICCJie,IOBaHIIll 

l1ccne,1onam1e BJIIIllHIIll KoprrycKyJillpHbIX BII,10B II3JiyqeHIIll Ha II0Be;:\eHIIe II 

MopcponomqecKIIe II3MeHeHIIll a QeHTpaJibHoii HepnHoii CIICTeMe l!BJilleTCll BaJKHoii 3a,1aqei! 

KOCMIIqecKoii II Me,IIIQIIHCKOll pa,11Io61IOJIOrIIII. Pell!eHIIe ,1aHHOll 3a,1aq1I crroco6cTByeT 

rronyqeHIIIO KOppeKTHOll 0QeHKe rro6oqHbIX 3cpcpeKTOB a,1pOHHOll ' TeparrmI II p1ICK0B 

Me)KIIJiaHeTHbIX K0CMIIqecKIIX II0JieT0B. 

B ;:\0KJia,1e rrpe,1CTaBJieH cpaBHIITeJihHblll aHaJIII3 rrone,1eHqeCKIIX peaKQIIll 11 

MOpcponor1IqecK1IX II3MeHeHIIll B roJI0BH0M M03re II0JI0B03peJiblX Kpb!C rrocne B03,leiicTBIIJI 

raMMa-lI3JiyqeHIIll, rrp0TOH0B pa3JIIIqHbIX 3Hepmii II II0H0B yrnepo,1a B ;:\03e 1 rp. 
YcrnHOBJieHO, qTo B03,leiicTBIIe rrp0TOH0B C 3Hepmeii 70 M3B Ha roJIOBHOll M03f 

IIplIB0;:\IIT K CHII)KeHIIIO ;:\BIIraTeJibHOll aKTIIBH0CTII Kpb!C, pocry 0TH0CIITeJihH0ro qIIcrra 

;:\IICTpOcpIIqecKIIX II3MeHeHIIll B K0pe, M03)KeqKe II flIIIII0KaMrre, pa3BIITIIIO aMIIJI0II;:\03a B 

rrepe,1HeM M03re II xpoMaTOJIII3Y CJI0ll 3IIeH,IIIM0QIITOB Ha 30 cyTKII rrocne o6nyqeHIIJI. 

B03,1eiiCTB1Ie II0HII31IpyIOmlix II3JiyqeHIIll C pa3JIIIqHbIMII <plI31IqecKIIMII xapaKTeplICTIIKaMII 

B O;:\IIHaKOBOll ;:\03e IIplIB0;:\IIT K CHII?KeHIIIO pa6oqeii naMl!TII II IICCJie,I0BaTeJibCK0ro 

none,1eH1Ill Kpb!C. Ilone,1eHqecK1Ie HapyllleHIIll, ;:\IICTPO<pliqecKIIe II MOpcpo-cpyHKQIIOHaJibHbie 

II3MeHeHIIll B flIIIII0KaMne, K0pe II M03)KeqKe 3aBIICllT OT JIIIHeiiHoii nepe,1aq1I 3Hepm1I 11 

!plI31IqecKIIX xapaKTeplICTIIK IICII0Jih3yeMoro nyqKa 3apl!)KeHHbIX qacTIIQ. B 0T;:\aJieHHbie 

cp0KII nocne o6nyqeHIIll II0HaMII yrnepo,1a 12C Ha6JIIO;:\aeTCll 3JIIIMIIHaQIIll ;:\IICTpocp1IqecK11X 

HapyllleHIIll B M03)KeqKe Kpb!C. 
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OU:EHKA BJIHHHIDI PEHTrEHOBCKOro H3JIYqEHHH 
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EVALUATION OF THE EFFECT OF LOW DOSES X-RAY RADIATION 
ON THE IMMUNOLOGICAL AND SECRETORY PROFILE 

MESENCHYMAL STROMAL CELLS OF HUMAN 
D. Yu. Usupzhanova •, T.A. Astrelina, I. V. Kobzeva, Yu.B. Suchkova, 

V.A. Brunchukov, A.A. Rastorguyeva, V.A. Nikitina, 
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Yq11Tb!BaH HeH36e)KH0 pacTy11.1ee KOJIHqecrno HCTQqHHKOB MaJ!bIX .1103 (OT 10 .110 100 

Mfp) HOHl13HpyIOll.lero 113JiyqeHHH (I1I1) B COBpeMeHHOM MHpe, TQqHa» 01.1eHKa pMCKOB, 

CBH3aHHblX C o6nyqeHHeM qeJIOBeKa B MaJ!b!X ,ll03ax, HBJI»eTCH Ba)KHQH 3a.11aqeif 

0611.1ecrneHHOro 3,llpaBooxpaHeHHH. Me3eHXHMaJ!bHhie CTpOMaJ!bHb!e KJieTKH (MCK), 

o6na,llaIOll.lHe crroco6HOCTb!O K caMOIIO,ll,llep)KaHHIO 11 IIOTeHQHHMH K .11mp<pepeH1.111pOBKe, 11, 

TaKHM o6pa30M, HBJIH!Oll.lHec» pereHepaTHBHb!M pe3epBOM B3pocnoro opraHH3Ma, Bb!CT)'IIaIOT 

nepcrreKTHBHOH MO,lleJih!O ,llJIH 113yqeHHH 3<p<peKTOB o6JiyqeHHH. 

B HCCJie,llOBaHHH .HMMYHOJ!QfHqecKoro rrpo<pHJIH MCK CJIH3HCTOH TKaHH .11eCHbl 

qeJIOBeKa IIOKa3aHO, qTQ 3KCrrpecc1rn IIOBepXHOCTHb!X aHTHreHOB CD90, CD73, CD105 11 

CD44 H3MeH»eTCH ITO.II BJIHHHHeM I1I1 B ,ll03aX 50, 100 11 250 Mfp B paHHHe cpOKH 

KYJibTHBHpoBaHHH IIOCJie o6nyqeHHH (.110 16 .11neil.). Ha6JIIO,llaeMbie 3<p<peKTbl yKa3b!BaIOT Ha 

113MeHeHHH Ba)KHeil.nrnx <pyHKI.IHOHaJibHb!X xapaKTepHCTHK MCK, a caMH IIOBepxHOCTHbie 

aHTHreHbl rrpe,llCTaBJIHIOTCH rrepcrreKTHBHb!M Kp11Tep11eM 01.1eHKH IIOCJie,llCTBHH B03,lleHCTBHH 

I1I1. 
B HCCJie,llOBaHHH ceKpernpHoro rrpo<pHJIH MCK IIOKa3aHo, qTQ MaJibie 11 cpe,llHHe 

,ll03bl I1I1 rrpHBO,llHT K pa3BHTHIO rrpOTHBOIIOJIO)KHbIX BOCIIaJIHTeJihHb!X peaKI.IHH B paHHHe 

CpOKH KyJihTHBHpOBaHHH IIOCJie o6nyqeHHH (48 qacoB): 06nyqeH11e MaJ!blMH ,ll03aMH 50 11 100 

Mfp rrpHBO,llHT K IIOBblIIIeHHIO KOHI.1eHTpa1.11111 HJI-6 11 CHH)KeHHIO KOHI.1eHTpa1.11111 HJI-8 B 

KOH.1111!.IHOHHpOBaHHblX cpe.11ax KJieTOK, B TO BpeM» KaK ,llJIH cpe,llHHX .1103 250 11 1000 Mfp 

Ha6JIIO,llaeTCH o6paTHM c11rya1.111». B OT,llaJieHHble cpOKH KYJibTHBHpOBaHHH IIOCJie 

o6nyqeHHH (43 11 64 ,lleHb) ,llJIH BCex HCCJie,llyeMhlX o6JiyqeHHblX rpyrrrr MCK IIOKa3aHO 

CHH)KeHHe KOHI.1eHTpa1.111il. HJI-6 11 I1JI-8, CBH,lleTeJihCTBYIOll.lee 06 ymeTeHHH MX 

<pyHKI.IHOHaJ!bHOH HMMYHOMO,llyJI11pyI011.1eif aKTHBHOCTH. 

TaKHM o6pa30M, C,lleJiaH Bb!BO,ll O BJIHHHHH MaJib]X .1103 peHTreHOBCKOfO 113JiyqeHHH Ha 

Ba)l(HeHIIIHe xapaKTepHCTHKH MCK, B qacTHOCTH, B OT,llaJieHHbJe cpOKH KYJibTHBHpOBaHHH 

IIOCJie o6nyqeHHH 3<p<peKTbl MaJ!b!X .1103 COIIOCTaBHMbl C 3<p<peKTaMH cpe,llHHX .1103 I1I1 11, B 

1.1eJIOM, CBH,lleTeJibCTBYIOT 06 yrHeTeHHH <pyHKI.IHOHaJibHOH aKTHBHOCTH KJieTOK. 
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KOCMII'!ecKal! pan1106JIOJIOfllll (KPE) - 0/1Ha 113 aKTyaJJbHbIX BeTBeii 

4JYH/1aMeHTaJJbHOli II np11KJia/1HOli PMII06IIOJIOfllll. KoCMII'!eCKal! pan11a1111ll Bcema 6brna II 

Hb!He llBJilleTCll 3Ha'!IIMbIM cepbe3Hb!M 6apbepoM ITPII OCBOeHIIII '!eJIOBeKOM KOCMII'!eCKOfO 

ITpocTpaHCTBa. 

ITaHTeOH OCHOBOITOJIOlKHIIKOB KPE He MaJJ: CaKCOHOB ITaBeJI ITeTpOBII'I, AHTIIIIOB 

BceBOJI0/1 BacIIJibeBII'I, ,[(aBbl/10B 6op11c HJibll'I, I'IOp/1lKIIaH ApMeH ApaMOBilq, 

Jie6enIIHCKIIli AHnpeli BnanIIMIIpOBil'I, I'p11ropbeB I0p11li rp11ropbeBII'I, ,[(apeHCKaJ! 

HaTaJJbll I' eoprneBHa, Heqie/10B I0p11li I' epaCIIMOBII'I. DblJIO YCTaHOBJieHO noapeJKnaioniee 

neliCTBIIe KOCMII'!eCKOli PMIIa111111. ITepBbie CTaTbll II 3aTeM KHilrII ITO KPE Ha'!aJJII BbIX0/1HTb 

C 1960 rona, npaKTII'!eCKII 0/1HOBpeMeHHO C Ha'laJJOM- 113)1aHIIll npOqJilJlbHOro lKYPHMa 

«PMH06IIOJIOrIIll». IT110Hepbl KPE 011eHIIBaJIII 6HOJIOrII'!eCKIIe 3qJqJeKTbl pa3Hb!X Bil/10B 

Il3JIY'!eHIIli, qiaKTOpbl /103bl, MOII(HOCTII /103bl, OTHOCIITeJibHOli 6110JIOfH'leCKOii 

3qJqJeKTilBHOCTII (063) 11 MHOroe npyroe. 

KpaTKoe Il3JIOlKeHHe ITp06JieMaTHKil KPE ITpencTaBJieHO B /10KJia):le ITO cneny10II1eMy 

ITJiaHy: pan11a11HOHHbie YCJIOBIIll B 6JIIllKHeM II /1aJlhHeM KOCMoce; oco6eHHOCTII /103HMeTpI1I1 

KOCMII'!eCKOli pa1111a11H11; OCHOBHbie ITOCJie):lCTBilll /1Jlll '!eJIOBeKa; MaJJbie /103bl II M03r; 

KOM6IlHilpOBaHHbie B03)1eliCTBIIll; 3KCTpanOJilll\Illl naHHbIX K '!eJIOBeKy; HOpMHpOBaHHe 

KOCMII'!eCKOli pM11a111111; cpencrna nOBbIIIIeHIIll pe3IICTeHTHOCTII II Me/11IK0-6IlOJIOf11'1eCKOii 

3alI(IITbl; nepcneKTIIBHbie HaITpaBJieHIIll KPE. 

HcTO'!HIIKII KOCMII'!eCKOli pa1111a111111 MHoroo6pa3Hbl. OHM BKJIIO'laIOT PIT3, 310 B 

OCHOBHOM npoTOHbl Il 3JieKTPOHbl C K03qJqJIIL\IIeHTOM Ka'lecrna (KK) OT 1.5 /10 2.5 . .nMee 

COJIHe'IHbJe KOCMII'!eCKIIe JIY'-111 (CKJI), TaKlKe B OCHOBHOM npOTOHbl /10 I 000 M3B C KK /10 

2.0. I1 TpeTbll BalKHeliIIIaJI KOMITOHeHTa - raJJaKTII'!eCKIIe KOCMII'leCKIIe JIY'IIl (I'KJI), a COCTaB 

KOTOpblX BX0/1l!T ycKopeHHble IIOHbl OT aonopona Il reJIIIll II ):laJJee npaKTII'leCKII Bceii 

ITepII0/111'-leCKOli Ta6JIIIL\bl XIIMII'!eCKIIX 3JieMeHTOB C Bb!COKIIMII BeJIII'IIIHaMII KK - /10 5 II 
BbIIIIe. CMO):leJI11poaaTb TaKOli HenpocTOli KOCMII'leCKIIli «PMIIal\IIOllllbltt KOKTeliJib)) B 

Ha3eMHOM 3KCnep11MeHTe HeB03MOlKIIO. 

,[(03a na 6opTy MKC B 200 pa3 npeBbIIIIaeT TaKOBYIO Ha 3eMne. 3a ronoaoli noner 3TO 

yJKe /10 300 M3B, a ITpoqieccIIOHaJlbHblli ITpeneJI KOCMOHaBTa, KaK II nepcOHaJJa rpyITITbl A -
1000 M3B. ,[(nll MelKnJiaHeTHbIX ycJIOBIIli /103bl o6ny'!eHIIll COCTaBllT BeJIII'IIIHbl 1,4 M3B Ha 

JlyHe (ITpIIMepHO B 600 pa3 BbIIIIe, '!eM na 3eMJie) 11 'IYTb 60JibIIIe B ITOJieTe K Mapcy - 1,8 
M3B. ,[(03IIMeTpIIll KOCMII'!eCKIIX 113JIY'!eHIIli '1pe3BbI'lalino Tpy1111a BCJie):lCTBIIe MIIOfIIX 

ITPII'IIIH: nepena):l /103 no OTCeKaM CTaHL\1111 II naJKe Teny /10 2-x pa3, aHII30TpOnIIll, BKJia)l 

HeliTpOHOB /10 40 npo11eHTOB, He06X0/1IIMOCTb onpeneJieHIIll KK II npaKTII'leCKII noJIHaJI IIOKa 

HerrpencKa3yeMOCTb MOMeHTa B03HIIKIIOBeHJll! COJIHe'!HbIX ITPOTOHHbIX co6hITIIH (CITC). 
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BKna.11 pa,11ua111:10HH0fO <paKTOpa B K0CM0Ce, K0HC'-IH0, Bhl,IICJIHTb 0'-ICHb CJID:lKH0. 

rno6aJibHhlll n CaMblll rnaBHblll 110Ka'.3aTCJib - CMepTH0CTb - He BbHIBHJI ,II0CT0BepHoro 

BJlll.!!Hll.!1 K0CMH'-ICCKHX 110JICT0B Ha 3,II0p0Bbe, B TOM '-lllCJie ll 110 0HK0JI0rll'-ICCKHM 

H030JIOrll.HM. Pe3yJibTaT 11onyqeH He3aBHCHM0 B Haumx ll aMepHKaHCKHX 

3111:1,IICMH0JI0rH'-leCKHX HCCJIC,II0BaHH.!IX. PHCK CMepTH B K0r0pTe K0CM0HaBT0B 0Ka3aJIC.!I 

,II0CT0BepH0 Hll)KC 110 cpaBHCHHIO C pe<j>epeHTHOll rpynnoi1. 

B aKTYaJibH0ll npo6neMaTHKe C0BpeMCHHbIX pa,111:106HOJIOrH'-ICCKHX HCCJIC,II0BaHHll B 

3TOll o6JiaCTll npe)K,IIC BCero H3yqaIOTC.!I 3<p<peKThl xp0Hll'-ICCKHX, KBa3uXp0Hll'-ICCKHX ll 

ippaKQHOHHpOBaHHblX ,IIJIHTCJibHhIX o6nyqeHHll. BO-BTOpbIX, np0,II0JI)KaeT HCCJIC,II0BaTbC.!I 

crre11Hq>HKa HapyrneHHll OT T.!l)KCJib!X 3ap.H)KCHHb!X '-laCTIIll (T3q). 3TO Ha11paBJieHHe IIIl!p0K0 

rrpe,11crnBJieHo B pa6ornx E.A. KpacaBHHa u ero Konner 1:13 na6opaTOpui1 O61,e,111:1HeHHoro 

l!HCTllTYTa .H,llepHblX llCCJie,l(OBaHHll (OHJll1). TpeTbe KOM6HHllpOBaHHbie 

MO,lll!<pllllllPY!OlllllC 3<p<peKTbl .!IPYrHX <paKTOpOB K0CM0Ca, ll npe)K,IIC Bcero HCBCC0M0CTH 

(lllreM6epr A.C. ll coaBT.). bOJibIIIllHCTBO uccne,110BaTenei1 TaK llJill HHa'-le H3J'-Ia!OT 

MexaHH3MhI HapyrneHui1 ~HC Ha Bcex ypoBH.HX HHTerpa11uu. Bee pa,111:106uonoru 

CTaJIKHBa!OTC.!I C npo6neMoi1 3KCTpanoJI.HQlll! CB0HX 3KC11epuMeHTaJibHbIX ,11aHHbIX Ha 

'-!eJioBeKa. 3,11ecb 3aJI0)KCHbl lI caMb!e 60JibIIIl!e K0Jil!'-ICCTBCHHbie OIIIH6KH B 0QCHKe 06111ero 

pa,111IaQU0HH0fO 3<p<peKTa. 

HenJIOXHM HaJ'-IHbIM 11pl!MepoM .HBJI.HCTC.!I npoeKT «faMMa-6p1!3», Bb!IlOJIHCHHblll B 

HMEIT PAH (2008-2010 rr.), B K0TopoM Mo,11en1Ip0Banoch Ha npuMarnx o6nyqeHl!e Bo 

BpeM.H 6y.!ly111ei1 Mapcl!aHCKOll 3Kcne,lll!lll!l!. IlpH cpaBHl!TCJibH0 HCBbIC0KHX ,II03ax 

o6nyqeHl!.!1 cy111ecTBeHH0 CHl!)KaJiaCb n0BC,IICH'-!CCKa.H onepaT0pCKa.H aKTHBH0CTb o6e3b.HH. 

AHaJIOrH'-IHbJe HCCJIC,II0BaHl!.H, no MHCHl!IO BC.!IY!lll!X K0CMH'-ICCKHX pa,lll!06HOJIOrOB, 

CTaH0B.!ITC.!I MHp0Bb!M npl!0pl!TeT0M. 

