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Kopooxos M.B. Enexrporpancnopt y BTHII kynpatis cuctemu YBaCuO B
yMOBax €KCTpeMaJbHUX 30BHIIMIHIX BIUIMBIB — KBamigikaiiiiHa HaykoBa mpaus Ha
paBax pyKOIMHCY.

JucepTariiisa Ha 3100yTTs CTyneHs: JokTopa (iocodii 3a crnemianbHicTIo 104 —
®i3uka Ta actpoHomis (["amy3p 3HaHbp 10 — IlpuponHuui Hayku). — XapKiBCbKUN
HanioHanbHUI yHiBepcuTeT imMeHi B. H. Kapasina MinicTepcTBa OCBITH Ta HayKu
VYkpainu, Xapkis, 2026.

Jucepmauia npuceavena NOCTIIKEHHIM MarHiTOPE3UCTUBHUX XapaKTEPUCTUK
B yMOBax Aii eKkcTpeMaibHuX 30BHIMHIX yuHHUKIB BTHII cronyk cucremn 1-2-3,
IO MICTATh KOHTPOJBOBAHI HEHTPH MIHIHTY Ta MalOTh BHCOKY JIOCKOHATICTh. B
AKOCT1 TakMX O00'€KTIB B Iiil po6oTi Oynu BHOpaHI MOHOKPHUCTAIM Ta KepaMiyHi
3pasku cuctemu Y BaCuzO75, 1m0 MICTATH KOHTPOJbOBaHI Je(eKTH, 30Kpema,
MOHOKPHUCTAJIH, 1110 MICTATh OAHOCIPSMOBaHI IpaHuIll ABIMHUKIB Ta 3pa3Ku, JIETOBaH1
TUTAHOM 1 Pa3€0AUMOM.

[Ipouiecu nepeHocy 3apsily y BUCOKOTEMIIEPATYPHUX HAIMPOBIIHUKAX MAlOTh
XapaKTepHI OCOOJMBOCTI, 3YMOBJICHI MPOSBOM Y IHMX CIOJYKax IIUIOTO PsIy
cnenudiyaUX  (QI3UYHUX  SBUII, [0  CIIOCTEPIraloThCd Yy  HOPMAJIbHOMY
(menagmpoBigHOMY) cTaHi. Jlo ocTaHHIX MOXHa BigHecTH (QuyKTyamiiHy i
IICEBMIONIIIMHHY aHOMaJIii, TMEePeXOoaW BHUIAY METaN-130JITOP, HEKOTCPEHTHUM
€JICKTPOTPAHCIIOPT Ta IHII. BiAMOBiAHO M0 CydacHMX YSBICHb caMme Il SIBHINA
MOXYTb OyTH KiIt04eM a0 po3yminus npupoau BTHIL. Crnix, oqHak, Bin3HAYUTH, 110,
HE3BAKAIOYM Ha 3HAYHI 3yCUJUIA TEOPETUUYHUX Ta EKCIIEPUMEHTAJIbHUX HAyKOBHX
rpym, 06araTo acmeKkTiB IUX SIBUI 3aJMIIAIOTHCA He3'scoBaHUMH noternep. [leBHY
poOJIb TIPH IILOMY Bimirpa€e iCTOTHA aHi3oTpomis Kpucrtaiiuaoi crpyktypu BTHII-
CTHOJYK, HAsABHICTb Y HUX HETPUBIAIBHOTO JE(PEKTHOrO aHCaMONI0, M0 BKIIOYAE
nedexTy ayxe pizHoi MOpQoIIoTii, MPUCYTHICTh B CUCTEMI JIAOUTBHOT KOMIIOHEHTH 1
HU3KHU IHITMX OCOOJTMBOCTEH, IO CTBOPIOIOTH OO'€KTHMBHI TPYIHOII NMPU BHUBYCHHI
mux sBuil. Ciia TakoXX 3a3HAYUTH, L0 AYXKE BaKJIMBE 3HAYCHHS IPH MPOBEICHHI

TaKUX JIOCIIIPKEHb MAa€ TOYHE PO3YMIHHS MEXaHI3MIB PO3CIIOBaHHS HOCIIB 3apsny,



10 BPaxoBYe CHEHU(IKY iX MEPEHECEHHS B yMOBAaX CTPYKTYPHOI Ta KIHEMAaTHYHOI
aHI30TPOITI].

OpHumu 3 HaOUTBII 3aTpeOyBaHUX ISl AOCTIIKEHb, B I[bOMY aCIEKTI, €
CIOJIYKM Tak 3BaHO1 cuctemu 1-2-3, RBa,Cu3O7;5, ne R —ioH pinko3eMenbHOro
enementa. lle 3yMOBIEHO HH3KOIO MPUYMH: L€ HAANPOBIAHUK Ma€ BUCOKY
KPpUTUYHY TeMIlepaTypy Ta HaWKpally CTPYMOHECY4Yy 3JaTHICTb Yy CHJIbHHUX
MarHiTHUX MOJIAX, MOYKHA BIJHOCHO JIETKO OTPUMATH JHTI 3pa3Kd Ta MOHOKPHUCTAJIH,
¢13UuHI BIACTMBOCTI, 30KpeMa i HaJIMpOBIIHI, MOXXHA JOCHTb MPOCTO 3MIHUTH,
BapilOl0OUM KHUCHEBUH 1HAEKC O abo JEeryBaHHSM, € MOXJIMBICTh OTPUMYBATH
BUCOKOSIKICHI MOHOKPHMCTaJIM BIIHOCHO BEJIUKHUX po3MipiB. OcTaHHsS 0OCTaBUHA Ma€e
BUpIIIAJIbHE 3HAUYCHHS 111 QyHAaAMEHTAIbHUX JOCIIIKEHb.

