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KaK nOHa3BHO paRee /1,2,3/, ~Kilno~e HneTKH Saccharomyces cere
visiae 11 CT~OHapHoA ~se pOCTa KYnbTYJ;lU cl1oc06Hb! H "6UCTPOMY" 

nOCTpa,JlHauRoHHCtw!Y 1IOCCTaHOBJIemm (ijIB). 3WJeHT COCTQHT B YBeJU!lleHHH 

awmB8.eMOCTH o6JJyqemmx MeTOlt rrpH HX E\li,Il;tlpEHBaHlIll IJ B~e rrpH 2SOc 
nepe~ BWceBOM HQ nRTaTenLHliA arap, c~e~A 110BHWe~e ROHueHTpauHH 

XJlOPHCTorO HaTPlfJi /1,2/ MH aeHOTOptiX GonaD HaJIRlJ (KCl ,KNo) ) /3/. 
l'an.IIo~e MeT!(H, a Ta.tUre ~tmnoH.Iume, HecymHe MYTa:umI rad 52 MH 

rad 54 B rOM03HrOTHOM COCTOR'Hl!IH. H8CIIoco6au K EIIB /r,2,4,5/. AHa

JlH9 06HapyxeHHoro qeHOMeHa IIosBOJm:n rrpe~IIonOJKHTb, 'iTO B OCHOBe ero 

)lelmT HeH3BeCTHUA paRee TRII penaprunm ~YHHTeBWX paSptiBOB tUHP) .llHK, 
HH.I\YUIIIPOBaHHliX HOHHSHPYDlleA pa,ICHauReA /2/. B HacTORlI\ee BpeMii 06111e

rrpHSHaHO, 'lITO penapatl,Wi .llHP 11 m>ODeBWx MeTKalt l'I,lI;eT, B OCHOBHOM. ITO 

peRaw6I'1lt8IlKOHHOMY MelCaHl!I9MY /6,7/. B CBASH C 9TifM IIonaravr. '<{TO pe

ITapatl,Wi .llHP H ~pOB8.HHasI HOHH3HPYDJ16A pa,lVdauaeA MHTOTH'ieCHasi 

peR~HHauwI nBmUlTCJI TeCHO CMSBHHllMH IIpOueCCaMi'I /S/. TaKHM 06paSCN, 

HHTepeCHO 6!iJlO nOnHTaTLOJ! BUHBHTL CBASb Me~y o6c~aeMHMH ~eCb 

EIIB H peKOM6HHanHOHl:lHW! C06UTil'.I!MiI B MeTHe, Pll!,l.1yUHpOBaHHliMll HOHl'lSHpy

m,el ~D;Bel. 

MATEPHAJIIl M METQllli 

B pa60Te Bcnonb80B8.JIH ~o~e WTaMMH ~pOEEe. Sacch. cerevisiae 
TI ( a ada 2-192/ot:. ade 2-G45 ) H T3 ( a ade 2-192 rad 54 1 oc::. 
ade 2-G45 rad 54~nony'ieHHHe OT M.A. SaxapOBa /9/, a TaKae n 3920-5 
(a lye 2-22 ade 2-192 1«. leu. 2-2 lye 2-254 IIClJIy"'ielllll:dt OT Jl.A. rome
RHHa /10/ B 28-73-IB, OnRCaHHHl paRee /1/. 
~BH~ Ha nnOTHol nRTaTenbHoA cpe~e YEPD B Te'<{eHHe 

4-5 CpOR rrpH 280C (CTanHOHaPHall cpasa poCTa KYnbTYJll). ~ HenO'l{

~OJ! MeTOR ~eMJIH nyTeM ueHTpHi{JyrHpOBa.mtfI B rpa,ICHeHTe KOH

ne~ camP08li (40-60 %). KlIeTIm HecHonbKo pas OTMmIaJIH OT ca

xaPOaH neHTP~OBaHHeM H pecycne~poaanH B CTepHJIbHol ~CTHn

JIHpoB8.HHol BQI\e. 

."'....... ". '-.1'.• -'." '" , .. , ... " .....lI'I ' 


1 -:.~;.' ·····:··:i \ 
____.,,·'r" 



KJreTKB OOJI.Y1{aJIH )0- - .KBaH'fa1olH 07 CS(II0111HOCTb ;nOSbi -35 fp/lIl!H) B B rOll03HrOTe Odp8soBaHBe KOJIOHHI C KpaCHoR oKpacKol, ade 2-G45 
BO)UlOIi cycneHsHH (K"oHl\eIlTp8UHR 2 x 10 6 KJleTOK/IIJl) npB OOC. C p030BOH). PIP Ha yqaCTKe xv xpOUOCOII~ Me&AY U€HTpOliepoR H ~OKYCOII 

B padoTe HCnOJlb30Ba~ CJleAYD~Be nJlOTHbie DHT8.TeAbHble cpeAbI: ADE 2 npHBO,1l.BT K BOSHHKHOBeHHD ,1I.Byx ceCTpHHCKHX ll,1l.ep: OAHoro 

L flOJlHOueHHall nHTaTeJIbH8R cpe,1l.S YEPD (nenToH-IO r/Jl, rJ1DK03a-20 r/JI, rOU03HrOTHoro no ade 2-192 , a ~yroro - no ade 2-G45 ,B pe3YAhTaTe 

Apoa.eBoli 3KCTpaKT-5 r/Jl, arap-arap-20 r/Jl). qero BOSHl!.KaDT KO~OllHH, COCTO~He H3 P030BO-KpacHbiX ceKTOpoB ( II~H 