O6rnHpHee 110 061,eMy, CCTCCTBCHH0, 3KCnepl!MeHTaJibHbie llCCJie,II0BaHH.!I Ha 

rphI3yHax. Ilpl! Bcex ,1103ax I! cpoKax 11peo6na,11ann norpaHII'-!Hhie c,11B1IrH, 0Tpa)Ka10I111Ie 

pa3Jil!'-!Hhle BapnaHTbl <pl!3llOJIOrH'-!eCKOll H0pMbl HCllpOHOB. OHi! o6paTHMbl lI npH 

onpe,11eJICHHblX ycJI0Bl!.!IX Ha HX 0CH0Be M0fYT B03Hl!KaTb pa3Jil!'-1Hble <j>opMbl 

a,11a11TaQl!0HHb!X HJII! aJibTepaTHBHblX 1!3MeHCHl!ll. O6nyqeHue Bb!3b!BaJI0 6onee 

Bb!pa)KeHHbie, '-ICM B B03pacTH0M K0HTpone, H3MCHCHl!.!1 C0OTHOIIICHHll pa3Jil!'-1Hb!X THn0B 

Hei1pOHOB, npoucX0,11.!lllll!C B npe,11enax <pyHKQl!OHaJibHOll H0pMbI: HCllpOHbl coxpammH 

[\eJI0CTH0CTb .!!,llpa, .!!,llpb!IIIKa H lll!T0nJia3MbI; C,l(Bl!rH o6paTHMbl. B TC'-ICHHe )Kl!3Hl! 

np0l!CX0,llllJI0 CHl!)KCHl!e pa3MepoB Hei1p0H0B: o6nyqeHl!e B ,l(03ax 10 II 100 crp ycHJil!BaJI0 

3T0T npo11ecc, a B03,IICHCTBl!e B ,II03ax 20 II 50 crp He H3MCH.HJI0. IlpaKTH'-ICCKH Bee 

H3yqaeMhie 110Ka3aTeJII! 6bIJIH 6onee na61IJibHb!Ml! npl! CaMOH MaJIOH HCCJie,11yeMOll ,II03e 10 
cfp, '-!TO Bep0.!ITH0 CBll,IICTCJibCTByeT 0 «pa3,11pa)Ka!OI11CM)) 3<pq>CKTe MaJib!X ,1103 

IIpl!MeHl!TeJibH0 K M03ry. 

Ba)KHCHIIIl!M ,IIJI.!1 ,llaJibHCUIIIero np0Hl!KH0BCHll.!I '-ICJI0BeKa B K0CM0C .!IBJIHCTC.!I 

06ocHOBaH1Ie pa3yMHbIX 6e3onaCHblX npe,11eJI0B o6nyqeHl!.!1 K0CM0HaBT0B. Tpy,11HOCTI! 3T0f0 

HanpaBJICHl!.!I 3aKJIIO'-!aIOTCH B yn0Ml!HaBIIICMC.!I Tpl!e,lll!H0M xapaKTepe C0CTaBa KOCMII'-ICCKOll 

pa,111Ial..lHII. HopMupoBaHl!e 1!3JIY'-!CHl!H C Bb!C0KHMI! 3Ha'-!eHH.!IMI! JII13 lI 0£3, IIIHpOKl!H 

,1111ana30H M0!11HOCTei1 ,1103 np0T0H0B II nepena,llbl ,1103bl no TeJiy K0CM0HaBTa OT 2 .110 20 pa3, 

npe,IICTaBJI.HeT 3Ha'-ll!TCJibHYIO npo6JieMy. B Mae 2021 ro.11a no.HBl!JIC.!I H0Bblll HOpMaTHBHblH 

,II0KyMeHT, YTBCp)K,IICHHb!ll POCKOCMOCOM lI <l>MEA. 8 3TOM ,II0KyMeHTe npe.11en ,1103hl 3a fO,l( 

CHl!)KeH c 500 ,110 300 M3B. 3TO caMblll MaJiblll fO,IIOBOH KOCMH'-ICCKl!ll npe,lleJI B MHpe. 

Ilp11Me'-1aTeJibHO, '-!TO B HaCT0.HI11ee BpeM.H: Ha MKC cpe,11HeTKaHeBa.H ,1103a Ha KOCTHblll M03r 

M0)KCT ,II0CTl!raTb 230 M3B. 

B 06111ei1 CTPYKType HanpaBJICHl!ll n0BbIIIICHl!.!I pa,111Iope3l!CTCHTH0CTH K0CM0HaBT0B B 

,llaJibHCM K0CM0Ce J'-ITCH0 MH0roe, HO B 6y.11y111eM npe,IICT0l!T npl!JI0)Kl!Tb HCMaJI0 ycl!Jil!ll 

,IIJI.H .11opa60TKI! 60Jibllil!HCTBa 3JICMCHT0B. Cy111ecrneHHO, '-!TO 11p0Tl!B0JIY'-1CBbIC cpe,11crna B 
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K0CM0Ce He rrp11 KaKIIX ycJI0BIIllX He aoJIJKHbl Bbl3bIBaTb rro6otJHbIX peaKUIIll, CHIIJKaTb 

pa60TOCITOC06HOCTb 'IeJI0BeKa, He nonJKHbl BJIIIl!Tb Ha K0opn11HaUIIIO nB11JKeHIIll II 0CTp0TY 

3peHIIll, HapynrnTb IIMMYHIITeT II CHIIJKaTb ycTOll'IIIBOCTb opraHII3Ma K p33JIII'IHblM 

3KCTpeMaJibHbIM cpaKTOpaM. BapIIaHTOB o6nyqeHIIll B nanhHeM K0CM0Ce CT0Jib MH0ro, 'ITO 

enIIHCTBeHH0ro ::icpcpeKTIIBHOro pan1103aJUIITH0ro cpencrna rrp0CT0 He cymecTByeT B 

rrpIIHUIIlle. Yrrop B IT0IICKe H0BbIX cpeacTB cnenyeT cnenaTb Ha pan110MoaynllT0pbl H 

pannoMIITJiraTOpbl, yc11JII1Ba10IUI1e perrapaTHBHble 11ocrnyqeBbie 11poueCCbl. 

B CITIICKe C0BpeMeHHblX HaYtJHbIX TpeHnoB B 3TOll o6JiaCTH BbiaeJil!IOTCll: KJieT0'IHbie 

peaKun11 Ha K0CMIItJecKyro pan11au1110, oco6eHHo T3q; oHKoreHe3; oueHKa 11penenoa He 

Bblllle 3%-ro pIICKa CMepTII, Bbl3BaHHOll o6nyqeHneM, a TaKJKe pIICKII aKTYaJibHblX 

HeiiponereHepaTIIBHbIX 3a6oneBaHIIll II rIICT0-6IIOXIIMH'IeCKIIe nccnenoBaHIIll rIIIIII0KaM11a, 

JI06HOll non11, K0pbI II M03JKetJKa 11p11 HeBeJIIIKIIX a03ax ao 25-50 crp. KpoMe T0fO, 

aKTYaJibHbl IICCJienoBaHIIll 3K30C0M KaK 6noMapKepoB B03neiiCTBIIll T3q, 113YtJeHHe 

p33JIH'IHbIX CBll3eii MeJKny B0CITaJIIITeJibHblMII, fllll0KCII'IeCKIIMII, pan11au110HHbIMH 

peaKUIIllMII II CTapeHneM. BaJKeH II0IICK H0BbIX IT0BeneH'IeCKHX Moaeneii nnll 3KCTparr0JillUHH 

K nel!TeJibH0CTII 'IeJI0BeKa, oueHKa KOM6IIHIIpOBaHHOf0 B03neiiCTBilll KP ll Moaen11pyeMOH 

MIIKporpaBIITaUIIII, ycTaH0BJieHIIe 6110MapKepoB IIHaIIBIInyanhHOll pan11oqyacTBI1TeJibH0CTH 

II pa3pa60TKa H0BbIX cpapMaKOJIOfII'IeCKIIX cpencrn, oco6eHHO 11p0TIIB0B0CI1aJII1TeJibHblX H 

aHTII0KCIInaHT0B. 

HYJKHbl op11r11HaJibHbJe TeXH0JI0fllll OT6opa K0CM0HaBTOB, o6nanaIOlljHX 

IIOBb!llleHHOll pan110pe3IICTeHTH0CTblO, 0CH0BaHHbie Ha oueHKe, Ha11p11Mep, nBYHIITIIeBblX 

p33pbIB0B ,ll;HK, a TaKJKe Ha HaaeJKHbIX cpeHOTIIITII'IeCKIIX II0K33aTeJillX pe3IICTeHTH0CTH. 

IlpIIMepHblll anropIITM c03naHIIll TaKIIX TeXHOJIOrIIll M0JKeT 6hITb cnenyroIUIIM: KJieTKH H3 

611011mm IIJIH Kp0BII qeJI0BeKa 11onBepraIOTCll TeCTIIPYJOIUeMy o6nyqeHIIIO, B 11neane -

KOCMII'IeCKOll pan11au11err, 3aTeM aHaJIII31IpYJOTCll M0JieKynllpHo-reHeTII'IeCKIIe II KJieT0'IHbie 

peaKUIIII II rrpoBonIITCll 611011HcpopMaUIIOHHOe BblneneHIIe Ha116onee pan11ope3IICTeHTHbIX 

nIOneii. 

,ll;anbHettlllee rrp0HIIKH0BeHIIe 'IeJI0BeKa B K0CM0C CBll3aH0 C rrpeononeHHeM 

pan11au110HHoro 6apbepa yJKe H0Boro nnll 'IeJioBeKa crreKTpa. ,ll;nll ero 11ocnenoBaTeJibHoro 

11peononeHIIll 0CTp0 Heo6xoa11Ma Bceo6beMJIIOJUal! K0HUellUIIll pan11au110HHOll 6e30llaCHOCTH 

'IeJI0BeKa BO BHeop6IITaJibHbIX II0JieTax. HOBYJO K0HUeITUHIO M0JKH0 Ha3BaTb «K0Huem1neii 

BbI6opa MeHhlllett CYMMbl 3Jia». _IlpHHUIIII ALARA He 0TMeHl!eTCll, HO CTaBHTCll Ha rpaHb 

B03M0JKH0ro co6JIIOneHIIll. B 6opTOBOll arrTe'IKe Heo6xon11MO IIMeTb cpencrna, K0T0pbie 

6ynYT l!BJil!TbCll HeKOll COBpeMeHHOll K M0MeHTY IT0JieTa «cyMMOll pan1106norronm», 

IICIIOJJb3YJOJUeii Beeb apceHaJI cpencTB rrpOTIIBOaerrcTBIIll - pan11011poTeKTOpbl, 

panII0MIITIIraT0pbI, pan110MonyJillT0pbI, rn6epHaUIIll, IICKYCCTBeHH0e MarHIITH0e none II T./1. 

3K1111aJK c BpatJoM-pan110611orroroM norrJKeH 6hITb rroao6paH 113 Ha116onee pan11oycrnii'IIIBblX 

K0CM0HaBTOB (110 reH0- II cpeHOTIIIIII'IeCKIIM KpIITepIIllM). 

rny60K3ll 6naronapHOCTb C0BpeMeHHbIM 11pencTaBI1TeJJllM KOCMII'IeCKOH 

pan110611orrorn11 M.B. Bac11Hy, A.A. 11BaHOBY, E.A. KpacaBIIHY, A.H. Oc11rr0By, B.11. 
<l>enopoBy, A.B. lllacpnpKnHy, A.C. ll1TeM6epry 11 11x KorrrreraM. 11MeHHO 6rraro11aps 

coBMeCTHOtt pa60Te ynaeTCll rrponorrJKaTh 11epenoBhJe KocMopan110611orrornqecKHe 

IICCJienoBaHIIll. 

TaKHM o6pa30M, C0BpeMeHHall K0CMII'IeCKall pan110611orror11ll HaxonIITCll_ Ha 

11epeJJ0MH0M '.Harre Bblpa60TKII H0BbIX 11yTett pa3BHTllll ll II0JJy'IeHIIll 11popbIBHbIX 

pe3yJJhTaT0B. ,ll;aJJhHettlllyIO p0Jib Hay'IHOfO C0BeTa PAH 110 pan110611orrorn11 II BCero 

Pan110611onornqecKoro o6mecrna PAH TpynHo rrepeoueHIITh. 
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CPABHHTEJihHblM AHAJIH3 <l>AKTOPOB, 
OIIPE,[J;EJIJIIOIIJ;HX IIOCJIE,[J;CTBHJI ABAPHM HA qEPHOliblJlhCKOM A3C H 

A3C <l>YKYCHMA 1 
C.B. <PeceHKO 

<l>fliHY PoccIIHCKIIH I1HCTIITyr Pat1IIOJIOfl!II II Arpo:iKonornII, O6HIIHCK, PoccIIiiCKlUI 
<l>e,11epaum1 

A COMPARATIVE ANALYSIS OF FACTORS DETERMINING THE 
CONSEQUENCES OF ACCIDENTS AT CHERNOBYL AND FUKUSHIMA Dai-ichi 

NPPs 
S. V. Fesenko. 

Russian Institute of Radiology and Agroecology, Obninsk, Russian Federation 
Corwin l 7F@mail.ru 

IlocJie,llCTBIIH KpynHOMacmrn6Hh!X BhI6pocoB pa,!IIIOHYKJIII,!IOB B OKpY)KaIO!l{yIO cpe,11y 
3aBIICHT OT 6oJihlllOf0 qIIcJia pa3HoxapaKTepHb!X qiaKTOpOB, BKJIJOqall oco6eHHOCTII 
aBapIIHHOfO Bb!6poca (npo,!IOJI)KIITeJihHOCTh, aKTIIBHOCTh II COCTaB PaJIIIOHYKJIII,llOB B 
Bb16poce), MeTeoponornqecKIIe ycnoBIIH BO speMll Bh16poca, speMH ro,11a (onpe,11eJilIIO!l{ee 
CTaJ(IIIO pa3BIITIIll pacTeHIIH), CBOHCTBa OKpj')KaIO!l{eii cpe,llbl, MeTO,llbl Be,11eHIIll ceJihCKOfO 
X03llHCTBa, HaJIIIqIIe KpyIIHh!X HaCeJieHHh!X nyHKTOB B 30He B03,lleiicTBIIll Bb!6poca, IIII!l{eBble 
npIIBbJqKII II o6pa3 )KII3HII HaceJieHIIll B IIOCTpaJ(aBlllIIX paiioHax, ocymecTBJieHIIe 3all{IITHb!X 
,11eiiCTBIIH. Ba)KHOe 3HaqeHIIe C ToqKII 3peHIIll Ol{eHKII IIOCJie,llCTBIIH aBapIIii IIMeIOT II 
KpIITepIIII, IICIIOJlh3yeMhie ,!\Jill Ol{eHKII pa,llIIOJIOfIIqecKIIX IIOCJie,llCTBIIH II 3all{IIThl 
HaceJieHIIH. 

,ll;aHHhie no Bb!6pocaM pa,11IIOHYKJIII,!IOB, onpe,11eJill!Oll{IIX IIOCJie,llHIIe asapIIII ,!\Jill 
AITK, aTMocqiepy B pe3yJihTaTe KpynHhIX paJIIIOaKTIIBHhIX aBapIIii Ha qepHo6bIJihCKoii A3C II 
A3C «<l>yKyCIIMa-1 » npIIBe,11eHhI B rn6JIIIl{e 1. 

Ta6JIIIl{a I - Bb16poc pa,11IIOHYKJIII,11os B aTMocqiepy, TEK 

Pa,11II0HyKJIII,11h1 qepHo6hrnh <l>yKyCIIMa 

1311 1 760 000. 100 000-400 000 

137Cs -85 000 7 000-20 000 

134Cs -47 000 8 300-20 000 

. 9oSr 10000 3,3-140 

132Te 1 150 000 760-1 620 

11:30TOIIhl Pu 6 100 0,0035-1,2 

95zr 196 000 17 

141+144Ce 212 000 11 
I06Ru >73 000 0,002 

V V IOI lo➔ U/. ,ll;Jrn aBapIIII Ha qepHo6hrnhCKOII A3C II A3C <l>yKyCIIMa-1 I, Cs II Cs 6bIJIII 
HaII6onee Ba)l(Hb!MII ,1103006pa3yIO!l{IIMII pa,11IIOHYKJIII,11aMII. IlpII 3TOM KpaTKOcpoqHbie 
3<p<peKTbl ,llJill AITK onpe,11eJillJIIICb !31 I, a ,llOJirocpoqHh!e IIOCJie,llCTBIIll - II30TOIIaMII l{e3IIll. 
Bb16poc pa,llIIOaKTIIBHOfO l{e3IIll B aTMOC<pepy IIOCJie asapIIII Ha qepH06bIJihCKOH A3C 6hIJIII 
cyll{ecrneHHO Bhillle, qeM noCJie asapIIII Ha A3C «<l>YKYCIIMa-1 ». qepHo6hIJihcKaH A3C 
HaxO,llIITCH B ueHTpe EsponeiicKoii qacTII CCCP II npaKTIIqecKII see pa/lIIOHYKJIII,llhl BhIIIaJIII 
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Ha K0HTHHeHTe, 3arpH3HHB ceJihCKOX03HMCTBeHHhle yro,uhH B 6orree '!eM 20 CTpaHax. B crryqae 

aaapHH Ha A3C <l>yKyCHMa 1 0K0JI0 JJ0JI0BHHhl pa;i;H0HyKJIH,U0B, BbI6poIIIeHHhIX a 

0KpYJKaIOmyio cpe,uy, BhlJJaJIH Ha JJ0BepXH0CTb 0KeaHa H 6hIJIH ,U0CTaTOqHo 6hlCTpO 

,ueII0HHpoBaHhl B ,U0HHhIX 0TJI0JKemrnx, qTo rrpHBerro K yMeHbIIIeHHIO rrocrre,UCTBHM aaapm1. 

KpoMe :noro BhIC0KM ,uorr» 
134

Cs 110 cpaBHeHHIO c 
137

Cs a BhI6poce A3C «<l>yKycHMa-1» 

(ornomeHHll 0,55:1,0 ,UJill T.JepH06bIJihCKOll aaapHH H 1:1 ,UJill aaapHH Ha A3C «<l>yKyCHMa-

1 ») 03Haqarra, qTQ CyMMapHall aKTHBH0CTh pa;i;HoaKTHBH0ro ue3Hll B OKpYJKaIOmeii cpe,ue 

CHHJKaJI0Ch 6hJCTpee rrocrre aaapHH Ha A3C «<l>yKyCHMa-1 ». Bcrre,UCTBHe BhlCOKOH 

He0,UH0p0,UH0CTH Bh!Ila)];eHHll cpe,UHHe 3HaqeHHll BbIIIa,UeHHll 
137 

Cs B 3arpll3HeHHhIX 

HacerreHHhIX IIyttKTax 3BaKyttpoBaHHhIX (HJIH BbIBe,ueHHb!X H3 X03llHCTBeHHOro 

HCIIOJih30BaHHll) 6hIJIH CX0JKH, HO yp0BHH pa,UH0aKTHBH0ro 3arpll3HeHHll Ha He 0TCeJieHHh!X 

(He 3BaKyHpOBaHHhIX) paiioHax 6bIJIH ropa3,U0 BhJIIIe B crryqae aaapHH Ha T.JepH06bIJibCKOH 

A3C. Bee 3TH <jiaKTOpb! 0Ka3aJIH BJIHllHHe Ha TO, qTQ rrocrre,ucTBHll aaapHH Ha 

llepHo6bmhcKoii A3C 6b!JIH cymecrneHH0 rnJKerree rrocrre,ucrnHii aaapHH Ha A3C 

«<l>yKyCHMa-1 ». 
. Oco6eHHOCTH TeppHTOpHii, 110,UBeprIIIHXCll 3arpl13HeHHIO rrocrre paccMaTpHBaeMhlX 

aaapHH rrpHBe,ueHhl B rn6rrHue 2. T.JepH06hIJihCKM aaapHll rrp0H30IIIJia, K0r)];a Haqarrcll 

aereTaUHOHHhlll rrepH0,U, TOr,ua KaK aaapHll Ha A3C «<l>yKyCHMa-1 » rrp0H30IIIJia B MapTe 2011 

ro,ua, TO eCTh ,U0 Haqarra rrepHo,ua aKTHBHOll BereTaUHH pacTeHHll. TaKHM o6pa30M B rrepH0,11 

HHTeHCHBHh!X BhIIIa)];eHHll H30T0II0B iio,11a Ii ue3Hll rrpH ocaJK,11eHHH pa,11H0aKTHBH0ro ue3Hll 

aereTaTHBHhie qacTH ceJihCKOX03l!MCTBeHHhIX KYJihTYP 6bIJIH 110,U 3eMrreii Ii He 110,UBeprrrHCh 

a3paJibH0MY 3arpll3HeHHIO. 

