
OT3bIB 

O<pl11.(11aJlbHOfO onnoHeHTa 

Ha .n11ccepTau11IO MaH11Ha AneKceH H11Konaeswm «MHOfOKOMTIOHEHTHbIE 

KPMCTAJIJibI <I>APMAIJ;EBTI11.JECKOro HA3HA 1.JEHM: 

3KCTIEP11MEHTAJibHbII111 Bl1PTY AJibHbIH CKP11Hl1Hf, METO,Ubl 

TIOJIY1.JEHM5I 11 <I>l1311KO-Xl1Ml11-IECK11E CBOHCTBA» na co11cKaH11e y1IeHoi-i 

CTeneHH )J.0KT0pa XI1MI11IeCKI1X HayK no cneu11anbH0CTl1 1 .4.4. <l>l13111IeCK851 Xl1Ml15I 

,U11ccepTau110HHM pa6oTa Mamrna A.H. nocBHW.eHa .11ccne.nosam1IO aKryaJihHOH 

npo6JieMbI COBpeMeHHOH <pl13111IeCKOH X.HM.1111: OTIT.11M.113au1111 rrpoueccos CKpI1Hl1Hra 

C0Kp11CTaJIJI0B JieKapCTBeHHbIX semecTB )J.JI5I TI0Jiy1IeHl15I H0BbIX cpapMaueBTI11IeCKI1X 

MaTep11anoa C 3a,naHHblMl1 CBOHCTB8Ml1. C :noi1 ueJiblO B pa6oTe peIIIaJil1Cb 38)1.81!11 

noJTy1IeHI15I 11 cpaBHHTeJibHOH oueHKH 3KCIIep11MeHTaJlbHOro 11 BHPTYaJlhHOfO CKpHHHHra 

HOBbIX MHOfOKOMTIOHeHTHbIX KpHCTaJIJIOB, co.nep)l<alI.J.11X aKTHBHbie cpapMaueBTI11IeCKI1e 

I1Hrpe.n11eHTbI, C YJIY1IIIIeHHbIMI1 napaMeTpaMl1 paCTBOpeHI15I B 80.ll,HbIX cpe.ll,ax, oueHKH 

C00TH0IIIeHl15I «CTPYKTYpa-CBOHCTBO» )J.Jl5I CTa611JibHOCTI1 11 <pH3HKO-X.11M111IeCK.11X CBOHCTB 

MHOfOKOMIIOHelITHbIX KpHCTaJIJIOB, arrpo6au.1111 MeTO)J.08 TPaHCII11pau1rn .11 B8KYYMHOH 

cy6JIHM8U1111 )J.Jl5I II0JIY1IeHl15I C0KpI1CTaJIJI0B, B TOM 1Il1CJie TepMI11IeCKl1 HeCTa611JibHbIX 

coe,n11Hett.11i1. 

,U11ccepTau110HHM pa6oTa Han11catta Ha 297 cTpaH11uax, co.ll,ep)l(HT BBe.ll,eH11e, 6 mas, B 

TOM 1I.11CJie Jil1TepazypHbIH o63op 11 5 mas o6cy)l()J.eHI15I pe3yJibTaT0B, 38KJII01Iemrn, 119 

p11cyHK0B 11 4 7 Ta6JIHU, CTIHC0K C0KpameHl1H 11 ycJI0BHbIX o603Ha1IeHI1H, CTIHC0K 113 655 

CCbIJI0K Ha JIHTepazypHbie 11CT01.JHl1Kl1 11 rry6Jil1K8UI1I1 aaTopa no TeMe .n11ccepTaUl1I1, 2 
np11JimKeHI15I C 3KCnep.11MeHTaJlbHOH t.JaCTbIO, MeTO.ll,11K8Ml1 KB8HTOBO-XI1Ml11IeCKl1X 

pac1IeTOB 11 Kp11CTaJIJIOrpacpHt.JeCKl1Ml1 )],8HHbIMl1 )],Jl5I 113yqeHHbIX coe,n1-rneHMH. 

r JI a Ba 1 «J111TepazypHbIH o63op» C0.ll,ep)l(HT CBe.ll,eHI15I 06 113BeCTHblX np11Mepax 

np11MeHeHl15I C0Kp11CTaJIJil138U1111 )J.JI5I MO)J.l1<pl1K8Ul111 <pl1311KO-Xl1Ml11IeCKl1X CBOHCTB 

opraHHt:leCKHX coe,n11HeHI1H. PacCM8TPl1BaeTC5I np11MeHeH11e COKp11CTaJIJ11138U1111 B 

cpapMaueBTl1Ke )J.JI5I y JIY1.JIIIeHI15I forn,noczynHOCTl1 11 CTa611JibHOCTl1 TPY ,llH0paCTB0p11MbIX 

aKTHBHblX cpapMaueBTl11.JeCKl1X 11Hrpe,nHeHT0B (A<l>l1), a TaK)l(e TI0HI1)l(eHI15I CK0p0CTl1 11X 

paCTBopeHI15I, 06ecne1I11BaIOmero np0JI0HrI1p0B8HH0e .neifCTBHe JieKapCTBa, CHmKemrn 

r11rp0CK0TII11.JH0CTl1 JieKapCTBa, 06ecne1IeHI15I Ta6JieT11pyeMOCTI1. Tip11se,neHbI rrp11Mepbl 

y)I<e rrp11cyTCTBy1omttx Ha cpapMaueBTHl.JeCKOM pbIHKe, a T8K)l(e H8X0)],5IlI.J.l1XC5I Ha CT8,lll111 

KJII1HWieCK11X 11CflbIT8Hl1H JieKapCTBeIIHblX cpe.ll,CTB Ha 0CH0Be C0Kp11CTaJIJI0B A<I>l1, a 

T8K)l(e rrp11Mepbl rrp11MeHemu1 C0Kp11CTaJIJI0B rep611u11.noa 11 l1HCeKT11U11.ll,0B B arp0Xl1M11l1, 

C0KpHCTaJIJI0B C fI0Jiynp0B0)J.Hl1K0BbIMl1, onT03JieKTP0HHblMl1, JllOMl1H11CUeHTHbIMl1, 

