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OEl.UAf[ XAPAKTEPJifCTl1.KA PAEOThI 

A1nyaJ1bllOCTb TCMbl. Orn1a rn oc1101111b1x 3am1•1 conpcMCH11oi1 MOJ1cKyJrnp11oi1 

6HO(j)HJHKH COCTOHT ll llblilCI ICI I H 11 xapaKTCpa ll'.laM MOJ.(CHCTlll151 JICKapc-rne1-1 H blX 

COC).(MHCllMH c HYKJICl11101lblMH KMCJIOTCIMl1, TaK KaK MllOJ'HC JlCKapCTBCHHblC 

npe11apaTbl, npo1-JHKa51 ll KJICTKy, CJHl1blllalOTCH B OCllOllllOM c HyKJlCl1HOllblMH 

KHCJIOTaMH, 'ICM H o6ycJJOllJICll flX rcpallCBTH'JCCKflH :>(jlCPCKT. 3TOH npo6JJCMe 

llOCl\511HCllO orpOJ\ll IOC KOJI ll'ICC-l llO pa6o r, Ollila Ko, '.l<Uta•1a llCC CJ.UC OCTaCTC51 

aKryWJbllOH, II CIJSIJH c CIJllTC '30M llCC llOllblX II llOllblX 6MOJIOff1LICCKH aKTMllllblX 

COCJUlllCllHH. 

4T06bl flOllllTb K Ka KO MY 11apy111c1IH10 cllYI IKUH ii ,[lH K MO)l(CT llpHll0lll1Tb 

KOJ1,lllJICKC006pa1011a1111c JJCKapCTJlCllllhlX COC).(HllCllHii c llYKJlCHllOllblMH Kl1CJIOTaMH, 

llC06XO).(HMO ]llaTb llC TOJlbKO xapaKTCp CIHI J blllaJIHil, 110 H llblilCHHTb ll03MO)l(HblC 

HJMCllCHIHI B CTpyKType ,[lH K llCJICl lCTlrne B'.JaHMOJlCHCTllHil H onpe).(CJlHTh 

JJJMC11e11He TCpMOJl HllaMH'JCCKHX 11apaMCTpOB npH cnHJbtBa11HH. VlccJ1e1w11a111-1e 

ll'JaHMOJlCHCTllllll <l>ap~1aKOJlOfH'ICCKfl aKTllll llblX COCJ(MllCllHH c l-tyKJlCHllOllblMf1 

KHCJJOTaMH aKTyaJJbllO CJUC H TCM . •no a11aJIMJ no11y•1C1JllblX ).(aHHblX nOJllOJIHT 

OllPCllCJli1Tb nyr11 y11y•1111c111rn JICKapCTllCllllblX 11pcnapaTOll, H, n 'laCTllOCHI , 

a11T11paKOllblX COCJ:ll111Clll1H , cr1 o co611b1X :>cj)(j)CKT11 lll ICC CllH3bl JJaTbCH c 

llYKJlCl111013blMH KHCJlOTaMH, a TaKlKC llOll>JTb MOJlCKYJl5lpllbli1 Mexal!H3M ll03).(Ci1cTB~J)I 

MCCJIC)lOBallllblX COCJlMllClllJfi. 

<l>pa11K- KaMe11cuKH M, rypCKllJ\1 , Kapancn1110M, Waring H T .Jl . 

:JKCJICpHMCllTaJl bl 10 II TCOf)C I JJ'ICCJ...11 110JlP06110 11CCJlC).(01ll:lllbl KOMllJICKCbl 

llYKJICl11101lb1X KflCJIOT c 11111Cf)K<IJJ)JIOpaMM H llCHllTCpKaJHITOpaMH H llOJlY'ICllbl 

oc110B11b1e :iaK0110Mcp11oc·1 H, xapaKTepw3y1011me HX B'.laMMOJlCHCTBHH. OnHaKo, 

cpa1111HTCJlbllO llCJlaBHO 6blJI ClllllCJllf)OllaH llOllblfi KJJaCC npOTHllOOnyxOJICBblX 

COCJLllllCllHfi, KOTOpblC COJ!Cp)KaT llJIOCKllC LlHKJlbl (cnoco611blC HllTCpKaIIHPOB<ITbGH) 

II l UlllllllblC :iap5ilKCllllhlC aJ11Hpa·1w1CCK11C XllOCTbl (c11oco611blC JJlCKTpOCTaTH'ICCKH 

llJ<lllMOLlCHCTllOBaTb c CjlOCCjlaTJI bl M II OCTaTKaMH HYKJIC111101lb1X KHCJlOT). <l>H3H KO­

XllM 11'1CCKHC CllOHCTlla KOMrlJICKCOll TaKllX COCJlHHCHHH c npanocnHpailbHblMH M 

JICllOCl'IHpaJlbllblMH cj)op11-ta\IH n11ycm1paJlbllblX llYKJlCHllOBblX KHCJIOT llbJnOJlllCllbl 

Lown H Eia6aHHOM. VIJ a11a11 H:ia J1wrepaTypHbJX J.(a1111btX c11enyeT, 'tTO 

ICp'IOCTa6MJJbllOCTb KOMllJlCKCOll ,[lH K c MHTOKCallTpOllOM HCCJICJlOB<\110 



11,:; 111C'iillO'lll(), a llpH M <UlblX KOllUCllTpauum. MWfOKCa11rp011a, Koma 0.LtHa MOJICKyJJa 

"11 111 i.;c;11 11 po11a c11w11>111ac rcsi npuMcp110 c I 00 11 Gonce 11 a paM11 oc11oua1111~i LlH K , 

l ' lllll' l ' lllt'IJllO llC HCCJICL(OllallO. 0Jt11011peMCIJllO, Ile IJblllCIJ CllO, Ha6JllO.Ltaen: si Jiil 

111ti11p.11cJ11.llOClb 11p11 llJa JIM0/ [CfiCTBl111 MHTOKCa!ITpOHa c LlHK onyxo1111. 

I (1• 111 II JllOll•tu /ICCJleiJ0<1U1t1lfl . LlcnUlbl IOC l1CCJICJtOBa1111e BJaHMO.LtCHCTBl1ll 

~111 111f L':1 111prn1a c LlHK 110J1M1>1 11 onyxom1 capKOMbl 45 c onpene!le1111cM 

11.Jjl.i~ll I p1111 \.IP<IKTCpw1y10 11111x Cllll"lbllla1111c H TCpMOCTa6HJlbllOC'I h KOMf!JICKCOIJ. 

ll 1a; 1a•u1 pa601r.i BXOJlllJIO: c 11 011-!0 ll[blO OllHl'ICCKl1X MCTOL(Oll 11 M11Kpo­

, , llljl ll\1 1' I Jlllll 

llL'L ; ll'JUlll<ilh 11p11 po.11 111<111\IOI LCll L lllll l l \llllOKC<llllp011a c JUIYCfll·IJXUll> -

111·1~111 ) lllK II L 011yxo;1c11011 Jl lll, , 11p11 p;11111•1111.I\ llOlllllol\ CllJl<IX II ICM11cpu1ypax. 

ll l'1:J ll''IOll.lllo 111.tl tl lCllll l' 1'11\lllill'KL'Oll ~ llll llH .• 1111p1111o1 C J lJll( llOj)M <Ulbllhl X 

II 1111\'\ll ll'li l .I\ 1p.tlll'll111p~lllJlllll.llllll.I\ J, l ll'llllo: II lllllll<IHl\1 lllllL'p11:u1c Ko 1111e111ra1~11~1 

'111 111 L ( i 111 I p1111.t 

''")'1110( 111;1•11•11111: 11 1101111111:1 . II , 111cn·p1:1111111 11cc; 1eL1011a11 xapaKTep 

111.111~10· 11: 111 . 1111111 \1111111-.1:i111111111.1 11 1;i1111c11~1111'. ' 111 111 1101111mi cuJ11>1 pacniopa 11 

ll! ~tlll~ i' J ll)Jll·I II 1111p1~j l1 :J 11: 111.1 ll' jl\lllJ llllt:l~lll'lt'Clo:llC lll'Jll1'1Hllbl CBllJbJBaHIHI MCTOJLOM 

j I l' fi I r•111 I •11 11! \I 1: j p 1111 11 Jlllll'~JllllL' I JlllJlllll.111.1 pa 111111w B BCJIH'11111ClX 

l lfl \ 1tq11ll 11\lll'l (' i,f; lt\ IJ.q•.i\ll'. lj\1111 llJlll llllll'J1~;1· 1Hllllll COCJllllleH11~i C 60JlhLllHMl1 

•lll 1 iHiJ , 1~111 1 pv1111,1~111 II 111: I 1111\, II lljHldlld ' lll llljlOlldl la llJ111'1HllCl JHIX pa:.JJll1'1HH . 

n111.: p11i.11 : lf\lJl\'Jlll~ll'll l :1111o1111 Ollll.tjlyit,CllO fl TeopeTWICCK11 06oc11011ai1110, 

'llli 111111 ~1.1111.1;.; lillillll' lllJl. lllllll\ 11-!lllOKC<lllT[JO!la (r '.5 0 ,01) yMeHblllClll·llO 

lt' M11 1 p 1 11~1>h1 11 J1o1111l' 1111u JUI K •'. 111l'f1c111y,·1 y 11cJ111'1e1111c J11TaJ1bnM11 nJJaBJ1c111151. 

