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o$iqifiHoro orolreHra Ha Al,Icepraqifiuy po6ory llerpeqbKoro Crenaua
BiranifioBr,rqa (HpI3bKOTEMIIEPATyPHA TEnnoilpoBIlu{ICTb
mpIPoKo3OHHID( XAJIbKOTEHIIFilD( CTEKOJT rrpr4 3Mrr{r
noKAJIbHoi KOOPIUaI{AISI TA xApAKTEpr43ArIJ"q
BI4COKO3B-q3HI,D( IIJIIBOK EIrfr |IPOMEHEBOI OnTI4KIA>>,
npeAcraBner{y Ha e4o6ymx HayKoBoro cryreus KaHArrAara $ianr<o-
MareMarHrIHPrx HayK 3a crreqianrsicno 01.04.10 - @isurca uaninuponi4numis i
4ienerrpprxis. 1 0. llpnpo4ura.ri HayKH.

Axmyanoruicmo mema

Xalnroreniruri creKJra (XC) Malorb oco6nnee naicqe cepeA Heopragi"rugx
noliuepie B cpIJIy godpoi TexuoJrori.ruocri y Br{nrflAi gr o6'enar{Hx, raK i
nrisKoBl4x naarcpia^nin, Mo)KJIIanocri peanisaqii lns r{r4x uauinnponignugoBoro
Ta Aienercrpflqlrofo crarry rrepcneKTuBrrofo Anfl qiloro psAy sacr.ocygagb,
cepeA ,rKpIX onroeJleKTponira, cIrJIoBa ra in$pa.repBoga o11TmKa. Bucora
ss'sgsic$ crpyKTypla, Moxtnl4eicrn nrraporcoi napiaqii ix orrrprqgfix,
eneKTpoSisnuHLIX xapaKrepl4crluK npl4 sN{iHi cxJra[y ra cninsiAr{oruegr{s
xinai"{Hlax KoMrroHeHT poSnxln ix npnua6Jtrr,rBuMr4 Anr Korrcrpyrotsagr{fi .sK
IracLIBHr{x' TaK i arcruenl{x eJleMenrin eneKTpoo[Tnqur.{x upprorpoi'n, 3ax6ogr{x
nnisroBprx rroKppdrb, ToIrIo. 3 inmoro 6orcy, XC e yHinepcaJrbuprMpr MCIAeJrbr{r{Mr4
o6'etcraur4 E[rfr, AocniAx(eHrul BrrnHBy rorroJrori.rnr,rx oco6lnnocrefi noninnepnoT
ciffila Ha criftricru Ta xapaKTep penaKcaqii ix Meracra6ilrsoro crar{y,
BI{BrIeHrrfi B[nLIBy posmipto"* e$errin, (crepeKrroqenb> roMc-, rereposessgis
AJIfl orITpIqHpIX, qH enerTpo$isa.rnux fiBprrqax. Tarcy )K insopnnaqiro Mol6y1b
Aarvr pe3ynbrarl,I BI,IBrreHrr-r[ flBHrrI nepenocy B TaKHX uarepialax, rro3a.flK Bogrd B
sua'rnift naipi oGynaonnesi ss'xgnicrro crpyKTypu, xapaKTepoM xinri.rHoro snoxsry
Ta ocoSnusocrsMpl eneKTpon-$oHonsoi nsaeuo4ii. Tari sHarrnn e BffKirr{tsi4Mr4
AJIfl posynaiHnr{ rpnpoATz' crpyrcrypnoro yrop npLKyrlaHu;l n XC ra AocJrigxeuuN
MolrcJrp{nocrefi HarrpaBuerioi sru{iHu rf napamerpin.

fiHcepraqifiHa podora llerpeqbKcro C.B. rpprcnflrrena Aocni4xeu]rro
rerlnorpoeiAuocri ruplpoKo3oHrrux XC cKJraAy Ge-As-S B inrepnani
reMrreparyp six 2,5 Ao 100 K rpu napiaqii rorroJrori.rEroi gs'.ssuocri Ix
crpyxTypnoi cirrcra. Br,r6pawuft Aianasorr Aocni4xenr e qixanprM Anfl tsr4Br{eur{l{
nprlpoAld cepe4nbol"o ropsAKy n XC qepes rapaMerppr <<6osoHr{ofoD nircy ra
BTIJTHBy rpauc$opuaqiT crpymypHoi cirrcu rprry 1D-+2D-+3D Ha snr4xrla
rlepeuocy ra naexaui.rHy crifirocri crpyKrypr4 naarepia-iry.

