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Pa6orn llbmo111-1e11a Ha Kacj)enpe MOJleKyJH1p11ofi cp11J11K11 <lm ·J11 11ccK01 o <l>aKyJtbTern 

Epcm111cKoro rocynapCTl3e1111oro y1111nepc~1TeTa. 

HayL111b1i1 pyKOBOJl11TeJ1b: 

0¢11u11aJ1bHbte onnoHeHTb1: 

13eJJ,yll(aH opra11113au11H: 
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npocpeccop 10.C. 5A5A51 H 

JJ,OKTOP (l)l1311KO-MaTeMa-rw1eCKl1X HayK, 

n pocpeccop B.11. 1113AH 013 

JJ,OKTOp 611onorw1eCKl1X HayK, 

npocl)eccop n.0.13APLl,EBAH51H 

l111cn1TYT MOJ1eKym1p11oi1 611onor1111 

HAH Pecny6J111K11 ApMe1111H 
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C11eu11aJ111J11pona11Horo Conern 051 np11 Epena11CKOM rocyi1apcT11c11110M y1111uepc11TeTe 

(375049, Epeua11, yn . A.JieKa MaHyKm1a I, EprY, 6110;1or!1'1ecK11fi cl)<1Ky11bTcT) 

c m1cceprnu11efl MO)f(llO 031laKOMl1TbC51 II 
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Conern, Ka11n11naT 611onorw1ecK11x 11ayK r:fe~-;, 
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6116JIMOTCKC Epe13a11cKoro 

C.A. r0H51H 

06JJ(aJI xapaKTt:pHCTHKa pa60Tbl 

AKTyaJlbt l OCTb rrpo6JJeMbl. !1cCJ1e)lona1111e KoonepaT11 BH blX ncpexoJlO ll 

11yKJ1e11HOllblX K11CJlOT IJ KOMll JICKCe c pa3JIWIHblMl1 cj)apMaKOJl0rl1LICCKM aKTHIJllblMll 

coeJJ,11He1111HM11 nnn51eTc11 ow111M 113 11a116onee 1Ja)f(11b1x JaJJ.a'I u MOJ1eKyJrnp11oii 

611ocp11311Ke, TaK KaK Ml10r11e COCJ(Mlletll1H, npo1111Ka!I IJ KJICTKY, CIJ!l3b1Ua10TCH II 

OCHOlll-IOM c I IYKJICl11101lbl M H K11CJIOTaM H' 'ICM 11 o6ycJTOIJJICllO 11X llJl 11H II 11C 11a 

opraHl13M. 4T06bl ll0H51Tb K KaKOMY 11apywe1-11110 Cl)Y11Klll1H )],HK MO)f(eT np111lOJ(l1Th 

KOMllJICKC006pa30llaH11e JICKapCTIJCllHblX COCil11HClll1H c 11yKJ1e111-101JblMl1 K11CJIOT<IMH, 

11eo6XOill1MO JllaTb 11e TOJlbKO xapaKTep CIJ513blllalll1ll, 110 11 Ubl51Clll1Tb 1303M0)f(llblC 

~IJMCllClll1ll 13 CTPYKType Ll,HK BCJICLlCTllMC 113<111MOil6icTt!IHI 11 onpeJlCJll1Tb H3MCllCllH51 

TepM0Jll1 HaMl1LICCKl1X 

KOMnneKcoo6pa:JoBa1111n 

IJCI ueCTll<IM 11 J\OJl){{lla 

11apaMeTpOB. 

I lYKJICM I IOBblX 

11 '.JM CllllTbCH 

CJICJlOBaTCJt bllO, IJCJIC!lCTIJl1C 

K11CJIOT c 611J1orw1eCKl1 aKTl11Jll 'b1Mlt 

KOi Hj:JOpMal llHI llYKJICl1HOllblX KllCJTOT. 

!1ccJ1enoua1111e KOi l(l)()PM<IUHOl I I IOrO COCT051 I I H51 KOM rlJICKCOB cj)apMaKOJIOl'l1'1CCKl1 

<IKTl113Hb1X coen1111e1111i1 c llYKJIC111101JblMl1 Kl1CJIOTaM11 aKTYaJlbllO eLue 11 TeM, 'ITO 

a11aJ111J noJ1yL1e1111b1X J(aHllblX nOJ BOJ111T TaK)f(e onpe)leJl11Tb 11 nyT11 yJ1y•1we1111n 

JleKapCTBeHllblX npcnapaT013, ll01151Tb MOJICKYI151p11bli-i Mexall113M 11X JleHCTlll151. 

81>rnc11e111110 llOXMO)f(HblX KOHQ)()pMau110HHb1X nepexoi wu u ,llH K np11 CBH31>1Ba111111 c 

pa3Jll1'11lb1Ml1 6110J1or11 11eCKl1 aKT11111lblMl1 coe)ll111Cll11HM11, IJ TOM 'll1CJIC 11 

npOTl11300flYXOJICllbl M 11 

3KCnep11MellTaJI bl I blX 

coeJll1llCI11151M11' flOCBllll(CllO orpOMHOC KOJI 11LICCTllO 

11 TeopCTM'ICCKl1X pa6oT. 13 JTl1X pa6oTax 11onpo6110 

11CCJlCllOllaH bl KOHCl)()pMau1111 Ll,H K 11 PHK, llblllCllCHbl 3aKOl-fOMep1-1ocTH 

KOllcpOpMau110HllblX nepeXO)lOll 11 BJlH511-fl1C pa3Jll1 1lllblX tl)aKTOPOll Ha KOOnepaTl1Bl!blC 

npenpmueHl151. 0JUJaKO , cpallH11TeJlbllO llC)laBHO 6blJI Cl11-ITC311p013311 HOIJblH KJ1acc 

npOTl11JOOllYXOJICllblX coe1.l1111c1111i-f, KOTOpblC Cll513bl nalOTCll c LI.HK 

1111TCpKaJl51UHOHllblM cnoco6oM 11 OJHIOBPCMCllHO MOfYT 3JlCKTpOCTaTl1'1CCKl1 

133a11MOJleHCTBOllaTb c OTp11uaTCJlbllO '.lapl!)f(ellllhlMl1 Q)()CcjlaTl-lblMl1 rpynnaM11. 

np11MepaM11 TaKl1X npOTHllOOllyXOJICIJblX COCJJ,11Helll1H MOIYf CIJY)f(l1Tb Ml1TOKCal-lTpOH 

11 aMeTa11Tpo1-1. Ko11¢opMat111H 11 no'.lMO)f(11b1e K011cpopMau1101111b1e nepexOJlbl 

npanocn11paJlbHblX 11 ;1euoc1111pa.r1b1-1b1x ,llH I( 11 PH K B KOMn11eKce c TaK11M11 

cocn1111e11115IMl1 11011Tl1 lie 11CCJ1Cl\OBal-lbl. 

UeJJb 11 J3Jla•111 11ccJtcJlOllaJI115t. l1ccncno1Ja1111c K011cpopMau11011110ro cocTOH 1111n 

llYK11Cl111013b1X Kl1CJIOT B KOMrlJICKCe c npOTHllOOnyXOJICIJblMl1 COC!\HllC1111~1MH 



Ml1TOKCa1-1TpOH 11 aMeTaHTpOll 11 BblHCHe1-111e llJl11HH11 JI 1101101 () ill l KllJI 11py10Ulero 

npenapaTa ttMttnaJeH Ha LlH K. B Ja,Ua'i11 n11ccepTau,1111 1JXOJ1w10: 

npH llOMOllll1 cneKTpOB KpyroBoro Ll11Xp0113Ma 11CCJICJIOll:t 11. ll03MOlKl-fblC 

KOHcPOpMau,1-10H1-1b1e HJMeHeHHH LlHK 11 PHK np11 CBH3brna1111H c M1110Kca1rrpo1-10M 11 

aMeTaHTpOHOM; 

- B3al1MOLtei1CTBHe Ml1TOKCaHTpo1-1a H aMeTaHTpo11a c npaBOClll1paJlbllhlMH (B 11 A) 11 

JJeBocnttpa!1bHblMl1 (Z) HyKJ1eHHOBblMH K11CJlOTaMH, llJll1illlflC flCCJ1e11yeMblX 

coeni-111em1i1 1ia B-+Z paBHOBec11e; 

- H3Y'leH11e llJl11HHl1H in vivo H in vitro aJ1KHJ111py10Ulero npOTl11JOOllYXOJ1enoro 

coen11HeH11H ttMHLta3eHa Ha LlH K . 

Hay<1HaJI HOBH3Ha. 

BllepBble 11CCJJeLtOBaHHO B3a11MOLtei1CTBHe Ml1TOKCa1-1TpOHa 11 aMeTa11Tpo11a c 

;1enocn 11paJ1 bHOH Z-c:PopMoi1 LlH K, pean113yeMoi1 1J KOH u,e1 rrp11ponaHHOM pacrnope 

NaCl. noKa3aHO, 'ITO 11CC!lenyeMble COeLt11Hl1H He CBH3blBalOTCH c Z-Lll-1 K. 0~111 

3aTpyn1-1moT, HO He 11Hrn611py10T B-+Z nepexon. 

- noKaJai-10, 'ITO xapaKTep B3a11MoneikTB11H Ml1TOKCaHTpoHa 11 aMeTaHTpoHa c B-LlH K 

Cl1Jlbl-IO 3an11c11T OT 110HHOH Cl1Jlbl paCTBOpa. B cPl13110Jl0rH'leCKOM pacTuope 

B3al1MOLteticTl311e HOCl1T B OCHOBHOM l1HTepKaJ111py10llll1H xapaKTep, OLll-IOBpeMeHHO 

LlJ111HHbJe 60K0Bble aJ111cPffrHLJCCKl1C rpyn!lbl 3JleKTPOCTaTWICCKl1 B3al1MO.L\CHCTBYIOT c 

OTp11u,aTeJJbHO 3apHJKeHHb1M11 c:Pocc:PaTHb1M11 rpynnaM11 LlH K. 