M8fHl1THbIMI1 11 .npyr11Ml1 npaKT111IeCKl1 88)KHblMl1 CBO.HCTBaMH. ,UaHa HCT0p111.JeCKM 

cnpaBKa 0 pa3811Tl111 TI0H5ITl15I «C0KpHCTaJIJI)) B pa6oTaX pa3HbIX aBT0p0B. O6cy)l(,naIOTC5I 

0CH0BHbie np11HU11flbl )J.1138HHa C0KpHCTaJIJI0B, 11Cfl0Jlb3YIOW.11e K0Huerruirn CMJibHbIX 

B0.D.0p0)J.HbIX CB513eH 11 .ll,0H0pH0-aKuerrT0pHblX B3811M0)J.eHCTB11H Me)l(.ny CTPYKTYPH0 

K0MfIJieMeHTapHbIMl1 M0JieKy JI8Ml1 11 CTaTI1CTI11IeCKl1H attaJil13 KpI1CTaJIJI0B l13 
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KeM6pM,lJ.)KCKOll 6a.31,1 CTPYKT)'pHI,IX ,z:i;aHHI,IX. PaccMaTp1rnaIOTC5I OCHOBHI,Je MeTO,lJ;I,I 

npMroTOBJieHM5I COKpMCTaJIJIOB, onMCaHHI,Ie B JIMTepaT)'pe, B TOM 1IMCJie MeTO,lJ;I,I C 

MCnOJII,30BaHMeM paCTBOpMTeJieH M «cyxMe» MeTO,ll;hI - 6e3 MCnOJih30BaHM5I paCTBOpMTeJI5I, 

a TaIOKe MeTO)];I,I M,D;eHTm}rnKaUMM M xapaKTepMCTMKM COKpMCTaJIJIOB. 

B rnaBe 2 o6cy)KnaIOTC5I pe3yn1,TaTI,I ,ll;MCCepTaUMOHHOH pa60TI,I no rrorry11eHMIO 

COKpMCTaJIJIOB M correil A<I>H c MOHO- 11 ,ll;MKap6oHOBI,IMM KHCJIOTaMM, a TaIOKe 

COKpMCTaJIJIOB TMna «rreKapCTBO-JieKapcTBO» C IlOBhJilleHHOH paCTBOpMMOCTI,IO no 

cpaBHeHHIO C o6bI1IHI,IMM A<I>J.1. TIOKa.3aHo, 1ITO COKpMCTaJIJIH3aUH5I Il03BOmieT nOBI,ICHTI, 

paCTBOpI1MOCTI, nrroxo paCTBOpHMhlX coe,D;MHeHMll OT 1.5 ,z:i;o 70 pa.3. 

B r rrase 3 o6cy)KnaIOTC5I npo6rreMI,I 3KCnepMMeHTaJII,HOf0 M BMpT)'aJII,HOro CKpMHMHra 

MHOroKOMnOHeHTHI,JX KpMCTaJIJIOB, B 11aCTHOCTH, npo6rreMI,J co CKpMHMHroM C IlOMOW:I,IO 

,z:i;mpcpepeHUHaJII,HOll CKaHHpy10w:eil KanopMMeTpMM (.D:CK). Ha OCHOBe JIHTepaT)'pHI,JX l1 

co6CTBeHHI,TX 3KCrrep11MeHTaJII,HhIX ,z:i;aHHI,JX MaHHH A.H. ,z:i;erraeT BhIBO,ll; 0 KpHTepmrx 

npMMeHMMOCTH ,n:cK MeTona ,D;Jl51 CKpMHHHra COKpHCTaJIJIOB B 3aBHCI1MOCTM OT 

TeMnepaT)'p nrrasrremrn MH,D;MBM,D;yan1,H1,1x KocpopMepoB M ouemrnaeT sepo5ITHOCTI, 

nOJIO)KMTeJibHOro pe3y JII,TaTa B o6Hapy)KeHHI1 o6pa.30BaHM5I COKpHCTaJIJIOB 3TllM MeTO,ll;OM 

B 3aBMCHMOCTll OT co6n10,z:i;eHH5I/ He co6rr10neHH5I npenrrmKeHHI,IX KpHTepHeB. TiposepeHa 

3cpcpeKTI1BHOCTI, ll3BeCTHI,JX MeTO,ll;OB BllpT)'aJII,HOro CKpHHHHra MHOfOKOMnOHeHTHI,IX 

KpMCTaJIJIOB Ha npHMepe Jil3BeCTHI,IX COJlbBaTOB, correil M COKpllCTaJIJIOB 

HMTpocpypaHTOI1Ha, a TaK)Ke paHee He MCCJie,D;OBaHHI,JX CJilCTeM C npOI138O,1J;HI,IMl1 

n11p11,z:i;11Ha, ,ll;Jl5I KOTOpI,IX Bl,IfIOJIHeH TaIOKe 3KCrrep11MeHTaJII,HhIH CKpMHJilHf MeTO,ll;OM 

rrepeMorra C no6aarreHHeM paCTBOpHTeJI5I. B ,ll;llCCepTaUHOHHOH pa6oTe c,z:i;enaH BhIBO,ll; 0 

TOM, 1ITO 3cpcpeKTHBHOCTI, BHpT)'aJihHOro CKpHHHHra 3aBHCHT OT npensap11TeJII,HOll 

H,D;eHTI1q_)l-IKaUM11 pac11eTHOH ll 3KCnep11MeHTaJihHOR KOHq_)OpMaUHH 113y11eHHOro 

rreKapcTBa. KpoMe Toro, rrpe,z:i;no)KeHo ypasHeH11e ,z:i;rr51 oueHKM Ha116orree aepo5ITHI:.IX 

BO,D;OpO,D;HbIX CB513ett, np11cyTCTBYIOW:llX B CHCTeMe. 

frrasa 4 n11ccepTau1111 nocB5IW:eHa 06cy)K,z:i;em-110 pe3yn1,TaTOB KoMnrreKcHoro 

11ccrrenosaHH51 MaHHHbIM A.H. MHOroKOMnOHeHTHI,JX KpHCTaJIJil11IeCKl1X cpopM 

npOH3B0,ll;HblX 6eH3aMl1,D;a C ,ll;HKap6oHOBbIMl1 KI1CJIOTaMH. Ha OCHOBe norry11eHHI,IX 

naHHI,IX MOHOKp11CTaJII:,HOfO peHTfeHOCTPYKT)'pHoro aHarrl13a ll3Y1IeHO BJil151Hl1e ,D;OHOpHO­

aKuenTOpHoro 6arraHca s HeCOJII:.BaTHpOBaHHbIX COKpHCTaJIJiax M COJI5IX rrapa.3aMeW:eHHbIX 

rrpOI13B0,1J;HI,TX 6eH3aMM,D;a C ,ll;JilKap6oHOBbIMl1 KHCJIOTaMJil Ha npe,D;CKa.3yeMOCTI:, 