Tonny, MoxtHa roBopI4TI{ fipo Sescyntnieuy aKmyaJtaruicrnu ramr,rx
AocniAx{eub ra BaxrJrunicrr orpr4MaHHX pffiyJrbrarin Ans $ismxu
HeKprdcraniqHprx uanisnpori4uuKie ra giexexrpurcin.



Cryniur o6rpyrrroBa Hocri xrayrcoBrrx noJroxrerrbe Bucrroercie i
pemomenaaqifio c$opnayJrboBarrnx B Arrcepraqil

Hayroni noloxeunrl, BI4cHoBKr{ i penoueu4aqii, npnne4eni B po6ori
llerpeqbKoro C.B. 6asyrorscx Ha tsHKopucraHni KoMrrJreKcy reoperprqHprx ra
eKcrrepHMeHTaJIbHpIX AocniAx(eub, qaoruua 3 HLrx orpprMana y ei4oumx
riayKoBpIx Ider{Tpax, Hil cy{acuoMy o6na4sassi Ta rrrJrrxoM BxdKopuctarrnir
niqeu:oBar{ux po3paxynKoBprx naxerin rpu emxoHanui gepx6roAxretmx.nx,
rorrryKotsux rporpaM i upoeKrie. Bonn 6ynn c$opnnoeani B pesynbrarr
xrpoBeAelruut 3Haquoro o6'enry BJracHprx encrreplrMerrraJrburrrx Aocti4lxer{b, ix
Teoperl,IqnoMy o6qpyurynanni, a raKoxr cprcreMarusaqii, cniserasJrer{rrff
aHarlofiofiIl4x eKcrrepnMenrie rr1oAo cKJroro4i6nnx rvrarepianin, nporcAeur{x
HayKoBIIsMpI iuurux AocriAnprrlbKrrx qenrpin. I{e AaJro Mo)KJrpreicrr Anceprar{ry
orpl{Marpl BI4cI{oBKr4 rr{oAo rtsHxr{a ricrep*acy rerrJrorrponi4ruocsi B
reMreparypnifi oSnacri nig 11 lo 50 K, Bcrar{oBJreHoro Ars reBHLrx Aianasor{is
oxonoAxenns/narpinaunx spa":xin; ilpo o6ynaorneuicm Sosouuoro nixa
BKJIaAona eiA ropcifinux KoJrutsalrb rcinrqesux i posranyxderrux crpyKTypF{pIX
KJlacrepie XC? a taKox{ npo BrrJrr'rB TonoJrorii ra posnnipuocri crpyKTypnoi eirrclt
Ha rapaMerpr{ TerrJronponi4nocri ra ocoSnr{Bocri seHilI repenocy B XC.

flocni4, wady'rwfr" lIerpeqbmx,rM C.B. npn nurconausi ,qocniglmer{I},
Ao3BonHB fiorwy raKoirc spodnrn y3arairburorc.{i BHcrroBKr,I lqoAo B[InpIBy
rrapaMerpin cepeAlrboro nop{Arcy tra MaKpocrouiomi xapaKTepucrplrn XC:
TorrJroriponi4nicrn, rrrBprAKicrr rorur{peHn,f, ynbrpasByrcy, tIoKasHHKax
rrpyx{Hr,rx craJrr{x" Qe caMe crocyerbc.fl peKoMen4aqifi, 3arporlor{ona}r}Ix

AprcepranToM rx{oAo nigdopy crnagin XC, repcneKTpIBHLIX AJIx nnierotsptx
crpyKryp rpoMer{eeoi orrrprKpr i xalnrcoreuiAsol $oronilcn. Tarcprfi nixxix e

Ayxce aKTyairbnr{M Axs cyqacHoro crar{y @islrrcn l{enpnorani.{F{Hx
nauinuponiAnplrcin, ocritrrn dasyrorncx Ha go6pe niAoulax MeroAax
crpyKrypnoi xinnii, SisuKpx noJril,repin ra rororori"Iuoi ge'ssnocri, nporircar{Hfl

Anfl annop$uofo cralry per{otspInl,I.

