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YqeHbIH ceKpeTapb 

)J.11ccepTa1lHOHHOro COBeTa 

,l{0KT0p Me.l{HilHHCKHX HayK KyJIHKOB B.A. 

O61UA5I XAPAKTEPl1CTl1KA PA6OTbl 

AKTyaJibHOCTh rrpo6JieMbl 

B xone CBoeii )KII3HII qeJI0BeK II0CT0HHH0 rro,nBepraeTCH B03,neikTBIIIO 

HOHII3IIpy10meii pa,nIIaUIIII (rrpIIpo,nHhiii pa,nIIaUIIOHHbIH cpoH II TexHoreHHhiii 

cpoH, B03HIIKIIIHH B pe3yJibTaTe ,neHTeJibH0CTll qeJIOBeKa). IlpII orrpe,neJieHHbIX . 

o6cTOHTeJibCTBax M0)KeT rrp0HCX0,llIITb • yBeJIIIqeHHe B HeCK0JibK0 pa3 

M0IUH0CTll ,ll03bl BbIIIIe ecTecrneHH0ro rrpIIpo,nuoro o6JiyqeuHH ua rrp0TH)KeHIIII 

,ll0B0JibH0 ,/lJIHTeJibH0ro BpeMeHH. TaKoe II0BbIIIIeHIIe o6JiyqaeMOCTII 

rrpoIIcxo,nIIT rrp11 pa6oTe B IIIaxTax, Ha o6oeKTax H,nepHoii aHepreTHKH, rrp11 

rrpo,n0JI)KIITeJibHbIX IIOJieTax B K0CM0C, TaK)Ke rrpeBbIIIIeHHe cpoua B03M0)KHQ II 

B )KIIJlbIX II0MerueHHHX. XopoIIIO II3BeCTH0, qTQ ua1160Jiee 

pa,nIIoqyBCTBHTeJibHbIMII KJieTKaMH opraHII3Ma HBJIHIOTCH aKTIIBH0 ,neJIHIUIIeCH 

II ,nIIcpcpepeHUHpy10m11eCH KJieTKII. B TO )Ke BpeMH B JIHTepaType pe,nK0 

BCTpeqaIOTCH ,naHHbie no Xp0HIIqecK0MY (B TeqeHHe HeCK0JibKllX KJieToqubIX 

reHepauIIii) Bo3,neiicrn1110 110HII311py10mero H3JiyqeHHH Ha rrpoJI11cpepIIpy10ruIIe 

KJieT0qHbie CllCTeMbl II II0CJie,nCTBHHM TaKoro B03,lleHCTBIIH. 

Oco6y10 aKryMbH0CTb rrpo6JieMa peaKUHH KJieT0K . ua ,llJIHTeJibH0e 

06Jiyqeu11e rrp1106peJia B CBH3H c aBapHHMII ua o6oeKTax H,nepuoii auepreTHKH, 

TaKHX KaK XllMllqecKHe KOM611uaTbl "MMK" II "ToMCK-7"' qepuo6bIJibCKM 

A3C II B CBH3ll C llCIIbITaHHHMll H,nepHoro opy)KHH, KOT0pbie rrpHBeJIII K 

3arpH3HeHHIO 611occpepb1 ,ll0JlrQ)KllBYIUHMll pa,nH0HYKJIH,llaMH. AKTIIBHO 

BKJIIOqaf!Cb B KpyroBopoT Bemecrn B 6IIoccpepe, ,ll0JlrQ)KIIBYIUHe 

pa,n11ouyKJill,llbl 0Ka3bIBaIOT ,/lJIIITeJibH0e pa,n11au110HH0e B03,lleHCTBlle Ha 

qeJI0BeKa, paCTIITeJibHbIH ll )KllBOTHbIH Mllp. AKTYMbHOCTb 3T0ro 

HarrpaBJieHHH IICCJie,noBaHHH B03pacTaeT B CBH3II C ueo6xo,nHMOCTbIO oueHKll 

ue6JiarorrpHHTHbIX IIOCJie,nCTBllH 3arpH3HeHHH OKpy)KaIOrueii cpe,llbl 

pa,nII0HYKJIII,n_aMII. 

I(eJih H aana•rn HccJienoea111u1 

11.eJibIO nauHOH pa60Tbl HBJIHJI0Cb ycTaH0BJieHHe 3aKOHOMepHOCTeii 

rrp0HBJieHHH JieTMbHbIX ll a,narrTaUH0HHbIX acpcpeKTOB xpoH11qecKoro 

B03,neiiCTBIIH y-H3JiyqeHHH Ha pacrym11e rrorryMUllll ,np0)K)KeBblX KJieT0K. 

.
, Gbun::~:t;.~n m,ma_ eyr-, 

:/ tml'!JJ!HJx Hcc:,~.rmn:umo 
h~ •. .c .. ~£<jSJJHOT.~K.£'i., _ 



.L{JHI ,n:OCTIDKemrn yKa3aHHOH l.(eJrn tteo6xo,n:HMO 6bIJIO peIIIHTb 

cJie,n:y10rn;ne aa,n:aqn: 

1. IIpoBeCTH cepmo nccJie,n:oBattnii: no ,n:JinTeJibHOMY Boa,n:eikTBHIO 

raMMa-naJiy'IeHmI Ha aKTHBHO pacrymne nonyJHII.(HH ,n:pO)l{)f(eBbIX KJieTOK 

pa3HbIX reHOTHITOB; 

2. MccJie,n:oBaTb B03MO)KHbie ITYTH a,n:anTal.(HH nonyJHIQHH K ,ll;JIHTeJibHOMy 

B03,n:eii:CTBHIO H3Jiy'Iettnii:; 

3. y CTaHOBHTb BJIH5IHHe MOlil;HOCTH ,ll;03bl 06Jiy1IeHHH 

o6Hapy)KeHHbIX acpcpeKTOB; 

tta npoHBJieHne 

4. OnncaTb noJiy'IeHHbie peayJibTaTbI c ITOMOlil;bIO MaTeMaTH'IeCKOH MO,n:eJIH. 

Hay•ma» HOBH3Ha 

B pa6oTe noJiy'IeH l.(eJibIH pH,n: HOBbIX npnopnTeTHbIX HaylJ:HbIX ,n:aHHbIX. 

BnepBbie noJiy'IeHa ,ll;HHaMHKa pOCTa-r1I6eJI1I KJieTO'IHOH nonyJHIQIIH IlplI 

XpOHIIlJ:eCKOM 06Jiy1IeH1III B IIIIIpOKOM ,n:1Ianaa0He MOlil;HOCTeii: ,n:03 y-1I3Jiy'IeHHH. 

TeopeT1I1IeCKII II 3Kcnep1IMeHTaJibHO noKa3atto cyrn;eCTBOBaH1Ie noporoBOH H 

KpHTIIlJ:eCKOH MOlil;HOCTeii: ,ll;03. IloKaaano, 'ITO nonyJIHI.(HH KJieTOK y)Ke qepea 

HeCKOJibKO qacoB nocJie HalJ:aJia Boa,n:eii:CTBHH a,n:anTIIpyeTCH K xp0HII'IeCKOMY 

y-06Jiy1IeHHIO, 'ITO 3aKJIJOqaeTCH B IlOBbIIIIennn ycTOH'IIIBOCTH KJieTOK K 

ITOCJie,n:y10rn;eMy OCTpOMY o6JiyqeHHIO. C yBeJIH'IeHneM HHTeHCHBHOCTH 

XpOHH'IeCKOro 06Jiy1IeHHH B onpe,n:eJieHHOM ,n:nanaaotte MOlil;HOCTeii: ,n:03 

y-H3JIY1IeIIHH pe3HCTeHTHOCTb nonyJIHI.(HH K IlOCJie,n:y10rn;eMy OCTpOMy 

B03,n:eii:CTBHIO IlOBbIIIIaeTCH. <DaKT cyrn;ecTBOBattnH a,n:anTHBHOH peaKI.(HH y 

,n:pO)K)KeBbIX KJieTOK npn ,ll;JIHTeJibHOM 06Jiy1IeHHH TaK)Ke ycTaHOBJieH BnepBbie. 

Ilpe,n:JIO)Ketta MaTeMaTH'IeCKM MO,n:eJib ,ll;JIH KalJ:eCTBeHH0ro H KOJIH'IeCTBeHH0ro 

onncattnH 3KCnepHMenTaJibHbIX ,n:amibIX. 

1.4. IlpaKTH'IeCKaH 3Ha'IIIMOCTb 

IloJiy'IeHHbie 3KcnepnMeHTaJibHbie ,n:aHHbie H npe,n:JIO)KeHHM MO,n:eJib 

MoryT HMeTb npaKTH1IecKy10 3Ha'IHMOCTb ,n:JHI npHKJia,n:noii: pa,n:no6noJiornn, 

pa,n:H03K0JI0rHH, Me,n:nl.(HHCKOH pa,n:noJiornn, a TaK)Ke ,ll;JIH nporH03Hp0BaHHH 

nocJie,n:CTBHH ,ll;JIHTeJibH0ro 06Jiy1IeHHH. PeayJibTaTbI pa6oTbI HMeIOT H 

cpyH,n:aMeHTaJibHOe 3HalJ:ettne, Il0CK0JibKY ,n:on0JIHHIOT COBpeMeHHbIH ypoBeHb 

npe,n:cTaBJiettnii: 0 BJIHHHHH ,ll;JIHTeJibH0ro B03,n:eii:CTBHH H0HH3npy10mnx 
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H3JIY1IeHHH. MaTeMaTn'IeCKM M0,n:eJib .n:nnaMHKH pocTa-rn6eJIH n03B0JIHeT 

01.(eHHTb BeJIH'IHHbI ,n:Byx Ba)KHbIX MOlil;HOCTeii: ,n:03 xpoHH'IeCK0ro 06Jiy1IeHnH: 

noporoBOH, ne BJIHHIOrn;eii: Ha pocT KJieTO'IHOH nonyJHII.(HH, H KpHTH'IeCKOH, 

BbIIIIe KOTOpOtt cyrn;eCTB0BaHIIe nonyJIHI.(IIII HeB03MO)KH0. PeayJibTaTbI 

HCCJie,n:oBaHHtt no3B0JIIIJIII npe,n:JI0)KIITb cnoco6 yBeJIH'IeHIIH 1IYBCTBHTeJibH0CTH 

onyxoJieBbIX KJieTOK. 

