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paCT8Hl-1tit. KaK Ha paCT8Hl-1flX [1-3], TaK 1,1 B Ha1-16011ee Cl-1CTeMaTl-14HblX 1,1 

MHOr041-1CJ18HHblX l-1CCJ18AOBaHl-1flX Ha Jll-1MqJOL\l-1TaX [4-6] y6eAl-1T8JlbHO noKa3aH 

CJlO}l{Hbltit H8Jll-1H8titHbltit xapaKTep BblXOAa xpOMOCOMHblX a6eppa41-11it B 0611acT1-1 

MaJlblX A03 o6ny4eHl-1fl. XapaKTepHOtit oco6eHHOCTblO A030Bb1X KPl-1BblX, 

xopowo aocnpol-13BOAl-1MOtit Ha pa3Jll-14HblX o6beKTaX pa3HblMl,1 aBTOpaMl-1, 

flBJlflSTCfl HaJll-141-18 A030H838B1-1Cl-1MOrO yYaCTKa, pacnOJ10}1{8HHOro B A1-1ana30He 

10-50 crp. AHaJlOfl-14Hbl8 3aKOHOMepHOCTl-1 6b1Jl1,1 nOJ1Y48Hbl no 1-1HAYKL.11-11-1 

Ml-1KPOflA8P B KJieTKaX Kl-1TatitCKOro XOMfl4Ka, OAHaKO B 3TOM CJ1Y4ae nnaTO 

CABl-1HyTO B o6nacTb 6onee ai,1coK1-1x A03 (50-100 crp) [7]. TaKOro }Ke poAa 

A030Bble 3aBl-1Cl-1MOCTl-1 nOJ1Y48Hbl no Kpl-1T8pl-110 3JlOKa4eCTB8HHOtit 

TpaHccpopMal\1-11-1 B KYilbTYPS cp1-16po611acTOB MblWl-1 [8]. 

O6Hap~eHHble 3aKOHOMepHOCTl-1 BblXOAa l..ll-1TOreHeTl-148CKl-1X 

noape)K,[18Hl-1tit B o6nacrn MaJlblX A03 HOCflT yH1-1BepcaJ1bHbltit xapaKTep, np1-148M 

KaK npaBl-1110 OTM84aeTCfl 6onee BblCOKafl 3cpcpeKTl-1BHOCTb B03AetitCTBl-1fl Ha 

8Al-1Hl-11..1Y A03bl B A1-1ana30He MaJlblX A03, 48M np1,1 06J1Y48Hl-1"1 B BblCOKl-1X A03ax. 

60ilbWl-1HCTBO aBTOpOB CBfl3blBalOT 3TO ··c BKJll048Hl-18M penapa1..11-10HHblX 

Cl-1CTeM npl-1 onpeASI18HHblX ypOBHflX noape)K,[leHl-1fl {9, 1 O]. 

Ao nocneAHero apeMeHl-1 B n1-1TepaTYpe OTCyTCTBoaa111,1 AaHHble no 

Bbl}Kl,1BaeMOCTl-1 KJ18TOK MileKon1-1Ta101.1.11-1x np1,1 MaJlblX A03aX. np1-1M8HfleMafl 

06bl4HO M8TOAl-1Ka onpeASI18Hl-1fl KJ10HOf8HHOtit cnoco6HOCTl-1 KJ18TOK, 

pa3pa6oTaHHafl naKOM 1,1 MapeycOM [11], . H8A0CTaT04HO T04Ha Ailfl 

onpeASIIE!Hl-1fl Bbl}Kl-1BaeMOCTl-1 np1,1 A03aX Hl-1}1{8 2 fp. ,[\Ilfl on1-1caHl-1fl cpOpMbl 

Kp1-1B0tit Bbl}Kl-1Ba8MOCTl-1 KJ18TOK in vitro Wl-1pOKO -1-1cnOJ1b30BaJlaCb Jll-1HetitHO

KBaApaT1-14Hafl MOASilb, noApa3yMeBa101.1.1afl, 4TO C yMeHbW8Hl-18M A03bl 

YMSHbWaeTCfl HaKJlOH Kp1-1B0tit, T.e. KPl-1Bafl Bbl}Kl,1BaeMOCTl-1 xapaKTep1,13yeTCfl 

Haill-141-18M nne4a. OAHaKO nOflBl,1Jll,1Cb AaHHble, noKa3blBa101.1.11-1e, 4TO Jll-1HetitHO

KBaApaTl-14Hafl MOASilb "HeAOOL.18Hl-1BaeT" 3cpcpeKT 06J1Y48Hl-1fl A03aMl-1 Hl,1}1{8 

ffp. 