2. TIOJlHol\eHHM nBTaTeJll>HaR cpeAa (flC) (KH2P04 -2 r/Jl, MgS0 -I r/Jl, 143 P030BO-KpaCHo-6eJIIiX, ec~ PIIP npOIlCXO,llHT BO BTOPOII .lle~eHHH).
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(NH4)2S04 -I r/JI, rJ1DKosa-20 r/Jl, ~p~aeBOIi aBTOJ1HsaT -20 1IJ1/J1, flOilHUO KOAOHHR YKa38HHoro THna BOSHHKaDT ueJll>H~e PQ30B~e HAH KpaCH~e 

arap-arap -20 r/Jl) 111/. KOAOHHH, 8 TaKle COCTO~He .S P030Bo-6eJlblX H KpacHo-de~x ceKTopOB, 

3. flOJlHOueHHaH COJleBaH cpe.ll8 (TICC) - nc, cO;nepa~aH 1,5 II KCl • qTO, EaK YK8SblBaDT aBTopbl /9/, UOlle T 6b1Tb pesyJlbT8TOil HepeUHnpOKHO\1 

4. YitHHllaJlbHaR cpe,1l.a (IIC) (CH,)COONa ' J H20 -0,84 r/Jl. KCl -I r/JI, peKOIIOHH8UHH (KOHBepCIIH), rHdeJIl!. OARoR H3 KpOccoBepHblx KAeTOK, HepaCI
(NH4)2S04 -'5 r/JI, MgC1 2 • 6 H20 -1,08 r/JI, NaH2P04 -XlO IIf/JI, rJ1D Xoll,lJ,eHHIl XPOIIOCOII 11 ~. BeR cOBoxynHOCTb TaKIIX KOJlOHHi1, BK~DqaR KpOC
Kosa -10 r IJI, CaC12 -150 r IJI, llHTaIlHBij, IIHKp03J1elleHTbI, srap-arap _ COBepH~e. B COOTBeTCTBHl!. C TepllHHOJlOrlleR 19/,o603Ha'iaeTCR ~Aee K8K... 
20 r IJI) 112/, cerperaHT~. OTloleTHU, qTO ~ 'fOTH'IeCKall cerp eraUIIR (lIGf) B ueJlou TaKJlle 
5. IIHHHllaJIbIlSJi COJleBaH cpe.ll8 (ICC) - I(C, co;nepa~alf 1,5 I KCl UK OTpaIaeT ypoBeHb peKoudHHauHOHHblx npoueccoB, npOBCXO,1l.RmHXB K~eTKe • 
. KNO,) , OKa 38 JlOCI> , 'lTO XJlOPHCTHI! KaAHl!., ,lJ,OOaB~eHH~1i B nl\T8Te~bHblR arap 

COObiTHIl peUHnpOKHoA IIHTOTKqeCKOIi peKOll6HHaUBH H cerperauHB ,1I.JI.}l B KOHueHTpaUHH 1,5 I (YCAOBHIl nO,lJ,aBJ1eHIIIl EllB), }IeJla€lT oKpacKY peKOIl6l!.

KJleTOK IllTaIiIi OB TI B 13 Y1{BTblBaJlH no lIeTO.lUlKe, )[a.loaeliHol B 19/, onpe HaHTHblX KJIOHOB MeBee Bblpall:eHHoR, 'lTO S8Tpy,lJ,BlleT B~H ,1I.eJ5eT HeB03110JII
,1I.eJlHH B nepBoli cJI.Y1{ae ,1I.OJlD KOJIOHHIi, COCTO~KX K3 poaoBo-KpacHblx • Hbill onpe,lJ,eJleHHe qaCTOTbi PIIP H ICf. Tell He ueHee, Y.lIaJlOCb npHMeHHTh 

POSOBO-Kp8CHo-6eJlHX cexTopoB, a BO BTOPOII cJ1qae - HapR.1I.Y C KOJIOHBH- 3TY Y,1l.0dHYD CHCTellY II .llJIJi HalllHX ueAeR. 
11K yxas8HHoro !Kna nO,1l.CqHTblBaJIB e~e H KOJIOHHH, COCTO~Ke HS 6eJlo PaHee Obl~O nOKa3aHO, qTO ~HKcaUIlR ~eTa~bHblX pa,lJ,H8UHOHHblX nOBpell:,1I.e

poaoBbix H 6eJlO-KpacHHx ceKTopoB, a Taue posoBHe H Kp8cHble KOJIOHHII. HHI npHypOqeHa K nepBOIlY nOCTp8,11.HaUHoHHolly .lle~eHHD KAeTKH 113/. B 
~8cTOTy reHRol KOHBepcHlI onpe,1l.eJlR~ EaX qlCJ10 npoTO!po~HbIX KAOHOB, cJIYqae Cnp8Be,lJ,JIHBOCTH 3mro YTBepll[,lleHIIIl ,lJ,~1l pa,llH8UHOHHblX nOBpeJl[,1I.eHHR, 

BblpOClII1IX Ha III1HllllaJIbHOA cpeAe, oTHeceHHoe K 06~elly qllcJIf BIBHBIIHX penapHpyeubix KAeTKOH B rrpouecce EllH, .llOCTaTOqHO BbI,1I.epll:aTb ooAyqeHHble 

06J1yqeHHblX KJleTOK m'fa1Ul8 fl ~20-5. .llPOll:lI:H B cOJIeBoli cpe,1l.e ,11.0 nepBoro ,1I.e~eHHR, qTOd~ Ha6AD.lIaTb H311eHeHHe 

BHlHBaellOCTb onpe;neJIRJIB lIeTOAOIi nO;ncqeTa 118KPOKOJIOHHI, Bblp8CT8D qaCTOTbi PIP HJI.B Icr (ecJI.B, KOHeqHO, TaKOBOe OY.lleT HlleTb lIeCTO) B yc

IlIliIX aa IIJIOTHOa IJll:TaTem.HoH cpe.Jte 'lapes 5-8 CyrOK IIpH28oC. AOBHRX nO,llaBJIeHHR EllB. 