Ta6rrHua 2 - IlpHpO,UHbie oco6eHHOCTH TeppHTOpHii, 110,UBeprIIIHXCll HHTeHCHBH0MY 

B03,UeiiCTBHIO pap;HaUH0HHb!X aaapHii 

<l>aKTOpb! llepHo6bmh <l>yKyCHMa-1 

BpeMl! ro,ua (ce3oH) 
B Haqarre aereTaUH0HHoro 

,n:o aerernuH0HHoro rrepHo,ua 
rrepHo,ua 

IlJIOTHOCTh 
Cpe,uHllll 8hICOKall 

HacerreHHll 

Perrbe<p MeCTH0CTH 
PaBHHHHhlll, rrecHCThlll, ropHCTal!: 3arreceHHbJe CKJI0Hhl II 

cerrhCKOX03llllCTBeHHhlll IIPI!6peJKHhJe BO,UOC60Phl 

JiIHTeHCHBHocTh AITK Coe,uHllll BhICOKall 

KpHTHqecKHe MorrOKO, Ml!C0, 3epHo, PHc, qipyKThl, JIIICT0BbJe Ii 

rrpo,uyKThl Kaprnc!Jerrh K0PHeJJJI0,UHhie KYJihTYPhl, 3epH0, 

JlaTeparrhHhlll 
HH3Kllll BhICOKl!ll 

rreoeHoc 

DOJihIIIM qacTb 3arpl!3HeHH0ro rraH,umaqirn B0Kpyr T.JepH06hIJill rrpe,uCTaBJilleT co6oti 

BbipaBHeHHhie rraH,UIIIa<pThl CeJihCK0X03l!MCTBeHHhIX yro,uHii C 0TH0CHTeJibH0 He6orrhIIIIIMII 

rrocerreHHllMII Ii rrecaMH Ii MaJI0HacerreHHa. B rrp0THB0II0JI0JKH0CTh 3T0MY, TeppHT0pllll 

B0Kpyr A3C «<l>yKyCHMa-1 » 0TH0CllTCll K CJI0JKH0MY rraH,umaqiry, BKJIIOqalJ - 70% rreca, 

pacrrorroJKeHHhIX Ha ropHbIX BO,UOC6opax, a cerrhCKOX03llllCTBeHHhJe yro,uhll orpaHHqeHbl 

HIIJKHHMH CKJI0HaMH Ii ,U0JIHHaMH, r,ue MH0ro pI!C0BhIX rrorrefi. Cpe,ull KPYIIHhlX ropo,uoB B 

30He T.JepH06bIJibCKOll A3C HaX0,UllTCll r. IlpHIIl!Th (60 ThIC. ) Ha pacCTOllHIII! 3 KM, 

T.JepH06bJJih (14 Th!C. - 15 KM), K11ea (2.5 MJIH - 100 KM), a B pafioHe A3C <l>yKyc11Ma 

HaX0,Ul!TCll pafioH <l>yrn6a (3-45 KM), ropo,u <l>yKyCHMa (260 000 ) Ha paCCTOllHIIII 60 KM, a 

pafioH 60JihIIIOro ToKHO (35 MJIH) HaX0,UHTCll Ha paCCT0llHIIH 180 KM. 

Ilocrre T.JepH06bIJibCKOll aaapHH BhIC0KHe K0HUeHTpaUHH ue3Illl 0TMeqarrnch B 

1111meBb!X rrp0,UyKTax, rrp0H3Be,UeHHhlX B rrpHp0,UHh!X Ii rrorryrrpnpo,UHhJX 3K0CHCTeMax. 3ro 
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JJ0Tpe6osarra cpo•-rnoe BHe,L1pem1e 3aJJ.IHTHhlX Mep B ceJibCKOM X03.!IHCTBe BeJIHK06p1naHHH, 

ABcTpm1, repMaHHH, HopBerHH, lllBeJIHH H .z:1pyrHx CTpaH. ITocne aaapHH Hh A3C 

«<l>yKyCHMa-1 )) 3T0 .!IBJieHHe TaK,Ke OTMeqarrach, X0T.11 H B ropa3,L10 MeHhllleii CTerreHH. 

,[(03hl o6nyqeHH.!I HaceneHH.11 .!IBJI.!IIOTC.11 O,LIHHM H3 0CH0BHhIX <paKTopoB, 

xapaKTepH3YJOJJ.IHX T.11,KeCTh ITOCJie,LICTBHH pa,LIH0aKTHBH0ro 3arp.!!3HeHH.!1, a 0JieHKa BKJia,Lla 

BHyrpeHHero H BHell!Hero o6JiyqeHm! HaCeJieHH.11 .!IBJI.!leTC.11 Ba,KHhIM lllaroM B ITJiaHHp0BaHHH 

3all.lHTHhIX H pea6HJIHTaJIHOHHhIX Mep (Ta6JIHJia 3). Ba)KHOCTh BHyrpeHHero ITYTH 

o6nyqeHH.!1, KaK ,LIJl.11 rrpO.LIYKIIHH ceJihCK0ro X03.!IHCTBa, TaK H .LIJI.11 ITP0.LIYKT0B neca, CHJihHO 

3aBHCHT OT oco6eHHOCTeii rroqBeHHOro ITOKp0Ba. ITocJie aBapHH Ha A3C «<l>YKYCHMa-1 », 
orpaHHqeHH.11 Ha rrp0H3B0,LICTBO rrpO.LIYKT0B JJHTaHWI H M0HHT0pHHr ITP0.LIYKT0B ITHTaHH.11, B 

coqeraHHH C 6onee HH3KHMH K03!p!pHJIHeHTaMH rrepexo.z:1a Jie3H.!I H3 rroqBhl B pacTeHH.11, 

rrpIIBeJIH K T0MY, qTo ,L103hl BHyrpeHHero o6nyqeHH.!I HaceJieHH.11 6hIJIH, KaK rrpaBHJIO, 

HeBeJIHKH. TaKHM o6pa30M, o6a rryrH o6nyqeHH.!I HrparrH Ba,KHYJO p0Jih IT0CJie 

qepH06hIJihCKOH aaapHH, TOr,Lla KaK rrocJie aBapHH Ha A3C <l>YKYCHMa I BKJia,LI BHerrrnero 

o6nyqeHH.!1 .LIOMHHHpoBarr. 3KOJIQfHqecKHe <paKTOphl, orrpe,L1eJI.!IIOJJ.IHe pa,LIH0JI0rnqecKHe 

JJ0CJie,LICTBH.11 3THX aaapHii, rrpHBe,LleHhl B Ta6JIHJie 3. 

Ta6JIHJia 3 - CpaBHeHHe <paKTopoB, BJIH.!!IOJJ.IHX Ha 3HaqHM0CTh rryTeii o6JiyqeHH.!1 B 

pernoHax, JJ0,LIBeprlllHXC.11 HHTeHCHBHOMY B03,LleiicTBHIO pa,LIHaJIHOHHhlX aBapHii. 

ITapaMeTp qepH06hIJihcKa.11 A3C A3C <l>yKycHMa I 

<l>paKJIH.11 TOp!p.!!H0-60JIOTHhlX rroqB OT yMepeHHOH .LIO BhICOKOH HH3Ka.!1 

<l>paKJIH.11 ITJI0,LI0p0,LIHhlX rroqB HH3Ka.11/yMepeHHa.!I BucoKa.11 

Co.z:1ep,KaHHe o6MeHHoro K OT HH3K0ro ,LIO yMepeHH0ro DJIH3KO K BhIC0K0MY 

KopHeBoe IT0rJI0JJ.leHH.11 OT yMepeHHOro .LIO BhJCOKOro HH3KOe 

IIocTyrrJieHHe B ,KHBOTHhlM OT cpe,LIHero .LIO BhlC0Koro HH3Koe 

IloTpe6JieHHe MeCTl!OH ITHJJ.IH 8hICOKOe HH3KOe 

IloTpe6neHHe rrpO.LIYKT0B neca OT yMepeHHOH .LIO BhICOKOH YMepeHHoe 

ITocne o6eHx aaapHii 6bIJIH BBe,LleHhl orpaHHqeHH.11 Ha rrpOH3B0.LICTB0 rrp0.LIYKTOB 

JJHTaHH.11 B IT0CTpa,LlaBllIHX paiioHax H JJOTpe6JieHHe ITHJJ.leBhIX ITP0.LIYKT0B Bhlllle ,LI0rrycTHMh!X 

ypoBHeii. MOHHTOpHHr rrpO.LIYKTOB ITHTaHH.11 rrpOBO,LIHJIC.11 Ha HaJIH0HaJihH0M, perH0HaJihH0M H 

JI0KaJihHOM ypoBH.!IX .LIJl.11 rrpe,L10TBpaIT.1eHH.!I JJOTpe6JieHH.!1 rrpo,LlyKTOB C KOHJieHTpaJIHeii 

pa,LIH0aKTHBH0ro Jie3H.!I Bhlllle ,LI0ITYCTHMhIX ypOBHeii. 

B 06IT.1eM cnyqae JJ0CJie,LICTBH.11 pa,LIH0aKTHBH0ro 3arp.!!3HeHH.!1 0JieHHBaIOTC.11 Ha 

OCHOBe KpHTepHeB, HCJJ0Jih3yeMhlX .LIJI.11 o6ecneqeHH.!I 6e3orraCHOCTH HaceJieHH.11 H 

0Kp~aIOJJ.1eii cpe,Llhl, ITocne aBapHH Ha qepH06hIJihCKOil A3C HeCK0JihKO COTeH ThJC.!lq 

qeJI0BeK ,KHJIH B paiioHax, B K0TOpbIX 6bIJIH ycTaH0BJieHhl HH,LIHBH.LIYaJihHhie rO,LIOBbie 

3<p<peKTHBHble ,L103hl 6onee I M3B. llo3TOMY 6bJJIO rrpHH.!ITO pell!eHHe O pea6HJIHTaJIHH 

3arp.!!3HeHHhlX 3eMeJih, qTo6hI yMeHbllIHTh ,L103hl o6nyqeHH.!I H o6ecrreqHTh np0H3B0,LICTBO 

np0.LIYKT0B JJHTaHH.11 C 3arp.!!3HeHHeM HH)Ke ,LI0ITYCTHMhIX ypoBHeii. 3m JieJih 6hJJia TeCHO 

CB.!13aHa C o6ecneqeHHeM ycToiiqHBOil 3KOHOMHqecKOil .z:1e.11TeJihH0CTH. B03BpaJJ.1eHHe JIIO,Lleii B 

3BaKYffp0BaHHhie paiiOHhl He 6hJJIO rrpH0pHTeT0M. llocne aBapHH Ha A3C «<l>YKYCHMa-1 » 
0CH0BH0e BHHMaHHe 6bIJIO y.z:1eneH0 BOCCTaHOBJieHHIO npHeMJieMhJX yCJIOBHH ,LIJI.11 JJ0JIH0CThlO 

<pyHKJIHOHHPYJOll.lero 06JJ.1eCTBa BO Bcex JJ0CTpa,LlaBllIHX paiioHax, BKJIJOqa.11 Te, K0TOpble 

6hIJIH 3BaKyHp0BaHhl. 3Ta .z:1e.11TeJihH0CTh BKJIJOqarra BCe ,LleHCTBH.11 no B0CCTaH0BJieHHIO 

3K0JI0rHqecKHX, C0JIHaJihHhIX H 3KOHOMHqecKHX <pyHKJIHil IT0CTpa,LlaBIIIHX paiiOH0B. 
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1; 

,[(03bl o6nyqemrn Hacenemrn, IICIIOJib3YeMhJe .11m1 OI]eHKII 11ocne.11cTBHii 

pa.1111oaKTIIBHOro 3arpmHeHIIH, HeJib3H 113MepIITb, IIO)TOMY C )TOH I]eJibIO IICIIOJ!b3YJOTC/1 

He11ocpe.I1CTBeHHO 113MepxeMh!e Ben11q11Hhl, T3Klle KaK MOII.IHOCTb IIOrJIOll.leHHOH .1103bl B 

B03.llyxe IIJIII IIJIOTHOCTb Bbma.11eHIIH. Ilocne qepH06hIJibCKOH asap1111 B Kaqecrne Kp11TepH11 

.11JIH Heo6xo,1111MOCTII .11e3aKTIIBal]IIII HaceneHHbTX IIYHKTOB IICIIOJib30BaJiacb MOII.IHOCTb 200 
MKP/q, qTQ COOTBeTCTBOBaJIO 3qJqJeKTIIBHOH .1103e 2,2 MK3s/q Ha 1989 ro.11 . .[(011ycT11MaJ! 

.llOIIOJIHIITeJibHaH MOII.IHOCTb .1103bl BHenrnero o6nyqeHIIH, 11pIIHHTaH IIOCJie asap1111 Ha A3C 

«<l>yKyCIIMa-1» 6hIJia 0,19 MK3s/q, (110 ,11aHHblM 113MepeHIIH JieTOM 2013 ro.11a, Koma 

11pOBO.I1IIJiaCh ,11e3aKTIIBal]IIH). 3Ta MOII.IHOCTb .1103bl COOTBeTCTBOBaJia - 50 KiiKIM
2 

.11JIH 
137

Cs II 

- 20 KiiKIM
2 

.11nx 
134

Cs. TaKIIM o6pa30M, Kp11Tep11li 2,2 MK3s/q, 11c110JIL3yeMbitt B CCCP B 

I 989 ro.11y (qepe3 3 ro.11a 11ocne asap1111), 6hIJI 6onee qeM B .11ecHTh pa3 Bblllie, qeM 

aHanomqHblH Kp11Tep11li, 11p11MeHeHHblH B 51110HIIII oceHhlO 2011 ro.11a. 

Ilocne asap1111 Ha qepH06hIJibCKOH A3C 6bIJIO BBe.11eHO 30Hllp0B3HIIe 110 IIJIOTHOCTII 

3arpH3HeHIIH 11oqs 
137 

Cs, 11p11 )TOM Tepp11rnp1111 paccMaTpIIBaJIIICb KaK 3arpH3HeHHble np11 

IIJIOTHOCTII BhII1a.11eHIIH 37 KiiKIM
2

• Ilocne asap1111 Ha A3C «<l>yKyCIIMa-1» 3arpH3HeHHaJ! 

TeppttTOpIIH 6bIJia pa3.11eneHa Ha c11el]llaJibHYJO 30HY .11e33KTIIB31]1111, KOTOpaH 6bIJia pa3.11eneHa 

Ha TPII 110.11pali0Ha II 30HY IIHTeHCllBHOro 3arpH3HeHIIH, KOTOpaH He 6hIJia 3B3KYHPOBaHa, II r11e 

.110110JIHIITeJibH3H ro.11osax 3qJqJeKTIIBHaH .1103a, 110 11porH03aM, TaKJKe Morna 6h!Tb Bblllle ! 
M3B. 

C11el]IIaJibHax 30Ha .11e3aKT11BaIJ1111 BKJIJOqana TPII 110.113oHhI SDA I, SDA2 11 SDA3. 

SDAI, B 11pe.11enax KOTOpoli OJKII.I1aeMaH .llOIIOJIHIITeJibHaH ro.11oaaH .11033 6bIJia HIIJKe 20 M3B 

(B03MOJKHO CHHTIIe orpaH11qeHIIH Ha 11poJK11BaH11e B 6JIIIJKalimee apeMH), SDA2, B 11pe11enax 

KOTOpoli .llOIIOJIHIITeJihHaH ro.11oaax .1103a COCTaBJIHJia OT 20 .110 50 M3B (11pmK11Bam1e 

3a11pe11.1eHo) II SDA 3, B KOTOpoli .llOIIOJIHIITeJibHaH ro.11oaax .1103a 11peBbl1liaeT 50 M3B 

(B03Bpa11.1eHIIe HaceneHIIH B HeB03MOJKHO TeqeHIIII .llJIIITeJihHOro apeMe1111). ,[(JIH o6eHX 

aaap11li .llOJirocpoqHoH I]eJihIO pea611JIIITal]IIII HBJIHeTCH IIH.111IBII.11YaJibHaH .llOITOJIHIITeJibHaJ! 

ro.11oaax JqJqJeKTIIBHaH .1103a I M3B. 

IlOTeHIJIIaJihHhie pa.1111onomqecK11e 11ocne.11crn11x asap1111 Ha A3C «<l>YKYCIIMa - I» 

.11JIH HaceneHIIH II IIJI01I.1a.11b IIOCTPa.113BllIIIX TeppIITOplltt 6hIJIII HaMHOro HIIJKe, qeM ITOC/le 

asap1111 Ha qepHo6hIJibCKOH A3C, HO Macmrn6b1 3all.lIITHblX II pea611JIIITal]IIOHHbIX 

Mepo11p11iITIIH 6bIJIII BIIOJIHe COIIOCTaBl!Mbl. ITp11q1IHbl )Toro 33KJIJOqaJOTCH B CJie.llYJOll.leM: 

- pa.1111onor11qecK11e KpIITep1111 BOCCTaHOBJieHIIH, 11p11MeHHeMb!e B 5IIIOHIIII, 611/JH 

Hl!JKe, qeM Te, KOTOpbie 11p11MeHHJIIICb B CCCP, II, cne.11oaaTeJibHO, 6b!JIII COllpHJKeHbl C 

OTHOCIITeJihHO 6onee Bb!COKIIMII pacxo.11aM11 Ha .!10CTIIJKeH11e COOTBeTCTBYJOII.IIIX .11030BblX 

Kp11Tep11ea. 

• .11011yCTIIMbie ypoBHII co.11epJKaHIIH pa.11110HYKJIII.I10B, 11pIIHHTbie B 51110HIIII, TaKJKe 

6hIJIII CYll.leCTBeHHO HIIJKe IICIIOJib30BaHHb!X B CoaeTCKOM COI03e, qTQ TaKJKe 

11pe.11011pe.11en11no 6onee BhICOK11e pacxo.11bl Ha 11poae.11ea11e pea611n11TaIJIIOHHhIX Mepo11p1111rni\ 

B AITK. 

TaKIIM o6pa30M, Kpl!Tep1111 6e30llaCHOCTII, 11pIIHHThle IIOCJie pa.1111al]IIOHHblX aaapnii 

Ha qepHo6bIJihCKoli A3C II A3C <l>yKyc11Ma, a TaKJKe 110.11xo.11L1 K pea611n11ral(HH 

3arpi13HeHHbIX Tepp11rnp11li IIOBJIIIHJIII Ha OI]eHKy peanbHbIX IIOCJie.llCTBIIH )TIIX aaap11li. 