,Qnfl npeoAoJ1eH1-1fl cna6otit pa3pewa101.1.1etit cnoco6Hocrn MeTOAa naKa 1-1 

MapKYCa np1,1 o6ny4eHl-11-1 B MailblX A03aX 6b1Jl1,1 1-1cnoJ1b30BaHbl MSTOAbl 

npel..ll-131-10HHOro onpeASI18Hl-1fl 41-1Cila KJ18TOK, l-1CCI18AY8MblX Ha KJlOHoreHHYIO 

cnoco6HOCTb. Marples 1,1 Joiner [12), 1,1cnOJ1b3Yfl MSTOA A1-1HaMl-148CKOro 

2 

.. 

KOMnblOTepHOro Ml-1KpOCKOnl-148CKOf0 CKaH1-1poBaHl-1fl, n03B0Jlfll01.1.18fO T04HO, 

cp1-1KCl-1pOBaTb noJlO}KSHl-18 OTASJlbHbl,X np1-1Kpenl-1BWl-1XCfl KJ18TOK 1,1 

npOCJ18}1{1,1BaTb cpopM1-1pOBaHl-1e KOJ10Hl-1tit 1,13 Ka)K,[!Otit 1,13 Hl-1X, Ha aCl-1HXpOHHOtit 

nonyilfll.11-11-1 KJ18TOK Kl-1TatitCKOro X0Mfl4Ka V-79-379A, 06J1Y48HHblX 
, ' 

peHTr8HOBCKl-1Ml,1 nyYaMl-1, noKa3aill-1, 4TO A030Bafl Kpl-1Bafl B A1-1ana30He 1-10 rp 

xopowo onl-1CblBaeTCfl Jll-1HetitHO-KB8APaTl-14HOtit MOASilblO, OAHaKO npl-1 A03aX 

H1-1}Ke 0,6 rp 3cpcpeKTl-1BH~cTb 0611Y4eH1-1fl 6b111a 3Ha41-1TeJ1bHo Bb1we 

0}1{1-1AaSMOtit (p1-1c.1) .. no3AHee aHaJlOfl,14Hbl8 pe3yilbTaTbl 6b1Jll,1 noJ1Y48Hbl Ha 

HeCKOJlbKl-1X Jll-1Hl-1flX KJ18TOK, npl-148M 6b1Jla ycTaHOBJleHa KOppeI1fll..ll-1fl Me)K,[ly 

Bblpa}KSHHOCTblO 3TOro cpeHOMeHa i,, paAl-104yBCTBl-1T8JlbHOCTblO KJ18TOK -- 48M 

paAl-10pe31-1CT8HTHetit KJlSTKl-1, TeM Cl-1JlbHee y Hl-1X Bblpa}KeHa 

paAl-104YBCTBl-1T8JlbHOCTb np1,1 MailblX A03aX [13]. OAHOBpeMeHHO 6b1Jl0 

ycTaHOBJ18HO, 4TO nOBblUJ_SHl-18 paAl-!Op831-1CTeHTHOCTl-1 HS CBfl3aHo C 

1,13M8H8Hl-18M npOABl-1}1{8Hl-1fl KJ18TOK no KJ18T04HOMY l..ll-1KI1Y np1,1 YB8Jl1,148Hl-11,1 

A03bl 0611yYeHl-1fl [12f O6Hap~eHHafl A030Bafl 3aBl-1Cl-1MOCTb, no MHSHl-1!0 

aaTOpOB [12-14], 06yc110BJ18Ha 1-1HAYl..ll-161-1JlbHOtit penapa41-1etit 1-111i.1 CTpecCOBblM 

OTBSTOM o6ny4eHHblX KJ18TOK: MaJlble A03bl 6onee 3cpcp8KTl-1BHbl Ha 8Al-1Hl-1LIY 

A03bl, 48M BblCOKl-18, T.K. He06XOAl-1M AOCTaT04Hbltit ypoaeHb noape)K,[leHl-1fl Ailfl 

3anycKa penapa1..11-10HHblX Cl-1CTeM 1,1111,1 APYfl-1X paAl-103al.l.ll-1THblX MexaHl-13MOB. 

