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y Hr,r3bKoposlripu zx oprauivHzx peq oBuHax)),tKa rloAaerbct Ha s4o6yrrr Hayl(oBoro cryneHs AoKropa SiirocoSi1 sa cneqianruicrro104 <@i:zKa ra acrpoHoMin>(ranysb 3HaHb r0 <flpzpoAHnqi uayr<ra>)

i po6oru.
Ta [pr4cBsqeHa Br4BrreHHro Aoclinxeunro
TepkrcrrlK Hz3bKoposnaipnux peuoazu uia
oKpeMLrX aro]\,ris qz MoJreKyl,.axi BBeAeHr4X

o TaK zsanwil Seuouenonori.{Hzfi nilxia ao

' [epexoAr4 B oprauivuutx Kpzcrilrrax
T-TTF) ilpr4 AonyBaHHi naeHurarura 3a' crpyKrypni uepex ogw, nxi Br4HzKalor6

pa$eny.
BTAHU Maro-rb 7[_eJrer(TpoHHy cr4cTeMy, flKa

cepe4zni crorrKr4 BEDT._TTF, esaevo4iroI.(I4x Morel(yr 3 rcoH'p-aHiowavwliloilaHraMn ra 3a a4cop6qiro oprani.ruzx MoneKyn Harpa@eni.

aKTy€urbHocri revrz 4zceprarlii, rraeru i
pe3yJrbraris ra ix npar<rr.rr{He sHaqeHH{.

nopuuir BHecoK ArrcepraHTa Ta anpo6aqiro

arlifinoi po6orz Tpoqrr<oro €. M. raKoxa rKux rpyHTyerbcr 4ncepraqi.a, 6ytm
Temperature physics is xeaprzlevr e3.

Bt4cHoBoK, rro 4uceprafifina po6ora eaKTyiurbH0ro oAHOr{acHo sK 3 Teoperavuol, rax i npar<rlr.IHOi TOqOK'upy.

rie 4ucepraqifinoT po6oru n

Ha AecsrH nrixHapoAHr.rx rcoHeepenqiq
AOCTarHboFCr Als npacyA)r(eHHs cry[eH, AOK

puMaHr{x pery.nrrarie.
zvni pesyrrbrarvr,, xxi 6yno nopien.auo s
oAxeHrls 3 HvrMr4) ulo cai4uzru npo



r'HiCTr' o6paHAX nirxoAie. pesy*rarz po60rz MO)KHa JrerKor ua Sop,raylax, ulo HaBeAeni y po6ori. V nporleci AocliAxeurur
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Crpyrcrypa
l{n cep.rariir

pl'IcyHl(aMn, BucHoBxie i cr )6ox opariualruax pos4irin s
craHoBr,rr s 126 cropiuxz. pc 3ara'rluzit o6csr azcepraqii

nucoK Br4KOpacTaHl4x Axepen"ti 
l3 I naftlrenyeaHl Ha l4 cropruKax, e nepenix yMoBHr4x no3HaqeHb ra ABa AoraHKu.KoNerl 

rr{" . crpyroypoBaHr,rM i sanepruy€rbc, BacHoBKaMz.Auoraqiq Aacreprauii rlaeeaeua yrcpaiucb*oro ra aurtiircbKorc MoBaMr4. v nifieiao6paNeuo :wricr ra ocHoBHi nayrcoei pe3ynbTaTr4.
v ncryui aBTop Bt43Haqae ocHoeHi 3aBAaHHflAoc,riAxeHHr, Mery Taerprcroo,,r4cy€axrya'rruicrr era60py TeMr4 AOC,riAXe""",' ,urru"ua 06,eKT, [peAMer Ta Meron'r4oc,ri4NeHur.

flepurafr pos4i'rr- Tpa*r4uikHo o.,I.sAo suir. BHr,oMy HaBeAeHr4fi 4eran*r uit o.-qA'ri'repa'ypl4 3a reMoro /{t4cep :aqifinoi po6oru, on"au"o TeopeTaqui r.a eKcleprzMeura^niocHOI'l,, 4ocri4xeHur' oust nit.pu'yp, 
-crpyloypoBaHo 

