Peuensis
IPOBITHOr0 HAYKOBOT'O CITiBPOOITHHUKA BiIALTY MiKPOKOHTAKTHOI CIIEKTPOCKOIIIT
@®TIHT im. b.I. Bepxina HAH Ykpainau, nokropa ¢i3znko-MaTeMaTHYHUX HAYK,
CTapIIOro HayKOBOIo criBpobiTHHKa 30/04eBchKoro IBana BacunsoBuua
Ha nucepraniiny podoty [lIutoBa Mukutu BitanifioBuya
«OcobnuBocTi (1yKTyalilHOT IPOBITHOCTI Ta MICEBAOIIIMHY Y TUTIBKaX i
MoHOkpuctajiax YBa,Cu;O4.5 i1 BINIMBOM 30BHIIIHIX YNHHUKIBY,
IIPEJICTaBIEHy Ha 3100yTTs CTyINeHs JoKTopa ¢iocodii 3i cremianbHOCTI
104 - «®i3uka Ta acCTpOHOMIsI»

3 rany3i 3HaHb 10 — «IIpuponaudi HayKu»

Kynpartnui nmanmposigHuk YBa,Cus;O7;5 3 MOMEHTY BIIKPHTTS SIKOTO
IPOMIIIIO B)Ke Make COPOK POKIB, CTaB MEPIIUM HaITPOBITHHKOM 3 KPHTHYIHOIO
TEMIIEPATYPOXO, 1O MEPECTyNUIIa I03HAYKY TeMIIepaTypH KHUITIHHS PiAKOTO a30Ty.
Lleit Bucoxoremneparypuuil HagnpoBimuuk (BTHII), BusBiase 1y HHU3KY
HE3BUYAHUX BJIACTUBOCTEH, SIKI BIJPIZHSAIOTH MOTO BiJi HH3BKOTEMIIEPATYPHHX
HaanposigHukiB (HTHIT). Oxpim BUCOKOI TeMIiepaTypy HaAMIPOBIAHOIO MEPEXOLY
(Te = 92 K y ontumansHo momoBanoMy YBa,CuszO7.s), Iie 3HMIKEHA T'yCTHUHA HOCITB
3apsiy, CUIIBHI €JIEKTPOHHI KOPEJsii Ta KBa3i-IBOBUMIpPHICTb, 1110 MIPU3BOAUTE [0
CUJIBHOI aHI30TPONii BIACTMBOCTEW: B3MOBXK mpoBimHuxX Mmiomud CuO, i B
NEPIEHIUKYISIPHOMY HaIpsIMKY B370BXK ocl ¢. He3Baxkaroun Ha BEJIMKY KiJTbKiCTh
€KCIIEpUMEHTAJIbHUX Ta TEOPETHUUYHHUX POOIT 3 Ili€l TEMATHKH, IOCI 3a/IMINA€THCS
HU3Ka HEBUPILIEHUX MUTaHb. AJle HaWOUIBII I[IKABOIO 1 3araJKoBOIO OCOOJIMBICTIO
BTHII € Tak 3BaHa ICeBAOLILTMHA, IO iCHYe B HOpManbHOMYy craHi Bim T, 1o
Temneparypu i1 BIAKpUTTs T*>>T, i ¢izuka kol goci 10 KiHms He 3’sicoBaHa. €
Ha/isl, 010 IpaBHJIbHE PO3YMIHHS MPUPOIH ICEBIOLIIMHN 103BOIUTE IIPOSCHUTH
MeXaHi3M HaAIIpOBITHOTO ClIaproBaHHs B KOHKpeTHoMy BTHIT.