I/ICXOAfl 1-13 :frotit rnnoTe3bl 3Ta aHOMailbHafl A030Bafl 3aBl-1Cl-1MOCTb 6b1Jla 

o603Ha4eHa Kai< rnnep4yBCTBl-1T8JlbHOCTb (r4} np1,1 MaJlblX A03aX 1-1 

1-1HAYLll-1POBaHHafl paA1-10pe31-1CT8HTHOCTb (VIP) npl-1 60JlbWl-1X A03aX. 

TaKl-1M o6pa30M, KaK B l..ll-1TOJ10fl,148CKl-1X l-1CCI18AOBaHl-1flX, TaK 1-1 np1,1 

l-13Y48Hl-11-1 KJlOHOfeHHOtit cnoco6HOCT1,1 KJ18TOK npel\l-131-10HHblMl,1 M8TOAaM1r1 

noKa3aH CJlO}l{Hbltit H8Jll-1HetitHbltit xapaKTep A030B0tit 3aBlr1Cl-1MOCTl-1 np1r1 Hlr13Kl-1X 

ypOBHflX 06J1Y48Hl-1fl, OAHaKO Hl,1 Te, Hlr1 APYfl-18 l-1CCI18AOBaHlr1fl He AalOT 

OCHOBaHlr1fl Ailfl Bbl6opa 8Alr1HOtit KOHL1en1..11r11-1 61r10J10fl,148CKOro AStitCTBl-1fl MaJlblX 

A03, XOTfl 60JlbWlr1HCTBO aBTOpOB OTAaST npeAn04T8Hl-18 penapa1..11r10HHOtit 

rnnoTe3e. 

, B HaCTOfll.l.lSM lr1CCJ18AOBaHlr1" Mbl CTaBlr1Jllr1 nepe,i:\ co6otit 3aAa4y 

lr13Y48Hlr1fl cpeHOMeHa r4/I/IP,. o6Hap~eHHOf0 no Bbl}Kl-1Ba8MOCTl-1 KI18TOK, C 

nOMOLl.lblO L1l-1TOreHe,:1,14ecKlr1X MSTOAOB. nocKOilbKY Ailfl noJ1Y48Hlr1fl 
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eTarnern4eeKIII p,oernsepHOL1 IIIHq:JOpMaL\111111 no OL\eHKe L\IIITOreHen14eeKIIIX 

3cp¢.eKTOB MaJlblX ,IJ,03 . Heo6xop,111MO 111eeJ1ep,osaTb 6~JlbWOe •. KOJ11114eerno 

,o,emn.4111xeS1 KfleTOK 11 Y\.IIIITblBaR Tpyp,oeMKOeTb Merncpa3Horo MeTOp,a aHaJ11113a 

a6eppaL\IIIL1 xpoMOeOM, Mbl np111MeHS1Jllll aHacpa3HblL1 MeTO,IJ,, n03BOJlS1l0ll\lllL1 

aHaJlllt3111pOBaTb HeeKOJlbKO TbleS14 MIIIT030B Ha ,IJ,03Y, 

MaTep111aI1bl Ill MeTO,IJ,IIIKa 

l/1eeI1ep,osaHIIIS1 npOBO,IJ,IIIJllll Ha KfleTKax KIIITaC1eKoro XOMS14Ka JllllHIIIIII V-79, 

Ky'Ilbn1BlllpyeMblX B eTaHp,apTHblX yeflOBIIIRX Ha epep,e 1/lma MEM e 

p,06asJ1eH11teM 10% 3M6p11toHaflbHOL1 eblBOpOTKlll 1; aHrn611tOT"1KOB. 