3a ABoMa ocHoBHaMr4Hanptn4aMl't: MoileKyI'pHuMu Kpl4cTaJranarz, c$opMoBaHuMr4 Ha ocHoBi BEDT-TTF, ranMu Ha noeepxHi rpa$eHy.
Ha opraHi.{Hzx npoei4ulrxax_ i na4nponi4Ht4xax,

MorreKyJr rerparia$yrrbBareHoBoro ps1y BEDT_T,IF.
r a c rp y r( f y p' i x ap a rre p 14 c r rl K ff x J:;#:r :;fl il # :,fi'"HxTllffi h 

y.Hffi
3HaqeHHr Ma'Tb reoruerpi' MOreKyr-rrpHofo rraKyBaHH.f,, c.ryuinreKyJltrp'Lr x 4avepin, 6yAona aHio'r-roi nr4aputnr, u tono* r<openxrlii uix

Marepia'rrz Ha ocHoei BEDT-TTF po3rJrrAarorbc.rr. ,K spyvni o6,er<ra ArrAAoc'riANe HHfl sBVuJy KopenboBaHr{x eJreKTpoHHzx ckrcreMax is,,"rinoa posuipnicrro.onwcauuit utnporcwft KoMniTeKc eKc[epr4MeHTilJrbHr4x uerb4ax: peurreuincrxaauSparcqifl MoFroxpzcranie ) BL43HaL{eHH.,r eJreitocniANeHHlr B panrauiecsKoMy ra iu(lpar.puo"o
ff::r:f,., Kanopr4MerprauHi aaviprceaHH, ra eKcn!-JKyrHlcr6 orpl4MaHr4x pesyntrarie cei4vzrr
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tITp'' 3 ap n ro B uM vn op'A KyB aHHr M, 4 e s opu a\i suu

MoreKyJrr pHux npoei4uurcax. 
pl3Ht4 MI4 e'TeI(TpoHHuMvr $azavu B oprauivuzx



Oripenao po3r,'rflHyro reoperuqui MeroAr4 Ta KoM['rorepHe MoAeJIroBaHHfl, tKl
3acrocoByrorb AJrfl ananisy nrixvo-uercyrqpHl4x egaeN{oAiff i upornosyBaHHs Qa:oerlx
reperBopeHb, 3acrocyeaHHq raKr4x niAxolie Aae 3Mory locnilNyBaru eHepreruqHy

cra6i,'rruic'rs crpyKTyp, TepMoAranaNri.{Fri xapaKTepl{crl4Kl4 cI4creM i rr4exaHisN,IIa

nepexo4ie r,riN pisHnMn crpyKrypHr4M14 craHaMI4. I-le oco6nnBo BaxJIL{Bo AJIx oprauivunx
rcpncraLric, ocrci,rrxu Haeirs ora6xi NniNNro,qexynapui egaeNaoAii Moxyrb cyrreBo
BrrJrr4Baru ua lxHro crpyKTypy ra rloBe4iuxy.

/lpyra qacrr4Ha rireparypHoro ornf,Ay rpzcBsqeHa cI4creM&M, y sKI4x opraniuni
MoneKynr4 a4cop6yrorbc-fl Ha noeepxHi rpa$eHy.

y ,'ril'eparypi guaqHa yBara npn4inemcr esaeNaoAii rpaQeHy 3 MoJIeKyIraMr4,

3/Ia'r'Ht4Mr4 npnhwatu eneKTpoHri. -fx rpr4KnaAr4 TaKZX ar<qeuropin po3rJltAalorbct
rerpart14aHoerr4JreH (TCNE) ra 2,3,5,6-rerpa$ropo -7 ,7 ,8,8-rerpalll4aHoneiuo4uMeraH
(F4-TCNQ). A4cop6uir noAi6Hnx cnorryK Moxe 6yru BI4KopIrcraHa 

^rrflr(oHrpoJrboBaHoro p-rr.rry neryBaHHr rpa$eny 6eg icroruoro ilopyrreHH.l fioro
crpyr{Typr4, a raKo)K Arq slaiHu fioro eneKTpoHHI4x BJlacrrsocrefi.

