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06m;a.a xapaKTepHCTHKa pa6oTbl 

AKTyaJibHOCTb TeMbI 

O.zmotl. l13 a1..:ryaJibHblX 3a,D,aq COBpeMeHHOtl. 6HO{pl13HKH RBJIReTC.H HC

CJle)lOBaHHe reHeTw--IecKoro .11.eticTBHR Ha KJleTKH C pa3JIH'IHOH opraHH-

3au11eti reHeTH'lern:oro annapaTa {pl13H'leCKHX H XHMH'leCKHX cpaKTO

poB. flocne Toro, KaK 6h1Jia OTKpbITa CTpy1<Typa MOJieKyJihI ,D,HK Hee 

pOJlb "1rncpopMaUHOHHoro ueHTpa" KJieTKH, B KOTOpOM cocpe,D,OTO'leHa 

reHeTH'leCJ(aJI HH(pOpMall,HR O 6HOXHMH'leCKOM COCTaBe KJleTKH l1 ny

TRX ee pa3BHTHR, CTaJIO O'leBH,D,HO, 'ITO np11 retteTH'leCKOM ,n,etiCTBHH 

H3J1y'leHHR MHilleHblO RBJIReTCR MOJieKyJia ,D,HK. B ,n,aJibHetl.IlleM 0Ka-

3anocb, '-ITO C MOMeHTa IlORBJleHHR nepBH'IHOro IlOBpe)K,D,eHHR B MO

JleKyne ,D,H K, J(OTOphlM RBJ1ReTCR l13MeHeHHe Xl1Ml1'-lec1rnro COCTaBa 

HJ1l1 cp11311qec1rnro cocTo11HHR ,D,HK, ,n,o npoRBJleHHR KOHe'IHoti peaK

UHH (HanpHMep, reHeTH'lec1rnti MyTau,1111), B KJieTKe npoTeKaeT ueJiblti 

pa,n, npoueccoB. TToape)K,D,eHtte reHa He peaJ1113yeTca cpa3y )Ke tteno

cpe,n,cTBeHHO B BH,D,e MyTaU,HH, a 06pa3yeT BHaqane T.H. npeMyTaU,H

OHHOe noape)K)],eHHe. n peMyTall,HOHHb!e noape)K,n,eHHR B ,n,aJ1bHetiII1eM 

npeTepneaa10T onpe)].eJleHHhie cp11311qec1rne l1 XHMH'lec1rne npeaparn;e

HHR 1 npe)K)],e qeM 3aKpeill1TbCR B BH)],e MyTall,HH. Bb!J1a IlOKa3aHa pOJlb 

npoueccoa aoccTaHOBJleHHR ,D,HK B 3aKpenneHHH MyTau,11ti. 

BoJ1hllll1HCTBO pa6oT, IlOCBRill;eHHb!X l1CCJ1e,n,0BaHHIO reHeTH'leCKO

ro ,n,etl.cTBHR l13J1Y'leHHR, 6bIJIO BbITIOJIHeHo Ha 6aKTep11ax Escherichia 
coli. 6bIJ10 o6Hapy)KeHo, 'ITO acpcpeKTHBHOCTb HH.l1.YKUHH MyTau,Hti y 

6a1<Tep11ti E. coli npH ,n,etiCTBHH Y<l'>-H3J1Y'leHHR 3aBHCHT OT aKTHBHo

CTH reHOB lexA l1 recA. Ha ocHoBe 3THX 11 ,n,pyr11x tta6JIIO,D,eHHti B ,n,aJib

HetirneM 6b1JI0 c)],eJ1aHo npe,n,noJ1o)KeH11e o TOM, 'ITO MyTareHe3 y E. coli, 
HHAyu11poBaHHbiti Y<l'>-H3JIY'leHHeM, TaK)Ke KaK 11 HeKoTopble ,n,pyrHe 

11HJlYUH6eJ1bHb!e 1rneTO'lHble peaKU,l1l1 (Ha3bIBaeMbJe B COBOKYITHOCTH 

SOS-oT_BeToM), Haxo,n,HTCR no,n, KOHTpoJieM reHeTtt'leCKoti peryJI.HTop

Hoti c11c'l'eMbI, cocToarn;eti H3 reHOB lexA 11 recA ( lexA-recA-rncTeMb1). 
,D,na Toro, 'IT06b! IlOHRTb MexaHH3M retteTH'leCI<:oro ,n,etiCTBH.H l13J1y'le

HHR, Heo6xo,D,HMO pa3o6paTbCR B MeXaHl13Me peryJIRUHH l1 <PYHKU,Ho'... 

HHpoBaHHR reHeTH'lecKoti peryJIRTopttoti lexA-recA-ni:cTeMbI. 
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IJ;enb pa6oThI 

K HaCTOJIIIJ.eMy BpeMeHH HaK0IIJieHo ,U0CTaT0'--IH0 MH0I'O M0JJeKYJIRpHo-

6HoJiorH'--!eCKHX l1 reHeTH'--!eCKHX ,uaHHhIX, KacaIOlll,HXCJI opraHH3aUHH 

H <pyHKUHOHHpoBaHHJI lexA-recA-cHcTeMbI. O,uHHM H3 cnoco6oB H3-

y'--!eHHJI ,UHHaMHKH CJI0)KHbIX MH0f0K0MTT0HeHTHb!X peryJIJIT0pHbIX CH

CTeM, TaKHX, KaK lexA-recA-cHcTeMa, JIBJIReTcJI nocTpoeHHe MaTeMa

TH'--!eCKHX Mo,ueJieti:, onHchIBaIOrn,Hx CTPYKTYPY H cpyHKUHOHHpoBaHHe 

3Tl1X CHCTeM. MaTeMaTH'--!eCKoe M0,UeJIHp0BaHHe peryJIJITOpHb!X CH

CTeM Heo6xo,UHMO ,UJIJI perneHHJI CJie,UyIOIIJ.HX 3a,Ua'--!: H,UeHTH<pHUHpo

BaTb npHHUHTThl CTPYKTypHoro yCTpOHCTBa reHeTH'--leCKHX perymITop

HhIX CHCTeM; npoaHaJIH3Hp0BaTb ,UHHaMHKY 0TBeTa H0pMaJibHb!X (,uH

K0f0 THna) l1 MyTaHTHblX KJieToK Ha BHelIIHee HH.UYUHpyIOrn,ee B03,Ueti:

CTBHe; npe,ucKa3aTb K0JIH'--!eCTBeHHbie 3<pcpeKThl MyTaUHH B K0MTT0HeH

Tax CHCTeMbl Ha peryJIJIT0pHbJe Bb!X0,IJ,bl; npoBepHTh C0CT0JITeJihH0CTb 

l1 TT0JIH0TY Jie)Kalll,eH B 0CH0Be M0,IJ,eJIH fHTTOTeTH'--!eCI<OH cxeMbl pery

JIJITOpHOH CHCTeMbl. 

UeJibIO HacToRrn.eti pa6oThI JIBJIJieTcJI cJie,uyIOrn,ee. 