,[\IlR np111rOTOBileH11tS1 L\IIITOJlOrllt4eeKIIIX npenapaTOB KfleTKIII paeeeBaJlllt .B 

610Kebl e nOKpOBHblMIII eTeKilaMIII pa3MepOM 18x18 no (3-5)x105 KfleTOK Ha 6~Ke 

3a eYTKIII ,IJ,0 o6Jly4eHIIIS1. Pap,11taL\IIIOHHoe B03,D,ei1eTBllte oeyll\eeTBilS1Jllll e 
• 0. • • ' • 

noMOll\blO y-11y4e11 6°Co np111 MOll\HOern ,IJ,03bl 18 erp/MIIIH. 4epe3 3, 10 Ill 20 4 

noefle 06J1y4eH11tS1 eTeKila cp111Ke111posaJ1111 eMeeblO MernJ1osoro en111prn 111 

11ep,S1HOL1 yKeyeHOL1 KllteJlOTbl (3:1) Ill OKpaw111saJ1111 aL1eTOopee111HOM. 

Onpep,eflRJllll npOL\eHT Kfle,:oK e MOeTaMIII Ill aL1eHTp1114eeK11tMIII cpparMeHTaMIII (3 

111 10 4 noefle 06I1Y\.leH111S1) 111 e MIIIKpoS1p,paM111 (20 4 noefle 06J1y4eH111S1). 

Bee npenapaTbl e411tTaJ1111 s 3aw111cpposaHHOM 0111,0,e .. Ha ~a>K,D,ylO p,03y 

111enoJ1b30BaI1111 no YeTblpe. napaI1J1eflbHblX npo6bl Ill npoe4111Tbl88Jllll 3-5 Tble. 

aHacpa3 lllflllt 15-20Tble. IIIHTepcpa3HblX KfleTOK P,IlR MIIIKPORP,epHoro Teem. 

OnblTbl eTaBIIIJlllt B p,syx-Tpex nosTOpHoeTRX. 

Pe3yilbTaTbl Ill 06cy)l(AeH111e 

P111e.2a Ill 26 OTpa)l{alOT 3as111e11tMOeTb KOI11114eerna KfleTOK e 

XpOMOeOMHblMIII a6eppaL\IIIS1MIII OT ,IJ,03bl 06Jly4eHIIIS1 eooTBeTeTBeHHO 4epe3 10 

Ill 3 4aea noefle pa,o,lllaL\IIIOHHOro B03,D,eC1eTBIIIS1. TaKIIIM o6pa30M, B nepBOM 

eJ1y4ae 8H8Jllll3111PYIOTeS1 KfleTKIII, o6Jly4eHHble npe111Myll\eerneHHO B S-cpa3e 

MIIITOTlll4eeKoro L\IIIKfla, BO BTOPOM - B G2 -cpa3e. 
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P1-1c. 1. 6b\)K\.1BaeMOCTb KneTOK K\.1Ta~CKOrD 
XOMA4Ka n1-1H\.1\.1 V-79-379A noche peHrreHO
BCKoro o6ny4eH\.1A 250 KB. \.13MepeHHaA Mern
AOM KOMnb\OTepHoro M\.1KpOCKOn\.14eCKOro 
CKaH1-1-poBaH\.1A . .QaHHble \.13 pa60Tbl [12] 
no oc1-1 a6cL11-1cc - A03a o6ny4eH1-1A. rp: no om 
OPAl-1HaT - AOnA Bb\)K\.18W\.1X meTOK 

20 -1 /2 
16~ ~# 
121vA~ 

8 l 
1 

41 
ti 

0 j_ , .,--r~r- ---r-,--
0 20 ' . ,--,---, 40 60 80 ' ' 100 12 

P1-1c. 2. 3as1,1c1,1MOCTb Bb\XOAa meroK K\,ITa~CKOrD XOMA4Ka c xpoMOCOMHb\M\,I a6eppaL11,1AM\.1 