ITpe.11cTaBJieHHble .113HHble 1103BOJIHIOT c.11enaTb Bb!B0.11, qTo 11p11 OI]eHKe 11ocne.11cTBHH 

pa.1111al]IIOHHblX aaapIIH, He06X0.1111MO )"IIITb!BaTh ace MHoroo6pa311e qiaKTOpOB, BJlll/!!Oll(IIX 

Ha IIX 11pOlIBJieH11e, BKJIJOqax qiaKTOpbl, 011pe.11eJIHIOll.llle qiopM11poaaH11e 30Hbl 3arpll3HeHHl1, 

3KOJIOrIIqecK11e oco6eHHOCTII 3arpll3HeHHblX TeppIITOplltt, Mepb! 110 o6ecneqeHHIO 

6e3011aCHOCTII 11ocTpa.11aamero HaceneHl!ll, a TaKJKe pa.1111onor11qecK11e, COIJl!aJibHhie H 

3KOHOMl!qecK11e KpIITep1111, IICIIOJlb3YeMbie .llJlll OI]eHKII 3TIIX 11ocne.11crn11li. 
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ME)J:JUJ,HHCKHE ACIIEKTbl IIPHMEHEHHH HHrHiiHTOPOB NOS B 
JIYqEBOH TEPAIIHH H KOCMIIqECKOH PA)J,IIOJilIOJIOrHII 

MB. <!>WtUMoHoea. B.A. Pb16a'-lyK, A.O. Koca'-teHKO, K.A. HuKo!laee, B.M MaKap'-tyK, 
Jl.H. llJee'-teHKO, A.A. llJumoea, O.B. CoJ11)amoea, A.C. <f>WIUMOH06 

MPHIJ, HM. A.<l>. ll,b16a - qrnnmUI <I>rEY «HMI1IJ, pa,11ttonoru1I» MHH3,11paaa PoccHH, 
O6HHHCK, Poccm1, e-mail: mari fil@mail.ru 

Pe3JOMe. B na6oparnpHH pa,111IaUHOHHoii cpapMaKonoruH MPHIJ, HM. A.<l>. ll,hr6a 
rrpo,11om1<aIOTCH IICCJie,IIOBaHIIH B03MO)KH0CTeii rrpaKTIIqecKoro rrpHMeHeHIIH IIHrH61ITOpOB 
NOS, a TOM qlICJie, a nyqeaoii TeparrHII tt KOCMIIqecKoii pa,11tto61IOJIOrHII. 

K!l10'-1e6ble CJI06a: nyqeBhie IIOBpe)K,lleHHH, OCJIO)KHeHIIH pa,11uoTepaIIHII, ceneKTIIBHM 
3a1I11ITa HOpMaJibHbIX TKaIIeii, IIHI'II61IT0pbl CIIHTa3 OKCU,lla a30Ta. 

MEDICAL ASPECTS OF THE APPLICATION OF NOS INHIBITORS IN 
RADIOTHERAPY AND SPACE RADIOBIOLOGY 

M V. Filimonova, V.A. Rybachuk, A. 0. Kosachenko, K.A. Nikolaev, V.M Makarchuk, 
L.I. Shevchenko, A.A. Shitova, 0. V. Soldatova, A.S. Filimonov 

A. Tsyb Medical Radiological Research Center - branch of the National Medical Research 
Center of Radiology of the Ministry of Health of the Russian Federation, Obninsk, Russia, 

e-mail: mari fil@mail.ru 

Summary. Lab of radiation pharmacology A. Tsyb MRRC continues to study the 
possibilities of NOS inhibitors practical application, including in radiation therapy and space 
radiobiology. 

Key words: radiation damage, complications of radiotherapy, selective protection of 
normal tissues, inhibitors of nitric oxide synthase. 

Ilpo6neMa C03,llaHHH BbICOK03qJ(peKTIIBHbIX II 6e30IIaCHbIX pa,11110rrpoTeKTOpOB He 
Tepl!eT CBOeii aKTYaJibHOCTII. TaK, OCBOeHHe 6JIII)KHero tt ,llaJibHero KOCMOCa, rrpHMeHeHue 
pa,nuoTeparruH B OHKOJIOrHII, KaK II BCe 6onee rnupoKoe IICIIOJlb30BaHHe IIOHII31IPYJOII.\IIX 
H3JiyqeHUH B ,11uarnocT1IKe - Tpe6yeT rrpuMeHeHUll cpe,IICTB, 6e3orraCHbIX He TOJibKO y 
3/10pOBbIX ,1106pOBOJihUeB, HO II y JIIIU pa3HOro B03pacTa, (plI3HqecKoro COCTOllHIIll, BKnJOqalJ 
rrauHeHTOB C xpoHHqecKUMII II OHKOJIOf'UqecKIIMII 3a6oneBaHIIl!MII. 

O,IIHIIM II3 uenecoo6pa3HblX IIYTeii perneHIIH rrpo6neMbl MO)KeT CTaTb C03,llaHHe 
pa,nuo3a1I11ITHbIX cpe,IICTB Ha OCHOBe ceneKTIIBHbIX IIHrH6HTOp0B CIIHTa3 OKCII,lla a30Ta 
(NOS). B na6oparnpHH pa,11ttaUHOHHoii cpapMaKonorntt MPHIJ, HM. A.<l>. ll,hr6a 
rrpo,11om1<aIOTCll HayqHo-rrpuKJia,IIHbie IICCJie,IIOBaHHll, y6e,11uTeJihHO CBU,lleTeJibCTBYIOII.\He 0 
rrepcrreKTIIBHOCTII TaKOro IIO,IIXO,lla. TaK, HaMH IIOKa3aHO, qTo Pll.11 ceneKTIIBHbIX 
UHru6urnpoB NOS - rrp01I3B0,11HblX II30TIIOMOqeBIIHbl (I1TM), BIIepBbie CIIHTe31IpOBaHHbIX B 
rra6opaTOp1I1I, 06na,11aroT 3HaqHTeJibHb!M pa,!11I03all\lITHb!M IIOTeHUIIaJIOM C <1>11,ll, 1,4-1,8. 3TH 
coe,111IHeH1Ill BbICOK03(pcpeKTIIBHbl rrpH TOTaJlbHOM o6nyqeHIIII na6opaTOpHbIX )KIIBOTHb!X B 
JieTaJibHbIX ,1103ax. KpoMe TOro, rHIIOKCIIqecKIIH MexaHH3M rrpOTIIBOJiyqeaoro ,11eiiCTBIIll 
II03BOJrneT 3TIIM coe,111IHeH1Il!M ceneKTIIBHO 3all.lHII.\aTb 3,IIOpOBble TKaHH rrpH pa,111IOTepaII1III 
COJIII,IIHb!X orryxoneii. B qacTHOCTII, crroco6HOCTb 0,IIHOro II3 HIIX, coe,11uHeH1Ill T1023, K 
rrpocpunaKTHKe OCTpb!X II II03,IIHIIX nyqeBbIX IIOBpe)K,lleHHH rrpo,11eMOHCTp1IpOBaHa HaMU Ha 
MO,lleJillX pa,111IOTeparrHH capKOMbl Ml y Kpb!C, COJIII,IIHOH KapUHHOMbl 3pnttxa y MbIHieii, 
rryqeaoro rrHeBMocpu6p03a y KpbIC. 

8 HaCTOllll.lee BpeMl! Mb! IICCJie,11yeM B03MO)KHOCTII rrpHMeHeHIIll HOBbIX rrp01I3B0,11HblX 
HTM B Kaqecrne cpe,IICTB rrpocpHJiaKTIIKII OCJIO)KHeHIIH pa,111IOTepaII1III Ha MO,lleJillX nyqeaoro 
MYK031ITa, UIICTIITa, peKTIITa y na6opaTOpHbIX )KIIBOTHbIX. IlonyqeHhl pe3yJibTaTbl IIIIJIOTHb!X 

73 



HCCJieJ:(0BaH11il.. TaK, Ha M0J:(eJIH paJ:(Hal(H0HH0-HHJ:(YJ-IHp0BaHH0ro M)'K03HTa y Mbllliett HOBhlll 

HHfll6HTOp NOS, HCIIOJih30BaHHhlH rrpeBeHTHBH0 BHYTPHlKeJiyJ:(0'IH0 B BhIC0K0 6e30IIaCHhlX 

J:(03aX, He T0JihK0 3Ha'IHM0 II0BhllliaJI BhllKHBaeM0CTh lKHB0THhIX, JI0KaJihH0 o6nyqeHHhlX B 

o6JiaCTH fOJI0BhI-llieH, HO H 3Ha'IHM0 CHH)KaJI KJIHHHKO-MOp<pOJIOfll'leCKYJO TlllKeCTh II 

MaClIJTa6 Jiy'leB0fO rropalKeHHH CJIH3HCThIX. 

TipHMeHeHHe ceneKTHBHhlX paJ:(H0IIp0TeKT0p0B rrpeJ:(CTaBJIHeTCH rrepcrreKTHBHhlM ll B 

KatJecrne cpeJ:(CTB rrpo<pllJiaKTl!Kll OCJIOlKHeHllH nyqeaoil. TepaIIllll a o6JiaCTll Manora Ta3a. Ha 

pa3pa6oTaHHhlX M0J:(eJIHX paJ:(Hal(ll0HH0-llHJ:IYllllP0BaHH0fO l(HCTl!Ta ll peKTllTa y 
na6opaTOpHbIX Mhllliett ll KpbIC HOBhlH l1Hfll6l!TOP NOS 3all.\llll.\aJI CJill3llCTYJO M0'leBoro 

rry3hlpH, T0JICTOH ll rrpHMOH KlllliKll, CHlllKaH BbipalKeHH0CTh paJ:(l!al(l!0HH0-HHJ:(YJ-lllp0BaHHhlX 

rroapelKJ:(eHl!H ll ynyqlliaH 061l.\ee C0CT0HHlle lKHB0THhIX. 

KpoMe Toro, B 3KCrrepl!MeHTaX Ha Mbllliax HaMll Ha'!aT0 ll3YtJeHlle B03M0lKH0CTII 

rrpl!MeHeHl!H HHfll6l!TOpOB NOS a rrpo<pl!JiaKTl!Ke nyqeBblX rraTOJIOfllH, llHJ:(YJ-IHp0BaHHhlX 

rrp0TOHaMll C 3HeprnHMll J:(0 150 M3B H Ha lll!Ke Ep3rra (78-104 M3B). I10Ka3aHO, '!TO 

INOS-A rrpH rrpeaeHTllBH0M a/lK BBeJ:(eHllll B 6e3orracHoil. J:I03e (200 Mr/Kr; 1/11 JI,ll,10) 

o6ecrre'IHBaeT 3<p<peKTl!BH)'IO rrpo<pl!JiaKTHKY OJIE, HHJ:(YJ-IHP0BaHHYJO rrpoT0HaMll (<l>H,ll, -

1.3-1.4). TipHMeHeHl!e Harnero paJ:(H0IIp0TeKTopa 3Ha'll!M0 II0BhllllaJI0 BhllKl!BaeM0CTh 

lKllB0THhIX ll 3<p<peKTHBHO rrpOTllBOJ:(eHCTBOBaJIO pa3Bl!THIO KaK KOCTHOM03fOBOH, TaK 11 

Kllllie'IHOH cpopM OJIE 

B TO lKe BpeMH, rrpoBeJ:(eHlle KJil!Hll'leCKHX HCCJieJ:(OBaHllll 3<p<peKTHBHOCTII 

rrp0TllB0JIYtJeBblX cpeJ:(CTB He rrpeJ:(CTaBJIHIOTCH B03M0lKHhlMH 6e3 o60CHOBaHHH II 

Bepll!pl!Kal(l!ll cpapMaKOJIOfl!'!eCKllX ' MapKep0B HX crrel(llqlll'leCKOH aKTllBH0CTII, 

1103B0JIHIOII.\l!X 3KCTpaII0JIHl(lllO rrp0THB0JIYtJeBhlX 3cp<peKTOB C lKllB0THhlX Ha '!eJI0BeKa. B 
3T0ll CBH3H HaMH o60CHOBaH 0J:(HH H3 B03M0lKHhlX MapKepoB rrpOTHBOJiyqeaoi1 

3cp<peKTHBHOCTH J:(JIH rlllI0KCH'leCKHX PaJ:IH0IIp0TeKTp0B. B 3KCrrepl!MeHTax Ha KphICax 

H3YtJeH0 BJIHHHHe rHII0KCll'leCK0ro PaJ:lll0IIp0TeKT0pa Tl023 Ha J:(HHaMHKY C0J:(eplKaHHH 

JiaKTaTa B Kp0BH 11 K0MIIeHCaT0pHbie CJ:(Bllrll B ra30B0M 11 KllCJI0TH0-0CH0BH0M C0CTaBe 

Kp0Bll, rrperrHTCTB)'IOII.\lle pa:3Bl1Tl1IO al(l!J:(03a. CorrocTaBJieHlle 3Tl1X J:(aHHhlX C 

KapJ:(110BaCKYJIHpHblMl1 11 paJ:(1106l!OJIOrll'leCKl1Ml1 3<p<peKTaMl1 T1023 II0Ka3aJI0 HaJill'llle 

BblpalKeHH0H KoppeJIHl(llll MelKJ:(Y rrp0TllB0JiyqeBhlM J:(ettCTBlleM T1023 11 11HJ:(YJ-lllPOBaHHOi1 

HM JiaKTaTeMHeil., K0T0paH K0MIIeHCHp0BaJiaCb qJH3llOJIOrH'leCKHM 6anaHCOM ra30B0f0 II 

KllCJI0TH0-0CH0BH0fO C0CTaBa Kp0BH. 

TaKl!M o6pa3oM, rronyqeHHhie pe3yJihTaThI HccneJ:(oBaHlltt HHrn6HTopoa NOS, 
C03J:(aHHhIX B na6opaTOpllH paJ:(HaUl!0HH0ii cpapMaKonornH MPH~ HM. A.<l>. ~u6a, 

CBHJ:(eTeJihCTBYJOT 06 l!X 3Ha'll!TeJibH0M II0TeHl(HaJie rrpaKTH'leCK0fO rrp11MeHeHllH, B TOM 

'IHCJie, B Jiy'leBOll TeparrHH H KOCMll'leCKOll paJ:(H06l!OJIOrHll. 
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COBPEMEHHAH JIYqEBAH TEP AIIIUI: IIPE,ll;HKTOPbl 
PA,ll;HOqYBCTBHTEJihHOCTH 

E.B. X.,,1eJ1e6cKuu 

MHI1Ol1 HM. IT.A. fep11eHa, cpmma.rr HMM~ pa,11Honorn1I MHH3,11paBa P<I> (MocKBa), 
Poccmr, e-mail khmee53@mail.ru 

MODERN RADIOTHERAPY: PREDICTORS OF RADIOSENSITIVITY 
Khmelevsky E. V. 

MNIOI P.A. Gertsen filial ofNMIC radiology of Ministry of health of the Russian 
Federation (Moscow), Russia e-mail khmee53@mail.ru 

IloHCK npe,111IKTOpOB IIH,!11IBH.11YaJibHOH pa,111IoqyBCTBIITeJibHOCTII OCTaeTCH 0,!1HOH II3 
caMb!X HaCyll.{Hb!X npo6neM pa,111Ial.lHOHHOH OHKOJIOrHII. K cpaKTopaM, BJIII5!!0ll.{IIM Ha 
HH,!1llBII,!1YaJibHYIO pa,11noqyBCTB1ITeJibHOCTb HOpMaJibHb!X TKaHeH (KaK MHHIIMYM, OTqacTII 
3TO KacaeTCH ll pa,11noqyBCTBIITeJibHOCTII onyxonew), OTHOC5!T reneTHqecKHe oco6eHHOCTH, 
K0HCTIITYI.IHOHaJibHbie II KJIHH1IqeCK1Ie npH3HaKH (non, B03pacT, conyTCTBYIOll.lHe 
3a6oneBaHHH), cpyHKI.11IOHaJibHO-MeTa6on1IqecK1Ie cpaKTOpbl (BKJI!Oqa» aJI1IMe1uapHbie, 
pOi/pCO2), oco6eHHOCTII o6pa3a )l(II3HII (Bpe,!1Hb!e npHBbJqKH, COI.IHaJlbHb!e cpaKTOpb!). 
BKJia,11, co6crneHHO, reneTnqecKHX oco6eHHOCTeH B nOCTJiyqeByIO TOKCIIqHOCTb no 
npe,!1CTaBJleHHIO p5!,!1a 1ICCJie,110BaTeJieH MO,KeT ,!lOCTHraTb 40% (1, 2, 3). Ha1I6onee oqeBH,!lHO 
3Haqenne II3BeCTHb!X reHeTHqeCKIIX CIIH,!lpOMOB, CB5!3aHHb!X C napyrneHII5IMII penapal.lHII 
,l(HK, KOHTpOJIH penJIHKal.llIII II npon1Icpepa11HH (rn6. l) 

Ta6n.l. feHeTHqecKHe CHH,!1p0Mbl, acCOI.IIIIIpOBaHHbie C HapyrneHHeM 
pa.11noqyBCTBHTeJibHOCTII 

C1111,11poM/Ja6onena1111e MyTaQnH rena Cl>y11KQHH rena 
ATaKCH5!•TeneaHrH03KTa31IH ATM Penapa111I» )];HK 

CH11,11poM Li-Fraumeni TP53 KoHTpOJib nponmpepa111IH 
PeTHH06JiaCTOMa RBI KoHTpOJib pennHKal.lHH )];HK 

HewporoH6poMaT03l NF! l111aKT1IBaI.11I5! RAS 
AHeMHH Fanconi FANCD1/BRCA2 Penapa111IH .lJ:HK 

fopa3,!10 MeHee 3HaqlIMb!MII OKa3aJIIICh pe3yJibTaTbl noHCKa reneTHqecKIIX 
aJibTepa11HH B naHeJIHX «renoB-Kan,111I,11aT0B», orneqaIOll.{HX 3a pere11epa111IIO (BRCA2, P53, 
Pl6 XRCCl, VEGF, SLC36A4), Bocna.rrenHe (TGFBl, IFNK, TNFa, HSPBl), 
OKCH,!laTHBHbIH cTpecc/,11eTOKCHKaI.11IIO (SOD, TNXRD2, HSDl 7B2) (3, 4). He onpaB,11a.rr1ICb 
noKa H na,11e)l(,!1bI na npoeKTbI nonnoreHOMHbIX 1Iccne,110BaH1IH (GWAS - Genome-wide 
association stadies) no Bb!HBJieHHIO 3naqHMb!X nOJIIIMOpcp1I3MOB. IlpH '.JTOM, OCHOBl!b!MII 
npo6neMaMH, npen»TCTBY!Oll.llIMH BaJI1I,11a111IH GWAS B KJIHHHKe ocTaIOTCH nnoxa» 
BocnpOII3B0,!11IMOCTb pe3yJibTaTOB II3•3a He CTa11,11apT1I30BaHHOCTII IICCJie,!lOBaHHH, a TaK )Ke 
reTeporenHOCTII IICCJie,11yeMbIX rrorryn»l.llIH (BKJI10qa51 BapHa6eJibHOCTb SNP B 
paCOBblx/:nnHqecKHX rpynnax). 3HaqlIMb!X '.JIIHreHeT1IqeCKIIX, rrocrrpancKpHnl.llIOIIHb!X II 
nocrrpaHCJl5!l.llIOHHb!X MapKepOB pa,111IOTOKC1IqnoCTII IIJIII IIX KOM6HHal.llIH, BKJI!QqaH 
MIIKpoPHK, 6eJIKOBbie MapKepbl KpOBII, o6Hap~HTb IIOKa He y,11a.rrocb. 