11l'•ll 11py. 1:c1111 , '1111 11p11 CIOl llolll.1111111 MlllOKCa111po11a c Ll HK l!OpMa.JlbHbl X 11 

l •11~ \• • .lil~ lll.I \ I p,JllUi111p\l llJ Hl lhlll I I hi\ KJIC I OK I ia6JJ 10.LtaeTCH 11eKOTOpw 1 

1111111p,111! /llol llll : 11o 111.tll~l<l , ll'llC ' lllll}I ~llllOKCa111po11a c llllMl1 - Cll51 3hlBClllHC CMJlbHCC c 

(lll~' \f1 , 1l: 111.1\IJI J lJ 1 I( 

1111.lklll'll'l' K:UI l\CllllOClb, llo; 1y•1c11111>1e pe'JyJlbTafbl MOrYT 6bITb npl1MCllC11bl IJ 

p.11, lll'lllhl.\ lHl. ldC IHX M(lJIC1'YJl l lj1110ii 6110Jl01'1111 H MC1[111ll1Hbl. npe)f(Jl.C BCero , 01111 

I 1Jll'Jl1;·1ii11 IH 101 1111 lt' Pl'C Jl.IDI XllMllOTCpa111111 onyxonei-i, np11 paJpa60TKe llOllblX 

11!11i1l: K1 1111111.1\ 11po111110011 y\OJll'llhlX COCJl~111CIJMi1 11 ll OOHCKe OllT11MaJlbl!blX nyrcii 
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11a11pa1u 1c1111010 CllllTCJa 6 110; IOl ll'IC<.:1'll aKT l11111blX C()CJLllllC1111H H '.JKC 11pccc 

a 11aJ111m flX MOJICKYJHIJ}llOll' ; lciH.: 1111111. 

Pc:iyn bTm bl pa60Tb1 11 c1 10;11> Jy11ncs1 11 ; 1cK1t1101111 blX Kypcax no CTPYKType 

11yKJ1e~111ou1>1x Kl1CJ1or 11 Epc 11a11cKm1 rncy1111Bcpc11TeTc u Moryr 6b1Tb 

PCKOMCllLlOll<lllbl JUlll y'IC611h1X 'J<lllt.:)lt: llH ii, llJC CCTb cr1e1tHaJIH:.Jal[HH no 611oqJH:.JHKC ~I 

MOJICKYJll1p110i1 foJOJlOl"llH. 

Anpo6au1rn pa60Tbt H 11y6; 111Kauu11. Ma1epw1b1 w1ccepn1u1111 noKJIClllb1Bru111c1> Ha 

l3ccco10J1 IOH KOi l {jJCj)C I I 1(1111 110 "CllCKTPOCKO l 11111 6HO llOJ111MCPOB .. 

(XaphKOll, 1984.1991 ), Ila MCA<I LYI 1apo1 1110~1 CllMllO:.JMY~IC "n po6JICMbl 6110XHM1111, 

J1<lJ ll1aU~IOllllOli H KOCM ll'ICClo:llll 01 1\)JIOl IHI.. (Lly611a, 1997) , Ila 11ay'lll Oi-i 

1<.011t!Jcpe11111rn , 11oc1n1111c1111rni 30- 111 ; 1..:11110 oc11oua1111>1 01 11cJ1c11Hl1 611o(jmJ11KH EIY 

( [pc11a11, 1996). 

Oc11on111.>1e pcJyJ1bnt 1b1 oi1y6;111Ko11a11b1 u 5 crnT1>11x. 

CTp)'KTypa 11 o6oeM n11ccc1nau1111. Ll 11cccpTLllJJ IH COCTOHT Wl BIJellC Hl151, lJCTblpCX 

rnan, llblllOJlOll II CIHICKa Jlll rcpa·1yr1>1 ( 104 CCblJIKH). 011a C011CP)J(l1T 90 CTpa1111u, ll 

IOM 'lllCJIC 15 p11 cy 11KOI! II 2 1a6J11lll. 

CoJJ.cp;.Ka1rne pa6oTbt 

B nep11m1 rnaBe npHnomr1c11 Jta 1111 b1e o Ko11<l)O pMau1101111b1x 11epexonax B 

llllYCllHpaJibllbl X ll YKJlt.:ll ll Ollbl X KllCJIOTax, l lJllllll lHIO paJJIH'lllblX (pctpMaKOJIOrw1ecK11 

aKTl lllll blX COCJU lllCl lll H 11a 13-Z II 13-A pa 1111 011ec 11s1 H paccMaTpH1l3CTC>I MexaHl13Mbl 

1na1111-10JLei1 <.: 1111 n 1 tl1ap,1aKrn10111'1ec1o.11 aK·11111111>1 x co..:1u111c111111 c 11yKJ1c11110111>1M11 

KMCJIOTaMM. 

130 1rropo ~i mane 11pi1110}\)l ICll 0 11HC<.11I11 C MaTCPH<UIOB 11 MC ro1111 K11 

Hcc; 1eno1Ja1111ii. ob11111 11cno; 11;Joua111..1 c 11c; \y101u11e npe 11 apaTh1 11yKJICHHOBblX K11c;1or 

Ll HK THMyca TeJleHKa ("sigma") , llC'ICllH KpblCbl, capKOMbl 45 (6blJll1 BblllCJlCHbl 13 

J.1TOX HAH PA), 11 on11ld(/\-T)I 11 110J11 1ld( l -C)] ("P.L Biochemicals"). Bee 

flH1pMCllllble npc11apaTbl ll YKJICllllOllhl\ KllCJIOT HCllOJlb3011Clllbl 6c:.i LlOflOJIHHTCJlbHOH 

01111crK~1. Moi 1eKyJrnp11a11 ~1acca LlHK 11c•1c1111 Kpb1c1>1 11 capKOMbl 45 11ops111Ka 107 

!HlJl bTO ll. LlJHI '.JTJ.IX 11,HI( 0 ·1110111 c1111t: A 161,/A2xo Jlt.:)KaJIO MC)l(J\Y 1,8-1,9, a A 260/ A 2io­

ll-IC )l(J IY 2,2-2,4. Co11cp)Ka1J11c 6c; 1Ka 11 Pl I K 11 yKa:.ia 11111>1 x Ll l-1 K MCllbWe 1,5% . 

Ko1111c1 rrpauw1 MCI IOI! 1,Jllll<ll I I IL.IX I IYKJ l<.:HllOllblX KHCJIOT 6blJ1a onpc11e11e1-1a 

11c110J JbJ0 11a1111 c~1 c11e11y1011111x 1--0Jtl >llll11111i:11ro11 JKc111 11KLHIH, B M 1cM ' : LlHK 



Tll\lyca TC!ICllKa (E160=6550), D,HK ne•1e11H Kp1>1c1,1 (i:w,=6500), nomtld(A-T) I 

(c211=6600) 11 1101111 ld(l-C)I (1: 111 =6900). 

"1ccne1:to 1ia11 Hll 11po110Jt11m1c1>: 11 BOIUIOM pac-rnope, COl lCplKa1ucM 0, IM NaCL, 

0,0IM Tp11c, 0,5M M 31],TA, pH 7,4 (6yqJcpA); 0,0IMNaCL, IMM Tp11c, 0,5 ~1 M 

3LlTA pH 7,4 (6ycf.Jep E). TpMc, 31],TA, NaCL- npe11apaTbl tlrnpMbl "serva". pH­

MeTpc pH-673. 311aliem1c pH OllJ1CJlCJHIJ111 np11 25°C. 