1. Pa3pa6oTaTb ,UHHaMH'--leCKYIO M0,UeJib reHeTH'--leCKOti peryJIJIT0p

HOH lexA-recA-cHcTeMbI. 

2. Pa3pa6oTaTb M0,UeJib, 0TTHCb!BaIOlll,YIO ,UHHaMHKY ypoBHJI HH,IJ,y

UHPYIOIIJ.ero CHrHaJia TT0CJie o6Jiy'--!eHHJI Y <I>-cBeTOM. 

3. Ha 0CH0Be npe,UJIO)KeHHblX MO,UeJieti: npoaHaJil13Hp0BaTb ,l],HHaMH

'--!eCK0e noBe,ueHHe lexA-recA-cHcTeMbI H HH,IJ,YUHpyIOrn,ero cHrHa

Jia nocJie ,ueti:cTBHJI Y<l>-H3JIY'--!eHHJI Ha KJieTKH E. coli ,umrnro 

THna l1 uvr-MyTaHTa C ,uecpeKTOM B CHCTeMe 3KCUl13l10HHOti pena

pauHH. 

4. Ha 0CH0Be noJiy'--!eHHblX pe3yJibTaT0B npoaHaJIH3HpoBaTb ,UHHa

MHKY SOS-oTBeTa. 

HayqHa..H HOBH3Ha 

1. Tipe,UJIO)KeHa M0,UeJib l1 noJiy'--!eHbl C00TBeTCTBYIOlll,He ,UHcpcpepeH

UHaJibHb!e ypaBHeHHR, 0TTl1Cb!Ba.IOIIJ.He ,UHHaMHKY reHeT11'--!eCKOti 

peryJIRTOpHoti: cHcTeMbI SOS-oTBeTa E. coli. 
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2. B pa.MKaX M0Ll,eJIH 0TTHCaHa. 1<0onepaTHBH0CTb penpeCCHH npo

.UYKT0M reHa. lexA Tpa.HcKpHnUHH peryJIJIT0pHbIX H ,upyrHX re

HOB SOS-oTBeTa.. ·BnepBbie K0JIH'--leCTBeHH0 oueHeHa. 1<0onepa

THBH0CTh cBR3bIBa.HHR npo.uy1<Ta. reHa. lexA c onepa.TopHoti: ,UHK 

rPH0B lcrA 1-1 rec A. 

:1. 11 pe,i..I.JlOiKCHa. MaTeMaTW-IecKa.R M0,l],eJib, 0ilHCb!Ba.IOlll,a.R ,l],HHa.MH

KY HH.UYUHpyIOrn,ero cHrHaJia. ,UJIR peryJIRTOpHoti: CHCTeMhI SOS

oTBeTa, nocJie .ueti:CTBHR Y<l>-H3JIY'--!eHHR. YpaBHeHHR MO,UeJIH 

noJiy'--!eHbl ,UJIR cJiy'--la.Jl 1rneT0K ,l],HK0I'O THna l1 uvr-MyTaHT?- C 

,ueq)eKTOM B CHCTeMe 3KCU113110HHOH penapa.Ul111. 

4. C noM0lll,bIO '--111CJiettHoro pac'--!eTa no ypa.BHeHHRM Mo,UeJieti: Bnep

Bbie noJiy'--!eHa. ,u11H.a.M11Ka. npo,uy1<Ta reHa recA B a.KTHBHpoBaHHOH 

KOH<pOpMaUHH nocJie ,ueti:cTBHR Y<l>-113JIY'--!eHHR. 

.J. noKa3aHa. poJlb 3KCUl13HOHHOH penapaUHl-1 B peryJIRUHH 1-1 HH

.Il.YKUl-111 SOS-oTBeTa. nocJ1e ,ueti:cTBl1R Y<l>-H3J1Y'--leHl1R, KoTopaR 

cocT011T B Mo,uyJ1HpoBatt1111 pacnpe,ueJieH11R npo,uy1<Ta reHa recA 
Me)l~,Il,y ero HOpMaJihHOH 11 aKTl1B11pOBaHHOH KOH<pOpMau11eti: . 

O. npoBe,IJ,eHbl pac'--!eTbl 11 npoa.HaJil13Hp0Ba.Hbl ,l],l1Ha.Ml1'--1ec1rne KpH

BbIP Bcex peryJ1RT0pHbIX K0MnoHeHT SOS-oTBeTa. nocJie ,ueti:cTB11JI 

Y<l>-11'3J1Y,--IeHl1R LI,JlR cJiy'--laR 1rneT0K ,l],11K0ro Tl1Ila l1 'lLVr-MyTaHTa.: 

ypoBHR HH)..l,yu11pyIOrn,ero cHrHaJ1a, npo,uyKT0B reH0B lexA H recA 
( B HOpMaJibHOH 11 aKTHBHpoBa.HHOH KOHcpopMaUHRX), a Ta.K)Ke 

npo,uy1<Ta reHa sulA. 

7. Pacc'--!HTa.Hbl l1 npoa.HaJil13HpoBa.Hbl ,l],030Bble 3a.B11Cl1M0CTH MaK

c11MaJibHblX KOHUeHTpau11ti (B xo,ue HH,UYKUHH nocJie ,ueti:cTBHR 

~<l>-113J1Y'--leHHR) npo,uyKT0B reHoB recA H sulA, ,UJIR cJiy'--laJI 1rne

_TdK ,Ul1K0f0 THna 11 uvr-MyTaHTa. 

Arrpo6au.1u1 pa6oThI 

OcHOBHble pe3yJibTa.Tbl ,u11ccepTaUHOHHOH pa6oTbl ,l],OI<Jia,UbIBaJIHCb l1 

o6cy)K,UaJIHCb Ha CJie,uyIOlll,HX KOH<pepeHUHRX l1 ceMHHapax: Pa.60'--leM 

coBern,aHl1H "CoBpeMeHHhie npo6JieMhI pa,uH06110JiorHH", ,Uy6Ha, 1996 

3 



ron: Me)KJlyHaponHoM c11Mno311yMe "Ilpo6J1eMbI 611ox11M1111, pan11au11-

0HHoi1 11 KOCMW1ecKoi1 6110J10rn11", MocKBa-.D,y6Ha, 1997 ran; Me)Kny

HaponHoi1 KOH<pepeHU1111 "11,eTepM11H11CTl1YecKoe 11 CT0XaCTl1YeCK0e M0-

)leJmpoBatt11e 6110Jior11YecK11x B3a11Monei1cTB11i1", Cocpm1, EoJirapm1, 

1997 ron; Me)KJ1.yHaponHoi1 KOH<pepeHu1111 "HeJI11HettHhie .HBJieH11.H B 

6110Jiorn11", Ilym.11tto, 1998 ron; III HayYHoi1 KoHcpepeHu1111 M0JI0)lbIX 

yYeHbIX 11 cneu11aJI11cT0B, .D,y6Ha, 1999 ron; VI Me)KJlyHaponHoti K0H

cpepeHu1111 acn11paHT0B 11 CTy)leHT0B no <pyH)laMeHTaJibHblM HayirnM 

"JIOMOHOCOB-99", MocKBa, 1999 ron; Ha ceM11Hapax OTJ1.eJieH11.H 

pan11au110HHbIX 11 pan1106110Jior11YeCKl1X l1CCJie)l0BaH11ti O6be)ll1HeHHO

ro 11HCTl1TyTa .fl)lepHb!X l1CCJie)loBaH11ti:, .D,y6tta, Ha ceMl1Hape OT,ll,eJia 

611ocp11311K11 11HCTl1TyTa .fl,ll,epHb!X l1CCJie,ll,0BaH11ti 11 .fl,ll,epttoti: :rnepreTl1-
Kl1, Co<p11.H, EoJirap11.H. 