CTpyKrypa n o6J,eM pa6oTbI 

.L{nccepTaQirn cocrnnT na cJie,n:y10mnx rnaB: BBe,n:ettne, o6aop 

JIHTepaTypbI, MaTep1IaJibI II MeTO,ll;bI, peayJibTaTbI IICCJie,n:oBaHHtt, 06cy)K,n:eH1Ie 

peayJibTaTOB, npaKTH'IeCKIIe npe,n:JIO)KeHHH H peKOMett,n:al.(IIII, 3aKJIIOlJ:ettne H 

BbIBO,ll;bI; co,n:ep)KHT 125 CTpaHIII.( MaIIIHHOnHCHOro TeKcTa, 25 pncyHKOB II 11 

Ta6JIHI.(. CnncoK JIHTepaTypbI BKJIIOlJ:aeT 100 HalIMeHOBaHHH, H3 HHX 42 na 

pyccKOM H3bIKe. 

Anpo6aQHH 

MaTepnaJihI ,n:nccepTaQIIII ,n:oJio)KeHbI Ha International Workshop 

"Modern Problem of Radiobiology" (Dubna, 1996), Hay'IHOH KOHcpepettQIIH 

"XpoMOCOMbI n pa,n:1IaQnH", nocBHrn;ettHoii: naMHTH H.B.Jly1Itt1IKa (O6ttnHcK, 

1997), Me)K,n:ynapo,n:HOM CIIMIT031IYMe "IIpo6JieMbI 61IOXHMHH; KOCMIIlJ:eCKOH II 

pa,n:naQnonttoii: 6noJiornn" (MocKBa, .L{y6tta, 1997), IIepBoii: OTKpbIToii: 

Hay1IHOH KottcpepettQHII MoJio,n:bIX Y'IeHbIX II CneQHaJIHCTOB Ol15Il1 (.L{y6na, 

1997), TpeTbeM Coea,n:e no Pa,n:naQIIOHHbIM MccJie,n:oBaHIIHM (MocKBa, 1997), 

Brnpoii: OTKpbITOH Hay1IHOH KottcpepettQHll MoJIO,ll;bIX Y'IeHbIX II 

CneQ1IaJI1ICTOB Ol15Il1 (.L{y6tta, 1998). .L{nccepTaQHH anpo6npoBana na 

ceMnHape B OT,n:eJieHIIII Pa,n:naQMOHHbIX H Pa,n:1106110JiornqecK1IX 

l1ccJie,n:0Batt1Iii: Ol15Il1. 

Ha aam;nry BbIHOCHTCH: 

- PeayJibTaTbI HCCJie,n:oBaHIIH ,ll;llHaMIIKII pocTa nonyJIHI.(IIH ,n:p0)K)KeBbIX 

KJieTOK pa3HbIX IIITaMMOB npll pa3JIII'IHbIX MOlil;H0CTHX ,ll;03 y-lI3JiyqettnH; 

- PeayJibTaTbI 3KCnepllMeHTOB no nayqeHIIIO a,n:arrTIIBHOH peaKI.(IIII 

,n:pO)K)KeBbIX KJieTOK; 

- MaTeMaT1I1IeCKM MO,n:eJib ,n:nttaMHKH pa3MHO)KeH1IH-r1I6eJIH npn 

B03,n:eii:CTBHH pa3JIII'IHbIMII MOlil;HOCTHMH ,n:03 y-lI3JiyqeHnH. 
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MATEPHAJihl H METOJ:J:hl HCCJIEJ:J:OBAHH51 

IIITaMMhI .z.po;K;Keii 

B 0JibITax IICJI0Jib30BaHbI II3oreHHbie JlPO)IOKeBbie KJieTKII 

Saccharomyces cerevisiae ,l(IIK0ro TIIJia II IIX pa.l(II0qyBCTBIITeJibHbie MyTaHTbI: 

XS800 (RAD/RAD), XS1898 (rad52/rad52), S288C (RAD), 

g160/2d (rad52). B CK06Kax yKa3aHbI TOJihK0 Te MyTaIIIIII, K0TOpb1e BJIII.RIOT 

Ha pa.l(II0pe3IICTeHTH0CTb KJieTOK. IlOJIHOCTbIO reH0TIIJibl IIITaMM0B rrpIIBe,l(eHbI 

B pa6oTe 1. 

Cpe.l(hl H ycJI0BH.H KYJI1>rnnnponaHH.H 

Ky JibTIIBIIp0BaHIIe 0CyIIIeCTBJIJIJIII IIpII 300C B cyxoB03JlYIIIH0M 

TepM0CTaTe Ha JI0BepXH0CTII JIIITaTeJibH0ro arap-arapa. O6JiyqeHIIe 

ocyIIIeCTBJI.RJIII B JIOJIHOH CIIHTeTIIqecKott )KIIJlKOH IIIITaTeJibHOH cpe.l(e B 

cyxoB03JlYIIIH0M TepM0CTaTe npII 3o0c (eCJIII 9TO He oroBopeH0 OT,l(eJibHO). 

Cpe.l(bl IICTI0Jib30BaJIII CTaH,l(apTHbie 2. 

IIpII II3yqeHIIII ,l(eHCTBII.R xp0HIIqecKoro II3JiyqeHIIJI npII pa3JIIIqHbIX 

M0IIIH0CTJIX ,l(03 Ha pocT KJieTOqHoii nonyJI.RIIIIII 6paJIII neTJieH TpeX,l(HeBHYIO 

KYJibTYPY KJieT0K C K0CJiqKa II TI0CJie C00TBeTCTBYIOIIIero pa3Be,l(eHII.R 

TI0MeIIIaJIII B )KIIJlKYIO TIIITaTeJibHYIO cpe.l(y. IIpII II3yqeHIIII a,l(aTITIIBHOH 

peaKIIIIII B 9KCTiepIIMeHTax IICTI0Jib30BaJIII nonyJIJIIIIIIO KJieT0K, 

npe.l(BapIITeJibH0 Ky JibTIIBIIpoBaHHbIX B )KII,l(KOH TIIITaTeJibHOH. cpe.l(e B TeqeHIIe 

cyT0K. KoH11eHTpa11IIJI KJieT0K BO BCex 9KcnepIIMeHTaX rio IICCJie,l(0BaHIIIO 

oco6eHHOCTeH a,l(aTITIIBHOH peaKIIIIII He npeBblIIIaJia 106 KJI/ MJI. 

Orrpe.z.eJieHHe Bhl)KHBaeM0CTH H K0Hn;eHTpan;nn KJieT0K 

Kottn;eHTpaIIIIJI )KIJ3Hecrroco6ttbIX KJieT0K npII xpoHIJqecK0M 

B03,l(eHCTBIIII onpe.l(eJIJIJiacb qepe3 Ka)K,l(ble 1-4 q (B 3aBIICIIM0CTII OT 

M0IIIH0CTII ,l(03bl raMMa-II3JiyqeHIIJI) KarreJibHbIM MeT0,l(0M MaKpOKOJIOHIIH, 

0TIIICaHHbIM B pa6oTe 3. Bo Bcex Jlpyr11x 9KcrrepIIMeIITax ,l(0JIIO 

)KIJ3Hecnoco6ttoii qacTII norryJI.RIIIIII onpe.l(eJI.RJIII CTaH,l(apTHbIMII MeTo,l(aMII 

MaKpOKOJIOHIIH II MIIKp0KOJIOHIIH. 

1Saeki T., Machida I., Nakai S. // Mutation Research, v.73, n.2, p.151-265, 1980 
23axapoB 11.A. If ,Ip. C6opHHK MeTO):\HK no reHeTHKe ,1pm10Keii-caxapOMHL(eTOB. JI.: HayKa, 
1984 
311.H.MopoJoB // Jla6opaTOpttoe ,1eno, 1984 
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McTO'IHHKH noHnaupyroin;nx naJiy11e11uii 

O6JiyqeHIJe ocyIIIeCTBJI.RJIII y-KBaHTaMII 60co II 137Cs Ha 5-TII pa3JIIJqHbIX 

OTe'!eCTBeHHblX ycTaH0BKax, yKa3aHHblX B Ta6JIIIIIe 1. 

Ta6Jinn;a 1. HcrnqHIJKII y-II3JIY'-IeHIIJI, IICTI0Jib30BaHHbie B pa6oTe 

I 
HCToqm1K MOIIIHOCTlI ,l(03, 

YcTaHOBKa . 
y-II3JiyqeHII.R fp/q 

"HccJie,l(oBaTeJib" 60Co 3000 

'TYE 20.000" 60Co 25; 150 

"JIYq-1" 60Co 1,6; 3; 7; 8; 12; 46 

"CBeT" t37Cs 5; 12; 18; 1500 

"IIanopaMa" t37Cs 10-2 

MeTO,l(hl CTaTHCTH'leCKOH o6pa60TKH ,l(aHHhlX 

O6pa60TKa ,l(aHHblX 3aKJIIOqaJiaCb B Il0CTpoemrn KplIBbIX, 

0TIIICbIBaIOIIIIIX TY IIJIII IIHYIO 9KcnepIIMCHTaJlbHYIO 3aBIICHM0CTb. TaKoe 

TI0CTpoettne 0CYIIICCTBJI.RJI0Cb JI0CJIC pacqeTa 0TTTHMaJibllbIX 3Haqem1Ji 

napaMeTp0B MeT0,l(0M HaHMCHbIIIHX KBa,l(paT0B, eCJIH ,l(JIJI om1camrn ,'laHH0ro 

9KcnepIIMCHTa IIMeJiaCb MaTeMaTlJqCCKa.R M0,l(eJib, IIJIII rpacp111IeCKHM MeT0~0M, 

B cJiyqae 0TCYTCTBII.R TaKOH M0,l(eJilI. OIIIH6KII cpew1cro onpeJ{CJI.RJllI 110 

pa36pocy qIJcJia KOJIOHIIH no qaIIIKaM. lJ:aHHblH B11,l( OUill60K 6b1Jl 

MaI<CIIMaJihHbIM H3 Bcex npoq11x. 