Kputnuna temneparypa (7.) IHMX CIOJYK, ONTHMAJIbHO JIOTIOBAHHX
KucHeM, cTaHoBUTH 1. = 90 K 1 cmabko 3anexuts Big npupoau R. Ilpu mpomy
CeBayCuz075 1 TbBayCu3O75 He yrBoptoroTh OPTO-ctpykrypy, PmBa,CuszO75 €
pamioakTuBHUM, a PrBa,CuszO7.; He € HaANpOBITHUKOM («aHOMAIIIS TMPa3eouMa),
HE3BaXKAIOUM Ha HASBHICTH OPTOPOMOIYHOTO €JIEeMEHTApHOTO ocepenky. OcobnuBuit
IHTEpeC Y bOMY acHeKTi MPEeCTaBISI0Th CIOJIYKH 3 YaCTKOBOIKO 3aMiHOl0 Y Ha Pr,
110, 3 OJIHOTO OOKY, MPUBOIUTH O YACTKOBOI'O NMPHUTHIUYCHHS HAIIPOBIAHOCTI, a 3
IHIIIOTO — J03BOJIsI€ 30epiraTh MPAKTUYHO HE3MIHHUMH TapaMeTpH PEIIITKA Ta

KUCHEBUN 1HJIEKC CIIOIYKH.

Huceprartiiina po00Ta MICTUTh I'SITh PO3JILITIB.

YV nepwomy po3oini «Oco0JIMBOCTI CTPYKTYPH, €JEKTPOTPAHCIOPTY TAa
auHamiku marHiTHoro moroxky y BTHII-cmoaykax cucremu 1-2-3» mpoBeneHa
CUCTeMAaTH3allisd HAsIBHUX JITEPATYPHUX JKEPET PO CTPYKTYPY Ta OCHOBHI (Di3WUHI
BIacTUBOCTI cmonyk YBa)CuzO7.s ta Y1,Pr;BaCuzO75 3 pisHEMEH cTyneHem
JOTYBaHHS MPa3€0JUMOM.

Po3nin  MictuTh 3arambHy iH(OpMaIil0 TPO OCOOIMBOCTI CTPYKTYpH,
€JIEKTPOTPAHCIIOPTY Ta AUHAMIKU MarHiTHOro notoky y BTHII-cnonykax cuctemu 1-
2-3. HameneHo maHi TpO KpHUCTAIIYHy CTPYKTYpY Ta OCOOJMBOCTI Je(eKTHOTro

aHcaMmOJII0 TakUX CIOJIYK, 3po0sieHa crnpoda KOpPOTKOrO aHajizy HasBHUX



TEOPETHUYHUX Ta EKCIEPUMEHTAIbHUX PE3yJbTaTiB, OTPUMAHUX TMPHU JTOCIIHKEHHIX
€JEKTPOTPAHCIIOPTY, BIUIMBY BHCOKOI'O THCKY, MIHIHTY Ta JAWHAMIKA MAarHiTHOTO
notoky y BTHII-cnonykax cuctemu 1-2-3. BuaiieHOo OCHOBHI NMHUTAaHHS, IO HE
3HAWIIUIA CBOTO TEOPETHUYHOTO Ta EKCIIEPUMEHTaJbHOro BHUpimieHHsA. lIpoBemeHo
MMOCTAaHOBKY 3aJ1a4l JOCIIII)KEHb.

Y opyeomy po3oini «O06'€ekTH Ta METOAM AOCJIIKEHb» OIMNUCAHI METOJIUKHU
cuHte3y MoHokpuctamie ReBayCuszOzs (Re = Y, Pr). 3pa3ku MOHOKPHCTAJIB
BUPOIIYBaJIN PO3YHH-PO3IIABHUM METOJOM B 30JOTHUX 1 IUPKOHIEBHX THUIJIAX 3a
HasIBHOCTI IpajiieHTa TeMrnepartyp. s orpumanHs opTopoMOiuHOi (a3u 3 BMICTOM
KHUCHIO, OJIM3bKUM J10 cTexioMerpuuHoro, 8<0.1, mpoBoaunu iXHif BiAman y moToli
KucHIO npu Temnepatypi 420°C npoTsaroM Tprox Ai0.

