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OEW:Afl XAPAKTEPMCTIIKA PAliOTbl 

AKTVllJILHOCTL pa60TLI 

IIp11 ncex nne'laTJIHIOm11x ycnexax 611onor1111 11 reHeTIIKll 3a nocnenH11e necHTIIJieTIIH, 

onpeneneHlle CTpYKTYPHOii opraHll33nllll xpoManrna B Hnpe 3YKap110TH'leCKOH KJleTKll OCTaeTCH 

BonpocoM, no KOHna HeperneHHLIM. ,[{e30KC11p1160HYKJieHHOBaH KHCJIOTa (,[{HK) - 3TO 

HeBepOHTHO MIIHHM noJI11MepHaH MOJieKyna, HaxoMmaHcH B O'leHL KOMnaKTHOM Mpe KJleTKll. 

MHOroKpaTHOe COKpameHne mrneiiHLIX pa3Mep0B ,[{HK o6ecne'IHBaeTCH ee ynaKOBKOH B 

xpoMaTHH C noMomr,10 cnen11aJILHLIX apx11TeKTypHLIX 6eJIKOB. Hanp11Mep, eCJIH pacnaKOBaTL 

reHOM 11enoBeKa, TO em MIIHa COCTaBIIT 2 MeTpa, B TO npeMH KaK nnaMeTp Mpa MeHLIIIe 10 

MIIKpOH, a caMLIH 6onr,rnoii, H3BeCTHLIH Ha naHHLiii MOMeHT, reHOM B 200 pa3 6onr,rne, 'leM y 

qenoBeKa (Amoeba dubia). 

KpoMe xpaHeHIIH reHeTH'leCKOii IIH<fiopMan11n, B nep11on IIHTep<fia3LI B Mpe KJleTKII 

ocymeCTBJIHIOTCll CJIOlKHLie nponeccr,1 6nOCIIHTe3a ,[{HK, a TaKlKe C'IIITLIBaH11e HH1popMann11 0 

CTPYKType 6enKa. Bee 3TII <iiYHK!lllll ocymeCTBJIHIOTCll 3a peKopnHo KOpOTKOe BpeMH. 3TO 

npnnon11T K TOMY, 'ITO HHTh ,[{HK noJilKHa O'leHL 6LICTPO pacnaKOBLIBaTLCH, 'IT06r,1 HYlKHLIH 

yqacTOK reHa MOr 6LITL C'IIITaH. C npyroii CTOpOHLI MaKpOMOJieKyna ,[{HK ynolKeHa B O'leHL 

He60JILIIIOM 061,eMe, nopllnKa HeCKOJILKHX MIIKpOH. IIpennonaraeTCH, 'ITO 3TO CBll3aHO C 

npHH!lll!IaMII TPaHCIIOPTa, KOTOpLie HanpllMyIO CBl!JaHLI II 011penelli!IOTCH oco6eHHOCTllMH 

CTPyKTypHOii YKJIMKll xpoMaTIIHa. IIoHHMaH, KaK pa6oTaIOT, Te mm HHL!e reHLI n COCTaBe 

,[{HK, MLI BCe eme He 3HaeM ncex IIpHH!llf!IOB ynaKOBKII xpoMaT!fHa B Mpe. 

C onHoii CTOpOHLI, CTPYKTYPHM opraHIIJanllll xpoMaT11Ha 11p11non11T B BLICIIIeii CTeIIeHII 

ero KOMIIaKTHOCTII, a C npyroii, K CIIOC06HOCT!f 6LICTPOH pac11aKOBKlf ,[{HK. BalKHO OTMeTIITL, 

'ITO 3a'laCTyro IIMeHHO 3TII nna <fiaKTopa <fiopMIIPyIOT CTPYKTYPHLiii If <iiYHKnllOHaJILHLiii nHJaiiH 

opraHll3MOB. IIepBLiii lf3 HlfX - 3TO CTpeMJieHlle K MaKClfMaJILHOii MeTa6oJI!f'leCKOii 

CIIOC06HOCTII, IIOCKOJILKY OH IIp0113BOnlfT 3Hepr11IO II semecTBa, Heo6xon11ML1e n= 

IIOMeplKaHHll H BOCIIpOll3BeneHHll lKH3HII. ,[{OCTllraeTCll 3TO 3a C'leT yseJill'leHHll IIJiomanlf 

IIOBepXHOCTII, qepe3 KOTOpyIO IIpOIICXOnttT o6MeH pecypcaMII C OKpYlKaIOmeii cpenoii. Bropoii 

<fiaKTOp - ynerr11'leH11e BHYTPeHHeii 3<ficpeKTlfBHOCTlf 3a C'leT YMeHLIIIeHHll pacCTOllHllll, Ha 

KOTOpoe TPaHCIIOpTllpyIOTCH MaTep11arrr,1, If, crrenosaTeJILHO, BpeMH, Heo6xon11Moe n= 

TPaHCIIOpTa [1]. 3Ta TeHneH!lllll K YMeHLIIIeHIIIO 11p11non11T K KOMIIaKTIIJan1111 lKHBOii CIICTeMLI, 

lfHLIMII CJIOBaMlf, K MIIHIIMH3an1111 061,eMa. 3TII nsa <fiaKTopa HBJIHIOTCll 11pOTIIBOIIOJIOlKHL!Mlf 

npyr npyry, 11 Mop<fiorrorlfH lKIIBoro opraHIIJMa, <fiopM11pyromerocll 110n BJillllHlleM nnyx 

11pOTIIB06opcTByIOm11x !ii-~--,fff-----!ffl,----1111yro n= BL!lKIIBaHllll <fiopMy. 

KpoMe mm, 11pocrorn BMilb~oif& l~inMi~~ll llileTCll TPeTLlfM, He MeHee 

BalKHLIM csoiicrnoM, K KOTopoM~)l!gj~JABT~. B 11p one CTPYKTYPLI 3aqacTyro 

OH.HU 



reHep11pyroTCJI MH0roKpaTHblM Il0BT0peHlleM 0):IH0f0 II Toro )Ke MOpcporeHCTllqecKOfO 

MeXaHll3Ma, Hanp11Mep, BCTBJieHllll. Ha116onee HafJlll):IHOH pean113an11eil: 3T0fO np11Hll11Ila 

llBJlllTl,Cll ):lepeB0. OHO paCTCT TaKIIM o6pa30M, ~o Ha Ka,KJ:I0M CJieJ:lyroIUeM yp0BHe BCTBJieHlfll, 

C)'MMa KBMpaTOB PMIIYC0B BCT0K paBHa KBMpary pa]:111yca BCTBII, 113 KOTOpoil: np01130IIIJl0 

BeTBJieH11e. PeKKypeHTHoe caoil:CTBO, on11c1,1aaJOIU11e poCT ]:lepeaa 61,mo 3aMeqeHo eIUe 

JleoHapJ:10 ,n:a B11Hq11 [2]. 

YnaKOBKa ,n:HK np0IICX0):llfT B HeCK0JibK0 3TanoB. Ha116onee 113yqeHHOH cq11TaeTCll 

HYKJie0C0MHaJI CTpYKTYPa IIHTepcpa3HOfO xpoMamHa, a TO BpeMll KaK ero KpynHOMaCIIITa6HaJI 

CTpYKTypa Ha cero]:IHJIIIIHIIH M0MeHT ):I0CT0BepH0 Hell3BeCTHa. ToqHo 113BeCTH0, ~o 

J:1Bycn11panbHaJI HIITh ,n:HK HaMaTbIBaCTCll Ha cneQllaJil,HI,Ie 6eJIKII flfCT0Hbl, TeM CaMl,IM 

K0MilaKTll3YJIC1, a 7 pa3, o6pa3yll HYKJie0C0Ml,I. qTO KaCaCTCll cneJ:IYIOIUIIX MaCnITa6HbIX 

ypoBHeil:, TO np11Hlllllll,I IIX rrpocTpaHCTBeHHOH opramnan1111 aKTHBH0 o6c~aJOTCll Ha 

cero]:IHJIIIIHHH J:1eH1,. O):IHIIM H3 HaH6onee J:10CT0BepH1,1x II HH!pOpMaTIIBHbIX MCT0J:I0B 

IICCJie):I0BaHlfll cy6M11Kp0HHI,IX 061,eKTOB JIBJIJICTCJI MaJI0yrnoaoe pacceJIHlle HeHTpOHOB 

(MYPH), Il03B0JlllJOIUee np0B0):IHTh HCCJie):I0BaHlfll B ]:IHana30He pa3MepoB OT 1 HM ):10 l MKM. C 

noM0IUbJO MYPH M0,KH0 Y3HaT1, pa3Mep, cpopMy H BHyrpeHHJOJO CTpYKTYPY HaH0061,eKT0B. B 

0TJIHqHe OT MIIKp0CK0IIHH, MCT0J:11,J pacceJIHlfll ):laJOT HH!pOpMaQIIJO OT Bcero 061,eMa o6pa3Qa, 

~o ):leJiaCT IIX C0BeprneHH0 Heo6XO):IHMl,IMH ):IJlll H3yqeHlfll TpexMepHblX 061,eKTOB. 