PE3YJlhTAThl H O6CY)KJ:J:EHHE 

MaTeMaTn11ecKa.H M0,l(eJI1> 

J:J:1151 HHTepnpeTat{IIII 9KCIIepHMCHTaJibHblX Jtallllb!X 110 /UlllclMlll(C poc-ra

rH6CJIII nonyJI.RIIIIlI B X0,l(e 06Jiyqe1111.R B ,l(l!CCCpTa1u111 11pC)lJI0)Kl'1Ia 

CJIC/lYI0IIIa.R npOCTCHIIIa.R MaTeMaTH'lCCI<a.R M0J{CJlb. J:J:1111a~nma II0BCJlCIIIHI 

nonyJI.RIIIIH n IIHTaTCJibHOH cpe/le npn npoqux 6naro11p1rnn1b1X ycnomrnx 

( TeMncpaType, I<IICJI0TH0CTH, K0llllCHTpaIIlIH COJICli II T.Jl-) II JlCiiCTBIIII 11a IICC 

y-u311yqcHH.R, TO CCTb npn 0,l(H0BpeMeJIJI0M np0TCIGllllIH llpOllCCC0B JlCJll'IIII.R, 
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poCTa JI rJI6eJIJI KJieTOK, OIIJICbIBaeTC.H ypaBHeHJieM: 

dNs - = µ · Ns - Ji, · Ns ( 1) 
dt ' 

r,n:e Ns - t{JICJIO )KJI3Hecrroco6Hb!X KJieTOK, µ - CKOpOCTb pa3MHO)KeHJI.H, 

Ji, - Bepo.HTHOCTb rJI6eJIJI B e,n:JIHJIU:Y BpeMeHJI rro,n: ,n:eikTBJieM 0611y11eHJI.H. 

B c11y11ae He3aBJICJIMOCTJI rrapaMeTpOB µ JI /4 OT BpeMeHJI .ll:JI.H ( 1) rro11y11aeTC.H 

,n:OBOJibHO rrpoCTOe perueHJie: 

Ns = Nso · exp[(µ- J.) · t], (2) 

r,n:e Nso - tfJICJIO )KJI3Hecrroco6Hb!X KJieTOK B MOMeHT BpeMeHJI t=O. 

B 3aBJICJIMOCTJI OT 3HaKa pa3HOCTJI (µ - A) 6y ,n:eT rrpOJICXO.ll:JITb JIJI6o 

yBeJIJitfettJie KOJIJI11ecTBa )KJI3ttecrroco6ttbIX KJieTOK B rrorry JI.HU:JIJI, JIJI6o rJI6e11b 

rro aKcrrottettu:JiaJihHOMY 3aKotty. fpaqmK 3aBJICJIMOCTJI ln(N/N0 ) OT t ,n:OJI)Kett 

rrpe,n:CTaBJI.HTb co6oii: rrp.HMYIO JIJIHJIIO c TattreHCOM yr Jia HaKJIOHa paBHbIM 

pa3ttocrn (µ - Ji,) : 

k=µ-J.. (3) 

B o6meM c11y11ae k , a 3Ha11JIT µ JI Ji, MoryT 3aBJiteTb OT ,n:o3bI ( D) JI 

. 
MOII.{HOCTJI ,n:03bl ( D). Ilpe,n:rro11o)KJIM, t{TQ K03<p<pJIU:JieHTbl µ JI /4 He 3aBJIC.HT 

OT t, TO eCTb peaJIJI3yeTC.H c11y11aii:, OIIJICbIBaeMbIH Bbipa)KeHJieM (2). 3rn 

03Ha11aeT, tfTO IIPJI IIOCTO.HHHOH MOII.{HOCTJI ,n:03bl HeT 3aBJICJIMOCTII µ II /4 OT 

.ll:03bl, TaK KaK BpeM.H II ,n:o3a CB.H3aHbl COOTHOIIIeHIIeM: 

. 
D=D·t . (4) 

.l{pO)K)KeBbie KJieTKII, HaXO.ll:.HII.{IIeC.H B 11orapJI<pMII1IeCKOH CTa,n:IIII pocTa, 

xapaKTepII3YIOTC.H 3KCIIOHeHI.{IIaJibHOH KpIIBOH IIHaKTIIBal{IIII: 

Ns = Nso · exp(-D I Do). (S) 

PerneHIIeM ypaBHeHII.H ( 1) B c11y11ae OCTporo 0611y11emrn .HBJI.HeTC.H Bbipa)KeHIIe: 

Ns = Nso · exp(-J. • t). (6) 

CpaBHIIBa.H (5) II (6) C y11eTOM (4), IIMeeM: 

. 
J.=DI Do . (7) 

OKOHtfaTeJibHOe Bbipa)KeHIIe ,n:JI.H 3aBJICIIMOCTJI tfJICJia )KII3Hecrroco6Hb!X KJieTOK 

OT BpeMemi: 

6 

N 5 = N50 ·exp[(µ-DI D0 }t]. (8) 

qHCJIO IIHaKTHBHpoBaHHb!X KJieTOK MO)KHO BbltflfCJIHTb IIO ypaBHeHmO 

dN; =J.•Ns, 
dt 

r.n:e N; - tfHCJIO HHaKTHBJipOBaHHbIX KJieTOK, 

(9) 

Ns - tfHCJIO )Klf3Hecrroco6ttb!X KJieTOK: OIIIICbIBaeMbIX Bbipa)KeHIIeM (2). 

PeruettJieM (9) c y11eTOM (2), (3) II (8) 6y,n:er: 

N; = A · Nso · ( ek·t - 1) + Nia , 
k 

(10) 

r,n:e Nia - tfIICJIO HHaKTIIBIIpoBaHHbIX KJieTOK B MOMeHT BpeMeHII t=O. 
B HaIIIIIX aKcrrepIIMettrax Nio_=O. 

PaCCMOTpIIM CJiy11aii: k > 0' rnr.n:a COOTHOIIIeHIIe )KII3Hecrroco6Hb!X II 

IIHaKTIIBIIpoBaHHbIX KJieTOK 6y,n:eT: 

N; = Ji, • ( 1 _ e -k-,) _ 
Ns k 

IlpII t >> 1 / k , Kor.n:a ek•t >> 1, IIMeeM: 

N; Ji, D 

Ns ~k= k·Do · 

B c11y11ae k < 0, rrpII t >> 11 lkl rroJiy11aeM: 

. 
Ji, D 

N; ~ - · Nso = --- · Nso. 
k k-Do 

( 11) 

(12) 

( 13) 

.l{aHHa.H rrpoCTeHIIIa.H M0,n:eJib ,n:IIHaMIIKII pocTa-rn6eJIII rrpIIMeHIIMa K 

rrorryJI.HU:II.HM KJieTOK, HaxO,n:.HmIIMC.H B JIOrapII<pMII1IeCKOH cpa3e pocra, He 

orpaHIItfeHHblM B p0CTOBblX pecypcax II rro,n:BepraromIIMC.H B03,n:eii:CTBIIIO 

06Jiy11eHIIeM C IIOCTO.HHHOH M0mH0CTbIO .ll:03bl. Mo,n:eJib Il03BOJI.HeT orrpe,n:eJIIITb 

3HatfeHHe BeJIIItfHHbl Do rrpH Xp0HIItfeCK0M o6JiyqeHIIII B xo,n:e pocTa II 

pa3MH0)KeHII.H rrorry JI.HU:HH KJieT0K II3 C00TH0IIIeHII.H tfIICJia )KII3Hecnoco6HbIX II 

( M) u 6 IIHaKTIIBIIpoBaHHbIX KJieTOK - II HaKJI0Ha KpHB0II pocTa-rII eJIII 
Ns 

(k=µ-A). 

.l{aHHa.H M0,n:eJib II03B0JI.HeT ou:eHHTb 3HatfeHH.H MOII.{HOCTeH .ll:03bl: 

rroporOBOH (MOII.{HOCTb ,n:o3bl, rrpn 06Jiy11eHHH HH)Ke KOTOpOH neB03MO)KH0 
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onpe,11;eJIIlTb 0TJIIl'IIle ,ll;IlHaMilKil poCTa nonymII..(Ilil OT KOHTIJOJibHOH) Il 

KpilTII'IeCKOH (MomHOCTb ,11;03bl, nptt KOTOpoii CK0p0CTb p0CTa paBHa no 

BeJIII'IHHe CK0p0CTil rtt6eJIII). Ilptt B03,ll;eHCTBilil B KpilTil'IeCKOH MomH0CTil 

,ll;03bI Ha pacTymyIO KJieTO'IHYIO nonym1utt'IO, K0Jitt'IeCTB0 )Kil3Hecnoco6HbIX 

KJieT0K 0CTaeTC5I n0CT05IHHblM. 