CTpyKTypHi JOCHI/DKEHHS TIPOBOJIMJIM METOJaMU PEHTICHIBCHKOT
nudpakToOMeTpii, €JIEKTPOHHOT Ta ONTUYHOL MIKPOCKOITII.
PentrenaudpakroMeTpuyuHi JochHipKeHHsT mpoBogwin Ha amapati JIPOH-3M vy
MoHOXpoMatuzoBaHoMy  Cu-Kg-BumpominioBanHi. [lapamerpu  enemeHTapHOI
KOMIpKH @, b 1 C Bu3Hayanu nuisxom peectpariii Binouttis Big miomua (200), (020) i
(006) BinmosinHo. Pednexkc (006) peectpyBaBest B reoMeTpii bperra Ha BigOUTTS, a
pednexcu (200) 1 (020) — B reometpii Jlaye Ha mpocBiT. biaodHICTH KpucTaliB
BHU3HAYAIM 3 KPUBUX XUTAHHS IS BiIOUTTIB Bif miomuH (006).

3pa3ku I €NEeKTPOHHOI MIKPOCKOMIi MpenapyBajid 3 MOHOKPHUCTATIB, IO
OPOUIIIN  PEHTTCHAN(PPAKTOMETPUYHI  JTOCHDKCHHS. BHUTOHUYEHHsS KpHUCTaliB
MPOBOJWIM Yy BakyyMmi I10HHMM TpaBIiHHSAM aToMamu aprony. [Ipuckoproroua
Hampyra ioHHO1 rapmatu craHoBuina 104 kB. Tomonorito ABIMHUKOBHX MEX
JOCTIPKYBAIA Ha ONTHYHOMY Mikpockorni MIM-7 y monsipuzoBaHomy cBiTii. Kpim
PEHTTEHIBCHKOI Au(paKilii, CTPYKTYpHI JOCHTITKEHHSI MPOBOIUINCH 32 JOIMOMOTOIO
EJIEKTPOHHOTO MiKpockoma. EJeKTpOHHY MIKpOCKOMiI0 MPOBOIMIM Ha MIKPOCKOITI
EMR-100 AK.

EnexTpoorrip BUMIpIOBaad 3a CTAHJAPTHOIO YOTHPHOXKOHTAKTHOIO
METOJMKOI0, & aHI30TPOIII0 €JIEKTPOONOpY — METOJI0M MOHTroMepi Ha MOCTIHHOMY

ctpymi Big 0.1 mo 10 mA.



JluHamiKy MAarHiTHOro NOTOKY MAOCHIIKYBaJM TPAHCIOPTHUM METOAOM 3
BUKOPUCTAHHSAM CHEIIaTbHOI YCTAHOBKH IS TIPOBEICHHS PE3UCTUBHUX BUMIPIOBAaHb
31 3MIHHOIO OPI1€HTALII€}0 MArHITHOTO MOJIA.

INppocraTMuHUil THCK CTBOPIOBAJIM B aBTOHOMHIM Kamepl TUIY HOPUIECHb-
OUAIHAp 3 (GIKCOBAaHUM 3aXUMOM. SIK  cepefoBuINE, IO Mepelae THUCK,
BUKOPUCTOBYBAJIM 3HEBOJHEHY CyMIIl TpaHCPOPMATOPHOIO Macjia 3 TacoM Yy
cniBBinHOUeHH1 1:1. [l BU3HAY€HHSI BETUYMHHU TUCKY B Kamepi OyB BUKOPUCTaHUUN
NOTIEPETHLO BIATPaAyHOBaHMH MaHTAaHIHOBUH MaHOMETpP, MOMIIICHHH y poOody
YJaCTHHY KaMEpH.

Temneparypy  3pa3ka  BU3HAYadd  IUIATHHOBHMMHM 1 BYTUTBHUMH
TEPMOPE3UCTOPAMH, a TAKOK MiIb-KOHCTAHTAHOBHUMH TEPMOTIAPAMH.

Y mpemvomy po3oini «AHizoTpomnisi MpoBiAHOCTI i mepexia MeTaa-izoasiTop
MoHoOKpucTadiB Y1..Pr;Ba,CuzO7.53 pi3HuM BMicTOM Npa3eoaumy» IpeJCcTaBICHO
pe3yabTaTH JTOCHIIPKeHb BIUIMBY NPa3eoUMy Ha aHI30TPOIII0 EJIEKTPUYHOTO OTIOPY
pe(Dlpan(T) BHCOKOTEMIEpATYpHUX HAANPOBIAHUKIB  Y1,Pr,Ba;CusO75. Brums
JTOMIIIOK Pr Ha aHI30TPOMIIO0 MPOBIIHOCTI B Il CHCTEMI Ma€ BaXKJIMBE 3HAUCHHSI SIK
JUTSL TIPOSICHEHHS IPUPOAN BUCOKOTemIeparypHoi HaanposiaHocti (BTHII), tak 1 ns
IiBUILCHHS 11 KpUTHYHHUX [TApaMETPiB.