- cynH no OTHOCl1TeJibHOMY 113Me1-1e1-111~ Ll11XpOWIHOro norJJOlllelrnH .IT.JlH Tpex 

11CCJlCLlOBaHHblX nOJil1HYKJ1COTl1LlOB c lJepeny10UleHCil noJJeLtOBaTCJlbHOCTblO 

OCHOBaHHH 1-1a6rnonaeTCil cneny10UlaH 3aKOllOMepHOCTb B xapaKTepe 113MeHCHl151 

reoMeTp1111 nap OCl-10Ba1-111i1 UCJJe)lJ3He B3aHMOLlCHCTBl151 c Ml1TOKCaH'rpOllOM 11 

aMeTaHTpOHOM: 

GC>JC> AT 

- np11 MaJ1blX 1101-IHblX Cl1Jiax (µ<0.1) Ml1TOKCa1-1TpOH 11 aMeTaHTPOH B3al1MOACHCTDY~T 

c LlHK 11 PHK no Kpai11-1e?i Mepe AOYMH pa3JJWJHbtMl1 cnoco6aM11. CynH no 

OTHOCl1TCJlbl-fOMY 113Me1-1e1-11110 A11XpOWIHOro nornOlllCJ-11151 LlJJH Tpex KOMnJJeKCOB 

noJJ11HyKJleOTl1JlOD c Ml1TOKCa1-1TpOHOM 1-1a6n~naeTCH CJ1eny1owaH 3aKOHOMepHOCTb D 

cnoco6HOCTl1 113MeJ-IHTb reoMeTpl110 nap OCllOl3a1111i1 np11 B3aHMO!lCHCTl31111 c OAHOH 

MOJleKy!lOH Ml1TOKCa1-1Tpo1-1a 11Jll1 aMeTa1-1Tpo11a: 

GC>AT>IC 

- npeLlJlOJKel-1 MeTOLl 11CC!leLtOBalll1H B.Jl11HHl1H c:PapMaKOJIOrwteCKl1 aKT1113HblX 

coen111-1e1111i1 c LlHK np11 noMOllll1 .u11c:Pc:Pepe1-1u,11anbHblX Kpl1BblX nnaBJle1rnn, 
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nnepobte 3Kcnep11MeHTaJ1bHO 11cnenonaHo BJJ11H1-111e npoT11Boonyxonenoro 

coe!llrne1-111n 11M11na3e1-1a c LlHK 11 noKaJa1-10, 'ITO 11M11naJe1-1 n co4ern1-11111 c PHK 

JJy4we ooccrn1-1aon1113aeT xapaKTep11cT11K11 LlH K onyxoJJ11 capKOMbl 45. 

flpaKTl1'!CCKaSI UCJU-IOCTb. noJJy<teHHble pe3yJlbTaTbl 11MeJOT HenocpeLtCTDCHHOe 

OTHOWe1-111e K MOJieKyJJHpHOH Men11u11He. npe)l(Ll,e ncero, OHl1 npenCTal3Jl5110T 111-JTepec 

LlJlH Xl1Ml10Tepan1111 onyxOJHl, 11p11 pa3pa60TKe 1-JODblX 3cPcPeKTl11Jl-lblX 

npOTl1BOOnyxoneBblX coen111-1e1-111?1 11 llOHCKe OllT11MaJ1bl-fblX llYTCH Hanpanne1111oro 

c111-1Te3a 611onorw1ecK11 aKTl1UHbtX coen111-1e1-111?1 11 3Kcnpecc-aHan113a HX 

MOJleKyJU1p1-1oro )1CHCTDl1H. 

Pa3pa60TaH1-11>1i1 cnoco6 aHai1113a n11c:Pc:PepeHu,11aJ1bHbtx Kp11nb1x nnal3Jle1-111H y:lKe 

11cnonbJyeTCH B VITOX HAH PA JlJIH xapaKTep11crnK11 BHOJJb c111-1Te311poua1111btX 

npoT11000nyxOJJCBblX npenapaTOB. 

Pe3yJ1bTaTb1 pa60Tb1 11c110J11>Jy10TCH n ;1eKu110HH1>1x Kypcax no 

KOHcPOpMau110HHblM nepexonaM B HyKJ1e11HOBblX K11CJIOTaX l) EprY 11 MOfYT 6b1Tb 

peKOMCHLlOBaHbt LlJlH Y'1e6H1>1x 3a13eneH11i1, rne ecTb cneu,11an113au,1111 no 611ocjrn311Ke 11 

MOJleKyJJHPHOH c:PapMaKOJlOfJ.111. 

Anpo6auIDI pa6oTbI J1 rry6JIJtKamm. MaTep11anb1 n11cceprnu.1111 LlOKJ1a,U1>1Ban11cb 

11 06cy)l(Ll,an11cb 1-ia ceM11Hapax Kacj)e.L\pb1 MOJ1eKyJU1p1-1oi1 c:P11J11K11 EpfY, 11a 

10611nei11-1oi1 Hay'll-IOH KOHcPepe1-1u.1111, llOCIJHW,eHJ-lOH 30-JleTl110 OCHODaHl1H OTnene1111H 

611oc:P11J11K11 611onorn<1ecKoro c:PaKy!lbTeTa EpfY (EpeBa1-1, 1996) 11 1-1a MelK!lyHapom-roM 

C11Mll0311yMe "npo6neMbl 611ox11M1111, pa.u11au,1101111oi1 11 KOCMl1'1eCKOH 6110JJor1111 

(Lly61-1a, 1997). 

no TeMe n11ccepTau,1111 ony6JJMKOBaHbl 4 HY'IHble pa60Tbl. 

CTPYKTypa 1t o6beM pa6oTbl. Ll11cceprnu,11H cocT011T 113 1.rneneH11H, <1eTb1pex 

man, BblBOLlOB 11 Cll11CKa Jll1TepaTypbl (103 CCblJlK11). 011a coneplK11T 92 CTpaHMLl,bl, ll 

TOM 'IHC!le 17 p11cy1-1Kon 11 I rn6n11u.a. 

CopepJKaHHe pa6on1. 

B uepnoil. mane np11BOLlHTCH na1-11-1b1e o KOHcPOPMau1101-11-1b1x npenpaw.e1-111Hx B 

HyKJ1el1HOllblX Kl1CJlOTaX, 13JlHHHl1e pa3Jll1'1HblX l-fl13KOMOJleKyJJHpHblX coen111-1e1-rni1 Ha 

Ko1-1c:PopMau,110H1-1oe cocTo511-111e LlHK 11 PHK. 

Bo nrnpoi1 mane 11p11Bon11TCH on11ca1-111e MaTep11anou 11 MeTon11K11 

11ccJJenooaH11i1, paccM0Tpe1-1 npou,ecc caMoaccou.11au.1111 MHTOKcai1Tpo1-1a. 

B pa6oTe 6b1Jltt 11cnoJ1b30Ba1-1b1 cJ1eny1ow.11e npenapaTbl HyKJ1e11110BbJX K11C!lOT 

(HK): LlHK THMyca Te!leHKa ("Sigma"), noJitt[d(A- T)I, non11[d(G-C)], noJ111[d(A­

C)]·llOJJ11ld(G-T)] 11 noJJtt[d(l-C)J ("P.L. Biochemicals"), non11(A)·non11(U), 
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nom1(1)·nom1(C), non11(G)·nom1(C) ("Pharmacia") 11 .[J,llK 11c 11c1111 Kpb1Cb1 onyxon11 

capKOMbl 45 (BbI,UeJleHO B VITOX HAH PA, .u. B. rap116H11). 

B pa6oTe 11cnonbJOBattb1 cneny101ll11e 611onorw1ccK11 aKT111111 i,1c coen11HeH1151: 

6pOMl1CTbIH 3T11.U11H, Ml1TOKCaHTpOH, aMeTaHTpOH, 11M11.UaJC ll. 6pOMl1CTblH 3T11.U11H, 

Ml1TOKCaHTPOH 11 aMeTaHTpOH npencTaBJlmOT npenapaTbl <!>HpMbl "Farmitalia". 

VIM11.UaJeH HOBOe aJIK11n 11py101llee npOTl1 noonyXOJICllOC coen1111ett11e, 

c11HTeJ11ponaHHOe n VITOX HAH Pecny6n11K11 ApMeH115I, JanaTe11Tona1111oe B 1993 

ro.uy, 13 HaCT0511J.lee npeM51 HaXO.U11TC51 Ha CTa,Ul111 npe,UKJl11Hl1'IeCKOfO 113Y'lel111SI. 

l1ccnenouaH115I nponon11n11cb: B BO.UHOM pacrnope, conep)l(aw_eM 0.1 M NaCl, 

0.01 M Tp11c, 0.5 mM 3.[J,TA, pH 7.4 (6ycj)epe A) 11 0.01 M NaCl, 1 mM Tp11c, 0.5 

mM 3.[J,TA, pH 7.4 (6ycj)epe 6). Tp11c, 3.UTA, NaCl - npenapaTbl <l:rnpMbI "serva". 

CneKTpb1 nornoll.leH115I 11 Kp11ub1e nnaunett115I peaJ111Jona11b1 Ha 

cneKTpocpornMeTpax "Cary - 219" (CWA) 11 "Unicam SP - 8-100) (AHrII1151). 

CneKTpbI Kpyrouoro n11xpo11JMa (K.LJ.) c1-1s1TbI Ha n11xporpacj)ax "Jasco J-500A" 

(51 no1-111H) 11 "Roussel - Jouan 2" (<DpaHu,1151). 