Ily6m-1KaI.1;1-111 

Ilo TeMe )ll1CCepTaU1111 ony6Jil1KOBaHo 8 neYaTHbIX pa6oT: 6 CTaTeti B 

)KypHaJiax 11 2 Te311C0B coo6m.eH11i1 Ha KOH<pepeHU11.flX [l, 2, 3, 4, 5, 6, 
7, 8] . 

CTpyKTypa 11 o6'beM ,lJ,liccepTaI.1;1111 

.D,11cC:epTau11.H C0CT011T 113 BBe,ll,eHl1.fl, Tpex fJiaB, 3aKJIIOYeHl1.fl 11 CTil1CKa 

u11T11pyeMoti: JI11TepaTyph1. ,U11ccepTau11.H 113JI0)KeHa Ha 99 cTpaH11uax 

11 co.n.ep)Kl1T 9 p11cyHK0B, 3 Ta6Jil1Ubl 11 85 Hal1MeH0BaH11i1 U11T11pyeMoti: 
Jll1TepaTypbl. 

Co,r:i;ep)KaHHe pa6oTbI 

Bo BBe,ri;eHHH 060CHOBb1BaeTC.fl aKTyaJibH0CTb TeMbl ,ll,11ccepTau1111, 

q>OpMyJI11py10TCR ueJI11 11 3a)laYJ.1 ,ll,HCCepTaUHH J.1 J.13JiaraIOTC.fl 0CH0BHble 
HanpaBJieHH.fl 11CCJie)l0BaHl1.fl. 

B nepnoii rnane npoattaJIH3HpoBaHbI ony6JIHKOBaHHhie )],aHHbie no 

6HOXJ.1MHJ.1 H reHeTHKe <pyHKUHOHHpoBaHH.fl retteTJ.1'-IeCKOH peryJIJITop

HOti: lexA-recA-cHcTeMbl, KoTopa.H HrpaeT uettTpaJibHYIO poJib B pery

JI.HUHH SOS-oTBeTa y 6aKTepH:fi E. coli. 9TH ,ll,aHHhie no3B0JI.HIOT BbJJJ.e-
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JIHTb cJie,ll,y10m.He oCH0BHbie 3JieMeHTbI peryJIJIUJ.111 lexA-recA-cHC1:eMbI: 
penpeccH.H npoJJ.yKT0M retta lexA 3KcnpecCHH rettoB lexA H recA H JJ.PY

rnx reHoB SOS-oTBeTa, HanpHMep sulA; pa3pyrnettHe npo,n,yKTa retta 

lexA npoJJ.yKT0M reHa recA nocJie B3aHMo,ll,ettcTBH.fl nocJie,ll,Hero c HH

JlYUHpy1om.HM CHfHaJI0M. 

IlepBbIM rnaroM B HaTIHCaHHJ.1 Jll1<p<pepem.1.1r1aJibHblX ypaBHeHJrlH M0-

)leJIH lexA-recA-cHCTeMbl .flBJI.HeTc.H.MaTeManP-iecKoe on1r1caHJ.1e 0JlH0ro 

113 3JieMeHT0B peryJIJIUHirl lexA-recA-cHcTeMbI: penpecrnw TpaHcKpwn

UHH reHoB npoJJ.yKT0M reHa lexA. l.J.JieHbI ypaBHett1r1i1, onHCbIBa10m.He 

CK0p0CTb CHHTe3a 6eJIKOBbIX npo,ll,yKT0B npe,ll,Il0JiaraIOTC.fl nponopuH-

0HaJibHb!MJ.1 BeJIHYHHe cpe,ll,Hefi no BpeMeHH Jl0JIH onepaTopttofi ,UHK 

3THX rettoB, 3anoJIHeHHOH npo,n,yKT0M retta lexA. )loJIJI 3anoJrnettttofi 

onepaTopHoti ,UHK (F) onpe,ll,eJI.HeTC.fl KaK 0TH0llleHHe K0HIJ.eHTpa

UHH CBo6o)],Hofi onepaTopttofi ,UHK ( D f) K cyMMe KOHIJ.eHTpaIJ.IrIH CB0-

60,ll,Hofi H 3anoJIHeHHOfi (D0 ) npo,n,yKT0M reHa lexA (L) onepaTopttofi 

,IJ,HK: 

[D1] 
F = [Do]+ [D1] 

1 

1+ c~])h' 
r)],e I eCTb paBH0BeCHa.fl K0HCTaHTa JlHCC0IJ.JrlaUHH M0H0Mepa npo,n,yKTa 

reHa lexA npH CB.fl3bIBaHHH c onepaTopttofi ,UHK, napaMeTp h ecTb 

K03<pq>HUHeHT XHJIJia H YJl0BJieTBop.HeT ycJI0BHIO 1 ~ h ~ n. Ko3cp

q>HUl1eHT XHJIJia .flBJI.HeTC.fl KOJIHYeCTBeHHOH Mepoit K0onepaTHBH0CTJ.1 

B CB.fl3bIBaHHH ttecK0JibKHX M0JieKyJI npo,n,yKTa retta lexA c onepaTop

Hoti ,UHK. B cJiyYae a6coJIIOTHOH KoonepaTHBH0CTH h = n. B cJiy

qae noJIHoro oTcyTcTBH.fl KoonepaTHBH0CTH h = l. B npoMe:lKyToY

HhIX cJiyYa.flX yMepeHHOH K0onepaTHBH0CTH h npHHHMaeT Bem.ecTBeH

H0e 3HaYeHHe B YKa3aHHblX npe,n,eJiaX. 

)lpyrHe 3JieMeHTbl peryJI.HIJ.HH lexA-recA-cHCTeMbl 0TIHCb!BaIOTC.fl 

,ll,HcpcpepeHIJ,HaJibHblMJ.1 ypaBHeHH.flMH, JrlMeIOllJ.HMirl nepBblH nop.H,ll,0K no 

K0HUeHTpaIJ.Irl.flM. QTO npH6JIJ.1)KeHJ.1e HaX0,ll,HT TI0,ll,TBep:lK,ll,eHJrle B ony-

6JIHKOBaHHb!X J.1 co6paHHb!X B JIHTepaTypH0M 063ope 3KCnepHMeHTaJib

Hb!X naHHbIX. 