BprcnoBrcp{ Ar{ceprar{i{ B Aocrarnifi naipi odrpynrosarui, raK:

BprorrotsoK ilpo BaxJrprBicm rolroJrori"ruo-KractepuoT ronqeuqit trfiff.
iloscneuns 3B'.fl3uocri crpyKTyper XC er{acnigox sSirtrruenl{s uix.nanqrcronoT

nsaenao4il i eruHtsaHHff oAnonnipnr{x ruacrepin ui4rnep4xeno AaHHI\avI

AocniAx{enb nrBr/rArocri ynbrpa3ByKy (npyxnux nno4ynie) i sxgrrcoqacrcrHHx

Panaan cuerrpin XC;

EI,Ic[IoBoK rrpo naxegictr (<rloh4',f,Klueura-X odnacrefi>>

Hl{3bKorlacrorr{Irrx rnasi-noKanisoBal{Hx KoJI?IBaH, ix

r{r43bKoTeMf,{epaTyprrcfo (rrJraTo)> B oTeKJIaX IIO.fiCHIOeTbCfl

XC y rlposBJrerusi
poJlb B odnaeri

fiK Aanvtwvr ab initio



po3paxyurie, B roMy .{ucri is nfixopncrarrnrrM pecypcin o6qprcrroBaJrbr{oro
KJlacrepy Incruryry eneKrponnoi Si:nrn HAHy YrpaiHn (nn. Vxropo4) ra
cTp yKTyp H O - rryTn pr B HM pr e Kc r ep lrMe HTaMr,r ;

BpIcHoBoK rpo crpyKryprry crifiricru rreBHlrx cxla4in XC
BcraHoBJIeHo 3 Bl,IKopl4crarrr{flM AaHr{x rrpo uoporn inauynrcHoro Jra3epuoro
upo6oro nrisroBux crpyKryp Ha ix ocuosi"

Tarunr qpIHoM, pffiynbrarvr AocniAx{eHurr B Aocrarnifi naipi
eKcnepr{MenraJlbno ni4reepANeni ra reoperr4quo o6rpyuroeaHi. B podori
AeraJIbHo o6ronopeni oco6rnnocri rlrasbKoreMneparypHoi TerrJrorponi4nocri
XC, MOXTJII{sicru Bl4rcopucrarrHs pisuoro poAy MoAeJrbHrrx na6nuxeHb AJ${
roflcrreHu.s oco6nusocrefi KoJrr,rBr{oro cneKTpy XC ra na.seuocri 6osonuoro
uixy.

Beaxarc, Ir{o opurinalnnicrb ra HayKoBa Hosusw{r pesyJrbrarin poGorn
C.B. llerpeqbKoro C.B. ronNrae y

o BuSpauoMy Hpl3bKoreMreparyplroMy Aianasogi locniArKeub, rqo
tsplKJlroqae B[Jrr,rB Te[JroBvrx frr;rrrr{, rroB's3anux is e$erravrl'a AaJrerogii, vm
BrrrprBy 3D crpyxrypr4

6 3anpouoHoBagoMy
r{a fiBHrrIa nepeH0cy;
eKcrepuMeur€LrrbHoMy nneroAi nepn$ixaqiT

Meracra6irnnmx cranis ra BprBqeHH{ oco6rueocreft ix perarcaqii x{epe3

fiBlIIqe ricrep*Ecy rerrJrorrposiAuocri rpn $irconanvrx rrrBu4Kocrfix
oxonoAxeHHs/HarpieauHx XC ;

c Igenru$irarlii xapaKrepnorkrK 6nnxltboro ra cepeArrbofo ilopsAxy XC
qepes xinairco-crpyKrypni ronrrrJreKcpr ra crpymypni rpyrru src xinnqeaprft
KJracrep AseSrzFtre , HW naSopu minrqeniax i poaranyxderuplx mNacrepie
AsnS* Anrfl, XC As*Sr-";

Orpr,rnrani Ar4cepraHToM Marorb npaKrnuqHy ryiruuicma, ocrciunxu
crocyrorbc.s rerrJrorexniqnrax xapaKTepp{crprK XC, BaxtJrpIBHX .sK axfr ix
BLrKopr4crarrHrr B sKocri saxucnlrx .rn $ynriliosanbur{x eJIeMe[IriB Ans cutonoi
orrrprKpr ra orrroeneKTponirn.

fir,rcepraqig cKJraAaerbc.r gi Bcryrry, rrorplpbox poeginin, sueuoslde i

crrucmy BprKopucranoi nireparypn.
y nepruorvty posdini flpuBeAerro ornsA TerJloBlax BJlacrl,Ieocrefi Ta

Teoperr,rqnprx MoAenefi, Ho ix onncyrorb Ans Kpucrani.rur,rx ra I{eKpHcraJi'rHpIX

nanisnponi4nnrin, spodneno orJUrA ctauy Aocni4xel{b B TaKHX nnarepiatax

HusbKoreMfieparypnoi TerrnoflposiAnoqri Ta Hpr3bKor{acrornldx KoJIHBaHb.