BwmBaeMOCTl> Heo6JrY'!ewrnx KJIeTOK Ha cOJlaBOI cpa~e COCT8JlJIJlJI8. B npe,1l.BapBTeJlbHOIi onblTe, peSYJlbTaTbi KOTOporo npHBe)l.eHbI H8 pRe. I, 

70-100 %no cpaBHeHBD C KJleTHaII H, BblCeHHHHIIH Ha COO'l'BeTCTBYl)lIIlIe 6ec YCT8HOBJIeHO, qTO JIY'leBbie nOBpell:,1I.eHHR, 3AHuHHlIpy~.ecR B npouecce 


COJIeBbie cpe,1l.b1 (CII. Bblllle). DmB6KY B onpe,1l.eJIeBHH BHIHBaeliOCTH K qaCTOT mH, ,1I.eIiCTBHTeJIbHO CTaHOBIlTCIl Se06p8THllbIIIH nOCJIe nepBoro noc!p8.l1la

peKoll6HHauHH onpeAeJlJ{JlH EaK Cylilly HOPUHpOB8BHOrO cTaH~pTHoro OTKJIO
HeHBR H OTHOCHTeJ1bIlOI OWHdKft pa3Be,1l.eKlIl. PHC. I. BblUB8eIlOCTb (I) II .ll0

JIll nO'lKY~BXCR KAeTOK (2)6 ~ 1 
PE3YJIbTA'ru a OECYI]l.EImE • 100 r-OO.l!Y'leHHblX (Aosa 525 fp) 

.llHn~oH,1I.HblX ~oll:aeR WT811118 
4 II 2 ........ J 80 


-r <:8-73- IB B saBHCHIIOC'l'H OT 

UHD (FlIP), l!.H,llJ1IIIPOB8HBJD i' -06.l!YqeHHell, B YCJIOBHHX nO,1l.aBJIeHU 
B nepBaI Q8CTH padoTbi Hay~aJIH pe~KBym IIHTOTKqeCKyD peKo1l6HH8

BpelleHH BHAepll:HBaHHR H8 nJlOT-
I 
'I

"6~cTporo· nocTpa.lUlauKoHHoro BOCCTaaOBJIeBIH (EDB) , T.e, B npHCITCTBHH HoA cOJ1eBoli cpe,1l.e (flCC). Go

nOBHmeHHbIX KOaneHTpaUHI XJIopHcToro Ea~U, laR 3TaX ne~el HCnOJI.b30Ba
I 
! 

40 JleB8R cpe.ll8 flee CO,1l.epll:8~8 
1,5 U KCl. flo OOH adcUllcc Ha TeCT-CHCTella, pasp860TaHHaR a.A. 3axapoBHII C cOTp. 19/, r,1l.e B Ra : t ~ 20 
BpellR,qaC;no OCIlIi 0p,1l.BHaT:qeCTBe UO,1l.e~LHbIX HCnO.lI>SOBaH~ mT81111b1 TI • T3, HecY.He B reTep03Kro~e 

0 cAe~a-BHlI:IIB8ellocTb,%;cnp8Ba-;itB8 Koun~eK eHTHpYDUX 8JIJIeJIJI JIOKyC8 ade 2 ( ade 2-192 06YCJIOBJlJlB8eT 
0 10 20 31 ,1I.OAIl nOQKYDwBXCR KJIeTOK, %. 
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IUlDHHoro ,lI.e.neHHl'I KJIeTKH. bll.noH,lI.Hlie ;U;POUll mTaIOl8 28-7J...IB OO.:ay'la.nll 
t -K1l8HTalOl npH OOC B ,lI.ose 525 fp H pacce1l8J01 Ha n.no 'l'HYIl co.neBYIl cpe
'AY (nOC), lIOKpIiTYIl oYIIaJ:H!n. <pH.nhTpOIl, MHKyOBpOBaJIJI npH 280C B Te'le
HHe pas,nH'lHIiX llpolleIYTKoB BpelleHH, noc.ne 'lero nepeHocH.nH <pH.nh!p1i C 
K,neTKaIlH Ha 1l0JiHOUeHHYIl cpe'AY (nC). rAe nOCJle 5-7 CYTOR pOCTa npH 
280C onpe,ll.e.nJ'lJIJI HX BHIHBaeIlOCTh. OAHoBpelleHHO nYTell IIHKpOCRonKp01l8HHl'I 
onpeAe.nl'lJIJI AO~ nO'lRYllmHXCl'I K.neTOK B 1l0ny.nl'lUHH npH HX HHRYOaUHH H8 
nee. RaK BH,lI.HO, noc,ne HeSHa'lHTe.nhHoro CHKleHHl'I BHIH1l8ellOCTa B nepBlie 

'laCIi BIiAepIHBaHHl'I, nO-BH,lI.HIIOIlY, He CBRS8HHOrO C ~HKcaUBeR .nyqeBlix 
1l0BpeI,lI.eHHI, BHIHBaellOCTh KJIeTOK BIiXO,ll.HT Ha n.naTO (2J...27 %) H .Jl8J1ee 

C pOCTOIl 'lHC.na nO'lKYDmHXCR K,neTOK yOIiBaeT, AOCTBral'l K 2J...29 'lacall 
BiiAepU1l8HHR Ha nee nOCTOl'lHHOrO SHa'leHHll (7-IQ;(). 3TH BeJIH'DIHIi xopomo 

corJlacYIlTCl'I C BHIHBaellOCThll OOJlytteHHIiX KJIeTOR, cpasy BlicellHHIiX H8 
nee (7, J :!: 0,6 %) H nOCJle I-'l8COBOro BIi.nepuBaHHll B BOAe npll 28

0
C, 

,lI.oCTaTO'lHorO ,lI.JIJ'I saBepllleHHR IDB (27 :!: 2 %). TaRHII oOpasoll, .1leJIeHHe 

oOJlYtteHHoR KJIeTKH Ha ncc npHBO,ll.HT K n018BJleHHIl EnB, T.e. ,lI.e.naeT Jlyqe