B pa6oTe 6b!JI HCllOJ!bJO llall cf.JapMaKOJIOIWICCKll LIKTHllllOC cocn1111e1111e 

MttTOKCaHTpOH (MX) ("Farrnitalia"). Ko111~c1npau11l1 M1n0Kca11rpo11a 6bu1a 

011pe1LeJ1e1ia cneKJpoMeTpw1ccK1-1: t:66;=20900 M ' CM'. 

CneKTpbl norno1ue111rn H Kp11111>1e rrnaw1c111.u1 pCaJll1J01Ja111,1 11a 

cneKTpocf.JoToMeTpax" Cary-219" (CWA) H "Unicarn SP - 8000" (A1m111S1). 

Tennory nepexona c 1111paJ1b-KJly60K 011pe11cJ11u111 11a JlHcf.Jc!Je pc11u11aJ11>11m1 

a1111a6aTw1ccKOM cKam1py1011LCM M11KpoKru1oprtMeTpe "D.ACM-1 M" (CCCP). 

floc111poe1111e iJ11<fH/Jepellt(l/{/J//JllbtX 1Cp116b/X llJlllfJJlellUJI. n OCKOJI bKY 113 Kpl!BblX 

llJIUllJICll 11SI' I IOJIY'ICH 11 b!X Cl ICKTpocjJOTO~I CTp ll'ICCKll , oco6e11llOC'l11 11ep1111 •1110~1 

CTPYKTYPbl LlH K llPOl l llJ l}f IOTCH CJ1a60, 6btJI ocy1 11ec I llJIC ll llCPCXOJL K 

n 11cf.Jcpepc11Lnta111>11b1M Kp1111i,1'1 11Jia 1111c111rn (LI.Kn). D,Kn 61>u111 nony•1c111>1 n yre ,,1 

•111cne11Horn JUHjJ(pepe11u11po11am111 11opM11po11a11111>1x Kp11111>1x 1u1a1u1e1111l1. B lla 1111oii 

pa6oTe D,Kn np11Me1111erc11 JUHi 11ccJlcllo11a11 11H 1JJ111m11rn \111r0Kca11Tpo11a 11a 

HYKIICOTl1Jl.H blC nap bl D,H K. 

B TpeT1>el1 rna1:1e paccMaTp1rna10Tc11 TcpMOJJ.1.11ta~111Ka , c·1 pyK1 ypa 11 np11po1w 

llJal1 MOJlC HCTBl1SI Ml1TOKCall1 po11a c w1yc1rnpaJlhllblMl1 .UH l(. 

Hcc11eiJofJ<11111e 6Jt1t1MoiJe1/cmaUJ1 JH1111101cca11111po11a c ) (11 K 110 xapa1u11epy 

t1JJHe11e111m c11e1o:111pou 11ol110t1(e11w1 o 61t011.111ou ofi-wcmu c11e1-:111pa. 

"1cc11ell01Ja 110 1na11Monc iicT111H1 MX c D,HK nt~1yca rcJ1c11h.a 11 6ycf.Jepc A 11p11 

KOM ll<ITllOH TCMllepaTypc. KaK CJICJLYCT 11'..I p11c. I , np11 I IOC IO>ll II IOH KOllL\CH1 pau1111 

MX c ylleJ11!'1e1111eM co11ep))(a111111 D,HK ll pac1Bopc 11 a6.' 1101iacTCll r11noxpoMWJM 11 

CMCILlCllHC MaKC11MyMa rlOI JIOll\Cll"151 11p11 665 llM II CTOpo11y )UlllllllhlX llOJlll. np11 

JTOM HMecrCll 'ICTKO llhlpa))(CIJll<l l l 1no6ecT11•1ecKa>1 ro•1Ka 11p11 676 llM. 

CJ1enonaTcJ1b110, ll 11cc11e;1yc~1h1X ycnon11i1x (11p11 Mo1111oii c1u1c µ =0,11 11 

TeMnepaType 30 °C) MX 1na11MO)le l1crnyeT c ,ll.J-IK rnMyca TeJICHKa OllH11M 

cnoco60M. np11 · HCKOTOpblX 111a•1e11H5!X Cr/Co ( me Cp- KOllUCJrrpau11H ,.QHK II 

pac•1eTe 11a napy ocHonaH1.1ii, a C 0 - KOllllClllpamrn MX 11 pac-rnopc) 11pcKpa1uaero1 
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mu11>11diu.1ec 1u~1e 11e1111 e c11ch.1po11 11u1 J1011Lc111n1 - 11cc \10J1eKyJ11,1 MX 11axo11>1TC>I 11 

Cll>IJUllll0"1 COCTQ}lllllll. 0 JUIOBpCMCllllL\ 11CCJICJLOll<IJIC>I xapaKTCp IHMCHCllHll 

c11cKTpo11 11orno11Le 1111 11 11p11 11Ja11~t<Mdic1111111 MX c llHK 11p11 cpa111111TcJ11>110 Ma11oi1 

1!01111<.HI C11JIC (6y<!Jcp 5). 

KaK 110Ka Jb111a1or :JKc 11cp11 ~ 1 e 11iaJ 11,11i, 1 c Jla1 1111>1 c 11p11 1101111oi1 c11J1c µ=0,011, 

11p11 110CTOH1111oi,i Ko111Lc1npa1l1111 MX c ym:nw 1e1111cM COJlCP))(C\ llHH D,HK 13 pacr11opc 

CllCK1pb1 llOI JIO ll\Cllllll WJMClllllOIC>I, ll!)ll 'il:M 11p11 :JntX 11011llblX CHJlaX HHKaKl1 X 

JaKOllOMCIJllOC I Cll II HJMCllCI 11111 Cl 1cKrpo11 I IC HaOJllOJlalO I c11: II yKa3allllblX ycJIOllHHX 

llOJ\IO))(llbl OJll lOllpCM Cl lllO, 110 1-.pa1111c 1i \ICpc, )l)ILL pa"3Jll1'1Hh1X cnocofla 

1na11Mo11c1ic rn11H ~1onci-.yJ1 MX c LHI K . CJ1emrna1e111>11 0, y))(c w1 paccM0Tpe111n1 

c1ll~>.1po11 no1nouLe111H1 c11e1lyc1, •1m \apai-.1cp 11Ja11Mn; 1eiic·1111111 MX c ,llH K 3a11 11c111 

OI HOllllO~i CllJll.I pacr11npa. J!tcCJICJlO ll<Ul<ICb TaK)KC TCrlJIOB<UI ;w11aTypau11>1 

KOMllJICKC011 ll1 IK c MX 11 Gyrj>i.:pax /\ 11 r:; 11 0 11 'JMc11e1 11110 1101"J1owe111rn 11p11 260 llM . 

I la p11c. 2 llpllllCJlCllbl KJl lll lblC ll Jlall!IC llH l l llOJll-1 ld(A-T)I, 11011y•1e11111:.1e npH 

11cKOTOpb1x KOllllC 1npau 11>1 x MX. KaK 111 11u1 0 1u p11c.2, CllH'..lb11Ja1111 c 11p1111on11T K 

YllCJIH'IClllllO TCp~lOCTa611 J lbllOC I II llOJllilu(/\-T)i, 11p11•1CM xapaKTCp H3MeHCll11ll 

<IJOPMbl 1<p1moii 11na11J1<:: 1111>1 1<0~11u1cKco11 u :.san11c11MOCTH OT Ko11ueHTpauHH MX 

paJJ111'1e11 11p11 pa·m1 1•1111>1 x 11011111,ix uu1ax pacruopa . 

A 
0,09 

0,07 

600 640 680 

A . HM 

p11c. I l-1"JMe11c1111e cneKTJJOll 

11 nrJ10111e 11Hll MHTOKCa llTJJOHa 

11p11 CllHJbll\<1 1111"1 c )],HK Tl1Myca 

TeJ1e11Ka 11 6ycjlcpc A n p11 30°C. 13 
11po11eccc 1-wrpo11a111111 KOHue11-

Tpa1.1 11>1 ~111TOKCallTJ)OHa OCTaeTCll 
11ocrnH1111oi1 (C0=4, I· I Q·6 M) . 
Ko1111c11Tpau~1H )],HK ll pacc1eTe 

11a 1iapy oc11011aH1-1fi pa1111a: 

c .. = U5·10 5M ( I); 2,9·10.'M (2); 
4.6· 10 ' M (3) 11 9·10.5 M (4); 5-
CllC>.lp 11 orJ IOLUl!llHil 'lllCTOIO 

,,11noi-.ca 1npo11 a. 