B1,1c0Koe pa3perneHHe 3THX MCT0):10B J:I0CTlffaeTCll KOJIJIHManifeil: Ila]:laJOIUero Ha o6pa3en 

nyqKa H 60JII,IIIHM paCCT0JIHHeM OT o6pa3na ):10 ]:leTeKTopa, o6ecneqHBaJOIUee Bb!C0K0e yrnoBoe 

pa3perneHHe ycTaH0BKH. B pe3yn1,TaTe, CHCTeMOH K0JIJIHMaTopoB H M0H0Xp0MaTopoM 

Bl,lpe3aeTCll J:10 99% HHTeHCHBH0CTII HeHTpOHHOf0 nyqKa, ncnycKaeMoro HCTQqHHK0M, a caMH 

ycTaH0BKH M0ryT J:I0CTHfaTI, B ):IJIHHY 40 MeTp0B. 3m oco6eHHOCTH MaJI0YfJI0Bl,IX HeHTpOHHl,IX 

ycTaH0B0K HaJiaraJOT BblC0KHe Tpe6oBaHlfll Ha HeHTpOHHl,Je HCTQqHHKII II ycTaH0BKH, TaKHe KaK 

BblC0KaJI HHTeHCHBH0CTI, Heil:TpOHHl,IX nyqK0B H 60JibIIIHe pa3Mep1,1 HeHTpOHOBOJ:IHl,IX 3aJI0B. 

lfcnOJI1,30BaHHe HeHTpOHHOfO CilHH0B0f0 3Xa B MaJI0YfJI0B0M pacceJIHHH HeHTpOHOB 

Il03B0JllleT ):I06HThCJI Bl,IC0K0fO pa3peIIIeHlfll 6e3 K0JIJIIIMaQHH Ila]:laJOIUero nyqKa H nonyqaTb 

HHcpopMan11ro o Man1,1x yrnax pacceJIHIIJI Ha cpoHe npJIMoro nyqKa, nporne]:lrnero qepe3 o6pa3en. 

3TOT MeTO]:I nonyqnn Ha3BaHHe CilHH-3X0 MaJI0YfJI0B0fO pacceJIHlfll HeHTpOHOB (C3MYPH) H 

):laJI B03M0,KH0CTI, HCCJie]:I0BaTb MaTepHaJil,I B IIIHp0K0M ]:IHaila30He MaCIIITa6oB - OT 20 HM ):10 20 

MKM [3, 4]. TexHHKa C3MYPH JIBJllleTCJI OJ:IHOH 113 caMoIX 113JIIUHbIX peanH3aUHH MCT0]:la 

yn1,TpaManoyrnoBoro (YMYPH) pacceJIHlfll Heil:TpOHOB H 0Ka3anac1, KOMilJleMeHTapHoil: MCT0J:IY 

MYPH Il0CK0JlbKY 0Ha, B0-nepBbIX, paCIIIHplleT npoCTpaHCTBeHHl,lll J:1Halla30H HCCJie]:I0BaHlfll H, 
;,: :~ ' : : . ; . , . \ . , :_ -~ 

B0-BTOpbIX, Il03B0JllleT HCCJie):I0BaTb amwor KOppeJllli\HOHHOH' cpynKUHH pacceHBaJOIUefO 

061,eKTa B peanbH0M npoc-rpaHCTBe, K0TOpall HBJllleTCJI rrpeo6pa30BaHHeM XaHKeJlll OT ceqeHlfll 
. ' 4 . 
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pacceJIHlfll. McroJ:1 C3MYPH Bcer]:la ]:laeT 11HcpopMan11ro o KoppeJlllUHOHHoil: MIIHe 

HCCJie):lyeM0fO 061,eKTa, K0TOpyro HH0f]:la He y):laeTCH onpe]:leJIIITI, 113 KJiaccHqecKoro MYPH. 

lfcnon1,30BaH11e MCT0]:la C3MYPH no3B0JIIIJI HCCJie]:10BaT1, CTpYKTypY xpoMaT11Ha Ha 

MacIIITa6ax nopHJ:1Ka pa3Mepa caMoro HJ:lpa. C noM0IUbJO MCT0J:I0B C3MYPH H MYPH 

nonyqeHa CTpYKTYPHaJI HH!pOpMaQHH 06 o6IUHX npHHllllilax opraH113aQHH xpoMaTIIHa Ha Bcex 

yp0BHJIX opraHll3allll.ll. 

Uem, n 3auaq n 11cCJieuonaH11il: 

U:eJII,JO pa60Tl,I HBJllleTCH HCCJie):I0BaHHe CTpYKTYPHOH opraHll3aQIIII xpoMaTHHa B JI):lpe 

611onornqecKOH KJICTKH MeTO]:laMII MaJI0YfJI0B0fO pacceHHlfll HeHTpOHOB. 

.ll:Jlll ):I0CTH,KeHHH IlOCTaBJieHHOH nenn Heo6xo]:IHMO 61,mo peIIIHTI, CJie):lyroIUHe 3a]:laq11: 

1) IlpoaeCTH KJiaCCH!pHKaQHJO cppaKTaJil,Hl,IX 061,eKTOB K0HeqHI,JX pa3MCT0B C II0M0!Ilb!O 

MCT0]:la MaJI0YfJI0B0f0 pacceJIHIIH HeHTpOHOB. 

2) lfccne]:IOBaTb CTpYKTYPHYIO opraH113aQHJO xpoMaTHHa B Mpax KypHHl,IX 3pHTp0llHTOB 

11 B H]:lpax KJICT0K HeLa MeT0J:laMH MYPH H cnHH-3X0 MYPH. 

3) IlpoBeCTlf cpaBHeHHe CTpYKTypHOH opraH113aQHH xpoMaTIIHa B ):leJlllIUHXCH H 

He):leJlllIUHXCJI 3YKapH0THqeCKHX KJICTKax, o6Hap~HTI, o6IUHe H pa3JillqaJOIUHeCH 

xapaKTepHCTHKH. 

HayqnaH H0Bll3113 pa60Tbl 

1. BnepB1,1e MCT0J:I0M C3MYPH 61,lJla nccne]:I0BaHa CTpYKTYPHaJI opraHH3an1rn 

xpoMaTHHa B ll]:lpe ,KHBOH KJieTKH Ha MaCIIITa6ax nopH]:IKa MHKp0Ha. Pa3pa6oTaHa MeTO):IHKa 

HCCJie]:I0BaHIIH ll):lpa KJieTKH MCT0J:I0M C3MYPH. 3Ta MeTO]:IHKa B 6y]:IYIUeM M0,KeT 61,1Tb 

npHMeHeHa K H3yqeHHJO 6ecKOHeqHoro MHoroo6pa311ll 6HOJIOfHqecKHX KJieT0K H HX 

B03M0)KH0MY H3MeHeHHIO Il0):I BJIIIJIHHeM BHeIIIHHX cpaKTOpOB. 

2. ,U:JIJI 0ilHCaHlfll KpynHoMaCIIITa6HOH opraHll3allll.H xpoMaTHHa B ll]:lpax KypHHblX 

3pHTp0llll.TOB II KJICT0K HeLa pa3pa60TaHa M0]:leJib norapH!pMHqeCKOfO cppaKTana, 

xapaKTep113yroIUerocH Mepoil: µ(r) = r°r ln'\llr) c Df=3 H Ii= -1, KOTOp1,1il:, no BHJ:IHM0MY, 

HBJIJICTCJI OTJIHqllTeJil,HOH xapaKTepHCTlfKOH )KllBl,IX CHCTeM. 

3. Bnepa1,1e Il0Ka3aH0, qTQ M0]:leJII, cppaKTaJibHOH rno6yn1,1 He YJ:I0BJieTB0pHCT 

3KCnepnMeHTaJibHhlM ]:laHHhIM MaJI0yrJI0B0fO pacceJIHlfll HeHTpOHOB Ha H]:lpax 6nonornqeCKHX 

KJICT0K, B TO BpeMJI KaK, M0J:1en1, norapncpMnqecKoro cppaKTana xoporno onnc1,1BaCT 

3KcnepnMeHTaJil,Hble ]:laHHhie MYPH, a, CJie):I0BaTeJihH0, H HBJIHCTCJI xop0IIIHM np116JIH,KeH11eM 

J:IJlll 0ilHCaHlfll KpynHOMacIIITa6HOH CTpYKTYPhl xpoMaTHHa. 

4. BnepB1,1e MeT0J:1aM11 MYPH n C3MYPH noKa3aHo, qTQ CTpYKTYPHaJI opraHll3alllfll 

xpoMaTHHa B llJ:IPaX KJICTKH HeLa, aHanornqHa ):IByxypoBHeBOH cppaKTaJihHOH opraHH3aQHH 

xpoMaTHHa B H]:lpax KypllHhlX 3pHTp0llllTOB. 
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Hay1111aH H npaKTH'leCKaH JHa'IHMOCTh pa60Thl 

YcTaHOBJieHHhie B peJyJibTaTe Bb!IlOJIHeHIUI ,llaHHOH pa60Tbl JaKOHOMepHOCTII BHOCJIT 

3Haq11TeJibHblll BKJia,ll B COBpeMeHHble npe,11CTaBJieHIIJ1 0 qipaKTaJibHOH opraHII3aIJIIII xpoMaTIIHa 

B IIHTepq>a3HOM ll,llpe 611onornqecKOH KJleTKII. IlonyqeHHbie 3KCnep11MeHTaJihHbie pe3yJihTaTbl 

Moryr 6b!Tb BOCTpe6oBaHbl a HayqHhIX na6opaTOpIIJIX, 3aHIIMaIOIIJIIXCJI npo6JieMaMII reHeTIIKII 

II KJieTOqHoii 611onornll, II B 6y,11YIIJeM Moryr 6h!Tb noJie3Hbl np11 pa3pa6oTKe JieKapCTB npOTIIB 

OHKOJIOrIIII. 