MOJieKyJI5IpHOll ynaKOBKH. Tiorry11eHHI:.Ie ,z:i;aHHI:.Ie CBH,D;eTeJibCTBYIOT O TOM, 1ITO 

KOHKypeHUJil51 Me)K,z:i;y ,ll;OHOpHbIMH I1 aKuerrTOpHblMH ueHTpaMH sonoponHI,IX CB513ei1 B 

MOJieKyrrax-KocpopMepoB MO)KeT rrpHBO,ll;l1TI, K cpopMHpoBaHHJO Heo11eBM,1J;HI:,JX 

ynaKOB01IHblX apx11TeKT)'p. TIOKa.3aHO, 1ITO ,ll;HC6arraHC ,D;OHOpHblX 11 aKuenTOpHbIX rpyrrn 

,ll;a)Ke y CTPYKT)'pHO pO,D;CTBeHHI,JX KOq_)OpMepoB npHBO,D;HT K CHH)KeHmO Bepo5ITHOCTH 

norry11eHJil5I l13OCTPYKTYPHI,IX COKpllCTaJIJIOB. EarraHC ,ll;OHOpOB l1 aKuenTOpOB BO,D;OpO,D;HbIX 

CB513eH y KOq_)OpMepoB MHOroKOMnOHeHTHbIX KpHCTaJIJIOB CHmKaeT BepO5ITHOCTh 

o6pa.30BaHl15I COJII:.BaTHpOBaHHbIX cpopM. Ha6rr10naeTC5I yaerr1111eHMe 1IHCJia crra6I:.IX C-
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H ... A B3aHMO,UeHCTBHH nprr yMeHbIIIeHHH KOJrnqecTBa CHJlbHbIX BOJJ:OpOJJ:HI,IX CBR3eH. qro 

CI10C06HOCTb K o6pa30BaHHIO BOJJ:OpOJJ:HbIX CBR3eH, HCI10Jlb3yeMaR B 60JibllIHHCTBe 

IIOJJ:XOJJ:OB BHpryanbHOro CKpHHHHra B KaqecTBe OCHOBHOfO KplITepHR o6pa30BaHIIR 

COKplICTaJIJIOB. Ha rrprrMepe HeCKOJibKIIX COKpHCTaJIJIOB CaJIIIUIIJiaTOB c 4-

nmpoKCII6eH3aMHJJ:OM C rrpHMeHeHHeM KBaHTOBO-XHMHqecKHX pacqeTOB H3yqeHbl 

crpyKrypHbie oco6eHHOCTH KpHCTaJIJrnqecKHX crpyKryp B 3aBHCIIMOCTII OT COOTHOIIIeHM:j{ 

3HeprHII nepBnt:IHbIX H BT0pHqHbIX B3aHMO,UeHCTBIIH. Kn10qeBaR p0Jib BT0pHqHbIX 

Me)J<MOJieKy JIRpHbIX B3alIMO,UeHCTBHH IIOKa3aHa JJ:JIR CTa61IJIII3aUHH II3yqeHHbIX 

COKplICTaJIJIOB HIITpocpypaHTOHHa Ha OCHOBe ,uaHHbIX pa3JIIIqHbIX pacqeTHbIX MeTOJJ:OB. 

B fnaBe 5 o6cy)J(,UaIOTCR pe3yJibTaTbl JJ:IICCepTaUIIOHHOH pa60Tbl IIO oueHKe 

3HTaJibI1HH cy6nrrMaUIIII OJJ:HOKOMIIOHeHTHbIX MOJieKyJIRpHbIX KplICTaJIJIOB 

JieKapCTBeHHbIX semecTB H 61IOJIOr1IqeCKII 3HaqlIMbIX Kap6oHOBblX KHCJIOT pacqeTHbIMII 

KBaHTOBOXHMIIqecKHMH II 3KCIIeprrMeHTaJibHbIMII MeTo,uaMII, a TaIOI<e Ha OCHOBe 

BbIBe,UeHHbIX KOppeJIRUHH Me)KJJ:Y 3Hepn1eu ftt66ca cy6JIHMaUIIII II TeMrrepaTypou 

nJiaBJieHIIR, 9Heprrreu ftt66ca H 3HTaJibTIHeH cy6JIHMaUHH JJ:JIR crpyKrypHO pOJJ:CTBeHHbIX 

coe,UHHeHIIM. TaIOKe rronyqeHbI 3KCrrepttMeHTaJibHO <pa30BaR ,urrarpaMMa IIJiaBJieHHR H 

TepMOJJ:1IHaM1IqecK1Ie napaMerpbI cy6JI1IMaUHH COKplICTaJIJia 2-rtt,upOKCH6eH3aMII,Ua tt 4-

aueTaMHJJ:06eH30HHOH KHCJIOTbI. I10Ka3aHO, qTo 3KCrrep1IMeHTaJibHaR BeJI1Iq1IHa 

3HTaJII,TIHH cy6nrrMau1rn 3TOf0 COKpHCTaJIJia cornacyeTCR C ero 3HeprHeH 

KplICTaJimiqecKOM peIIIeTKH, paccqHTaHHOH KBaHTOBO-XHMHqecKHM MeTOJJ:OM C 

l1CfI0Jib30BaHHeM 3KCrrepttMeHTaJibHbIX ,uaHHbIX peHTreH0CTpyKrypttoro aHaJIH3a. 