CaMonpo11JBOJ!bHaH accou11au1rn nnocKHx u11KJI11'1ecK11x MOJteKyn .n pacrnope. 

np11 11ccnenouaH1111 xapaKTepa CB513brna1-111s1 H113KOMOJ1eKyn5lpHbIX coen111-1e1-111i1 c 

HyKJ1e11HOBb1M11 K11cnornM11 11 noc11enyJOIJ.leM onpeneneH1111 TepMon11ttaM11'1ecK11x 

BeJlWIHH CB513b!BaHl151 He06XO.U11MO pa6oTaTb c TaK11Ml1 KOHU,eH'rpau,11S1Ml1 

H113KOMOJleKYJl51pHbIX coen11HeH11i1, np11 KOTOpbIX MO)l(HO npeHe6pe'Ib npoueccOM 

accou11au1111 MoneKYn. V!ccnenouaHbie coen11Hett115I conep)l(aT u11KJJbI 11 11MeIOT 

Q)YHKU110HaJibHbie rpynnbI, cnoco611bie o6paJonaTb nonopO,llJible CBH311 Me)l(,Uy co6oti, 

11 fl03TOMY, B03MO)l(H0 06paJOBaH11e cPl1311'IeCKl1X (CTOnK006pa30Bairne) 11 

Xl1M11'1eCK11X accou11aTOB 3Tl1X MOJleKyJl, 'ITO .UOJl)l(HO np11BO.U11Tb K HeTO'IHOCTl1 B 

KOJlWieCTBeHHbIX pac,IeTax. no3TOMy cneu11aJibHO paCCMOTpeH npouecc 

caMonpOl13BOJlbHOH accou11au1111 MOJleKyJl 11 BbI'IHCJleHa MaKCl1MaJlbHas1 

KOHll,eHTpau,1151, np11 KOTOpoti B npenenax norpewHOCTl1 3KCnep11MeHTa MO)l(HO 

npeHe6pe'Ib npoueccoM accou11au1111. Pac,1eTb1 noKaJbrnaIOT, 'ITO npoueccoM 

caMoaccou11au1111 MOJleKYn 6poM11cToro 3T11.U1151 MO)l(HO npette6peYb np11 

Ko1-1ue1-1Tpau11nx C0<10·4 M, a MoneKyn Ml1TOKCaHTpoHa 11n11 aMeTaHTpo1-1a - C0<5·106 

M. 

Ilp11MeHe1-111e ,U11cj)cj)epeHUl1aJlhHblX Kpl1llblX. IIJiaMeHilll. .11.llil HCCJle,UOBaH.1151 

.UHK. B03MO)l(Hble CTpyKl)'pHble 113MeHeHl151 MOJleKyJl .UH K, KOTOpble np011CXO.U51T 

KaK np11 113MeHeHl111 CTPYKTypb! caMoti MOJleKyJlbI .UH K BCJle,UCTBl1e Tpa1-1ccj)opMau1111 

KJ1eTK11, TaK 11 np11 BJa11MoneticTn1111 c oKpy)l(aJOIJ.ll1Ml1 .UH K MOJleKy11M11, np11uonnT K 
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11JMeHett1110 Kp111Joi1 nna1JJlCH115I .UH K. OnHaKo, 0•1e1-1b •iacTo, Ha KPl1BblX nnaB11e1111H 

oco6e1rnocrn nepBl1'1HOi1 11 BTopw111oti CTPYKTypb1 .UH K npOHBJl5llOTCH cJ1a60. 

no3TOMy, ueneco6pa31-10 nepexon11Tb K n11cj)q)epe1-1u11aJibHblM KPl1BblM rniaBJlc1-111H 

(.LJ.Kn), B KOTOpb!X )la)l(e HeJl!a'IHTeJlbllble 113MeHeHl151 KPl1BOH nJ!aOJ1CH1151 

Bb151Bll5llOTCH B 1rnne n11KoB. .[J,Kn 6b1n11 no11y'Ie1tbI nYTeM •111c11e1iHoro 

n11cj)cj)epe1-1u1111pona1-11151 

n11cj)cj)epcH u1111ponaH11H 

1-1opM11poBaHJlblX 

npenHaJ11a11e1-1a 

Kp11BblX 

)lJ151 

flJiaBJlel·I 1151. 

nonr1e1-111H 

nporpaMMa 

crna)l(em1oi1 

1-1e1-1opM11poBa11Hoti, crna)l(e1-1Hoti HOpM11po0aH11oti Kp11Boi1 nnaBJle1-111H 11 ee ncpnoti 

npOH3BO)lHOM. 

B na1-1Hoi1 pa6oTe .[J,Kn np11Me~rneTcn nnH 11ccnenona1-111n BJJHHHl1H 

aJIK11J111py101llero npornnoonyxonenoro npenaparn 11M11JiaJeHa 11a cTpyKTypy .UH K 

onyxon11 capKOMbl 45. 

TpeTb51 rnana nocBHUWHa IlJIHHH1110 Ml1TOKcaHTpo1-1a 11 aMeTaHTpo11a Ha 

reoMeTp1111 c1111paJ111 .UH K 11 PH K, 11ccnenonai11110 11x n3a11Monei1cTB11n c 

nenocn11paJibHoti Z-.UHK, 1JJ111s11-11110 Ha B->Z pan11onec11e. 

l1JMeHe1111e reoMeTp1111 B-q)QpMhl .UHK DCJ1encrn11e nJa11MoneM.crnm1 c 

npOTl1DOOflYXOJJeDblM11 coe.u11HernrnM11 MHTOKCa!lTPOHa 11 aMeTaHTPOlla. 

PaccM0Tpc110 BJa11Moneticn111e MWroKca11Tpo1-1a 11 aMeTa1-1Tpo11a c .UH K no 

xapaKTepy 11JMeHe1111s1 cneKTPOB K.LJ. B 6ycj)epe A, np11 110HHOi1 c1111e µ=0.11. KaK 

6bIJlO noKaJaHo 13 pa6ornx !O.C. 6a6as111a, Ml1TOKca1npo11 11 aMern1rrpo11 u 6ycj)epe A 

133a11Mo.uei1crny10T c .UH K npeL\flO'IT11TeJ1b110 l1HTepKaJ111py1oui11M cnoco6oM. 

3Kcnep11MeHTaJlbHO flOJlY'll1Jl11, '!TO c YBl1Jll1'1eH11eM Ko11ueHTpau1111 Ml1TOKCa11Tpo11a 

np11 flOCT051HHOti KOHU,eH'rpau1111 .[J,HK 11 3Me H51eTC51 K.LJ. cneKTP (p11c. 1). 
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P11c. l. i-1 3Me t1eM11e cneKTpoo K.Ll nom1!d(A­
T)I np11 CBH3b11Ja111111 c MHTOKca1Hpo110M: a­
C,=4.0•10-'M o 6ycjlepe A np11 3-x 
Ko11ueMTpau1111x MHTOKCaHTpo11a CofC,=O 
(1).0.13 (2), 11 0.22 (3): 6- C,=2.1 •1 0-'M II 

6ycjlcpe c np11 4-x KOHUeHTpau11llx MHTOKCaH­
TpOHa c 0;c,=o ( 1 ),0. 12 (2), 0.21 (3) 11 o.3 (4) . 



3To cm1neTeJ1bCT1JyeT 0 TOM, 'ITO BCJleLlCTll~te ll3a11MO)lei1CTBl151 c 

Ml1TOKCaHTPOHOM reoMeTpl1H cn11pan11 .[{HK 113Me11HeTCll, TaK KaK Ml1TOKca1-1TpOH He 

llBJIHeTC51 onTw1eCKl1 aKT11BHblM 11 He CTaHOBl1TC51 TaKl1M 11 BCJICJlCTBl1e CBH3bllJaHl151 c 

.[{HK . .[lJIH xapaKTep11cT11K11 cTene1-111 11JMe1-1e1-11151 reoMeTp1111 c1rnpan11 11cc11enooaHo 

n0Bene1-111e 0T1-1oc11Te11b1-1oro 113Me1-1e1-11151 n11xpow11-1oro nornoll(e1111n B MaKc11MyMe 

(AE(M)/AE(ol) B 3aOl1Cl1MOCTl1 OT OTHOCl1TeJ1bHOH KOHl.(el-!'rpau1111 Ml1TOKca1-1Tpo1-1a 11Jll1 

aMern1npo1-1a B pacrnope (C0/C0
). 

c yBeJ1w1e1-111eM 411CJ1a MOJ1eKyJ1 Ml1TOKCal-!'rpo1-1a, npl1XOJl51ll(11XC51 1-1a napy 

OCHOoa1-111i1 LlHK, T.e. Co/Cp, OH34ane ue1111•111Ha AE(M)/AE(o) yoeJll1411BaeTC51 J11111ei11-10, a 

noToM, np11 cpaBHl1TeJ1bHO 6011bw11x CofC
0

• CTpeM11Tcn K 1-1acb1ll(e1-11110, 'ITO B11n1-10 1-1a 

pHC. 2, rne np11BeneHbl 33Bl1Cl1MOCTl1 OTHOCl1TeJ1bl·IOro 113MelleHl151 AEmax OT 

Ko1-1ue1-1Tpau1111 Ml1TOKCa1npoHa nm1 pa3J111'JHbJX .UHK. Ben114111-1a AE(Ml/t.E<0 l c 

yBenw1e1-111eM Co/C0 cna6o 113Me1-1neTC5! JlJl5J .UHK M. Lysodeikticus 11 c11JJbHO - JlJIH 

non11[d(G-T)]·no1111[d(A-C)). Cyn51 no OTHOCl1TeJ1bllOMY 113Me11e1-11110 BeJJl1'11111bl AE, 

JlJIH Tpex 11ccnenooa1-1b1x cny•raeB 1-1a6rno.naeTc51 cneny1oula5I 3aKOHOMep1-1ocTb B 

xapaKTepe 113Me1-1e1-1115! reoMeTpl111 nap OCHOB31111H OCJJe)lCTLll1e 03al1MO,UeHCTBl151 c 

Ml1TOKC31-!Tp0HOM: 

GC>IC>AT 

TaK11e )Ke pe3yJ1hT3Thl nony4eHbl 11 np11 11cc11en0Ba1-11111 03a11Monei1cTB11n aMern1-1Tpo1-1a 

c .[{HK. 

l1cc11enooan11cb TaK)((e 3aB11C11MOCT11 AE(Ml/t.E<0
' OT Co/C

0
, Bb1•111c11e1-111b1e B 

MaKC11MyMe 11 M11Hl1MyMe cneKTpOll KLl JlJIH KOMnJleKCOB M11TOKCaHTPOHa 11 

aMeTaHTpo1-1a c nom1[d(G-C) J, 4T06bl no11y•111Tb l1Hcj>OpMau1110 06 OTHOCl1TeJ1bl-IOH 

3cpcj>eKTl1BHOCT11 113Me1-1e1-111n reoMeTp1111 cn11pan11 .UHK, Korna cull3hIBaeTCH, 

COOTBeTCTBeHHO, on111-1aKOBOe KOJ111'1eCTBO MOJ1eKyJ1 M11TOKCaHTpOHa 11 aMeTaHTpOHa c 

napaM11 OCH01l31-111H ,llH K (p11C. 3). no11r1eHO, 'ITO JlJl51 06011x KOMOJJeKCOB 

yBeJrn•1eH11e '111CJ1a MOJ1eKyJ1 1111ra1-1na, Cll5133HHblX c napaM11 OCHOB3Hl1H, np11B0Jll1T K 

yoe11w1e1-11110 AEm(M)/AEm(o), npw1eM JlJIH KOMnJleKCOB c aMeTaHTpOl-JOM np11 

cpao1-111TeJ1b1-10 MaJlhlX 31-1a•1e1-1115lx Co/C
0 

1111ttei11-1ocTb oT1-1oc11TeJ1bHOro 113Me1-1ett11n 

cneKTpoo K.ll 1-1apywaeTcn, T.e. 113Me1-1e~111e reoMeTp1111 cr111pan11 CTaHOBl1TCH Me1-1ee 

Bblpa)((eHHblM. 