OCHOBllhie noJIOlKeHHH. BblllOCilMhle Ha 3amuTy: 

1. Ilorpam1qHblH cnyqaii nepexo,11a OT 06beMHOro K noaepXHOCTHOMY qipaKTaJIY, 

xapaKTepII3yIOIIJIIHCJI 3aBIICIIMOCTbIO IIHTeHCIIBHOCTII paccellHIIJI OT nepe,11aHHOro IIMnyJibCa 

I(Q)-(l+(Q~)2r3'
2

, COOTBeTCTBYeT C3MYPH q>yttKIJIIII G(z) paBHOH y6brnaIOIIJeii 3KCnoHeHTe 

exp(-z/~), a KOppeJIJ1ljllOHHall q>yttKIJilll B o6nacTII qipaKTaJibHOro noae,11eHIIJ1 B 3TOM cnyqae 

nponopIJIIOHaJihHa ln(l;lr) 11 11MeeT Heo6bJqHoe Macnrra6Hoe caoii.CTBO y(r/a)=y(r)+ln(a), T. e. 

YMeHhIIIeHIIe MaCIIITa6a ,11aeT a,ll,!IIITIIBHyIO ,1106aBKY K KoppeJIJ1IJIIOHHOH q>yttKIJIIII, a He 

MYJibTIIIIJIIIKaTIIBHyIO, KaK B cnyqae o6beMHOro q>paKTana. 

2. Ha,!IHYKJieOCOMHall opraH113aljIIJI xpoMaTIIHa B ll,llpax KYPIIHblX 3PIITPOIJIITOB Il ll,llpax 

HeLa npe,11CTaBJIJ1eT co6oii ,11ayxypoaHeByw qipaKTaJihHyIO CTpyKTypy. MenKoMaCIIITa6Hhiii 

qipaKTaJibHblll ypoBeHh onIICbIBaeTCJI MO,lleJibIO o6beMHOro qipaKTana c pa3MepHOCTblO 

DF=2.46±0.01 B ll,llpax KypIIHhIX 3PIITPOIJIITOB II Dr2.41± 0.01 B ll,llpax HeLa. 

KpynHOMaCIIITa6HblH q>paKTaJibHblH ypoBeHh onIICbIBaeTCJI MO,lleJihlO norap11q>M11qecKoro 

qipaKTaria. 

3. CTPyKTypa norap11q>M11qecKoro q>paKTana B llJIPax HeLa npoCT11paercJ1 Ha ,11ae ,11eKa,11h1 

no IIIKaJie pa3MepoB, B TO BpeMll KaK o6beMHbIH qipaKTaJI pacnpocrpaHlleTCJI TOJlbKO Ha 0,!IHy. B 

ll,llpaX KypIIHblX 3PIITPOIJIITOB - Hao6opOT: norapIIq>MII'leCKIIH qipaKTaJI CYIIJeCTByeT B npe,11enax 

O,!IHOH ,lleKa,llhI, a 06beMHbIH qipaKTaJI pacnpoCTpaHeH Ha ,!IBe. B OTJIIIq1111 OT Jl,llep KypIIHbIX 

3PIITPOIJIITOB, ll,llpa HeLa IIMeIOT TeH,lleHljllIO arnoMep11poBaTb co BpeMeHeM. Ilp11 3TOM ll,llpa 

HeLa rny6oKo Ha 1-2 MIIKpoHa npoHIIKaIOT B coce,11Hee ll,llpo B npoIJecce arnoMepaIJIIH. 

4. IlOKa3aHO, qTQ MO,lleJih qipaKTaJihHOH rno6ynhl, npoCTpaHCTBeHHall CTpyKTypa KOTOpoii 

onIIChIBaeTCJI TPeXMepHOH KpIIBOH rllJlb6epTa (IleaHO IlJIII ,11pyroii 3anOJIHJIIOIIJeii rrpOCTpaHCTBO 

KpIIBOH) He Y.llOBJieTBOplleT 3Kcnep11MeHTaJihHbIM ,llaHHbIM MaJIOyrJIOBOro paccellHIIJI HeiiTPOHOB 

Ha ll,llpax 611onornqeCKIIX KJieTOK. HarrpOTIIB, MO,lleJib norap11q>MII'leCKOro q>paKTaJia xopoIIIO 

onIIChIBaeT 3KCIIep11MeHTaJibHble ,llaHHhie MYPH, a, CJie,!IOBaTeJibHO, II JIBJIJleTCJI xopOIIIIIM 

np116n11JKeH11eM ,llJIJI onncaHIIJI KpynHOMacIIITa6Hoii opraHII3alJilII xpoMaT11Ha B ll,llpe 

611onor11qecKOH KJieTKII, HaxO,!IJIIIJeHCJI B IIHTepq>a3HOM COCTOJIHIIII. 
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JI 

Anpo6aunH pa6oTLI 

OcHOBHbie pe3yJihTaTbl pa60Tbl 6bIJIII npe,11CTaBJieHbl Ha HayqHhIX ceMIIHapax B <l>rliY 

ITIDI<l> HHIJ, KH (HayqHhie ceM11Hapb1 OIIKC), CII6rY, a TaKJKe Ha cne,llyJOIIJIIX pocc11iicK11x 11 

MelK,llyttapO,!IHbIX KOHq>epeHIJIIJIX: 

✓ Ha KOHq>epeHIJIIJIX no ncnOJib30BaHIIIO pacceJIHIIJI HeHTPOHOB II CIIHXPOTPOHHOro 

113nyqeH11J1 B KOH,11eHcnpoBaHHhIX cpe,11ax "PHHCH-KC -201411 PHHKC-2018; 

✓ Ha 'ICTbipex coaemaHIIJIX no ManoyrnoaoMy paccel!HIIIO HeiiTPOHOB "MYPoMeIJ" (2014, 

2015, 2016, 2017); 

✓ Ha nllTII IIIKonax IIIDI<l> HHIJ, KH no q>II3IIKe KOH,lleHc11poaaHHoro cocTOllHIIll "<l>KC" 

(2015, 2016, 2017, 2018, 2019); 

✓ Ha IV eJKero,11HOM Mono,11eJKHOM HayqHoM qiopYMe "Open Science 2017"; 

✓ Ha ,11ayx MelK,llyttapo,11Hh1x HayqHhIX IIIKOJiax "RACIRI Summer School" (2015, 2016); 

✓ Ha eaponeiicKoii HayqHoii IIIKone "HERCULES Europen School 2016"; 

✓ Ha MelK,llyttapo,11Hoii KOHq>epeHIJHII "PNCMI 2016" no paccel!HIIIO noJIJ1p113oBaHHhIX 

HeHTPOHOB B KOH,lleHCHpOBaHHbIX cpe,11ax; 

✓ Ha TPex IIIKOJiax no q>II3HKe 110JIJ1p113oaaHHhIX HeiiTPoHoB "<l>IIH" (2015, 2016, 2018); 

✓ Ha eaponeiicKoii KOHq>epeHIJIIH no HeiiTPoHHoMy pacceJ1HIIIO "ECNS 2019" 

Ily6nnKau11n no TeMe u11ccepTau11n 

OcHOBHble pe3yJibTaTbl no TeMe ,!IIICCepTaIJIIII ony6nIIKOBaHbl B 5 pa6oTax B 113,llaHIIJIX, 

peKOMeH,!IOBaHHblX BAK (4 113 KOTOpbIX IIH,lleKCIIpyIOTCJI MelK,llyttapO,!IHb!Mll CIICTeMaMII 

IJIITIIpoaaHIIJ1 Web of Science II Scopus [5-8), 11 1 11H,11eKcnpyIOTCJ1 HaIJIIOHaJihHOii 

6116n11orpaqmqecKoii 6aJoii ,11aHHhIX HayqHOro IJIITIIpoaaH11J1 PHHIJ, [9]). 

Jlll'IHh!H BKJiau aBTOpa 

Bee npe,11CTaBJieHHhie pe3yJibTaThl nonyqeHhl aBTOpOM pa60Tbl IIJIII npII ero 

Henocpe,!ICTBeHHOM yqacTIIII. Aarnp pa3pa60TaJI II paCIIIIIpIIJI KJiaCCIIq>IIKaIJIIIO qipaKTaJibHbIX 

o6beKTOB OCHOBaHHyIO Ha pe3yJibTaTax MeTO,lla Manoyrnoaoro pacceJIHIIJI HeiiTPOHOB, npoBeJI 

ace 3KcnepIIMeHThl no MYPH II npIIHIIMaJI aKTIIBHoe yqaCT11e B 3Kcnep11MeHTax no C3MYPH, 

o6pa6oTaJI, npoaHaJIIl311pOBaJI II IIHTepnpeTIIpOBaJI Bee npnBe,lleHHbJe ,llaHHhie, a TaKJKe 

no,11roTOBIIJI HayqHble ny6n11KaljIIII II ,!IOKJla,llbl. 

O6J.eM H CTOVKTypa pa60Thl. ,r(11ccepTaIJilll COCTOIIT 113 BBe,lleHIIJI, IIJITII rnaB, 

3aKJIJOqeHIIJI. IlOJIHblH o6beM ,1111ccepTaIJIIII COCTaBJIJleT 120 CTpaHIIIJ c 32 pIICyttKaMII n 1 

Ta6JIHijeii.. Cn11coK JIIITepaTypb! co,11eplKIIT 7 6 HaIIMeHOBaHIIH. 