HeMa.rroe qlICJIO llCCJie,!lOBaHIIH IIOCB5!ll.{eHO norrbITKaM BHe,11peH1IH B KJIIIHIIqecKYIO 
npaKTIIKY MeT0,110B IIH,!11IBII,!1YaJibHOH 011enKH pa,!1HOIIH.11Yl.11IpOBaHHOH rn6eJIII KJieTOK: B 
JllIM!pOI.IHTapHb!X Tecrnx (HarrpHMep, RILA - orrpe,11enen1Ie pa,!11IOIIH.!1Y11HPOBaHHOfO 
anom03a CDS T-nHMcpo11HTOB, MHKpo»,11ep11b1tt TecT, y-H2AX-TecT) HJIH 
PMIIOIIH.11Yl.llIPOBaHHOH rn6eJIII cpH6po6nacTOB. KaK n B cnyqae c reneTHqecKIIMII n IIl!b!MII 
HereHeTHqecKHMII 61IOMapKepaMH pa,!11IOTOKC1IqnocT1I, maBHOH rrpo6neMOH KJIIIHHqecKOH 
a,11aIITal.llIII ,!laHHb!X TeCTOB OKa3aJiaCb Hll3KaH BOCIIp01I3B0,!11IMOCTb pe3yJibTaTOB (rn6.2) 
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Ta6JI.2. Pa,11HOHH.11YQHpOBaHHall rn6eJih KJieTOK, KaK rrpe,11HKTOP KJIIIHJfl!eCKOH 

pa,11HOTOKCIJqHOCTII. 

ABTOPhl ro,- KJI. M0,11CJlb Xapa1aep TOKcnqnocTn KoDDeJIHllllll 

Brock W. et al. 1995 qrn6po6nacThI OcTpal! TOKCJiqHOCTh HET 

TeneaHrH3KTa3Illl M 
Johansen J.et al. 1996 qm6po6nacThI Bbrpa)l(eHHall 3pHTeMa HET 

TeneaHrH3KTa3HH HET 

<l>H6P03 ,[(A 
Russell N. et al. 1998 drn6po6nacThI <l>H6P03 HET 

Wistop A . et al. 2005 JIHMqJOQilTbI f103,11HH.ll TOKCHqHOCTb M 
( TOJlhKO ,11Jlll 

rnrrepqycrn.) 

Greve B. et al. 2009 JIIIMQJOQIITbl <l>H6p03 HET 

Bordon E. et al. 2010 JIIIMQJOQHTbI f103,11H.ll.ll TOKCJfqHOCTb M 
Talbot Ch, et al. 2019 JIHMQJOQHTbI OcTpall TOKCIJqHOCTb HET 

Co6crn. ,11aHHhre JIIIMQJOQIITbI <l>IJ6p03 ,[(A 

B TeqeHHe rroqTJI 20 neT Be.11YTCll IIOHCKH H o6mHx, H orryxoJib-CIIeQH<pHqeCKllX 

rraHeJieii reHHOH 3KCrrpeCCHH, acCOQHHpOBaHHhIX C pa,11HoqyBCTBHTeJ1hHOCTb!O 

3JIOKaqecTBeHHhIX HOBOo6pa30BaHHH. TaK, TOJlhKO rrpH paKe MOJIOqHoH )l(eJie3hI, aKTIJBHO 

H3yqaJIHCh rrpe,11CKa3aTeJibHhie crroco6HOCTH Il xopOIIIO Il3BeCTHbIX KOMMepqeCKIIX rrp0,11YKfOB 

- Oncotype DX, MammaPrint, H Qenoro p.!!,11a HHhIX reHHhIX KOM6HHaQHH (rn6.3) 

Ta6n.3. CHrnarypbI reHHOH 3Kcrrpeccmr, KaK B03MO)l(Hble rrpe,11HKT0pbl 

3<p<peKTIIBHOCTII nyqeBOH Tepamrn paKa MOJioqHOH )l(eJie3bI 

ABTOPhl ro.11 HaHMen. CHrna..-yphr K-Bo renoB 

Torres-Roca et al. 2005 RSI 10 
Creike B. et al. 2009 - l11 
Tramm T. et al. 2014 - 7 
Speers C. et al. 2015 RSS 51 
Eo)l(eHKO BK II ,11p. 2016 rno6an-HH,11eKC 24 

Sjostrom M. et al. 2018 SSP 248 

HecMOTpll Ha TO, qTO OT,11eJihHbie IICCJ1e,110BaHHbie rraHCJIII reHHOH 3KCrrpeccm1 

0Ka3aJIIICb crroco6Hhl .110II0J1HIITb Tpa,11HQIJ0HHhie KJIIIHIIKO-MOp<pOJIOrIJqecKHe MeT0,11bl 

0QeHKII pHcKa rrporpeccI1p0BaHI1ll 3a6oJieBaHH.ll, B QeJIOM, He BbI.llBJieH0 crreQH<pIJqecKllX 

rrpe,11IIKT0p0B 3<p<peKTHBHOCTII nyqeBOH TepaIIIIII, rrpHro,11HhIX ,11Jlll rrpocrreKTIJBHblX 

KJIIJHJfqecKIJX IICCJie,110BaHIJH. OCHOBHbie rrpilqIIHbl Hey,11aq CB.ll3aHbl C He0,11Hopo,11HOCTb!O 

TpeHHHrGBbIX K0ropT rraQileHT0B, 0TJIIlqIIJIMII rro,11roTOBKII o6pa3QOB II MeT0,110B OQeHKll 

reHHOH 3KCIIpeCCHII, BO MH0roM orrpe,11eJ1ll!Oll1IIX HH3KYIO CTerreHb BOCIIp0I13B0.11IIMOCTII 

pe3yJihTaTOB. Cpe,11I1 HereHeTJiqeCKIIX 6I1orrpe,11I1KTOpOB pa,11I1oqyBCTBI1TeJ1bHOCTII Bali<HOe 

KJIIIHIJqecKoe 3HaqeHile rrpHo6peno JIIIIIIb BhI.llBJieHile rnrrepMeTIIJIHp0BaHil.ll MGMT, 
aCCOQIIIIPY!Ollleec.ll C IIOBbIIIIeHileM pa,11I1oqyBCTBI1TeJ1bHOCTII rJIH06JiaCTOM. 

Bo3MO)l(HOCTII orrpe,11eJ1eHI1.ll IIH.11IIBil.11YaJihHOH pa,11IJoqyBCTBI1TeJ1hH0CTII orryxonei1 no 
xapaKTepy pa,11I10IIH.l1YI.1IIPOBaHHOH rn6eJIII KYJihTIIBHpyeMbIX KJieT0K BIIJI0Tb .110 HaCTO.lllljero 

BpeMeHII He BhffJI.ll,11.llT y6e,11I1TeJ1hHO. ,[(a Il pe3yJihTaTbI cpaBHHTeJihHOH 0QeHKll 

pa,11I1oqyBCTBIITeJ1bH0CTII KJieTQqHbIX KYJibTYP pa3JIIlqHhIX orryxonei1 C KJIIIH!IqecKl!Mll 

,11aHHhlMII 0Ka3bIBaIOTC.ll BeChMa rrp0TIIB0peqIIBbIMII, TaK, KJIIIHilqecKa.ll 3<p<peKTIIBHOCT1 

KpyrrHO<ppaKQIIOHHOH nyqeBOH TepaIIIIII KOCTHhIX MeTaCTa30B pa3JIIlqHoii rrpI1p0/1bl H 
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pe3yJJhTaTbl KYJJhTypaJibHbIX llCCJJe,[(OBaHHH B TeCTax SF2 ll SF5 0Ka3aJIHCb rrpaKr11qeCKll 
HeCOIIOCTaBHMb!Mll (rn6.4) 

Ta6n.4. OTHOCHTeJJbllaJI pa,[(HoqyBCTBHTeJJbHOCTb KOCTHhlX MeTaCTa30B IIOCJJe JIT: 

PO,ll;-6,5fp, CO,ll;-13-26fp (co6crn. )];aHHhie) 11 ycpe)];HeHHall cpaBHHTeJJbHall 
pa,!\llOqyBCTBHTeJJbHOCTb KJle'J'OqllbIX JlllHllH 3JlOKaqecTBeHHhlX HOB006pa30BaHHH 113 

KonneKIJHH National Cancer Institute (NCI-60) (rrocrpoeHa Ha ocHoBe )];aHHhix S. Amundson 
c coaBT*) 

3mmeKTllBIIOCTb JIT KOCTllblX MTC Pa)];llOqVBCTBHTeJibHOCTh KJieToq11ux JIHIIHU 

Tun onyxoJ1u Omuocume.nbmm 
PUOUO'IV6Cm6um. # 

Tun onyxoJ1u SF2 Tun onyxoJ1u SFS 

MenaHoMa 0.82 P. MOJJ. )KeJJe3hl 0,47 P. TOJJCT.KHIIIKll 0,12 
P. MOJJ. )KeJJe3bl 0.74 P. nerKoro 0,54 P. MOJJ. )KeJJe3hl 0,13 
P. rrpoCTaTbl 0.72 P. rroqKH 0,57 MenaHoMa 0,14 

P.nerKoro 0.6 P. TOJlCT.KlllIIKH 0,58 P. rroqKH 0,17 

P. TOJJCT.KlllIIKH 0.51 MenaHoMa 0,66 P.nerKoro 0,18 
P. rroqK11 0.47 P. IIPOCTaTbl 0,67 P. IIPOCTaTbl 0,21 

* Amundson S., et al. Cancer Res. 2008 Jan 15;68(2):415-24. 
# 3a 1.0 rrpHHl!Ta MaKCHMaJibHaJI pa,!\HoqyBCTBHTeJJbHOCTI, KOCTHblX MeTaCTa30B I1H3O 

Eonee 70 JJeT rrpO)];OJJ)KaeTCll 113yqe1rne fHII0KCHH, KaK 0,[(HOro ll3 Be)];YlllllX <paKTOpOB 

pa)];H0pe3IICTeHTHOCTll. TeM He MeHee, Hll IIpllMOe IIOJ1l!porpaqi11qecKOe H3MepeHHe _ypOBHll 
pO2 B TKaHl!X, Hll MOJJeKyJJllpHo-reHeTHqecKHe ee MapKepb! (rnrrep3KCIIpeCCllll HIF-la, 
OCTeOIIOHTIIHa), Hll orrpe)];eJJeHlle IIJJOTHOCTH cocy)];IICTOro pycna ll orryxoneBoro KpOB0TOKa 

rrpII MP-11ccne,[(OBaHIIII C ,[(HHaM11qecKHM KOHTpaCTHbIM yc11J1eHHeM He rrpwo6pen11 
KJlllHll'-leCKOro 3HaqeHHll, KaK rrpe,!\IIKTOpbl pa)];IIOqyBCTBIITeJJhHOCTHlpa)];llOpe3IICTeHTHOCTH. 
JlIIIIlb I13T/KT-HCCJJe,[(OBaHHe C qimoopOMII30HH,[(a30JJOM, rrpe)];CTaBJJlleTCll, Ha cero,[(HlllllHllH 

MOMeHT, Ha116onee rrepcrreKTllBHbIM aapHaHTOM KOHrpOJJll 3a pO2/pCO2 B KJlllHllqecKHX 
ycnOBHllX, rrpIIqeM HMeHHO ,[(llHaMHKa IIOKa3aTeJJett B rrpo(Jecce JJe'-!eHIIll, a He 6a30Bblll 

ypoaeHh HaKorrneHIIll pa,[(11oqiapMrrperrapara HMeer Haw6onee orqernIIBble rrpe,!\HKTopcK11e 

CBOHCTBa (5). 
He BIIOJJHe oqeBll,[(HbIM OCTaeTCll ll 3Ha'-!eHHe KJJIIHIIKO-,[(HHaMIIqecKHX rrapaMeTpOB, 

orpa)KaIOIIJHX B3alIMOCBll3b paHHIIX H II03,!\HHX rrpol!BJJeHllll, KaK B OTHOIIleHIIll 

rrpOTllBOOIIyxoJJeBOH 3<p<peKTllBHOCTll, TaK ll IIOCTJJyqeBOH T0KCII'-IH0CTll. 8 qacTHOCTll, 
aorrpeKII co6crneHHblM O)Kll,[(aHllllM, y 60JJhHbIX paK0M MOJJO'-IHOH )KeJJe3hl crnp111e 65neT 
,!\OCTOBepHO 6onee 1103,[(Hee, B cpe,!\HeM, II0llBJJeHIIe (18,6 ,[(H. IIOCJJe HaqaJia nyqeaott 

TepaIIllll vs. 15,4 ,[(H. - y 40-50-JJeTHHX, p<0.02) caMOH paHHeH Bll3YaJibHO <pllKCHpyeMOH 
CTerreHII rurrepeMllll KO)Kll (He yqHThIBaeMOH CTaH)];apTHb!Mll IIIKaJiaMH IIOCTJJyqeBOH 

TOKCH'-IHOCTll) rrpll IIOCJJeorrepaIJHOHHOM o6nyqeHllll rrapacrepHaJibHOH o6JJaCTll 
acCO(JHHpOBaJIOCb c ,[(OCTOBepuo 6onee Bb!COKllM pIICKOM BJJa)KH0ro 3IIll)];epMHTa (55,6% vs. 
15,0%. y 40-50-JJeTHHX, p<0.02) ll 60JJhlllllMll cpe)];HllMll cpoKaMll ero perrapaIJIIll (64,0 ,[(II. 

IIOCJJe uaqaJia nyqeaoii TepaIIllll vs. 51,8 ,[(H. y 40-50-JJeTHHX, p<0.02). Ilpll paKe 
npe)];CTaTeJJbHOH )KeJJe3bl Koneqnall Bblp~eHHOCTI, ll apeMll perrapa(Jllll OCTpb!X reHHT0-
ypnHapHbIX (GU) IIOBpe)K)];eHllll BJllll!Jlll Ha pHCK KJlllHllqecKH 3HaqllMbIX (Gr2:3) II03,[(HllX 

GU-rroape)K,[(eHHtt JJHIIlh Ha ypoaHe TeH)];eHIJHH, a uan6onee 3HaqnMhIM rrporuocr11qecKHM 
<paKTOpOM OKa3aJiaCh rrpe)];111eCTBOBaa111all nyqeaoii TepaIIllll rpaHcyperpaJibHall pe3eK(Jllll 

rrpoCTaTbl (rn6.5) 
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Ta6JI.5. He3aBIICIIMbie KJIIIHIIqecKIIe rrpe.[IIIKTOpbl JI03,[{Hei1: GU-TOKCIIqHOCTII JI0CJie 
pa.[IIIKaJibHOH rrpoTOHHO-q:>OTOHHOH JIT MeCTHOpacrrpocTpaHeHHOfO paKa rrpoCTaTbl (co6cTB. 
,[laHHbie) 

HeJaBHCIIMble cj>aKTOpbi pHCKa Bmrnu11e YposeHb 
GU-rrospem.[leHIIH >3 CT. Jlla'IHMOCTII ( n) 
B03pacT He BJim1eT 0.59 
,n.rmTeJibHOCTb HeorT (Mee.) He BJim1eT 0.24 
TTpemnecrnoBaBIJJal! TYP (Lia, HeT) BJIIIl!eT 0.018 
BbipaJKeHHOCTb OCTpbIX ± 0.055 
rrocTJIV'-IeBbIX GU-rroapelK.[I. ( CTerreHh) 
BpeMll rrOllBJieHIIll ocTpb1x GU- He BJIIIl!eT 0.09 
JIOBpelK.[leHIIH (LIHII ) 
BpeMll rrOllBJieHIIll JIIIKa ocTpbIX GU- He BJIIIl!eT 0.28 
JIOBpeJK,[leHHH (LIHII ) 
TTpO.[IOJilKIITeJibHCTb JIIIKa OCTpbIX GU- He BJIHl!eT 0.48 
JIOBpeJK,[{eHIIH (mm ) 
CpoK perrapa1.1IIII ocTpbIX GU- ± 0.064 
JIOBpeJK,[leHIIH (LIHH ) 

B HaCTOlllllee BpeMll peaJIII3yeTCll Pll.LI MaCIJJTa6Hb!X MHoro1.1eHTp0BI,IX 
rrpocrreKTIIBHbIX KJIIIHIIqecKHX HCCJie,[IOBaHHH (REQUITE) B paMKax KOTOpbIX ,[{Jlll JI0HCKa 
KpIITepHeB HH,[IHBII.[lyaJibHOH 3cpcpeKTHBHOCTII II TOKCHqHOCTH, Hapll.LIY C Tpa.[IHI.IH0HHblMII 
q:>II3IIK0-,[{03HMeTpIIqecKIIMII II KJIHHIIKO-MOpq:>OJIOfll'IeCKIIMII cpaKTopaMH rrporn03a 
IICJIOJib3YJOTCll H KJieTO'IHbJe (RILA) TeXHOJIOrIIII, a TaK JKe cpopMIIPYJOTCll 6IIo6aHKII ,[laHHblX 
,[{Jlll rrapanJieJibHbIX H JIOCJie,[l)'!OlllIIX reHeTHqecKHX HCCJie,[IOBaHIIH. MoJKHO Ha.[lel!TbCll, qro 
IIMeHHO HHTerpal.lHll JIOJiyqeHHblX .[laHHbIX IT03B0JIIIT MaKCHMaJibHO HH,[IIIBII,[{YaJIII3HpoBaTb 
nporpaMMbl nyqeBOH TeparrIIII, XOTll YJKe cero,[{Hll oqeBII,[IHO, 'ITO caMO no ce6e C03.[laHHe 
anropIITMa yqern reHeTIIqeCKIIX oco6eHHOCTei1:, KJIIIHll'IeCKHX napaMeTpOB, COI.IIIaJibHhlX 
cpaKTOpOB, Hapll.LIY C II3MeHeHHl!MII, HacTynaJOlllIIMII B npo1.1ecce JieqeHIIll - 38,[{aqa 
qpe3BbJqaHHOi1: CJIOJKHOCTH. 
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MEJKIIJIAHETHblX IIOJIETOB H YTOqHEHHE CYMMAPHOro 
PA)J;HAIJ;HOHHOro PHCKA B TEqEHHE JKH3HH KOCMOHABTOB 

A.B. lllapup1<.uH 
rocy,11apcrneHHh1ii Hay'IHhiii 11eHTp P<l> - MHcTIITYT Me,1IIK0-6IIonorn'lecKIIX npo6neM PAH, 

MocKBa, Poccm1 
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K Ha'laJIY ocymecTBJICHIIll n0JICT0B B JIIITepaType npe,!(CTaBJICHbl o6rrmpHbIC 

PMII06IIOJI0fll'ICCKIIC ,!laHHbie 06 3cjJcjJeKT3X II0HII3IIPYJOI1\IIX II3J1YlJCHIIii B 3KcnepIIMCHTax 

Ha 3eMJIC, npoB0,[IIIMblX B 50-60 fO,!(bl BO MH0fIIX Jia6opaTopm1x MIIpa ,!(Jlll o6ecne'ICHIIll 

6e3onaCHOCTII HaCeJICHIIll B CBll3II C ll,!(CpHOH yrp03oii II MaCC0BblMII IICnbITaHIIl!MII ll,!ICpH0ro 

opyi1nrn, ocymecTBJlllCMbie B p33JIII'!Hb!X peJKIIMax pa,11IIal\II0HH0ro B03,[ICHCTBIIll Ha 

60JiblllOM K0JIII'ICCTBC MCJIKIIX na6opaTOpHbIX JKIIB0THblX II KpynHbIX MJICK0nIITaIOil\IIX. K 

3T0MY nepII0,!(y IIMCJICll no'ITII 20-JieTHIIii nepII0,11 IICCJIC,[I0BaHIIH no K0CMII'ICCKOH 

pa,11II06IIOJIOrIIII B03,!(CHCTBIIll Ha pa3JIII'!Hb!C 6IIOJIOrII'ICCKIIC o6beKTbl ycKopeHHb!X 

np0T0H0B, MH0rmapl!,!IHb!X II0H0B B IIIIIp0K0M ,!(IIan330HC 3HeprIIii, a TaKJKe 6b!CTpb!X 

HCiiTpOH0B. B TOT JKC nepII0,11 50-70 ro,!I0B npoBe,[leH 6oJibIIIOH o6beM IICCJIC,[IOBaHIIii II 

nonyqeHbl o6rrmpHblC 3KCnepIIMCHTaJibHblC ,!laHHb!C no C0'leTaHH0MY ,[ICHCTBIIJO pa,11IIal\IIII, a 

TaKJKe neperpy30K, HCBCC0M0CTII, rIIn0KCIIII, rIIn0,!(IIHaMIIII II ,11pyrIIX cjJII3II'ICCKIIX II 

6bITOBbIX cjJaKTOpOB B K0CMII'ICCKIIX nonernx, K0T0pbie HanpaBJICHbl Ha o60Cf!OBaHIIe 

K03cjJcjJIIl\IICHTa MO,[IIIcjJIIKal\IIII KME 6JIIIJKaiiIIIero pa,11IIal\II0HH0ro 0TBCTa opraHII3Ma B 

0TH0IIICHIIII pIICKa CHIIJKCHIIll pa60Tocnoco6HOCTII II 3,!I0p0BMI K0CM0HaBT0B [1- 3]. 