OT A03bl o6ny4eH\,IA. . . 
A' speMA qJ1,1KCaL11,11,1 104 nocne o6ny4eH1,1R (rp1-1 3KcnepviMeHra): 5 - speMA qi1-1KcaL1~1-1 34 

nocne 06ny4e1:mA (ABa 3KcnepviMeHra). 
no ·oct-i · a6c~1-1cc ·_ AOJa o6ny4eHl-1A, crp: no om opA1,1Har· -.AonA KneroK c a6eppaL11-1AM1-1 ( % ) 
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Ha pL-1c.2a (BpeMH q:>L-1KC8l.lL-1L-1 10 lj n':cne 06nyYeHL-1H) nOK838Hbl 

pe3ynbTaTbl Tpex He38BL-1CL-1MbIX 3KCnepL-1MeHTOB. npo1..1eHT KneTOK C 

xpoMOCOMHblMIII a6eppa1..1111HMIII BO Bcex cnyYaHX yBenl/lYIIIBaeTCH B p,111ana30He 

0-20 crp, nocne yero P,OCTOBepHO CHlll}l{8eTCH IIIHOrp,a nOYTIII p,o KOHTpom,Horo 

ypciBHR np111 P,038X BblWe 30 crp pap,111ope3111CTeHTHOCTb KneTOK B03pacrneT, 111 

Ha6mop,aeTCH n111HelllHOe yBen111YeH111e YIIICna KneTOK C a6eppa1..1111HMIII, OP,HaKO C 

MeHbWIIIM H8KnOHOM, YeM B IIIHTepBane 0-20 crp. <!)a3a r4 np111 0-20 crp B 

pa3HblX 3KCnep111MeHTaX Bblpa}l{eHa B pa3HOIII CTeneHIII, HaYanbHbllll HaKnOH 

KplllBblX 3H8'-ll/lTenbHO pa3n111YaeTCH, YTO, B03MO}l{H0, CBH38HO C P,OCTaTO'-lHO 

6onbWIIIM IIIHTepBanoM 111ccnep,0BaHHblX P,03. HaKnOH KPIIIBblX, 0Tp8}1{8IOU\IIIIII 

vlP KneTOK, B 060111x OnblT8X OP,IIIH8KOB Ill orn111YaeTCH OT nepBOHaYanbHOro 

HaKnoHa B 1,3-2 pa3a (rn6n1111..1a). 

Ha p111c.26 (BpeMH cp~Kca1..1111111 3Y nocne 06nyYeH111H) npep,crnBneHbl 

pe3ynbTaTbl P,BYX OnblTOB, B KOTOpblX cpeHOMeH r4/v1P npaKTI/IYeCKIII He 

Bblpa}l{eH. Pap,IIIOYYBCTBIIITeJlbHOCTb B IIIHTepBane 0-20 crp (r4) npOHBnHeTCH 

np111MepHO B TOI/I }Ke CTeneHIII, YTO Ill y KneTOK, o6nyYeHf:)blX B S-cpa3e, OP,H8KO 

nocne HeKOTOporo HapyweHIIIH n111HelllHOCTIII KPIIIBOIII P,03a-3cpq:>eKT ee HaKnOH 

npaKrnYeCKIII He MeHHeTCH, T.e. cpa3a v1P oTcyTcrnyeT (rn6n1111..1a). np111 p,03ax 

BblWe 20 crp KneTKIII, o6nyYeHHble B G2, HBnHIOTCH ·3H8'-llllTenbHO 6onee 

pap,1110'-lyBCTBIIITenbHblMIII, YeM KneTKIII, nop,BeprnyTble pap,111a1..11110HHOMY 

B03P,el/lCTBIIIIO B S-cpa3e. 3TO p,aeT OCHOB8Hllle nonaraTb, YTO pa3n111Yllle B 

pap,IIIOYYBCTBIIITenbHOCTIII cpa3 KneTO'-lHOro l.llllKna o6ycnoBneHO cnoco6HOCTblO 

KneTOK nepexop,111Tb OT cpa3bl r4 K 111P, p,nH JanycKa }Ke npo1..1eccoB 

IIIHP,Yl.11116111nbHOIII penapa1..1111111 Tpe6yeTCH P,OCTaTO'-lHO 6onbwoe BpeMH, no 

Kpa111He111 Mepe 6onbwe Tpex YacoB. 