TaKa51 )Ke KapT11H3 1-1a6rnonaeTCH 11 JlJIH OTHOCl1TeJ1bHOro 113MeHeHl1H Ml11-111MyMa 

n11xpo1141-1oro nornoll(e1-111n. CnenoBaTeJlbHO, CBH3b1Ba1-111e onHoi1 MOJ1eKy11b1 

aMern1-1Tpo1-1a np11oon11T K 6onee Cl1J1bHOMY 113MeHe111110 reoMeTp1111 cn11pan11, •1eM 

COH3bIB3ti11e M11TOKC31-1Tp0Ha. 
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P11c.2. 3aBHCHMOCTb OTHOCHTe11bHOro H3Me11e1nrn 
t.l .. ., OT KOlll(ell'rpau;rn MHTOKC311Tpo1-1a: 
!-no1rnld(G-T)I • no1rnld(A-C)I 

(,\.m.,= 28011M), 2- no11Hid(G-C)J (A.~,=2731rn), 
. 3- nom1Jd(l-C)J (,\ .• ~,=264HM), 4- nOJIH!d(A-T)J 
(Am,.= 278m1) H 5- M.Lys. (A.,,.,=27011M). 

P11c.3. 3au11cHMOCTb oT11ocHTeJlhHOro 
H3Me11e11H51 MaKCHMyMa (a) H MHHHMY~1a (6) 
J\HXpow111oro flOfllOWell>HI flOJIHld(G-C)I OT 
KOt11ie1rrpa1t>IH JICKapcrneHllblX COCJ\l111CIHll1: 
I -aMe-ra11Tpo11, 
2-MHTOKC311Tp0H. 

PaccM0Tpe1-10 TaK)((e BJ1Hn1111c TeMnepaTypb1 11a xapaKTep 113MeHe1-111n 13en11•111Hbl 

AEM / AE<ol np11 B3311 MOJle~1cTu1111 M 11T0Kca1 rrpo11a 11 aMeTa1-1Tpo1-ra c ,llH K. 

l1cc11en0Banocb n11xpo11•11-1oe non10ll(e11rie npri 270 HM np11 133a11Monei1cTu1111 

Ml1TOKca1-1Tpo11a c .UHK M. Lysodeikticus np11 TCM11epaTypax 30° 11 50° C. Be111111111-1a 

AE270M/f1E270<0 l 113MeHneTCH 6onee c1111b110 np11 11Ja11Monei1cT01111 np11 30° C. 

!1ccJ1e)lOl3aJ10Cb TaK)l(e B33H MOJleHCTl311e M11TOKC3HTpo11a 11 aMeTaHTpOHa c .UH K D 

6y<j)epe 5 np11 110HHOH Cl1JIC µ=0.011. noKaJal 10 (p11c. 1,6), 'ITO yBeJ1Wlem1e '111CJJa 

MOJ1eKyJ1 M11TOKC3HTpo11a, CBHJaHllblX c napaM11 OCHOll31111H, np11B0Jll1T K 113Me11c111110 

cneKTPOB K,ll, npw1eM npM µ=0.011 Ml1TOKCaHTp011 B3al1MOJlCHCTOyeT c .UHK no 

Kpai-i1-1ei1 Mepe JlBYMH pa3J111'1Hb1M11 cnoco6aM11. vb JaB11c11MOCT11 f1E<M>/11E<0
' OT Co/Cr 

JlJIH KOMnneKCOB .UH K - M11T0Kca11Tpo11 cnenyeT, •1To c yuenw1e1111eM Co/Cp 

yBeJ111•1111JaeTcn 11EM/t.E(0
', npw1eM 11e 11111-1e~i110, KaK 3TO Ha6rnonaeTcH np11 

11HTepKaJIHU110HHOM CBH3bll1at-11111, a 60J1ee KpyTO (pMC. 4). np11 Cp313Hl1TeJ1bHO 

60J1bW11X 3Ha•1eHl1HX Co/Cp BeJ111'111Ha AE CTpeMHTC}I K HaCbl!J.(eJ-11110 . .[lJlll KOMflJleKCOB 

Tpex l1CCJ1enoBal-IHblX no11111-1yKJ1eOTl1JlOB c Ml1TOKCaHTpOHOM Ha6JJIO)laeTC51 CJ1eny10lll3ll 

33KOllOMep1-IOCTb B cnoco611ocT11 11JMeHHTb reoMeTp1110 nap OCllOB31111H u 

33BHCl1MOCTl1 OT nocnenoBaTeJJbllOCTl1 OCllOB3Hl1H npH B3a11MOJlCHCTBl111 c OJ.U-IOii 

MOJ1eKyJ10H Ml1TOKCa1-rrpo1-1a: 

9 



GC>IC>AT 

3rn 3aKOHOMepHOCTb ornw1aeTC5I OT a11aJJorw1Hoi1, no11y<1eHHOH npw µ=0.011. 

Lltl•/ 
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Pwc.4. 3an11c11MOCTb OTHoc11TeJ1bHoro 
113MeHeHl1R ~€~,OT KOHueHTpau1111 
M f!TOKCaHTpo1ta: 
I- no;111[d(G-C)J (A~,=273HM), 
2- nom![d(A-T)J (,\.~,=278HM), 
3- nom1[d(l-C)j (A.,,,=26411M). 

11CXO)l,5I H3 DblWeH3JlO:>KeH11oro, MO:>Kl-10 3aKJllO'IHTh, 11TO no xapaKTepy 

H3Met-1eHHH cneKTPOD K.lJ. npH D3aHMO,ll,eHCTDHH MO:>KHO CYAHTb 0 CTeneHH H3Me1-1et-1HH 

reoMeTpHH nap OCHODaHHH LI.HK npH CB513blBaHHH MHTOKCaHTpo1-1a H aMeTal-ITpOHa c 

,UH K. Cornac1-10 3KcnepwMeHT3JlbHblM Aa111-1b1M, ec11w npowcxOJJ.HT TOJlbKO 

HHTepK311HL(HOl-lllOe B3aHMOJ.(eHCTIHle MHTOKCa1-1Tpo1-ia HJlH aMeTaHTpOHa c .UH K, TO 

3aBHCHMOCTb t::..eM/t::..E(o) OT CjCP - JIHHeHl-13H D 1-1a 113JlbHOH CTa)l,HH. no HaKJlOllY 3TOH 

KpHBOH MO:>KHO CYAHTb 0 CTeneHH H3Met-1et-1HH reoMeTpHH CllHpanH npH o6pa3oBaHHH 

KOM11J1eKca c 11wra1-1JJ.OM. Cornac1-10 3KcnepwMe1-1TaJ1b1-1b1M JJ.a111-1b1M (pwc. 2), 

1-1aw6011bwee H3MeHe1-1we reoMeTpHH cnwpanw 11a6J110,ll,aeTCH Jl.1151 KOMn11eKca 

nom1Jd(G-T)]·no11wfd(A-C)) c MHTOKC3HTpOllOM HJlH aMeTa!HpOllOM. Han11 1111e JlBYX 

pa3JlH'll-lblX cnoco6oB CBH3b!D31-IHH npHDOJ.(HT K TOMy, '!TO Jl.HXPOH 1111oe nornowe~111e 

yneJ1w1wnaeTcs1 6onee Kpy-ro. 

B3aHMOJJ.eiicrm1e MMTOKCaHTpoua 11 aMeTaHTPOHa c Z-<!>opMok LI.HK, 11x 

Dfll.15U-111e 1-1a Bt=tZ nepexoJJ. n MOJieKynax non11Jd(G-C) J, CTHMyJI11pona11Hh1ii NaCL 

Mo11eKyJib1 no11wJd(G-C) I no11HOCTblO nepexoJJ.HT n Z-cpopMy, KOrJJ.a Ko1-1ueHTpauwH 

NaCl 6011bwe, YeM 2.5 M [Rohl, 1972] . 