B ,[I0KJia,[le paCCM0TpeHbl 6JIII3KIIe B Ha'laJibH0M nepII0,!(e K0CM0HaBTIIKII no,!(X0,[lbl no 

o6ecne'ICHIIJO pa,11IIal\IIOHHOH 6e3onacHOCTII K0CMII'ICCKIIX noJieTOB B CCCP (POCCIIII) II 

ClllA. OK33aJIIICb 6JIII3KIIMII II cornacoBaHHbIMII HaII6onee onaCHbie K T0MY nepIIo,1y 

IICT0'IHIIKII pa,!(IIal\IIII, KPIITepIIII pa,!(IIal\IIOHHOH 6e3onacHOCTII II npe,!(CJlbHble 

H0pMaTIIBHb!C ypoBHII no pa,11IIal\IIOHHOH 6e3onacHOCTII ,[IJill nepBb!X KpaTK0BpeMeHHb!X II 

6onee ,[IJIIITCJibHblX nIIJI0TIIpyeMb!X op6IITaJibHbIX noJICT0B [ 4]. 
IlpOBC,[ICHHblH aHaJIII3 3cjJcjJeKTOB K0CMII'ICCKIIX II3JIY'ICHIIH Ha p33Hb!X yp0BHl!X 

6IIOJIOrII'ICCKOH IIHTerpal\IIII B 0TH0IIICHIIII peaKl\IIII HaII6onee PMII0'IYBCTBIITCJibHblX 

TKaHeii, B TOM 'IIICJie nepBII'IH0H !IY'JCBOH peaKl\IIII (IIJIP) y K0CM0HaBT0B (acTpoHaBTOB), a 

TaKJKe no,[IX0,!(0B K peIIICHIIJO B0npocoB o6ecne'!eHIIll pa,11IIal\IIOHHOH 6e3onaCHOCTII 

n0K33aJI, '!TO npII H0pMIIp0BaHIIII B Ka'!CCTBC KpIITII'ICCKIIX paccMaTpIIBaJI0Cb 6JIIIJKaHIIIIIe 

He6JiaronpIIl!THbIC 3cjJcjJeKTbl, CBl!3aHHbIC C B03M0JKHb!M HapyIIIeHIICM pa6oTOcnoco6HOCTII II 

JKII3Hecnoco6HOCTII K0CM0HaBT0B B pe3yJihTaTe CT0XaCTII'ICCK0ro B03,[ICHCTBIIll C0JIHC'IHbIX 

K0CMII'ICCKIIX nyqeii (CKJI) BO BpCMll p33BIITIIJI M0il\HbIX C0JIHC'!Hb!X npoT0HHb!X co6bITIIii 

(CIIC), C pIICK0M p33BIITIIJI IIJIP cpe,1Heii CTeneHII Tl!JKCCTII, a TaKlKC BblpaJKeHHbIX 

HapyIIIeHIIH B 06HOBJilll011\IIXCll pa,!(II0'IYBCTBIITCJibHb!X TKaHllX K0CTH0M M03re, K0JKe, 

JKCJIY,!I0'IH0·KIIIIIC'IH0M TpaKTe ()l{KT), 3nIITCJIIIII por0BIIl\bl [4 - 6]. 

B ,[I0KJia,[le npe,!(CTaBJICHbl TaKJKe Ha6JIIO,!laeMblC B ,!laJibHCHIIICM p33JIII'IIIll no,11xo,110B B 

CCCP II ClllA B onpe,11eJICHIIII HC06XO,[IIIMbIX ,!(03IIMeTpII'ICCKIIX cjJyttKl\IIOHaJIOB, 

K0JIII'ICCTBCHHbIX 01\CHKax Ha6JIJO,!(aeMb!X 3cjJcjJeKTOB, paC'ICTaX pa,!(IIal\II0HH0ro pIICKa II 

n0,!(X0,[laX K pa,!IIIal\II0HH0MY H0pMIIp0BaHIIIO [1, 2, 4, 6]. 

B MMEII MIIH3,1paBa CCCP 6Lma p33pa6ornHa CIICTeMa rocy,11apcrneHHhIX 

CTaH,!(apTOB rOCT-0B II pyK0B0,!(JIIl\IIX ,!(0KYMCHTOB (P~) no npo6JieMe "Ee3onaCHOCTb 

pa,11IIal\II0HHaJI 3KIInaJKa K0CMII'ICCKoro annaparn (KA) B K0CMII'ICCK0M noJieTe" 

(EP3KAKII), K0T0pbie 6bIJIII BbIIIYil\CHbl B nepII0,11 1983-1991r C onIICaHIICM MO,!(CJieii 

IICT0'IHIIK0B II3J1YlJCHIIii K0CMII'ICCK0ro npocTpaHCTBa, MO,!(eJieii np0X0JK,[ICHIIJI II3JIYlJCHIIH 
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qepe3 BeIIJeCTB0 3aIIJIIThl KA II 6IIOJIOfHqecKyio TKaHb C yqeTOM BKJia,!la B cyMMapH)'IO ,!I03Y 

BT0pIIqHblX H3JI)"IeHIIH. EhIJIII BhlIIYIIJeHhl TaKlKe roCT-hI, BKJIIOqaJOIIJIIe OIIHCaHIIe MO,!leJieil: 

Pll.!la 6IIOJIOrHqecKIIX 3<p<peKTOB II B TOM qIIcJie rocT 25645. 215-85 EP3KAKTT "HopMbl 

6e3orraCHOCTII ,!IJ!ll II0JieT0B ,!10 3-x JieT" M.: roccTaH,!lapT,1986. 

.ll:nll rrpIIBe,!leHIIll CJI0lKH0ro xapaKTepa o6nyqeHIIll a K0CMIIqecK0M npocTpaHCTBe K 

ycJI0BIIllM CTaH,!lapTH0ro pa11IIal\II0HH0ro B03,!lett:CTBIIll Ha 3eMJie (K 3<p<peKTaM 0CTporo 

paBH0MepHoro o6nyqeHIIll rrpII IICTI0Jlb30BaHIIII IICT0qHIIK0B raMMa II lKeCTK0ro 

peHTreH0BCK0r0 II3JI)"IeHIIll c HaIIpl!lKeHIIeM Ha Tpy6Ke 180-250 KB) 6hm BBe,!leH HOBhlH 

,!103IIMeTpIIqeCKIIH <pyttKI.\IIOHaJI «O6o6IIJeHHall ,!I03a H», KOTOpb!H C0CTaBIIJI 0CH0BY 

HopMamaHo-TeXHIIqecKoro 110KyMeHTa fOCT 25645. 201-83. EP3KAKTT TepMIIHhI II 

orrpe11eneHI1ll. 1984. 

B CBll3II C He06XO,!IIIMOCThlO B rrp0I.\eCce H0pMI1p0BaHilll K0JIIlqecTBeHH0 

MaKCIIMaJihH0 II0JIH0 paccqIITb!BaTh PIICKII 6JIIllKail:nrnx a np0I.\ecce , II0JieTOB 

He6narorrpI1llTHhlX 3<p<peKTOB, a TaKlKe 0T,!laJieHHhlX He6narorrpIIllTHhlX Il0CJie,!ICTBIIH Ml! 

3,!I0p0Bhll K0CM0HaBT0B, 0K0HqaTeJihH0e BblpalKeHIIe ,!IJ!ll o6o6IIJeHHhIX ,!103 ,!IJ!ll 6JIIllKatt:IJJIIX 

II 0T,!laJieHHhlX 3<p<peKTOB Hli II Ho, cornaCH0 pa60TaM [l, 2, 4, 6], IIMeeT CJie,!lyioIIJIIH BII,!I: 

n 

Hli = (L Di • KK!ii •KB!ii •KP!ii) KM!i 
i=l 

Ho= (L Di • KKrn •KBrn •KPrn) KMo, 
1=1 

r11e Di - cpe11HeTKaHeBall ,!103a OT pa3JIIlqHbIX IICT0qHIIK0B pa11I1al\I10HHOH onacH0CTII 

B yCJI0BilllX K0CMilqecKoro rrpocTpaHCTBa: rKJI, CKJI, rrp0TOH0B pa,!1I1al\II0HHhIX II0llC0B 

3eMJIII (PTT3) II II0T0K0B BT0pilqHhIX qacTIII.\ II3 3aIIJIIThl K0CMilqeCKIIX arrnapaT0B, BKmoqal! 

Hett:Tp0HhI; 

KKi;i K03<pqJIII.\IIeHT Kaqecrna II3JI)"IeHIIll, orrpe11eJilleMblH Ha 0CH0Be 

pernaMeHTHpOBaHHOH ero 3aBIICIIM0CTII OT JIIIHett:HOH nepe11aqI1 3Heprnn (JITT3), cornaCH0 

PoCCIIHCKIIM TI MelK,!lyHap0,!IHhIM H0pMaTIIBHb!M ,!I0KyMeHTaM. 

KB!ii - K03<p<plll\IleHT apeMeHHOH HepaBH0MepH0CTII pa,!IIIal\II0HH0ro B03,!lett:CTBIIll, 

)"IIITb!BaIOIIJIIH BJIIIllHile M0IIJH0CTII ,!103hl II xapaKTepa pacnpe11eneHIIll ,!103hl BO apeMeHII Ha 

pa,!1II06IIOJIOfHqecKIIH 3<p<peKT, rrpIIBO,!lllllJIIH 3<p<peKThl rrp0TlllKeHHhlX II 

qipaKI.\IIOHIIpOBaHHhIX B03,!lett:CTBIIH K 3<p<peKTaM rrpII 0,!IH0KpaTH0M 0CTp0M o6nyqeHIIII B 

C00TBeTCTBIIII c ,!laHHhlMII pa6oT [l, 2, 4, 5]; 

KP!ii - K03<pqJIII.\IleHT pacnpe11eneHilll ,!103hl, )"IIITbIBaIOIIJIIH xapaKTep 

pacrrpe11eneHIIll ,!103hl II0 Teny II rrpIIB0,!lllllJIIH 3<p<peKThl HepaBH0MepHoro o6nyqeHilll K 

ycJI0BilllM paBH0MepHoro Pa.!IIlal\II0HH0ro B03,!lett:CTBilll. OH orrpe11enl!eTCll B C00TBeTCTBIIII C 

M0,!leJibIO paBHOI.\eHHOH ,!103hl rocT 25645. 219-90 EP3KAKTT M.: focCTaH,!lapT, 1991. 

KMi; - K03qlqJIII.\IleHT MO,!IIIqJIIKal\IIII pa,!1I1al\I10HH0r0 0TBeTa opraHII3Ma ' 

Herrocpe,!lcTBeHH0 B II0JieTe 3a cqeT ,!I0II0JIHIITeJibH0ro B03,!lett:CTBilll Hepa,!IIIal\II0HHhlX 

CTpecC0BhIX qiaKTOpOB [1- 3] 

KKrn •KBrn •KPrn II KMo coorneTCTB)'IOIIJile KOJ<p<pIII.\IleHThl .!IJill rronyqeHIIll 

3naqeHI1H o6o6IIJeHHOH ,!103hl Ho rrpIIMeHIITeJibH0 K 0l\eHKaM pIICKa 0T,!laJieHHbIX 

He6naronpI1llTHhlX 3<p<peKTOB B pa3JIIlqHhIX CIICTeMax, a TaKlKe cyMMapHoro pa11IIal\II0HH0ro 

pIICKa B TeqeHile lKil3HII K0CM0HaBTOB [1 - 3, 7]. 
B HaCTOl!IIJeil: pa6oTe na CTporo KOJIJiqecTBeHHOH 0CH0Be pacCM0TpeHbl 

3KCIIepIIMeHTaJihHbie pa,!1II061IOJIOrI1qecKIIe ,!laHHbie II M0,!leJibHbie rrpe,!ICTaBJieHIIll II0 

060CHOBaHI1IO 3HaqeHIIH K03qlqJIII.\IleHTOB, BX0,!lllllJIIX B Bb!palKeHilll ,!IJ!ll pacqeT0B 

o6o6IIJeHHhlX ,!103IIMeTpIIqecKIIX <pyttKI.\IIOHaJIOB. TTpe,!ICTaBJieHbl TaKlKe pacqeTHbJe 3HaqeHIIll 

pa11I1al\II0HH0r0 pI1CKa ,!IJ!ll K0CM0HaBT0B a rrp0I.\eCce 3-rO,!IOBoro II0JieTa K Mapcy B 
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nepII0,11 MaKCIIMyMa CA 3a pa3JUiqHh!MII T0JIIIIIIHaMII •3aUIIIThl pa,11IIaJ.V-!OHH0ro y6e)l(IIIlla 

(PY) II 6bITOBhl.X 0TCeK0B K0CMIIqecKoro Kopa6m1, K0T0pb!e cpaBHIIBaJOTCll C 

,11eMorpaqrnqeCKIIM pIICK0M CMepTH0CTII Ml! M~qIIH Harnett CTpaHhl C00TBeTCTByroII1ero 

ao3pacrn [1, 2, 4]. 

Ilo pe3yJihTaTaM 16-JieTHero «XpoHIIqecKoro '.lKCnepIIMeHTa» Ha co6aKax no IIx 6-TII 

JieTHeMy o6JiyqeHHJO B pe,KIIMe, M0,I1eJIIIpyIOII1eM B03M0)l(Hh!e ,!1030Bhle Harpy3KII II 

BpeMeHHOH xapaKTep o6JiyqeHIIll npII noJieTe K Mapcy, aHaJIII3a pe3yJihTaTOB OCTph!X II 

np0Tl!)l(eHHhl.X o6nyqeHIIH MeJIKIIX na6opaTOpHh!X )l(IIB0THh!X c pa3JIIIqHQH M0IIIH0CTh!O 

,!103hl, onpe,11eJIJ1IOII1IIX ycKopeHH0e CTapeHIIe II B03paCTHh!e II3MeHeHIIll KO'.l<pqllll.\IIeHTOB 

CMepTH0CTII, paCCM0TpeHa M0,!1eJih pa,11IIal.\IIOHHOH CK0p0CTII CMepTH0CTII MJieKonttTaIOII1IIX. 

Ha 0CH0Be '.!TOH M0,!1eJIII npe,!1CTaBJieH anropttTM, pacqeTHhie 3HaqeHIIll cyMMapH0fO 

pa,11ttal.\II0HH0fO pttcKa (CPP) B TeqeHIIe )l(II3HII K0CM0HaBT0B H 01.\eHKII B03MQ)l(H0f0 

C0KpaII1eHIIll cpe,11Hett npe,11cT0llII1ett np0,!10JI)l(IITeJihHOCTII )l(II3HII (CIJIJ)K) npII Il0JieTe K 

Mapcy, a TaK)l(e B pe3yJihTaTe 06II1ett pa,11ttal.\HOHHOH Harpy3KII 3a IIX Kaphepy. PaCCMOTpeHhl 

cpaBHIITeJihHh!e ,!1aHHh!e 3aBIICIIM0CTII OT B03pacTa K0CMOHaBT0B CPP II pIICKa 

Kam1eporeHe3a. IloKa3aHo, qTo CPP B 3 pa3a BhIIIIe, qeM pIIcK KaHl.\eporeHe3a ,!1Jill 

K0CM0HaBTOB B B03pacTe 25-30 JieT H B 9 pa3 Bbl.Ille ,!1Jlll qJieH0B '.lKIIIla,Kett B B03pacTe 50-55 

JieT [l, 2, 4]. 

PacqeThI CPP npo,11eM0HcTpIIpOBaJIH JIIIHettHhIH xapaKTep ero yaeJIIIqeHIIll c 

0606II1eHHOH ,1103ott H 0 . Ero BeJIIIqttHa cocTaBIIJia 13 %; 12,5 % II 11 % Ha 1 3B ,!1Jlll 

K0CM0HaBT0B PocCIIII, acTp0HaBTOB ClllA Ii JlnOHHII C0OTBeTCTBeHH0. QqeHh Ba,KHO, qTo 

3TII BeJIIIqliHhl CPP, nonyqeHHhie Ha OCH0Be pa,11II061iOJIOrHqecKIIX 3KCnepHMeJ;IT0B II 

M0,!1eJIII pa,11Hal.\HOHHOH CKOp0CTll CMepTH0CTII MJieK0nHTaJOIIIIIX, C TQqHQCTh!O ,110 1 - 3 

npo1.1eHTOB C0BnaJIII C npe,11cTaBJieHHhIMli B JIIITepaType 01.\eHKaMH CPP Ha 1 3B no ,11aHHhlM 

MH0fOJieTHIIX 3nII,!1eMIIOJI0rnqeCKIIX Ha6JII0,!1eHIIll 3a 3,!10p0BheM no,11aeprHYThIX o6nyqeHHIO 

)l(IITeJiett XIIpOCIIMhl II HaracaKII, pa6oTHIIKOB n/o «Mal!K)) JIIIKBII,!1aTOpOB n0CJie,!1CTBIIll 

aaapIIII peaKTopa B qepH06blJie II ,11p. Pe3yJihTaThl 3TIIX IICCJie,!10BaHIIll 

npo,11eM0HCTpIIp0BaJIII, qTo CPP o6ycJIOBJieH He TOJihK0 ,!10nOJIHIITeJihHOH CMepTHOCTh!O OT 

paKa, a B 60Jihlllett CTeneHII CBl!3aH C Kap,!1H0BaCKYJillpHh!MII 6oJie3Hl!MII, cep,11eqHQ­

cocy,11IICTOH naToJiornett, He,11ocTaToqHocThIO M03f0Boro Kpoaoo6paII1eHIIll, pIICK0M 

IIH<papKTOB II IIHCYJihT0B [1, 2, 4]. B pe3yJihTaTe B H0BhIX H0pMaTIIBHhIX ,!10KyMeHTaX no 

pa,11IIal.\HOHHOH 6e3onaCHOCTII K0CMIIqeCKIIX noJieTOB [l, 2, 4, 6]. npe,11eJI ,!103hl 3a Kapbepy 

K0CM0HaBT0B 6bIJI CHII,KeH B PocCIIII B 4 pa3a ,110, 1,0 3B no cpaBHeHIIIO C npe,KHIIM 

,110KyMeHTOM fOCT 25645.215-85 (EP3KAKI1) foccrnH,11apT, 1985. 