I 
i-i1 ip 

0,8 

1),11 

.... 
0,2 

1.0 
t-'11 

0.8 

01' 

o~ 

0.2 

L r-c 
54 

90 

pHc.2 Kpl111i,1e rn1a11J1e11l1S1 11om1ld(A-T)I 
ll KOMllJICKCC c MH fOKCa11rpo110M. 

a.- n 6y<t>epe A npYI 
KOllllCllT[laUMH\ MHTOKCa11Tpo1rn : 

C.,/ C,,= O (I), 0,09 (2), 0, 16 (3) 
fl o. :n \4). 
6 - 11 6yc!Jepe 6 1 qrn 
KOllUCllTpamrnx MHIOKCair1po11a: 

C.,/Cp=O (I), 0,025 (2), 0.08 
(3), 0,2 (4) fl 0,38 (5) 

KaK c11e;weT 113 p11c.2, (IJopMa Kp11BblX 1uiaB11c1111S1 KOMllJ1eKCOB 1101111[d(A-T) I 
MX 11pH µ=0,11 He MCH51crcs1 c yne11w1eH11eM •111cm1 CllHJa1111b1x c .llHK Mo11eKy11 

MX, a npo11cxon11r cMe11le1111c Kp1111b1x n11a11J1c1111s1 ll CTopo11y 111>1coK11x TeM11epaTyp, 

!ip11 ll0'1Tl1 HC11:JMCHHOM 1111TCpB<VIC llJIUllJICllHH. np11 J.1=(),011 nuyM~a'.lllblC KplillblC 

flJl31lJICHl1H 11a6111011a10TCH ll[ll1 K011ue1rrpaUlll!X JIM 1·a111to11,MCl!blll 11X 'IC~I 

CTCX110MCT[ll1'1CCKaH. 

CUSl3b!B<Hll1C MX c LI.HK MO)KCT 

11llTCpKa.TlHLU.111 apOM8TH'ICCKHX KOJICU 11 

ocyu\ccT1111s1T1.>cs1 np11 noM0Lu11 

"Ja C'ICT '.)JICKTj)OCT3TH'ICCKOIO 

1na11Monci1cnrnS1 OTp11uaTe111.>110 :.iapn)Ke1111b1x c!Jocc~ar11b1x rpyr111 c NH- rpynnaM11 

MX, KOTOpb1e np11 Hei1Tp<u1b11b1x pH :.iapm1<a10Tcs1 noJ10)1(1rreJ1b110. 

011pei)e.;1e11ue 11apllJHl!/llfl06, Xllpll1Cllll!p1ny1011<UX C6JIJb/fl(/l///l! lll/lnlOICCQl//11p011U c 

J(HK. 

Ko11crn11Ta CBH3bllla111H1 11 cTcx110MeTpHH 11acb111le111rn KOMnJ1eKca MX c ,l],H K 

paCC'l 11Tal!bl H:J CllCKTPO.B CllCKTPOQJOTOMCTp11'1t'.CKOro Tl! rpoua1111H. )lJHI pacc•1ern fJJ 

c11eKTpo(j>oTOMCTpH'ICCK11x KpHBblX nITpoBa11Ms1 (p11c. I), 110 q>opMynaM (I) 11 (2) 

onpc11eJH1m1 KOHUCHTpau1111 cuo6on11oro (C,) 11 c11srn11111oro (C0) MX 11 6b1J1a 

nocTpoe11a 11:.ioTepMa ancop6uHH n Koopn1111arax CKeT'1apm1. 

cf= 
A -Ab 

Ar -Ab 
xCo (I) 
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Cb = Co - Cr (2) 

1 JlCCh /\ 11 A h-rIOIJIOll.(t.:1111C 11p11 665 11\1 Cll060JU101{) II CBW3'111110f0 MX, A­

llOrJIOlllCllllC rip11 11po~1e>Kyrn•1111,1x Ko11uc11T1x11\HHX MX. Ab 61>1Jia onpette11e11a 111 

m111ci-i11ofi '..JKCTpallOJIS11llll1 /\or 1/ Cp 11p11 l/Cp-> 0. 

KaK CJlCLlYCT 1n p11c.3, c11wJ1>111a1111c MX c JllJyc1111paJ11>11b1M11 .LlH K 

xapaKTCp11:.iyeTCll llCJll111CHllOii I rJOTC p M 0 ii a;\cop61u111, KOTOpa51 xopou10 

01111CblBaeTCll Teopc·111'ICCK01i J'1111·1Clll\.Hl(;I blO (3) JUl)I llCKOOllCpaT111lllOl'O CB513b1Balll1H 

Jllll<lllllllll 11<1 10\10110Jll1~1CJ1C. 

Cr 
= K· (1 - 11 • 1- ). ( l - nxr ]'1-l 

1 - (11 - 1) xr 

(3) 1-

IJlC r - Cb/Cp. K- Ko11c1a111a c11srn,111a11Hs1 MX, 11- 11apa~1t.:Tp, xapaKTep11:iy101.1\11~i 

C'ICXMOMt.:Tj)MIO KOMllJleK<:a llOJlllMcp-Jllll<lllJl, 11p11 lli!Chlll\Clll111 11 pallllOi-i 'IMCJIY nap 

oc11oua1111~i llOJHIMepa, Jal I HMaC~I hlX OJll IOi ·1 cmua1111oi1 ~IOJICKYJIOi-i J111ra1wa. 

311a•1e1111H napaMc·1po11 K 11 11, w1s1 KOMIUICKca MX c 11p11pOt\HblMl1 11 

CllllTCTH'ICCKHMll )lHK llPH paJllblX 'ICMllCpaTypax, pacc•1111a1111blC no Cj)OpMyJJe (3), 

11p1111c11e11b1 11 n16J1. I. KaK cJ1CJtyi.:1 11J 1a6J1. I. JUl>I KO\lll JICKCOll MX .llHK n=2-3. 

noJIY'ICllllOC Jlla'ICllllC 11 - '111\:Jla 11ap OCllOllallHli, 1a1111 1\JaCMblX O[lllOH l:BllJa1111oi1 

MoJ1cKyJ 1o~i MX co1111am1cr c n JU IH Jlpy1 fix 1:ocJt1111c1111i1, 1na11MOJ.tei1cruy1oul11X <: 

.llHK 110 1111TcpKaJ 1>11u1011110~1y Mexa1111"JMY (rypcK11ii, 5a6as111, Lown). KaK c11c; \yc·1 

11:! n16J1. I. m16Jll01l,HCTCH fl'Jf\11p<ne.llbllOCTb Cllll'Jblll<lllll)I 11CCJICLlYCMOro cocn11HCllM>I 

c pa:JJll1'111b1Mll llYKJIClYll1JlllblMll 11apaMll. 

!'_ ·10 c , 

0,12 0.2 

pll<:.3 

0.20 ( 

l!bmepMbl CllH3hlllaHHll, 

llOCTpOellllblC C rlOMOWblO 

Cl ICKTpo<l>o ro~1eTpw1eCKOfO 
TlllPOll<llllHI Ml1TOKCa11Tpo11a c 

Lll!K IM~IYC<l 'ICJICllKCl II 6ycjlepc A 
rqm 30"C (I), 401'C (2), 50"C 
(3) 11 60"C (4). C11110111H<HI 
;i1111fn1 - ·1copcTw1ecKan KPMllaH 

npOllCJlCI 111as1 <1epeJ 

:>KcncpHMCllT<!Jlhllble TO'IKH 

y1w11;1cT11opH1011ws1 ypaB11eHHIO (3). 

9 



J.1cnOJlb3Y51 311a'leHHe K, MO>KllO HaHTH H3Met1eH11e CB060.UHOH :)HeprnH f1166ca t.G 

np11 CB5t3bmaH~111 no cf:>opMyJ1e 

t.G=-RT·lnK (4) 

r.ue R- ra3013a51 nocT05tH1iaS1, T- a6coJ110THasi TeMnepaTypa. J!l:JMe11eH11e ::i11Tanbn1111 

(t.H) npH CBS13b1BaH1111 MX c LlHK 6b1Jlo onpe.ueneHo 11J a11a.11113a Ba11T-focf:>cf:>a 

3a1111c11MOCTH KOT TeMnepaTypb1. 

H = -R a lnK 

a (1-) 
T 

(5) 

Cornac110 <j:JopMyne (5), rn11rc11c yrna 11aKJloHa Kp1113oi'i In K 13 JaB11CHMOCTH OT !ff 
JJ.aeT 13eJ1w1111-1y -Ll.H/R , ecmt :Ja ll11CHMOCTb Jl1111e~iHH51. 