OCHOBHOE CO,r(EP)KAHIIE PAliOTbl 

Bo uueuemm o6CyJK.llaeTCJI aKTyaJihHOCTb IICCJie,!IOBaHIIii, npOBO,llllMbIX a paMKax 

,1111ccepTaIJIIOHHOH pa60Thl, qiopMyJIIIpyIOTCJI IjeJIII II 3a,11aq11 pa6oThl, onpe,11eJieHbl o6beKThl 
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l!CCJie,AOBaHIIH. O6ocHOBh!BaeTCJI Ha)"IHaJI H0Bil3Ha II rrpaICmqecKaJI 3Haql!M0CTh rrorryqeHHhIX 

pe3yJihTaTOB. Orrl!ChIBaeTCJI CTpY!Clypa II C0,AeplKaHl!e pa60Thl. 

B rrepuoii rnaue rrpe,AcTaaneH o63op coapeMeHHoro rrpe,AcraarreHl!JI 06 opraHH3aUHH 

xpoMaTl!Ha a JI.Ape HHTepqJa3HOH 6HonomqecKOH KJICTH. fnaaa C0CT0HT H3 AByx pa3,AeJI0B. B 

rrepB0M H3JI0lKeH coapeMeHHhlll B3rJIJl,A Ha MeJIKOMaCUITa6Hyio opraHH3aumo xpoMaTHHa, a BO 

BTOp0M Ha KpyrrHOMaCIIITa6Hyio, C00TBeTCTBeHH0. MHOroKparnoe C0KpameHHe Jll!HeHHhIX 

pa3MepoB ,[(HK o6ecrreqHBaeTCJI ee yrraKOBKOH a xpoMaTHH c IT0M0!Uh!O crreuHaJihHh!X 

«apxl!TeKTypHhIX» 6enKOB. YrraKOBKa ,[(HK rrpoHCX0AHT a HeCK0JlhK0 :narroB. Han6onee 

ll3)"IeHHOii cql!TaeTCJI HYKJie0C0MHaJI CTPYICIYPa l!HTepqia3HOro xpoMarnHa, B TO BpeMll KaK ero 

KpyrrHOMaCIIITa6HaJI CTpYKTYPa Ha cero,AHJIIIIHIIH M0MCHT A0CT0BepH0 Hel!3BeCTHa. Ha 

cero,AHJIIIIHHH M0MCHT Han6onee rrorryJIJ1pHal! M0,AeJih, 0ITHCh!BaIOJUal! TPeXMepHYJO 

KOH4lHrypaun10 yrraK0BKII xpoMaTHHa B ll,Ape KJICTKII - M0,AeJib CKJia,Aq3TOH l!Jlll qipaKTaJihHOH 

rno6ynhl. B ITJITOH mane Mhl ITOAp06HO paccMaTPHBaeM M0,AeJih qipaKTaJihHOH rno6ynhI II 

M0,ACJ!h norapHqJMHqecKoro qipaKTarra, pa1pa60TaHHOH B paMKax ,AaHH0ro l!CCJie,A0BaHl!JI II 

cpaBHHBaeM B03M0lKH0CTh HX rrpHMCHHM0CTll ,AJIJI 0ITHCaHl!JI pe3yJihTaT0B MYPH Ha Ji,Apax 

6nonornqecKl!X KJICT0K. 

Bo BTOpoii rnaue orrncaHhl 0CH0BHh!e MeT0Ahl llCCJie,A0BaHl!JI, a Ta!ClKe rrpouecc 

rrpnroT0BJICHl!JI o6pa3UOB ll,Aep KJICT0K. ,[(JIJI aTTeCTaUHII uen0CTH0CTll n oueHKl! CTerreHII 

M0H0,AecrrepCH0CTII BhI,AeJieHHh!X ll,Aep l!CIT0Jih30BaJiaCh rrp0TQqffaJI UHT0MCTPl!JI ll 

KOHqJOKaJihHaJI Ml!Kp0CK0ITl!JI. OcHOBHh!Mll MeT0,AaMH l!CCJie,A0BaHl!JI B AHCCepTaUl!OHHOH 

pa6oTe 6h!JIH MeT0AhI HCHTPOHHoro pacceJ1HHJ1, a HMeHHo, KJiaccnqecKoe Marroyrnoaoe 

pacceJIHl!e HeHTPOHOB, YJihTPaMarroyrnoaoe pacceJIHl!e HeHTPOHOB II CITHH-3X0 Marroyrnouoe 

pacceJIHl!e HeHTPOHOB, K0TOphie IT03B0Jll!JIH IT0JI)"IllTh CTpYIC!YPHYJO HHqJOpMaUHIO 06 

opraHH3aUHIO xpoMaTl!Ha B ll,Ape 6nonomqeCKOH KJieTKll Ha MaCUITa6ax OT HeCK0JlhKl!X 

HaH0MCTP0B AO HCCK0JlhKHX MHKp0MeTP0B. 

B TpeTLeii rnaue Il0Ka3aHhl He,A0CTaTKH II rrp0TIIB0peqnJI cymeCTByiomeii K0HUCITUIIH 

pacceJIHl!JI Ha qipaKTaJihHh!X 061,eKTax, cqiopMHpOBaBIIIeiicJI B K0HUe xx BeKa. Ilpe,ACTaBJieH 

IT0,AX0A ,AJIJI pacqeTa KOppeJIJIUHOHHOH 4JYHKUHII, OCHOBaHHhlll Ha aHarrll3e ceqeHl!JI pacceJIHIIJI. 

B 3TOM IT0,AX0,Ae rrpOqJl!Jlh ceqeHl!JI paccel!Hl!JI HeiiTPOHOB paccMaTPHBaeTCJI KaK 

Ha6JIIO,AaeMoe CBOHCTBO qipaKTaJihHOH qacTHUhl. B M0,AeJIH )"IllTh!BaIOTCJI ABa 0CH0BHhIX 

rrapaMCTPa qaCTHUhI: KOHeqHhlll pa3Mep ~ " CTerreHh ee qipaKTaJihHOCTII 0, ACTeKTttpyeMhJe 

qepe3 rrpH3MY Marroyrnoaoro HCHTPOHHoro paccel!Hl!JI. OrrI1caHI1e oxaaThrnaeT B eAHHoii 

KapTHHe rroaepxH0CTHhJe II 061,eMHh!e qipaKTarrhl, a Ta!ClKe cnyqaii, COOTBeTCTBYJOJUllll 3aK0HY 

pacceJIHl!JI dcr/dQ - Q-3 
. KoppeJIJIUIIOHHaJI qJyttKUl!JI y(r) ,AJIJI 061,eMHhIX II rroaepxH0CTHhIX 

qipaKTarrOB 0ill!Ch!BaeTCJI o6mn~ BhlplllKeHHCM 
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J 

?--

t 

2 ( r )(D-3)/2 (r) 
y(r) = r(¥-i) ~ Kco-JJ/2 ~ , (1) 

r,Ae f(x) - faMMa 4JYHKUl!JI II K.(x) - 4JYHKUIIH MaK,AOHaJihAa n-oro rropll,AKa (Puc. I). Ilpn 

2<0<3 K0ppeJIJIUII0HHaJI 4lYHKUllll C00TBeTCTByeT 061,eMHOMY qipaKTarry c O = Om , rrpn O = 3 

norapnqiMnqecKOMY, rrpn 3 < 0 < 4 rroaepxH0CTH0MY c O = 6 - 0, (Om II O, - qipaKTarrhHhie 

10' 

10' 

10' 

101 

10• 

!ff' 
!ff' !ff. !ff' !ff' !ff' 

r/'E. 

-4 
-3.5 
-3 
-2.75 

2.5 
-2.25 

10° 

pa3MepH0CTII 061,eMHOro " 
rroaepxH0CTH0ro qipaKTaJIOB). KpoMe 

Toro, K0ppeJIJIUH0HHhie 4JYHKUHH ,AJIJI 

Heorpam1qeHHhIX qipaKTaJIOB, KaK 

061,eMHhIX, TaK " rroaepxH0CTHhIX 

C0Brra,AaIOT C aCHMITTOTHKOH rronyqeHH0ro 

BhlplllKeHHJI Yp.(1) rrpn r/~<1, r,Ae ~ -

K0ppeJIJIUH0HHaJI AJIHHa qacTl!Uhl. Ta!ClKe 

rronyqeH0 BhlplllKeHHe AJIJI 0,AHOMepHOH 

KoppeJIJ1Ul!OHHOH 4JYHKUHII G(z), K0T0pal! 

Puc.I KoppeJU11JUOHHa.J1 PYHKIJWI npu pa311blX ll3MeplleTCJI B MeT0,Ae CITIIH-3X0 MYPH, 

3Ha'le11UJ1X noKITTameJIJI cmene1111oii <jJy11KIJUU « ce<Je11uu 

MllJIOYZ!l060W pacceHIIWI D = 4, 3.5, 3, 2. 75, 2.5, 2.1 6 
K0TOpoe 0ill!ChIBaeTCJI aHarrorHqHh!M 

060UIIOM JlOzapu<jJMU'leCKUM MacUtma6e. BhlplllKCHIICM, co C,ABllr0M l!HACKCa 

4JYHKUI1ll MaK,AOHaJih,Aa II Il0Ka3aTeJIJI crerreHHOH 4JYHKUIIII Ha 1/2. Pe3yJihTaThl ,AaHHOH rnaBhl 

orry61mKOBaHhl B pa6oTe [9]. 