B rnase 6 ,urrccepTaUIIII npe,ucTasnettbI pe3yJibTaThI orrpe,ueneHH51 

TepMOJJ:HHaMrrqecKHX rrapaMerpoB COKpHCTaJIJIH3aUHH Kap6aMa3eIJIIHa C PRJJ:OM 

KO<pOpMepoB pa3JIHqHoro CTpoemrn MeTO,UaMII paCTBOpHMOCTH COKpHCTaJIJIOB, 

KOHKypeHTHOfO rrepeMOJia <pH3HqecKIIX CMeCeM HCXOJJ:HbIX KOMfIOHeHTOB C ,uo6aBJieHIIeM 

paCTB0p1ITeJI51. ITpe,uJIO)J(eHO K0ppeJIRUH0HH0e ypaBHeHHe, I103B0JIRIOmee rrpe,UCKa3bIBaTb 

rrpOH3Be,UeHHe paCTBOpttMOCTH COKpHCTaJIJia Kap6aMa3eTIHHa Ha OCHOBe ,uaHHbIX 0 

paCTB0pHM0CTH sapbrrpyeMoro KO<pOpMepa. BbIIIOJIHeHbI pacqeTbl 3HeprHM 

KpHCTaJIJittqeCKHX peIIIeTOK C oueHKOM BKJia,UOB pa3JIIIqHbIX Tl1Il0B Me)J(MOJieKyJI5IpHbIX 

B3al1MO,UeMCTBHM JJ:J151 HCCJieeyeMbIX COKpHCTaJIJIOB, a Tal()J(e rrpoaHaJIH3HpoBaHa 

KOppeJI5IU11R Me)J(ey TepMOJJ:HHaMHqecKHMH rrapaMeTpaMH o6pa3oBaHM:j{ COKpHCTaJIJIOB H 

IIHTerpanbHbIM MHOrOKOMfIOHeHTHbIM ITOKa3aTeJieM CKJIOHHOCTH K o6pa30BaHIIIO 

BOJJ:OpOJJ:HbIX CBR3eH, paccqH:TbIBaeMbIM B paMKax BttpryanbHOfO CKp11Hl1Hra. 

Pe3yJibTaThI pa60ThI OTm1qaJOTCR HOBH3HOH. 

Pa3pa6oTaHhI MeTOJJ:bI IIOJiyqeHH51 l1 . paCIIIttcppoBaHa crpyKrypa C fIOMOmbIO 

peHTreHOCTpyKrypttoro aHaJIII3a JJ:JIR 81 HOBOfO MHOfOKOMIJOHeHTHOfO KplICTaJIJia. 

ITpttroTOBJieHHhie HOBbie Kpl1CTaJIJIHqecK11e cpopMbl oxapaKTep1130BaHhl C 

HCIIOJih30BaHHeM MeTOJJ:OB TepMHqecKOfO aHaJIH3a, paCTBOpHMOCTH, TepMOMHKpOCKOTIHH, 

peHTreHO<pa30B0fO aHaJil13a H pR,ua ,upyrlIX COBpeMeHHbIX cpH311KO-XHMHqecKHX MeTOJJ:OB. 
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B TOM qficJie IIOJiyqeHbI H oxapaKTeptt30BaHhI HOBbie cpapMau;eBTHqecKHe COKp11CTa.JIJibI 

JieKapCTBeHHbIX coe,n:11HeHHH C yJiyqrueHHbIMH cpapMaueBTHqecKM:MH CBOHCTBaMH. 

Ha OCHOBaHHH aHa.Jil13a TepMO,lI,MHaMM:qecKHX napaMeTpOB cy6JIHMau:1m 

HH,lI,HBH.[(ya.JlbHbIX coe,[l,HHeHHH, B TOM qJicJie onpe,lI,eJieHHbIX B ,lI,11CCepTaUMOHHOH pa6oTe, 

pa3pa6oTaH KpMTepMH OT6opa KOq:>OpMepoB ,[l,JI51 CKpMHI1Hra M noJ1y1.JeHM51 

.UBYXKOMnOHeHTHbIX KpMCTaJIJ10B cy6nttMaUMOHHbIM MeTO,UOM. 

BnepBbie ,lI,JI51 MHOfOKOMnOHeHTHbIX KpMCTa.JIJ10B pa3pa6oTaHbl ycJIOBM:51 MX nony1.JeHH51 

MeTO,UaMH Kocy6nMMaUMM M pecy6J1MMaUMM. JJ:oKa3aHO, l.JTO B COCTaBe COKpMCTa.JIJia 

npouecc TepMO,UeCTpyKUM11 Kap6aMa3eTIMHa npM pecy6JIMMaUMM cymecTBeHHO 

no,uaBJ151eTC51 no cpaBHeHMIO C Kocy6mfMaU:MeH q:>H3WieCKOH CMeCM. BnepBbie npoBe,ueH 

3KCnepHMeHT no cy6JIMMau:1111 COKpMCTa.JIJia MeTO,UOM nepeHoca BemecTBa HHepTHbIM 

ra3oM-HOCHTeJieM M onpe,n:eJieHbI TepMO,lI,HHaMJiqecK11e napaMeTpbI npouecca 

cy6nMMau;im. 

Pa3pa6oTaH anropHTM 

o6pa30BaHM51 

BMPTYa.JihHOro CKpMHMHra COKp11CTa.JIJIOB C ou:eHKOH 

BepO51THOCTl1 BCex BO3MO)l<HbIX BO,lI,OpO,UHbIX CB513eH np11 yqeTe 

KOHKypeHU:MM Me)K.n:y ,lI,OHopaMM 11 aKu:enTopaMM, C nOBbIIlleHHOH cneu:Mq:>Hl.JHOCTbIO M 

o6meii 3q:>q:>eKTMBHOCTbIO BMPTYa.JihHOro CKpMHMHra. 

Ha OCHOBe TepMO,lI,MHaMJiqecKMX napaMeTpOB cy6JIHMaU:HM MOJieKyJI51pHbIX 

KpMCTa.JIJIOB CTpYKTYPHO pO,UCTBeHHbIX coe,UMHeHHH pa3pa6oTaHa KOppeJI51U:MOHHa51 

MO,UeJib .um1 nporH03MpOBaHI151 TepMO,UHHaMJiqecKHX napaMeTpOB cy6JIMMaU:H11 

HH,lI,MBl1.[(ya.JlbHblX coe,UHHeHHR, B TOM lJMCJie TepM111.JeCKM HeCTa6HJ1bHbIX, ITO BeJ1JiqJIHe 

TeMnepazyphI nJiaBJieHM51. 