KaK noKaJbma10T pac'leTl>I, JJ.Jl51 06011x 11CCJle.UOBHllllblX KOMnJleKCOB Ll.H 

(I 0±2)KKHJl/MOJlb. 3Ha51 t.G 11 Ll.H, MO>KllO oueHl1Tb 113Me11e1111e '..lt1Tpon1111 (S) np11 

Cll51'.Jbl1Ja111111 110 cj:>OpMyJle (6) 

t:.s= - AG - AH 

T 
(6) 

Pacc'leTb1 noKaJbrnatoT, 'ITO neJ1w11111a t.S rlOJIO)l(WfeJl1>Ha, 11 COCTaBJl51eT 

coorneTcrne1-11-10 17 ± 2 H 12 ± 2 KKaJ1/MOJlb rpau. 11.MI KOMnneKca MX c LlH K 

I fl Myca TCJICllKa. 

Ta6JlHUa 

TepMOJJ.111-taM11<1ecK11e napaMeTp1>1 CBH'.Jbl ua11 MH MMT0Kca1-rrpo11a c ,ill-I K 11p11 

11eK0·1opb1x TeMnepm-ypax 13 6ycpepc A. 

TmLlHK t0
,C k( 1Q-s), M-1 t.G """"/MOJlb n 

THMYC TeJ1e11Ka 30 5,8±0,4 8,1±0,2 2,4±0,2 

' 
40 2,5±0,5 7,9±0,2 2,6±0,2 

50 1,8±0,5 7,8±0,2 2,4±0,2 

60 1,3±0,5 7,8±0,3 2,4±0,2 

11om1ld(A-T)I 30 2,3±0,4 7,9±0,2 2,4±0,2 
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TepMocma6u11b11oc1111> 1wM11,1eKca Jf.//K-M11m01cca11111pu11. KaK 6b1J10 n0Ka·1a 110 1i 

npen11.uyLUCM naparpa<l>c, xapaK1ep llJ<lH \IO)lCiiC 1111 ISi M l1TOKCaHTp011a c 

npanoc1111pa.JlbllblMM LlHK ')H l!IH.:111 O'l llOllllOH CvlJll>I pacrnopa, npwleM, MO)l(flO 

C'111ntTb, 'ITO npH p=O, 11 1ua11MO.L\C fiCTBHC 11oc11T •1111·cpKa1111py1ow11i'i xapaKTep. 

np11 TaKOM IJ:laHMOLlCikTllHH C YllCJlll'ICllllCM '111CJla 11111epKaJ1HpOBat1HblX MOJlCKYJI 

MMTOKCa1rrpo1ia , YIJCJlll'lvlllaCrC>I "ll:.~1!1Cpmypa llJlaBJll:llHil Tm LlHK; KJ1111lblC 

nJ!al3JlCllv1il llO'IHI ll<IJXUIJl<.!JlbllO Cfllllt1a1on;i1 ll cropo11y llhlCOKl1X TCMllCpaTyp. 

np11 M<UlhlX KOllUClllf)alUIHX \llHOKCH111p011<1, KOnta OD.Ha MOJICKY!l<I 

npl1XOD.11TCH llpllMCPllO Ila 100 ll<lp oc11oa111111n LlHK, np11 npaKTH'ICCKOll 

11el1JMe!IHOCTl1 T.,,, KPHBaH 11epexona CJJCrKa YIUl!fHICTCSl, 'ITO COOTBCTCTllyeT 

Ltecrn611J1113au1111 AT 11 CT<161u11nau1111 rt.J,-11ap. llaJJhHei'iwee y13e11w1c1111e 

KOllUCirrpaUHM ~IHTOKC<lll 1 J10lla, KaK H CJICJ\Oll<VIO O>KHJ!aTb, flpl1130Jll1T K 

y11cn w1e111110 T,,,. 

np11 MaJlblX HOllflblX Cf!JlaX, KOrJ]a 0Tp111lCITCJll,110 :JHpil>KCllllblC CpOCcPaTJlblC 

rpyllflbl LlHK llC llOJlllOCTblO :.>Kpa1111pom1111>1, II LlHK llOilllfl}ICTCH B03MO>KllOCTb 

:.>JICKTPOCTant 'ICCKOro B:JaHMOJlCHCTIHlil. noMl1~10 111 ITCpKaJHI Ul1 l1 KOJICll, 

011pe.ue11e11 H bl i1 llKJl<IJl ll CllSIJbl 11a1I11C /WCT ~1 '..lnCKTpocrnTl1'1CCKOC l3JH l1MO!lCCtcT1n1c 

6oKOBbtX rpy11n Mv!TOKC<ll n po11a. I la p11c.4 110Ka J~1111,1 Kp1111b1e nnaBJICllHH LlH K 

Tl1Myca TeJ1e11Ka ll 6y(l>cpe b (µ=0,011) llJ111 P<l'l!l11'1ilb!X KOHUCllTpau1rnx 

Ml1TOKca11Tpo11a . KaK CJll:JlYCI ll J JHIC. 4, rlJ111 )l06allJ ICll1111 MMTOKCa1rrpo11a, II 

COOTllOWClllHI llOJ)HL!Ka 1:100 11ap oc11011a11MC1 Lll-IK ripo11CXO.Lll1T necrn611Jll1JaUl1ll 

AT- 6oraTblX y•1aCTKOll vi c rn61u11.1Jal urn ru- 601 a·1 blX Y'IHCTKOU, BCJIC.LlCTBHe 'lero, 

yMe11bUJaeTcs1 T,,, LlHK H y11cJ1H•11111acT01 t.T. .[lanb11ei1wee y13e11w1e111-1c 

KOllllCHTpaw111 Ml1TOKca1npo11a 11pvt110.u11T K yBem1•1e11111\1 T,,,. 

l~v - -· //:. . >/~;;/ 
1· // //. 

10 1 / ... / 
I y ,/'/,· 

//~/ 
41 ,'I// 

ai 

O.! 

T'c 

6o 1c lo Ye 

1rnc.4 Kr11111>1e ruia1u1eH115! LlH K 
H1Myca TeJleHKa B 

KOMllJleKce c 
M l1TOKCairrpo110M fl 

6yqic pc E npvt 
Ko 111 LCl!TpauiH1x: C0 /C,,=O 
(I); 0,008 (2); 0.012 
(3) fl 0,026 (4). 
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l 

C11enoBaTCJ1bHO, HeJa1111c11Mo OT 1101111011 c1111b1 pacTIJOpa 11p11 cpanH11TcJ1b110 

MaJ!blX KOHUCllTpaU1151X Ml1TOKca1rrpo11a CIHl'.JblllU1111C npHllOllMT K JlCCTa61111113au1-n1 

AT- 11 cni61111HJau1111 fll,- 11ar (p11c. 4), ow1aKo np11 Mi:UiblX 11011HbIX c1111ax 3TOr 

:Jcj)cpeKT 13bipa)f(eH c1111bHec. Ha p11c. 5 noKaJa11a :mu11c11MOCTb T,,. OT Ko11ueHTpau1111 

MMTOKCaHTpo11a. KaK c11enyeT MJ pMC. 5 np11 cpa!lll11TCJlbHO MaJll>IX KOHUCHTpau11HX 

Ml1TOKca11Tpo1-1a C 0 /Cp s 0,01, npo11cxon11T necrn611;1113a111151 Ll,HK; Tm ILJ151 Ll,HK 

TMMyca TCJICllKa YMCHbUJaCTCSI 6011ee 'leM 11a 2°. Ll,aJibllCi-ituec YBCJll1'1Clll1C 

K011ue11Tpau1111 M11TOKca11Tpo11a np11no)l11T K crn611J111Jau111<1 D.H K (y11eJ1114e1-11110 T"'). 

B yKaJallllOH Ha p11c. 5 06JJaCTM KOll!lClffpa111111 MHTOKCa111po11a oco6e1111ocT11 ll 

110BCJlCH 1111 6(6 T) He Ha6J11om1eTci1: t. T M0110To11110 y11eJ1 w1 HllaeTcn c yBefl w1e1111eM 

C 0 /Cr. CJ1eJ1.ycT OTMCTl1Tb, 'ITO B 6y<.jiepe A (µ=O, I I) LI.IHI Tm a1rn11orn'1HaH 

3a1311c11MOCTb He Ha6J1t0JlaeTCH. Ha p11c. 5 np11Bene11a TLLK)KC Kp11Ban JJJHI LI.HK 

onyxo1111 capKOMbl 45. KaK cJ1cnyeT 11:.1 pHc. 5, JlJl>I D.H K onyxo1111 :Jlj)(peK·r 

yMe11b1JJe1111>1 T,,. Bb1pa)f(e11 CHJI b11ce. l31101111e ucpoi1T110, •1To '.JTO 06yc1101lJ1c110 

lli:UIH'll1CM 11 Ll,H K onyxom1 "JlectieKTllblX" ylfaCTKOB, KOTOpb1C 06ner'la10T 

paCKPY'l11BllHHC llCCB513a11Hb1X nap OCHOBalll1H. VfTaK, llCCMOTpH 11<1 TO, 'ITO 

HHTCpKaJHIUl1011110C 11 3JICKTpOCT<lT11'1CCKOC 1!3al1MOJlCHC1 lll1ll np11uons1T K 

1-2 
T,.. 

t,p 

'b 

'" 
-{ 

• - 1 

" - :J.. 