B TO )l(e BpeMSI, ecJIH Bee ue11Tpbl CBH3b1Bal-IHH nOJlHMepa 3aHHTbl 

111-1TepKanHTopaMH, TO B>"Z nepexoJJ. 11e Ha6moJJ.aeTCH npw yne11w 11eHHH 

KOHUeHTpaUH11 NaCl. no3TOMY 11CCJle,ll,OBaJ10Cb CBH3b1Da1-111e Ml1TOKCaHTpo1-1a 11 

aMern1-1Tpo1-1a c nom1Jd(G-C)], Koma non11Mep 1-1axoJJ.11TCH n B-<!>opMe 11 B Z-<!>opMe, 

crnMy1111poBaHHOH 3.1 M NaCl. Ha p11c 5. noKa3aHbl cneKTpb1 K.lJ. non11[d(G-C)] B 

6ycpepe A, rne no1111Mep 1-1axon11TCH B B-cj)QpMe, 11 np11 no6an11e1-1HH n 6y<!>ep1-1b1H 

pacTHop 3M NaCl, rne no1111Mep 1-1axon11Tc5l n Z-cj)QpMe. Bo ncex pacrnopax no6aBJle1-1 

Ml·1TOKCaHTPOH. 113 p11c. 5 Bl1Jll-IO, 11TO no6aBJ1e1111e Ml1TOKca1-1Tpo1-1a B pacrnop, me 
110;111Mep 1-1axon11Trn B B-<!>opMe, np11nonwT K H3MeHem110 cneKTpon K,U. A Korna 

M11TOKCaHTpOH no6aBJ1SleTCH B pacrnop, rne flOJIH[d(G-C)J HaXO,ll,11TCH B Z-<!>opMe, TO 

IO 

cneKTpbl K.lJ. l1JMet-1e1-11111 llC npeTep11ena10T, 'ITO MO:>Kl-IO 06bHC1111Tb OTcyrCTBl1eM 

CBH3blB3111-HI. 0TMeTl1M, 'ITO KOl-IUCllTpau11ll MHTOKC311Tpo11a fl0'1Tl1 ,ll,OCTaTO'lf-li;l Jl)HI 

1-1acb1we1-111H ncex 1J,ewrpon CBllJb1Ba1-1m1. CneKTpb1 K.U yKaJaHHblX pacTBopon 6b!Jll1 

CHHTbl lfepe3 Ka)l(JlbtH 'lac, 11T06b1 Bb1s1cH11Tb K1111eT11Ky JaKOHOMep11ocTei1. Om-1aKo, 

nalKe 11epe3 cy-rK11 nocne no6ao11e1111H Ml1TOKcawrpo1-1a n cneKTpax K.lJ. 3aMeTHbtX 

113MClleHl1H He 11 a6J1 10D,3CTCSI. 

220 250 'A, HM 

P11c.5. CneKTpb1 K1l non11[d(G-C)J (c= S.01•10-' 
M / P) 11 6yct>cp~ /\. np11 paJJ111•1111>1x 
KOllUCl!Tpau1rnx COJll1 Ml1TOKCa11po1ia np11 25 °c.: 
a - 0.1MNaCl1-1 MHTOKca11Tpo11 np11 D/P=O (I), 
0.15 (2) H 2 (3). , 6 - 3.1 M NaCl np11 mo6b1x 
Ko11uc11Tpau1-1>1x Ml1TOKCaHTpo11a. D -
KOllUCllpa1m11 Ml1TOKCaHTpo11a, p -
KOHLte11Tpau11>1 q>occjJarnhlX rpynn nomt[d(G-C)J . 

A11aJ1or11 111-1b1e pe3yJ1hTaTb1 6b1J111 noKa3allbl 11 NHI KOMnJteKcon nom1Jd(G-C)J c 

aMCTaHTpOHOM. KaK CJleD,yCT 113 pttc'. 56, llC331JHCl1MO OT KOHU.CHTpau1111 

MHTOKca1-1Tpo1-ia, no1111[d(G-C)J n pacrnope, conep)l(aLueM 3.1 M NaCl, 11axOLlHTCH B 

Z-<!>opMe. n pe,'lnOJJaraeTCH, 'ITO MHTOKCHllTpOll H 3MCTatHpOH TaKlKe 

B3attMO)lettcTHy10T c Z-,UH K no Mexa11113MY, npCJl.JlO)f(e111-10My B pa6oTe [Rohl, 1972). 

Cornac1-10 3Toi1 pa6oTe, CBHJbtBa1-111e 1111ra1-1na npHBO!lHT K JIOKaJlbHOMY tt3Me11e1-11110 

KOHQ)OpMaUHH flOill1Mepa 113 JICBOCnttpaJJbHOH D npaBOCllttpa11bHYIO, BCJlC)lCTBHe 11ero, 

Korna He Bee u.e11Tpbl CBH3bll3311HH 331-iHTbl, nOJIHMCp pacnaD,aeTCH 1-1a npaBO- 11 

nenocn11panb1-1b1e y•iacTKH. OD,1-1aKo, 3TOMY MewaeT 60J1h1JH1ll 1101-11-1as1 c11na pacTnopa 

(µ=3.1 M NaCl). no3TOMY 11CCJle)lOB3Hbl cneKTpbl K.lJ. .UH K M. Lysodeikticus, 

KOTOpaH ncema HaXO)lHTCSI II npatJOCllHp<UlbllOH cpopMe, 11p11 no6aBJ1el-111H 13 paCTOOp 

.UH K MHTOKca1-1Tpo1-1a 11 aMcTa11Tpo1-1a np11 µ=3.1 M NaCl. KaK noKa3b1Ba10T K.lJ. 

cneKTpb1 3THX pacniopou, c ynenw1e1-1HeM Ko111J,ewrpau1111 MHTOKca1-rrpmia 

1-1a61110D,alOTC5I HeKOTOpbre H3MeHel-IHH IJ CllCKTpax K,IJ., 06yc110Me111-1b1e 

o3a11Moneticrn11eM ,UH K c MHTOKCaHTpOl-IOM . Ha OCHOOa1-11111 1Jb1wecKaJa1111oro, 

np11 11111-1a 1-1a6J110J.(aeMoro nocTom 1cT1Ja cneKTpoB K.U Z-cpopMbl )J,H K nptt 

.uo6atJJICHHHH 

KOH<!>OpMaUH 11 

MHTOKCatrrpot-13 (pHc.56) 

MOneKyJI non11[d(G-C)J 

o6ycJIOIJJlCI 13 J1enocn11pa.i1bHOCTb10 

11 oco6e1111ocTb10 ll3311MO)leHCTBMH 

MHTOKCa1-1Tpo11a c Z-,UHK .. vlccnetlOllaJl3Cb TaK)f(e K1111eTHKa B->Z nepexo.ua IJ 

MOJ1eKy11ax rw;111 Jd(G-C) I 11 KOM ru1eKce c MHTOKca11Tpo1-10M 11 aMern1 rrpoHOM. 

II 



!;lccne.uomvrncb cneKTpbI K)]. KoMrn1eKcoo 'Iepe3 40 MIHt nocne .uo6a01Ie1-111H o 

6y¢epHbIH pacrnop noJJHMepa, co.uep)KaU\11t'I MHTOKCaHTpOH 11Jll1 aMeTaHTpOI-1 np11 

OL\HI-taKOBbIX K01-tue1-1Tpau11>IX (o.u1-1a MOJJeKyJJa 1rnra1-1na Ha 2 napbI OCHOOaH11H}, 3M 

NaCl 11 K111-1eT11Ka B->Z nepexo.ua o aI-IanorwIHbIX ycnoo11Hx. 

Ha p11c.6 np11oe.ue1-1bI 11ccne.uooaI-IHbie cneKTpbI K)]., Ha TOM )Ke pHcy1-1Ke 

np11oe.ueHbI L\)IH cpaoHeI-11151 TaK)Ke 3Tl1 )Ke 3ao11CHMOCTl1 11 L\)IH KOMnJieKCOO non11[d(G ­

C) J c ::irn.u11yM 6pOMl1L\OM H L\JIH 411CTOro nonH[d(G-C}[. B np11cyTCTB1111 3THL\HYM 

6pOMH.Ua 113Me1-te1-1He L\11Xp011'IH0f0 nornouteIIHSI np11 295 I-IM (8(ti.E235)), KOTOpoe 

xapaKTep113yeT B->Z nepexo.u, MaJIO oo opeMe1111 (pHc.66), 'ITO 11 cne.uooano O)KHL\aTb, 

OCHOBbIBaHCb 1-1a pe3yJJbTaTbI pa60TbI nona. npH 0/P =0.25, KOr,Ua 1-1e oce ue1-1TpbI 

c BH3bI oa1-111H 1-1acbill.le1-tb1, non11Mep pacna;.(aeTcH 1-1a neoocn11paJ1b1-Ib1e H 

npaoocnHpaJ1bHb1e ylJacTK11. CyMMap1-1bii1 cneKTP K.Ll. 'Iepe3 40 MHH. nocne 

.uo6a1meHHH conH noKa3a11 Ha pHc.66. CneK"rpbI K)]. KOMnneKca nonH[d(G-C}]-

3THL\11YM 6pOM11L\ 

230 270 
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24 MMH. 

PHc.6. a - cneKTpb1 K.ll no1rnld(G-C)] (c=5.0l*IO·' 
M / P) ( 1) H KOMflJJeKCOB c MHTOKCaHTpOHOM (2), 
aMeTaHTpo110M (3) 11 3THJU1JOM 6poMHllOM (4) u 6ycjiepe A 
Yepe3 40 MHH nocne Jl06aBJleHHH 3 M NaCl npH 25 °C. 
J]..m1 ecex KOMnneKCOB D/ P= 0.25. 
6 - xapaKTep H3Me11e111-rn AHXpow1Horo norno!lleHHH npH 
295 HM so opeMe11H npH B-+Z nepexone wrn Tex JKe 

pacTBopoo. 

HMelOT 1-1ecKOJlbKO HI-IYIO ¢opMy, 'ITO o6ycJlOBJleHO npHCyTCTl311eM 3THL\HYM 6pOMH)la, 

TaK KaK 3THJlHYM 6pOMl1Jl OflTH'leCKH aKTH!lel-1 H HMeeT JlHXPOl1'II-IOe llOrJJOlJ.le~IHe H D 

06nacT11 aKTHDHOCTH .UHK, H m1e ee . KaK n11.u1-10 H3 pHc.6a, npH cnH3blllaJ-IHl1 

MHTOKCa1-1Tpo1-1a H aMeTa1-1Tpo1-1a 3aTpy.u1-1e1-1 B->Z nepexo.u, CTHMym1pollaI-1HblH NaCl. 