TIOKa3aHO, qTo KOHKypeHUM51 Me)K.[(y ,UOHOpHbIMM M aKu;enTOpHbIMH u:eHTpaMH 

BO.UOPO.UHbIX CB513eti B MOJ1eKynax KOq:>OpMepoB MmKeT npMBO,UMTb K cpopMHpOBaHMIO 

TOilOJIOrHqecKH BapMaTHBHbIX ceTOK BO,lI,OpO,llHbIX CB513eH ,Ua)J(e B CTpYKTYPHO­

pO.UCTBeHHbIX MHOfOKOMnOHeHTHbIX KpMCTaJIJiax. 

ilccJie,lI,OBaHO BJIM5IHMe ynaKOBKM MOJleKyJI B KpHCTaJIJ1Ml.JeCKOH perueTKe 

COKpHCTa.JIJIOB Kap6aMa3enHHa Ha TepMO,lI,MHaMMqecKHe napaMeTpbI COKpMCTa.JIJIH3aU:mL 

TeopeTHqecKaH 3HaqHMOCTb pa60Tbl. 

Ha np11Mepe 6onee 80 ,lI,BOHHhIX CMCTeM npoBe,neHa cpaBHMTeJibHa51 oueHKa 

npttMeHHMOCTM 3KCnepMMeHTa.JlbHbIX MeTO,lI,OB cKpMmrnra (MeTo,n nepeMoJia, 

,lI,Mq:>q:>epeHU:Ma.JlbHOH CKam1:py10meti: Ka.JIOpMMeTpmf, TepMOMMKpOCKOIIMM, cy6JIMMaU:HM) 

MHOfOKOMTIOHeHTHbIX KpMCTaJIJIOB. Y cneWHO npoBe,lI,eHa anpo6au:M51 KOMTIJieKca 

pa3J1Ml.JHbIX TepMMI.JeCKHX MeTO,llOB ,lI,JI51 CKpMHMHra MHOfOKOMTIOHeHTHbIX KpttCTa.JIJIOB, 

3HaqJITeJibHO IlOBbIIllaIOLUa51 3q:>q:>eKTMBHOCTb IlOHCKa HOBbIX COKpttCTa.JIJ10B H COJieH. 

JJ:JI51 CKpHHMHra COKpHCTa.JIJIOB MeTO,lI,OM JJ:CK ccpopMyJIHpOBaHO npaBMJIO pa3JilfqM51 B 

TeMnepazypax nnanJieHM.51 KOMTIOHeHTOB. O6Hapy)J(eHO, l.JTO npH pa3HHU:e B TeMrrepazypax 

nnanneHM51 KOMTIOHeHTOB MeHbllle 50° C pe3yJibTaTHBHOCTb MeTO,lI,a JJ:CK 3Ha1:IHTeJibHO 

CHmI<aeTC51. 
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)];JUI CHCTeM C HHTJ)OcpypaHTOHHOM rrpoBe)],eH aHaJIH3 rrpHMeHHMOCTH MeTO)],OB 

BHpryaJioHOro CKpHmrnra MHOfOKOMilOHeHTHbIX KpHCTaJIJIOB (MeTO)],bl ou:eHKll 

MOJleKymipHOll KOMnJieMeHTapHOCTll H Bep05ITHOCTH o6pa30BaHIDI BO.UOPOJJ:HbIX CB513ett) H 

pa3pa6oTaH aJiropHTM 3TOfO CKpHHirnra C IlOBbIIlleHHOll cneu:H<pfPIHOCTbJO ll 

ceneKTHBHOCTbJO. 

Ha np11Mepe p51.ua COKpHCTaJIJlOB rrapa-npOH3B0)],HbIX 6eH3aMH)],a C )],HKap6oHOBbIMH 

KHCJlOTaMH ycTaHOBJleHO, qTo 6aJiaHC )],OHOpOB H aKu:enTOpOB BO.UOPO.UHhlX CB513ett y 

KO<pOpMepoB orrpe.uen5IeT ynaKOBKY MOJieKyJI B COKpHCTaJIJiax, aero HapyrneHMe CHfDKaeT 

Bep05ITHOCTb l130CTpyKrypHOCTl1 H COJlbBaToo6pa30BaHIDI. ilOKa3aHO, qTo BTOpW-IHbie 

B3aHMo.ue.nCTBH51 (BKJIJOqa5J cna61:,1e C - H .. · OIN- cB513H) BHOC5IT 3HaqMTeJihHbIH BKJia.u B 

CTa6HJlH3aU:HJO perneTKH, a CTepHqecKMe cpaKTOpbI (HanpHMep, opT0-3aMeCTMTeJIM B 

CaJIMU:IrnaTax) MOryT rrpen5ITCTBOBaTb COKpHCTaJIJIH3aU:HH )],a)Ke rrpH HaJIJ,fqJ,flf CHJlbHbIX 

reTepOCllHTOHOB. 

y CTaHOBJleHHa51 KOppeJI5IU:IDI Me)K.uy llHTerpaJibHOH Bep05ITHOCTbJO o6pa30BaHM51 

reTepOCHHTOHOB, o6pa30BaHHbIX CHJihHhlMll H cna6I>IMH BO.UOPO.UHhIMH CB51351Ml1, H 

TepMO)],HHaMHqecKHMH xapaKTep11CTHKaMH rrpou:ecca COKpHCTaJ1JlH3aU:HH I103BOJI5IeT 

rrporH03HpOBaTh pa3yrrop51,l1,0qeHHOCTb CHCTeMbl 11 OilTHMaJlhttyJO yrraKOBKY MOJleKyn B 

KpHCTaJIJ1I1qecKOH perneTKe. 

Pa3pa6oTaHHa51 KOppeJl51U:HOHHa51 MO)],eJlb )],Jl51 rrporH03HpOBaHIDI TepMO)],HHaMHqecKHX 

rrapaMeTpOB cy6JIHMaU:HH HH)],HBll,lJ,yaJlhHbIX coe)],HHeHMH no BeJIHqirne TeMrreparypol 

rrrraBnemrn I103B0JI5IeT ou:eHHBaTb cy6nHMaU:HOHHbie xapaKTepHCTHKH )],JI51 TepMHqecKH 

HeCTa6HJibHhIX coe,l],HHeHHH. 

TTorryqeHHbie TepMO)],HHaMHqecKHe xapaKTepHCTllKH rrpou:eccOB cy6JIHMaU:HH 

H3yqeHHbIX Beru:ecTB MOryT HCI10Jlh30BaTbC51 )],Jl51 pa3pa60TKH TeopeTHqeCKHX MO)],eJieH 

rrporH03HpOBaHIDI (pl13HKO-XllMHqecKHX CBOHCTB MHOfOKOMilOHeHTHhIX KpHCTaJIJIOB l1 

YTOqHeHH51 pac1:1eTHhIX MeTO)],OB ou:eHKH 3HeprHH KpHCTaJlJIHqecKHX perneTOK. 