Bi4nriqeHo, rqo odnacru (nJraro> ts Ae{Kr{x XC e KoMflo3uqifino xryrnl4nos,

rroKa3aHo 3aJrexrgicru guuanaio{HoT crifixocri B HeKpI'Icrari'{HnIX

nauienposiAnunax siA cepeAnsoi rcooplunaqii. y dpyzouy posdini nnrna4eua

TexlroJroriuna, a[aparyp*araMeroAouot'ioil{arracrurna Allcepmqii: eiA cruoeo6y



orpl'IMaHHx 3pa3rin XC, ik uigrotoBKpl Axfl crleKrpaJrbHrrrx ra TernoSisuqgr4x
AocniDKeHb Ao orlncy, oqinor AocroBipnocri MeroArrK, ycraHOBoK,
po3paxyl{KoBl4x naerogin, il{o 3acrocoByBaxl,Io-f, rrpn orpunaaHrei Ta ananigi
eKcleplIMeHTaJIbHLIX ($oronrouiHecqeuqir, peHTreuo$oroeneKTpoqFrtr4x,
nnirpopantaniscbKBix rb cnuxporpoHur,rx cuercrpin, npu* BJracgoro
norJrHHaHru), auanisy reoperl{qHldx Aalrux ilo renai A"o.piaqi1. 1_{praee4er{o
rupl4KraApl fioKanbHplx, xaHIIIoroBpIX i posranyx{ewr,rx mnacrepin As(Ge)nS*, rrlo
6ynu BHKopHcraHi AJIfi MoAeJTbHHX po3paxyurin rrn3bmoqacrorHprx KoJrprBr{HX
cnexrpie" Tpemiil posdin nqictutn pesynb rarw eKcrepr,rMer{Tajrbggx ra
TeopeTuq}{prx AocniruKellb Aplcepr atrra Hr{3bxoreMneparypgol
Telrnofiponi4Hicri, rqilnuocri KoJrHBHax ctanin B creKJrax: Ans cprcreM As-S,
Ans <<crexiovierpxrlnoro> pospisy As2S3-GeSz, Ge-S ra GezSt. 1-{pnne4e6o
opnrirualnui lasi npo ricrepesmc ra Hasenicrn <<nitr'emno1 ]d-noxidrso1y
TeNilrreparypHoi sanexsocri Te[Jro[poni4nocri, Bneprue orpr4Mar{i na cre11Jrax
AszS: . ftpx qxx xe XC orpplMar{o ffJraro rerrxoilpoei4uocri s reMrreparypr{oMy
4iana:oni 3,6 Ao 10,7 K (0,3 L-a,92 nreB). orpnuaui p*=yrr" rark\
nopinHrolorbcfl is qpIcJIer{HTIMH nireparypr{r4Mr,r AaHprMr{ rro omrr4iqo-
cneKTpocxoniqHldx, nefirponorpa$i"{Hprx Aocni4xer{Hsx XC. I, Hapeluri, y
ve\nsepmoiwy posdini El,Iceprailii ilpeAcranxeuo p$ynbrarr,r orpr,rMar{r{fr Ta
IocniAxteHHfi nninrcoBplx crpyKryp Ha ocuosi XC cr4creMer Ge-Au-S. 3oxperuua,
rrpl'IBeAeHo pe3ynbrarl4 AocriAlKeI{Ht{ 3aJlex{Hocri rpoMe}resoT criftxocri utieox
3 BHcoKoIo rerlxorpoBiAHicrrc (As2S3)(GeS2) nil rx roBrrlr{Hg. finx mnislcogr{x
crpyKTyp, cl4HTe3otsaup{x Ha nigrna4Kax is NaCl pmssfieni sucorci 3Har{eHHs
rrpoMer{eeoi nniqnocri npu ToBrr{I4rrax nrieor 0.1-0.3 MKM, o[Tr,rturaJrbgr4x ,4J]tr
niAni4y rerrJra. I{e pe3ynbrarl,I y3roAxt}ror6c;{ is oqiuxolo amsysil ref,{Jre E
nnogeni TerrJIOEoro npodoro 4ienempaKis. {ixannnna e Aani AocniA}Kegr1fl
po@iniB po3no4irly xinai.{Hnx eJreMeuris nriemoBprx crpyKryp XC, o4epxami