Temmneparypui 3anexHocTi pab(T) Ta pe(T) y HOpMaabHOMY CTaHi MaiOTh
JiHIAHI TUITHKA B 00J1acTi BUCOKMX TemmepaTyp. [liBUIIEHHS BMICTY Mpa3eouMy,
Z, IPUBOJAUTH JI0 TOSBH HAIiBIPOBIAHUKOBOI Gopmu kpuBux pc(7), Tomi K, KpUBI
pab(7) moBie 30epiraroTh JIHIWHY JTUITHKY. BiIXWIeHHsS HOHU3Y Bij JIHIMHOI XOIU
IpU 3HIDKEHHI TEeMMepaTypd CBITYUTh PO TOSIBY HAJIMIIKOBOI MPOBITHOCTI.
Kputnuni temneparypu, T, B3AOBXK Ta BIONEpeK Oa3MCHOI TUIOMIMHHU JEII0
BIJIPI3HAIOTHCSA, IO TOB'A3ye€Thes 3 mepexomaoM Dpimens y cucremi 1-2-3, sxwuid
MOJIATa€ B TPUTHIYCHH] TMOMEPEYHOi HAAMPOBITHOCTI MIJISXOM  JOIIOMOTOIO
PO3POCTaHHS KUTBIIEBUX JKO3€(COHIBCHKIX BUXOPIB y IMIAPyBATOMY HAJIIPOBITHHUKY.
Ile MOXnMBO MpW po3Majii MPOBIMHOI MiACUCTEMHU HA KilbKa o0nactei 3 pizHUMHA 1.
Po3nan BinOyBaeThCst mpu CTPYKTYPHOMY PO3YHOPSAJIKYBAaHHI 32 PAXYHOK JTOMyBaHHS
BTHII-kymnpatiB iHOBaJICHTHOIO JOMIIIKOIO 200 3MIHU BMICTY KHCHIO, Ta MPUBOJUTD

0 BUHUKHEHHS y CHCTEMI1 €JIEKTPOHEUTpallbHUX o0nacTel — MeTaleBUX Ta



JIEJIEKTPUYHUX. Y TaKOMY BHUIIQJKy MPOBIIHICTH 3pa3Ka € CTPUOKOBOIO 31 3MIHHOIO
JOBXHHOIO CTpHOKa, 1 aHI30TpOMis OMopy JA00pe OMHUCYEThCA YHIBEPCATIbHUM
«3akoHOM 1/2». InaykoBaHa Mpa3eoAMMOM KilacTepH3allis 3pa3ka MOXKE 1HILIIOBATH
nepexig MeTan-IieIeKTPUK «aHaepcoHiBcbkoro» tuiy. Kpusi pan(7) Ta p(T) MoxHa
3pOOMTH ampPOKCUMOBAaHUMHU Yy BCbOMY IHTEpBajl TeMIEparyp, BpaxoOBYIOUU
MeTajeBy, HaliBIPOBIAHUKOBY Ta (UIyKTyauiiHy npoBinHocTi. Lle mae MoxnuBicTh
BU3HAUYUTHU TEMIIEPATypHI 3aJIEKHOCTI aHI30TpPOIlii MEXaHI13MIB PO3CIIOBaHHS HOCIiB
3apsiiy TpU pi3HUX Z. 30UIBIIEHHS Z BUKIWKAE MEPEXiJl METal-TICNeKTPUK, SKUI
3aBXKIH MIepellye HAATPOBITHOMY TIEPEX0/Ty, Ta 3MEHIICHHS TEMIIEPaTypHy MEePEXOay.
BiaminHiCTh MEXaHI3MIB TPOBIAHOCTI B3JOBXK 1 BIIOMEPEK MIAPIB MiJKPECIIOE
BiqMminHicTh BTHII kynpariB Big dhepmi-piAMHHUX METaiB.

Y uemeepmomy po3zoini «Po3ciroBaHHA HOCIIB 3apsaay Ha ¢oHOHAX Ta
daykryaniiina egexkTpompoBigHicTh  Yo.66Pr03:Ba>CuzO7-5 Mg THCKOM»
HaBEJICHO pEe3y/IbTaTH EKCIIEPUMEHTAIbHUX JOCTI/KEHb BIUIUBY  BHCOKOTO
rizpoctatuaHoro THcky a0 14 kbar wa mnpoBimHicTe y OasucHiii ab-murommHi
cepeaHbO JomoBaHUX TmpazeoauMoM (x~0,34) monokpuctamiB Y1,Pr;Ba;CuzO7.s.
Otpumani TeMmepaTypHi 3aJ€KHOCTI EJIEKTPUYHOTO OIOPY MOHOKPHUCTATIYHOIO
BTHII Yo66Pro34Ba;CusO7-5 y Hopmanasromy crani (T* < T < 300 K) mpu pizHux
BenmuuHax rigpocratndHoro tucky (0 < P < 1 GPa) anpokcuMmoBaHi MOICILIIO
PO3CiroBaHHS HOCIIB 3apsaay Ha oHoHax (Mojaens bimoxa-I'pronaiizena) Ta nedekrax.
Temmneparypua moxigua omopy, dp(7)/dT, y HOpMaibHOMY CTaHi MPOXOAUTH Yepe3
MakcuMyM (Tmax = 0/3, 0 — Temmnieparypa Jlebast), 110 MOBHICTIO BiJIOBiae BKa3aHii
Mozeni. HanmpoBimauii mepexin NPUBOAUTH O TMOSBH HHU3BKOTEMIIEPATYPHOTO
makcumyMma nipu 7 = T, TemnepaTtypa MiHIMyMY, IO iICHY€E MK ITAMU MaKCUMYMaMH,
OTOTOKHIOETHCS 13 TEMIEPATYpOIO BIIKPUTTA TceBaoulummHN, T*. T* 3pocTtae mpu
30UTBIIIEHH] TIIPOCTATUYHOTO THUCKY. EKCTpamonsiis HOpManbHOI MPOBIAHOCTI HA
obnacte T, < T < T* no3Bomsiec o0unCAUTH (GIYKTYalliifHy MPOBITHICTh, KA JOCUTH
TOYHO OMUCYEThCA Moneluo JloypeHima-JloHiaxa 3 ypaxyBaHHSIM HEOJHOPIIHOCTI
3pa3ka. bapuuHi 3anexxHocTi napameTpiB moaeni Jloypenua-/{oniaxa nokazyroTh, 1110
TIIPOCTATHYHHUNA THCK CHOpPUSE TIOKPAIICHHIO CTPYKTYpH 3pa3ka. HasiBHICTB