Hucepraniina po6ora M.B. IllutoBa mpucBsiueHa MOCITIIKEHHIO BILIMBY

PI3HOMAHITHUX  30BHIIIHIX YMHHUKIB (30BHIIIHEOTO  MArHITHOTO  IIOJ,



ONPOMIHEHHS  BHCOKOCHEPIeTUYHMMHU  EJIeKTPOHAMH Ta  JOBFOTPUBAJIOIO
30epiraHHsi) Ha BJIACTUBOCTI ILTIBOK Ta MoOHOKpucTaiiB YBa,Cu;O.; MeToro
JUcepTaliifHoi poboTu Oyno oTpuMaHHS HOBOI iH(OpMaIlii Ipo OCHOBHI
€JIEKTPOHHI ITPOLIECH Ta B3aEMOIT, SKi (OPMYIOTh HOPMAJbHY i HaANIPOBIIHY (a3y
B YBa,Cu;0,;5 Ta iX 3MiHM 1 BIUIMBOM MArHiTHOTO IIOJIL, CHJIBLHOTO
EJIEKTPOHHOI'O ONPOMIHEHHSI Ta JOBIOTPHUBAIOTO 30epiraHHs. AKTyaJbHICTh
JaHOI TemMH OOyMOBJIEHA HEOOXITHICTIO 3’sICyBaHHA Gi3WMYHOI IPHPOAM
TICEBAOIIIMHY Ta 11 3MiH IIiJI BIUIMBOM 30BHIIIHIX YAHHUKIB. MOXKJIUBUN HACIIIOK
OUX JOOCHI[UKEHb — BH3HA4YeHHs MeXaHI3My HaIIpPOBIIHOIO CIApIOBaHHS B
kynpatHux BTHII, mo Bigkpue LUIsX MOUIYKY HAATPOBIAHMKIB 3 IIMe OijIbII

BUCOKHUMHU T..

3arajibHa XapaKkTepUCTHKA PoOOTH Ta OTPUMAHMX B Hiil pe3yabTaTiB
3aranpHi o0car kBamidikamiiHoi HayKoBOi poOO6TH, IO IOJaHa Ha
peLeHsito, HapaxoBye 133 CTOpiHKHM, Ta CKIQHAEThCS 3 aHOTAIlil, BCTYILy, II'STH
pO3/111iB,» BUCHOBKIB 1 CIUCKY BHKOPHUCTAHUX mKepen 3 139 mocuiadb, IBOX
NOJATKIB, Ta MICTUTh 32 PUCYHKH. Y BCTYIi OOTPYHTOBAHO aKTyalbHICTh TEMHU
aucepraniiHoi poboTH, Ta omucaHo 11 B3aEMO3B'SI30K i3 HAYKOBUMH IIPOrPAMaMH.
CdopMynboBaHO MeTy 1 3aBHaHHs pOOOTH, BU3HAYEHO OO'€KT Ta IIpeaMer
IOCIIIKEHHS, PO3MNISIHYTO MPaKTUYHY IMIHHICTH OTPHMAHHX DE3YJLTaTiB Ta IX
HayKOBY HOBHU3HY, 4 TAKOXX HaBeJI€HO JaHl PO CTPYKTYpY Ta o0CAT nucepTariitHol

poOOTH.

B mepmiomy po3aini npoBefeHO OIS JITepaTypd 3a TEMOKO JHCEpTaliil.
ABTOp mpuAlIsge 3HAYHYy yBary TEOPETHYHUM OCHOBaM (i3UKH KyNPaTHHX
BHCOKOTEMIIEpATYpPHUX HAJANpPOBIAHUKIB. HaBeneHo iHdopMaliito Mpo OCHOBHI
BractuBocTi KynpaTtHux BTHII, siki BiApi3HsFOTH iX Bifl HU3BKOTEMIIEPATYPHUX
HaIPOBIOHKKIB. OXapaKkTepr30BaHO Taki MOHATTS, K IICEBAOIIUIMHA Ta JOKaIbHI