Ami 01..1eHKIII 1..1111rnreHeT111YecK111x nospe>KAeH111111 KneTOK 3a secb 

MIIITOTIIIYeCKIIIIII l.llllKn np111 p,el/lCTBIIIIII y-1113nyYeHll!H B pa3HblX P,038X 6bln 

_1,1cnonb3088H MIIIKPOHP,epHbllll TeCT, HBnHIOU\li!IIICH HenpHMblM li!HP,IIIK8TOpOM 

noBpe}l{J\eHll!H xpoMOCOM. Ha p111c.3 noKa38Hbl pe3ynbTaTbl p,syx T8Kli!X OnblTOB. 

npo1..1eHT KneTOK C Mli!KpOHp,paMIII nll!HelllHO B03pacTaeT BO BCeM p,111ana30He 

111ccnep,osaHHblX P,03. He 6bln0 o6Hap~eHO P,030He38Bli!Cli!MOro yYaCTKa, 
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Ta6nL-11..1a. 111HP,YKLl11H KneTOK C xpOMOCOMHblML-1 a6eppa1..1L-1HML-1 Ha ep,I/IHIIILIY 
P,036I nocne o6nyYeHL-1H y-nyYaMII! 6°Co (KneTKIII KL-1Tal/lCKOro XOMHYKa, V-79) 

BpeMH NQ v1HTepsan p,03 4L-1cno KneTOK c COOTHOWeHL-1e 
q:>L-1KC8l.lL-1L-1 KplllBOIII (crp) a6epp8L1L-1HML-1/crp H8KnOHOB KplllBblX 
• nocne 

06nyYeHL-1H 
(Yac) 

10 1 0-20 . 0,2 2,2 
30-200 0,09 

2 0-20 0,115 1,3 
30-200 0,09 

3 0-20 0,1 1 
30-50 0,1 

3 1 0-20 0,145 1 
20-100 0,15 

2 0-10 0,14 1 
20-100 0,143 

12 
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:kA/c 
0 50 100 150 200 250 

P11c. 3. 3aBl1Cl1MOCTb BblXOJ:18 KneTOK Kl1Ta~CKOro XOMR4K8 C Ml1KpORAP8Ml1 OT J:1O3bl 

o6ny4eHl1R (ABa 3KCnep11MeHTa). 
no OCl1 a6Cl.ll1CC - AO3a o6ny4eHl1R, crp: no OCl1 OPA11HaT - KneTKl1 C M11KpORAP8Ml1 (%). 
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noKa3aHHOro no 3TOMY Kp1,nep"1!0 Ha cp1,16po6naeTaX K"1Ta'1eKoro XOMH4Ka 

J:1pyro'1 Il"1H"1"1 [7]. 

noeKOilbKY 60!lbW8l'I 4aeTb KI1eToK B ae11HxpoHH0'1 nonynm-11,11,1 

1,1enOI1b30B8HH0'1 H8M"1 Jll,1HJ,11,1 HaXOJ:1"1TeH B S-q>a3e, MO>KHO 6b1Il0 O>K"1J:18Tb, 4TO 

q>eHoMeH rt-l/111P J:IO!l>KeH 6b1Tb 38q>"1Ke"1pOBaH 1,1 no M"1KpOHJ:1epHOMY TeeTY, 

3TO K8>KYl.l..l~eeH npornsope41,1e, sepOHTHO, MO>KHO o6bHeH"1Tb 

HeeKOilbK"1M"1 np"14"1H8M"1: M"1KpOHJ:lpa q>OpM1,1pyt0Tel'1 1,13 a4eHTp1,14eeK"1X 

q>parMeHTOB 1,1 OTeTaBW"1X xpOMOeOM, KJleTK"1 >Ke, "1Met01.1..11,1e MOeTbl, He 

Y4"1TblB8l0TeH e nOMOl.l..lblO 3TOro Teem; HeKoTOpaH 4aeTb KJleTOK e 

xpoMoeOMHblMl,1 a6eppa4"1HM"1, 06H8PY>K"1BaeMblM"1 B aHaq>a3e, sepOHTHO 

norn6aeT s npo1..1eeee nepsoro M"1To3a, a 3a 20 4 KaKaH-TO 4aeTb KileTOK Moma 

noJ:1eI1J.1TbeH J:1B8>KJ:lbl. Bee BblWeeKa3aHHOe xopowo eomaeyeTeH e TeM 

q>aKTOM, 4TO B KOHTpone KOI1"14eerno KJleTOK e a6eppa4"1S'IM"1 npeBblWaeT 

KOI1"14eeTBO KJleTOK e M"1KpOHJ:IP8M"1 B 6-8 pa3. C!leJ:IOBaTe!lbHO, 

M"1KpOHJ:1epHbl'1 TeeT Y4"1TblBaeT He see l..\"1TOreHern4eeK"1e nospe)KJ:leHJ.11'1 "1 