Blie nOBpeIAeHHR, SXH~HKpyelllie B npouecce BOCCTaHOBJIeHHR, HeodpaTl

IIIiIOl • 
HCXOAl'I HS yC1BHOBJleHHOrO BIiIDe <paKTa, lIli npoBeJlH C KJIeTKall1l mTalllla 

TI OlIIiT, aH8JlOrllttHIiI omtCaHHollY: npH STOll OOJlY''leHHlie KJIeTKH (DI' = 

1050 fp) HHKyOKpOBa.nH Ha nee B Te'leHHe 2-x CYTOK (K STOIIY 1I0lleHTY 
K.neTKH cOBepmaDT 1-2 Ae.neHHfJ) H onpe AeMJOI 'laCTOTY PUP H UCf. B Tao
JIJIue I npHBe,ll.eHIi pesYJlhTaTIi HeCKo.nhKHX onIiTOB. RaK BHAHO, B pesy.nh
TaTe nOCTpa,ll.H8UHOHHOI HHKyoaUHH K,neTOK Ha nee, qaCTOTa PUP CHM.aeTCl'I 

B paSHIiX onliTax B 2-6 pas, a UCf - npHOJIJISHTe.nDHO B 2 pass. PasHMU8 
,lI.OCToBepHa B OOOHX C.nY'l8l'lX C ypoBHell SHa'lHIIOCTJI 0(..< 0,05 /14/. CnOH
TaHHIiA ypoBeHb PUP M UCf BO Bcex BaPHSHTaX onliTa COCTaBJlJ'IJI He oo~ee 

0, 1%. 
B ToR Ie T80JIHue npBBe,ll.eHIi peSYJlbTaTH 3KcnepBlIeHTOB co mTallllOX T3, 

rOIlOSHrOTHIilI no lIyTaUHlI rad 54/9/, OJloKHPYllmel IDB /5/. K COI8JleHHIl, 
Bs-sa .a.noro ttlllO.na CodliTMR HeJlbM OIi,nO AocTOBepHo YCTali:oBllTh BsxeHe
HIe (H.nR OTcyTC'1'BHe TaKOBoro) 'laCTOTIi PUP. OAHaRo 'lac TOTa UCf npHOJIH
SHTeJlbHO O,ll.HHaROBa B OOOHX 1l8pM8HTax onliT6 III B 2-3 pasa Hne, 'lex 

cooTBeTcTBYIl.aR Be.na'lRHa,ll.JlH K.neTOR ",lI.HROro· TIna. lloHKIeHHIiI BIiXOA 
cerperaHToB ,lI.M 1II'l'8lIl1a T3, od.nyqeaHor0ct-lUI8HT~, a80JIb.laJlll • paHee 
/15/. TaKHII oopasoll, lIyTaHTHlie K.neTKH, He cnocodHlie K EnB, He odaapy
aBBaIlT, B OT.nx'lte OT KJIeTDK ",lI.HROro" Tana, R3l1eHeHBli q8CTOTii KCf npI 

BHRYOaUHB H8 coAeBoA cpe,ll.e, 'ITO TaRle CBH~eTeJlbCTByeT 0 CBRSB npouec

COB nOCTPa,l\BaUHORHOrO BOCCTaHOB~eHH~ • pe~OUOBHaUHB. 
BIiAepIBBaHBe oO.ny'leHHIiX K.neTOK nepeA pacceBOII HS nee B Bo~e B Te

'leHHe 2 'laCOB npll 280c He B.nHl'I~O Ha yueHbmeHHe qaCTOTIi PUP I UCf, 

4 

'Iao.nxua I 

~-HH,lI.yUHPOBaHHall* MHTOTH'leCKal'l peKolldHHaUBR B cerperaUlIli y 

,lI.Bn.nOIl,ll.HIiX ;u;ponell IlTaIlIlOB TI (+/+) II T3 (wdSlt/UJdS4 ) 


III Tallll J %peKolldHH8noB % cerperaHTOB 
onblTa BliceB Ha ne BooeB Ha !IC BliceB H8 nc BooeB H8 ne 

J TI I 3,2 ! 0,5 
2 3,6 :t 0,9 
3 I,7:!: 0,4 
4 3,3:t 0,5 
5 2,4!: 0,5 

nocJle 2-x CY noc,ne 2-x cy
TOR IIHKyoaUIIH TOK HHKyoa-
Hainee UBH HanCC 

1,5 "!:: 0,2 19,4 "!:: 1,4 II,I!:0,6 
I,I:t 0,3 18,3:t <:,5 13,0:!: 1,3 
0,2 :t 0,1 19,5 :t 1,5 10 ! I 
0,5 :!: 0,3 19,0 :t 1,5 II :t 2 
1,2 :t 0,2 18 + 2 IO,O :!: 0,7 

T3 I 3,8 :!: 0,6- - 4,3:!: 0,6 
2 2,6 !: 0,4- I,5:t 0 ,3-

'---

* BIiIllBaellOCTb KJIeTOK _Talllla TI, oO.ny'leHHOrO B Aose 1050 fp, 

COC~B~llJl8 17-25 %; AJIl'I mT8l1xs T3, oO.ny'leHHOrO B ~ose 70 fP.
11-14'%. 

HaO~18eIlIiX B onliT6X , llpHBe~eHHlix B Tad~.ue I. TaR, qaCTOTa PUP llpM 
HelIeAJIeHHoll BooeBe H8 nee YlIeHua.nacb C 3,6"!:: 0,9 ~o I,I:t 0,3% 
(T80~. I, onliT 2), a nOCJie BIi,ll.ep.1II1l8H1111 B Te'leHlI.e 2 'IaCOB B Bo~e npH 
280C - C 3,2 + 0,5 % AO 1,3 + 0,4 ;C. 11M ucr 3TH BeJlJlttHHIi COO'l'Bero'l'

BeHHO ooctaBI~: m,3:t 2,5; D.O:!: 1,3%, 20'0:t 2,7.8,2:!: 1,5 %. 

