
OT3hiB 

oqnnuranhHOfO OIIIIOHeHTa Ha .r:urccepTaiJYIOHHYIO pa6ozy rony6ena ApTeMa 

AH,n:peeBMLia Ha TeMy «HoBbie Y<l>-oTBep)J<,n:aeMhie anKM.ll:HO-cMnoKcaHoBhie 

rrneHK006pa3yiOII(Me MaTepHMhi», rrpe,n:cTaBneHHYIO Ha COMCKaHMe yLieHOM 

CTeiieHM KaH,[(M,[(aTa XMMMLJeCKMX HayK ITO CIIel.(MMhHOCTM 1.4.7-

BhiCOKOMoneKyn5IpHhie coe,n:MHeHM5l. 

Ha rrpoT5l)J(eHMM MHOrMx neT 3HaLJMTenhHa5l LJaCTh Mccne,n:onaHMM B o6nacTM 

BhiCOKOMOneKyn5IpHbiX COe,[(MHeHMM IIOCB5lll(eHa CMHTe3y IIOllMMepOB M KOMII03MTOB 

c 3apaHee 3a,n:aHHhiMM cnoifcTBaMM. B ycnoBM5IX TexHonorMLJecKoro rrporpecca 

rrepe,n: HayKOM CTOMT 3a,n:aLJa C03,[(aHM5l yconepiiieHCTBOBaHHhi X IIOJUIMep HhiX 

MaTepHMOB, o6na,n:aiOII(MX 6onee BhiCOKMMM IIOKa3aTen5IMM, LJeM Tpa,n:Ml.(MOHHhie 

perneHM5l. PerneHMe :no:H 3a,n:aLJM ,n:ocTMraeTC51 He TOnhKO rro,n:6opoM XMMMLJeCKMX 

COe,[(MHeHMM ,[(ll51 CMHTe3a, HO M OIITMMM3al.(MeM ycnOBMM rrpone,n:eHM51 peaKI..(MM. 

Oco6~:.r:H MHTepec Mccne,n:onaTeneM: Bh13hiBaeT TMOn-eHOBa51 «KnMK»-peaKUH51, 

KOTOpa51 y)l(e II03BOnMna B 3HaLJMTenhHOM CTeiieHM OTKa3aTbC5l OT CllO)J(HhiX 

KaTMMTMLJeCKMX CMCTeM IIpH IIOnyLJeHMM KaK HM3KOMOner<yn51pHhiX, TaK M 

BhiCOKOl\mneKymipHhiX opraHMLJeCKHX COe,[(MHeHMM. 

IJ;enhiO pei.I;eH3HponaHHOM KaH,n:M,n:aTcKoi1 ,n:wccepTaUMM f'on y6ena A.A. KaK 

pa3 H 5lBJI51llaCh pa3pa60TKa M KOMIIneKCHOe MCCne,[(OBaHMe HOBhiX r H6pH.[(Hhi X 

MKM,[(HO-CMllOKCaHOBbiX IIOKpbiTMM, rronyLJeHHhiX MeTO,[(OM <}_)oTOMHMI..J;HHpyeMOM 

TMOJJ-eHOBOR «KllMK»-peaKI..(MM Ha OCHOBe Y<l>-OTBep)J(,n:aeMbi X KOMII03Ml.(MM 

pa3llMLJHOfO COCTaBa. AKTyaJihHOCTh Bbi6paHHOM TeMhi He Bhl3hi BaeT COMHeHMM, 

IIOCKOJJhKY pa6oTa HarrpaBneHa Ha perneHMe Ba)J(HOM HayLJHO-rrpaKTMLJeCKOM 3a,n:aLJM 

-- pa3pa60TKY MHHOBal.(MOHHOfO IIO,[(XO,[(a K pa3pa60TKe rH6pH.IJ:HbiX a.J1KM,[(HO­

CMJIOKCaHOBhiX IIOllMMepHhiX IIOKphiTMM C MCIIOllh30BaHMeM nepcrreKTMBHOH 

<!_)OTOXMMMLJeCKOM MeTO,[(MKM. 