.2 

.:z 
Co xlO 
Cp 

P"IC.5 3aBl1CHMOCTb 

TCMllepaTypbi 

11JlallJIClll1SI LlHK 
·rnMyca Te11eHKa (I) 
H Ll\IK capKOMbl 45 
(2) O'I 

0 lllOCHTeJI bllOii 

KtlilUe11Tpaui-n1 

M "ITOKCaHTpOH<I 

6ycpepe5. 

ll 
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cra611J11na!lflll c11wm11111,i;\ nap lK11011a1111i1, ML>I 11a61110Jl<ICM yMc111>1JJe1111e T,,1 11 

yueJll1'1CI IMC t.T np11 CllWJbl 11:111 fl H OJ\l!Oli MOJICKYJI hi M 111 OKCUllTpo11a 11p11MepHO c 

JOO 11 60J1<.:c 11ara.,,111 oc11ona111ni LlllK. llni1 011pcJ1.0:11cm1>1 po;111 '.JHeprnH 

MC)KMOJll.:KYJlllpllhlX llJilllMOJl.l.:11Crlllll1 ll "Jl"O\I "JC\)(\JCKTC 6b1Jll1 llpOllC)lCllhl 

KaJIO[l~I MCTpH 'ICCKllC 11CCJICJlOlla 1111>1. 

n[lM llO~llllllf1 Jll1<1Jtl>CpC111ll1<1Jli>llOll CKallll[lYIOlllCii ~lllKpOKaJ10pl1MCTpm1 6blJl<l 

Oll[lCJl.CJlelta 'Jalll1CllMOC1h '.JllT<Ulhllllll 1111a11JICllfHI (t.H) OT KOll!lCllTpau.1111 

M flf'OKC<lll I po11a (Ta6J11111.a 2) 1--m111: 1CKCOI\, JUlll KO ropr,1x 11a6J110ILaCTOI YMCllbllJCll 11C 

T,,, 11pf1 y11e1111'1c111111 C0 / C1.. M 111--po1--;u1op11Me 1 pw1ec1--oc flJMcpcH 11c 11pouow1: 1oc1> 

JUHi KO~lllJICKCOll Ill-I K OllY\OJlll capKll~lhl 45 c Mil r0Kca1rrpo110M, JJ,}151 KOTOpo1i 

11afiJ1101wc·1cH Cioncc c1u11>11oc y~1i.:111,111c1111e T.,. (p11c. 5). KaK c11c.uye1 113 rn6m1ub1, 

t.1-1 llO'rlll MOllOTOllllU yneJ lfl'lllllih.~rcll c y11c; 111•1c1111eM OTllOCMTCJibllO~i 

KOllU.CllTJX11l11fl M 11TOKC<ll ITJ)Ol la. C 11CJlOllaTcJ11>110, fl yKa:JallHOH 06nacn1 

K011ue1rrpa1i11i1 Ml1TOKC<111rpo11a, yMc11b1uc111110 Tm co1iy1cTByeT yBenw1cH11e t.H. 

3roT, Ila llCJ)llblii ll".ll JIH; l, llCOlKllJl.<lllllblH pi.:'ly.'lbTaT MQ)KCT 6b1Tb 06bHCllCll 11a 

Ka'ICCTIJl.:11 llOM ypo1111c CJICJlYIOl llll ~I o6pa'J0\1. JllJ 061uero onpene11eH11i1 

TCMllCparypbi 11cpexom1 T,,,=:i.J 1/ ..1.S , CCJIM '.Jll 'l\10111110 Crll1fntflbllOrO COCT05111Hll, 

ClfMT<llb llC J<llll1011JlCfi or ll.1~111\IOJ l.Cl°icTlllHI c J1111ar1JtOM (IlJlH TllKl1X M(L~bl\ 

KOllllCll'IJ)aUllH, KilK C 0 / Cp -<: 0,01), TO YMCllbUICllllC Tm C yBCJIWICI-111CM t.H 

MO)f(llO ofrbHCll HTb TOJI bKO 'Ji! C'IC r YBCJl 11'1Cll Hll '.)I ITpon1111 KJly6K006pa3HOro 

COCTOHIHIH 'Ja C'IC r l!'J<lll~IOJ (Ci '1c11111ll c ~111 IOKGlll rpOllO ;\I. 3TOT :icpc!JCKT yBCJll1'1Clll1H 

'.)11Tp011Hl1 llOJMO)KllO oCiyCJIOllJICll 11.:M, '11'0 111ncpKaJ111py101JiHH M11TOKCaHTp011 

MOlKC r HC'ryr rm b ll ) JICKTJlOC raTI I' I CC KOC ll:.1'1H ~10J lCiiCTIJl1C c ljJoccpaTI I bl M II 

1py11mLMH lJllK CBOeli >.110<.:TOllOii '1'1CTblO, 11ecy1u.ci°I llOJIOlKHTCJlbllblH 33[l5IIL. np11 

JlCll<ITY[lHlll111, t:ICKlllll 111a11~10; 1e11CTllllll :1pO\larll'ICCKO~i •1aCTl1 Ml1TOKCa1rrpo11a 

pa)pyLUaCTCH, xorn "JJICKTJlOCHll ll'ICCKall CIHl)b c cjJoctlJaTllblMI! rpy1111aMll 

coxpa11i1eTci1. Mb1 11pcJ 111011a1ac~1. 'llO J10110111111rc111>11ofi cuo60JlOH BpaLuc1111H 

ll[lHCOeLtMllCllllOIO K CKCJlcry D,JIK ~lllT01'Ca11Tpo1ia II o6ccnC'IMll'1CTCll TaKOI.: 

y11CJ1H'ICllHC '.Jlf"liJOllllfl Jl.Cll<l'lyp11po11a1111010 COeTO>lllllll KOMllJleKca, 'ITO llJlll 

y11cnw1e111111 t.1-1, T,,, · 1c~1 11e ~1c11cc y~1c11t.111~1c101. Jlo 1111; 111MOMY 11p11 yBe11w1c111111 

KOllll.CllTpa1111H J1111a1111.a ~ICA<.llfllallJlllblC ll'J~111MOJl.CliC'f IJHSI orpa11w1111JalOT '.)Ty 

CB060JlY Bpall.(CllHSI, '1'10 \IOll>.CI np1111ccn1 K poCTy T,,, TOJlhKO ::m C'leT poem .:lH. 

13 



l 

T a 6 JI 11 u a 2 

3aBHCHMOCTb :.l11Ta.Jlbnl111 llJlallJIClllHI Ll,HK OllYXUJ111 capKOl\lbl 45 OT K01tUewrpaw111 

M 11rnKca11Tpo11a 11 Gycpepe 5. 

0TllOCl1TCJlbllall KOHUel-1-

rpa1n1>1 M 11T0Kea11Tpo11a () 0,0012 0,0025 0.005 0,01 

CjC
0 

l31rraJlbllllll ll!IClllJIClllHI 

(6. H , JllK/r) 48,3±2,0 48,3±2,0 50.5 ± 2,0 53,4±2,0 54,5±2.0 

B 110111>Jy 11a111ero npen11on o>Ke111rn ro11opm pnyJ11,1arL>1 110 u·Ja11Monei1c1111110 

:.>T11Jl l1YM 6pOM11)la, y KO'IOporo OTCY'fCTllyeT r<l1'.<lll XllOCl'Oll<l l l 'laCTb. Ll,eTaJlbllblC 

11CCJlCJ101Jall llSI (Kaparrern11 , Bapnenaw111) n 11rnp0Ko1i , u ioM •111cnc 11 Ma.11011 

KOlllJ,CHTpat(llOllllOti 06nacn1 m: 0611apy)l(M!la10T 11a6JllOJtaCl\10ro HaMl1 :.>cj)cpeKTa. 

l/e111aep11uu1 i!JIU6ll 11ocae11{ellll 11cc11eiJotw111110 ucu6e1111oc111u a1au.1110iJe1icmaw1 

M11mo1>ca11111po11a c JI.HK 011yxu,111 cllpKUMbt 45. 13 m11~10; tcHcrtrne MX c onyxo11eBofi 

Ll,HK (oJlHK) llCCJICLlOBa11 0 11p11 llOM0llll1 ClleKTpotjJOT0\1Crp11'1CCKOrO Tl1TpOBa1111s1. 