B ,!10KJia,11e paCCM0TpeHh] TaK)l(e '.lKcnepIIMeHTaJihHh!e ,11aHHh]e O HOBhIX 6onee 

Bh!C0KIIX MaKCIIMaJihHh!X 3HaqeHIIllX K03(pqJIII.\IIeHTOB OE3M 6bICTph!X HettTpOHOB II 

ycKopeHHhlX MH0r03apl!,!1Hh!X IIOH0B (YMI1) npIIMeHIITeJihH0 K MaJih!M n0rJI0II1eHHh!M 

,!103aM, C00TBeTCTBYIOIIIIIM cyII1eCTBYIOII1IIM B HaCT0l!Illee BpeMl! npe,11eJihHhIM HOpMaT11BHhlM 

yp0BHllM no pa,!1IIal.\II0HH0H 6e3onaCHOCTII K0CMIIqeCKIIX noJieT0B, II Ha 3TOH OCHOBe 

npe,!1CTaBJieHa H0Ball 3aBIICIIM0CTh K03!pqJIII.\IIeHTOB Kaqecrna (KKo) K0CMII'leCKIIX 

II3Jiyqem1tt oT JIIIneiiuott nepe,11aqII 3uepnrn (JII13) [7]. HoBall 3aBIICIIM0CTh KK0 nyqllle 

C00TBeTcTByeT npe,11cTaBJieHHh!M 3Ha'leHIIllM K03(pqJIII.\IIeHTOB OE3M II peaJihHOH orracuocTII 

,!1Jlll 3,!10p0Bhll 'leJI0BeKa B OTH0IIIeHIIII pa3BIITIIll OT,!1aJieHHhlX ue6naronpIIllTHhlX 

noCJie,!1CTBHH. 

Ilocne yrnep)l(,!1eHIIll 3T0ll 3aBIICIIM0CTII B Kaqecrne uopMaTHBHOfO ,!10KyMeHTa H0B0e 

cpe,11Hee 3Ha'leHIIe KKo no cneKTPY JII13 ,!1Jlll IICT0'IHIIK0B KOCMII'leCKIIX lI3JiyqeuIIii 

0Ka,KeTCll B 0TH0IIIeHHlI fKJI n0'ITlI B 2 pa3a 60JihlIIIIM, 'leM rrpIIHIIMaeMoe B HaCTOl!II1ee 

BpeMll pacqeTH0e 3Ha'leHtte ua 0CHOBe 60 Ily6JIIIKal.\HlI MKP3. 3To rrpIIBe,!1eT K 60JihllllIM 

01.\eHKaM '.lKBIIBaJieHTHhlX ,1103 OT rKJI lI BeJIII'IIIHaM CPP. 
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BrrepBbIC rrpoaHaJIII3IIpoBaHbl HCK0T0pb!e H0BbIC 3KcrrepIIMCHTaJ!bHblC JWHHb!e K 

o60CHOBaHIIIO K03QJQJIII-IIICHTOB M0.1\IIQJIIKaQIIII pa.11IIaI-1II0HH0ro 0TBCTa opraHII3Ma KMo 

rrpIIMCHIITCJibH0 K 0T.1\aJICHHb!M HC6Jiarorrp1rnTHb!M 110CJIC.11CTBil51M 3a cqeT .110110JIHilTCJ!bH0ro 

.11JIIlTCJ!bH0fO .11ei1CTBIIH XIlMIIqecKoro 3arpH3HCHil51 B03.llyxa B ITIIJI0TIIpyeM0M K0CMIIqecK0M 

arrrrapaTe, a TaKlKC B03.11CHCTBil51 HCBCC0M0CTil [3]. Ilpo.11eMOHCTpIIpOBaHO, qTQ 3HaqeHIIe 

K03QJQJIII-IIICHTa M0.1\IIQJIIKa!-IIIII KMo pa.11HaI-1Il0HH0fO 0TBCTa opraHII3Ma rrpII HaJIIlqilII B 

B03.11YIIIHOH cpe.11e ITKA rrapoB a1-1ernHa, a1-1eTanb.11em.11a Il 3TaH0Jia Ha ypoBHe rrpe.11eJibHO 

.11orryCTilMb!X KOHI-1CHTpa1-1IIi1 Il~KrrKA M0lKCT C0CTaBilTb 3HaqeHIIC 1,5. C yqeT0M 

rrpe.11CTaBJICHHb!X MaTepIIaJI0B 0 CHHeprH3Me B .11ei1CTBilil HeBeC0M0CTII Il TH)KCJ!b!X 51)1ep 

ranaKTHqecKoro K0CMIIqecKoro Il3JiyqeHil51 3HaqeHHe K03qJQJIII-IIlCHTa M0)1IIQJIIKa!-1IIIl 

pa.11IIaI-1H0HH0fO 0TBCTa opraHII3Ma KMo CJie)1yeT, 110 Kpai1Hei1 Mepe, rrpIIHHTb paBHb!M 2,0, 

qTo TaKlKe 3HaqHTCJ!bH0 M0lKCT YBCJIIlqHTb CPP II B03M0lKH0e C0KpameHHe CIJIJ)K. 

Ilpe.11crnBJICHHbie B )10KJia)1e MaTepHaJibl .1\CM0HCTPIIPYJOT 0TH0CIITCJibH0 MaJ!b!H pHCK 

0T)1aJICHHb!X ITOCJIC.1\CTBIIH (rrOpH.11Ka 1 - 1,5 % ) OT .1\CHCTBilH CKJI B ycJI0BIIHX M0II-IHbIX CIJC 

rrpII HaJIIIqIIII PMIIaQII0HH0ro y6elKHll-la Il 6bITOBb!X 0TCCK0B B MapcHaHCK0M op6IITaJ!bHOM 

K0MrrJieKce (MOK) H B3Jierno-rroca.11oqHoM K0MrrJieKce (BITK) rropH.11Ka 15 - 20 r/cM
2 

aJIIOMilHilH [5, 8]. KaK 110Ka3aJIII pacqeTbl 3HaqeHII51 060611-1eHHOH )103bl OT pa.11HaI-1Il0HHb!X 

11051C0B 3eMJIII (PIT3) rrpII pacKpyTKe B HIIX ITIIJI0THpyeMoro MOK C IT0M0ll-lb!O lKII)1K0CTHb!X 

peaKTIIBHb!X .1\BIIraTeJieH ()KP~), a TaKlKC C IlCl10Jlb30BaHHCM BMCCTO 51)1CpH0-

3HepreTIIqecKOH ycTaH0BKil 3K0JI0rHqecKII qilCTb!X 3JICKrpHqecKHX .1\BIIraTeJieH MaJIOH rnrn 

Ha 0CH0Be COJIHeqHQH 3Hepmil M0ryr C0CTaBilTb 20 c3B, a CPP - 2,6 % [8]. Bo3MOlKHbl 

TaKlKC BapIIaHTbl IICKJIJOqeHIIH BKJia)1a Pil3 B pe3yJibTaTe c6opKII MOK Ha HII3KOH 

oKoJio3eMHOH op6IITe H 6b1crporo rrepeJiern rrHJI0TIIpyeMoro MOK Ha op6HTY oKoJio Mapca. 

B pe3yJibTaTe MaKCIIMaJ!bHYJO II 0CH0BHYJO orraCH0CTb, KaK 110Ka3aH0 B pa6ornx [2 - 5, 7, 8], 
rrpe.11cTaBJIHCT Il3JiyqeHHe ranaKTIIqecKHX K0CMIIqecKHX Jiyqei1. 
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Haqano HCCJie.11osaHmIM pomi rrpou:ecCOB OKHCJieHllll JlllIIH.110B B JiyqeBOM rropalKeHJIII 

6110JIOrlfqecKllX 06beKTOB 6bIJIO IIOJIOlKeHO pa60TaMH, BbIIIOJIHeHHb!Mlf B cepe.1111He 

rrponmoro BeKa rro.11 pyK0B0.11crnoM rrpoq>eccopa Ii.H. Tapycosa B MrY 11 aKa.11eMnKa H.M. 
3Matty3Jill B l1X<I> AH CCCP. BbI.IIBHHyrall B 1958 r. H.M. 3MaHY3JieM rnrrOTe3a o 

B03MOlKHOCTll llCIIOJib30BaHllll MaJIOTOKClfqHb!X CllHTeTlfqeCKHX l1Hrn6HT0p0B Pa.llHKaJibHbIX 

rrpou:ecCOB -aHTHOKCll.llaHTOB (AO) B Kaqecrne Pa.llH03aiu:11THb!X rrperrapaTOB If .IIJlll Jieqemrn 

rraTOJiornqecKHX COCTOJIHHH .IIOJiroe BpeMJI BeCbMa CKerrTnqecKH BOCIIpllHHMaJiaCb MHOrHMII 

6110JioraMH If Me.1111KaM11. lie3yCJIOBHO, 0.IIHllM lf3 Hatt6oJiee 3HaqlfMb!X OTKpb!TllH TOro 
BpeMeHH llBHJIOCb BblllBJieHHe 3KCTpeMaJibHOH 3aBllCHMOCTH pa.111103aID:HTHOro 3q>q>eKTa AO 
OT KOHU:eHTpaU:Hll BBe.11eHHOro rrperraparn (pHC. 1 ), KOTOpall o6ycJIOBJIHBaJia rrepexo.11 OT HX 

pa.111103aiu:11rnoro K pa.1111oceHCH6l1JIH3Hpyioiu:eMy .11eil.CTBHIO [l, 2]. 3aTeM 6b!JIO 

ycTaHOBJieHO, qTo TaKall 3aBHCHMOCTb pa.11norrpoTeKTOpHb!X CBOHCTB OT KOHU:eHTpau:1111 

xapaKTepHa .IIJlll mo6b!X 6noJiornqecKH aKTllBHb!X Beiu:ecTB (BAB). 
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P11c. l. 3aB!ICIIMOCTb BbllK!IBaeM0CTII MbIIIICH 

n11H1111 Balb/c qepe3 MeCl!Q nocJJe 

pemreH0BCK0ro 06Jl)"leH!lll B .!103e 5,5 fp OT 

.!I03hI 4.MemJJ-2,6-.1111Ipe1.6ymmpeHoJ1a, 

sse.11emwro 3a 15-30 MIIH .110 o6JJyqeH!lll [I). 

P11c. 2. <1>113IIKO-XIIMll'leCKall·c11cTeMa 

peryJJllQIIII 0KIICJIIITeJJbHblX npou:eccoe 

s JIIIIT!l.!laX Ha MeM6pammM ypoBHe [10]. 



B HatJane 70-x ro.11ax npournoro cTonenrn 6hmo noKaJaHo, '!TO MeM6paHa, Hap».11y c 

)].HK, TaKlKe HBJIHeTCH MHll!eHb!O .11ei1CTBHH H3JIYtJeHHi1 Ha 6ttOJIOfli'leCKHe o6beKThl [3, 4], a 

Ha•rnBllleecH 0,llH0BpeMeHH0 6ypHoe pa3BHTHe MeM6paIWJIOfliH 1103B0JIHJI0 o6oCHOBaTh 

6noJIOfli'!eCKYIO 3HatJHM0CTh CB060)l;HOpa,llHKaJibHh!X peaKUHH, rrpoTeKa!Oll!HX BO Bcex 

K0MIIapTMeHTaX KJieTKH, B peryJIHUHH KJieTO'!H0ro MeTa60JIH3Ma B H0pMe [2, 5, 6]. O.11HaKO 

eCJIH B pa6ornx ll!K0Jihl H.M. 3MaHyJJI51 rrpouecCbl rrepeKHCH0ro 0KHCJieHHH JIHIIH)l;0B (ITOJI) 

paccMaTpHBaJIHCh KaK H0pMaJihHhlll qJH3HOJIOfH'!eCKHi1 rrpouecc [7], II0HHMaHne :noro y 

3apy6elKHblX HCCJie)l;OBaTeJiel1 rro»BHJI0Ch JIHlllh K HatJany XXI BeKa [8]. O6o6ll!eHHeM pa6oT 

70-x - 80-x fO)l;0B rrpoll!JI0fO BeKa .l!BHJI0Ch 0TKpbITHe 4JYHKUHOHHpoBaHH.ll qJH3HKO­

XHMH'leCKOi1 CHCTeMbl peryJI.HUHH ITOJI Ha MeM6paHHOM yp0BHe (pnc. 2) H o60CHOBaHue 

poJIH ee rrapaMeTP0B B pa3BHTHH orryxonesoro pocTa H orrpe.11eneHHH 3all!HTHh!X CB0HCTB AO 

npn lIYtJeB0M II0palKeHHH [9-11]. 

)].anhHeHll!ee pa3BHTHe pa6oT B JTOM HarrpaBJieHHH II03B0JIHJI0 cqiopMyJinposaTb P.ll.ll 

o6o6ll!eHHH. DhIJIO II0Ka3aH0 JKCIIepHMeHTaJihH0, '!TO MeM6paHHM CHCTeMa peryJI.l!UHH IT OJI 

KJieTKH qiyHKUHOHHpyeT KaK e)l;HH0e uenoe [12]. Eonee TOro, qJH3HKO-XHMH'!eCKa.ll CHCTeMa 

peryJI.l!Ulili ITOJI cyll!eCrnyeT Ha KJieT0'lH0M u opraHH0M yp0BH.l!X (puc. 3) u 

4JYHKUHOHHpyeT Ha scex ypoBHHX oprauli3aUHH 6HOJIOfli'leCKHX CHCTeM (MeM6paHHOM, 

KJieTO'lH0M Ii opraHHOM) 0)l;H0THIIH0 [13, 14]. 3To, C O)l;HOH CT0p0Hhl, II03B0JIHJI0 li3YtJaTh 

MexaHH3M qiopM!ipOBaHH.ll IIOCJie,llCTBHll B03,llel1cTBH.ll H0HH3HPYIOlllliX H3Jiy'leHHH Ha 

6HOJIOfli'!eCKlie o6beKThl 110 li3MeHeHHIO xapaKTepa Teena CK00p,ll!iHHp0BaHHhIX B H0pMe 

IIOKa3aTeJiel1 CliCTeMbl peryJI.HUHH ITOJI, a, C .11pyrol1 CT0p0Hhl, oueHHTh BKJia,ll pa3JIH'!Hh!X 

napaMeTp0B CliCTeMbl peryJI»Ulili IIOJI B qiopMHpoBaHHe IIOCJie)l;CTBlill pa.11uauH.0HHh!X 

B03,lleHCTBlill B 3aBHCHM0CTli OT rnlKeCTH nopalKeHH.ll. 

Puc. 3. CxeMa B3aHMOCB»3en MelK,!ly 

napaMeTpaMH <pll311KO-XHMH'leCKOH CIICTeMbl 

peryJIHQHH ITOJI ua KJieT0'III0M H opraHH0M 

ypoBHHX [13]. 

DhlJIO II0Ka3aH0, '!TO BeJIH'lHHa aHTHOKHCJIHTeJibHOH aKTHBH0CTH (AOA) Jllillli)l;0B 

M0lKeT 6b!Th liCII0Jih30BaHa KaK TeCT )l;JI.ll no.116opa pa,llH03all!HTHh!X npenapaT0B Ii BhI6opa 

0IITliMaJibHh!X ycJIOBHll )l;JI.ll HX BBe)l;eHH.ll [2, 11]. OKa3aJIOCh, '!TO IIpli 0CTp0M o6nyqeHHli 

CliHTeTII'!eCKHe AO 6onee 3qJqJeKTHBHhl Ha lKHB0THh!X C Hli3KHM HCX0)l;Hh!M yp0BHeM AOA 

'1 JIHIIli)l;0B, IIp!i yMeHbll!eHHli )];03hl o6nyqeHH.ll Ii yBeJIH'leHHli JIHHei1HOH II0TepH JHeprHH 

(JIII3) li3JIYtJeHH.ll, a pa,llH0IIpoTeKT0pHa.ll aKTHBH0CTh npnp0,llHh!X AO Bhlllle ua lKHB0THhIX c 

6onee Bh!C0KHM HCX0)l;Hh!M yp0BHeM AOA JIHIIH)l;0B H npH yMeHhllleHHH JII13 li3JIYtJeHH51 

[1 l]. 
YlKe B 80-x ro.11ax 6blJIO cqiopMyJIHpOBaHO rrpe,llCTaBJieHHe 0 pa3JIH'lliH Be.llyll!HX 

M0JieKyn»pHblX Mexaun3M0B nyqesoro nopalKeHH.ll B pa3HhlX )l;HaIIa30HaX )];03 [15, 16]. DhIJIO 

II0Ka3aH0 B03paCTaHHe poJIH MeM6paH B qiopMHposaHHH IIOCJie)l;CTBHll B03)l;el1cTBH51 

pa.11naunn B MaJih!X )];03ax BCJie)l;CTBHe uemrnei1HOH 3aBHCHM0CTH 0KHCJIHTeJihHhlX npoueccoB 

B HX JIHIIH)l;ax OT )];03hl o6nyqeHH.ll H ee M0ll!H0CTH [ 17, 18]. CoBOKYIIHOCTh 

JKCIIepnMeHTaJihHhIX ,llaHHhIX II0CTaBHJia B0IIpoc 0 Heo6XO)l;HMOCTH K0MIIJieKCH0ro II0)l;X0)l;a 

K oueHKe npOTHBOJIYtJeBol1 JqJqJeKTHBHOCTli AO H yqeTa BpeMeHHh!X napaMeTp0B IIpH HX 
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llCilOJib30BaHllll B KaqeCTBe parinonpoTeKTOpOB npn nyqeBOM nopa)KeHllll pa3HOH CTerreHI! 
TJI)KeCTll [19]. 3Kcnepr!MeHTanbHO IlOKa3aHO 6onee cymecTBeHHOe BJ!lll!Hlle llCXO,llHOfO 
COCTOJIHllJI npOl.\eCCOB ITOJI B <pOpMnpoBaHllll 6nonornqecKHX nocne,UCTBHH B03,lleHCTBl!ll 
pa,uHal.\HH B ManhIX ,u03ax Ha opraHH3M B na6opaTOpHbIX 3KcnepHMeHTax 11 npH myqeHl!ll 
COCTOJIHHJI npOl.\eCCOB /IlOJI B TKaHJIX npHpO,llHhIX nonyJIJII.\HH rpbI3yttOB, a TaK)Ke yqacT!le 
napaMeTpOB CHCTeMbI peryJIJil.\llll ITOJI B a,1\aTITal.\HH MbilIIeBH,llHbIX rpbI3ytt0B K 
,umITeJibHOMY 0611TaHHIO B ycJIOBHJIX IlOBbIIIIeHHOfO pa,unal.\llOHHOro <pOHa [20-22 ]. 