}J;MccepTal.(MOHHa51 pa6oTa MMeeT Tpa,n:Ml.(MOHHYIO CTpyKrypy, BKnioLJaiOII(y iO: 

BBe,n:eHMe, JIMTeparypHhiM 0630p, OIIMCaHMe MeTO,[(MK CMHTe3a M MCCHe,n:oBaHMM, 

pa3,n:en pe3ynbTaTOB c wx MHTeprrpeTai..J;Mei1, 3aKmoqeHMe, 6w6nworpaqmLieCKMH 

crrwcoK, a TaK)J(e rrepeLieHh coKpam:eHHM M ycnoBHhiX o6o3HaLJem.:ri1: . Hccne.non atm e 

OTllMLJaeTC5l LJeTKOM llOfMKOM M3llO)J(eHM51 l1 co,n:ep)J(HT - 1 72 CTpaHMI..J;hl TeKCTa, 91 

HJIJIIOCTpai.I;MIO, 15 Ta6nMI..J; M o6IIII1pHhiM 6M6mrorpa<!_)HLJeCKHM CIIHCOK, 
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BKmoqaiOIIJ;HH 208 HCTOqHHKOB OTeqecTBeHHOH II 3apy6e)l(HOH HayqHOM 

JIHTeparyphi. 

J1HTepaTypHhiM 0630p OXBaTbiBaeT 3HaqHTeJibHhiH MaCCHB COBpeMeHHhiX 

HayqHhiX ny6JIHKaU:HM, llOCB5IIIJ;eHHhiX KmoqeBbiM acneKTaM HCCJie,li,OBaHH5l: 

CHHTe3y H XapaKTepHCTHKe CBOMCTB aJIKH,li,HhiX, CHJIOKCaHOBhiX H aJIKH,li,HO­

CHJIOKCaHOBhiX OJIHfOMepOB, . pa3pa60TKe 4>oTOOTBep)l(,ll,aeMbiX llOJIHMepHbiX 

MaTepHaJIOB, a TaK)l(e IIpHMeHeHHIO THOJI-eHOBOM «KJIHK»-peaKU:HH )J)I5I 

MO,li,H4>HKaU:HH M OTBep)l(,ll,eHH5I pa3JIHqHhiX llOJIHMepHbiX CHCTeM. 

3Kcnep.aMeHTaJihHa5I qacTh co.n:ep)l(HT HcqepnhiBaiOr.u;.ae cse.n:eHH5l o 

CBOMCTBaX HCXO)J;HhiX BeiiJ;eCTB, ,n:eTaJihHO OllHChiBaeT MeTO)J;HKM CHHTe3a I1 

1IpHMeH5IeMbie aHaJIHTHqecKHe MeTO)J;hl, BKJIIOqa5J: cnen:.a4>HKaU:HH HCllOJih3yeMOfO 

o6opy,n:oBaHH5I (MapKH np.a6opos .a npoH3B0.1J:HTerrH). IIpe,n:cTasrreHHhie 

3KCnepHMeHTaJihHhie ,n:aHHhie o6rra,n:aiOT He06XO,li,HMOH CTeneHhiO ,n:eTaJIH3aU:RH ,li,JI5I 

ycnelliHOf O BOCIIpOH3Be,n:eHH5I. 

rJiaBa «Pe3yJibT3Tbl H o6cym,LJ;eHHe». B ,n:aHHOH rrraBe npe,n:cTaBJieHa 

HHTepnpeTaU:H.H 3KCIIepHMeHTaJihHhiX ,n:aHHhiX, llOJiyqeHHhiX B XO,n:e HCCJie)J;OBaHR5I. 

BHaqane KpaTKO OllHCaHbi KJIIOqeBbie xapaKTepHCTHKH CH HTe3HpOBaHHhiX 

orr.aroMepoB, HCIIOJih3yeMhiX ,n:rr5I co3,n:aHH5I Y<l>-oTBep:JI<,n:aeMbiX aJIKH,n:Ho­

CHJIOKCaHOBhiX rrrreHKoo6pa3yiOr.u;Hx MaTepHarrOB. TaK)l(e BHHMaHHe y.n:erreHo 

aHaJIH3Y HeOTBep)l(,n:eHHhiX KOMll03HU:HH, B qacTHOCTH HX B5!3KOCTHbiM CBOHCTBaM II 

crroco6HOCTH nporrycKaTh yrrhTpa4>HorreToBoe H3rryqeHHe. 3TH rrapaMeTphi HMeiOT 

Ba)l(HOe 3HaqeHHe C TOqKif 3peHH5I TeXHOJIOflfqeCKOfO rrpon:ecca, IIOCKOJihKY 

Hallp5IMYIO BJII15IIOT Ha 34>4>eKTHBHOCTh 4>opMI1pOBaHH5l ClliHTOfO llOJIMMepa. 