• 

B APyroA cepn OIiIi'fOB R~e'l'KK '1'1 oo.ny'ls.nx tf -RBaH~lIM ( n;. '" 420 fp) 
B BO.1le HJIlI: 12 ;C-ou P8cTBope KC1, nOCAe 'I8rO pecycneH,l\Bp0BaB D UAROA 
ne u. nCC I UKYOMpOBaa B oreqene 10-43 'I npH 280e. Jl.aJlee pace eDaa 
HS nJlo'l'HYIl nc AJIJl oIl'pe;u.e~e.RU 'lac 1VTIi PUP. MCr. RaR BIIIAHO ('l~sdJlllIta 2). , 
 BIi~epnBaRBe od.llY'leBHlil B BO,le KJI8'f01 B 'l'8'1eOe 10 'lacOD (oo.lee 50 ~ 


KJIeTOK K \tTOIIY lloueH'l'Y odpaSOBa.D noq1£.) He npJIBOJUIT K KSUHeOIl '18C
TOT PKP I ucr. B TO .e BpexR BW,lI.ep.lB4H •• B .1II.1lKol nee BeAe'l' K saxe'l' 

P' 	
HOllY cautiallD 8'l'1lX lJe.I''lBH, KOPpEi.oP1R 0 YDeJIH'IeHHeX ,lOD D01Uq_UCR 
KJleTOR. BuepUBallHe oCS.nyqeHIlIoIX .I.Ie~OK B U,lI.Kcirt nc AO nepeaOC8 B nec 
B Te'le08 :J)..60 011 npl 280C (BpeU.I.lOC'IIl'l'O'IHOe ,lI..iJ:r s8Bepnnll EIlB), 
He BB1I8T Ha .S.GReIBe '1aOTO'l'W PIP • MCr B xO,ll.e BBRyd8n•• B CO~8BOI 

cpe.le. 
TaRD OOPSSOII, peS1JlbTSTii npOBG.lGIIlUrx SKcnep.xeRTOB CB• .l8ore.uC'l'B1
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T8dJlIIU8 " 

'IaC'1'0'1'8 Jv -IIH.nyUllpOBaHHOI! IfIl'l'.'O'l'll'leCKOIi peKOlfdllH8Ullit II 

cerper8~11 B 38BIICIlIIOC'1'H 0'1' BpelfeHil BU~epIHBaHHR od~
'1eHHUl( KJIe'l'.'OK TI B IH,ll,JWIt COJleBoli cpe~e 

.Ii YCJlOBiHI BpelfJ,J noc'l'.'- BpeIU!!! %peKOlfdll. % cerper8H %nO'l{KYD 
onu od~'1eHilR p8,11.11.~1I0HHOIi B~ep H8H'l'.'OB 'l'.'OB l\IlI.XCR 
'l'.'B HHKYdaUHII B 

lIiI~K()1! oITC 
npll 28 C,'1 

IIIB8
HIIR B 
ee,'1 

KJle'1'OK 

I H2O () 0 4,3:!:O,6 0.0 :!: 1,2 5 + 2 

H2O 10 0 2,9 ! 0,4 n,o ± 0,9 5 + 2 
I2 %KCl 0 0 3,3! 0,7 9,5:!: 1,3 5 + l: 

I2 %KCl 0 22 0,9 :!: 0,5 5,4 ± 1,6 Xl :!: 6 

I2 %KCl 0 43 0,5 :!: 0,1 4,1 ± 0,4 50 ± 10 

2 I2 %KCl 0 0 2,3 ± 0,2 8,7:!: 0,9 5 + 2 

I2 %KCl 0 IO 2,5! 0,3 7,4 ! 0,8 20 + 5 

12 %KCl 0,5 IO 3, I ± 0,6 IO,4 :! 1,0 20 + 5 

12 %KCl I IO 2,4 ± 0,3 6,7:!. 0,6 20 + 5 

12 %KCl 0 23 1,2 :!: 0,5 6,9 ! 0,7 50 + 10 
12 %KCl 0,5 23 0,4 ± 0,1 4,1±0,4 50 + IO 
12 %KCl I d 0,8 ± 0,4 J,9 :!: 0,4 50 + 10 

*OdJlY'I8HHUe KJIe'1'KH Bll,ll.eplltllBaJiH B IH,Il.KOA nOJlHOljeHHoR cpe,ll.e (ITC)" 

nocJle '1ero pecycneH,1I.1I.pOBaJIH B III,il.KOIl cOJleBoll cpe,ll.e (~ 
(ITe + 12 %KCl ). B cJlyq8e odJlY'l eHilR B P8C'1'Bope XJloplIC'1'oro 

KSJlIIR KJIe'1'KH pecycneH,1I.1I.pOBaJIH B ITC, co~eplltaD\eli 12 % r JlDK031l 

(,Il.JlR CIIRr'leHIIH OCIlO'l'll'leCKOrO mOKa). 

D'l'.', 'ITO B YCJlOBIIHX nO,ll.8BJleHIIR "dllc'l'.'poro· nocTp8,1l.IIaUIIOHHoro BOCCTaHOB

JleHIIR (EflB) peUllnpoKH8R III1TO'1'II'1eCKaR peKolfdllH8UIIR (PKP) II III1'l'.'OTH'IeC

KBR oerperBuHR (KCI) Y .llpOueBI>X KJleTOK nO,il.8BJleHU B 3H8'1M'1'eJlhHOIl CTe

neHH. KSK O'l'.'lfe'leHO Bllme, pen8paUHR .Il.HP II if -HH.il.1UllpoBaHHsR IfIITO'1'II'1eC

KSR peKolfdHHSUIIR - TeCHO CBR3aHHile npoueccu, HlfeDD\lIe odD\1I1t reHeTII'IeC

Kilit KOHTpOJlh HeKoTopuX STanOB. TOT ~aKT, '1'1'0 BH,Il.epIHB8HHe OdJlY'IeHHHX 

KJleTOK B BO,ll.e IlJIH nll'1'B'1'eJIbHOR cpe~e B '1'e'leHlle .H'1'epBa~ BpelfeHII, ,Il.OC