Y apyrory porgiri npoee4eso AocniA)KeHHs KeagioAuoerarvripnoro JraHIIro)KKa 3

MoneKyJr BEDT-TTF, 3anponouoBaHo xeagioAHoerzvipuy MoAeJIb, e qxifi MoneKynz

BI1D1'-T'TF y'reoprororb MoJrexy,rrpHi creKu ra B3aeMoAirorr repeBaxHo qepe3 cLrJrvr

Bau-4ep-Baarbca. Bsae Naolifl MaJrux MoJreKyn neryrcqoi Aol,tiurxz s cyci4niulra

MoreKyJtaMh Bb,DT-TTF npeAcraBJ'reHa noreH(iarovl noAeifiHoi t*rno rqo Ao3Bonq€

anari:yearu none4iurcy ropqAKy-6esra4y, 3HnKHeHH-s 6ap'epy ra MoneKynspne

:vriuleHus B Kpr4crarriqnifi rparqi.
Oxpeuo npoauali':oBaHo BnJrr4B Heilrparsnprx i 3apqAx{eHux Aovtiuor<. V BI4rIaAKy

Heii'rpa"ruHhx Morery,r 4orrairur(a 3AarHa Br.rKJrr4Karr4 JroKaJ'Ibni crpyxrypHi nepe6yAoeu,

3yMoBnHJBarr4 noABoeHHq rpaHcnqqifiHoro lepio4y ra cnpr4flru nosni Qnyr<ryauifinrax
AonaeHie. Bpaxoeyrorbcq repeposno4in 3apfl4y, $opnynaHHq MoreKyn{pHl4x Auuoris ra
noqBa Aa!'reKoro 3apqAoBoro yrtopqAKyBaHH.r[. BnacniAorc uloro cucreMa Moxe
nepexoAr4rr4 Ao 6insur cra6ilrnux o6'euno BrroprAKoBaHI4x xon$irypa\ii,r, a raKox
ua6yeant crroHTaHHoi enerrpu.{Hoi ronrpr,r3aqil naeirr sa eiAcyruocri sosHiruHroro
eJr eKTp14 LrHofo rro,[fl .

IloAa,'rsure AocLriAx<eHHq po3rxlrproe MoAeJrb Ao ABoBl4rvripHoro BI4[aAKy, rlo Aae
3Mory po3rJrqHy'r-r4 xapaKrepHi napiaHlr4 nar(yBaHHt MoneKyJr BEDT-TTF. flor<asaHo, uro

BBeAeHHT nefyrcqr4x rcoN,rnoneHrie icrorHo BUrr4Bae Ha reorterpttvHi napaMerpl4

MoreKynrpHoro aucau6,rrc. 3aleNHo eia rwry Aouinxra Mo)Kyrb grraiurcsallrcq

n,tiNnao,'rercyJrflpHa ni4craur, [pocropoBe noJro)KeHHfl Ta B3aeMHa opienraqir uoleryl, a

Tar(ox nJ'roua ixHsoro 6e:nocepeAHboro KoHTaKTy.

fitn leopeluqHOro norcHeHHr nepe6yAoBr4 crpyKTypr4 Br4l(opncroBy€Tbcfl

nao4rarfircoeaua noreuuialrua MoAeJrb, Ao qKoi BKJrroqeHo He Jlr{rue curv Ban-4ep-
Baalsca, a fr euecrcil, noB'r3aHi : rea4pyrroJlbHr{Mr4 Ta eneKTpocrarur{Hr4Ml4 B3aeMoAisN{Ia.

Tarcnh niaxia Ao3BoJrqe KoMrrJreKcHo BpaxyBara ocHoeHi qzur^vrKv\ sxi szgHaqarorb
reorraerpiro MoneKyrf,pHoro naKyBaHHr ra crpyxrypni repexoAl4 B AocnilNyBaHl4x
opraH i vunx Kpr4cruurax.



V rperuonay pos4i.ni posuaHyro SopuyBaHHs ra BJlacrl4nocri Aon'teHHoi crpyKrypll

6eHsorrHrax MoJieKyJr, uo a4cop6onanui Ha uoeepxni oAHOIrapoBoIo rpaQeuy'

.[ocni4NyBaHa cr4craru 
""n"a 

co6oro xea3iAsosranripnr,rfi ancau6lr Ban-4ep-Baatrcca, y

rKoMy MoneKyJrr4 6eusony esaer\aoAirorr uiN co6oro ra s ni4xnaAKoro. llorcasaHo, IIIO