,llHHaMHYecKa.H M0,ll,eJib peryJI.HTopHoi1 lexA-recA-cHcTeMbl onHca

Ha CHCTeMoti: Jllrl<pcpepeHI.I.HaJibHbIX ypaBHeHHti: 0TH0CHTeJibH0 K0HIJ.eH-
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Tpauttil nponyKTOB reHOB lexA (Xi), recA B HopMaJlbHofi (X2) M aKTM

BttpoBaHHofi cpopMax (X3), M KOHUeHTpaUMM MH,ll,YUMPYIOlll.ero cttrHana 

(Xo): 

dX1 
dt 

dX2 
dt 

dX3 
dt 

a,X10 (1 + ( ¥i) h,) 

(
X )h' 1+ _1 

/1 

a,x,a(l+(~f) 
(

X )h2 1+ _l ,2 
/32X2Xo - 83X3, 

- /31X1X3 - a1X1, 

+ 83X3 - /32X2Xo - a2X2, 

(1) 

rne a1, a2, /31, /32, ,1, ,2, h1, h2 M 83 ecTb napaMeTpbI Monentt. 

BoJlblllMHCTBO napaMeTpOB nony'--IMJIH '--IHCJleHHble oueHKH Ha OCHOBe 

,ll,OCTynHblX 3KCnepttMeHTaJlbHbIX ,l],aHHbIX. 

Bo BTopoi:i rJiaBe npe,Il,JIO)KeHa MaTeMaTM'--leCKaR MO,ll,eJlb, OTTHCbl

BaIOrriaR ,ll,MHaMHKY MHJJ.YUMPYIOlll.ero rnrnana ,ll,JIR lexA-recA-cttcTeMbI 
nocne neficTBMR Y<'I>-tt3J1Y'--!eHHR. TTony'--leHbI ypaBHeHMR ,ll,JIR Benn

'--IMHbI cttrHaJla ,ll,JIR KJleTOK ,ll,MKoro THna. )],JIR KJleTOK uvr-MyTaHTa 

BeJIH'--IMHa MH,ll,YUMPYIOlll.ero CHrHaJla Bbl'--IMCJleHa B RBHOM BM,l],e. 

TTocne neficTBMR Y<'I>-M3JIY'--!eHMR Ha KJleTKM E. coli B )],HK KJleToK 

o6pa3yIOTCR noBpe)K,l],eHMR HeCKOJlbKMX TttnoB, cpe,ll,M KOTOpbIX OCHOB

HaR poJlb npttHa,ll,Jle)KMT nttpHMM,ll,MHOBbIM ,ll,l;IMepaM UHKJ106yTaHOBO

ro Tttna. Hey,ll,aJleHHble nttpMMM,ll,MHOBble ,ll,MMepbl ("nepBM'--IHbie" no

Bpe)K,ll,eHHR) npHBO,ll,RT K o6pa3oBaHMIO "BTOpM'--IHbIX" noBpe)K,l],eHMH -

y'--!acTKOB O,ll,HOHMTeBofi )],HK B HaTMBHofi nynneKrnofi )],HK. l1MeHHO 

O,ll,HOHMTeBaR )],HK RBJIReTCR HH,ll,YUMPY!Olll.MM cttrnanoM ,ll,JIR lexA
recA-cttcTeMbI. CornacHo coBpeMeHHofi Mo,ll,eJIM o6pa3oBaHMR MH,ll,YUM

PYIOlll.ero cnrHana nocne neficTBHR Y<'I>-tt3JIY'--leHHR, y'--!acTirn O,ll,HOHM

TeBofi )],HK o6pa3yIOTCR B rrneTKe BO BpeMR pennttKaUHM 6a1<TepttaJ1b

HOtt xpoMOCOMbl. 

6 

Pac'--!eT ,ll,MHaMMKM KOHUeHTpaUMM o,ll,HOHMTeBOtt )],HK npott3BO,ll,MT

rn no cpopMyne 

Xu= Vo+ - Vo-, (2) 

rne Vu+ eCTb c1<0poCTb yBeJIH'--!eHHR, Vo- ecTb CKOpOCTb yMeHbUieHMR 

KOHUeHTpaUMM o,ll,HOHMTeBofi )],HK. 

3ana'--ly pac'--!eTa CKopocTH yBeJIM'--!eHHR KOHUeHTpaUHM O,ll,HOHMTe

BOH )],HK MO)KHO cBeCTM K 3a,ll,a'--!e ,ll,ttHaMMKH '--IMCJla ,ll,HMepoB 11 npo-

6enoB. MoneKyJIRpHble npoueccbI, KOTOpbie RBJIRIOTCR Ha116onee cy

mecTBeHHblMH B npennaraeMOH MO,ll,eJIH, eCTb CJle,ll,yIOlll.He. 

1. ,Il,Btt·)Ketttte pennmrnTHBHoro 1<OMnJ1eKca '--!epe3 ,ll,HMep, naIOmee 

npo6en. 

2. YnaneHHe ,ll,MMepoB, HaXO,ll,Rlll.MXCR Bnepeau no ,ll,BH)KeHHIO pe

nJIMKaTMBHOro KOMTTJleKca, 3KCUH3HOHHOH penapau11efi. Ynane

HMe ,ll,HMepoB, OCTaBUIMXCR no3a,ll,H penJIHKaTMBHOro KOMTTJleKCa 

( T.e. y)Ke ,l],aBUIMX po)K,ll,8HH8 npo6enaM)' Y'--IMTbIBaTb npH pac'--le

Te C!<OpocTH o6pa30BaHHR npo6eJIOB He HY)KHO. 

C1rnpoCTb o6pa30BaHHR npo6eJIOB onpe,ll,eJIReTCR J(al( BeJIH'--IMHa, 

o6paTHO nponopu11ottaJ1btta11 BpeMeHH, tteo6xo,ll,HMOMY ,ll,JIR o6pa3oBa

HMR o,ll,Horo npo6ena (to): 

dN1 1 
dt = t0 (t)' 

rne N1 eCTb '--IHCJIO npo6eJIOB, to eCTb B npHHUHne HeKOTOpaR cpyHKUHR 

BpeMeHH, noCKOJlbKY no Mepe ynaneHMR ,ll,HMepoB 3KCUH3MOHHOH pena

pauttefi JIMHefittaR TTJIOTHOCTb ,ll,HMepoB yMeHbUiaeTCR. l1pe,ll,JIO)KeHHaR 

MO,ll,eJlb naeT ,ll,H<p<pepeHUHaJlbHOe ypaBHeHHe ,ll,JIR '--IHCJla npo6eJIOB 

dN1 
dt 

1 
T. ' t1 + ~ev,t 
No 

rne t1 eCTb BpeMR 3a,ll,ep)KKH penJIHCOMbI Ha O,ll,HOM ,ll,HMepe, To eCTb 

BpeMR penJIHKaUHM B HOpMaJlbHbIX ycJIOBHRX, No eCTb Ha'--laJlbHOe '--111-

CJIO ,ll,HMepoB ( JIMHettHO CBR3aHHOe C ,ll,030fi), V1 eCTb c1<0poCTb 3KCUH-

~· 7 



3HOHHOti penapauHH. CKopoCTH yBeJIW-leHHR K0HUeHTpaUHH 0,D:H0HH

TeBoti .D,H K onpe,n:eJI.HeTC.H IrnK Vo+ ~ dN i/ dt. 
.il,JIR pac<IeTa CK0p0CTH yMeHbllleHHR K0HUeHTpaUHH O,D:HOHHTeBoti 