3KcnepnMeHTaJihHOe nccJie,11;osaune .11:eiicTBH.H xponn'lecKoro o6Jiy'leHn.H ua 

pacTymy10 nonyJI.HU:HIO KJieToK 

,[{JUI Il3y'IeHil5I Xp0HtttieCK0ro .11:eiiCTBilJI y-H3JIY1IeHil5I Ha pacTymyIO 

nonyJIRUilIO KJieT0K HaMil 6bIJIIl noCTaBJieHbl ,mcnepttMeHTbl no ,ll;JIHTeJibH0MY 

(,11;0 2 cyTOK) HenpepbIBH0My 06Jiy1IeHHIO H3oreHHblX KJieTOK, pa3JIH'IaIOmttxrn 

no nJI0H,ll;H0CTH 11 pa,ll;H0'IYBCTBHTeJibH0CTH, B YCJI0BH5IX Han6oJiee 

6Jiaronptt5ITHbIX ,ll;JI5I p0CTa Il pa3MH0:>KeHH5I (pnc.1 H 2). 

Ha pttc.1 npe,ll;CTaBJieHa 3aBIICilM0CTb OTHOCHTeJibHOH K0HUeHTpauttn 

)Kll3Hecnoco6HbIX KJieT0K OT BpeMeHII npH HeCK0JibKHX M0mH0CT5IX ,11;03 

Xp0HH'IeCK0ro o6JiyqeHil5I ,ll;Jl5I ,ll;HKoro ,ll;HnJI0H,ll;H0ro IIITaMMa. Ka)K,ll;YIO 

KpHBYIO ,ll;JIR aHaJIIrna y,11;06Ho pa3,11;eJittTh Ha HecK0JibK0 qaCTeii. Ha1IaJibHbIH 

yqacTOK, OT O ,11;0 3-10 qaccrn cooTBeTcTByeT Jiar-nepno.11:y. 3TOT nepno,11; -

nepeXO,ll;HbIH Me)K,ll;y CTaUilOHapHOll Il Jiorapnq>Mtt'IeCKoll q>a3aMil pocTa nocJie 

noMemeHH5I KJieTOK B )Kll,ll;KYIO nHTaTeJibHYIO cpe.11:y. MttKpOcKon11qeCKile 

IlCCJie,11;0BaHH5I noKa3aJIH, 'ITO o6pa30BaHHe noqeK y KJieT0K Ha'IHHaeTC5I qepe3 

2 qaca nocJie Ha'IaJia SKCnepttMeHTa, He3aBIICHM0 OT MomH0CTH ,11;03bl. 

O,11;HaKO, KaK Bil,ll;H0 Il3 pttc.1, ,ll;JIHTeJibH0CTb Jiar-nep110,11;a 3aBHCHT OT 

MomH0CTH ,11;03bl y-o6Jiy'IeHil5I. Brnpoii yqacTOK KpHBbIX (JIHHeHHbIH) 

C00TBeTCTByeT pa3MHO)KeHHIO-rn6eJIH KJieT0K nonyJIRUHil BO BpeMJI 

o6Jiy'IeHil5I. KaK BH,ll;H0 Il3 pttc.1, MomH0CTH ,11;03 xpoHtt'IeCK0ro o6JiyqeHH5I 

BnJI0Tb ,11;0 BeJIH'IHHbl 1,6 fp/q He BJIIl5IIOT Ha CK0p0CTb pa3MH0)KeJill5I 

nonyJIRUilH (HeT pa3JIH'IHH C KOHTpOJieM). Ilpn 6oJiee BbIC0KilX M0mH0CT5IX 

,11;03 CK0p0CTb pocTa nonyJIRUHH KJieT0K yMeHbIIIaeTC5I, 0,ll;HaK0, npn ST0M 

0TCYTCTByeT 3aBHCHM0CTb OT BpeMeHH, a 3Ha'IIIT II OT ,11;03bl xponnqecKoro 

o6Jiy'IeHII5I, y BCex H3y'IeHHblX IIITaMM0B. 3TO 03HaqaeT, 'ITO B xo.11:e 

xpoHII'IeCK0ro o6Jiy'IeHII5I pacTymeii nonyJIRUIIII He np0IICX0,ll;IlT HaK0nJieHII5I 

noBpe)K,ll;eHHH, BJIIIRIOmttx Ha CK0p0CTb pocTa (JI1160 np0IICX0,ll;IIT, HO C 0'IeHb 

MaJIOH CKOpOCTbIO). OTCYTCTBile 3aBilCIIM0CTII CK0p0CTil pocTa nony JIRUIIII OT 
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Puc. 1. ,llHHaMHKa pocTa-r116eJill nonyJillllllll KJieTOK 

.r1poJKJKei1 Saccharomyces cerevisiae Al!Koro ,.'\llllJIO-

llAHOro Ill TaMMa X S800 B XO,'le ,'\Jll!TeJibHOfO 06.1y

'1eHllll npll pa3Hb!X MOlllHOCTllX ,'103 y-11a,1y'!ellllll B 

6JiaronpllllTHblX ,'\Jill pocTa II pa3MHOJKeHII51 K,1CTOK 

ycJIOBllllX 

,11;03bl nptt xpon11qeCK0M 06Jiy1IeHilil M0)KH0 o6b5IClll!Tb penapa1u1c11 BCCX 

B03HHKa1om11x noBpe)K,ll;CHIIH II SJIIIMIIlJaHIIeii noBpe)l{,ll;CHllbIX KJICTOI<. ToJibKO 

penapauIIeii ,11;aHHbIH ¢a1<T o6b5ICI!IlTb ne y .11:aeTCR' T. K. B pacTyll{Cll B 

ycJI0BH5IX xpoHII'IeCK0r0 o6Jiy'IeHil51 nonyJIRUilH npttcyTcrnycT ,10Jl51 

IIHaKTilBilp0BaHHbIX KJieT0K. Ilo-Bil,ll;IlM0MY' B ,11;a11H0M cJiyqac KJieTJ<a JIH6o 

noJIH0CTbIO B0CCTaHaBJIHBaeTC51 OT TaKilX noBpe)K,ll;eJIJill, JIH6o non16aeT. 

Ilpll M0mH0CT5IX ,11;03bl BbllllC 1,6 fp /q C YBCJIIl'ICJIHeM M0IIUI0CTII /{03bl 

o6Jiyqemrn· CK0p0CTb YBCJIIl'ICHII51 'IIICJia )KJI3HCCnoco611bIX l<JICT0K 13 

nony JI5Il{IIII yMeHblllaeTC51' a 3aTeM CTaH0BIITC5I OTplll{aTCJlbllOtt. 3aMC/{JICIIIIC 

CK0p0CTII pa3MH0)KCHil51 nonynm~HII KJICTOI( npII xpollll'ICCl<OM 06nyqc111111 110 

cpaBHCHIIIO C K0I!Tp0JieM M0)l{CT 6bITb CB513allo C ru6CJiblO l(aCTII l(JICT0I< II0J\ 

,ll;CHCTBIICM o6ny'IeHII51 II C yBeJIII'ICIIIICM ,ll;JIIITCJibl!0CTII l<JICT0lll((Jr0 lllll<JJa. 

,l{JIR Bb15ICHCHII51 Bonpoca, C 'ICM CB513aH0 3aMC/~JICIIIIC pocTa l<JICTO'IIIOii 
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nonymnuu1 npH xpottw1ecKOM o6Jiy'-leHHH, 6brJio onpe.a;eJieHo 3Ha'-letttte 

BeJIH'-IHHbI pa.a;Hope3HCTeHTHOCTH KJieTOK (Do) npH OCTpOM o6Jiy'-leHHH nocJie 

XpOHH'-leCKOro B03)leHCTBmI npH HeCKOJibKHX MOillHOCT.HX )lO3 H no <popMyJie 

(3) C HCnOJib3OBaHHeM (7) BbI'-IHCJieHa CKOpOCTb pa3MHO)I<eHH.H KJieTOK npII 

,HHX MOlI.lHOCT.HX )lO3 (T~6JI. 2). 0Ka~aJIOCb, '-ITO 3aMe)lJieHHe poCTa 

o6ycJIOBJieHO KaK HHaKTHBal{tteii KJieTOK, TaK tt yBeJIH'-leHHeM )lJIHTeJibHOCTH ·\· 

KJieTO'-IHOro I.{HKJia no.a: .a:eiiCTBHeM o6Jiy'-leHH.H. TaKHe iKe pe3yJibTaTbI 

noJiy'-leHbI H3 COOTHOIIIeHH.H iKH3Hecnoco6HbIX H HHaKTHBHpOBaHHbIX KJieTOK. J 
Ta6;mua 2. Pa.a;ttope3HCTettrnocTb (D0) H CKopoCTb pa3MHOiKeHH.H (µ) 

IIITaMM 

(reHOTHn) 

XSBOO 

KJieTOK .a;pOiKiKeii Saccharomyces cerevisiae )lHKoro Tttna 

B ycJIOBH.HX poCTa nonyJI.HI.{HH npH 3-x MOlI.lHOCT.HX )lO3 

xpOHH'-leCKOro y-H3Jiy'-leHH.H. 

MomHOCTb )lO3bl xpOHH'-leCKOro o6Jiy'-leHH.H 

KOHTpOJib 1,6 fp/'-1 3 fp/'-1. 8 fp/'-1 

Do, fp 270 275 335 1500 

(RAD/RAD) µ, q·l 0,47 0,44 <0,44 <0,37 

S288c Do, fp 40 - 170 225 

(RAD) µ, q·l 0,38 - - 0, 13 

XS1898 D0, fp 35 35 - -

(rad 52/rad 52) µ, q·l 0, 19 0, 11 - -

KpHBa.H pocTa-m6eJIH nonyJI.HI.{HH KJieTOK npH MOlI.lHOCTH )lO3bI 

150 fp/'-1 HMeeT CJIOiKHbIH BH)l. <DopMa )laHHOH KpHBOH roBOpHT O TOM, '-ITO 

o6JiyqeHIIe )laiKe npH MOlI.lHOCTH )lO3bl 150 fp/'-1 He OCTaHaBJIHBaeT 

noJIHOCTbIO npO)lBHiKeHH.H KJieTOK no I.{HKJIY. B npOTHBHOM cJiy'-lae Mbl 6hr 

nOJIY'-IHJIH o6hI'-IHYIO foKcnoHeHI.{HaJibHYIO) KpHByIO BbliKHBaHH.H. 