CoapeMeHHOe COCTOJ!Hlle llCCJie,UOBaHHH peryJIJil.\llll OKllCJIHTeJihHbIX npOl.\eCC0B B 
Jlllllll,Uax, C Halllett TOqKn 3peHHJI, ,llllKTyeT Heo6XO,llllMOCTh 6onee ,ueTanbHOro ll3)"1eHl!ll 
MexaHll3MbI qiopMnpoBaHHJI llH,llllBll,UyanbHOH qyacTBHTeJibHOCTll B 3aB!ICllMOCTll OT 
TJI)KeCTH nyqeaoro B03,llettCTBllJI ll IlOllCKa IlO,llXO,llOB K C03,llaHHIO KOMTIJieKCHOro TeCTa ,ll)lll 
01.\eHKll MllHllMH3al.\llll nocne,ucTBHH. 
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IITOnl II IIEPCIIEKTIIBLI IICCJIE,[l,OBAHIIH HEMPOliIIOJIOrIIqECKIIX 
3<1><1>EKTOB KOMliIIHIIPOBAHHOro ,[l,EMCTBIIH rIIIIOrPABIITAU:IIII II 

IIOHII3IIPYIOll.J,IIX IIJJiyqEHIIM HA 3KCIIEPHMEHTAJlhHLIX iKIIBOTHhIX 
A.C.lllmeM6epz, A.A.llepeee3eHZJe6, K.E.Jle6eoeea-I'eopzueecKGR, A.I'.Ee.nReea 
rHL( P<I> - 11HcTHTyr Me.r1uKo-6uonomqecKux rrpo6neM P AH, MocKBa, Poccm1, 

andrei shtembl!rg@!mlil.ru 

RESULTS AND PROSPECTS OF THE STUDY OF THE 
NEUROBIOLOGICAL EFFECTS OF THE COMBINED ACTION OF 

HYPOGRA VITY AND IONIZING RADIATION ON EXPERIMENTAL ANIMALS 
A.S.Shtemberg, A.A.Perevezentsev, K.B.Lebedeva-Georgievskaya, A.G.Belyaeva 

Institute of Biomedical Problems, Moscow, Russia, andrei shtemberg@mail.ru 

B MelKrrJiaHeTHLIX MHCCHJIX, CBJl33HHLIX C BLIX0.[I0M Kopa6JIJI 33 rrpe,11eJILI 

MarHHTOCqJepLI 3eMJIH, 0.[IHHM 1]3 0CH0BHLIX JIHMHTHPYJOIIJHX B03M0lKH0CTL HX 

ocyII]eCTBJieHHJI qiaKTOpOB CTaH0BHTCJI pa.r1ual]HOHHLIM, KOTOpLIM, B coqeTaHHH C ,11pymMH 

qiaKTopaMH K0CMHqecKoro IT0JieTa (<l>KII), M0lKeT rrpuaecrn K HapymeHHJIM cjJYHKIJHll 

l]eHTpaJILHOM HepBHOM CHCTeMLI (L(HC), JielK3II]HX B 0CH0Be orrepaTOpCKOM ,11eJ1TeJILH0CTH 

K0CM0H3BT0B. A :no, B CB0IO oqepe.[IL, rrpe.[ICTaBJllleT peanLH)'IO orracH0CTL MJI BLIIl0JIHeHl]JI 

l]MI] IT0JieTH0ro 33.[laHHJI H C3MOM HX lKH3HH. IIpu '.HOM cne,11yeT 110.[lqepKHyrL, qrn, B 

0TJil]ql]e OT 0T.[laJieHHLIX ITOCJie.[ICTBHM B03,lleMCTBHJI P3JIH31]1]1] (KaH]]eporeHe3, 

K3TapaKT0reHe3, ]]HT0reHeTuqecKue HapymeHHJI, C0KpaII]eHHe rrpo,110JIJKl]TeJILH0CTH lKH3HI] H 

.[Ip.), 3proHOMl]qecKHM pHCK, o6yCJIOBJieHHLIM B03M0JKHLIMI] HapymeHHJIMI] orrepaTOpCKOll 

,11eJ1TeJILH0CTH K0CM0HaBT0B, CBJl33H C yrpo30M HX lKH3HH Herrocpe,11cTBeHH0 B rrpo]]ecce 

IT0JieTa. 

TaKHM o6pa30M, rrepBOM oco6eHHOCTLIO MelKITJiaHeTHLIX rroJieTOB, OTJIHqaIOII]eii HX 

OT op6HTaJILHLIX, JIBJIJ!eTCJI ITOBLIIIIeHHLIM pHCK cjJYHKIJHOHaJILHLIX HapymeHHll a L(HC, 
o6ycJIOBJieHHLIX B03,lleMCTBHeM KOCMHqeCK0M pa.r1ual]HI]. IIpu 3TOM 0CH0BH)'IO orraCH0CTL 

rrpe.[ICTaBJIJIIOT ranaKTl]qecKHe K0CMHqeCKHe nyqu (rICJI) - rrp0T0HLI BLIC0KHX :mepmii I] 

TJ!lKeJILie HOHL!, 06n3.r1aIOII]He 3HeprHJIMH B IIIHp0K0M JIH311330He, BITJI0TL ,110 caepxBLIC0KHX 

3HepmH rropll.[IKa I 020 
M3B. 3all]HTHTLCJI OT TaKHX BLIC0K03HepreTHqecKHX H3JiyqeHHll B 

ycnoBHJIX K0CMuqecKoro KOpa6JIJI qpe3BLJqaMH0 CJI0lKH0. BrnpaJI oco6e1111ocTL -

3HaquTeJILJl3JI MHTeJILH0CTL H aBT0H0MH0CTL IT0JieTa, BCJie.[ICTBHe qero B cnyqae 

B03HHKH0BeHHJI HeIIITaTHLIX CHTyaIJHM K0CM0H3BTLI M0ryT paccqHTLIBaTL HCKJIJOql]TeJil,H0 

Ha CB0H CHJILI. 3To C03.[laeT BLICOKHM ypoaeHL ITCHXOJIOmqecKOM HarrpJilKeHH0CTH, qrn, B 
coqeTaHl]I] C KOM6HHHp0B3HHLIM B03.[leHCTBHeM cpaKTOpOB IT0JieTa (HOHH3Hp)'!OmHe 

1]3JiyqeHHJI, MHKporpaBHTal]HJI, H3MeHeHHaJI cpe,11a o6HTaHHJI, BH6pa]]HJI, mrrepTepMHll, 

rHI10M3rHHTH3JI cpe.r1a H .r1p.) orrpe.[leJIJieT qpe3BLiqaiiHO BLICOKHM pHCK acTeHH331]1]1] L(HC, 
qpeBaTOii cepLe3HLIMH HapymeHHJIMI] pa60Tocrroco6HOCTH. Bai1weiiIIIHM 1]3 

Hepa.[IH31]H0HHLIX <l>KII JIBJIJ!eTCJI rurrorpaBHTal]HJI, K0T0paJI M0JKeT ,11eiicTBOB3Tb 

0.[IH0HarrpaBJieHH0 C KOCMHqecKOH PMH31]Heii. IT03TOMY B3lKH0 0l]eHHTL HX B3aHMHO 

MO,IIHcpHIJHP)'IOIIJee .[lettCTBHe. 

8 HaCT0JIII]ee npeMJI H3K0ITJieH 3HaqHTeJILHLIH MaCCHB 3KCrrepHMeHTaJILHLIX ,113HHb!X 0 

neiipo6HOJIOrnqecKHX 3cpcpeKTax T3q [I, 2]., 0.[IH3K0 rrpo6JieMa 3cpcpeKTOB 

KOM6HHHp0B3HHoro .r1eiiCTBHJI KOCMuqecKOH p3JIH31]1]1] I] rnrrorpaBHTa]]l]I] JIBJilleTCll 

H3HMeHee myqeHHOll. OcHOBHLie pa60TLI 110 3TOH TeMe 0TH0CJITCJI K rrp0IIIJI0My BeKy. 

,ll;JIJI a.[leKB3THoro M0,lleJIHp0B3HHJI KOM6HHHpOBaHHOro .r1eiicTBHJI pa,11Hal]H0HH0ro I] 

Hep3.[IH31]H0HHLIX <l>KII B H33eMHLIX 3KCrrepHMeHTax He06XO.[IHMO coqeTaHHe HeCK0JILKHX 

110.[IX0,II0B: 
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• M0,[(em1posam1e ,[(Jil!TeJibH0fO B03,[(eHCTBl!ll MO,[(eJI11pyeMOH r11norpaBIITal.lllll 11 

II0H11311p)'!Oll.lero 113Jl)"leHllll, K0T0poro M0JKH0 ,[(0CTll'lh T0JihK0 C IT0M0ll.lh!O IICT0'IHIIK0B 

raMMa-113JI)"leHllll; 

• M0,[(eJI11posm111e ::icpcpeKTOB B03,[(eHCTBl!ll TlllKeJib!X np0T0H0B II TlllKeJih!X 

3apl!lKeHHhIX 'laCTll'--1 (T3q), K0Topoe B03M0)1(H0 0Cyll.leCTBIITh C IICIT0Jih30BaHlleM 

ycKop11TeJieii 3apl!JKeHHhIX '!aCTll'--1. 

B Ka'leCTBe M0,[\eJieii mnorpaBIITa'--11111 IICIT0Jih30BaJIII AHOB ,[(Jlll Kpb!C (lKIIBOTHOe 

IT0,[(BeII111BaeTCll 3a 0CH0BaH11e XB0CTa ITO,[( yrnoM ::::; 30° C B03M0JKH0CTh!O nepe,[(BllfaThCll no 

KJieTKe C IT0M0ll.lh!O nepe,l:\HIIX nan) II AHOr ,[(Jlll o6e3bl!H (lKIIBOTHOe B cne1111aJihH0M 

K0CTIOMe cp11Kc11pyeTCll Ha HaKJI0HH0M CTOJie ITO,[( yrnoM ~ 6° C HaIC!0H0M B CTOp0HY fOJIOBhI). 

B 06011x CJI)"lal!X M0,[(eJIIIP)'IOTCll TaKlle ::icpcpeKThl HeBeC0M0CTII KaK fllIT0,[(IIHaMllll, 

mnoK1me311ll, CHl!T11e aarpy3KH c 3a,[(HHX KOHe'!HOcTeii, nepepacnpe,[(eJieH11e JKH,[(KOcTeii B 

opraHH3Me (npHJIHB K fOJIOBe). 

l1CXO,[(ll H3 3TOH K0H'--1en11n11, Mb! HCIT0Jih30BaJIII cJie,[()'!OlIIYIO MeT0,[(0JI0I'IIIO 

'.lKCnep11MeHTOB: ,[(JIHTeJihH0e CHHXp0HH0e faMMa-o6JI)"leHne Kpb!C B C0CT0llHHII AHOB B 

,[(03ax 0,7-3 rp (cTeJIJiaJK C Bh!BeIIJeHHh!MH KphICaMH pacnoJiafaJICll B o6JI)"laTeJibCKOH). 

)J;anee fOJI0BY Kpb!C o6JI)"laJIH np0T0HaMH Bh!C0KHX 3Hepmii H II0HaMH yrnepo,[(a 
12

C B 

aHaJI0fll'IHh!X ,[(03ax. TaKoii IT0,[\X0,[( 6bIJI IICIT0Jih30BaH BnepBbie, IT0CK0JihKY ,[(0 '.lT0fO B 

'.lKCnep11MeHTax npnMeHl!JIH nocJie,[(0BaTeJihH0e B03,[(eHCTBHe o6JI)"leHHll H aepa,[(na11noHHh!X 

<!>KIT, B TO BpeMl! KaK B peaJibHhlX ycJI0BHllX OHO npo11CX0,[(HT 0,[(H0BpeMeHH0. 

B '.lKCnep11MeHTaX Ha npnMaTax lKIIB0THhIX 06)"1aJIII Ha K0MITh!OTep11311posammii 

ycTaH0BKe no MeT0,[(HKe ITCHXOJI0fll'leCKOH TeCTOBOH CIICTeMbl (ITTC), BKJIIO'laIOll.leii cepmo 

H3 18 11rp0Bh!X K0MIThlOTepHb!X 3a,[(a'I B03paCTa!Oll.leii CJI0lKH0CTH, M0,[\eJIHP)'!OlIIIIX 6a30Bb!e 

'.lJieMeHThl onepaT0pCK0H ,[(ellTeJihH0CTH II HanpaBJieHHh!X Ha 011eHKY ceHC0pH0· 

nep11enTIIBHhIX, ceHC0M0T0pHb!X n HenpephIBHh!X nep11enTHBH0·M0T0pHbIX II K0I'HIITHBHh!X 

ee K0MIT0HeHT0B. B 0CH0Be TeCT0B, npe,[(JiaraeMb!X o6e3bl!HaM, JielKIIT Bbipa6oTKa CJI0lKHhIX 

HHCTpyMeHTaJihHhIX ycJI0BHh!X pecjJJieKCOB, CBll3aHHhJX C T0'IHOH KOOp,[(I1Ha1111eii ,[(BHJKeHHH. 

B Ka'!eCTBe ycJI0BHhIX pa3,l:\palKHTeJieii npnMeHll!OTCll BH,[(e0-CTHMYJihl pa3Jill'IHOH 

KOHcp11rypa11nn, npe,[(1,l!BJilleMhle Ha 3Kpane M0HHT0pa. B Ka'leCTBe 6e3ycJIOBHOfO 

IT0,[(KpenJieHHll HCIT0Jih3yeTCll CTaH,l:\apTHal! 6aHaHOBo-paCTHTeJibHal! Ta6JieTKa. 

B THIT0JI0rH'leCKHX xapaKTepHCTIIKax o6e3hl!H )"IHTh!BaJIIICh CIIJia, 

ypaBH0BeIIIeHH0CTh II IT0,[(BHJKH0CTh HepBHhlX npo11ecc0B, arpeCCHBH0CTh, TpeB0lKH0CTh B 

pa3JIH'!HhlX B11,[(ax ,[(HHaMH'leCKOil ,[(ellTeJibH0CTII - B IT03HaBaTeJibHhIX peaKI..IHllX Ha BHeIIIHlle 

CTHMYJihl H B npo11ecce 06)"1eHHll pa3JIH'!Hh!M K0I'HHTHBHhIM 3a,[(a'laM. 

)KnBOTHhIX IT0,[(Beprann He,[(eJihH0MY CHHXp0HH0MY B03,[(eiicTBIIIO 

aHTHOpTOCTaTll'leCKOil fHIT0KHHe3HH (AHOr) H raMMa-o6Jiy'leHHIO C IT0CJie,[(yIOlIIHM 

o6JI)"leHHeM fOJI0Bhl II0HaMH yrnepo,[(a 
12

C B ,[(03ax IT0PMKa I rp. 

OCHOBHhie HT0I'H HaIIIHX MH0fOJieTHHX HCCJie,[(OBaHHil 3aKJIIO'la!OTCll B CJie,[(yioll.leM. 

B '.lKCnepnMeHTax Ha KphICax 6hIJIO ycTaH0BJieH0, '!TO KOM6HHHpOBaHHoe· 

B03,[(ell:cTBne HCCJie,[(yeMb!X cpaKTOpOB Ha HHTerpaTHBH0M yp0BHe (B IT0Be,[(eHIIH lKHBOTHhIX) 

B 11eJI0M npHB0,[(HT K yrHeTeHHIO aKTHBHh!X K0MIT0HeHT0B noBe,[(eHHll: ,[(BHraTeJibHOil 11 

opneHTHp0B0'IHO·HCCJie,[(OBaTeJihCKOil aKTHBH0CTH, C,[(BHry B CT0p0HY naCCHBH0· 

o6opOHHTeJihHOI'O IT0Be,[(eHllll H TpeB0lKH0CTH (pnc. 1). flp11 '.)TOM Ha6JIIO,[\aeTCll HeJIHHeiiHall 

3aBHCHM0CTh ::icpcpeKTOB OT ,[(JIIITeJihH0CTH AHOB. TaK, npn 30-cyTO'IHOM B03,[(eHCTBHH 

3aperncTpnposauo ,[(0CT0BepHoe HapyIIIeHHe ,[(OJifOBpeMeHHOil naMl!TH B TeCTe YCJI0BH0fO 

pecjJJieKca naCCHBH0I'0 1136eraHHll (YPITI1) npn KOM6mmpoBaHHOM B03,[(eHCTBIIII. 

flpn cpasaeHnn ::icpcpeKTOB pMna11nn n AHOB, KaK npaBnJio, ::icpcpeKThI AHOB 

npeBaJIHp0BaJIH. 
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Pnc. 1. )];BHraTeJibHllil aKTllBH0CTh Kpb!C IT0CJie 30-cyro•-rnoro CllHXp0HH0fO 

KOM6HHHpoBaHHOro B03):\eHCTBIIll AHOB, raMMa-o6nyqeHllll ll o6nyqeHllll npoTOHaMH. K -
K0HTponh, H -AHOB, H+j+p - KOM6HHttpoaaHHoe ao3.neiicrnne, j+p - o6nyqeHne. 

)];aHHhie 3<p<peKThl conpoB0lK,llaJillCh ll3MeHeHllllMH B 6anaHce MeTa60Jill3Ma 

M0H0aMHH0B B KJIJoqeBbIX CTpyKTypax M03ra, 3aTparnaa10mnx npenMymecrneHH0 

.no<paMHHeprnqecKyro CllCTeMy. 

lfHTepeCHO 0TMeTHTh, qTo B3allMO):\eHCTBlle ll3)"1aeMhIX <paKTOpOB .naneK0 He Bcer.na 

BbipalKaJI0Ch B a.1:\.1\llTllBH0M llJill CHHeprnqecK0M 3<p<peKTaX, HO ll B aHTafOHllCTllqecK0M, qTQ 

Hatt6onee llpK0 npol!BllJI0Ch Ha M0JieKyJillpH0M ypoBHe (pnc. 2), qTQ IT03B0JlllJI0 HaM 

Bhl.1\BllHYTh fllIT0Te3y 06 llHTepeH<pepeHI-lllOHHOM xapaKTepe B3allM0.1\eHCTBllll 3THX 

<paKTOpOB. 
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npHMaTax 3aKJUOLfaJ1Cll B TOM, LfTO npeBanHpylOII.l)'IO pOJJb B xapaKTepe JTHX J<p<peKTOB 
Hrpa!OT THnOJJOrHLfeCKHe xapaKTepHCTHKH lKHBOTHbIX [3]. TaK, o6e3bl!Ha CHJlbHOro 
ypaBHOBeweHHOro THna Bb1cwei1 HepBHOM .uel!TeJJbHOCTH (BHLI.) npo.uonlKana ycnewHo 
pewaTb npe.unaraeMbie TeCTbl H OCBaI-IBaTb 6onee CJIOlKHbie 3a.uaLfH (pHC. 3), B TO BpeMl! KaK 
lKHBOTHble c .UHC6anaHCOM HepBHblX npoueccoB .ueMOHCTpHpOBanH pa3JJHLfHbie HapyweHHll. 

Interval Plot of 950/o CI for the Mean 
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3KcnepMMeHT 

PHc. 3. Pe3yJJbTaTbl 0.UHO<paKTOpHoro .UHCnepcHOHHOro aHaJJH3a KOrHHTHBHbIX 
<pyttKL\HM o6e3bl!Hbl CHJlbHOro ypaBHOBeweHHOro THna BH,l],, no.usepwelicll KOMnJJeKCHOMY 
B03.UeMCTBHIO AHOr +raMMa-o6nyLfeHHe+o6nyLfeHHe HOHaMH yrnepo.ua+o6nY4eHHe HOHaMH 
KpHnTOHa. 

nepcneKTHBbl HCCne.uosaHHJI Helipo6HOJIOrHLfeCKHX J<p<peKTOB KOM6HHHpOBaHHOro 
.ueliCTBHll .uaHHbIX <paKTOpOB 3aKJJIOLfalOTCll B 6onee a.ueKBaTHOM MO.UeJJHpOBaHHH 
ranaKTHLfeCKHX KOCMHLfeCKHX nyLfeM Ha ycKOpHTeJJJIX, H3Y4eHHH MexaHH3MOB BblllBJleHHblX 
J<p<peKTOB H B3aHMHOM MO.UH<pHKal(HH HX npH HX B3aHMO.UeMCTBHH. 
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