[Iapy, PO3IJISHYTI Pi3HI TOYKM 30pYy Ha MEXaHi3M HaIIpOBIIHOTO CIIAPIOBAHHS B



kynparaux BTHII. Haemeno BimoMOCTI mpo TeMIepaTypHi 3aJeKHOCTI
Ha/UIMILIKOBOI IPOBIIHOCTI Ta TCEBIOUIUIMHU. JleTalbHO BHCBITIEHO 3arajibHY
iHpopMallifo BiTOMy Ha 4Yac HallMCaHHS AWCEPTAIlifHOl pOOOTH IOJO BILIUBY
30BHIIIHIX YMHHMKIB, TaKUX SK: MarHiTHE IOJie, eJIEKTPOHHE ONPOMIHEHHS Ta
JoBrorpusaie 30epiranns Ha BnactuBocTi BTHIL. V apyromy posaiii neranbHo
PO3ITISIHYTI METOAMKM Ta TEeXHOJIOTIi OTpUMaHHsS IOCITiKYBaHHX 3pa3KiB:
BUpoLlyBaHHs MoOHOKpucTaiiB YBa,Cu;0;5 1 BUTOTOBIEHHS TOHKHX ILTIBOK 3a
JOMOMOIOK  IMITyJIbCHOTO JIa3€PHOTO HAINWJIEHHS, Ta OIMCYIOTBCS METOIH
JOCHIJDKEHHS ~ iX  XapaKTEpUCTHK.  PO3IISHYTO  BHKOPHCTOBYBaHE B
EKCIEPUMEHTANBHUX JOCHIDKEHHSIX JiabopaTopHe oOONMagHaHHS Ta JCTalbHO
OOroBOpeHa MeTOAWKAa HAHEeCEHHs  eNeKTPOKOHTAKTIB IS  OTPHMaHHSI
YOTUPHU3OHIOBOI CXEMHU JUIsi PE3UCTHBHUX BUMiproBaHb. OmwucaHi MeToau
BUMIDIOBAHHS €JIEKTPOOINIOpY TMPH HHU3BKUX TeMIlepaTypax 3a HasBHOCTI
MarHiTHOIrO TIOJISI Ta EJEeKTPOHHOIO ONpOMiHEHHsS. Y' TpeTboMy Ppo3aiJi
NPOBEJEHO aHaji3 JOCIKEHb TeMIepaTypHOl 3ajeXHOocTi (IyKTyalliiHol
NPOBIAHOCTI Ta ICEBIOIIUIMHA TOHKHX INIBOK YBa,Cu;O-5, 1110 3HAXOIUIIUCH B
MarHiTHoMy mnoii no 8 Tn. Bussreno, mo y MarHitHomy momi ~ 3 Tia B
NBOBUMIpHIil obnacti (2D) dmykTyariiiHoi mpoBiAHOCTI BinOyBa€eThCs mepeXis Bif
KJIIaCHYHOI TeMIlepaTypHOI 3aleXHOCTI (uykTyamiiiHoi mposimHOocTi 2D Maki-
Tomncona (MT) nmo 3anexsocti 2D AcnamazoBa -Jlapkina (AJI) Buie
temneparypu 3D-2D  kpoccosepa. Ilpu 1npoMy iHTEpBal  HAIIIPOBITHHUX
baykryaniii pisko 3poctae. 3'ICOBaHO, MO yCi JOCIIUKYBaHi MapaMeTpy 3pasKib
[IOMITHO 3MIHIOIOTBCS TpU 30iibineHHi moast mgo 8 Ti. IlepenGauaerhes, o
criequdivyHa eBomoLis GopMHU TICeBIOIIUINHHU, BHUSBIEHA MOOIH3Y TEMIIEpPATypH
HAAIPOBIOHOIO IIepeXody, IUBUAIIE 3a BCe, BH3HAYAETHCS CaMe€ BILUIUBOM
CTBOPEHOI MAarHiTHUM II0JIEM IBOBHMIPHOI BHXPOBOI IPATKH, IO MEPENIKOIKAE
YTBOPEHHIO HAANPOBIAHUX (IYKTyalliii MmoOau3y TemIepaTyp HaIIpOBiIHOIO
nepexony. YerBepruil po3aia gucepTaiifiHoi poOOTH MPHUCBIYCHO AOCIIIKEHHIO