MeroAoM Broplt{HsoT iosHoi nqac-crreKrpoctcouii" Ix pe3ynbrarB{: trrrfr cmnagin
As2S3 posuo4in As i S ro rogrr{p{Fri rurirxn, uaneeenoi Ha niAxra4ry is Si
3 ni4ruapona SiO2, Mae o4nopi Anwia xapaKrep, AJrn cxla4in Ge Sz o4nopiguufi
po3fioAin erenaenlie Mae naicqe nr{me y qeurpaxrtlifi qacrrdni nnisrpl" Ui x
BHOHOBKI4 ni4rnepAXeFIC AaI{I{MI,I, orpl{Mal{rrMr{ Mero4aMkr crdr{xporpo}i*
pelirreuoSoroeJleKTpouuplMll Ta penTfer{o- SoroeneKTpor{noT cuegTpoogoniT.

Taxuna qpIF{oM, ruarepiarld rrpe4creBJreFrBrx Aocxigxenb Marorl rli.riiesiafi
xapaKT€F, IrIo oco6"uuBo BaxJlutso upl4 cuiecraenenui ercrrepmnrenriB Ha trlisnmx
eKclrepp{MeHTaJIbHHX ycranoBrcax, dasyrorucx Ha eAprnohdy r{ayroBoMy ra
MeroAorori'{x{oMy nigxogi. Snaier Aldceprar{iT "riori'{Ho rrpeAcraBrr.n€ upoBeAeuiafr
o6'enn Aocni4lxeub - nig Sopn,rynronar{Hs npodneMm, BcrarronJrel{F{s
TeoperpIrIHI,IX mo4enefr Ta eKcrrepl{MeFrraJrbnux Mo}KJrl,rnocreff Er{Er{eFrufi
Hu3bKoreMrreparypnoi rennouponignicrl Ao Bxarna4y, ruoscneur{ro orpkiMaruHx
pe3yJrbraris ra SopvryxloBaulrfl eNcwoexis Amceprar{ii. O$opnnrreF{F{i{
AHceprartrti ni4noai6ae oyqacur,rM tstr{MoraM AAK Vrpaiuu, podora :':lawwcaera
Aocryrruoro Motsoro, 3 Hzurelr{HpxM Teoperprr{HBrM oSrpynrytsar{FurM is ra;rysi



$isnru HeKppIcrari.IHHX HaninnpoBigHr,rrin i nnicruru 6ararwft inrocrparrrBuuin
ra 4onigronnfi nnarepiarr.

Hayroni sgo6yrKpl C.B" llerpeqbKoro npofimnu anpodaqiro Ha
npo$inbHplx nir.InsHttrl{x ra naixHapogHr{x ronsepeHrlisx, ix pe3ynbraru
rpeAcrasneHi y nponijHux ceiroeux ra sir.rnsuflHprx BHAaHHsx. O6'etq ra
,flrcicru HayKoBpIX BHAaHb, sa6esueqye rroBHory nydniunoro BuKJraAy rvrarepi aury
AHcepTarlll.

OcHosHi sHcEroBKr{ po6oru nnxra,4eui B 23 rrparlrx, cepeA frlrtr4x, 7
crarri B uarepialax ron$epenqifi, il{ocramefi y $axonprx )Kypnanax, 2

tsxoAsrb Ao HayKoMerpprrrrrnx 6ag AaHprx (Scopus), 13 po6ir y sdiprunKax ree
4ononiAefi roH$epeuqift, I - oAnooci6sa.