!8TO'lHOrO .llJIR 38BepmeHIIR He BJl~Re'1' H8 '18C'l'.'OT,Y PKP II MCf, JlerKO 

Odi>RCHIlIf. J\eRCTBII'1'eJlhHO, IICnOJlh3]PM8R TeCT-CIIC'l'e1f8 n03BOJIRe'1' BURBIITh 

npoueCCH peKOlldHH8UIIII, npO'1'eKaDD\lIe lIeI,Il.Y ceC'1'p.HCKIIIfIl XPOIfSTII,il.81111 B 

lIit'1'03e, Tor~a KaK peKOlldllH8UIIOHHile npoueccu, CBR38HHue C pen8p8Ulleli 
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J\HP npll Bll,ll.epl.llBaHilH B HenHta'l'.'eJlhHOII cpe,ll.e, npOIlCXO~H'1' B G1 -~3e 

KJIe'1'O'lHorO UHKJla. 

B CJle.nyDD\ell cepllH OnU'l'.'OB IICnOJlh30BaHa CHC'l'.'ella, n03BOJlRDm8R y'IIITU

BaTh COdUTHR peUHnpoKHolt it HepeUHnpOKHOI! peKOlldllHaUIIH lIeI.il.1 rOIlOJlO

rll'lHlillit XpOIlOC Olfallil B G1 -~a3e KJl eTO'lHOrO UIIKJIa. KY'lRUIIH lye 2-22 II 

lye 2-25 npe,ll.CTaBJlRD'1' c()doli HenepeKPIlBaDmileCR ,Il.eJleUIIH /10/ B JlOKyce 

l.ye 2. KaK nOKa38HO paH~e, peBepCIIII 1I,Y'lRHTHIlX KJleTO~ C reHOTilnOIl 

lye 2-22/1ye 2-25 K ~eHOTH1l1 Lye+ npOIICXO,ll.lIT B OCHOBHOII 3a C'I8T reH

HoR KOHBepcHH ( .... 7~ II pl'lUHnpOKHOA peKolldllHaUHII ( .... J($). ibleR B BII.ny 

YKa3aHHOe OdC'l'.'ORTeJIhC'l'.'BO, If~ YCAOBHO dY,ll.ell Ha31lBaTh np0'l'.'oTpo~Hlle KJlO

J RIl, OdP830B8HHe KOTOPUX II HAYUilP0BaHO t -odJIY'IeHllell, " KO HBepTaHTaIl II " • 

H8 pllcYHKe 2 npllBe,ll.eHij pe3YJIb'l'.'aTU CJle.n.yDmero onUT8. KAeTKiI mTall1l8 

IT 3920-5 (lye 2-22/1ys 2-25 ) OdJly'I8JlII B .ll.03e 700 fp npll OOC II pac

ceBaJIH H8 IfllHll1f8JlbHUe Cp~,Il.1i Ke II Kee (nOCJle,ll.HHR CO,ll.epll8m I,5 II KNO)) 
0

Jllldo CP8SY, JIHdo nocJle Bij,ll.epKIIB8HHR B BO,ll.e TIpH ?8 e. ITocJle 3Toro on

pe~eJlRJIH BUllilBaeIfOC'l'.'h OOJJY'IeHHIlX KJleTOK (B 3TOII cJJY'Iae cpe,il.!l IIC II IICC 

CO,ll.epK8J111 AIISIIH) II ,Il.O~ KOHBepTSHTOB B nonYJIHU1l1l BIlIIIBWIIX KJleTOK, 

nO,ll.C'IiI'1'UB8R qllCJlO KJlOHOB, BIlpOCWIIX Ha cpenax lie H IICC (de3 JlIl3I1H8). 

KaK BII,Il.HO, BHOeB c6~qeHHIlX KJle'l'.'OK H8 deCCOJleBlle cpe.ll.1l He npIIBO.ll.II'1' K 

11311eHeHilD BeJIH'IIIH BllllllBaellOCTIl II 'lac TOT reHHOH KOHBepCIIII npll BIl.ll.eplIlI

B8HIIII IIX B BO,ll.e npil 28
0

C (KPIlBlie I H ;.). HHYD KapTilHY HadJID,Il.aJIH npll 

BllceBe KJleTOK H8 COJleBlle cpe,ll.u (IICC): 3.lleCb BWlItllBaellOCTb B03pacTaeT, 

,Il.OCTllr8H 3a 2 'I BU,Il.epmllB8HHR ypOBHR BUMIlBaeMOC'1'1I Ha deCCOJleBOH cpe.lle 

(Ke) (c 0,9 :!: 0,2 %,Il.O e,l :!:. 1,2 %), 8 '1aCTOTa KOHBepCIIH, H8npOTIIB, 

YlleHbmaeTCf!, TaKl.e '~OCTHraH, S8 <' 'I BIl,ll.epI.IIB8HHR COOTBeTCTBYDD\eH 

DeJlllqllHH H8 deCCOJlCBOH cpe,ll.e (c 1,9 :!: 0,6 % ,Il.O 0,32 :!: 0,06 %) (KpIIBHe 

3 II 4). ipOBeHb cnoHT8HHOR KOHBePCIIII npil 3TOII BO Bcex B8PIl8H'lRX onllm 

dllJ! HeSHa'lIlTeJlhHIlII II COCTaBJlRJl 10- 3_10-2%. OTlfeTIIII, '1'1'0 OT onUTa K 

onuT,y CTeneHh H311eHeHIIH '1aCTOTIl reHHOH KOHBepclI1I B pesYJlhT8Te BIl,ll.ep

IilB8HIIR odJJY'IeHHUX KJIe'l'OK B BO,ll.e cymecTBeHHo BapbllpOB8Jl8 (!8dJIHua 3), 
O,il.HaKO IIl1eJl8 lIecTO KOppeJlRUIIR aTOll BeJIII'lIlHH C 3~~eKTIIBHOCThD "duc'l'.'po

ro" nocT,P8,l1i1BUIIOHHoro BOCCT8HOBJleHIIH (BlldopO'lHlill K03¢!llI!UIWllT KoppeAR

Uilil 0,985, ,Il.OBepIITeJlhH8R BepoRTHoCTb 0,95 no Z -KpHTepIlD IlIl1mep8) /14/. 