Ha pttc.2 npe.a;cTaBJieHa )lHHaMHKa pocTa-m6eJIH nonyJI.HI.{HH KJieTOK 

.a:poiKiKeii )lHKOro ranJIOH)lHOro IIITaMMa a XO)le xpOHH'-leCKOro o6Jiy'-leHH.H npII 

HeCKOJibKHX MOlI.lHOCT.HX )lO3. Bee oco6eHHOCTH, xapaKTepttbre )lJI.H )lHKOro 

)lHnJIOH)lHOro IIITaMMa, tta6JIIO)laIOTC.H tt y ranJIOH)lHOro. O.a;ttaKO cpaBtteHHe 

HaKJIOHOB np.HMOJIHHeHHbIX yqaCTKOB KpHBbIX Ha pHc.1 H pHc.2 npH O)lHHX H 

Tex iKe MOlI.lHOCT.HX )lO3 no3BOJI.HeT 3aKJIIO'-IHTb, '-ITO )lHKHH )lHnJIOH)lHbIH 
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Puc. 2. ,llHHaMHKa pocTa-rn6eJIH IIOIIYJIHIIHH KJieTOK 

11poJKJKeii Saccharomyces cerevisiae I\HKoro rarrJio

n11uoro IIITaMMa S288c B xo11e ,l\JIUTeJI&Horo 06Jiy

'leH11H rrpu pa3Hbl X Mom HOCTHX ,l\03 y-HJJIY'leHHH B 

6JiarorrpuHTHbIX ,l\JIH pocTa II pa3MHOJKeHHH KJieTOK 

ycJIOBHHX 

IIITaMM .HBJI.HeTC.H 6oJiee pe3HCTeHTHbIM no cpaBtteHHIO C )lHKHM ranJIOH)lHbIM B 

.a;aHHbIX ycJIOBH.HX 9KCnepHMeHTa. IlpH O)lHHaKOBbIX MOillHOCT.HX )lO3 

XpOHH'-leCKoro o6Jiy'-leHH.H CKOpOCTb pocTa nonyJI.HI.{HH KJieTOK )lHKOro 

ranJIOH)lHOrO IIITaMMa HHiKe, '-leM y )lHKoro )lHnJIOH)lHOro. 

B 9KCnepHMeHTax Ha MyTaHTHbIX IIITaMMax .a;pOiKiKeii noJiy'-leHbI 

Ka'-lecrneHHO no.a;o6Hbie KpHBbie. 0.a;HaKO MyTaHTHbie KJieTKH OKa3aJIHCb eme 

6oJiee '-IYBCTBHTeJibHbIMH K o6Jiy'-leHIIIO no cpaBHeHHIO c KJieTKaMH )lHKOrO 

ranJIOH)lHOr<;> IIITaMMa, HCXO)l.H H3 HaKJIOHOB np.HMOJIHHeHHbIX yqaCTKOB npH 

paBHbIX MOlI.lHOCT.HX )l03. 

B XO)le 9KcnepHMeHTOB 6bIJIH o6HapyiKeHbI H HeKOTOpbie .a:pyme 

HHTepeCHbie <paKTbI. HanpHMep, C yaeJIH'-leHHeM npo)lOJliKHTeJibHOCTH 

o6Jiy'-leHH.H nOBbIIIIaeTC.H reTeporeHHOCTb nonyJI.HI.{HH no pa3MepaM H <pOpMe 

KOJIOHHH, o6pa3yIOmHXC.H nocJie pacceBa o6Jiy'-leHHbIX KJieTOK (.a;aHHbie He 
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npirne,neHbI). Hatt60JibIIlcUI MH,ny11npoBaHHcUI reTeporeHHOCTb Ha6JIIo,naeTCH y 

,nnKoro ,nmrnon,nHoro IIITaMMa ( XS800 ) , HaHMeHbIIIcUI - y MYTaHTHoro 

ranJIOH,nHoro ( g 160 / 2d ) . 3TO CBH,neTeJibcrnyeT o TOM, 'ITO, noJiytJHB 

noBpe)K,neHHe, MyTaHTHcUI KJieTKa JIH60 Bbl)KHBaeT, JIH6o norn6aeT. KJieTKH 

)Ke ,nHKHX IIITaMMOB, noJiytJHB n0Bpe)K,ne1rne, C HeKOTOpoii BepmITHOCTblO 

MoryT norH6HyTb, HO MoryT npo,nOJI)KaTb ,neJIHTbCH, nepe,naBcUI B 

nocJie,nyIOIIIHe noKOJieHHH HeJieTaJibHbie noBpe)K,neHHH, o6ycJIOBJIHBaIOIIIHe 

nOHH)KeHHYIO BepOHTHOCTb ycneIIIHOro ,neJieHHH. 

A./laIITHBHaJI peaKIIHJI 

PeaKIIHH ananTHBHoro OTBeTa npOHBJIHeTCH B TOM, 'ITO 

npe,nBapIITeJibHOe B03,neiiCTBHe Ha KJieTKH n0Bpe)K_na10mero areHTa B MaJiblX 

,no3ax, npaKTHtJeCKH He Bbl3bIBaIOIIIHX noBpe)K,neHHM, yBeJIH1IHBaeT MX 

ycTOM1IHBOCTb K nOBTOpHOMY B03,neiiCTBHIO :noro )Ke, a HHOr,na lI ,npyroro 

areHTa, B 6oJibIIIHX noBpe)K_naIOIIIHX ,no3aX. OcHOBHbie 3aKOHOMepHOCTH 

npOHBJieHHH a,nanTHBHOro OTBeTa npH 06Jiy11eHHH HCCJie,noBaHbl Ha 

JIHMq>OIJ;HTax qeJIOBeKa, JIHMq>OUHTaX KpOJIHKa, KJieTKax KHTaiicKoro XOMH1IKa 

JIHHHH V-79' KJieTKax KOCTHOro M03ra lI cnepMaT0111iTax MbIIIIeii' ,np0)K)KaX' a 

TaK)Ke Ha paCTHTeJibHblX 061>eKTax. llccJie,noBaHHH MexaHH3Ma, 

06ycJIOBJIHBa10mero pa3BHTHe a,nanTHBH0ro OTBeTa, noKa3aJIH, 'ITO B ero 

OCH0Be Jie)KHT aKTHBaIJ;HH CHHTe3a cpepMeHTOB penapa~HH .l{HK 456 . 

.l{o HaCTOHIIIero BpeMeHH a,nanTHBHOM peaKIIHH npH ,nJIHTeJibHOM 

06Jiy11eHHH Ha KJieTKax ,npO)K)KeM o6napy)KeHO He 6bIJIO. .l{JIH Bb!HCl!emrn 

oco6eHHOCTeii a,nanTHBHOM. peaKIJ;HH y ,npO)K)KeBbIX KJieTOK naMH 6bIJia 

npoBe,neHa cepHH SKcnepHMeHTOB no OCTpm.iy 06Jiy1IeHHIO nony JIHIJ;HH KJieTOK 

npe,nBapHTeJibHO no,nBepraBIIIeiicH ,neiiCTBHIO raMMa-ll3JIY1IeHHH Ha 

nporn)KeHHH 16-25 qacoB. Ha pttc.3 npe,ncTaBJieHbl KpllBbie Bbl)KHJ;3aeMOCTH 

nony mil.J;Hll KJieTOK ,nllKOro ,nHnJI0H,nHoro IIITaMMa npe,nBapMTeJibHO 

06Jiy1IeHHbIX B ycJIOBllHX poem 11PM pa3Jill1IHbIX MOIIIHOCTHX _no3 y-M3JIY1IellllH. 

ll3 pHc.3 BH,nHO, 'ITO natJHHcUI C MOIIIHOCTH ,no3bl 1,6 fp /q 

,nJIMTeJibH0ro npe,nBapttTeJibHOro 06Jiy1IeHllH B03pacTaeT ycTOM1IHBOCTb 

4I'a311eB A.H.// Pa,!J;110611ononrn, 1986 T.26, Bhm.4, c.447-452 
svotkert M.R. //Environ.Mo!. Mutagen., 1988, V.11, N2 2, p.241-255 
6Lindahl T. //Ann.Rev. Biochem., 1988 V.57, p.133-157 
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nony JIHIIHII K nocJie,ny10meMy 0CTpOMY 06Jiy11eHIIIO. TaKoe IlOBbIIIIeirne 

ycTOM1IIIBOCTii MO)KHO 061>HCHI1Tb IIH,nyKIIIIeii CIICTeMbl perrapaIIHII. TaK KaK 

Bee Kpl!Bb!C Bbl)Kl!BaeMOCTII HBJIHIOTCH SKCilOHen11IIaJibHb!Mll, TO IlOBbIIIIeHIIe 

ycTOM1IHBOCTH rrony JIHIJ;Hll K OCTp0MY 06Jiy11eHIIIO 3a CtJeT yBeJIII1IeHIIH ,nOJIII 

KJieTOK, naxonHIIIIIXCH B 6oJiee pe3IICTeHTHOH CTa,nIIII KJieT01IH0ro IIIIKJia 

061>HCHHTb ne y,naeTCH. B rrpOTIIBHOM CJiyqae Kpl!BcUI ne 6bJJia 6bi 

SKCilOHeHIIIIaJibHOH, a IIMeJia CJIO)KHblM. BH,n (narrpIIMep ,nByXKOMilOHeHTHcUI 

Kpl!BcUI, B CJiyqae naJIH1IIIH B rrorryJIHIIHII tJaCTII 6oJiee pe3llCTeHTHb!X KJieTOK, 

B03HHKIIIHX B pe3yJibTaTe npe,nBapIITeJibHOro 06Jiy11eHHH), lI C yBeJII11IenI1eM 

MOIIIHOCTII ,n03bl ll3MeHHJiaCb 6bi ne o6mcUI pe3IICTeHTHOCTb Bcex KJieTOK 

(KOTOpaH CBH3aHa C HaKJIOHOM KpIIBOH Ha rpacpIIKe), a ,n0JIH pe3IICTeHTHOH 

qacTII nony JIHIIIIII. IlOBbIIIIeHIIe pa,nIIope3IICTeHTHOCTH lleB03MO)KHO o6bHCHHTb 

3a CtJeT OT6opa 06Jiy1IeHHeM 6oJiee pe3IICTeHTHOH qacTII rrony JIHIIHII IIJIII 3a 

CtJeT B03HHKH0BeHIIH MyTaHTOB no TOH )Ke CaMOH 11pII1IIIHe. 