Yepe3 40 MHH. nocne .uo6aBJleHHH 3M NaCl n 6y¢epe pacrnopa, co.uep)KalJ.leM 

KOMnJleKCbI non11[d(G-C)] - MX 11 nonH[d(G-C}I - AM cneKTpbI K)]. no aMrnI11Ty.ue 

1-1eMIIOro OTJlH'IaIOTCH OT K)]. cneKTpon Z-.UI-1 K 6e3 JlHra11.ua. Y)Ke <1epe3 4ac nocnc 

.uo6aBJleHHH conH, cneKTpbI connanaIOT (KpHBbie 1-3 pHc .6a) . nony<1e1-11-tbie 

pe3yJlbTaTbI 1-te Mel-HIIOTCH, eCJlH nee HCCJle.UOl3allHH nponeCTH H npH 60JlbWHX 

12 

TeMnepaTypax. np11 D/P "' 5, Korn a no'1T11 uce uei-rrpb1 cnH3bIBa1111H non11Mepa 3am1Tb1, 

06w.11e 3aK01-10Mep1-1ocT11 1-1a6monacMoro B->Z nepexo1la coxpa1-1moTcH. KaK n11.u110 113 

p11c.66, CKOPOCTH B->Z nepexo.ua 13 Jia'ICIJibHOH CTaJlHH 11e o.u1111aKOl3bl L\JISI 

11ccne.uooa1-11-1b1x CHCTeM. B KOMnneKce c MHTOKca11Tpo1-10M B->Z nepexo.u ner,1e 

ocyw.ecTDJJHeTCH, 'IeM D KOMrn1eKce c aMern1rrpo110M. Ho o6a cny<IaH 601Iee 

3a-rpy.u1-1moT nepexo.u, 4eM D cny4ae 'IHCTOro noJ111Mepa. 

"1cxo.uH H3 DblWel13Jl0)KCJ-IIIOro, MO)KllO np11L\TH K 3aKJllOlJClll110, lJTO 

M11T0Kca1-1Tpo1-1 11 aMern1-npo11 JaTpy.u1-1s110T B->Z nepexon, cT11My1111pona111-1b1i1 NaCl­

OM D MOJ1eKyJ1ax nomI[d(G-C)! . 01-lH 11e HllrH6Hpy10T L\Cll-IHblH nepexon, KaK 3TO 

np011CXOL\HT 13 np11cyrcTBHH 3THL\HYM 6pOMH).(a. 3TO rouopHT 0 TOM, 'ITO xapaKTCpbl 

D3aHMO,Uei1CTIJH51 MHTOKCalITpo11a H aMCTallTPOHa c ..QHK B KaKOH-TO Mepe 

OTJll1'1alOTCH . 

B3a11Monei1crn11e Ml1TOKCaHTpoua 11 aMeTa11Tpo1ia c A-cpopMoi1. 

l-13oecrno, 'ITO ..QH K 1-1axo.uHTCH n A-¢opMe B nonHo-::irn1-101rnoM pacrnope 

(Ylnai100, l 973) . B3aHMo.ueikn311e c~apMaK011orw1ecKH aKTHBllbIX coe1tH11e11HH c .UH K 

B BO.lll-I0-3Tal-10Jll-IOM paCT130pe CHJlbI-10 OTJIH'IaeTCH OT HX B3aHMO.UeHCTBH51 13 BOL\ IIOH 

cpene. no3TOMy, 'IT06bI HCCJle)lOBaTb HHTeKaJJSIUHOHHOC D3aHMO-,UeHCTBHe 

MHTOKCaHTpOHa H aMCTaHTpo1-1a c A-¢opMOH H B03M0)!(Hble KOII<j)OpMaUHOHl-lble 

npenpauleHHH HyKJ1e111-10BbIX K11c110T np11 cm1Jb1BaI11111, Mbl 11cc11e.uonan11 

B3Cll1MO.Uei1cnme 11cc11e.uyeMbIX coe11111-1e1-111i1 c JlBYC1111paJJbHblMV. Cl1HTeTl1'1eCKl1MH 

PH K, KOTOp1>Ie, KaK 113oecT110 (1-1na1-100,I973) n QJH3110JIOr11'IeCKOM pacTIJope 

11aXOL\5ITC5I B A-¢opMe, napaMeTpe, KOTOpblC I-IC CHJlbHO OTJll1'IaIOTC51 OT 

coorneTCTIJYIOlJ.lHX napaMeTpon L\JIH A - ¢opM1>1 ..QHK. 

Yl3MeHeHH51 13 cneKTpax K)]. npH 1naHMOJ.(eHCTIJHH MHTOKCaHTpOI-ICl H 

aMern~rrpo1-1a c L\13YCnHpaJlbl-IbIMH rIOJ1HpH601-1yKJ1eOTH)laMH rIOJlHA·rIOJlHU, flOJlHG· 

rIOJlHI H flOJlHl·nOJIHC aI-IaJIOl'H'lllbl H3Me1-teHHHM B CfICKTpax K)]. npH 

13JaHMOnei1cTBHH na111-tbIX coeJ.\HHe11Hi1 c .UH K. KaK noKa:Jbil3a10T 3KcnepHMe1-1TaJ11>111>1e 

.ua1-11-11>1e, nony'IC11H1>Ie npH µ=O. 11 H 30 °C, c ync11tt<1e1-1HCM Ko1-1uc11TpauHH 

MHTOKCaHTpOHa 11JIH aMeTa1-ITpo11a npH rIOCTOHHHOH KOHUeHTpauH H 

flOJ1HpH60HYKJ1eOTHL\OD, :JaMeTHblX HJMeIIeHHH 13 CfleKTpax (<LI, He Ha6JllO)laeTC51. npH 

1101-11-1oi1 c1111e µ=0.011 KapTH11a Me11s1eTcs1. B ::>TOM cny<iae npH no6aBJle1111H 

Ml1TOKCa1-tTpo1-1a HJ111 aMeTaIHpo11a cneKTpbl K)]. H3MCll5110TC51, npH4eM npOH3BOJlbllblM 

o6pa:ioM. 

Ha6monaeTCSI 113611paTeJ1bHOCTb CU513bIBaHl151 MHTOKCaHTPOl·Ia c pa3Jll1'1HblMl1 

pH6miyKJ1eOTl1JlHbIMH napaMH . no ne1111'1H11e H3Mc11e11Hn reoMeTp1rn A-cpopMb1 
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BeJie.ll,eTBl1e B3al1MOAetteTBl1SI e M11TOKeaHTPOHOM np11 µ=0.011, p1160HyKJ1eOTl1.ll,Hble 

napbl MO)l(HO paenOJI0)1(11Tb B PHA: 

GC>IC>AU 

lfernepTa5l rnana noeBHW,eHa BJll1Hill110 11M11.ll,a3eHa Ha )].HK nelfeH11 3.ll,OpOBbIX 

Kpb1e 11 )].HK onyxo1111 capKOMbl 45 in viro 11 in vitro. PaeMaTp11oaeTen TaK)l(e OJ111nH11e 

11M11Aa3eHa np11 eo,1ernHHOM np11MeHeH1111 e Ae PH K. 

BlliUu-rne MMl1.lla3etta tta )].HK in vitro. 

K pacrnopy )].HK A06aB11Jl11 11M11.ll,a3eH 1:1 pa3JIH'IHbIX KOHUeHTpau11nx (I o-6-10-5
), 

eMeeb 11HK}'611p00aJil1 np11 KOMHaTHOH TeMnepaType 18-20 '!, noeJie <1ero 11eeJ1e.ll,OBaJil1 

)].HK. 10-5M - ::no npe.ll,eJibHaH KOHUeHTpau11n AJIH eneKTpo¢0ToMeTp11'1eeK11x 

11eeJ1e.ll,OBaH 11 H. 

)].JIH ObIHeHeHl1H enoeo6HOeTl1 11M11.ll,a3eHa B3al1MO.ll,eHCTOOl3aTb e a30Tl1eTbIMl1 

oeHOBaHl1HM11 HaXOAHW.11Ml1eH KaK B en11paJibHOM, TaK 11 B KJiy6Koo6pa3110M 

eoeTOHHl111, 6bIJl11 11eeJ1e.ll,OOaHbl A11cl.>cl.>epeHU11aJibHbie eneKTpbI. )].11¢¢epeHUl1aJibHbie 

eneKTpbI en11oaJI11 o <1eTb1pex K1ooernx np11 TeMnepaTypax 30 11 75° C o 6y¢epax A 11 6 

np11 KOHUeHTpau11Hx 11M11Aa3eHa 2·10-6 11 8·l0"6M, B 11HTepBaJie AJll1H BOJIH 225-800 HM. 

3KenepeMeHTbl noKa3bIOaIOT, '!TO nO'ITl1 He Ha6JllO.ll,aeTeSI OTKJIOHe1me OT HyJleBOH 

Jll1Hl111. no3TOMy, MO)l(HO yTBep)l(AaTb, 'ITO 11M11.ll,a3eH Ile BJl11HeT Ha 3JleKTpOHHbIH 

eneKTp a30Tl1eTbIX OeHOBaHl1H, a eJie.ll,OBaTeJibHO, He B3al1MOAei1eToyeT e 

1-1yKJ1eOTl1AHbIM11 napaM11 )].HK. 

6b1J111 noJiylfeHbI TaK)l(e A11cl.>¢epe1-1u11aJibHb1e Kp11Bbie nnaOJ1eH11H (JI.Kn) )].HK 

BbI.ll,eJieHHOH 113 ne'!eI-111 3AOPOBblX Kpbie 11 onyxoJ111 eapKOMbl 45 onyxoJ1eHoenw.11x 

Kpble B np11eyTern1111 8· l0"6M 11M11Aa3eHa (p11e. 7). 

?Ji! - oT 
0,08 

0,04 

54 1a T,°C 

P11e.7. )lH¢¢epeHUHaJibHb1e KPHBble rniaWJeHHH )lHK 

ne'-!eHl1 H capKOMbl 45 npH .UCHCTBHH HMH.UaJeH in vitro. 

l - ne'-!eHb 3.UOPOBblX Kpb!C; 2 - capKOMbl 45; 
3 - capKOMbl 45 npH .ueticrnHH 8· 10 .. M HMH.UaJeHa in 

vitro. 