BrucokoteMIieparypraoro makcumymy dp(7)/dT cBimuuTh TpO BIACYTHICTH JIIHIHHOT



3aJIEKHOCT1 €JEKTPUYHOr0 omopy B naociiypkeHomy 3pasky npu T < 300 K.
QuykryaniiiHa OPOBIAHICT OTpUMaHa SK PI3HULS MDK €KCIIEpUMEHTaJIbHUMU
3HAYCHHSIMH OMOpy Ta eKCTPamoJIbOBAaHMMH 3a JOMOMOror Mmojeni brioxa-
['proHaiizeHa BeMMYMHAMH, i3 XOPOIIOK TOYHICTIO OMHUCYEThCS Mozeito Jloypenia-
JloHlaxa 3 ypaxyBaHHSIM HEOJHOPINHOCTI 3pa3ka. ['1IpocTaTUYHUN THCK CHpHSIE
MOKPaIIEHHIO CTPYKTYpu 3pa3ka. EBomroris ¢uaykTyanidHoi MOpOBIAHOCTI, IO
BUKJIMKaHAa TUCKOM, y JieroBaHux Pr monokpucranax Y -Pr;Ba;CuzO;-s, iMOBipHO,
BU3HAYAETHCA JBOMAa TIPOIECAaMH: 3arajlbHOI  «TPbOXMEPHU3ALI€I0» CHCTEMHU
BHACJIJIOK 3MIHEHHS CITIBBIIHOIIGHHS MDK JOBXWHOK KOT€PEHTHOCTI, &, Ta
MDKIIIAPOBOIO BiJICTaHHIO, O, a TakoK 3CyBOM piBHs DepMi BITHOCHO 0COOJIMBOCTEN
ryctuau ctaHiB. Ha Biaminy Bix 3paszkie YBCO 6e3 momimok Ta ¢iiabKo JeroBaHux
Pr, 3acTocyBaHHS BUCOKOT'O THUCKY MPHU3BOJIUTH IO CYTTEBOTO 30LIBIICHHS MOXITHUX
tucky dTc/dP ta d&./dP.

I’samuii po3zoin «IlapakorepeHTHUIl mepexin y gronoanux turanom BTHII-
cnoaykax YBaCuO». JlochimkeHo BIUIMB JOMIIIOK THUTAaHy Ha MAarHITOOIIp B
YBa,CuzO75 kepamikax B 00JIacTi Mepexoay B HAIMPOBIIHUN CTaH Yy MOCTIHHOMY
MarditHoMmy mojii o 7 T. BcranoBneno, mo Oe3nocepenupo mnobmuzy T, PII
3aJI0BUTBHO OMHUCYEThCS TPUBUMIPHOK Mojemto AciamaszoBa-JlapkiHa s
HAJIMPOBIIHUX IMIapyBaTHX cucTeM. [IpukiamaHHsS MOCTIHHOrO MarHiTHOTO TOJIA
no 3paskiB YBayCusO75 3 JOMINIKOIO THUTaHy, Ha BIAMIHY BiJ aHaJIOTIYHHX,
0€310MIMIKOBUX 3pa3KiB, MIPUBOJUTH 110 PO3MUTTS JI0JIaTKOBOTO
MapakoTepPEeHTHOTO TEPEeXoJy Ha TEMMEPaTypPHUX 3aJEKHOCTAX HAIIJIUIIKOBOT
MPOBITHOCTI B OasucHIN ab-muommuHi B 007acTi PE3UCTUBHUX TIEPEXOJiB B
HaanpoBigHuii ctad. lle mMoxe OyTM HACHiIKOM BIUTMBY OO0'€MHOTO TIHIHTY,
3YMOBJIEHOTO HAsBHICTIO B CTPYKTYpi EKCIIEpUMEHTAIBHOTO 3pa3ka (a3oBUX
BKJIIOUCHB, 5IKI ()OPMYIOTHCSI MPHU BHECEHHI JMOMINIKA TUTaHy. BHacmigok 1poro,
npu  Temmeparypax Huwx4de Kputuaaoi T<T., BigOyBaeTbCs NPUTHIYCHHS
AUHAMIYHOTO (ha30BOT0 MEPEXOAy BUIY BHUXPOBA PiJlMHA — BUXPOBA pPENIiTKa Ta
dbopMyBaHHSI B CUCTEMI MEPEXOAYy BUJY BUXPOBaA piiMHA —BUXpPOBE "OperriBcbke"
CKJIO.