B u:eJIOM, 3aBHCMMOCTH THrra «CTpyKrypa-CBOHCTBO», tta6mo.uaeMoie B pa6oTe, 

I103B0Jl5IJOT rrpe,l1,CKa3bIBaTb KJIJOqeBhie (pll3llKO-XHMHqecKHe ll TepMO)],HHaMHqecKHe 

xapaKTepHCTHKll 0)1,HO- l1 MHOfOKOMilOHeHTHhIX KpHCTaJIJIOB Ha OCHOBe )],aHHhIX 0 

MOJieKyJrnpHOH CTpyKrype, TeMneparype rrJiaBJieHH51 l1 paCTBOpHMOCTH. 

IlpaKTH1-ICCKaH 3Ha1-IHMOCTb pa60Thl. 

B xo.ue pa60Tbl 6oIJlH nonyqeHbl rraTeHTOCI10C06Hbie MHOfOKOMilOHeHTHbie KpHCTaJlJlbl 

( COKpHCTaJIJibl ll com-1), KOTOpbie MOryT 601Tb IlOTeHU:HaJibHO l1CI10Jih30BaHhl rrpH 

C03)],amnf HOBbIX neKapCTBeHHbIX cpe.UCTB C ynyqrneHHOH paCTBOpHMOCTbJO. B qacTHOCTH, 

I10Ka3aHO qTo COKpHCTaJlJI au:eTa30JiaMif)],a C rrapaaMHH06eH30HHOH KMCJlOTOH o6na.n;aeT 

yrryqrneHHbIMll cpapMau:eBTHqecKHMll CBOHCTBaMM: paCTBOpHMOCThJO, MeM6paHHOH 

npOHHU:aeMOCThJO, CKOpOCTbIO paCTBopemrn, ycToi1qlfBOCTbJO K BJia)KHOCTH, ChJrryqeCThJO, 

Ta6JieTHpyeMOCTblO. no HTOraM HCCJie)],OBaHMM 3aperMCTJ)HpOBaHO 8 naTeHTOB P<l> Ha 

l1306peTeHMe. TTpe.UJIO)KeHHhIM KOM6MHHpOBaHHbIH IlO)],XO)],, BKJlJOl.JaJOW:HM 

3KCrrepHMeHTaJihHbie l1 TeopeTWieCKHe MeTO)],hI CKpHHHHra, I103B0Jl5IeT 3cpcpeKTl1BHO 
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OTCe1-rnaTb HenepcneKTllBHbJe CllCTeMbl ll ycKOp.HTb ITOMCK HOBbIX q>OpM 

q>apMaIJ,eBTW-IeCKI1X l1 q>yHKIJ,I10HaJlbHbIX MaTepllaJIOB . .D:eTaJibHbIH aHaJill3 nepB11qHbIX ll 

BTOpllqHbIX Me)KMOJieKyJI51pHbIX B3allMO,UeHCTBllH B COKpI1CTaJIJiax crroco6cTBYeT 

OI1TllMM3aIJ,MI1 MX ,umaiiHa. Tipe,ucTaBJieHHa51 MeTO,UHKa llHTeprrpeTaIJ,1111 pe3yJibTaTOB 

cy6nuMau,1111 M pacqeTa TepMo,u1rnaM11qecKMX rrapaMerpoB :noro npou,ecca OTKp1>rnaeT 

HOBbie BO3MO)KHOCTI1 ,UJI.H Cl1HTe3a COKpllCTarurnqecKHX q>OpM. HanpuMep, npe,uJIO)KeHHblH 

3Mnup11.qecK11.0: no,uxo.u .UJI51 oueHKM napaMerpoB cy6JmMau,uu TepMuqecKM ttecTafornhHbIX 

coe,uuHeH11.0: rpe6yeT JIRIIIh I1Hq>opMau,m1 o crpyKrype 11. TeMrrepazype nnaBJieHR.H. 

BbrnBJieHHa51 KOppemIIJ,1151 Me)I<ey l1HTerpaJibHOH BepO.HTHOCTbIO o6pa30BaHI1.51 

BO.UOPO.LJ:Hr:,IX CB513eH I1 TepMO,UI1HaMMqecKMMll napaMeTpaMI1. COKpI1.CTaJim13aU,l1.l1. ,uaeT 

BO3MO)KHOCTb rrpOrHO3I1pOBaTb 3TOT rrpouecc Ha 3Tane CKpI1.Hl1.Hfa l1. u,eJieHarrpaBJieHHO 

no,u6upan, Koq>opMepr,1. 

Pa3pa6oTaHHbie MeT0,Ubl I1 o6Hapy)KeHHbie 3aK0H0MepH0CTI1 rrp11.MeH1-I.Mbl K IIII1p0KOMY 

cneKTPY opraH11qecK11x coe.n11.HeH11.i1. c pa3JI11.qH0H crpyKrypoii 11. q>tt3I1KO- XI1MH.qeCKI1MI1. 

CBOHCTBaMH, qTQ M0)KeT 6bITb ITOJie3H0 He T0JibKO ,UJI.H ,UI13aHHa q>apMau,eBTI1qecKI1X 

COKpllCTaJIJIOB, HO I1 np11. C03,UaHI1.I1 .npyr11x q>yHKUI10HaJlbHblX MaTepttaJI0B. 

BbIBO,UbI ,uuccepTaUI1I1 51BJI5IIOTC5I ,[l,OCTOBep HblMU " o6ocHOBaHHblMU. Pe3yJibTaTbI 

noJiyqeHbI C I1CITOJib30BaHI1.eM COBpeMeHHbIX 3KCnep11MeHTaJibHbIX MeTO,UOB. 