Hy)l(HO OTMeTHTh, OllTI1MaJihHa5I TOJIIIJ;HHa 4>opMHpyeMhiX IIOKphiTHH He 

)J;OJI)l(Ha npeBhilliaTb 60 MKM, IIOCKOJihKY IIpH yBeJIHqeHHH TOJIIIJ;HHbl CJI05I )];0 75 

MKM rny6.aHa rrpoHHKHOBeHH5I Y<l>-H3rryqeHM5I CHM)l(aeTc5I .n:o 45-90% B 

3aBMCMMOCTM OT COCTaBa nneHKOo6pa3yiOr.u;ero MaTepHana. IIponycKaiOIIJ;a5I 

CllOC06HOCTh KOMll03MU:MH orrpe,n:eJI5leTC5I oco6eHHOCT5IMM CTpoeHM5I aJIKM,li,HhiX 

OJIMfOMepoB, B qaCTHOCTH HaJIMqH:eM llOJIHCOIIp5I)l(eHHhiX )J;BOHHhiX CB5!3eH, 

cnoco6HhiX nornor.u;aTh H3JiyqeHMe B Y<I>-o6rracTM crreKTpa. IIpH 3TOM KJIIOqeBbiM 

4>aKTOpOM, orrpe,n:eJI5IIOIIJ;MM OllTMqecKHe CBOHCTBa KOMII03MU:HH, BhiCTynaeT 

MoneKyJI5IpHa5I cTpyKTypa .acrroJih3yeMhiX aJIKH.1J:HhiX OJIMroM epoB. 
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Tipe,n:nono)l(eHI-re o 6onee perymipHoi1 CTpyKzype nrneppa:meTBJieHHoro 

aJIKH,IJ:HOfO OJIHfOMepa H ero 60JihllHiX pa3Mepax MaKpOMOJieKyJI ITO cpaBHeHMIO C 

OJIMfOMepoM Ha OCHOBe rreHTa3pHTpHTa M q)TaJieBOfO aHrH,n:pH,n:a JIOrHqecKH 

o6ocHoBaHo M cornacyeTCH c JIHTepazypHhiMM ,n:aHHhiMM. O,n:HaKo ,n:nH 

ITO,IJ:TBep)l(,n:eHM5I :HOM fMITOTe3hi uenecoo6pa3HO npoBeCTH 3KCrrepHMeHTaJihHYIO 

llpOBepey, HanpH:Mep, onpe,n:eJIHTh nr,n:po,n:MHaMHqecKHM ,n:MaMeTp MaKpOMOJieKyJI 

MeTO,IJ:OM ,IJ:MHaM:aqeCKOfO CBeTopacCe5IHM5I. 

B no,n:pa3,n:enax, ITOCB5I:W:eHHhiX M3yqeHMIO npouecCOB OTBep)K,n:eHM5I 

aJIKM,IJ:HO-CMJIOKCaHOBhiX KOMIT03MUMM, npe,n:cTaBJieHhi 

HCCJie,n:oBaHM5I 3TMX CMCTeM pa3JIMqHhiMM MeTo,n:aMH C ITOCJie,n:yiO:W:HM 

cpaBHMTeJihHhiM aHaJIM30M. YcTaHOBJieHo, qTo yBen:aqeHHe co,n:ep)KaHMH MepKarrTo­

OJIMroopraHoc:anoKcaHa B KOMIT03MUH5IX n pHBO,IJ:MT K 3HaqH:TeJihHOMy ycKopeH.H:IO 

peaKUHH OTBep)K,n:eHM5I M ITOBhlllieHMIO ,IJ:OJIM HepaCTBOpHMOfO aJIKM,IJ:HO­

CMJlOKCaHOBOf O ITOJIMMepa B <l>opMHpyiO:W:eMC5I ITJieHKe. ,l(JIH BCeCTOpOHHero 

ITO,IJ:TBep)K,n:eHH5I Bhl5lBJieHHOM 3aKOHOMepHOCTH 6hiJI HCITOJlh30BaH KOMITJieKC 