T'on106H1 HayKo6i pe3yromamu ompumani y pooomi, € makumu.



1. Brnepiie BcTaHOBIIEHO, 1O 30UIBIIEHHS KOHIIGHTpAIlli Mpa3eoguMy B
MoHoOKpucTanax Y1,Pr,Ba,CuzO7.s mpuBoAUTh 10 BUHMKHEHHS JOKadi3ailii HOCIIB 1
3MIHU MDKIIAPOBO1 B3aEMOII.

2. Bnepmie nmokazaHo, 10 TeMIepaTypHa 3aJ€KHICTh  aHI30TpPOIii
enekrpooniopy  pdpan(T), Ha BimMiny Big YBayCuzOrs, m00pe omucyeThes 3a
JOTIOMOTOI0  YHIBEPCAJIbHOTO «3aKOHY 1/2» a1 TepMOaKTHBALIHOI CTpUOKOBOI
MPOBIIHOCTI.

3. [ToniOHa 3aneXHICTh CBIAYUTH PO T€, IO MEXaHI3M TPAHCIIOPTY HOCIIB
NonepeK MapiB 3MIMCHIOETHCS HUISIXOM TEPMOAKTUBALIIMHUX CTPUOKIB 31 3MIHHOIO
TOBXKHUHOTO.

4, [Tokaznuk 1/2 cBiguuTh NOpo Te, IO CTPUOKOBA TMPOBITHICTH
OJIHOBUMIpHa, Ta/ab0 IO KYJOHIBChKA B3a€EMOJIs BIAITPa€ B IOMNEPECUHOMY
TPAHCTOPTI ICTOTHY POJIb.

S. 30UIbIIEHHST CTYNEHS JIONyBaHHS Mpa3eoJauMOM Yy 3pa3kax Yi
Pr:Ba;CuzO7-s mpuBoAMTH 10 MOcUieHHs €(eKTIB JoKalizallii Ta peaizallii B cucTeMi
Nepexoly BULY METa-IIEIeKTPUK, SKUM 3aBKIH Mepey€e HAIPOBIIHOMY IIEPEXOIY.

6. 30UTbIICHHST KOHIICHTpAIlli Tpa3eo MMy MPUBOJIUTH JIO 1CTOTHOTO
3MIIICHHSI TOYKH Tepexony 7,y B 001acTh OUIBII HU3BKHX TeMIepaTyp, 1o,
BIPOTiIHO, TIOB'I3aHO 31 30UIBIIECHHSAM YAaCTKHA HAITIBIPOBITHUKOBOTO BHECKY B
IPOBIAHICTh EKCIIEPUMEHTAIBHUX 3Pa3KiB.

7. ExcriepumenTtanbHa TeMrepaTypHa 3ajeXHICTh E€IEKTPUYHOTIO OIOPY
moHokpuctanigHoro BTHII YoesPro3aBa,CusO7s y HopmanmbHOMYy cTaHi (Ta
orpumana 3 Hei moxigHa, dp(7)/dT) moBHICTIO BiAMOBIAAIOTH MOJENI PO3CIOBaHHS
HOCIiB 3apsany Ha ¢oHOHAxX 1 gomimkax (monens brnoxa-I'pronaiizena) B iHTepBaui
rizpoctarnayanx TUckiB 0—1 I'Tla.

8. TemmepatypHa 3anexHicte moxinuoi, dp(7)/dT, ogHO3HAYHO CBITYUTH
PO BiICYTHICTH JIHIMHOT 3aJI€)KHOCTI €JIEKTPHYHOTO OMOPY B JOCIIHKEHOMY 3pa3Ky
mpu T<300 K, Bkasyiouu TUM camuM, 10 TUTbKH Monaenb brnoxa-I'proHaiizena Moxe
OyTM BHUKOpPUCTaHa [JIsi EKCTpamoJiAilii "HopMmalbHOro" omopy Ha o00JacTb

(bayKTyaniiHoi MPOB1IHOCTI.



9. Temneparyporo BIAKPUTTS TMCEBAOUIUIMHM B JaHOMY BHUIAAKY €
temneparypa MiHimymy dp(7)/dT, sika 3pocrtae 3 THCKOM.

10. @nykryauiiHa ~ OpPOBILAHICTH,  OTPUMAaHa  SK  PI3HULUA  MIX
EKCIIEPUMEHTATFHUMHU 3HAYEHHSMU Ta €KCTPAIOJbOBAHUMHM 3a JIOMOMOTOK MOJEIi
brnoxa-I'pronaiizeHa BeaWYMHAMM, 3 XOPOIIOK TOYHICTIO OIMUCYETHCS MOJEIUIIO
Jloypennia-/loHiaxa 3 ypaxyBaHHSIM HEOJHOPIAHOCTI 3pa3Ka.