KaK noKa31>rna10T 3Kenep11MeHTaJibHbie AaHHbie, TeMnepaTypa (Tm) 11 11HTepoaJI ( ti.T) 

nJiaOJieHl1H )].HK onyxomt eapKOMbl 45 nOA Aei1ern11eM 8·l0"6M 11M11Aa3eHa 

yoeJil1'111BalOTCH eoOTBeTeTBeHHO Ha 0.5 11 0.3°, 0.ll,HaKO Bee ew.e oeTa10Tes1 
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3Ha'l11TeJlbHO Me11bwc, 'IeM y )].HK ne'le1-111 3LlOpo111>1x Kpb1e. Ha )].Kn (p11c. 7) 

npaKTwrecK11 eoxparrsrroTeH nee 11113KOTeMnepaTyp11b1e oeo6e1-1HoeT11 )].HK onyxon11. 

)].Kn )].HK onyxon11 n11wb 11eM1-1oro ( - 0.5°) cMew.aeTeH B ernpm1y ,llKn ,llH K 

nelfeHH 3.!1,0pOllb!X Kpble. CTOA .ll,eHeTBl1eM 11MHJ1a3eHa in vitro He MeHSllOTCH 11 

napaMeTpb1 n11aOJ1eH11H )].HK ne'IeH11. Mo)l(1-10 npe.uno110)l(l1Tb, 'ITO Hc6011bw11e 

113MeHeH11s1 B napaMeTpax n11aw1e1111s1 11 )],Kn )].HK onyxon11 capKOMbr 45 no.u 

B03.UeHCTBl1eM 11M11J:ta3eHa in vitro o6yCJlOBJleHbl IlJ111llliHeM 11MH.Ua3e1-1a Ha CTpyKTYPY 11 

CBOHeTna rH.UpaTIIOH BO.Ubl )J.H K. np11Be.UeHHbie AaHHbie rIOKa3blOalOT, 'ITO no.u 

Hei1cT011eM 11M11JJ,a3e11a in vitro xapaKTepr1b1e oeo6e1111ocT11 )].HK onyxon11 eapKOMbr 45 

ocrn10TCH no<1T11 11e11JMeH1-11>1M11. CJ1eJlOOaTeJ1bt-10, u1111S11-111e 11Ml1Jla3eHa 11a )].HK 

onyxon11 capKOMbI 45 in vitro o6yeJIOBJieHo He Henoepe.ucrne11HbIM B3011Monei1CT13l1eM 

11Ml1Jla3e1rn e onyxoneool1 )].HK, a 113611paTeJ1bHO Jlei1crny1ow.11M Ha )].HK onyxon11 

KaKl1M-TO npoMe)l(yTO'lllblM MeXaHH3MOM . 

B1111ntt11e 11M11.Ua3etta Ha AH K in vivo. 

B onb1Tax 11enoJ11>3ooru111 )].HK, Bb1.ne11e1111y10 113 nc•1eH11 31.lOPOBbIX Kpb1e 11 

onyxo1111 eapKOMbI 45. Boo.n11n11 o opraHH3M 11M11.na3eH 11 .npo)l()l(eny10 PHK 

BHyTp116p1ow11H1-10 o H30TOH11'1eeKOM pacTnope XJ1op11na HaTp11s1 . CyMMapHaH 11.03a 

cocrnn11siJJa AJIH PH K - JOO Mr/Kr, 11M111~a3eHa - 60 Mr/Kr, KaK np11 pa3.ll,eJibHOM, TaK 11 

COOMeCTHOM np11Me1-1eHl1l1. l-1M11JJ,a3e l-I ll00Jll1Jil1 13 Te'1eH1111 8 Jl,Heti, 11M11.Ua3eH 13 

co'!erntt1111 e PHK - 'iepe3 nettb. 

B pa6ornx Ea6asi11a n0Ka:ia110, •1TO 11p11 noMow.11 )lKn MO)l(HO orn11<111Tb )lH K 

onyxo1111 eapKOMbI 45 (o)].H K) OT )J.H K, n1>1nene1-111b1x 113 ne'le1111 3.UOPOl3bIX Kpb1C 

(3.llH K). 6b1J10 noKa3aHo, 'ITO )].Kn o)lH K eMeLUeHbI OTHoe11TeJ1b110 )lKn J)lH K o 

CTOpo1-1y J-1113Kl1X TeMnepaTyp 11 Ha )lKn 3)].H K rIOSIBJHllOTeH AOnOJIHl1TeJibHbie fll1Kl1 13 

0611aeT11 54-61° C , KOTOpb1e 0TcyrcToy10T AJISI 3)lH K. He yrny61rns1cb 13 np11po.uy 

06pa3ooa1111H oeo6eHHOeTei1 11a )].Kn o)lHK, 11ec11e110oa1-10 BJJ11srr111e 11M11.ua:ie11a 11 

11M11.na3e1-1a B co'!eTaH1111 e .Ul3ye1111pru1b11oti PHK Ha cTpyKTYPY o.llHK, 11exo.usi 113 

xapaKTepa 113MeHe1-111H )].Kn o)lH K no.u .uetiern11eM 3T11x coe.u111-1e1111i1 c 

OAHOopeMeHHbIM epam-1eH11stM e )].Kn 3.lJ.H K. 

KaK noKa3bma10T 3Kcnep11MeHTaJibHb1e na11111>1e, non JJ,eticToHeM TOJibKO 

11M11Aa3eHa 11 11M11.ua3e11a o co'leTa111111 c PH K nOT'IT11 11c<1e3a10T xapaKTepHbie AJHJ 

o)lHK Hl13KOTeMnepaTypHble fll1Kl1 13 o6JiaCTH 54-62°C 11 )].Kn o)lHK no 1311.UY 

11p116Jll1)1(aeTCSI K TaKOBOti AJISI 3.lJ. HK, on11aKO nesi Kp11oaS1 oce ew.e OCTaeTeH 

eMeLUel-1 HOH B CTOpo11y H 113K11X TeM ncpaTyp 110 cpan11e111110 c )lKn 3)lH K 
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(wrn 11M11.11,aJeHa Ha - 1, a B co4ernH1111 c PH K Ha - 0.5 rpa,n). Hecoona.ne~111e )],Kn 

o)],HK no.n .nei1CTBl1eM TOJlbKO 11M11.D,aJeHa 11 B CO'leTaHl111 c .ncPHK, yKa3blBaeT Ha 

np11CyTCTB11e B MOJleKyJlaX o)],HK no.n .nei1CTBl1eM yKa3aHHblX npenapaTOB Y'!aCTKOB c 

pa3Jll1'1Hb!M11 CTpYKTYPHbIMl1 oco6eHHOCnlMl1. 

0.D,HOBpeMeHHO, no.n .nei1CTBl1eM l1Ml1.D,aJe1-1a 113Mel-!51IOTC51 TalOKe napaMeTpbl 

nJJaMe1-1115! (Tm 11 t. T), np116JJ11)l(a5!Cb K coorneTceoylOLU11M napaMeTpaM J)],H K. 

TaK11M o6paJoM, np11 noMOLU11 )],Kn 11 napaMeTpOB nJJaMeH115! MO)l(HO cy.11,11Tb 

06 ::i<P<PeKTl1BHOCTl1 BJll151Hl1SI <PapMaKOJl0fl1'leCK11 aKTl1BHblX coe.11,11HeH11i1 Ha 

CTPYKTYPY LI.HK Ha MOJJeKyJJ51pHOM ypo1rne. 

BbIBO)],bl. 

!. BnepBb1e 11ccJJe.11,ooaHo BJa11Mo.11,ei1cT011e npoT11ooonyxoJJeDb1X aHT116110T11Kon 

M11TOKCaHTpoHa 11 aMeTeHTpo1·ia c JJenocn11paJJbHOi1 Z-<PopMoi1 )],HK, peaJJ11JyeMoi1 

B nOJJ11[d(G-C)j B KOHueHTp11poDaHHblX pacrnopax NaCl. noKa3aHO, '!TO 

11ccJJe.11,yeMb1e coe.11,11HeH11n He CBHJblllalOTCH c 11eoocn11paJJbHOi1 Z-<PopMoi1. OH11 

JaTpy.11,HmoT, HO He 111-1r11611py10T B-Z nepexo.n, KaK 3TO npo11cxo.11,11T .11,JlH 

KJJaccw1ecK11x 11ttTepKaJJHTOpoe [I]. 

2. flp11 noMOLU11 cneKTpOB Kpyroeoro .11,11xpo113Ma noKaJatto, 4TO xapaKTep 

BJa11Mo.11,ei1crn11H Ml1TOKCaHTpotta 11 aMernttTpotta c B-<PopMoi1 LI.HK c11nbHO 

3ae11c11T OT 110HHOi1 c11nb1 pacrnopa. B <P11311onor11,1ecKoM pacrnope 

B3a11MO.D,ei1CTDl1e HOCl1T B OCHOBHOM 11HTepKaJJl1PYIOLU11H xapaKTep, 0.11,HOBpeMeHHO 

)J)ll11-!Hble 60KODble aJJ11$aTl1'leCK11e rpynnbl 3JleKTpOCTaTl14eCKl1 D3al1MO.D,ei1CTDYIOT 

c OTp11uaTeJlbHO 3apmKCHHblMl1 <Poc<PaTHblMl1 rpKnnaM11 )],HK. np11 MaJlblX 

110HHblX c11nax (µ<0.1) [2] Ml1TOKCa1-1TpOH 11 aMeTaHTpOH B3al1MO.D,ei1crny10T c LI.HK 

11 PH K no Kpai1Hei1 Mepe ABYMH paJJll1'lHb1M11 cnoco6aM11. Ha6n10.11,aeTcH 

cne.11,y10LUaH 3aKOHOMepHOCTb B cnoco6HOCTl1 113MeHHTb reoMeTp1110 nap OCHODaH11i1 

np11 D3al1MO.D,ei1CTBl111 c 0.11,HOH MOneeynoi1 Ml1TOKCaHTpOHa: np11 µ=0.11 

GC>IC>AT. 

3. floKa3aHo, 4TO xapaKTep e3a11Mo.11,ei1crn11H M11ToKcaHTpotta 11 aMeTeHTpotta c A­

<PopMoi1 MaJJO OTJll1'!aeTCH OT CBH3b!BaHl1H c B-<POPMOH, HeCMOTp51 1-1a TO, 'ITO 

reoMeTp1111 cn11paJJeti cyLUeCTDeHHO OTJll1'!alOTCH .11,pyr OT .npyra. 