H8 PIICYHKfl 3 no OCII 8dcUIICC 0'l'.'JlOIeH8 3iWleKTIIBHOCTh "dllcTporo" 

nocT,P8,1l.118UIIOHHoro BOCCT8HOBJleHitR, onpe,ll.eJlRellaH 3,1l.eCb KaK 8/8 0 , r.lle 

So , S - BIlIHB8ellOCTh KJle'1'OK ,Il.O II nOCJle 3aBepmeHIIH illB; no OCII 0PAII

HaT - KO~IIUlleHT YlleHbmeHIIR '18CTOTIl reHHoH ROHBepClI1I B pe3YJlbTaTe 

2-'!J8.COBOro BIl~epIIIB8HIIR B BO,ll.e npil 2eOC, onpe.ll.eJIRellllil KaK fo/f , 

r,ll.e f o • f -'18C'1'OT8 KOHBepTaHTOB ~o II nOCJle Bli.ll.epIIIBaHIlR. K8K BII.ll.HO, 

CBH3h lIeI.llY 3Tlllfl! BeJIII'l{llHaMIl xopomo onliCllBaeTCR JIIIHeRHolI perpeccHell 

Y = (1,16 x + 1,))) ! O.57(.ll.OBepIlTeJlhHaR BepOIlTHOCTh 0,95). T8K1111 

Odp8301f npe,ll.CTSBJleHHlle ,Il.8HHue CBII.ll.eTeJlhC'1'BYD'1' 0 CBR311 "dllcTporo" 
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nOCTp8;I1.H811KOHHoro BOCC'mHOBJIeHHR C npoueccslIlt peKOlIcllIHSUJIII. TIpmlcxo
~HIIH B G1 ~S3e ~e~OqHoro UHR~8. 
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HHTepnpe'raUlIi npKBe,ll.eHHIiX ,lI,SHHIiX IIOl.e'r ell:l~ CJle.ll1QlslI. PSHee SB'rO
paM' /I6/ elYJIa Bl:ICK83Sa8 rKnOTe3S 0 Tal, q'rQ penspaUKIi lBP B He..~s
'reJIbHoI cpeAe ec'1':b oc061:11 fiYTb penapau•••. Be CBR3SBBHI C .''rQ,.~ec
ROI peRoliel.BaUKel I. reBBol ROBBepoKel, BO ••eDIJI C .... ad••e 8TaUH. 
C ~yrol O'ropOHY/c,.eC'rBle~ 1I0Ae~b /I7/. corJaCBO 1.0'rOpol lBP R~

8 

o 30 60 ~:""I 120 

CJIeB8- Bl:II.H:aaeIlOO'l'b. %, cnp8:aa - qSOTOTa 
OOOHX CJIlq8RX mK8~S ~or8pH~IIHqeCKaR. 

PJlo.2. BWIlI:aaeIlOC'fD (I,:1) 
I qSC~~S reBHoR ROBBepCKI 
lye 2-22/lys 2-25~ye+ 

(2,4) AJIR~-06~yqeHB~ !: 
o 	 (,lI.038 700 fp) ,u.nJIoI;lUI1iX ~ 

KJle'rOK II~SIIIlS n 392()"5 B ('"\ 	 ~ 
cO 	 s:::3SBHCKIIOC'rK O~ BpelieRI Bl:I-	

~ 

g ~8 	 ,lI.epI.HB8HHH B BO,ll,e np. 280C 
16 	 >..6 	 nepel B\lICeBOIi B8 cpe,ll1 HC 1?4 :s: 

(CBe'rJIl:Ijl CIlKBOJIH) KJI, ICC ~ rl 
4 ('reIlH!le CHIiBOJIl:I). CO,JIeB8R fr 

III 
:xl cpe~ ICC CO,ll.epI.8JIS I.5 I 	 o 
:>:

KNo) • no OOK SOCUKOO 
015: 

BpeliR ,IIIB; no OORII 0P,l1.HB8T: 	 o 
gj 
Q)reBHoI ROBBepCHH (x IO~. B 
I-< 

'i§ 
:xlPHC.]. 3~eK~BBOOTb -oYc'rporo ;.:/ cO 

/ nOOTPS~SUKOBBoro 	BOCO'rSHOBJIeHKR. 	 gj/ / 
/ / npK pS3B!lX YPOBBRX CB'l.emlR ~SC'rO ~ 

/ / 	 ::::rT!l reBHoI KOlIBepclIH lye 2-22/./ / 	 ~ 
/ / 	 ;.:.lye 2-25_Lye+ B pe31JlbT8Te 2 :s:/ / 	 IIf\

/ / Q8COBOro B!l,ll.ePI..B8HKR~-06JI1~eB

/ 
/ 

/ 
/ HbIX (,lI.05S 700 fp) KJIe~OK II'fSJl)(S ~~ 

/ / ~~ 
/ / 	

n 3920-5 B BO,ll,e TIpK 280C. llInKJI. 
/ . / BliCeBSJlK Ba Cpe.Jl1 ICC. cO,ll.epl.l\Illll 	 i::t:I 

o 	 J:S:. / III 	 II)I,5)( KC1. no OCK SOOUIlCC -ltOS~/ / 	 1:1' ... 
/ 	 ./ ~IlUlleH'r yxeHbmeHKR ~SCTO'rH reHRol 	 :s: 1:1/ 
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eTcn"CTaPTOBOR" TOqKOH npoueCC8 reHHol KOHBepCHK.VOIHO npe~O~OIHTh, 