.D,HK B pe3yJibTaTe penapaUHH npo6eJioB BBe,n:eM nepeMeHHYIO N4, o6o-

3Ha'--la10my10 '--IHCJI0 penapHpOBaHHbIX npo6eJIOB. Tipe.n:noJIO)KHM, '-!TO 

CK0pOCTb penapaUHH npo6eJIOB nponopUHOHaJibHa '--IHCJiy npo6eJIOB a 

KJieTJ<e. floJiy'--IHM CJie,n:y10mee ,n:HcpcpepeHUHaJibHOe ypaBHeHHe: 

dN4 dt = v2(N1 - N4), 

r.n:e V2 ecTb K0HCTaHTa CK0pOCTH penapaUHH npo6eJIOB. PerneHHe 3T0ro 

ypaBHeHHR C Ha'--laJibHbIM ycJIOBHeM N4 (0) = 0 ( cpa3y )Ke noCJie Y<D

o6Jiy'--leHHR HH 0,D:HH npo6eJI He penapttpoBaH) BbirJIR,D:HT CJie,n:yIOlll.HM 

o6pa3oM: 

N4(t) = V2e-v2t 1t N1 (~)ev2ed~. 

CKopocTb yMeHbllleHHR K0HUeHTpaUHH o,n:HoHliTeBoti ,l],HK onpe,n:eJIR

eTc.H KaK Vo- ~ dN4/ dt. 
B 0K0H'-laTeJibH0M BH,D:e, c y'--leT0M cpopMyJibl (2) K0HUeHTpaUHR 

o,n:HoHHTeBoti ,l],HK B KJieTKe ,n:HJ<0ro THna Y<D-o6Jiy'--leHHOti ,n:03ot\ D 
paCC'--IHTbIBaeTC.H no cpopMyJie 

2[ 
Xo(t) = T F(t)e-v2t. (3) 

r.n:e l1 eCTb ,D:JIHHa npo6eJia (B HYKJieOTH,n:ax), f eCTb MH0)KHTeJib ne

peao,n:a e,n:HHHU B MOJIH, <PYHKUHR F(t) paCC'--IHTbIBaeTC.H no cpopMyJie 

_ 25Dt1 1t ev2ed~ 
F(t) - T. 25Dt ' 

0 0 __ 1+ev1e 
To 

(4) 

(r.n:e D ecTb ,D:03a Y<!>-H3JIY'--leHHR) npH t < t2, H no cpopMyJie F(t) = 
F(t2) npH t ~ t2, r.n:e t2 pacC'--IHTbIBaeTCR no cpopMyJie 

_ 1 I ( viTo ( 25t1D) .. 25t1D) t2--n e 1+-- ---
Vt To ,, To · (5) 
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:) 

) 

.il,JIR pac'--!eTa K0HUeHTpaUHH o,n:HOHHTeBoti ,l],HK B KJieTKe uvr
MyTaHTa cpopMyJibl BbirJI.H,D:RT CJie,n:yIOlll.HM o6pa30M: 

,D:JIR t < t2, H 

50l1D 1 - e -v2t 

X 0 (t) = Tofv2 25Dt1 + 
1 

To 

50l1D ev2t2 - 1 
Xo(t) = ~f 25Dt 

.LO V2 __ 1 + l 
To 

e-v2t 

.D:JIR t ~ t 2, r.n:e t2 pacc'--!HTbIBaeTCR no cpopMyJie t2 = To + 25Dt1. 

(6) 

(7) 

B TpeTheii rnane Ha ocHoBe pa3BHToro B npe,n:bI.D:Ylll.HX rJiaBax rro.n:

xo.n:a BbIBe,n:eHbl ypaBHeHHR ,D:JIR 0ilHCaHH.H ,D:HHaMHKH npo,n:yKTa 0,D:Horo 

H3 reH0B SOS-oTBeTa, sulA. TaK)Ke B 3Toti rnaae ypaBHeHHR Mo.n.e

JIH rrpoaHaJIH3Hp0BaHbl MeT0.[l.aMH Ka'--!eCTBeHHOti Teop1rn .[I.Hq>cpepeH

UHaJibHb!X ypaBHeHHti H 110Ka3aHo, '-!TO oco6a.H T0'--!Ka CHCTeMbl ypaB

HeHHti RBJI.HeTC.H aCHMITT0TH'--leCKH ycTotiq:irnoti. C Il0M0III.bIO '-IHCJieH

H0ro perneHHR ypaBHeHHti M0.[l.eJIH lexA-recA-cttcTeMbi (1), H ypaB

HeHHti M0,D:eJIH HH.D:YUHPYIOlll.ero CHrHaJia (3), ( 4) H (5) .[I.JI.fl KJieT0K 

,D:HK0ro THna, 11 ypaBHeHHti (6) tt (7) ,D:JIR KJieT0K uvr-MyTaHTa, pac

C'--IHTaHbl ,D:HHaMH'--leCKHe KpHBble Bcex KOMil0HeHT0B peryJIRUHH lexA
recA-CHcTeMbi: npo,n:yKT0B reH0B lexA H recA (B HOpMaJihHofi H SOS

aKTHBHoti cpopMax), O.[I.HOHHTeBoti ,l],HK (HH.IJ.YUHpy10mero CHI'HaJia). 

CpaBHeHHe pe3yJibTaT0B pac'--!eTa 110Ka3aJI0, '-!TO M0.[l.eJib a.n.eKBaTH0 

onHCbIBaeT 3KCI1epHMeHTaJibHbie ,n:aHHbie HH.11.YKUHH rrpo.n.yKT0B reH0B 

leiA H recA. Ha ocHoBe npo.n.eJiaHHbIX BbI'--IHCJieHHti ,n:JIR KJieT0K .IJ.H

Koro THl}a c HopMaJibHbIM <PYHKUHOHHpoBaHHeM lexA-recA-cttcTeMbl H 

KJieT0K ;~vr~MyTaHTa C .n.eq>eKTOM B CHCTeMe 3KCUH3HOHHOfi perrapaUHH 

rrpoaH,aJitt3HOBaHa p0Jib 3KCUH3HOHHoti: perrapauHH B pa6oTe lexA-recA

CHCTeMbI. C.n.eJiaH BbIB0.IJ. 0 TOM, '-!TO 3KCUH3H0HHa.H perrapauHR M0.IJ.Y

JIHpyeT HH.IJ.YKUHIO. SOS-oTBeTa rrocpe.n.cTB0M H3MeHeHHR pacrrpe.n.emi

HHR rrpo.n.yKTa reHa recA Me)K.IJ.Y era HopMaJibHofi H SOS-aKTHBHoti: 

cpopMaMH. B 3aKJIIO'--leHHe rJiaBbl rrpoaHaJIH3HpoBaHbl .IJ.030Bb!e 3aBH

CHM0CTH HH.D:YKUHH reH0B recA H sulA. 
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Ka•-IeCTBeHHblti aHaJHI3 ypaBHem1ti MO)],eJIII COCTOlIT B OTKa3e OT no

lICKa TO'-IHblX aHaJilITtt'-IeCKlIX pemeHttti, '-ITO .HBJI.HeTC.fl Pa3YMHOti aJib