B 'leTBepTOU rnaue rrpe,ACTaBJICHhl pe3yJihTaTh1 l!CCJICA0BaHIIJI opraHl!3aUl!ll xpoMaTHHa B 

ll,Apax KypHHh!X 3PIITP0UHT0B. lfHTeHCIIBHOCTh Marroyrnoaoro pacceJIHl!JI HCHTPOHOB B 

,Al!aITa30He rrepe,AaHHhIX l!MITYJihC0B [10-
2 + 10-1

] nm-I Olll!Ch!BaeTCJI CTerreHHOH 4JYHKUHCH I(Q) 

- Q-D co CTerreHh!O 0=2.46±0.01 (PIie. 2). 11HTeHCHBHOCTh pacceJIHHJI HCHTPOHOB ,Anarra30He 

rrepe,AaHHh!X HMITYJihC0B [10-3 + 10-21 nm-I Ta!ClKe IIMCCT CTerreHHYJO 3aBHCHM0CTh co CTCITCHh!O 

0=3.005±0.005 (Pnc. 2). Pa3Jillqlle MClKAY CTeITeHJIMII, o6HapYlKeHHhIMH a pa3Hh!X AllaITa30Hax 

ITO rrepe,AaHH0MY HMilYJihCY Q, rrpHB0AHT K 3aKJIIO'ICHHIO 0 TOM, qTO qipaKTaJihHaJI CTpY!Clypa 

,[(HK a ll,Ape MCHJICT CBOH xapaKTep IIpll rrepexo,Ae OT Marroro MaCIIITa6a (ACCJITKH HaHOMCTPOB) 

K 6onhIIICMY MaCIIITa6y (cOTHII HaHOMCTPOB). 

,[(JIJI HCCJICA0BaHl!JI KpyrrHoMaCIIITa6HOH CTpYKTYPHOH opraHH3aunn xpoMaTHHa a ll,Ape 

lKHBOH KJieTKl! 6hm l!CIT0Jlh30BaH MeT0A CITIIH-3X0 Marroyrnoaoro pacceJIHl!JI HeHTPOHOB 

(C3MYPH). Ha PHc.3 rrpeACTaBJieHhI pe3yJihTaThI H3MepeHl!JI rroJIJ1pH3aUI1J1 P(z) Ha ll,Apax 

KypHHhIX 3PHTP0UHT0B n, ll3Bne'leHHaJI H3 Hee, C3MYPH KoppeJIJ1UH0HHaJ1 4JYHKUl!JI G(z). 

3KcrrepnMeHTaJihHhie ,AaHHhlC ,AeM0HCTPIIPYJOT 3KCilOHCHUllaJihHhlll 3aK0H G(z) = exp(-z/~) ,AJIJI 

qiyrrKUllll C3MYPH, r,Ae ~ = (3.29±0.07)·MKM - KoppeJIJ1UH0HHaJ1 AJII!Ha nccne,AyeMoro JI.Apa. 
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~ 

~ 
, .... r 

3KcnoHeHL\llaJibHall qJ)'HKL\llJI C3MYPH C00TBeTCTBYeT Ky6nqecKall 3aBHCllM0CTb ceqeHllJI 

pacceJIHllJI HeihpoHOB B np0CYpaHCTBe nepe,11aHHbIX HMnyJibC0B ll JiorapttqJMllqecKoii: 

KOppeJIJ1L1llOHHOll qJ)'HKIJllll y(r)~ln(/;/r) npll r/~<l (B o6JiaCTH qipaKTaJibHOro noBe,lleHllJI). 

D=3.005±0.005 
10'-I ' / ~ 

~ 10-' q 
105 

103 

101 

y. 
10·l 10·1 

Q,mt-1 
10' 

10-' 10;:;--.. ~~~~~~~ 10·2 10-1 100 

Q -1 
,HM 

Puc.2 Mwwy21wBoe pacceanue neiimponoB na aopax: 
KYPUHblX 3pumpo11umoB. lfnmencuBnocmb pacceanua 
neiimponoB B ouantl3one nepeoannbzx w.my;1bcoB 10-3 + 
10-2 nm-1 - oannb1e ycmanoBKU TPA LLB, CaK!le, 
<Ppan11ua. lfnmencuBnocmb pacceanua neiimponoB B 
ouantl30lle nepeOallllblX UMnyllbCOB 10-2 + 10° nm-1 -
i>aHHble ycmanoBKU PA20 LLB, CaK!le, <Ppan11ua. 

1.0 

0.8 

0.6 

HMeI01L1lleCJ1 3KCnepttMeHTaJlbHbie 

,11aHHble no MYPH H cnttH-Jxo MYPH 

npe,11CT3BJIJIIOT 

,llByxypoBHeBOll 

CJIOlKHYJO KapTHHY 

qipaKTaJibHOll 

opraHH33l\llll xp0M3TllH3 B ll,llpe. 

MeJIKOM3Cll!Ta6Hall qipaKTaJibHall 

CTPYKTYPa cooTBeTCTaye-r 06-heMHOMY 

qipaKTaey c p33MepHOCTbIO D,=2,46, a 

KpynHOM3CllIT36Hall 

norapttqiMnqecKOMY 

COOTBeTCTBYeT 

qipaKTaJIY C 

KOppeJIJ1L1llOHHOll qJ)'HKL\Heii: y(r)~ln(/;/r). 

XapaKTepHCTllKll 3TllX ,llByx 

Ha6JII0,113eMbIX THnOB opraHH33l\llll 

xpoMaTttHa 

p33JillqHbl. 

B ll,llpe 

O6-beMHblll 

COBepll!eHHO 

qJpaKTaJI 

CaMono,1106eH Ha p33Hb!X M3CIIITa6ax, 

TOr,11a KaK JiorapttqJMllqecKllll qipaKTaJI 

nepapxnqecKH ll3MeHJleTCJI npll 

M3Cll1Ta6Hp0B3Hllll [5-9]. 
c.:, 0.4 

1.0 

0.8 

0.6 

0.4 

0.2 

0.0 

-0.2 

CTpYKTypa norapttqiMnqecKoro 

0.2 
qipaKTaJia qiopMttpye-rcJ1, Ha Halli B3rJIJ1,11, 

0.0 no,11 BJillJIHlleM ,llByx qiaKTopoa: 

-0.2 M3KCllMll33l\llll nJIOIL\3,llll noaepXHOCTll 

0 2 4 6 8 10 12 14 
(,11ocrynHOCTb ,11JIJ1 BHell!HllX areHTOB) ll 

Z,MKM 

Puc.3 ll3Menenue nol!RpU3a11uu PIP0 u C3MYPH 
cuznaJ1 G B 3aBUCUMocmu om cnun-3xo OllUHbl z na 
aopax: K)'JJUHbZX 3pumpo11umoB. l{annb1e 
ov-.wncmpupy10m 3Kcnonen11uaJ1bllblU 3aKon Ol!R 
PYHKI/UU G(z) = (exp(-zl<;),;; = (3.3 ± 0.07) · Ja3 HM. 

Ml1Hl1Mll33l\llll 061,eMa (KOMnaKTHOCTb). 

MaKCllMaJibHO B03MOlKHall IlJIOIL\3,llb 

noaepXHOCTll 

,llll4lqJY3llOHHbIM 

cnoco6crnyeT 

npot1eccaM ll 

MexaHH3M3M L1eJieBoro noHCKa Jl)'lepHblX 6eJIKOB, T3KHM KaK Yp3HCKpllnl\llJI. C ,11pyroii: CTOpOHbl, 

norapttqJMHqecKHii: qipaKTaJI JIBJIJleTCJI 6onee KOMnaKTHblM, qeM o6oeMHblll qipaKTaJI, ll noJTOMY 

3qJqJeKTHBHOCTb B33llMO,llellCTBllll MelK,lly y,11aJieHHb!Mll reHOMHb!Mll JIOKYC3Mll nOBbllll3eTCJI 33 

10 

1 
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J 
J 

cqe-r YMeHbllleHllJI paCCTOJIHllJI MelK,lly HllMll [ 5]. A 3TO, B CB0IO oqepe,llb, COOTBeTCTBYeT 

oco6oMy Tttny caMono,1106ttJ1 C 3,lli'lllTllBHbIM 33KOH0M M3CII1Ta6npoaaHllJI, a He 

MYJibTllilJIHKaTHBHbIM, KaK a cnyqae o6'beMHOro qipaKTaJia. 

qTO KacaeTCJI MeJIKOM3CIIITa6Hoii: qipaKTaJibHOll opraHll33l\llll, TO OHa HMeeT CTPYKTYPY, 

HanOMllH3IOIL\YJO KJiaCTep ,llll4lqJY3llOHHO-orpaHttqeHHOll arperaL1Hll ll n0CYpOeHa TaK, qyo6b! 

M3KCllMaJibH0 o6JieNHTb ,llll4lqJY3llIO 6eJIKOB. Pe3yJibTaTbl ,113HHOll rJI3Bbl ony6JIHK0B3Hbl B 

pa6ornx [5, 6]. 

B DHTOll rJiaBe npe,11CTaBJieHbl pe3yJibT3Tbl 3KCnepttMeHTOB no llCCJie)'I0B3HllIO 

t::l: 
(I) 

= E'< 
0 

..... 

~ I*(l+(Ql;)2t2 ,, ~,.- ........7\ 
CL.. 
~ 
~ 

10' 

-?10•~ -2 10·
1 100 X 10"' 10 Q,HM-1 

10' 

IO' 

l 1;=6164±84 
101 

10·' 
D=2.41±0.01 

10-' 10-' 10-' 10' 
Q,HM-I 

Puc.4 MaJ1oy2110Boe pacceanue neiimponoB na aopax: 
HeLa. lfnmencuBnocmb pacceanua neiimponoB B 
ouantl30lle nepeoaHHblX UMnyllbCOB l.5·10-J + 2-10-2 

nm-1 
- oannb1e ycmanoBKU KWS-3, MLZ, I'apxunz, 

I'epManua. lfnmencuBnocmb pacceanua neiimponoB B 
Ouantl30lle nepeOallllblX UMnyllbCOB 2·]0-2 + 3·]0° nm-I 
- oannble ycmanoBKu DJ 1, ILL, I'peno6J1b, <Ppam,1ua. 