,n:11ccepTaIJ,I10HHa51 pa6oTa CO0TBeTCTByeT cneIJ,I1aJlbH0CTI1 1 .4.4. <l>i,1311qeCKa.H XI1MI151 B 

nyHKTax 2 (t.JacnI «3KcnepttMeHTaJibH0e onpe,ueJieHtte TepMO.LJ:I1HaM11qecKI1X CBOHCTB 

BeruecTB, pact.JeT TepM0.LJ:I1HaM11qecKI1X q>yHKIJ,HH rrp0CTbIX I1 CJI0)KHblX CI1CTeM . . ,113yqeHI1e 

TepM0,UI1HaMI1t.JeCKHX acrreKT0B q)a30BbIX npeBparueHHH I1 q)a30BblX nepexo,uoB.»), 7 (B 

qaCTH (( ... paCTBOpeHHe H KpHCTaJIJIH3aIJ,l1.51») H 10 ( B qacTH «C03,UaHHe I1 pa3pa60TKa 

MeT0.LJ:0B KOMilbIOTepH0fO MO,UeJI11poBaHmI crpoeHH51 . . . XI1MI1t.JeCKI1X coe,u11HeHI1H Ha 

OCH0Be npe.ncTaBJieHHH KBaHTOBOH MexaHHKH, pa3JII1qHI,JX TOI10JI0fI1qecKI1X . .. MeT0,U0B, 

BKJIIOqa51 MeT0.LJ:bl MaIIIHHHOfO o6yqeHI15I ... ' a TaK)I<e IT0.LJ:XO)],OB Tttrra crpyKrypa­

CBOHCTBa»). 

no TeKCTY ii:11ccepTaIJ,HH HMeIOTC51 3aMeqaHI1.51: 

1. XapaKTepHblM rrpI13HaK0M ITJiaBJieHI1.51 C pa3JIO)KeHHeM 51BJI51eTC51 3aBI1CI1M0CTb 

TeMnepazypbI IlJiaBJieHH51 OT CKOp0CTI1 HarpeBa, qTo Ha6n10,uaeTC51 B 

,u11ccepTaU,I10HHOH pa6oTe ,UJI.H HaJII1,UI1KC0BOH I1 OKCOJIHHOBOH KHCJIOT. B CB5I3I1 C 3TI1M 

B03HHKaeT B0rrpoc: HaCK0JlbK0 BeJIHKa MO)KeT 6bITb pa3H0CTb Me)Key BeJIHqI1HOH 

TeMrrepazypr,1 rmaBJieHI15I, I13Mep51eMbIM o6bJqHbIM MeT0,UOM ,n:cK, I1 3TOH BeJI11qI1HOH 

)],JI.H Toro )Ke seruecTBa 6e3 pa3JIO)KeHtt51? Ou,eHKa '.HOH pa3HOCTI1 Ba)I<Ha )],Jl51 pact.JeTa 

3Hepr1111 r1166ca I1 3HTaJlbI1l1l1. cy6JIHMal.J,I1I1 TepMttt.JeCKI1 HeCTa6ttJibHblX coe.n11HeHI1H 

no BeJIHt.JHHe RX TeMrrepazypr,1 ITJiaBJieHI1.51. 

2. B Ta6JIHU,e 5.2 rrpe,ucTaBJieHbl 3Hat.JeHI151 3HeprI1I1 peIIIeTKH 5 KpI1CTaJIJIOB 

XHHOJI0HOBbIX aKTHBHbIX q>apMaueBTI1t.JeCKI1X I1Hrpe.u11eHT0B, paCCt.JHTaHHbie 

pa3JII1t.JHbIMI1 TeopeTHt.JeCKHMH. MeT0)],aMH, B cpaBHeHI1I1 C 3KCnep11MeHTaJibHbIMH 

3HTaJlbITI15IMI1 cy6JII1MaUI1I1. ,n:a.rree ,uaeTC.H oueHKa 3HTaJlbilHI1 cy6JIMMaUHH )],Jl.H 
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HaJll1)]J1KCOBOH 11 OKCOJil1HOBOH Kl1CJIOT Ha OCHOBe BbIBe,[(eHHbIX aBTOpOM 

,n11ccepTa1.J,11H KOppemn.(HOHHbIX COOTHOllleHl1H. DblJIO 61,1 )KeJiaTeJibHO ,[(aTI, TaKyIO )Ke 

oueHKY 3HTaJlbIIl111 cy6n11Mau,1111 11 ,[(J151 OCTaJibHbIX rpex Bern;eCTB 113 3TOH Ta6JI11Ubl 

(Hopcpn0Kcau11Ha, u11npocpn0Kcau11Ha 11 3Hpocpn0Kcau11Ha), l-JT061,1 rronyq11T& 

rrpe,ncTaBJieH11e 06 3cpcpeKTl1BHOCTl1 pacqeTOB Ha OCHOBe rro,no6HbIX KOppeJI51UHOHHbIX 

COOTHOllleHl1H. 

3. ,D:n51 113MepeHl151 ,[(aBJieHl151 HaCbIW:eHHOro rrapa H3yqeHHbIX Bern;eCTB MeTO,[(OM 

rpaHcn11pau1111 )KeJiaTeJibHO ,naTb oueHKY B03MO)I<HOH Cl1CTeMaTJ1l-IeCKOI1 Ollll16K11. 

4. Ha p11cyHKax 6.13, 6.14 rrp11Be,[(eHI,I rpacp11K11 3aBl1C11MOCTH TepMO,[(HHaMHqecKHX 

rrapaMerpoB COKp11CTaJIJ1113aUlfl1 OT HHTerpaJibHOro MHOrOKOMIIOHeHTHOro IIOKa3aTeJI51 

CKJIOHHOCTl1 K o6pa30BaH11lO B0,[(0pO,[(HbIX CB513eH ,[(JI5I 35 COKp11CTaJIJIOB. Ilpe)K,[(e, qeM 

o6n51CH5ITI, cyw:ecTBeHHOe OTKJIOHeH11e TQqKH COKpHCTaJIJia Kap6aMa3eIIHHa C 2,6-

,[(11r11,npOKCl16eH30M.HOH KHCJIOTOM. OT Ha6n10,naeMOH KOppeJI511.J,1111 Ha pncyHKax 6.13 11 

I13, 61,rno 61,1 )KeJiaTeJibHO o6n51CHI1Tb, rroqeMy 3TOT COKpHCTaJIJI H COKpHCTaJIJI 

Kap6aMa3enHHa C 2,4-,n11rn,npOKCH6eH30HHOH Kl1CJIOTOH 11MeIOT 6oJibllll1e no 

a6COJIIOTHOH BeJI11q11He, HO pa3Hbie ITO 3HaKy 3KCnep11MeHTaJibHhie 3HTaJibnl111 

COKp11CTaJIJil13aU1111. QqeHh 60Jibllla51 pa3H11Ua 11MeeT MeCTO 11 ,[(Jl51 3HTpOIIl1H 

COKp11CTaJIJil13aU1111 ,[(J151 3Tl1X COKp11CTaJIJIOB. 