A,nanTIIBHaJI peaKIJ;IIJI o6napy)KeHa II Ha ,nHKOM ranJIOII,nHOM IIITaMMC. 

Ha pIIc.4 rrpe,nCTaBJieHbl KpHBbie BbJ)KlIBaeMOCTlf ,nHKoro rarrno11,nnoro 

llITaMMa IlOCJie npe,nBapHTeJibHOro B03,neiiCTBHH y-H3Jiy11em1eM Ha paCTymym 

rrorryJIJIIIHIO npH HeCKOJibKHX MOIIIHOCTHX ,no3. ll3 puc.4 BH,nHO, 'ITO BeJIII'lIIHa 

a,narrTHBHOH peaKIJ;HH, TaK)Ke KaK H B cJiyqae C ,nHKIIM ,nHrrJIOH,nHbIM 

IIITaMMOM, 3aBHCHT OT MOIIIHOCTH ,n03bl rrpe,nBapHTeJibHOro 06Jiy11e11HH. 

ll3MenenIIe cpopMbI KpIIBOH Bb!)KHBaeMOCTH nocJie a,nann1py1omcro o6Jiy4eHHJI 

CBII,neTeJibCTByeT O IlOBbIIlleHHH ycTOM1IHBOCTH KJieTOK BO ncex CTamrnx 

KJieT01IH0ro IIHKJia. 

A,narrTHBHOH peaKIIIIH He na6JIIo,naJIOCb ,nJIH MyTaHTIIOro II0 CHCTCMC 

penapaIJ;HII ,nIIrrJioH,nHoro IllTaMMa XS 1898 ( conna;i;a10T Kpl!BblC 

BbDKIIBaeMOCTH KOHTpOJibHb!X lI o6Jiy4eHHb!X KJICTOK). 3TO npnMoe 

110,nTBCp)K,nenne Toro, 'ITO a,narrTHBHb!H OTBeT CBn3aH C a1<T11Ba1.J;l1Cll CllCTCMbl 

penapaIJ;HH, ·B KOTopoii y11acrnyeT npo,nyKT rena RAD 52. 

He Ha6JIIo,naJIOCb yBeJII11IeHIIJI pe3HCTeHTHOCTH IIH JJ;JIR OJJ;l!0ro 113 

H3Y4CHHbIX IllTaMMOB K y JlbTpacpHOJICTOBOMY H3JIY4Clllll0 IIOCJIC JlJIHTCJibII0ro 

y-06Jiy1IeHHJI. B STOM cny11ae TaK)KC He 6b!JIO pa3JIH1Illtt B I<pllBblX 

BbDKHBaeMOCTH npII 06Jiy1IeHHH y JlbTpacpHOJICTOBOM CBCTOM I<OIITJ)OJlbllOii II 

JJ;JIHTCJlblIO o6Jiy4eHHOtt y-H3JIY1ICHlfCM rrorry JIJIIJ;lfli. 
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P11c. 4. Bb1JK11BaeM0CTb KJieToK 11poJKJKeli S. cerevisiae /IHK0-
ro ranJI0H/(H0f0 llITaMMa S288c Il0CJie nocJie/(0BaTeJibHOro 
11elicTBHJI a11anTHpy101llero (B Te'leHHe cyToK) H TeCTHpyro
lllero (ocTporo) o6Jiy'leHHll npH /IBYX M0lllH0CTJIX /(03 

a11anTHpy101llefO B03/(eHCTBHll 
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PHc. 5. BhIJKHBaeMocTb KJieToK 11poJKJKeli S. cerevisiae /IH

Koro 1111nJI0H/lHo_ro lllTaMMa XS800 nocJie nocJie11onaTeJib

Horo 11elicTBHll a11anTHPYIOlllHM H 0CTpblM 06Jiy'leH11eM Ha 

pacTyrqyro nonyJIJillHIO np11 M0iqH0CTH /(03bl a11anTHPYI01llero 

B03/(eHCTBHJI 8 fp/q H npH 3-x /(03ax 0CTporo y-H3Jiy'leHHll : 

• - B03/(elicTBHe T0JibK0 a11anT11py101llHM H3JiyqeHHeM 

0 -210fp □ -550fp A -890fp 

.ll:nH M3yqeHMH ,l{MHaMMKM nOBbIIIIeHMH pa,l{HOpe3MCTeHTHOCTM npM 

XpOHMqecKOM o6nyqeHMM HaMM 6bmM nocTaBneHbI 3K<;nepHMeHTbI no 

cne.l{yIOmeif cxeMe: xpOHttqecKoe o6nyqeHMe pacrymeif nonynHQMM KneTOK + 
OCTpoe. Ha pHc.5 npe.l{CTaBneHbI pe3yRbTaTbI 3KCnepHMeHTOB no onpe,l{eneHMIO 

BbDKMBaeMOCTM B pa3nttqHbie MOMeHTbI npeMeHM nocne Haqana XpOHMqecKoro 

o6nyqeHMH npH MOII.(HOCTM ,l{O3bI 8 fp/q npH 3-x ,l{03aX OCTporo o6nyqemrn. 

113 pHc.5 BM.l{HO, qTo ynenMqeHMe pa.l{MOpe3MCTeHTHOCTM npOMCXO,l{MT qepe3 

110-140 MMHYT nocne Haqana o6nyqeHMH. HaIIIM MCCRe,l{OBaHMH noKa3aRM, qrn 

B nepMO,l{ ynenMqeHMH pa,llHOpe3MCTeHTHOCTM He npOHCXO,l{HT HH 3aMe,l{neHHH, 

HH 3a.l{ep»CKH B pa3MHO)KeHMH nonynHQHH KneTOK. l13MeHeHMe ,l{RMTeRbHOCTM 

KneToqHoro QHKna nponcxo,l{MT cpa3y nocne Haqana o6nyqeHHH KneTOK, a, 

cne,l{OBaTeRbHb, CBH3aHO C nonpe)K,l{eHHeM MaCCOBbIX CTPYKTYP KneTOK. 

IlpMBe,l{eHHbie Ha pnc.5 ,l{aHHbie eme pa3 nO,l{TBep)K,l{aIOT, qTQ a,l{anTHBHbIM 

OTBeT y APO)K:>KeBbIX KReTOK He CBH3aH C ynennqeHHeM ,l{ORM KReTOK B 6onee 

pe3MCTeHTHOM CTa,l{MM KneTOqHOfO QHKna, C OT6opoM o6nyqeHMeM 6onee 

pe3MCTeHTHOM qacTH nonynHQMH, C MYTaQMHMM, BO3HMKaIOII.(MMH B XO,l{e 

o6nyqeHMH, a no-BM,l{MMOMY' CBH3aH C MH.l{YKQMeM CMCTeMbI penapaQMM. 
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Puc. 6. KpHBbie Bb!JKUBaeM0CTII KJieT0K APOJKJKeil S. cerevisiae 

AHKoro AIIIIJI0UAH0ro IIITaMMa XS800 II0CJie KYJibTIIBHpoBaHl!JI 

II0IIYJIHl{llll 11p11 pa3Hb!X cxeMax 3KCIIep11MeHT0B: 

• - CYT0qHoe KYJibTl!BHp0BaHHe 6e3 o6JiyqeHHH 11p11 

KOMHaTHOll TeMnepaType ( -20°) + 0CTpoe 06Jiyqett11e, 

0 - CYT0qHoe 06Jiyqem1e IIpll M0ll{H0CTll A03bl 18 fp/q 

11p11 KOMHamoil TeMneparype (-20°) + ocTpoe 06Jiyqem1e, 

V - cyrnqttoe 06Jiyqett11e 11p11 M0ll{H0CTll A03bi' 18 fp/q 

11p11 KOMHaTHOll TeMnepaType (-20°) + AaJibHeilrnee 

KYJibTIIBHp0BaHHe 6e3 06Jiyqe1111H 11p11 TeMnepaType 30° 
B Teqett11e 18 qacoa + oCTpoe 06Jiyqe1111e 

Ha pttc.6 npe,nCTaBJieHbI KpHBbie BbDKHBaeMOCTH KJieTOK .l{HKOfO 

.l{l1TIJIO11.l{HOfO IIITaMMa, TIOJiyl.[eHHbie B pa3Jilll.[Hbie MOMeHTbI BpeMeHH nocJie 

Hal.[aJia ll 3aBepIIIeHl1.fl XpOHJ1l.[eCKOfO o6JiyqeHH.fl. P.H,n no,no6HbIX OTibITOB, 

TIOCTaBJieHHbIX npH pa3Jilll.[HbIX ycJIOBH.f!X KYJibTHBHpOBaHH.fl, TIOKa3aJI, l.[TO 

a,nanTHBHa.H peaKI . .{11.fl 11cqe3aeT qepe3 HeKOTOpoe BpeM.H npH KYJibTHBHpOBaHHll 