Ha '.JHC. 6 110KaJa1-11>1 cncK·1p1>1 nornowc1111s1 MX B G1<IJepe A np11 yuenw1e1-11111 

Ko11ue11Tpau1111 oJlH K. KaK c11enycT 113 p11c. 6 c y11eJ1w1e1111eM Ko11ue11Tpau1111 

oJlHK 1-1a6monaeTCSI r11110XpOMH3M 11 LlJIHllllOllOJlllOllOC CMCLUCllHC, HO llC 

0611apylK1tl\aCTCSI xapaKTCj)llall JUHi ncex CflCKTPOll 1no6cCTH'll:CKast TO'IKa, KaK :)TO 

m16monaeTci1 np11 H33HMOLlCi1cT111111 MX c 1-1an11111oi1 Ll,H K. C 11e)louaTCJtb110, MX 

11p11 HOllllOi'I Cl1JIC µ=0,11 1na11MOJleiicrnyeT c oJlHK 110 Kpai-i11di Mepe LlllYMH 

paJ1111'111b111-111 cnoco6aM11. 011pcne11c11b1 napaMeTpL>1 (K 11 n), xapaKTep113y101u11c 

on11011peMe111-1oe aJa11MOJteiiCT1rne MX c 06011M11 ue11 rpa~111 c11HJ1>11Ja111rn oJlH K . 

KaK c11enyeT 113 p11c.6, c y11e!lll'IClll1CM KOllLLCHrpa1u111 oJlHK no Cr/Cos; 2 ,5, 

11a6J110LtaeTCll 11306CCTl1'1CCK<HI TO'IKa. V!JOTepMa a11cop6 t(llll 6L>IJl3 llOCTpoe11a c 

11CllOJl!.>3013a111teM TOJlbKO n\K11X KpllBblX T11TpOBallllll, Jl; lll KOTOj)blX 1ia6J110JlaCTCSI 

11Jo6ecT11tiecKaH TOLtKa . Ll,nH yKaJaHHblX cneKTpon J 11a'le1111e nornowc1111H np11 

113Cbllll.Cllllll llCCX ue11Tpon Cllll3blll31111H oJlHK 6bJJIO onpcnc11e110 np11 1-WMOIJL11 

n1111ei11-1oi1 :.>KC1'pa11onmu111 nornowe1-111S1 oJlHK 61>1,~o onpeneJJe110 11p11 110Mow11 

I~ 

m111eii11oii ')KC1par1om11u111 llOI Jlllll(CllllSI 11p11 66511\1 KOil(<\ 1/Cp-*0 11 llOCTpoe11a 

1no1epMa cmui,111a1111i1 c 11c110; 11,Jo11a1111el\1 (jmp:\lyJ1 (I) 11 (2). 

A 

630 650 670 A, HM 

p1·1c.6 V13MCllCllHe cneKTpOll 

nornou(eH 1-rn 
Ml1TOKCaHTpo1-1a np11 

cn>1 3i.,11ia111111 c .llH K 
capKOMbl 45 ll 

6yqJepe A np11 30°C. 
B nrouecce 
Twrporim111H 

KOllUCHTpau11l! 

Ml1TOKCa1npo11a 

onaeTcH 

nocrn1111110Ci (C0= 8, I 
I o·6 M (2) 11 Cp=3,9 
I0 4 M(3). 

Pac•1e·rh1 1101'.a JaJ111 , •110 ,i., 1i 1 1'.0 \11111l'KC011 MX c oJlHK 

n = 2,4 ± 0,2. 

K = 3·10
6M I 11 

Ko11crn111a c:mlJhl 11a1111i1 M X c ,,LlH K nO'ITl1 11a nopSIJlOK 60JlbWC, tieM Ll.!lll 

Ll,HK llOpMbl ; CTCXllOMCljlll l l 11'1ChllllClll1}1 ll llj)CJlCJl;tX OUJ116K11 113MepeHHll 11 

OCTaCTCH nOCTOllllllO~i. 

"1c110J11>Jy;1 311a•1e1111e K , \1U >K 110 11aiiT11 M'JMCI 1e1111e c1106onHoi1 J11eprn 11 

1- 1166ca 11p11 Clll1 Jblllll1111 110 <l>op\I YJ IC (4), 'ITO COCTHllJIHCT llG :-7,8KK3J!/MOJlb JL'ISI 

1'.0MllJICKCOll ,LI.HK MX 11 ..'l.G = -9KKa11/ MOJlb JJ)IH KOllHIJICKCOB oJlHK MX. 

1303MO/Klllll l 11p11•11111 a 11a6 J110, (<\C\IOIO 0Tnl1'111S1 II J 11a•1e1111S1X K 06ycJlOBJ1e1-1a, CKOpce 

11ce10, crpyKTyp111>1~111 oco6e1111oc1>1\111 011yxoJ1e1s1>1x Lll-I K. 

C JICJ(Oll<rlCJl hllO, ll ~l! 111'111 C IS OllYXOJ1Cllh1X Ll,HK " JlC(jJCKTllblX y•iaCTK011" 

r1p111101uH K ·rnl\1 y , 'lro y11eJ 111•11111a e·1u 1 ee :.>Hcpr11;1 c11i 1Jb111a1111s1 c MX. 

BhlBO)l,hl 

I. 1'1CCJICLlOBa110 CBSl3bllla1111e 1 lj)OT11llOOnyxonenorn a11T116110T11Ka Ml1TOKCa1-1Tpo1-1a c 

;wycn11paJ 1b111>1M11 Ll,H K 11pu 1101111oii CM J1e 0, I I M 11 0,011 M NaCl B HHTcpBane 
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TCMnepaTyp 30-60° c MCIOl taM11 Ml1KpOK<U10p11MC1r~111 11 CllCKTJJOQ)OTOMCTp1111. 

V1cc11cJlOlla111n1 noKaJa1111, 11ro 11p11 0, 11 M NaCl ~1u10Kca11TpOH 11Ja11Moneii-

CT11yeT c ,lll-IK OllllHM cnoco6oM. Jlm1 :n11x yc; 101111n 110 na1111b111-1 

cnCKTpocjloTOMCTpH'ICCKOIO T11TpOBallHH llOCTpoe111,1 HJorepMbl CIHIJblllClllHll 

Ml1TOKca1rrpo11a c .UH K 11 Koopn1111rnx CK:.JT•1apm1. Pac 11c·1 bl noKaJaJ111, 'ITO 

CTCXl10MCTp1151 HaCblU(Clll1}1 COCTaBJHleT OllJIY MOJICKyJ1y MIHOKCa11Tpo11a 11a 2-3 

nap oc11oua11~1H .lll-IK. Ha6JllOLtaCTC51 J<lll~JCHMOCTb KOllCIUllTbl CBSIJb1Ba1111s1 OT 

COllCP)t<a1111s1 GC-nap. 

2. BncpBb1e :.JKcnep11Mt:l1TaJ11>110 n0Ka:ia110, 11To np11 cm1%1na111111 M1rr0Kca11Tpo11a c 

ll1lyc1111p<UlbllblMH ilf-IK, llOMll~IO HllTCpK<U1511lHH KOJICll, OllpCJlCJICllllblH llKJlall II 

CIHIJblllallHC 11aeT H :.JJICK1pocrnr11 11ccKoe llJOllMOJlCHCTllHC 60KOllblX 1ry1111 

M HTOKCa11Tpo11a. 