6esgoluui nonexynr4 Molryr 3arvrnurv BrlcoKocr4MerpllqHe, aJre necrifixe iloJloxeHHs

ra nepeMirqynarracfl Ao eHepferr4qHo enri4uirurx uosltuifi Ha rloBepxni rpa$euy' v
pe3yJrbrari rarcoro gnairUeHnq cpopnlyerrcs Aei B3aeMonoe'qgaHi rcoH$irypaqii nieo- ra

npu"oaroponui AoMeHr4. finr xinuricuoro orl4cy HanpqMKy ra BeJlltquuu gruiuleHHll

MoneKyJr Bl,IKopl4cTaHO eexrOpuufi [apaMeTp IIopfAKy, tqo AO3BOJLS€ OAHO3HaqHo

xapaKrepu3yBarh pisHi Aon'tenni craHll.^ 
V po6ori sanponoHoBaHo nilxil Ao cr4creMarusarlii MoxirllBr{x AoNreHie i 4otrlenuux

ME)K,

Orpr,ruaui pe:ynurarn (arorb 3Har{eHHs Anfl po3yrr,tiHns BJlacrl{Bocreft ri6pI4AHI4x

opraHiuuo-.pa$i"oBrrx Marepizurie. CSopr'roeaui Aol,resr,r ra ixni vreNi Mox{yrb icroruo

sN{iHrcearr4 yMoBr4 rrepeHeceHHs 3apqAy, BnJrrrBaru Ha MexaniuHy none4iulcy cllcreMl4 Ta

Br4 3 H aLraTI4 O CO 6nu e OCri i f AuHaN,ri'{HI4X XapaKTep[CTpIK.

OcnoeFri noJroxeHrur Ar4ceprauifiuoro AocriAxeHHs rloKa3ylorb, lIIo BBeAeHH'tt

MaJrr4x MoneKyn y creK BEDT-TTF e eser:runuunt cnoCO6Ou KepyBaHHs

rviNnrorercynflpHolo egae Naoaiero. 3i s6iruxrenHrM po3Mipy aovriruKosoi MoneKyJII4 Qopua

norerrqiany ,tla"nupa-[xoHca si\aiHroerrcq raKr4M qI4HoM, lIIo Bl4cora noreHuialruoro

6ap'epy 3MeHlxyerbct.
3a HaseHocri nanol MoneKynr4 rr,riN cyci4uivttt MoneKynavrra BEDT-TTF Sopvryerrc'l

AeoqNaHufi noreuqizut. Taxa rcou$irypaqir creoprce MoxJlueic6 AJIfl llpocTopoBoro

Bnop[AKyBaf{Hrr AOnriurox ga 3aprAoBoro o3HaKOrc. Bctanoueno, uo icuye IreBHe

,-purrr"L crieeiAHorueHHs nriN posvripov 4onarra ra pieucieaxHoro eiAcraHHlo Ao

MoneKyn BEDT-TTF. llicnq repeBr4uleHHfl rlbofo tlopofa CrCreMa u-epexoAl4rb Ao craHy

si :6ilruresoro trixvolex n.tIpHoIO ei4craHHro, ilIo cyflpoBoAxyeTbcf TIOCI4JIeHH'trM

ar'rn'lepragauii' 
tu 6eHgoly, aAcol peui, BcraHoBJreHo, Iuo egaeNaoAis lutix
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30KpeMa eHacriAox nepeHeceHHq 3ap-f,Ay.

AocrriaNyeaHi *on.nyn"pni ra rpa$euoei cncrevn craHoBJlflrb 3HaqHI{fi inrepec

Anr rrpr4KrraAHux uanprnaie cytracHoro vrarepiano3HaBcrBa, 30KpeMa po:po6neHru

KoMrroHeHrie HauoelexrpoHixtt, oprauiunoi elexrpouixz ra 6ioeneKTpoHHl'lx rrpr4crpolB.

V uerneproMy por4ini 6ym po3ursHyro 3aKoHorvripnocri $opvrynanna 4oueuHor

opraHisaqil 6engontHr4x MoJreKyJr, aAcop6onaurax Ha rroBepxni rpa$enoBoro MoHolxapy.