TepHaTttBoti BBtt)].y CJIO)KHbIX HeJittHetiHOCTeti B ypaBHeHtt.HX. C TIOMO

lll,blO TaKoro aHaJitt3a MO:lKHO TIOJIY'-IlITb Ka'-IeCTBeHHbie xapaKTepttCTll

Kll )],ttHaMtt'-IeCKOro noBe)],eHtt.fl MO)],eJittpyeMOH ClICTeMbI: B OCHOBHOM, 

onpe)].eJittTb ycTOti'-IttBbJe lI HeycTOH'-IlIBbie CTaU,ttOHapHbie COCTO.HHll.H 

ClICTeMbI, Ka'-IeCTBeHHYIO 3aBlIClIMOCTb noBe)],eHtt.H ClICTeMbl OT 3Ha'-Ie

Httti KpttTtt'-IeCKlIX napaMeTpOB. B pa6oTe pacCMOTpeHbl )],Ba Ba)KHblX 

qacTHblX cJiy'-Ia.H, B KOTOpblX ClICTeMa ypaBHeHttti CTaHOBlITC.fl aBTO

HOMHOti lI TIO)],)],aeTC.fl aHaJitt3y: cJiyqafi HelIHJJ.YU.ttpOBaHHOti lI lIHJJ.YU.ll

poBaHHOti nocTO.HHHbIM ypoBHeM cttrttaJia lexA-recA-cttcTeMbI. 
B cJiy'-Iae HettHJJ.YU.ttpoBaHHOti lexA-recA-cttcTeMbI oco6a.H TO'-IKa 

.HBJI.HeTc.H ycToti'-IttBbIM Y3JIOM. PemeHtte JittHeaptt3oBaHHOH cttcTeMbI 

ypaBHeHttti B OKpecTHOCTll 9TOti oco6oti TO'-IKll ttMeeT Bll)], y6bIBaIOIII,lIX 

9KCTIOHeHT. CttcTeMa, BbIBe)],eHHa.H ll3 oco6oti TO'-IKtt, B Hee B03Bpa

III,aeTC.fl. TaKttM o6pa3oM, lexA-recA-cttcTeMa B HettHJJ.yu.ttpoBaHHOM 

COCTO.flHllll o6Jia)],aeT CBOtiCTBOM ycTOti'-IttBOCTll K <PJIYKTyau,tt.HM KOH

u,eHTpau,ttti npoJJ.yKTOB peryJI.HTopHbIX reHOB lexA tt recA, TaK '-ITO nptt 

HeKOTOpOM lIX ll3MeHeHllll B KOHU,e KOHU,OB ycTaHaBJilIBaeTC.fl CTaU,tt

oHapHbIH pe:lKttM, OTBe'-IaIOIII,ttti cptt3lIOJIOrtt'-IeCirn OTITttMaJibHOMY co

CTO.HHlIIO ClICTeMbl. 

B cJiyqae ttHJJ.YU.ttpoBaHHOH nocTORHHbIM ypoBHeM cttrttaJia lexA
recA-cttCTeMbI, B o6III,eM CJiy'-Iae npott3B0JlbHbIX 3Ha'-IeHttti napaMeTpoB, 

oco6a.H TO'-IKa ClICTeMa MO:lKeT 6b!Tb Jitt6o ycTOH'-IlIBbIM Y3JIOM, Jitt6o 

HeycTOti'-IttBblM ce)],JIOM. O)].HaKO nptt 3Ha'-IeHtt.HX napaMeTpoB, a)],e

KBaTHbIX 9KcnepttMeHTaJlbHblM )],aHHbIM, oco6a.H TO'-IKa BCer)],a .HBJI.fl

eTC.fl ycTOti'-IttBblM Y3JIOM. 

l.J:ttcJieHHOe pemeHtte ypaBHeHttti )],JI.fl HOpMttpoBaHHOH KOHU,eHTpa

ll,llll npoJJ.yKTa retta lexA B 3aBttCttMOCTtt OT BpeMeHtt nocJie o6Jiy'-IeHtt.H 

Y<l>-CBeTOM JJ.030ti 5 ,1],:lK/M2 ( D = 5) noKa3aHo Ha pttc. 1. MoJJ.eJib c 

y'-IeTOM KOonepaTttBHOCTll 6oJiee a)],eKBaTHa 9KcnepttMeHTaJibHblM )],a

HbIM, '-IeM Mo)].eJib 6e3 y'-IeTa KoonepaTttBHOCTtt. Ko2>¢¢uu,tteHT XttJI

Jia, OTilICb!BaIOIII,llti KoonepaTMBHOCTb B3aMMO)],eHCTBM.fl npOJJ.YKTa reHa 

lexA co cBottM co6cTBeHHbIM reHoM, B pe3yJihTaTe ¢ttTttpoBaHtt.fl noJiy

'-IttJI 3Ha'-IeHtte 2.4, '-ITO roBOpttT O yMepeHHOti BeJitt'-IttHe 1<oonepaTMB

HOCTll, BBlIJJ.Y Toro, '-ITO MaKCttMaJibHOe 3Ha'-IeHtte eCTb 4. 
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Pttc. 1: HopMttpoBaHHa.H KOHU.eHTpau,m1 npoJJ.yKTa reHa lexA B KJieT

Kax )],lIKoro Tttna ( CTIJIOIIIHa.H vi TO'-IKOBa.H JlvlHvlvl), lI KJieTKax uvr
MyTaHTa ( IlITplIXOBa.H JllIHvl.fl). CrrJIOIIIHa.H vi IlITpvlXOBa.H JlvlHllll OT