3. Bnep111>1c ucc11en0Ba110 11:iai1Mo11cticnn1c M HTOKca11Tpo11a c LlH K 11p11 MaJ1b1x 

:ianOJlllCllH}JX. n0Ka:ia110, 'ITO 11p11 0,011 M NaCl '3all11CH~IOCTb TCM ncpaTypbl 

(Tm) nJ1a11J1eIH1SI OT KOlllte11Tpau1111 Ml1TOKCa1rrpo11a 11pOXOJJ,~1T 11cpc3 MHllHMYM, 

yMet1b111e11f1e Tm Ha61110JtacTci1 11 06nocT11, rne 01u1a MOJICKyJ1a MHTOKca11Tpo11a 

np11:..on11TCS1 11a 100 nap oc11011a11Hti .UH I<.. Llm1 LlH K, llb1 J1c11e11Ho~i 113 011yxoJ111 

capKOMbl 45, 11a6J110Jl<JCICSI 6011cc rny60K11ii Ml111HMY~1. 1.3 yKaJa111roti o6JlaCTl1 

KOHUCllTpaw111 MHTOKCa1rrpo11a :.lllTaJJbflH>I 11JlallJ1Cll11SI KOMllJJCKCOU JIHlleHIJO 

y11e1111<11111acTCH c y11e; 11111e1111eM Ko11uc11Tpa1u1H \111T0Kca111po11a. Ha6J11onaeMoe 

n11; 1e11ue Ka'ICCT1Je1-1110 061»1c11s1CTCH y11cnw1c1111e\1 ·;111po11HH KJ1y6Koo6paJ11010 

COCTOSl11f1ll LlHK - Jl111<ll1Jl KOMllJICKCa ](I C'ICr 110110; 11111rCJlhllOi1 CllOOO}lbl 

11pau.te11HSJ m1ra11na. 

4. Hccne1lOlla110 IUclll ~IOJ tciiCTll~IC 11pOTll llOOllYXOJICllOro a1rr116110T11Ka 

Ml1TOKCa11Tpo11a C ,[l!-IK 01lYXOJIH capKOMbl 45. n0Klna110, 'lrQ 1Ual1MOJJ,CHCTlll1C 

MHTOKC<lHTpo11a c LlHK onyxom1 capKO~lbl 45 on111 11aCTC51 OT ero 

B3lH1MOJJ,eficTllMH c .UH K 11c 1 1c11~1 31\0pOBblX KpbtC. Pac 11CTbl noKaJan11, 11 ro 

CTCX~IOMCTpHH 11aCbllUClll1ll Jl)lll 06011x .UH K COCTOllJHICT OLlllY MOJICKYJIY 

~lllTOKca11Tpo11a np116JTWJllTCJlbllO Ila 2,5 napbl llYKJICOTHLJOll .lllIK c KOllCTaHTOi1 

CIHIJblll<llJHSI K=4·10
5 

M -1 (11p1-1 CllSJJbllla111111 MHTOKCa11Tpo11a c Ll,HK nc<1e1111) a 

K=3·106 MI (11p11 CBSIJblHl\IJllM c LlHK 011yxoJ111). noKaJa110, 'ITO 13 onyXOJICllblX 

Lll-IK 11a6JllOJlaCTCJI TCll JlClllllHI K 6onee CWlbllOMY Cll}l lbllla111110. 
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5. llo :..apaKTcry WJ~ICllClllHI llllJL<l 1Jll(l><l>cpc111tll<UlhllOi1 Kr1111oii 0JlallJTClll1SI 

npCJUIOlKCll cnoco6 i1CCJIC!lOllHlllHI ~n611paTCJlbllOClll JlCHCTBl151 C0Clll1HCHHH Ila 

11yKJ1cm Hll1tb1e nap1>1 .UH K. 
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MclKJJ,y11ap. Ci1M11oi. 11011 :.i11utoii fOHECl<.O "npo6neMbl 611ox11M1111, 

panuau1101111oii II KOCMll'ICCKOii 611011011111 MOCKlla, Lly611a, 1997", c.13-14. 
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'lwqwpJwu fl-mqwuuw Umpl:iuj1 

-!,wljwn1J111tgpw.1l1li Lll1wgntpj11LU LlpUlllj]UWULilI111Up Lpnjuwqql:igm13JWU 

mumL\liwul1pmu!} '1-Lif0--11 LlllLl:i4ntIJ1 hl:iu1 

UU-<J)fl<f>UQ-l•f' 

-!.wlitµ1LgLLIJl1u pwnl:ip ' 'I-Lira-, uplllnpuwGLilpnG, L1wLquwG pl:ipun1111uwupl1wljwG 

Lqwpwul:illlpl:ip, lJwLLiuwG t1qnpLpu: 

vLpljWJWQL!WCT W2PllllllllUU!)Olll lllUlllUliwutlpL[l:iL t hWljWl1l011LQ!)WJ!lli LlllWYlllfljlllli 

utnnnpuwGLilpnGp t.Pnti.nuqqloglllfl.JlllU!} ljpl1Gwljp LLIWPlllJlWJ[lG '1-vf<T-p hhlll 30-50 °c 
2tpuwuu1p6wGw.1pli LilpJlntJpnul, 0, I ML 0,011 M NaCl !rnGwljwG mcll:ipj111l:iu112mu: 

UzjuwlllwGpmu gm.1g t u1p4wa, np 0, I M NaCl pnuLuljwG mclj1 ril:iu112mu, 

oj1UlnpuwulllpnG!} t.PnJuwq1viLu t '1-vf0--!1 htu1 upwjG l1GU1hplju1uwgjmG dl:iJuwGj1qun4: 

U]1wclwowliwlj, uj1lllnpuwuu1pnlij1 l:ipl1wp ljnI]uliwJ!iG Juuphp!} lLLlJLilflWULilwlllpljnpbli 

LjrnJuwqI]llu.'i bCi '1-LifO--p pwytuuwl1wu tJ1gpw4npL[wc) :jlnu:j>wu1w.1pG Judpbpp l1hlll: 

liwu1uw(i j1qn13bpubpj1 lll1\lllYll4, npnzl[bL t liWLLIOLUl.i hLUlllllLULillllU!} L ublI ljLuu1n11 

ljLGu1rmupli pwclj11.i QliljGni1 qm.1q hj1u12b11!1 pj1l[!}: 5m.19 t Ulpl[bL. np um.1G LLIWJuwl.iubpmu 

u11LilnpuwGu11111Gj1 L uwpljnuw 45 nrnmgpj1g wG\)wllll[wa '1-Lifcr-11 ljnULLILbpuGbpp pbpunajiuw­

u11L1wljwu Lqwpwublllpbp[! uHuppLpl[mLI bl.i wnmw h.1mul[Lucrpubp!1g u1G2wlll4wa '1-Lira--11 

ljnuu1Lb11uGLpj1 hwuwu1wlllwu11m1li u1wpwuLu1pbpl1y: Uwpljnou1 45 mnmypj1y wli2wu1l[wi'.l 

'1-Lira--11hwuwp11lrn1l[bL t WL[lotJl mclbfl LILUUIULUU u1bliqbGyl1w: 

f1 l'umoliwut1pl[bL t 'l-vfd-.ulrn1111~uwuu1p11G ljllllLLILbpulibpj1 \)bpuwljWJlllLilllflJlllU[I 

011Ulnpuwl.iu1pnGl1 ljnugLl.itnpLugllLUJll LWJU LilllJllllJfllllU: 5m.19 L Ulpl[Lt, lljl ujrnmpuwGU1p11Gj1 

41111111 lp1GybGUljlWgl1wlibpl1 qt.tqpmu (bpp ULlj Ulllllllj}LIWlillljllllij1 Ul1LL4mw t.PnJuwqI]lltU t 

').\,fi}--p I 00 L wl[btJ1 L[lllJq 1111upbpl1 hbUl) dl1Ull1JlLIWGu1pnGp hwpwptpwljwli 

ljnliybliu1pwg!1w.1!1g hWLUWl.i \)l'1lllWLilllp6tulij1 ljwtuutuli ljnpli wl.igl.imU t opGpumdm[: 

Uwpl1nuw 45 l1ll111l912ll9 LUU\>LULilllwa '1-vfcl·-p hwuwp flllUll[lllO t wl[hIJl Junp u11n11omu: 

vzl[Lui'.l 411GybGu1pwgpw.1t1 LilllPlllJPlllll hWLUWU tGpLULUlllWJll LUO[! qaw.1!1G t: Spl[bL t I]pllll[wa 

:j>LlinobGJ1 npwljwl1wli pwywu1pmp.1mG[1: t;Gpw1111Ljnu\ t, np WJG wGUl11>tuljwlinpbli wnGil[mo 

t Lll1u111puwGu1pnlij1 (}UU1J111flLLIL1wli hwljwmnmgpLLIJl1G wlju1pl[nq~.1wG hblll: 

)}.£.cc, 
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''lu1t11tllop' 16): Su1tupllllitul1 ' 50: 

l111l1luli!1 l1tutiu11utu11tulij1 ~,n.11u 1mt1111! 1Gu1 >1 

w11u1tui111tuu1uu, l;plotul1. ll1 .lhuu111lutuLl, I 