s:lBill'leTeH 3H84"1Te!lbHO MeHee T04HblM "1 "1Hq>OpMarnBHblM, 4eM noAe4eT 

KJleTOK e xpOMOeOMHblM"1_a6eppa41,1HM"1. K _TaKOMy >Ke BblBOAY np1,1wen aBTOp 

pa6oTbl [15], KOTOpb1'1 TaK>Ke Ha KJleTKax K"1Ta'1eKoro XOMS'l4Ka Il"1H"1"1 V-79 no 

M"1KpOHJ:1epHOMY TeeTY noKa3a!l 3H84"1TeilbHO MeHbW"1'1 8J:1anrnBHbl'1 OTBeT, 

4eM no 4aeTOTe eeeTp"1HeK"1X xpOM8T"1J:1HblX o6MeHOB. 

TaK"1M o6pa30M, noKa3aHHb1'1 no K!lOHoreHHo'1 enoeo6Hoern K!leTOK V-

79 nepeXOA OT rt-I K 1,1p e yseI1"14eH"1eM J:103bl, eonpOBO>KJ:18!01.1..1"1'1eH 

eH"1>KeH"1eM aq>q>eKT"1BHOern o6ny4eH"1s:l Ha eA"1H"11..\Y J:103bl np"1MepHO B 2 pa3a, 

xopowo . soenp0"13BOJ:1"1TeH. no l..\"1TOilOrn4eeK"1M Kp"1:rep"1HM. 111HAYKL\"1l'I 

XPOMOeOMHblX nospe)KJ:leHJ.111 B q>a3aX rt-I 1,1 1,1p Ha eA"1H"11..\Y J:103bl TaK>Ke 

pa3!1"14aeTes:l B 1,3-2 pa3a. OAH8KO een1,1 no Bbl)KJ,1BaeMoern KileTOK V-79 B • 

J:l"18na30He 20-50 erp "1MeeT MeeTO nnaTO - J:1030He3aB"1e"1Mbl'1 y4aeTOK, TO no 

"1HAYKl..\"1"1 xpoMoeOMHblX nospe)KJ:leH"1'1 B 3TOM "1HTepsane J:103 YAaeTeH 

Bbll'IBl,1Tb 06parnyt0 38B"1e"1MOeTb OT J:103bl _- np1,1 J:I03e 30 erp KOI1"14eeTBO 

KileTOK e xpOMOeOMHblMl,1 a6eppa4"1HM"1 MeHbWe, 4eM np1,1 J:103e 20 erp, a B 
. . ·.' . . 

HeKoTOpblX eI1Y48l'IX naAaeT J:10 KOHipOilbHOFO YP0BHH. 
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np1,1 aHaJ11,13e 3TOro l'IBJleHl,11'1 B np"1Hl..\"1ne MO>KHO eJ:1eI1aTb ABa 

pa3!1"14HblX npeJ:1nOilO>KeH"1l'I OTHOe"1Te!lbHO np"14"1Hbl r4/111P. r4 MO>KeT 661Tb 

pe3y!lbTaTOM B03H"1KHOBeH"1l'I 60JlbWero 41,1ena nospe)KJ:let-i1,1'1 Ha eJ:1"1H"11..\Y 

J:103bl np1,1 Ma!lblX J:I03ax, 4eM np1,1. 60JlbW"1X, 1,1 6onee npaBAOnOA06Hoe 1,1 

JlOr"14HOe: r4 - eI1eJ:1eTB"1e OTeyTeTB"1H J,1!11,1 HenOilHOL1eHHOeT"1 penapa41,11,1 

paJ:11,1a41,10HHblX nospe>KJ:1eH1,111 np1,1 Manb1x A0Jax. B no!lb3Y noeneAHero 

npeJ:1nono>KeH"1H eB"1J:1eTeI1beTByeT •pe3K0e eH"1>KeH"1e K0I1"14eerna 

reHern4eeK1,1x nospe)KJ:leH1,1'1 noene J:I03bl 20 erp 1,1 noeneJ:1yt01.1..1ee noBblUJeH1,1e 

paJ:1"10pe3J,1eTeHTH0eT"1. 