11. TigpocTaTUYHUI THUCK CHpUSIE TTOKPAIIEHHIO CTPYKTYpPH 3pa3Ka.

12. besnocepeanbo mnobauzy T, @I  3ag0BUIBHO  OMUCYETHCS
TPUBUMIPHOIO MOJe/II0 Acnama3oBa-JlapkiHa JJig HAJANPOBIIHUX IIapyBaTHUX
CUCTEM.

13. TlpuknagaHHs MOCTIHHOTO MarHITHOTO MoJis 10 3pa3kiB YBa,CuzO0753
JOMIIIKOK THUTaHy, Ha BIAMIHY BIJ aHAJIOTIYHUX, OE€3JOMINIKOBUX 3pa3KiB,
NPUBOJUTH JIO PO3MHBAaHHSA JOJATKOBOTO ITapaKOTEPEHTHOTO TIEPEXOay Ha
TEMIIEPATYPHUX 3aJCHKHOCTAX HAJIUIIKOBOT MPOBIAHOCTI B Oa3ucHii ab-mmomuHi
B 00JIaCT1 pE3UCTUBHUX TEPEX0/1iB B HAJANPOBITHUM CTaH.

14. Po3muBaHHS  J0JATKOBOTO  IMApAaKOTEPEHTHOTO  MepeXxojly  Ha
TEMIEPATyPHUX 3AJEKHOCTAX HAJJIUIIKOBOI MPOBIIHOCTI MOXKE OYTH HACHIIKOM
BIUIMBY  00'€éMHOr0  MIHIHTY, 3yMOBJICHOT'O  HAasABHICTIO B  CTPYKTYypi
eKCIIEpUMEHTAJIFHOTO 3pa3ka (a30BUX BKJIIOUYCHD, SKi POPMYIOTHCS TIPHU BHECEHH1
JOMIIIIKY TUTaHY.

15. TIlpm Ttemmeparypax HWwk4Ye KkputuuHoi T<T. BimOyBaeTbcs
MPUTHIYEHHS JIUHAMIYHOTO (Pa30BOTO TMepexoay BHUAY BHUXOpOBa piauHA -
BUXOpOBAa pelriTka Ta (OpMyBaHHS B CUCTEMI MEPEXOAy BUJY BUXPOBaA piAuHA -

BUXpOBe "OperriBchke" CKIIO.

KarouoBi caoBa: wmonokpuctanu YBaCuO, dnykryariiina mTpoBiTHICTS,
JOTyBaHHS THTAHOM, IICEBIIONIUIMHA, JBIMHMKOBI MEXI, IIHIHT, TiIpOCTAaTHYHHI

THUCK, aHI30TPOITisl, pO3CitOBaHHS HOCIiB, popmyna broxa-I pronaiizena.
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The dissertation is devoted to the study of magnetoresistive characteristics
under extreme external factors of compounds of the 1-2-3 system, which contain
controlled pinning centers and have high perfection. As such objects in this work,
single crystals and ceramic samples of the YBa,CusO7.;, System containing controlled
defects were selected, in particular, single crystals containing unidirectional twin
boundaries and samples doped with titanium and praseodymium.

Charge transfer processes in high-temperature superconductors have
characteristic features due to the manifestation in these compounds of a number of
specific physical phenomena observed in the normal (non-superconducting) state.
The latter include fluctuation and pseudogap anomalies, metal-insulator transitions,
incoherent electrical transport, and others. According to modern ideas, these
phenomena may be the key to understanding the nature of. It should be noted,
however, that despite the significant efforts of theoretical and experimental scientific
groups, many aspects of these phenomena remain unclear to this day. A certain role is
played by the significant anisotropy of the crystal structure of compounds, the
presence of a non-trivial defect ensemble in them, which includes defects of very
different morphology, the presence of a labile component in the system and a number
of other features that create objective difficulties in the study of these phenomena. It
should also be noted that a very important importance in conducting such studies is
an accurate understanding of the mechanisms of scattering of charge carriers, which
takes into account the specifics of their transfer under conditions of structural and

Kinematic anisotropy.



One of the most popular for research in this aspect are compounds of the so-
called 1-2-3 system, RBa,CusO7.5,, where R is a rare-earth element ion. This is due to
a number of reasons: this superconductor has a high critical temperature and the best
current-carrying capacity in strong magnetic fields, it is relatively easy to obtain cast
samples and single crystals, physical properties, including superconducting ones, can
be changed quite simply by varying the oxygen index 6 or by doping, it is possible to
obtain high-quality single crystals of relatively large sizes. The latter circumstance is
of decisive importance for fundamental research.