COBpeMeHHhiX <l>M3MKO-XMMH:qeCKMX MeTO,IJ:OB, BKJIIOqaiO:W:MM I1K -cneKTpOCKOITHIO 

(,n:JI5I MOHHTOpHHra npeo6pa30BaHH5I <l>YHKUHOHaJihHhi X rpynn), <l>oTopeOJJOf.H:IO 

(,n:JI5I HCCJie,n:oBaHM5I peonor:aqecKMX CBOMCTB B rrpouecce OTBep)K,n:eHH5I), 

OITTHqecKyiO HHTep<l>epoMeTpHIO (,n:JI5I aHaJIM3a KHHeTHKM ,n:H£}l<l>y3MOHHO­

TpaHCITOpTHhiX xapaKTepHCTHK) H orrpe,n:eJieHH:e CO,n:ep)KaHH5I reJJh-<l>paKUMM (,n:mi 

OUeHKH CTeneHH CIIIMBaHM5I ITOJIHMepHOM MaTpHUhi). 

,l(anee ,n:HccepTaHTOM 6hiJIH paccMOTpeHhi pa3JIHqHhie cnoco6hi rronyqeHH5I 

Y<I>-oTBep)K,n:aeMhiX aJIKM,n:Ho-cH:JIOKCaHoBhiX KOMIT03HUHM Ha Bo,n:Hoi1 ocHoBe. B 

XO,n:e npoBe,n:eHHhiX HCCJle,IJ:OBaHMM 6hiJI CMCTeMaTH:qecKH M3yqeH p5I,n: ITO,IJ:XO,IJ:OB K 

rronyqeHMIO Y<I>-oTBep)K,n:aeMhiX anKM,n:Ho-cHJIOKcaHOBhiX 3MYJihCMM Ha BO,n:Holi 

OCHOBe. 3KcnepHMeHTaJihHhie ,n:aHHbie y6e,n:HTeJihHO rrpo,n:eMOHCTpHpOBaJIH , qTO 

HaM6onee 3<j)<j)eKTMBHhi M 5IBJI5IeTC5I MeTO,IJ: npHMOfO 3MYJihrHpOBaHH5I HCXO,IJ:HOH 

aJIKH,IJ:HO-CHJIOKCaHOBOM KOMIT03HUHM, IT03BOJI5IIO:W:HH nonyqaTb CTa6HJihHhie 

3MYJihCMOHHhie CMCTeMhl C rH,n:po,n:H:HaMHqeCKHM ,n:HaMeTpOM KaiTeJih B 

HaHoMeTposoM ,n:Harra3oHe. Oco6oe BHHMaH.ae B ,n:aHHOM pa3,n:ene y,n:eneHo 

Me)K,IJ:MCUMITJIHHapHOMY xapaKTepy MCCJie,n:oBaHH5I, o6ne,n:HHIDO:W:eMy ,IJ:OCTI1JKeHH5I 

KOJIJIOM,IJ:HOM XHMHM, TeXHOJIOfMM ITOJIHMepOB H <l>OTOXMMHH, qTO no,n:qepKHBaeT ero 
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Hayr.myiO HOBH3HY H rrpaKTHqecKyiO 3HaqHMOCTh ,nn.H pa3pa60TKH COBpeMeHHhiX 

3KOllOrHq HhiX IIOnFIMepHbiX MaTepHanOB. 

Bo BTopo:H: qacTH rnaBhi «Pe3ynnTaThi H o6cy)l(,neHHe» rrpe,ncTaBneHhi 

KOMIIneKCHhie HCcne,noBaHH.H TepMHqeCKHX xapaKTepHCTHK anKH.IJ:HO­

CHllOKCaHOBhiX IIOKpbiTHM, rronyqeHHhiX rrocpe,n:CTBOM ~OTOHHHnHHpyeMOM THOn­

eHOBOM «KllHK»-peaKnHH. IJp oBe,neHHhiM TepMOrpaBHMeTpHqecKHM aHanH3 Bhl.HBHn 

qeTKYIO 3aBHCHMOCTh: yBenuqeHHe CO,nep)l(aHH.H MepKaiiTO-OnHroopraHOCHllOKC8Ha 

B KOMII03HnH.HX IIpHBO.D:HT K IIOBhiiiieHHIO TepMuqecKOM CTOMKOCTH IIOKpbiTHM, qTO 

rrpo.HBn.HeTc.H B CMeiiJ,eHHH TeMrreparypni Haqana TepMHqecKoro pa3nO)I(eHH.H Ha 10-

sooc B CTOpOHY 6onee BbiCOKHX 3HaqeHHM. 