AnlopeSepar ilpegcraBnfie ocuoBr{i ruoroxenrrr Auceprarxii i nixodpa}Ka€
11 3M1CT.

nigroroBKpl spasrin 6yxa 6 npuneAeHa odraclb cKJroyrBopeurrs cr4creMrr
Ge-As-S;

e ts po6ori He B noeHifi naipi rpHBeAeF{o napaMerper cnirsnrax
eKcrrepnnneHrin, BprrcoHaFrprx 3a Mex{aMpr YxropoAa. trdiranoro Syxa 6
inSopnaaqis rpo BBecb AianasoH MoxrJrprnocrefi Aocni4xreulrff
TerrJrorponignocri B M. Komiqe, Crosa'{qtr4tra, - Fhysical Property
Measurement System (PPMS)" Tani Aasi 6yxw 5 saxrvruwuw Arrs oqisxu
AocroBipnocri orpr,rMaHax pe3yJrbrarin ;

6 l{iraeufi pesynbrar rro tscrar{ogJregrrro sBprrrda ricrep*pxcy
rerJrorpori4nocri Ax,fl XC nnae 6yru AorroBnesufi AaHrII\,IH Irpo irarepna;t
pe)KprMir Harpiny/oxonoAlKennrr, B frKrx rlefi eSercr crrocrepiraerncs. Sx

x{efi iutepna,ir sh{iHroerncs is snaiuo}o oKJxaAy XC?

o Bunaarae rroflcueHnrr $opnryra ( 1 . 10), -q,ivr Br4KopHcroByerbcs BoF{a AJIfi

po3paxynKy oepeAHbofo KoopAr,rnarlifiHofo qucJra, z? flwwlt annlct

rrapaMerpie x, y? V npueeAeuoMy Br,rrnx4i uapaMerp Z ssso nepenldlr{ye

4ianasou 3narrerrb AJur oepeAlrroro KoopABruraqiffisoro qiacJTa.

@ B po6ori sycrpiqarcrscx pieui ilosHa.{euus oArrptx i rlex x{e crpyKT,vpI{HX

KoMnJrexcis XC, - qepe3 crpyKryprii oAI,IE{tii{i NfrcnJiepa ra .sK

onrnuisonaui KJracrepu, pwc.2.5. Qe crBoproe lrespl^Iuocri &Irfr

posynainnrl rorloJlorii crpyrcrypi{oi cirrcn XC.

f{o cyri peqerrcoBauor podota Mox{Ha spo6uru enidjttoo{i s&ys$}icenew&:

e PoSora 5 BHFpara, src6u B tercri po6orn ilppr orucy currresy ra



3po6neui 3ayBaxeHrlff He*" BrIJIHBarorb Ha xopome Bpax(egrrfl eil
AHcepraqifinoi po6oru C.B. llerpeqbKoro ra He craBJrffru ni4 cynanin uayxoni
Ta uparrauHi pe3ynbrarr Ta 3HarIeHHff fforo po$orn Anfi Sieuxra
HeKpplcrari'rHHx uauinnponi4uar<ie. Bra6ip TeMH, rrpoBeAenufi o6,eu
AocniAxterlb? ik KoMrJlercuicrr Ta o6rpyHroeanicm orpr{Manprx pe3ynbr,arin
ceiA'rarb rpo BLrcoKy $axony nigroroBKy AracepraHTa.

Bsaxarc, ''{o Aprcepraqifina po6ora \ta reMy
(HI43bKOTEMilEPATyPF{A TEruIOilPOtsIIF{ICTb ITII4POKO3OF{FII,{X
XAJIbKOTEHIIFUD< CTEKOJI IIPI4 3MIHI JIOKAnbHOi KOOpru4r{ArUi
TA XAPAKTEPI43q,q BLICOKO3B-fl3I-II,D( TIIIIBOK AJ{gnPoMEHEBOi onrurocw>>, qinront ni4nonigae BcrarroBJregr{M Br,rMcranr fiAK
Yrpainw, d h amop, llerpeqnrcuft C.B" 3acJryroBye rpucyAlr(er{Hrr F{ayKoBoro
cryIIeH{ HayKoBoro crynenff KaHAr{Aara $isnr<o-MareMarprqgprx HayK 3a
cneqialrnicuo 01.04" 10 @isura uaninnposi4Hr.mis i 4ienerrpuxie. lCI.
llpupoAnu.{i HayKpr.

3aei4yna.{ eiA4inovr Iucrraryry eneKrposnoi ltrA/.*:n /-
SisnrH I{AH Yrpaiuu, rposrrop, o &-;. ;" ffi,,: 
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