B uenoM ,n11ccepTau110HHa5I pa6oTa MaH11H A.H. rrpe,ncTaBJI51eT co6oi1: MaClllTa6Hoe 

l1CCJie,[(OBaH11e B aKTYaJihHOH o6JiaCTl1 cp11311qeCKOH Xl1Ml1H MHOroKOMITOHeHTHhIX 

Kp11cTannoB cpapMaueBT11qecKoro Ha3HaqeHl15I, r,ne coqern10Tc51 rrepe,n0B1,1e pacqeTHbie H 

3KCrrepI1MeHTaJlbHbie MeTO,[(bI, qaCTb 113 KOTOphIX pa3pa6oTaHbI aBTOpOM, 11 rronyqeHbl 

HOBbie pe3yJibTaTbI BbICOKOH TeopeTHqecKOH H rrpaKT11qeCKOH 3Haq11MOCTl1. 

Pe3yn1,TaTbl ,n11ccepTau110HHOH pa60TbI 51BJI51IOTC51 ,[(OCTOBepHbIMH, qTQ 

I10,[(TBep)I<,[(aeTC51 cornacy10rn;HMl1C51 ,naHHbIM11 He3aBl1Cl1MoIX 3KCnep11MeHTaJI0HbIX 

MeT0,[(0B 11CCJie,[(OBaI-nrn, a TaK)Ke rry6JIHKau11ett 30 CTaTeH B peueH311pyeMoIX 

Me)K.[(yHapO,[(HbIX HayqHI,JX )KypHanax C BbICOKl1M peHTl1HroM, l1H,[(eKc11pyeMhIX B WoS, 

Scopus 11 PI1HU:, H 1 MOHOrpacp1111. MaHl1HhIM A.H. rronyqeHo 8 naTeHTOB Ha 

11306peTeHHe. Pa6oTa arrpo611poBaHa Ha Me)I(,nyHapo,[(HhIX H pOCCHHCKHX HayqHI,IX 

KOHcpepeHU,1151X. 

ABTOpecpepaT ,n11ccepTaUl1H COOTBeTCTByeT ee co,nep)I(aH11IO. 

Ha OCHOBaHMM BhillleI13JIQ)I(eHHOro MQ)KHQ 3aKJIIOqMTh, qTQ no CBOett 

aKTYaJibHOCTl1, HOBI13He, 061,eMy I1 ,[(OCTl1rHyTbIM pe3yJihTaTaM ,n11ccepTau,110Htta51 pa6oTa 

MaHHHa A.H. OTBeqaeT Tpe6oBamrnM, ycTaHOBJieHHoIM B nrr. 9-11, 13, 14 «IlOJIO)KeHM51 0 

rrpncy)K,[(eHMM yqeHoIX CTerreHeM.», YTBep)K,[(eHHOro ITOCTaHOBJieHHeM IlpaBHTeJibCTBa 

Pocc110.cK00. <I>e,nepau1-m OT 24 ceHT516p51 2013 r. NQ 842 (B ,nei1.cTBy1ow;ei1: pe,naKu1111), 11 

5IBJI5IeTC51 ttayqHQ-KBaJ111(p11KaUHOHHOH pa60TOH, B KOTOpOH pa3pa6oTaHbI Teoper11qecK11e 

I10JIO)KeHl151, MeTQ,[(l,J 11 I10,[(X0,[(ol 3KCrrepHMeHTaJihHOro I1 BHPTYaJihHOro CKp11Hl1Hra 

MHOrOKOMITOHeHTHbIX Kp11CTaJIJIOB cpapMaueBTJ1qecKoro Ha3HaqeHl15I, BKJIJ0qa51 MeTO,[(hI 11X 
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noJiyt-Iemur 11 onpeJJ,eJieHmI q_)I13HKO-XHMW:IeCKHX CBOHCTB, C0B0KynH0CTb K0T0pblX 

M0)KH0 KBa.JIHq_)HU:HpoBaTb KaK HayqHoe )],0CTH)KeHHe B o6JiaCTI1 q_)I13J1qeCKOH XI1MI111 

0)],H0- 11 MH0fOK0MIT0HeHTHbIX M0JieKyJI5IpHbIX KpHCTa.JIJI0B. ABTOp pa60Tbl, MaHHH 

AJieKcei1: H11KOJiaeB11q, 3acJiy)I<11BaeT rrp11cy)KJJ,eHJ15I yqeHOH CTerreHH )],0KT0pa 

XHMJ1qecKl1X HayK no crreu:11a.JihH0CTH 1.4.4. <DH3J1qecKa5I XHMH5I. 

17.11.2025 

)],0KT0p XI1MJ1qecKI1X HayK (02.00.04 - q_)I13HqecKa5I 

x11M1rn), rrpo¢eccop, npo¢eccop Kaq_JeJJ.pbI ¢11311qecKoi1: 

x11M1111 XttM11qecKoro HHCTHTyTa HM. A.M. EyTnepoBa 

K<DY, Ten. (843)2337309, vgorbatc@kpfu.ru. 

<DeJJ,epa.JibHOe rocy JJ,apCTBeHH0e aBT0H0MH0e 

o6pa30BaTeJibHOe yqpe)KJJ,emi:e BbIClllero o6pa30BaHH5I 

«Ka3aHCKHH (IlpHBOJI)KCKMtt) ¢eJJ.epa.JibHhIH 

ymrnepc11TeT» 420008, Poccl15I, r. Ka3aHb, yn. 
KpeMJieBCKM, 18; Ten.: (843)233-71-09, E-mail: 

public.mail@kpfu.ru. 

Ilp11KJiaJJ,bIBaIO cornac11e Ha 

o6pa60TKY rrepC0Ha.JlbHbIX 

JJ,aHHbIX. 

1cwero Oli!'A30BAHHil POCCH~cKo~ $EAEPA~l-l 
l'HIIO \,K(.1\1111) q,1 ,JlP\,lhHblH )!HIBi l'fl1I 
IJ,;ll lllll 1~01') 1\LlllOOuOPOf,I ft KOil ' 
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