KJieTOK TIOCJie npeKpameHH.fl o6Jiyl.[eHH.fl. ,l(aHHbIH cpaKT TIO3BOJI.HeT 

npe,nnoJIO)KJ1Tb, l.[TO HH.l{YKUH.fl penapaUHH npo11cxo,n11T BCJie.l{CTBHe 

TIOBpe)K,l{eHHH, BO3Hl1KaIOII.{llX ttenocpe,ncrneHHO B xo,ne o6Jiyl.[eHH.fl. KpHBa.fl 

Bbl)KHBaeMOCTH KJieTOK, KYJibTHBHpOBaHHbIX TIOCJie npeKpameHH.fl o6Jiyl.[eHl1.fl B 

Tel.[ett11e cyToK, pacnoJiaraeTC.fl Hll)Ke KOHTpOJibHOH Kp11B0H. ,l(aHHbIH cpaKT 

OTpa)KaeT HaJilll.[He Hepenap11pyeMbIX cy6JieTaJibHbIX TIOBpe)K,l{eHHH B 

nony JI.f!U1111 KJieTOK TIOCJie xpOHHl.[eCKOfO o6JiyqeHH5I. 
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Mo~e;mpoBaHHe a~anTHBHOH peaKl.(HH ~pOiKiKeBhIX KJieTOK 

,l(JI.H o6b.HCHeHH5I noJiyqeHHbIX pe3y JibTaTOB no II3yqeHHIO a,naTITHBHOH 

peaKUHH npe,nJIO)KeHa CJie,nyroma.H MaTeMaTHl.[eCKa.H MO,l{eJib. Mo,neJib OCHOBaHa 

Ha p.H,ne npe,nnoJio)KeH11iI: 

1. IloBpe)K,l{eHH.fl BO3HHKaIOT B .H~pe KJieTKH Bepo.HTHOCTHbIM o6pa30M TIO,,'{ 

,neHCTBHeM o6JiyqeHH.fl 11 aJIHMl1H11pyroTC.fl cpepMeHTaMH penapau1111 . .l(11HaM11Ka 

BO3HllKHOBeHl15I-aJIHMl1Hau1111 TIOBpe)K,neHHH B Ka)K,l{OH KJieTKe OTIHCbJBaeTC.fl 

ypaBHeH11eM: . 
dp D 
d! = k- k2 . C. Pn, 

I 
(14) 

r,ne p - o6mee KOJIW1ecrno noBpe)K,neHHH, Pn - KoJI11qecrno noBpe)K,nett11iI, 

B03Hl1KIIIHX B ,naHHOM KJieTOl.[HOM UHKJie (penapa6eJibHbIX)' b- MOII.{HOCTb 

.l{03bI, C - KOHUeHTpaUH.fl -cpepMeHTOB perrapau11H, k; - COOTBeTCTByromtte 

Koacpcp11utteHTbI (rrapaMeTpbI MO,l{eJIH). CJiaraeMoe %. OIIl1CbIBaeT 

BO3HHKHOBeHite IIOBpe)K,neHHH IIO.l{ ,neHCTBHeM o6Jiyqemrn rrporropu110HaJibHO 

.l{O3e. CJiaraeMoe k2 · C· Pn OIIHCbIBaeT BOCCTaHOBJieHHe OT perrapa6eJibHbIX 

IIOBpe)K,nemriI no MexaHl13MY cpepMeHT-cy6cTparnoiI XllMHl.[eCKOH peaKI.{IUI. 

2. YBeJIJ1l.[eHHe KOJilll.[eCTBa IIOBpe)K,neHHH B Ka)K,l{OH KJieTKe, BO3HHKIIUIX B 

Te'leHHe ,naHHoro KJieTO'lHOfO UHKJia, npHBO.l{HT K yBeJIH'leHHIO KOHUeHTpau1111 

perrapaTHBHbIX cpepMeHTOB. .l(HHaMHKa JI3MeHemrn KOJ-1Ue1npaum1 

penapaTJIBJ-lbIX <pepMeHTOB OIIHCbIBaeTC.fl Bbipa)KeHHeM: 

de 
- = k ·p -k ·c+k (15) dt 3 n 4 s , 

r,ne Pn - KOJIH'leCTBO IIOBpe)K,l{eHHH, BO3!-IJIKIIIJIX B Te'lerme ,na1111oro 

KJieTO'lHOro UHKJia, C - KOHUeHTpau11.H cpepMeHTOB perrapaUJIH, k; - napaMeTpbl 

MO,l{eJI11. CJiaraeMoe kl· Pn OIIHCbIBaeT JIH.l{YKUIIIO CJIHTe3a .l{OIIOJIJIHTCJibJ-lblX 

<pepMeHTOB,_ lIH.l{YKTOpOM np11 aTOM .f!BJI.f!IOTC.fl penapa6eJII,llblC 

(He3aKpeIIJICHHbie) TIOBpe)K,l{eHII.fl. CJiaraeMoe k4 • C OilHCbIBaeT IIIIaI<TIIBaIUIIO 

cpepMeHTOB perrapaUIIII C TC'leHIIeM BpeMCHH, a ks - I<OHCTIITYTHBllhllf ypoBCIIb 

CHHTe3a aTHX cpepMeHTOB. 

3. 3aKperrJieHIIe IIOBpe)K.l{CHHH rrpOHCXO.l{lIT IIpH /.{CJICIIHII l(JICTl{II, IIOCJIC lJCro 

IIOBpe)K,l{eIIII.fl CTaIIOB.HTC.fl neperrapa6eJibHhlMH. 
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4. I1ttaKnrnau1rn KJieTKll npo11cxo,nttT np11 ,neJiett1111 B cJiy<Iae, ecJI11 B KJieTKe 

tta aT0T MoMeHT np11cyTcrnyeT 6oJiee n nospe)K_nett11ii (n > 1). 

Mo,neJib nportto311pyeT yseJI11<Iett11e nospe)K_neHH0CTH KJieTOK .no 

ypoBmI, KOTOpbIH 3aBllCllT OT M0il..{H0CTH )(03bl y-113Jiy<IeHll.H B Te<Iett11e 

HeCK0JlbKllX ,neC.HTK0B MllHYT nocJie tta<IaJia o6Jiy<IeHll.H. 113 M0,neJill TaK)Ke 

cJie,nyeT, <ITO np11 nocJie,nyromeM Xp0Hll'leCK0M B03,neiiCTBHH cpe,nH.H.H 

nospe)K,neHH0CTb KJieT0K C Te'lett11eM BpeMeHll yseJIH'IHBaeTC.H Me,nJieHHO. ::ho 

03Ha<IaeT' 'ITO B xpoHll'IeCKH o6Jiy<IaeMOH nony JI.HUllll 6bICTpO 

ycTattaBJillBaeTC.H ,n11ttaM11'1eCK0e paBH0Bec11e Me)K_ny B03HllKHOBeHlleM H 

penapau11eii nospe)K_nett11ii. O<IeBtt,nHo, <ITO CTeneHb nospe)K_nettHOCTH 

nony JI.HUllll, npH KOTOpoii ycTaHaBJillBaeTC.H paBH0Bectte' 3aBHCllT OT 

M0il..{H0CTll .ll03bl, H C ee yseJill'lettlleM yposeHb "paBHOBecttoii" 

nospe)K,neHH0CTll noBbIIIIaeTC.H. O,nHOBpeMeHH0 c yseJitt'leHlleM 

nospe)K_neHH0CTll KJieT0K nonyJI.HUllll (c HeKOTOpoii 3a,nep)KKOH) B HllX 

npoucxo,nttT 

KottuettTpautt.H 

noBbIIJJeHtte K0HUeHTpauu11 penapaTllBHbIX cpepMeHTOB. 

cpepMeHTOB penapaUllll n0BbIIJJaeTC.H .no onpe,neJieHHOro 

ypoBH.H, KOTOpbIH TaK)Ke 3aBllCllT OT M0il..{H0CTll Jl03bl xpoHtt'leCKOro 

o6Jiy<IeHll.H. l1oBbIIlleHtte K0Hl..{eHTpaUllll penapaTllBHbIX cpepMeHTOB 

06ecne<I11BaeT 60JiblllYIO eMK0CTb CllCTeM penapau11tt, 'ITO np0.HBJI.HeTC.H Ilpll 

0CTp0M B03,neHCTBllll nocJie xpoHtt'leCK0ro B Btt.ne a.nanTllBHOH peaI<Ullll. 

IlocJie npeI<pamett11.H xpotttt<IecI<oro o6Jiy<IeHtt.H I<OJitt<Iecrno 

B03HttI<aIOil..{llX nospe)K,neHllH CTaH0BllTbC.H paBHbIM HYJIIO ll, I<aI< CJie,nyeT ll3 

M0,neJill, I<0Hl..{eHTpaUll.H penapaTHBHbIX cpepMeHTOB na,naeT .no I<OHTpOJibHOro 

ypoBH.H. O,nttaI<o nospe)K_nettH0CTb I<JieTO'IHOH nonyJI.HUHll ocTaeTC.H 6JI113I<OH I< 

"paBHOBecttoii". 3TllM o6b.HCH.HeTC.H 6oJibllla.H <IYBCTBttTeJibHOCTb I< OCTpOMY 

o6Jiy<IeHllIO nonyJI.HUllll I<JieT0I< pa3MHO)KaBiiieHC.H ctta<IaJia B ycJIOBll.HX 

xpott11<IecI<oro 06Jiy<Iett11.H, a 3aTeM 6e3 o6Jiy<Ietttt.H. 

TaI<llM o6pa30M, M0,neJib I<a<IecrneHH0 0illlCbIBaeT pe3yJibTaTbl, 

noJiy<IeHHbie B aI<cnepttMettTe. 