BILJIUBY OHpOMiHeHHH BHUCOKOCHEPIE€TUIHHNMHU CJIEKTPOHAMMU IIPH BEIMKHUX OO3aX



ONPOMIHEHHS Ha TeMIlepaTypHi 3alle)XHOCTI (IYKTyalliifHOi TPOBITHOCTI Ta
MICeBAOLIITMHN MOHOKpHcTanda YBa,Cu;Oq.5, SKuil Malike HE MICTUThH JIBIHHHKIB.
[Ipu cepenHbOMy 3HauYeHHI JO3HW ONMPOMIHEHHS BUSBICHO 3MiHY BHecKy 2D-MT
¢rykTyauiiHoi TMPOBiAHOCTI Ha BUpaxeHy 3ajexHicTe 2D-AJl. Bognouac
MOKa3aHo, IO BCi MapaMeTpH IICEeBIOIIUIMHU 1 B IIJIOMY BCSI TeMIlepaTypHa
3aJIKHICTh TICEBAOMIUIMHN pi3Ko 3pocTaioTb. OpHak mpu 30UIBLIEHHI A03U
ONPOMiHEHHS, K QIIyKTyalliiHa IMPOBIAHICTb, TAK 1 TICEBIOIIIMHA IEMOHCTPYIOTh
KpuBi, TUnoBi maa YBa,Cus;O,.; 3 Oyke HU3BKUM piBHeM JedeKTiB, TOOTO
BUHWKJIA CKJIQJHOIII 3 IHTEpIpETali€lo IUX pe3yJbTaTiB B paMKax MOJell
NMOKAJIbHUX Tap. TakuMm YHMHOM, 3'ICOBAaHO, IO YTBOPEHHS Pi3HOMaHITHUX
nedekriB y mMoHokpuctanaX YBa,Cu;O; Mg BIUIMBOM BHCOKOEHEPTeTUYHOTO
eJIEKTPOHHOTO OMNMPOMIHEHHS € HEMOHOTOHHHUM TIPOIECOM 1 Ma€ BIACHY
cnenudiky. B m’saaiTtomy po3mini HaBeqeHO pe3yNbTaTu JOCHIHKEHHS Ta aHallizy
BIUIMBY JIOBrOTpHUBANOro 30epiraHHs 3a HOpMaJlbHUX yMOB Ha (QIyKTyalilHy
MPOBIJIHICTh Ta TCEBIOIIIMHY B MOHOKpuctanax YBa,Cu;O;; 3 ABIHHHKaMHU.
Opepxana iHQOpMaIlis € BaXKIUBOIO, 30KpeMa, ISl MPAKTUYHOTO BUKOPHUCTAHHS
BTHII. Anani3z mux mociiKeHb MmoKas3as, 1o micis 6 pokiB 30epiranss, 1edeKTH,
IKI BUHUKJIY T Yac CTapiHHS, IPaKTUYHO MOBHICTIO YCYBaIOTh BIUIMB IBIMHUKIB i
ABIMHUKOBUX TpaHMLb Yy 3pa3Ky 1 TemIlepaTypHa TOBEdiHKa SK (QIyKTyauiiHOl
NPOBIJHOCTI Ta TMCEBJOIIIIMHN Haraaye THIOBY IJsi Jo0pe CTPYKTYpOBaHHX
MoHokpuctaniB  YBa,Cu3;075. Takum dYWHOM JOuCEepTaHTOM JIOBEAEHO, IO
MoHokpuctanu YBa,Cu;0;5 micns 6 pokiB 30epiraHHs Bce 1€ MOXHA
BUKOPHCTOBYBATH. Are micyst 17 pOKiB 30epiraHHs BeJIMKa KiJTbKiCTh CTPYKTYPHUX
ne]eKTiB, SKi BAHUKAIOTh Y 3pa3Ky, IPU3BOJUTH 10 CUIBHOI Jerpaiallii CTpyKTYpH
Ta NEepepo3NOIiTy 3apsay B KPUCTali, SKi MPU3BOASATH IO CHIBHOTO 3POCTaHHS
Olopy Ta, WIBHUAIIE 32 BCe, BIAMOBINAIOTH 3a CIIOCTEPEKYyBaHY HE3BUYANHY
TeMIIepaTypHYy 3aJIeKHICTh K (QIIYKTyamiifHOI MPOBITHOCTI, TaK 1 MCEBAOIIITHUHY.

Taxum unHOM NOKa3aHo, 1o Takl 3pa3ku BTHII Bxxe He Mo)KHa BUKOPUCTOBYBATH.



Y «BucHOBKax» CTHUCIO MPEACTaBICHO OCHOBHI pe3yibTaTH pPOOOTH.
BucHoBku nuceprallii MOBHICTIO BiAIOBINAIOTh MOCTABIEHIN METI AOCIIIKEHHS Ta
3MICTYy OTpUMaHHUX pe3yJibTaTiB. Pe3ymbraTd, NpeincTaBleHi B AUCepTallil
onyOJiKOBaHI y BUITISAI TphOX cratei B xypHami Low Temperature Physics
(®HT) 3 xBaptunem Q3, i sixkuit BxoauTh 10 [leperiky HaykoBux (haxoBUX BHAAHDL
VYkpainu kateropii "A", Ta ’ATH Te3aX MiXKHAPOTHUX KOHPEPEHIIiH.