OcHoeHy yBa1y npra4ineno NrexaHisMaM trotBta AoMeHie i triNAoueHHI4x Mex' a raKox

tsLr3HalleHHro yMoB ix cra6intHoro icHyeaHun,

Bcrauoeleuo, ulo uicls aacopdqii MoneKynl4 6en:oly Moxyrb 3aJII'I[rarI4

cuMerpuqHy, eHepreruqHo uecriftrcy uosnqiro ra rlepexoLurvr Ao oAHoro 3 eHeprerurrHo



Br4fiAHr4X 
'OJrOXeHb. 

ynacniroK rlboro Br4HlrKarorb ABa ilrbrepHarlleHi rrauu JroKtrrrbHoro

BnopflAKyBaHHr, sxi eiAnoei4arors nieo- Ta llpaBocropoHnifi opienraqii MOJIeKyJI'

[rrr pisHux r<oH$irypauifi AOMeHHI4X l,,reN AocliANeuo i::y::p'urri 
napaueTpu Ta

euepreruuHi XapaKTep VcTvrKvL 3orpeua, npoanalisoBaHo cryninr 3a[oBHeHnq l\aexi

MoneKynaMr ra eiAnoeiAHy enepriro ii yreopeuHa'

OAur,ru 3 Ba)KJll4BI4X pe3ynrraris A[cepTaqifinoi po6Oru € BI4CH9BOK IIpO Te' UIo

Aouiurxu no."to.o postipy HiN tontnyn' TTF Ao3BoJItIoTb qineclpruoBaHo

gN,riHrcearh npoQins not."Oi-y llennap.U-[xonca' Ig uiAeuuIeHHsN{ eiAHouenHs

svir{Hoi eiAcra'ri vriN AovrirrrKoro ra BeJrr4Koro MoneKyno}o Ao eirnoBiAHoi pinnonaxnoi

eiAcraHi Bl4cola noreuqizulbnoro 6ap'epy 3MeHuyerbct'

AocJliANeHuq 3a AorroMoforo xea3ioAHoerartipHoi rvroAeni MoneKyJlflpHoro

raHrlroxKa rrpoAeMoHcTpyBa[o, uJo cra6insue pos^'riuleuru AOMiUrKoeIax MoJIeKyn

ycepe4uHi cr x reoMeTpI'lqHLIX yMOB' KOnu MaIIa MoJIeKyJIa

3HaxoAr4'bc.s yJraMr4 ttF, eHepferr4r{uufi nposinr na6ynae

QoplrnABOXTar<acTpyKTypacTBoproe[epeAyMoBI4AJUI
B[opqAKoBaHofopo3TauyBaHHflAoMllxoK3aHI43bKI4XTeMIIepaTypTa3yMoBnloe
cTpyKTypHuirnepexilviNB[opqAKoBaH[MiuennoplAKoBaHl4McTaHaMv|,

Inlrr,rfi nunp"* AocliANeur crocyBaBcq MoJIeKyn Ha

rpa$eHoeiil noeepxHi. BcraHoBJIeHo' ulo ixne sno BoAXyBarI4cs

$oprnryeauHflM xapaKTepHI'Ix ronorori'{Hl4x HeoAH 
- - E^-.:^ ..^ 

s ra \aex Naix

H14Ml4. 3a siAnoeiAHoro rpocropoBoro po3rauyBaHHq a4cop6alin vroxyru yt"^o-g:-"3:t"

cNryroei crpyKTypvt,y flRt4xn'rolerynapui cTHKaMI4'

IlopyureH", ntn-onoT cravrerpil e He JII4ITIe Ha

ereKrpoHHi, a fi Ha KoJlI4BaruHi eracruBocr' perynrpHifi

rpa$enonifi cTpyrilypi nouruptoloTbcq '3AOBX II.BHI4X Cl4MeTpI',IrIHI',lX Uauprrr',rlcie',

no6rraay AoMeHHr4X CTiHOX MOXyrb nepexoAr4^t'4 B i'rui ilaur',I KOJrLrBaHb, 3oKpeMa B

o6epra,rrui uolexYrrPHi uro4u'

O'rpranaui pesynbrarll Malorb qK 0
Boura AeMoHcrpytorb' lllo BBeAeHH{ MoJIeK

uo,rexynnpnoi crpyKrypl4' Mox{e 6yrvr

xapaKrepl4crl'lK. y creKax BEDT-TTF

crpyKrypHe ra 3aptAoBe BrIOpflAKyBaHHe)

alcop6qiq Br43Haqae AoMeHHy opranisaqiro noeepxui ra g-viHrce yMoBI4 repeHeceHHq

3ap^Ay fi renloeol euePrii.
Pesyruraru'reoperuqHolo MoAenrcBaHHf, orphNaani e.Po6orl' crBoprororb ocHoBy