TaK"1M o6pa3oM, Ha oeH0B8H"1"1 eo6eTBeHHblX pe3y!lbTaTOB 1,1 

eonoeTaBileHJ.11'1 "1X 0 e "1Mel01.1..1"1M"1eH Il"1TepaTypHblMl,1 AaHHblM"1 Mbl nonaraeM, 

4T0 "13MeHeH"1e paJ:1"10pe31,1eTeHTH0ern KJleTOK noene onpeJ:leileHH0ro ypoBRH 

nospe)KJ:leHl,11'1 eBs:l38H0 e "1HAYl..l"16"1JlbH0'1 penapa41,1e'1 1,1 no eB0eMy 

npOHBileHJ.1!0 aHanorn4H0 aJ:1anT"1BH0My OTBeTy, noKa3aHHOMY paHee Ha 

I1"1Mq>o41,1Tax nep1,1q,ep1,14eeK0'1 Kpos1,1 [16] 1,1 no3>Ke Ha J:lpyrnx rnnax KileTOK 

[15,16]. B HaeTOHL1..1ee BpeMH HaKann1,1saeTeH Bee 60JlbUJe 3Kenep"1MeHTa!lbHblX 

AaHHblX, eB"1J:1eTellbeTByt01.1..11,1x 06 061.1..1Hoern MexaH"13M0B, I1e>Ka1.1..11,1x B oeH0Be 

q>eHOMeHa r4/1,1P 1,1 aAanT"1BH0ro OTBeTa, 1,1 06 "1X eBH3"1 e npo1..1eeeaM"1 

penapa41,11,1_ ,Q!ll'I pa3B"1T"1H 1,1P TaK >Ke, KaK 1,1 J:\Ill'I npOHBJleHJ.11'1 aAanrnBH0ro 

OTBeTa, , Tpe6yeTeH 6-8 4ae0B [17]. L\"1KilOreKe"1M"1J:l [14,18] 1,1 3-

aM"1H06eH3aM"1J:l [19,20] 6IlOK"1PYIOT pa3B"1rne 1,1P 1,1 aAanrnBH0ro 0TBeTa, 4T0 

yKa3blBbleT Ha esH3b arnx HBI1eH1,1'1 e npo1..1eeeaM1,1 penapa41,11,1, KpoMe TOro, 

Il"1H"1"1 KJleTOK, J:1eq>J.1L1"1THble no periapa41,11,1 ABYH"1TeBblX pa3pb1B0B ,QHK 1,1 no 

3Kel..\"13"10HH0'1 penapa41,11,1 "1Me!OT 3KenoHeH4"1aI1bHYIO Kp"1BYIO Bbl)KJ,1BaeMoern; 

B TO >Ke BpeMH J:l!ll'I KileTOK, J:1eq>"11..\"1THblX no penapa41,1v1 0J:IH0H"1TeBblX 

pa3pb1B0B, xapaKTepeH nepexoA OT r4 K 111P [21]. 

Bee aTo AaeT oeHosaH1,1e nonaraTb, 4TO 111P noene o6ny4eH"1H Ma!lblM"1 

J:I03aM"1 · eBH3aHa e BOeeTaHOBJleH"1eM ABYHl1TeBblX pa3pb1B0B ,QHK "1 

3Kel..\"13"10HH0'1 penapa41,1e'1. TOT q>aKT, 4T0 q>eHOMeH rt-l/111P xopowo 

Boenp0"13B0J:l"1TeH no Kp"1Tep"1!0 "1HJ:IYKl..\"1"1 KJleTOK e xp0M0e0MHblMl,1 

a6eppa4"1HM"1, TaK>Ke eBvtJ:leTe!lbeTByeT B nOilb3Y 3T0ro nono>KeHJ.11'1. 
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