HOCRTC.fl K MO)],eJitt C KoonepaTttBHOCTbIO, TO'-IKOBa.H - 6e3 IrnonepaTttB

HOCTvl. To'-!Kvl o6o3Ha'Ia!OT 9Kcnepv1MeHTaJibHbie )],aHHb!e. QKCTiepM

MeHTaJibHa.H 0Illvl6Ka COCTaBJI.HeT 5 % 

PeryJIRTop SOS-oTBeTa npOJJ.YKT reHa recA OTBe'-IaeT Ha TIO.HBJie

Htte vlHJJ.YU.ttpy10III,ero CvlrHaJia TeM, '-ITO nepeXO)].lIT B aKTlIBvlpOBaHHYIO 

cpopMy (recA *), KOTOpa.H 3aTeM np.HMO yqacTByeT B peaKU,llvl npoTeo

JlvlTvl'-IeCKoro pacIII,enJieHvl.H npoL1,y1na reHa lexA. Pac'-!eT Ll,OJIIO aKTvl

BvlpoBaHHoro npoLl,yKTa reHa recA (no OTHOilleHvllO K TIOJIHOMY KOJivl

'-!eCTBy recA) nocJie Y<I>-o6Jiy'-IeHvl.H )].030H 5 ,1J,:lK/M 2 (D = 5) noKa3aH 

Ll,Jl.fl KJieTOK Ll,vlKOro Tvlna v1 Ll,JI.H KJieTOK uvr-MyTaHTa Ha pv1c. 2. 
BJivlRi;rne '.3KCU.ll3vlOHOH penapau.v1v1 COCTOTOvlT B TOM, '-ITO B XOLl,e 

SOS-oTBeTa B KJieTKax Ll,mrnro Tvlna OHa o6paIII,aeT aKTvlBttpoBaHHYIO 

cpopMy npoLl,yKTa reHa recA B HOpMaJibHYIO. ,lJ,ecpeKT :lKe B CvlCTeMe 

9KCU.vl3vlOHHOti penapau.v1v1 ( uvr MyTaU.ttR) OCTaBJI.HeT 6oJibilIYIO '-laCTb 

npoJJ.yKTa reHa recA B aKT11BttpoBaHHoti cpopMe B Te'-IeHMe JJ.OJiroro Bpe

MeHM. OTO npttBO)],MT K npo)].OJI)KMTeJibHOMy M 11HTeHC11BHOMy pacIII,e

TIJieHmo npoJJ.yKTa reHa lexA v1 )].JittTeJibHOMY pa3BepTb1BaHv1IO SOS-
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Pttc. 2: ,Ll,0J1R KOHU.eHTpaU.HH aKTHBHposaHHoro npo,ll,yKTa reHa recA 
( Bb1pa:a<eHHOH B BH,ll,e npou.eHTa aKTHBHposaHHoro recA no OTHOIIIeHmo 

KO BCeMy recA) B KJleTKaX ,ll,HKOro THna ( cnJlOIIIHaR JlHHHH)' H KJleTKax 

uvr-MyTaHTa ( IIITpHXOBaR JlHHHR) 

OTBeTa. 

Y HcJ1eHHbIH pac'--JeT KOHUeHTpaUHH O,lJ,HOHHTesoti: ,LI,H K no 3THM 

<popMyJlaM ,l],JlR KJleTOK ,l],HKoro THna H uvr-MyTaHTa ,l],JlR ,l],03bl Y<I>

H3J1Y'-leHHR paBHOH 5 ,LI,)K/M2 (D = 5) npHBe,l],eH Ha pHC. 3. B KJleTKax 

uvr-MyTaHTa ,lJ,HHaMHKa O,lJ,HOHHTesoti: ,LI,HK HMeeT xapaKTep, OTJlH'-1-

HbIH OT ,l],HHaMHKH BKJleTKax ,l],HKoro THna: KOHl.I,eHTpaUHR O,l],HOHH

TeBOH ,LI,HK (RBJlRJOIII.aRCR Mepoti: BeJlH'-IHHbI HH,lJ,YU.HPYJOIII.ero cttrtta

Jla) ,1],ep)KHTCR Ha BbICOKOM ypoBHe ,l],OJlbllle H MaKCHMaJlbHbIH ypoBeHb 

npHMepHO B '-!eTbipe pa3a BbIIIJe. TiocTORHHbIH yposeHb KOHl.I,eHTpa

UHH O,lJ,HOHHTesoti: ,LI,HK CBH,l],eTeJlbCTByeT o TOM, '-ITO B Te'-leHHe 3Toro 

BpeMeHH cyIII.eCTByeT ,lJ,HHaMH'-!eCKOe paBHOBeCHe Me)K,lJ,y npou.eccaMH 

o6pa30BaHHR ( nepecKaKHBaHHe penJlHKaTHBHOH BHJlKH qepe3 BCTpe'-1-

Hbie ,lJ,HMepbI) H y,1J,aJ1eHHR cttrHaJla (penapauHR npo6eJ10B). B KJleTKax 

uvr-MyTaHTa He cpyHKUHOHHpyeT CHCTeMa 3KCUH3HOHHOH penapaUHH, 

H ,l],HMepbl He Y,lJ,aJlRIOTCR H3 6aKTepHaJlbHOH xpoMOCOMbl H OCTa!OT

CR Ha CBOHX MeCTaX. Bo BpeMR Bb!XO,l],a KOHUeHTpaUHH 0,1],HOHHTeBofi 
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Pttc. 3: KoHl.I,eHTpal.I,HR O,lJ,H0HHTesoti: ,LI,HK B KJleTKax ,lJ,HKoro THna 

( CTIJlOIIIHaR JlHHHH)' H KJleTKax uvr-MyTaHTa (IIITpHXOBaR JlHHHR) 

,LI,HK Ha nJ1aTo npoHCXO,lJ,HT BbipaBHHBaHHe cKopocTeti: 3THX npou.ec

cos. Kor,l],a penJlHKaUHR nospe)K,ll,eHHOH XpOMOCOMbl 3aKaH'-!HBaeTCR, 

OCTaeTCR TOJlbKO npouecc 3aCTpofiKH npo6eJ10B H KOHUeHTpal.I,HR 0,1],

HOHHTeBofi ,LI,HK 6bICTpo yMeHbIIIaeTCR ,lJ,O HYJ1R. 

TaKHM o6pa30M, H3 npHBe,l],eHHbIX pe3yJ1bTaTOB CJle,lJ,yeT, '-ITO HH

,lJ,YKUHR H peryJ1RUHR SOS-oTBeTa B CHJlbHoti: H onpe,1J,eJ1RJOIII.efi cTe

neHH 3aBHCHT OT HOpMaJlbHOro HJlH ,l],e<peKTHoro COCTORHHR CHCTeMbl 

3KCUH3HOHHOfi penapaUHH. TaK)Ke, 0Ka3bIBaeTCR, '-ITO KJl!O'-leBbIM pe

ryJlRTOpOM lexA-recA-cttcTeMbI RBJ1ReTCR npo,1J,yKT reHa recA B aKTH

BHposaHHofi cpopMe. CKopocTb pacmenJ1eHHR npo,lJ,yKTa reHa lexA, 
KOTopoe ocyIII.eCTBJlReT aKTHBHpoBaHHblH npo,l1,yKT reHa recA, BeJlHKa 

HaCTOJlbK~, '-ITO o'-!eHb He60J1bII1oti: ypoBeHb HH.l1.YU.HPYJOIII.ero cttrHaJ1a 

(3KBHBaJleHTHbIH 0,1],HOMY nHpHMH,ll,HHOBOMY ,lJ,HMepy) ,ll,OCTaTO'-!eH ,l],JlR 

Toro, '-IT06b1 KOHUeHTpauttR npo,ll,yKTa reHa lexA yMeHbIIIHJlacb B 10 
pa3 0'-leHb 6bICTpo. B KJleTKax ,ll,HKOro THTia npou.eHT npO,lJ,yKTa re