Anfl noAalblrtofo llpaKrl4qHofo Bl4Kopl4cr allfl' AocliANenux cllJKTyp' 
. 
lxss

arcryzursuiCrs BI43Haqa€Tbgt IXLIpOKI{ML{ r1epC11eKT:zrBAMr 3aCTOCyBaHHq

MoneKynqpHr4x varepianie i rpasenoBrlx cl4creM y cyuacuifi HaHO

6ioenexrpoHiui, a TaKO)K y npucTpotx, IoI{3HaqeHI'Ix An-[ HaKOIILIqeHHfl T

eneKTpht{HI4M 3apqAoM. 
__

ocHoeuipe3ynbTaTnpo6orusi,lceirJleHoypo3AulBlIcHoBKH.



3aynaxeuHq Ao AucepralrifiHoi po6oru
I ), e :ayeaxeHHn go puc.2.2.
He:c-recin,r spo:yvi,rnil nilnrac Ao uboro pr4cyHKy. Ma6yrr' 6yno 6 aouinrHuM HaBecrI4

Qoplayry (2.5) niapasy nicnr (2.3) v (2,4 ).
2). ltn pnc. (2.6) HeMae ro3HaqeHb Ha oc-ttx.

3). Blu<na 
^KV 

y Sopuynax: Aerani Kparqe B?rHecrkt B AorIoBHeHHt a y ocHoBHoMy rexcri
HaBoAr4rlr riruxn pe3ynbraru, HartpuKJIaA, gun. (2.I2).

3aynaNenb rloAo noBHorr4 ra AocroBipnocri BI4KJIaAeHHI pe3ynbratin, ulo cyrr€Bo

BnJrr,rHynr4 6 na ouiuKy Anceprauiftnoi po6orra HeMae.

3ara.nuui BucHoBKH

,{racepraqifiHa po6ora e rlinicHoro 3aBeprueHoro HayxoBoro npallerc, ulo nosHicrlo
eiAfloeiAae gaqeneHiil cneqialuHocri 104 <OisuKa ra acrpouovir>. Orpuvrani

pe3yJrbraru n oeHicrro eiAnoeiAarcrs ga-reJreuifi rvreri AocniAxennq.
Tarcr,rnr qHHoM, ouiHneurlr arcryarruicrr, :uicr, HayKoBy HoBI,I3Hy, o6rpyurosaHicrr i

loc'r'osipHicrr pesyrsrarie, eiAnoeiAHicru elaMoranr MOH VxpaiHn ao po6ir na s4o6yrrr
cryueHe Aor<ropa $inoco$ii eeaNarc, uro AI4ceprallifina <Oco6rueocri crpyrrypHn(
nepexo4ie y Hu3bKoposillipHnx opraniuunx peqoBl4Hax) eiAroeiAae ncinr BI4MoraM

<llopr4xy rrpr4cyAxeHH-f, cryneHs AoKropa SinocoQii ra cKacyBaHnx piruenHf, pa3oBo,

crerrianisoeaFrol s.reHoi palu 3aKJraAy sraqoi ocnirn, Hayroeol ycraHoBl4 rlpo

npr.rcyAx(eHHr cryneHfl AoKTopa SinocoQii>, 3arBepA)KeHoMy rtocraHoBoro Ka6nery
Miuic'rpie Vrcpaiur.r eia12 ciqHq 2022 p.Ns 44 zi gnrinaun eir'2I.03.2022 p. J\lb341, eiA

19 05 2023 p. j\l 502, sia 03,05.2024 p J\il 507.Ha nrifi uorurr4, Tpoqrruft eereHifi
Mr,rxonafioBrrr 3acJryroBy€ Ha rrpucyA)r(eHHq HayKoBoro cryneHfl AoKTopa QinocoQii
ra cneuiaruuicrro 104 <OisuKa ra acrponouin>>.

KaHAilAar (lisr,r ro-nrareMarl4lrnlrx HayK,

AoueHr r<a$eapu reoperllt{noi Qisrar<ra

iveni araAevixa I. M. Jti$ruraq-a
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