1.0 

0.8 

0.6 

C, 0.4 

0.2 

0.0 

1.0 

- 0.8 

~A~~ o.6 
0 
t:::0.4 
11.. 

0.2 

0.0 

0 2 4 6 8 JO 12 14 16 18 
Z.MKM 

Puc.5 lf3Menenue nol!RpU3al/UU P/Po u C3MYPH 
cuznall G B 3aBuCUMocmu om cnun-3xo OllUHbl z na 
aopax: HeLa. l{annbze annpoKCUMupoBanb1 rf>YHKl/ueii 
P(z)=exp(la(exp(-zl<;)-1)), q = (5.1 ± 0.1) · Ja3 HM, 
al=0.46±0.01. 
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opraHH33l\llll xpoMaTHHa B Jl)'lpax HeLa 

(Pnc.4). HHTeHCllBHOCTb MaJI0yrJIOB0ro 

pacceJIHllJI HellYpOHOB B ,llllanaJOHe 

nepe,11aHHbIX HMnyJibCOB [8· 10-
2 + 7-10-

1
] 

nm-I OnllCbIB3eTCJI CTeneHHOll 4l)'HKL1Heii: 

I(Q) ~ Q-o co CTeneHbIO D = 2.41 ± 0.01. 

3Ta 33BllCHM0CTb ,11eM0HCYpttpyeT 

qipaKTaJibHYJO opraHH33l\lllO ynaKOBKll 

,[(HK B ll,llpe C p33MepHOCTbIO paBHOll 

CTeneHH D. HHTeHCHBHOCTb pacceJIHllJI 

HellYpOHOB (Pnc.4) ,llllanaJOHe 

nepe,11aHHbIX HMnyJibCOB [1.5·10-
3 

8-10-2] nm-I onHCbIBaeTCJI CTeneHHOll 

qJ)'HKL\Heii: C yqe-roM KOHeqHoro p33Mepa 

paccenBaTeJIJI I(Q)~(1 + (Q()2) 0 l 2 co 

CTeneHbIO D=2.92±0.01 ll 

KOppeJIJ1L1llOHHOll ,llJlllHOll ~=6164±84nm. 

PaJJittqne MelK,lly CTeneHJIMll, 

o6HapYlKeHHb!Mll B p33Hb!X ,llllanaJOHax 

no nepe,llaHHOMY HMnyJibCY Q, npHBO,llllT 

K 3aKJIJOqeHHIO O TOM, qTo qipaKTaJibHall 

CTPYKTYPa ,[(HK B J1,11pe MeHJleT caoii: 

xapaKTep nptt nepexo,11e OT MaJioro 

MaCll!Ta6a (.11ecJ1TKll HaHOMeTpOB) K 

6oJibllleMy MaCll!Ta6y (COTHll 

HaHOMeTpOB). He3aBHCllMbie ll3MepeHllJI 



no Cmrn-3xo MYPH (Pttc.5) ,llaIOT il>YHKLIHIO C3MYPH, KOTopax xoporno onttcLrnae-rc» 

3KCnOHCHLIHaJII,HO 3aryxa10IL1CH il>YHKLIHCH G(z) = exp(-z/~), r,lle ~ = (5.1 ± 0.1) . 103 HM -

KOppCJillLIHOHHall ,ll.JIHHa H,llpa HeLa B ,llHana30He cnHH-3XO ,ll.JIHH [3· 102 7 1.6· 104
] HM. 

CorrracHO KOHL1CnL1HH paccel!HHH Ha 4>paKTaJII,HI,IX ofo,eKTax [9] KOppCJillLIHOHHall 

il>YHKLIHll ll,llpa HeLa Ha Macrnrn6ax OT 9 HM ,llO 80 HM llBJilleTCll CTeneHHOH il>YHKLIHCH y(r) -

108 (r/~)D---3
, c D = 2,41. CTeneHHall 

~ 10' 

KOppCJillLIHOHHall il>YHKLIHH COOTBeTCTBYeT 

061,eMHOH 4>paKTarrLHoii CTpYKTYPC c 

4>paKTaJibHOH pa3MCpHOCTI,JO Dr = 2,41. Ha 

6orree KpynHLIX Macrnrn6ax, T. e. OT 80 HM 

i 
ti 10' 

•-• 
10' 

L 
10-' 

Q, HM-I 
10-' 

Puc.6 YI1&mpa MMOyZJ1oeoe paccea1me 
11eiimpo11oe 11a U30llupoea1111&1x (cu11ue mo'lKu) 
U aZJIOMepupoeaHHblX ('lepHble mO'lKU} ROep 
HeLa. 

xapaKTep KOppCJillLIHOHHOH il>YHKLIHH 

ll3MCHHeTCll Ha Jioraptt4>MtttICCKHH y(r) -

ln(l;/r) H npocrnpaeTCll BITJIOTI, ,llO 

MaCIIITa6a, COOTBeTCTByIDILICro 

KoppeJillLIHOHHOH ,ll.JIHHe H,llpa HeLa, paBHoii 

5100 HM. 

MeTO,llaMH MarroyrJIOBOro pacce»HHH Ii 

KOHil>OKaJII,HOll 61,mo ycTaHOBJICHO, 'ITO H,llpa HeLa arrroMepnpyroT co BpeMCHCM, 

B3aHMOnpOHHKall ,llpyr B ,llpyra. HHTCHCHBHOCTI, YJILTpa Marroyrrroaoro pacce»Hllll HCHTpOHOB 

Ha ll30JIHpOBaHHLJX (CHHHe TOqKH) Ii arrroMepHpOBaHHLIX (qepHLIC TQqKn) H,llep HeLa B o6rraCTH 

MaJII,JX 3HaqeHHH nepe,llaHHOro HMnyrr1,ca nOKa3aHI,J Ha Pnc.6. KpHBall pacce»Hllll Ha 

1.4 

u 1.2 
o;l 

-°' ;::. 

1.0 

0.000 0.005 0.010 O.Dl5 
0.HM-l 

Puc. 7 OmHouteHue uHmeHcueHocmu 
pacceRHUR Ha aZJ10MepupoeaHHblX aopax HeLa 
K uHmeHcueHocmu pacceRHUR Ha 
U30llUlJoeaHHblX aovax HeLa. 

arrroMepnpoaaHHLix Mpax HeLa 

,llCMOHCTpHpyeT HC60JILIIIYJO BbillyKJIOCTb, 

KOTopax ncqe3ae-r nocrre Toro, KaK o6pa3ell 

HCCKOJibKO pa3 nponyCTHTI, qepe3 rnnpHLI C 

TOHKOH nrrroii, HHLIMH CJIOBaMH, 

rrporryCTHTI, cycneH3HIO ll,llep B 6LICTpOM 

IIOTOKC. ,[(JIH aHarrH3a H3MCHCHHll 

HHTCHCHBHOCTH paccel!HHH, B03HHKIIICH 

npn arrr0Mepa1.1nn ».llep, KpHBLie pacce»HHH, 

COOTBeTCTBYJOILIHC arrroMepttpoBaHHLIM 

ll,llpaM Ii ll30JIHpoBaHI,JM 6LIJIH nO,llCJICHI,J Ha 

pacqe-rHyro KpHByID pacce»HHll, KOTOpall 

COOTBeTCTBYeT ll,llpaM ll30JIHpoBaHHI,JM (Pttc. 7). TaKHM o6pa30M 6I,IJI Bbl,llCJICH BKJla,ll B 
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r)l 

pacceHHHe, CBl!3aHHblll C napHOH KOppeJillL1HCH MelK,lly ll,llpaMH. O6Hap)')KCHHblll nHK MOlKHO 

paccMaTpHBaTb KaK CTpYKTYPHblll it>aKTop arrroMepnpoBaHHI,IX ll,llep. 

IlHK Ha Pnc. 7 xoporno onHCLIBaeTCll il>YHKLIHCH JlopeHL1a B rrorapn4>MnqecKHX KOOp,llHHaTax c 

LICHTpOM npn Q=(5.5+/-0.3)·10-3 HM-
1
. IlorrolKCHHe MaKCHMYMa nnKa COOTBeTCTBYeT 

KOppCJillllllll Ha paCCTOllHHH nopll,llKa 1 MHKpOH, a TO BpeMH, KaK pa3Mep caMoro H,llpa qyr1, 

6orr1,rne 6 MHKpOH. IlpHHHMall BO BHHMaHHe TO, 'ITO H,llpa it>nKCHpOBaHI,J tt c caMHM ll,llpOM 

Hnqero npoHCXO,llHTl, He MOlKeT Ii TOT it>aKT, qTO arrroMepaL1HH ll,llep ,llaeT KoppCJilll\HOHHI,JH nHK 

Ha Macrnrn6ax a IIHTI, pa3 MCHbIIIHX pa3Mepa caMoro H,llpa, rrornqHo npe,llnOJIOlKHTh, Mpa HeLa 

npoHHKaJOT .llpyr a ,llpyra npn arrr0Mepa1.1nn. 