Cne,nyeT OTMeTHTh, qTo rronyqeHHhi e ,n:aHHhie OTHOC.HTC.H K ycnoBH.HM 

HHepTHOM aTMOCcpepbi, qTo MO)I(eT He IIOllHOCThiO KOppenHpOBaTb C IIOBe,neHHeM 

CHCTeMbl B OKHCllHTenhHbiX ycnOBH.HX IIpH peanhHOM 3KCIInyaTaUHH . 

B p a3,nene 3.9 rrpe,ncTaBneHhi pe3ynnTaThi KOMrrneKcHoro uccne,noBaHH.H 

rH,npoqw6HbiX CBOMCTB anKH.1J:HO-CHllOKCaHOBhiX IIOllHMepoB C pa3nHqHOH 

MOJieKyn.HpHOM cTpyKrypo:H: . . ~AA KOMII03HnH:H: Ha ocHo Be rreHTa~TaneBoro 

anKH.D:HOrO OJIHrOMepa ycTaHOBneHa Bbipa)l(eHHa.H 3aBHCHM OCTh IIOBepXHOCTHhi X 

CBOMCTB OT CO,nep)l(aHH.H OnHroopraHOCHllOKCaHOBOrO KOMIIOHeHTa: yBenHqeHHe 

ero KOHneHTpaQH:H IIpH:BO.D:H:T K 3HaqH:TenhHOMy CHH)I(eHHIO IIOn.HpHOM 

COCTaBn.HIOIIJ,eM IIOBepXHOCTHOM 3HeprHH C 5,8 ,no 0,6 M~:>KfM2 IIp H 0.1J:HOBp eMeHHOM 

He3HaqH:TellbHOM yMeHbllleHH:H: K03~~HUH:eHTa .D:H~~Y3HH B0.1J:5IHOrO napa C 

8,57xl0-9 .no 8,35x lo-9 cM2/c. TaKoe pe3Koe CHH:)I(eHH:e rron.HpHoCTH rrpH 

COXpaHeHH:H .1J:H~cpy3HOHHhiX xapaKTepHCTHK 0.1J:H03HaqHo CBH:,neTen bCTByeT, qTO 

rH,npo~06HbiM 3~~eKT o6ycnoBneH rrpeH:MyiiJ,eCTBeHHO IIOBepXHOCTHOM 

aKTHBHOCThiO KpeMHHMOpraHHqecKHX ~parMeHTOB, B TpexMep HOM llOllHMepHOM 

CeTKe, qTo cymecTBeHHO yMeHblllaeT llOJI.HpHOCTh HOBepXHOCTH: 6e3 3aMeTHOrO 

BllH.HHH.H Ha 6apnepHbie CBOMCTBa MaTepHana. B OTnHqH:e OT 3TOrO, .D:AA KOMII03HUH:M 

Ha ocHoBe r Hrreppa3BeTBneHHoro anKH:,n:Horo onHroMepa He Ha6mo,naeTC.H 

cymecTBeHHoro BnH.HHH.H co,nep)l(aHH.H MepKarrTo-onH:roopraHocH:n o KcaHa Ha 

rH,npo~o6Hbie CBOlfcTBa IIOKpbiTHM, q To 06b.HCH.HeTC51 npHHUHIIHaJihHhiMH 

pa3nH:qH.HMH B MOneKyn.HpHOM opraHH:3a[(HH ,naHHhiX CHCTeM H: OC06eHHOCT.HMH: 

pacnpe,neneHH .H KpeMHH:MopraHuqecKHX cpparMeHTOB B o6beM e rronuMepHOM 
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MaTpHU:hi. ITonyqeHHhie pe3ynhTaThi HMeiOT BmKHoe 3HaqeHHe ,n:m1 HanpaBneHHoro 

Jl:H3aHHa MaTepHanOB C 3a,n:aHHhiMH noBepXHOCTHhiMH H 6apbepHbiMH CBOHCTBaMH. 