4. Bnepob1e 3Kcnep11MeHTaJJbHO 11ccne.nonatto M11Htt11e npornooonyxonenoro 

coe.11,11HeH11H 11M11.D,a3eHa Ha LI.HK. flp11 nOMOLU11 .n11<P<PepeHL(l1aJlbHblX Kp11DblX 

rniaMeH11H BbIHCHeHo Ml1HH11e 11M1111.a3etta Ha CTPYKTYPY Ll,H K onyxon11 capKOMbl 
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45 onyxoneHocs1ll(11X Kpb1c 11 )],HK ne•1e1111 JJJ.OPOBbJX Kpb1c in vitro 11 in vivo. 

noKaJaHO, 'ITO 11M11JW3ell u co•1eTa111111 c JlC PH K ny•1w,e DOCCTaHOBJll1BaCT 

xapaKTep11cT11K11 LI.HK onyxoJ111 capKOMbl 45. BonpeK11 ::>Kcnep11Me1rraJ1b110 

H36JllO.D,aeMOH 113611paTeJlbllOCTl1 BJll1Hlll1SI 3Tl1X COCJl1111Clll1H Ila KJJeTO'IHOM ypo1rne 

noKaJaHO, 'ITO He 1-1a6n1onaeTCSI H3611paTCJlbllOCTb BJll1H111151 3Tl1X coe)l11He1111i1 11a 

)],HK onyXOJll1 11 llOpMbl J3J . 

5. npeJl)IO)l(CH MeT0.11, HCCJICJ\OBamrn llJlM51111151 cpapMaKOJIOrJ1lleCKl1 3KT1113HblX 

coe.11,11He1-111i1 c )],HK np11 n0Mout11 ;111cj:>q)cpe11u11aJJb111,1x Kp11B1>1x nna1rne1-111n J4j. 

OcHOBH1>1c 11y6;111Ka1~1111 no TeMe .11,11cccpTau1111 . 

I. KaJapHH P.C., C11rpm1 A.E., CyK11aC51H r.LJ,., CoroMOll51H Jl.P., l3a6as1H 10.C. 

"Bn11m-111e Ml1TOKca1npo11a 11 aMern1-1Tpo11a Ha B-+Z nepexo.n" \ \ MaTep11 tu11>1 

HY4 HOH KOH$epe1-1u1111 nOCBSIU(el-11 JOH 30-nern 10 OCHOBaH 1151 OT.11,CJla 61-1ocj:>11:i11 KH 

611onorl1'1ecKoro QJaKyJJbTeTa ErY, EpenaH, 1996 r ., CT. 44-45. 

2. oa6am1 10.C., C1-1rpm1 A.E., KaJapHH P.C., Anerncm-1 M.r., CorOMOHSlll Jl.P. 

"Vlccne)looaH 11e B3a11MOJlei1cT1111s1 npoT11 noonyxoJJen1>1x coe)l1111e1111i1 

Ml1TOKCaHTpo11a 11 aMern1rrpo11a c )],HK no xapaKTepy 11JMe11ett11H cneKTpou 

Kpyroaoro )l11xpo11JMa" \\ E11ocJmJ11Ka, 19.97 r.,(np111u1rn u ne,1aTb). 

3. 13a6aHH IO.C., Xy)laoepLtHll H.B., CHrpm1 A.E., rap11fo1H )],.B., )],a1-111eJISlll Vl.C. 

"Bn11m111e 11M11)laJe11a n co•1eTa111111 c PHK Ha CTPYKTypy )],HK capKOMbl 45" \\ 

l311ocj:>11311Ka, 1997 r. ,T. 42, N° I, CT. 125-128. 

4. Ea6as1H 13.C., CHrpS111 A.E., Ka:.iap11H P.C., XywtBepnm-1 H.B., ApyT101-1m1 c.r. 

"Oco6eHHHOCTl1 llJl<lBJICll1151 KOMl'IJleKCOB LI.HK c Ml1TOKCa11Tpo1-1aM np11 MaJlblX 

Ko11ueHTpau1151x" \\ Mc)l(.ll,y11apo)l11b1i1 c11MnoJ1110M no)l ::irnJJ,oi1 IOHECKO 

"npo6neMbl 6110XHMHH, pa1~11au1101111oi1 11 KOCMH'teCKOH 6110JJOT"1111", MOCKBa, 

)],y6Ha, 1997 r., CT. 13-14. 
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Uvc+P3Uv ~U4fll=! bQ-flf't> 

vml1LbtJCitUJ)J)lllUb[1p hw4wmnm91:iwJJ1Ci lipWQlll!)JlllUUb[1j1 

hbm 4nuunt11uut11J1 4nnuit11wmJ1L[ Ljrnjuwr4mliCib[1 

UlJ<l>fl <l>U Q.t>f' 

.:.wuqmgwJt1Ci pwntr ' '1-l..IO-, fl-l..IO-, w2 L owju u1wp11LJJ1, 4nCi~>npliwgpnCi wCigmliCib[1, 

tlj1umpuwCim[U1Ci, wlibmwCimrnCi, pupriwqbG: 

~WJU1Cip t, np hwUW[1JW pn[np hw4wmnmg!)WJJ1Ci uj1wgm!)J11LCiCibp[! J)WtPWCigb[nl{ P2P2, 

Lj111tuwqT)l1lU b(i 'l-vfO--p hbll1, 0[101{ h UjWJL\WUW1{11[11{W<) t Cipw(ig hLU4WlllnlllQ!)WJpU 

W4ll1'1tJ.lll!)JlllU[!: vb[14WJtugLjw<) w2JuwU1WU!)l1lll lllUl1lUULUUj1[1Ljb[ t Cimlt[bj1ULUJ)J)l1l­

hwl1tu11Ll111LQJ]WJj1Ci upwg11LJ)J11LCi (lipmn11uwCimpnCi h tuL'ibu1wCiL11[U1Ci) 4nL'iUj[bpuCibpmli 

l1wL11W[1t[nq 4nnu1bpwL11pLj 4nuim11uwgpnG Lj1ntuw4tpuimuCibp[!: UpwdtuuwCiw4 

mumuCiwuppljb[ t htulibliwITTwpwp LjbJ12b[1U ~~ Q-UU vmpp opqwCiwl1wCi !)pdJ1wJJ1 

!1GuL11!rnmtu1mu upCi!)bqLjw<) pu]111wqbCi hw4tumnmgpwJtJCi litJwgmJ)JWG wqritgmJ)JlllU[l 

utupll'1L'iw 45 mnmgpj19 h wn11112 wnCibL11Gbpj1 LJWflT\119 wG2wu1Ljw<) 'l-vta·-p Ljj1w, 4wmwpljw<) 

I. Lqpwl1wgmJ)J11LCi LUJT\ lij1wgm!)JWU 4[]1Gp4wl1tu!i oqmwq.npWw!i h!iwpwljnpm!)JW!i 

LjLpwpL[1JWF 

U2tuwmwCi11mu 911LJ9 t mpljw<), np zCinphpLj LU[j11>WU1pl1 bp4W[1 4nquCiWJ]1!i juupb[1p 

wn4WJl1l!)JWCi lipum1:iuwCim11nCi-'1-vIO- h wlibmwCimrnCi-'l-vfO- L1nL'iuiLt11uub11J1 4nCi'.l>n11liwJpCi 

l1luu14mJ)JlllUUb[1!i twuitu U1W[1pb[1Ljl1LU b(i T)LUuw4wCi pCiU1bJ14WLJWU111JlP hwULUJl T)pmtjnq 

oppGw~LULjllll!)Jl1lUUb[1pg: f)f'umuCiwuppt[bL t WJT) uj1wgmpJlllUUb[1p tJ.mtuwqritgmi:iJl1lU[! z 
tj1njuUjWfll1lJ[1WJpCi 4wnmgLjwD"11 mCibgnq uintJ1[dG-dC] u1ntJ1Cim4[bnripmj1 hbm L B->Z 

ll'1li'.l>npdtuJj1Ci tuCigmliGbpj1 wnwG0Gwhwml1mpJmGlibp[! upmn11uwGmpnGp L wubu1wliu1pnGj1 

GLpl1WJl1l!)JLUUp: 

511LJ9 t u1pLjwCl", np upmnputuGU1[111Ci[! h wlibmwCiu1pnCi[! ~b(i wpqb[LU4mli B->Z wCigmli[!, 

/ULUJLUD" twu1bu 11wuriwqbgCimu bCi: B- L A-4nCi:j>n11uwgJ1wCibpj1 hbm lipmn11uwCimpnCiJ1 

tj111jutuq11tgmpJwCi dwutuCiw4 T\]1ml{mu bCi hwuwpJw CimJCi oppCiw~wLtimi:iJm!iCibp[!: 

~bu1wqn1.11mpJmCiCib[1[! gmJg bCi mljbt, np plip11wqbCi[! wCit\p2w4w!i ~ti Ltin]uwqrimu 

'l-vf0--J1 hbu1: in vivo hbmwqn1.11mi:iJmCi!ibpJ1 dwtlwCiw4 umwgljb[ t , np putiriwqbCip 

wqriLgmpJwCi 1.11w4 uwp4nuw 45 mnmg11t1g wCi2wu1LjwD" 'l-vf0--J1 4wnmgljwb"p[! p!impwqrin11 

u1wpwubmpbp[! linmbGmu bG wnn112 wnCibu1j1 uw11rit1g wCi2wu1LjwD" 'l-vIO--p 

hwt\wuiwu1wujuwCi u1wpwub1.11pbp]1Ci: bCipwrirtlmL'i t, np 4nliuiLtpuCibp]1 hw[L'iw!i riJ1'.l>bpbCigj1wL 

L1npbpp mumliCiwuJ1pntf>JLUU up2ngm[ hCiwpwLjnp t u1wpqwpwCib[ hw4wmnmgpwjpCi 

upwy lll!)Jlllli!ibpp wqTjbQlllflJWU UO[b411LL LU J]l!i ubjuLU u11qt\Ci bp[!: 

~ 
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