H3MeHeHne KoppeJillL1HOHHoii il>YHKLIHH C3MYPH npn arrr0Mepat1HH MOlKHO paccMaTpnBaTL c 

TQqKn 3pCHHH ,llOnOJIHHTCJII,HOro pacce»HHH HCHTpOHOB Ha KOppeJillllllllX H,llpax. B 3TOM crryqae 

il>YHKLIHll, CBll3aHHall C arrr0Mepa1.1neii, MOlKeT 6LJTI, H3BJieqeHa nyreM ,llCJICHHH O,llHOro Ha6opa 

,llaHHI,JX Ha .llpyroii. Ha Pttc. 8 npe,llCTaBJICHO OTHOIIICHHC paccqHTaHHOH no BblpalKCHHIO 

noJillpH3aLIHH, COOTBeTCTByIDILICH ll30JIHpOBaHHI,JM ll,llpaM HeLa K 3KCnepHMCHTaJII,HOll 

nOJillpI13aL1HH COOTBeTCTByIDILICH arrroMepnpoBaHHI,JM ll,llpaM HeLa (qepHLJe TQqKn) H 

ll30JIHpOBaHI,JM H,llpaM HeLa (CHHHC TQqKH). TaKHM o6pa30M, MOlKeT 6hlTI, Bbl,llCJICH BKJia,ll B 

il>YHKLIHIO C3MYPH OT arpernpoaaHHhlX (B3aHMonpoHHKa10IL1HX) ll,llep. BLI,llerreHHhlH BKJia,ll 

MOlKeT 6LJTh TaKlKe xoporno annpoKCHMHpOBaH il>YHKLIHCH JlopeHL1a B rrorapn4>MnqecKHX 
1.1 ~~~,....,.,.-~~~~~~~~~-

~ 
g 
~ 

1.0 
B 

0.1 I 10 
Z,MKM 

Puc.8 OmHouteHue pacc'lumaHHoii 

noMpU3alJUU Ha U30J1upoea1111&ix aoep HeLa 
K 3KCnepUMeHmaJlbHOii nollRpU3lllJUU OllJI 
aZJ10MepupoeaHHblX aoep HeLa. 

KOOp,llHHaTax c LICHTpOM a 2 MKM. Ilpn 

arrroMepaQHH ll,llpa B3aHMOIIpOHHKa!OT, Ii HX 

xapaKTepHax rrry6ttHa npOHHKHOBCHHH 

,llOCTHraeT npH z=2 MKM, a TO apeMll KaK 

pa3Mep ll,llpa paaeH 5,1 MKM. 

o6ottx 3KcnepnMeHTax (MYPH n C3MYPH), 

KoppCJillLIHOHHblll nHK OIIHCLIBaeTCll 

CTaH,llaprnoii il>YHKJJHCH ( il>YHKLIHll JiopeHL1a), 

HO a rrorapn4>MHqeCKOM Macrnrn6e. 3TO MOlKeT 

61,JTI, CBll3aHO C TCM, 'ITO rrorapnit>MnqecKH 

pacrnHyrax B,llOJII, OCH a6CLIHCC il>YHKJJHH JiopeHL1a ,llOJllKCH 6LJTb TCCHO CBl!JaH c 

rroraptt4>MHqecKHM xapaKTepoM KOppCJillLIHOHHOH il>YHKLIHH. HHaqe roaop», CCJIH 061,eKThl C 

BHYTpCHHCH . CTpYKTYPOH, KOTOpall onHCbIBaeTCll rrorapH4>MnqeCKOH KOppeJillLIHOHHOH 

il>YHKLIHCH, B3aHMOnpOHHKaJOT, TO OHH ,lla!OT rrapHyro KOppeJil!L\HOHHyID il>YHKLIHIO, KOTOpall 

onHCbIBaeTCll il>YHKJJHCH JiopeH1.1a B Jiorapn4>MnqecKOM Macrnrn6e. Pe3yJILTaTI,J ,llaHHOH rrraBLJ 

ony6rrHKOBaHLI B pa6oTe [7]. 
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B rneCTOU rJiaBe paCCM0TpeHJ,I ):IBe qnn11qecK11e M0):leJIII ):IJIJI OIIIICaHIIJI KpyrrHOMaCIIITa6HOU 

CTpYJCTyphI xpoManrna B Mpe 611onornqecKoli KJieTKII, HaxOMIIIelicJI B IIHTepq>33HOM 

C0CT0JIHIIII: M0):leJih q>paKTaJihHOH rno6yJihl II M0):leJib Jiorap11q>MI1qecKoro q>paKTaJia. 

OcHOBb!BaJICh Ha KJiaCCilq>IIKaUIIII q>paKTaJibHhIX o6'heKTOB, p33pa6oTaHHOH C II0M0II(b!O MeT0):la 

MaJI0yrJI0B0ro pacceJIHIIJI HeHTpOHOB (MYPH), II0Kll3aHo, ~o M0):leJih q>paKTaJihHOH rno6yJihl 

He Y/:I0BJleTB0plleT 3KCIIep11MeHTaJihHbIM .riaHHhIM MaJI0yrJI0B0ro pacceJIHIIJI HeHTpOHOB Ha 

Mpax 611onornqecKIIX KJieT0K. HarrpomB, Mo,11enh norapI1q>M11qecKoro q>paKTana xopoIIIo 

0IIIICb!BaeT 3KCIIep11MeHTaJihHbie ):laHHbie MYPH, a, CJie):I0BaTeJihH0, II JIBJIJleTCJI X0p0IIIIIM 

11p116nmKeH11eM ):IJIJI 0IIIICaHIIJI KpyrrH0Mac1IITa6Holi CTflYKTYPhl xpoMaTIIHa. Mo.rieJih 

norap11q>MI1qecKoro q>paKTana 11pe,11cKll3hIBaeT, ~o J1,11epHoe rrpoCTpaHCTB0 3a11onHeHo 

xpoMaTIIH0M p0BH0 HaII0JI0BIIHY, B TO BpeMJI KaK 0CTaJibHaJI ero II0JI0BIIHa C0CTaBJIJleT 

MelKxpoMaTIIH0Bbie rrycT0Thl, 3aII0JIHeHHble HYKJieOIIJill3MOH, B KOTOpoli 0Cyll(eCTBJIJIIOTCJI 

p33JIIlqHbie Jl):lepHbIX rrpouecCbl. TaKIIM o6p330M, B CTpyKTypHOH opraHII3a~II xpoMaTIIHa 

c6anaHc11poBaHhl ):IBe 11pOTIIB06opcTBYJOII(Ile TeH):leHUIIII: yaen11qeH11e IIJI0II(a,1111 II0BepXH0CTII 

xpoMaTIIHa B JI):lpe KJieTKII (.riocryrrHOCTII ):IJIJI BHeIIIHIIX areHTOB) II YMeHbIIIeHIIe o6oeMa 

3am1MaeMoro xpoMaTIIH0M (KOMIIaKTHOClli Jl):lpa). Pe3yJihTaTbI ,11aHHOU rJiaBhl orry6JIIIKOBaHbl B 

pa6oTe [8]. 

B 3aKJIIO'leHIIII cq>opMyJIIlpOBaHhl 0CH0BHbie pe3yJihTaTbl pa60TbI: 

1. Ilpe.riCTaBJieH 110):IX0):I ):IJIJI pacqe-ra KOppeJIJIUIIOHHOH <i>YHKUIIII, OCHOBaHHhIH Ha aHaJIIl3e 

ceqeHIIJI pacceJIHIIJI. B '.!TOM 110,11Xo,11e rrpoq>IIJih ceqeHIIJI pacceJIHIIJI HeliTpOHOB 

paccMaTpIIBaeTCJI KaK Ha6n10,11aeMoe CBOHCTBO q>paKTaJibHOH qaCTIIUhl. B M0):leJIII yqIITbIBaIOTCJI 

):IBa 0CH0BHhIX rrapaMCTpa qaCTIIUbI: KOHeqHhIH p33Mep ~ II q>paKTaJihHbIH rrapaMCTp D, 

):leTeKTilpyeMbie qepe3 IIpI13MY MaJI0yrJI0B0ro HeHTpOHHOro pacceJIHIIJI. OrrncaHne 0XBaTbIBaeT 

B e):IIIHOH KapTIIHe II0BepxH0CTHhie, norapI1q>MI1qecKIIH II o6'heMHhie q>paKTaJibI. 

KoppeJIJIUIIOHHaJI <i>YHKUIIJI y(r) ):IJIJI o6oeMHbIX II II0BepxH0CTHbIX q>paKTaJIOB 0IIIICbIBaeTCJI 

o61I(IIM BblpalKeHileM II rrporropUII0HaJihHa <i>YHKUIIII MaK):IOHaJib):la (D-3)/2-ro II0pll/:IKa, 

IIOMHOlKeHHOH Ha CTerreHHYJO <i>YHKUIIIO r(D-J)IZ_ IlpII 2 < D < 3 K0ppeJIJIUII0HHaJI <i>YHKUIIJI 

cooTBeTCTBYeT o6oeMHOMY q>paKTany c D = Dm, rrpII D = 3 - norapI1q>M11qecK0My, rrpII 3 < D < 

4 - II0BepXH0CTH0MY C D = 6 - D, (Dm II D, - q>paKTaJihHbie p33MepH0CTII o6'heMHOro II 

II0BepXH0CTH0ro q>paKTaJia). KpoMe TOro, K0ppeJIJIUII0HHbie <i>YHKUIIII ):IJIJI HeorpaHI1qeHHhIX 

q>paKTaJIOB, KaK o6oeMHbIX, TaK n II0BepxH0CTHhIX, C0BIIa):laIOT c aCIIMIITOTIIKOH II0JiyqeHH0ro 

BblpalKeHIIJI IIpII rl~ < 1, r.rie ~ - K0ppeJIJIUII0HHaJI ):IJIIIHa qacTIIUhl. TaKlKe II0JiyqeH0 

BblpalKeHile ):IJIJI O):IHOMepHOH KOppeJIJIUIIOHHOH <i>YHKUIIII G(z), K0T0paJI Il3MepJieTCJI B MeT0):le 

CIIIIH-3X0 MaJI0yrJI0B0ro pacceJIHIIJI HeHTpOHOB. <l>YHKUIIJI CIIIIH-3X0 ):IJIIIHhl q>paKTaJibHOro 
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o6oeKTa 0IIIICb!BaeTCJI aHanornqHhIM BblpalKeHIIeM, co C):IBIIroM IIH):leKca <i>YHKUIIII 

MaK):IOHaJib):la II II0Kll3aTeJIJI CTeIIeHHOH <i>YHKUIIII Ha 1/2. 