ITpoBe,n:eHHhie Hccne,n:oBaHH~ ,n:eMoHcTpHpyiOT 3HaqHTenhHhiM o6oeM 

KOMnneKCHOH pa60Tbl, B KOTOpOH qeTKO npocne:>KHBaeTC~ e,n:HHCTBO TeopeTHqeCKHX 

H npHKna,n:HhiX acneKTOB. ITonyqeHHble pe3ynnTaThi o6na,n:aiOT cyru:ecTBeHHOH 

HayqHOH U:eHHOCThiO, BbJpa)l(aiOru:eifc~ B ycTaHOBneHHH cpyH,n:aMeHTMbHhiX 

3aKOHOMepHOCTeH «CTpyKrypa-CBOHCTBO» ,n:n~ anKHJl:HO-CHllOKCaHOBhiX CHCTeM, H 

OJl:HOBpeMeHHO OTKpbiBaiOT nepcneKTHBhi Jl:M npaKTHqecKoro npHMeHeHH5I 

pa3pa6oTaHHhiX MaTepHanoB. Oco6yiO 3HaqHMOCTh pa6oTe npH,n:aeT 

nocne,n:oBaTenhHO peanH30BaHHhiH Me>K.D:HCU:HnnHHapHhiH no,n:xo,n:, 

HHTerpHpyiOW:HH Jl:OCTH)I(eHH~ XHMHH nonHMepoB, <PH3HKOXHMHH noBepXHOCTHbiX 

~BneHHH H COBpeMeHHhiX MeTOJl:OB MaTepHanOBe,n:eHH~. TaKOH KOMnneKCHhiH 

xapaKTep HCCne,n:oBaHH:~ He TOllhKO o6ecneqHBaeT Jl:OCTOBepHOCTb nonyqeHHbiX 

,n:aHHhiX, HO H C03,n:aeT OCHOBY ,n:n~ Jl:MbHeHIIIero pa3BHTH~ ,n:aHHOrO HayqHoro 

HanpaBneHH~. 

ITo MaTepHanaM ,n:HccepTaU:HH ony6nHKOBaHo 2 cTaTbH. Pe3ynnTaThi p a6oThi 

TaK)I(e npe,n:CTaBneHbi B Te3H:CaX Jl:OKna,n:OB 10 KOH<PepeHU:HH. 

KpoMe 3aMeqaHHH, YKa3aHHhiX Bhi iiie, no pen:eH3HpyeMoif ,n:H:ccepTaU:HH 

HMeeTc~ p~.n: Bonpocos: 

1. B 3KcnepHMeHTanhHOH qacTH He YKa3aHo KaKoif pacTBopHTenh Hcnonh30Banc~ 

npH rllX aHanH:3e? 

2. Pa3Mep rH,n:po,n:HHaMHqecKoro ,n:HaMeTpa qacTHU: 3MynhCHH ,n:aH c ToqHoCThiO 

,n:o 0, 1 HM. HacKonhKO KoppeKTHO YKa3hiBaTh TaeyiO ToqHoCTb ,n:n~ 

nonyqaeMhiX 3MynhcHif? KaKOBa ornH6Ka H3MepeHH:if? 

3. qeM MO)I(HO o6o~CHH:Tb 6onee HH3KYIO TeMnepaTypy pa3llO)I(eHH~ Jl:ll~ 

OllHrOMepa QQS no cpaBHeHHIO C KOMn03HU:H~MH Ha ero OCHOBe? 

4. Ha pHCYHKax 6, 8, 9, 10, 11, 12, 13 , 17, 21, 24, 28, 29 npHcyTcTBYIOT Ha,n:nHcH 

Ha aHrllHHCKOM ~3hiKe 

5. B TeKCTe BCTpeqaiOTC~ orreqaTKH: CTp.10 nOBTOp MKH)J:HbiX, CTp. 33 -

no,n:BeTp)l(a,n:eTC~, CTp. 53- r Hnrrepa3BeTBneHHhiH. 
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