Ha croropniHiii neHp Hemae CyBOpoi Teopii IpolleciB, MOB’SI3aHUX 3
(uryKTyalii{HOI MPOBIJHICTIO Ta TICEBIOUIITMHOK B KyIPaTHUX HAANPOBIIHHUKAX,
IO MIJKPECIIOE aKTYaNbHICTh i€l qucepTaiiii. Teopis J0KaIbHUX Map, siKa TOBOJI
no0pe iHTeprpeTyBala IJIUH psif eKCIIepUMEHTIB HamepemoaHi, B il poOoTi 3
HEI0 BUHUKIM CKJIAQJHOIN Yy TpPaKTyBaHHI pe3yNbTaTiB aHaANi3y JeSIKUX
€KCIIEPUMEHTAIBHUX AOCIIKEHb. AJle 1€ HisIK He 3MEHIIy€e J100pOro BpaKeHHs
npo mnpodecioHalbHUN pIBeHb JHcepTaHTa. BiH MPOJEMOHCTPYBAB BHCOKY
epyAULII0 Ta 0013HAHICTE 100 00’ €KTa JOCIIIKEHD, 110 1 BUMaraeTscs Bif JaHOL
KBaJi¢ikauiiHoi poOOTH.

ABTOpoM OyJl0 OTpPUMaHO eKCIIepUMEHTAIbHI pe3yJbTaTH, [0 3a3Haju
rMMOOKOro HecTaHZapTHOro aHamizy. Ha migcraBi mpemcTaBieHHX Ha 3aXHCT
NOCIIIKEHb MOXHA 3pOOMTH BHCHOBOK, IO JMCEPTAHT [O00pe OBOJIOIIB
EKCIIEPUMEHTAILHUMU MeTOAUKaMU. BUXoasiuu 3 bOro MOYKHA KOHCTATyBaTH, 1[0
M.B. IlIutoB Bxe € cpOpMOBaHUM HAYKOBHUM ITPALli BHUKOM.

Sk 1 Oyap-sike OCTIKEHHs, NpeJCTaBieHa Ha HOro OCHOBI JUCepTallis He
ro30aBjieHa HEIOIKIB.

HeoOXigHO BIIMITHTH, IO HE3BXKAIOYM HA JOCTATHHO BHUCOKHM PpiBEHb
HaluCcaHHs JUucepTaliiiHoi poOOTH, B HIM MPUCYTHI APYKAapPChKi IIOMHUIIKH B TEKCTI
Ta Ha PUCYHKaX, 51Kl OyJH 31e01JIb1I0TO BUTIPABIICHI.

1.B aucepTanii He HaBegeHO MIOBHY MacrmopTU3aIliio 3pa3KiB
BHCOKOTEMIIEpaTypHUX HaanpoBinHUKiB YBa,Cu;O,_,, 30Kpema, pe3ylIbTaTiB
pPeHTreHOCTpYKTYpHOro pnociimkeHHs/ananizy (PCJI/PCA) Tta enexrponorpadii

(ECA) nux 3paskiB 10, B Mpoueci eKCrepuMenTiB i Mic/as J0CiIKEHDL BILIUBY



30BHIUIHIX YMHHUKIB. HasgBHICTH macmopTu3anii Morna 6 mpsmMo MiATBEPIUTH, YK
CIIPOCTYBAaTH BHUCHOBKM 3 IIPOBEACHUX [OCHIIKEeHb, a TaKOX JomoMoria 0O
YHUKHYTH PSIAy NPUIYLIEHb, sIKI BUMYIIEHUH OyB 3pOOUTH AWCEPTaHT, a poOoTa
ctasia 6 OBl J0Ka30BOr0. Hampukian:

Ha 97 crtp. B mepuiomy a63ami 3BepXy HammcaHo: ~OcraHHIM ¢akT
HiATBEp/UKY€E 3po0JieHe paHillle MPHNYIIeHHs, [0 MOHOKPHCTAAH Y bOMY
eKCIIepHUMEeHTI AiiicHO He MicTATD ABIHUKIB.”

Ha 86 ctp. B mepiomy ab3alii 3BepXy HalKMCaHO, [0 ~TIPH (P, HE3BAKAIOUN
Ha Te, IO KIIbKIiCTh Ae(eKTiB, IK BBAKAETbCS, MOMITHO 3pocTa€, BHECOK 2D
MT HaBITbh OUIBLI BUPAXEHHUH, HIXK TIpH (=0, 1110 € IeI0 JUBHUM .