2. O6HapYlKeHHbie II0Kll3aTeJIII B CTeIIeHH0M 3aK0He IIHTeHCIIBH0CTII pacceJIHIIJI Ha Jl):lpax 

HeLa aHanornqHhl TaK0BhIM IIPII pacceJIHIIII Ha Jl):lpax KypIIHbIX 3pI1Tp0UIITOB II 110/:IKpeIIJIJIIOT 

o61I(YJO rnrroTe3y 0 6I1-q>paKTaJihHOH CTflYKTYPe xpoMamHa B IIHTepq>33HbIX Jl):lpax. 

MeJIKOMaC1IITa6HaJI q>paKTaJihHaJI CTpynypa C00TBeTCTByeT o6'heMHOMY q>paKTaJIY c 

p33MepH0CTbIO DF = 2,41, a KpyrrHOMaC1IITa6HaJI C00TBeTCTBYeT norapI1q>MI1qecKOMY q>paKTaJIY 

C KOppeJIJIUIIOHHOH <i>YHKUileH y(r) ~ ln(~r). O6oeMHblH q>paKTaJI caMOIIO):I06eH Ha p33Hb!X 

MaCIIITa6ax, TOr,11a KaK norapI1q>MI1qecKIIii. q>paKTan I1epapxI1qecKI1 Il3MeHJieTCJI rrpII 

MaCII1Ta611poBaHIIII. B pe3yJihTaTe JiorapI1q>MI1qecKIIH q>paKTaJI JIBJIJleTCJI 6onee K0MIIaKTHhIM, 

qeM o6oeMHbIH q>paKTaJI, HO OH Bee ell(e IIMeeT ):I0B0JlhH0 6oJibIIIYJO IIJI0II(a):lb II0BepXH0CTII, ~o 

06ec11eqI1BaeT /:I0CTyrrH0CTh Ha BCex MaC1IITa6ax ):IJIIIHbl. QqeBII):IHO, qTO TaKaJI 6I1-q>paKTaJihHaJI 

opraHil3a~JI xpoMaTIIHa JIBJIJleTCJI pe3yJihTaT0M 3B0JIIOUII0HH0ro rrpouecca 0IITIIMil3aUIIII 

K0MIIaKTH0CTII II ):I0CTyrrH0CTII yrraK0BKII reH0B. MeJIKOMaCIIITa6HaJI q>paKTaJihHaJI opraHII3aUIIJI 

II0CTp0eHa TaK, ~06h! MaKCIIMaJihH0 o6JierqIITb ):IIlq>q>Y3IIIO 6eJIKOB, B TO BpeMJI KaK 

KpyrrHOMaCIIITa6HaJI JiorapI1q>MI1qecKoro q>paKTana q>opMI1pyeTCJI 110):1 BJIIIJIHIIeM ):IByx 

q>aKTopoB: ):II1q>q>Y3IIII 6eJIKOB II B3aIIMO):leHCTBIIJI reH0B. 

3. CTpyicrypa norapI1q>MI1qecKoro q>paKTana B Jl):lpax HeLa rrpocmpae-rcJI Ha ,11Be ,11eKa,11h1, 

B TO BpeMJI KaK o6oeMHbIH q>paKTaJI pacrrpoCTpaHJieTCJI T0JihK0 Ha 0):IHy. B JI):lpax KypIIHbIX 

3pIITp0UIIT0B Bee o6CTOIIT C TOqH0CThlO /:10 Hao6opoT: norapI1q>MI1qecKI1H q>paKTaJI BCTpeqaeTCJI 

B rrpe.rienax o,11Hoii. ,11eKa,11h1, a o6oeMHhiii. q>paKTan pacrrpocTpaHeH Ha ,11Be. Mb1 rrpe.rirronaraeM, 

~o '.!TO p33JIIIq11e CBJI3aH0 C TeM, qTo ll/:IP0 KypIIH0ro 3pI1Tp0UIITa HIIKor.ria He rrepeX0):IIIT B 

MIIT0TilqecKYJO q>ll3y II HIIKor.ria He ,11eJII1TCJI HaX0):IIITCJI, a ll/:IP0 HeLa ,11eJII1TCJI. 3TO TaKlKe 

M0lKeT 6hrrh CBJI3aH0 C 3IIIICT330M: Jl):lpa, B K0T0pblX IIp0IICX0):IIIT 6oJibIIIOe K0JIIlqecTB0 

B3aIIMO):leHCTBIIH Me)K):ly JI0KycaMII, IIMeIOT 6onee ):IJIIIHHhlH ):IIlaIIll30H Jiorap11q>M11qecKoro 

q>paKTana. 

4. B 0TJIIlqIIII OT JI):lep KypIIHbIX 3pI1Tp0UIITOB, JI.ripa HeLa IIMeIOT TeH):leHUIIIO 

arnoMepI1p0BaThCJI BO BpeMeHII. OOJihIIIOH ):IIlaIIll30H pacrrpocTpaHeHIIJI Jiorapilq>MilqecKOH 

q>paKTaJihHOH CTflYKTYPhI KpyrrH0Mac1IITa6Hoii. opraHII3aUIIII xpoMamHa rro3B0JIJleT MPY HeLa 

rny6oKo rrpoHIIKaTh B coce,11Hee Jl/:IP0 B rrpouecce arnoMepaUIIII. <l>eHoMeH 

B3aIIMOIIpOHllKHOBeHIIJI Jl):lep HeLa II0Kll3b!BaeT, ~o CB060):IHOe OT xpoMaTIIHa IIp0CTpaHCTB0 

0):IH0ro Jl):lpa M0lKeT 6hITb 3aHJIT0 He qeM-T0 rrpeHe6pelKIIMO MaJihIM: OHO paBH0 o6oeMy, 

3aHIIMaeM0MY caMIIM xpoMaTIIH0M. CB060,11Hoe rrpoCTpaHCTB0 BHYTflII Jl):lpa Heo6XO):IIIMO ):IJIJI 

rrpouecca CIIHTe3a ~K, BO BpeMJI S-q>ll3bl, Kor.ria B 0/:IH0M II TOM lKe o6oeMe JI):lpa ,[(HK. 
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liJiarnAapHOCTII 

ABTOp 6naro,11apHT fpJ1ropbeBa CepreJI BaneHTJIHOBJlqa 3a HayqHoe p)'KOB0,11crno, TepITeHJ1e JI 

HeoneHJIM}'IO ITOMOlllh B xo,11e BhIIIOJIHeHJIJI HaCTOJlllleH pa60ThI. 

ABTOp BbipIDKaeT 6naro,11apHOCTh COTPY.I1HJ1KaM IleTep6yprcKoro HHCTJITYTa Jl.zlepHOH <l>J13J1KJ1 

J1MeHJ1 E. II. KoHCTaHTHHOBa HHU: KH MJ1xaJ1Jia BaneHTJIHOBnqa <l>J1JiaTOBa, PJ1MMY 

AJib6epTOBHY IlaHTJIHY H EneHy IOpbeBHY Bapq>aJIOMeeBy 3a ITpe,!10CTaBJieHHb!e o6pa3{lhl Ji,!1ep 

KJieTOK JI JIX aTTeCTanmo C ITOMOlllh!O ITPOTOqHoH {lJITOMCTPJIH H KOHq>OKaJihHOH MJIKpOCKOITJIJI, 

a TaJOKe 3a IIJI0,!10TBOpHoe o6C)'JK.!leHne ITOJI}"IeHHh!X pe3yJihTaTOB. ABTOp BbipalKaeT 

ITpH3HaTeJihHOCTh BnMy Eo)'MaHy n KpJ1cy ~aitqiy (TexHnqecKHH YHJ1BepCJ1TeT ~enq>rn) 3a 

ITOMOlllh B ITpOBe,!1eHJIJI 3KCITepJIMeHTOB ITO CITHH-3XO MaJIOyrJIOBOMY pacceJIHJIIO HeHTPOHOB, a 

TaJOKe, BJ1TaJIJ1IO IlJ1ITJ1qY (U:eHTP XaifHna Maitepa-Jleif6HJ11la), Eaoxay By (U:eHTP XaifHna 

Maifepa-Jleif6Hnna), ~npKy Xo11eKepy (HHCTJITYT JlayJ-JlaHlKeBeHa), AHHJI Epyne 

(Jia6opaTOpJIJI JleoHa opJIJIJII03Ha) 3a ITOMOlllh B ITpOBe,!1eHHJI 3KCITepJ1MeHTOB ITO 

MaJIOyrJIOBOMY pacceJIHJIIO HeHTPOHOB. KpoMe TOro, aBTOp 6naro,11apnT CBOJIX p0,!1Hh!X JI 

6JIH3KJIX 3a yqaCTne JI MOpaJibHYJO ITOMeplKKy. 
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