Ha recA, HaXO,lJ,RIII.erocR s aKTHBHp0BaHHOH <popMe, ,l],OBOJlbHO 6bICTpo 

yMeHbIIIaeTCR co BpeMeHeM TIOCJle Y<I>-06J1y'-leHHR, B pe3yJ1bTaTe ,l],eti:

CTBHR 3KCUH3HOHHOfi penapaum1, KOTOpaR yMeHbIIIaeT CKOpOCTb npo-
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113B0,Il,CTBa 11H.Uyu.11py10mero c11rHaJia. B KJieTKax :iKe uvr-MyTaHTa, c 

.uecpeKTOM B C11CTeMe 3KCI..l,113110HHOH penapal.1,1111, npoI..1,eHT aKT11BHpO

BaHHOro npo.uyKTa reHa recA coxpaHJieTCJI Ha O'-leHb Bb!COKOM ypoBHe 

95 % ,Il,JIHTeJibHOe BpeMJI, '-!TO npHBO,Il,HT K 3Ha'-111TeJibHO 6oJiblllHM, '-!eM 

,Il,JIJI KJieTOK ,Il,HKOro T11na, ypoBHJIM HH.UYKUH11 npo.uyKTOB reHOB recA 
11 sulA, H .upyrHx reHOB SOS-oTBeTa. 

OcHOBHbie pe3yJibTaTbI 

Pe3YJibTaTbl pa6oTbl MO:iKHO ccpopMyJI11poBaTb B CJie,IJ,yIOIUHX OCHOB

Hb!X TTOJIO:iKeHHJIX, KOTOpbie 11 Bb!HOCJITCJI Ha 3aIII,HTy. 

l. Pa3pa6oTaHa MO,IJ,eJib 11 noJiy'-leHbl COOTBeTCTBYIOIIl,11e ,Il,HcpcpepeH

u.11aJibHbie ypaBHeH11JI, OTT11CbIBaIOIIl,11e ,Il,11HaMHKY reHeTWieCKOii 

peryJI.aTopHoii cHcTeMbI SOS-oTBeTa y 6a1<Tep11ii E. coli. 

2. B paMKaX MO.UeJI11 peryJIRTopHoti c11cTeMbI cpopMaJibHO on11ca

Ho JIBJieH11e penpeccH11 npo.uyKTOM reHa lexA, O.UH11M 113 pery

JI.aTopoB SOS-oTBeTa, TpaHcKpHnl.l,HH peryJI.aTopHbIX 11 .upyrHx 

reHOB SOS-oTBeTa. TToKa3aHo smrnH11e 3cpcpeKTa Koonepanrn

HOCTH cBR3bIBaHHJI npo,IJ,yKTa reHa lexA c onepaTopHoti )],HK 
' Ha .UHHaMHKY peryJIRIJ.HH SOS-oTBeTa. BnepBbie KOJI11YecTBeH

Ho oueHeHa KoonepaT11BHOCTb CBJI3b1BaH11.a npo.uyKTa reHa lexA 
c onepaTopHoii )],HK reHOB lexA 11 recA. 

3. Pa3pa6oTaHa MaTeMaT11'-leCKaJI MO,IJ,eJib, OTTHCbIBaIOIIl,aJI ,Il,HHaM11-

KY HH.uyu11.py10II1,ero cHrttaJia .UJIR peryJI.aTopHoti c11cTeMbI SOS

OTBeTa, nocJie .ueticTBHJI YW-H3Jiy'-leHHJI. YpasHeHHJI MO,IJ,eJIH 

noJiy'-leHhl ,IJ,JIJI KJieTOK ,Il,HKOro T11na 11 uvr-MyTaHTa C .uecpeKTOM 

B C11CTeMe 3KCI..l,H3110HHOH penapal.1,1111. 

4. C TTOMOIIl,blO '-111CJieHHOro pac'-!eTa no ypaBHeHHJIM MO,IJ,eJieti Bnep

Bble npe.ucKa3aHa .u11HaM111<a npo.uyKTa reHa recA B a1<T11s11po

saHHoti KOHcpopMaI..1,1111, o.uHoro 113 peryJI.aTopoB SOS-oTBeTa, no

cJie .ueiicTBHJI YW-113JIYYeH11JI. 

5. TToKa3aHo, '-!TO 3K~l.l,113HOHHaJI penapall,HJI OKa3bIBaeT BJI11JIH11e 

Ha .u11HaMHKY peryJI.aI..1,1111 11 11H.UYKIJ.11H SOS-oTBeTa nocJie YW-
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113JIY'--leH11.a, Mo.uyJI11py.a pacnpe.ueJieH11e npo.uy1<Ta reHa recA Me

:iK,D,Y era HOpMaJibHOH 11 aKT11B11poBaHHOii KOHcpopMaI..1,11.eti. 

6. PaCC'--111TaHbl 11 npoaHaJI11311pOBaHbl .UHHaM11'--leCKHe Kp11Bble pe

ryJIJITOpHbIX KOMTTOHeHT SOS-oTBeTa nocJie Y<I>-06JiyYeH11.a ,Il,JIJI 

cJiyYaR 1rneToK ,D,111<oro T11na H uvr-MyTaHTa: ypoBHR 11H,D,yu11py-

1omero CHrttaJia, nponyKTOB reJ;IOB lexA 11 recA (B HopMaJibHoti 11 

aKT11s11posaHHoti KOHcpopMaI..1,11.ax), a TaIOKe npo.nyKTa reHa sulA. 

7. Pacc'--!11TaHbl 11 npoaHaJI11311pOBaHbl ,Il,030Bb!e 3aB11C11MOCT11 MaK

C11MaJI bHbIX KOHI..1,eHTpau11ti ( B XO,D,e 11H.UYKU1111 TTOCJie .uetiCTB11R 

Y<l>-113JiyYeH1111) npo.uyKTOB reHoB recA 11 sulA, .UJIR cJiy'--!aR KJie

TOK ,Il,11I<oro Tl1na 11 uvr-MyTaHTa.. 

C•rnTa.K) CB011M np11RTHbIM ,Il,OJiroM Bb!pa311Tb 11CKpeHHIOIO 6Jiaro

.uapHOCTb rnoeMy HayYHOMY py1<oso.u11TeJI10 npocpeccopy E.A. Kpaca

BHHY 3a TTOCTORHHOe BHHMaH11e 11 TT0MOIII,b np11 BblTTOJIHeH1111 pa60TbI, 

a TaK:iKe KaH.u11.uaTy 6110JiornYec1rnx HayK O.B. KoMosoti 3a MHoro'--111-

CJieHHbie o6cy:iK,IJ,eHl1R 11 BHl1MaH11e B xo.ue BblTTOJIHeHl1Jl pa6oTbl. 
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