'ITO B OCHOBe "dHCTpOro" BOCCTaHOB~eHHH ~eIH'!' MMeHHO ocodaH nYTh pena

paUHH }.IHP. Tor.n.a BH,l\eplUlBaHHe od~yqeHHHX ueTOK B HenHTaTeJIbHOH cpe

.n.e rrpMBOAHT K 3~YHHaUHH c~eCTBeHHoH qaCTH }.IHP eme .n.o H8qaAa peKOY

dMHaUKOHHHX npoueccoB, npHBoAHmHX K reHHoR KOHBepCHK, 'ITO ,1I.aCT B pe

3Y~h'lB're Cj{HIeflHe 8ill€JleKTHBHOCTil pa.CCMaTPHBaeMO;rO npoueCC8, HadJID,1!.aeYo

ro B omlTe. 

3ayeTHK, 'ITO B c~yqae cnpaBe~BOC~ CA~aHH~ npe~O~OIeHKH npH 

HeKe~eHHOY BliceBe OQ~Y'IeHHHX K~eTOK c~e.n.OBa.JIO dll OlUl,1!.U'Y, nOBlImeHHYD 

qaCTOTY reHHoll. KOHBepCHK Ha COJleBOR cpe.n.e no Cp8BHeHI!D C decco~eBOH, 

'ITO Had~D,1I.aeTCfl He BCer,1l.a (Clol. T8d~. 3). VOIHO, o.n.HaKo, rrpe,1!.CTaBHTh 

cede, 'ITO B pJ1.n.e CJ1YHaOB Ha YHHHMaJIbHoll. cpe.n.e aYKCOTpO!JlHlle K~eTKH CO

BepmaDT XOTJ1 dll 0,1!.H0 ,1!.e~eHHe. Tor~ npOTOTP0!Jl1l MorYT BOSHHKaTb, nOIolH

1010 reHHOI, KOHBepCKK :~ GI-4l&se, eme H sa CqeT peKOKdHHaUiIlI B G~ H~H 

ll-4lase K~eTOqHOrO UKK~a. KaK nOKasallO Bl:lme, '1aCTOTa I(HTOTHqeCKOH cer

peraUMH Ha co~eBoR cpeAe cymec 'rEeHHO nO,1l.aB~eHa. ~TO 1oI0lll.eT npHBO)U! Tb K 

TOKY, 'ITO pa9HHua BHXO;za KOHBepTaHTOB Ha IIC JII lice Hl!Be~pyeTCJ1 (38 

CqeT nO,1l.aB~eHHJ1 H8 lice YHTOTllqeCKOR peKOKdJIIH8UHH). 

Kp (JIe Toro, BOSHHKaeT Bonpoc: HaK YBJ1S8Th odCYlII.,1I.ael(He pe 3Y~h TaTlI 

C ,1I.aHHIlKM no IoIHTOTHqeCKOR peKOloldJIIHaUHH? 38KeTHK, 'ITO KHTOTllqeCKHH 

KPOCCHHrOBep, BlIJ1B~eYHH C nOKOmbm TeCT-CHCTeKH H.A.SaxapoBa H ~. 

19/, H reHHaR KOHBepCHR, odCYI.n.aeKaH S,1!.~Ch, - CYJI\eCTBeHHO pa3~'IHlle 

rrpouecclI: ec~ IoIHTOTHqeCKMM KpOCCHHrOBep eCTh pe3YJlI>T8T peKOKdHHaUHH 

loIelll.AY Xp(JIaTII,1l.aMH rOIolO~OrH'IHlIX Xp(JIOCOK M Bllee'!' lleCTO B IfIt'1'OTII'leCKl!X 

KJIeTHaX, TO reHHaH KOHBepCHJ1 (B CItCTelle lID!) ec Th npOAYKT BSaHIlO,1!.eil

CTBHH XPOIfOCOIl B GI -!Jla3e KJleTOqHOrO UHK~a. DTIleTIII( '!'aKlll.e, 'ITO CHHlII.e

HBe q8CTOTlI IlHTOTH'IeCKOrO KpOCCHHrOBepa npH nOCTP8)U!aUBOHHOK ,1!.eJIeHl!H 

KJIeTKH B npHCYTC'l'Bl!H nOBHmeHHoA KOHUeH'1PaUHH lea KOlKeT J1UHThCJ1 pe

SY~'mTO. nO,1l.aBJIeHHJ1 odmHX 3'!'anOB penapaUHH lHP H IIHTOTHqeCKoR peKOIl

dHHaI.\JlH. 

TaKHIl odpaSOK, BHe saBHCHIfOCTH 0'1' HHTepnpeT8UHH npeAC'f8B~eHHlIX 

,1!.8HHlIX 1f0IHO c~e~Tb c~e.n.yDmHe BHBO~lI. B yC~OBHJ1X nO,1!.8BJIeHHH MdHCTPO

roM BOCCTaHOBJIeHHJ1 KHTOTllqeCKHA KpOCCBHrOBep '!'aue CYJI\eC'r.BeHHO nO,1!.8B •~eH; HlfeeT KeCTO KOppeJl!IUHn MeI~Y ~eKTHBHOC"hm MdllCTPOro" BOCC'lBHOB

~eHHfl H fJleHhll!eHHelf qaCTOTIl reHRoR KOHBepCllH nIII JlBKYdal.\HH odJlyqeHHlIX , 
K~eTOK B BenJlT8Te~hHOR cpe~e npJl 260C. ilpeAC1BBJIeHBHe ~HHwe CBH,1!.e

Te~.c~ymT 0 CBRSH peKOKdHH8I.\.ORBlIX npoueCCOB C MdHCTplllf M BOCC'mHOB

.neHHeM ~OIIeR. 
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