BbIBO}lbl 

1. B Illllp0I<0M ,nuana30He MOil..{HOCTeii ,no3 ll0Hll3ttpyromero ll3JIY<IeHll.H OT 1 o-7 

.no 3-103 fp / <I noJiy<IeHbI aI<cnep11MettTaJibHbie ,naHHbie no ,nttttaM11I<e 
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pocTa-rtt6eJill ,np0)K)KeBblX I<JieT0I< pa3Jill'IH0f0 reH0Tttna, no.nsepraBillllXC.H 

o6Jiy<IellllIO B ycJI0Bll.HX, 0ilTllMaJibHbIX .llJI.H llX pa3MH0)Kemrn. Ilptt 3TOJ\I 

Bbl.HBJieHbl HeI<OT0pb!e H0Bbie, pattee Hell3BeCTHbie 3aI<0H0MepH0CTll: 

0TCYTCTBlle 3aBllCllM0CTll CI<0p0CTll pocTa nonyJI.HUllll OT Jl03bl ll 

Il0BbIIlleHtte pe3ttCTeHTH0CTll I<JieT0I< B xo.ne xp0Htt'leCI<0ro o6Jiy'leHtt.H. 

2. IloKa3aHo, 'ITO C yseJill'leHlleM M0il..{H0CTll Jl03bl Xp0Htt'leCI<Oro o6Jiyqemrn 

BbIIlle tteKoTopoii noporosoii npol:lcxo,n11T aaMe,nJietme pocTa KJieToq11oii 

nonyJI.HUllll BCJie,nCTBtte I<aI< llHaKTllBal..{llll I<JieT0I<, TaK ll 3aMe,nJiemrn 

np0.l{Bll)KeHtt.H I<JieT0K no UllI<JIY. 

3. Ilpe,nJIO)Kena MaTeMaTtt'leCKa.H Mo,neJib, noCTyJittpyroma.H OTcyTcrnne 

aaBlICllM0CTll CI<0p0CTll ,neJieHll.H KJieT0I< ll pa.nttope3llCTeHTH0CTH OT ,'l03bl 

xponnqecI<oro o6Jiy'lettnH tt onttcbrnaroma.H aI<cnepttMeHTaJibllbie .namihie no 

.l{llHaMttI<e poCTa I<JieTO'IHOH nonyJI.HUHll B ycJI0BHHX Xp0HH'leCI<0ro 

o6Jiy'leHll.H nptt pa3Jill'IHblX M0il..{H0CT.HX ,no3 ll0Hll3ttpyromero H3JIY<Iemrn. 

4. Mo,neJib Il03B0JI.HeT onpe,neJIHTb BeJIH'IHHy noporoBoii JIIOIUH0CTII .l{03bl, 

na'lttHa.H C KOTopoii MQ)KH0 Bbl.HBllTb 3aMe,nJieIH!C p0CTa I<JieTO'IIIOtt 

nonyJIHUllll, ll ouettttTb BeJill'IllHY I<pttTtt'leCI<OH JII0il..{H0CTII .l{03bl, npu 

I<OTopoii rtt6eJib nonyJI.HUllll Il0JIH0CTbIO I<0Mne11cttpyeTC.H ce np11p0CT0J\I. 

Ilporno3ttpoBantte 3TllX MOil..{HOCTCH ,no3 M0)KeT npc,ncTaBIITb IIHTepec B 

pa3Jill'IHbIX ttanpaBJieHtt.Hx npttI<Jia,nnoii pa.nno6ttoJiornn. 

5. A.uanTttBHa.H peaI<l..{ll.H, aaI<JIIO'!aIOil..{a.HC.H n n0Bb!UICHIIJI 

pa.nttopC3llCTCHTH0CTll xpOHll'ICCI<ll o6Jiy'laBillllXC.H npu MaJiblX J\IOil..{II0CT.HX 

Jl03 ,np0)K)KCBbIX I<JieT0I< I< Il0CJie,nymmeMy OCTpoMy o6JI)''ICIIUIO, 

npo.HBJI.HCTC.H B paCTymeii nonyJI.HUllll ,np0)l()KCBblX KJICT0I< JlIII<0ro Tlllla. 

BeJitt'ltttta a.nanTttBHOH peaI<uuu, oucmmaeJ11a.H 

pa.nttope3ttCTCHTH0CTll (Do), B03pacTaeT nptt JBCJill'ICIIHII 

xpoHtt'!eCI<0r0 o6Jiy'ICHllfl OT 3 .no 18 fp / 'I. 

110 113l\lCIICIIIIIO 

J\I0IIllI0CTII ,'l03bl 

6. A.nanTllBlla.H peaI<Ull.H !IC CB.H3ana C YBCJIII'ICJ-IIICM Jl0JIH l(JICT0I( u 6crnce 

pa,nttope3UCTCHTHOH CTa.l{IIH l(JICT0'IH0[0 UHI<Jia, C OT6opor.1 B pc:iy JlhTaTC 

06nyqe11tt.H 6onee pe3llCTeIITIIOH 'lclCTH nonynmum, C U031111ICaloll(lll\llI u 

npouecce o6Jiyqemrn MyTal(H.HMH, a o6ycJIOBJICila IIIIJlYI<IUlcii CIICTCMbl 

penapaUttH, B Kornpoit yqacrnycT npo.ny1<T re11a RAD 52. 
: .... ~ 
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7. II pe,n:im)Ketta MaTeMan1qecKa.H M0,UeJib a,uannrnttoro orneTa, K0TopaR 

KaqecTBeHH0 o6b51CH51eT 3KCIIepnMeHTaJibHhie ,uattttble, nportt03HpyeT y 

pacTymew B ycJI0BHRX xpottnqecKoro o6JiyqeHHR nony JIRUHH 6bICTpoe 

ycTaIIOBJieHHe .UHHaMnqecKoro paBH0BeCHR Me)K.l{y B03HHKH0BettneM H 

3JIHMHHaunew noape)K,ueHHH, a TaK)Ke yaeJinqettne B npouecce o6JiyqeHHR 

cpe,utteH II0 II0IIYJIRUHH II0Bpe)K,l{eHH0CTH ·KJieTOK, CTeneHh KOTOpoJ:i 

3aBHCHT OT MomttoCTH .l{03b!. 

IIo TeMe .unccepTaUHH ony6JIHKOBaHhl CJie,uyIOmne pa6oThI: 

1. 3I03HKOB H.A., IIeTHH B.r. XpottnqeCKoe .uewcTBHe raMMa-H3JiyqeHHR Ha 

pacTymyIO nonyJIRUHIO ,upO)K)Kett Saccharomyces cerevisiae npn 

pa3JIHqHb!X M0mH0CTRX .[{03. Pa,unaunoHHaJI 6HOJIOrHR. Pa,unoaKOJIOrHR' 

T.36, BhIII.6, c.888-894, 1996. 

2. 3I03HKOB H.A.' IIeTHH B.r. XpoHHqecKoe .uewcTBHe raMMa-H3JiyqeHH51 Ha 

pacTymne KJiernqnb1e nonyJIRUHII ,ripO)K)KeJ:i Saccharomyces cerevisiae npn 

pa3JIJiqHbIX MomnoCTRX .[{03. Te3HCbl .l{0KJia,l{0B Me)K,uynapo,UH0ro 

CJIMII03IIJMa "II po6JieMbl 6JIOXJIMJIH' pa,unaunmrnow JI KOCMnqeCKOH 

6110Jiornn". MocKaa, .lly6tta, c.49 ( 1.49), OI151I1, .lly6na, 1997. 

3. IIeTIIH B.f., 3I03IIKOB H.A. 3aKOHOMepttocrn npoRaJieHHR a,uamnanow 

peaKUHH y .UPO)K)KeBhIX KJieT0K. Te3JICbl .l{0KJia.l{0B TpeTbero Cbe3,ua II0 

pa,unatinottHhIM nccJie,uoaanIIRM. T.1, c.161-162, IIymnno, 1997 . 

4. 3I03IIKOB H.A. Mo,ueJih a,uanTJIBH0ro orneTa ,upo)K)KeBbIX KJieTOK npn 

.l{JIJITeJihH0M B03.l{eHCTBJIH raMMa-JI3JiyqenHeM. Te3JICbl .l{0KJia,U0B TpeTbero 

Cbea.ua no pa,unaunotttthIM nccJie,uoaaHIIRM. T.1, c.150, IIymnno, 1997. 

5. 3I03HKOB H.A., IIeTIIH B.f. Oco6enttocTH ,ueJ:icTBIIR xpottnqecKoro raMMa

H3JiyqenHR Ha pacTymne nony JIRUIIH KJieT0K IIpII pa3JIJiqHbIX M0mH0CT.HX 

.[{03. Tpy,Uhl Me)K,uynapo,uttoro CJIMII03HyMa "IIpo6JieMbl 6JIOXIIMIIII, 

pa,unaunottttow 11 KOCMJiqecKow 6noJiornn". OI151I1, .ll19-97-284. T.2. 

c.133-144 . .lly6Ha, 1997. 

6. 3103111<0B H.A. A,uarrTIIBHhIH orneT ,upo)K)KeBbIX KJieTOK tta xponnqecKoe 

raMMa-06Jiyqem1e npn cy6JieTaJihHhIX Momnocrnx ,uo3. Tpy,uhI 

i<OHCpepeHUHII IIepaaR 0TKpb!TaJI nayqnaJI KOHCpepenu1rn M0JI0.l{b!X yqeHblX 

11 cneunaJIIICTOB OI151I1. OI151I1, .ll-97-376. c.183-186 . .lly6na, 1997. 

PyKom1c1, nocTynllJla B 113/laTeJJLCKIIH OT)leJJ 
3 anpem1 1998 ro)la. 
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