Ha 98 ctp. B nepiomy abd3ani 3Bepxy HamucaHo:” JIuBHAM (DaKTOM € Te, 1110

mozens JIJ, ax xapaxrepna mias BTHII i3 nomkomkenotwo ctpykryporo [42, 89,
90], He anpoKCUMYy€e eKCIIEpUMEHT, 1[0 BKa3ye Ha Te, [0 KPUCTAJIYHA CTPYKTypa
SAKHMOCh YHHOM 30epiraerbca.”
2.B muceprauiiiHiil poGoTi He 3amPONOHOBAHO OYIb-SKOTO MOSICHEHHS TOro (axTy,
IO HaBiThb NPU MaKCHUMAaJIbHOMY (B IHMX EKCIEPUMEHTAIBHUX HOCIIIHKEHHSIX)
ONPOMIHEHH! 1 (yKTyaliliHa MPOBIAHICTh, 1 TICEBIOLIIMHA JIEMOHCTPYIOThH
TUnoBy 114 3pa3kiB YBa,Cu;0;_, moBeninky 6e3 nedekris, a Mmonens Jloypenca-
Honiaxa, BnactuBa aast BTHIT i3 moumikoaskeHO0 CTPYKTYPOIO, HE allpPOKCUMYE
eKCIEepUMEHTaIIbHY KPUBY.

3BUYAWHO >, 3a3HayeHi HEJOJIKM He INPHMEHINYIOTH 3arajbHOi BHCOKOI
OLIIHKH TUCepTarlii.

[TincymoByroun, Maro Bif3Ha4uTH, OO0 AucepTaniiina pobora IlluTosa
Muxurn BitaniiioBuya «QOcobauBocti ¢uaykryaniiiHoi mnpoBigHocTi Ta
NCeBAOINIIMHN Yy IUIiBKaX i MoHokpucTadax YBa,Cu;0,; mig BmImBom
30BHIIIHIX 4YHMHHUKIB» BianoBizae Bumoram mnn.7, 8, 9 «Ilopsaaky
NPUCYIKeHHs CTyneHsl JokTopa (inocogii Ta ckacyBaHHs pillieHHsI pa30Boi
crienianizoBaHol BUEHOT pagu 3aKJiaay BHIIOI OCBITH, HAYKOBOT YCTAHOBH MPO

NPUCYIKeHHs1 CTyleHs1 JOKTopa ¢inocodii», 3aTBepaKeHOMY NOCTAHOBOK



Ka6inery Minicrpis Ykpainu Big 12 ciuns 2022 p. Ne 44 3i sminamu Big 21
oepesusi 2022 p. Ne 341, Big 19.05.2023 Ne 502 i Bix 03.05.2024 Ne 507, ra
BiMOBiZAa€ HANPSAMY HAYKOBOIO J0C/IIZKEHHS 0CBITHLO-HAYKOBOI NMpPOrpaMu
«®izukay OTIHT im. B.I. Bepkina HAH VYkpaiuu 3i cneuiajibnocri 104
«®i3uka Ta acTpoHomis». [luceprauisi MICTHTD OOrpYHTOBAHI BUCHOBKH HA
OCHOBI OJlepAKaHUX 3100yBaYeM AOCTOBIPHUX pe3yJabTaTiB, XapaKTepU3yEThCsl
€AHICTIO 3MICTY Ta BiANOBiAa€ MPHHUMNAM aKaaeMiuHOT jpo0pouecHocT, a ii
asrop LllIntoB Mukura BiraniiioBu4 6e3yMOBHO 3aC/1yroBYy€ Ha NPUCYUKCHHH
fiomy cTymensi goktopa dinocodii 3a cneuiaabHicTIO 104 — «®Pizuka Ta

acTpoHoOMis» 3 rajysi sHanb 10 — «I[IpupoaHn4l HAYKH».

PeneH3eHT: NPOBiIHNI HAYKOBHH CMiBPOOITHUK
BiiULiTy MiKPOKOHTAKTHOT CIEKTPOCKOIIT
®TIHT im. B.1. Bepkina HAH Ykpainu,

nokTop (pizuKo-MaTeMaTHUHUX HayK

cTaplUMii HAyKOBUH CIiBPOOITHHUK
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