The critical temperature (T;) of these compounds, optimally doped with
oxygen, is T¢ = 90 K and weakly depends on the nature of R. At the same time,
CeBayCu3z07.5 and ThBa,Cuz07.5 do not form an ORTHO structure, PmBa,CuszO7.5 Is
radioactive, and PrBa,CusO7s is not a superconductor (“praseodymium anomaly"),
despite the presence of an orthorhombic unit cell. Of particular interest in this aspect
are compounds with partial substitution of Y by Pr, which, on the one hand, leads to
partial suppression of superconductivity, and on the other hand, allows the lattice
parameters and oxygen index of the compound to remain practically unchanged.

The dissertation work contains five chapters.

In the first chapter "Features of the structure, electrical transport and
dynamics of magnetic flux in HTSC compounds of 1-2-3 system™ the available
literature sources on the structure and main physical properties of the compounds
YBa,Cus07.5 and Y1.,Pr;Ba;CusOr7s with different degrees of praseodymium doping
are systematized.

The chapter contains general information on the features of the structure,
electrical transport and dynamics of magnetic flux in compounds of the 1-2-3 system.
Data on the crystal structure and features of the defect ensemble of such compounds
are presented, an attempt is made to briefly analyze the available theoretical and
experimental results obtained in the studies of electrical transport, the effect of high
pressure, pinning and dynamics of magnetic flux in compounds of the 1-2-3 system.
The main questions that have not found their theoretical and experimental solution

are highlighted. The research problem is formulated.



The second section "Objects and methods of research' describes the
methods of synthesis of single crystals ReBa,CuszO7.; (Re =Y, Pr). Single crystal
samples were grown by the solution-melt method in gold and zirconium crucibles in
the presence of a temperature gradient. To obtain an orthorhombic phase with an
oxygen content close to stoichiometric, 6<0.1, they were annealed in a stream of
oxygen at a temperature of 4200C for three days.

Structural studies were carried out by X-ray diffractometry, electron and
optical microscopy. X-ray diffractometric studies were performed on a DRON-3M
apparatus in monochromatized Cu-Ka radiation. The unit cell parameters a, b and ¢
were determined by recording reflections from the (200), (020) and (006) planes,
respectively. The (006) reflection was recorded in Bragg geometry for reflection, and
the (200) and (020) reflections were recorded in Laue geometry for transmission. The
blockiness of the crystals was determined from the oscillation curves for reflections
from the (006) planes.

Samples for electron microscopy were prepared from single crystals that had
undergone X-ray diffractometric studies. Crystal thinning was performed in vacuum
by ion etching with argon atoms. The accelerating voltage of the ion gun was 104 kV.
The topology of the twin boundaries was studied on a MIM-7 optical microscope in
polarized light. In addition to X-ray diffraction, structural studies were carried out
using an electron microscope. Electron microscopy was performed on an EMR-100
AK microscope.

The electrical resistance was measured using the standard four-contact method,
and the anisotropy of the electrical resistance was measured using the Montgomery
method at a constant current from 0.1 to 10 mA.

The dynamics of the magnetic flux was studied by the transport method using a
special installation for resistive measurements with a variable orientation of the
magnetic field.

Hydrostatic pressure was created in an autonomous piston-cylinder chamber
with a fixed clamp. A dehydrated mixture of transformer oil and kerosene in a ratio

of 1:1 was used as the pressure-transmitting medium. To determine the pressure in



the chamber, a pre-calibrated manganin manometer was used, placed in the working
part of the chamber.

The sample temperature was determined by platinum and carbon thermistors,
as well as copper-constantan thermocouples.

The third section, “Conductivity anisotropy and metal-insulator transition
of Y1:Pr,Ba>CuzO7.5 single crystals with different praseodymium contents,”
presents the results of studies of the influence of praseodymium on the anisotropy of
the electrical p(7)/pan(T) of high-temperature superconductors Y1Pr,Ba,CusO7s. The
influence of Pr impurities on the conductivity anisotropy in this system is important
both for clarifying the nature of high-temperature superconductivity (HTSC) and for
Increasing its critical parameters.

The temperature dependences pan(7) and p.(7) in the normal state have linear
sections at high temperatures. Increasing the praseodymium content, z, leads to a
semiconductor shape of the pc(T) curves, but the pab(T) curves retain a linear section
for longer. A downward deviation from the linear course with decreasing temperature
indicates the appearance of excess conductivity. The critical temperatures, Tc, along
and across the basal plane are different, which is associated with the Friedel transition
in the 1-2-3 system, which consists in the suppression of transverse superconductivity
by the growth of ring Josephson vortices in a layered superconductor. This is possible
when the conducting subsystem breaks down into several regions with different T..
The breakup occurs during structural disordering due to doping of HTSC cuprates
with an inovalent impurity or changing the oxygen content, and leads to the
emergence of electrically neutral regions in the system - metallic and dielectric. In
this case, the conductivity of the sample is hopping with a variable hopping length,
and the resistance anisotropy is well described by the universal “1/2 law”.
Praseodymium-induced clustering of the sample can initiate a metal-dielectric
transition of the “Anderson” type. The curves pan(7) Ta p.(T) can be approximated
over the entire temperature range, taking into account the metallic, semiconducting,
and fluctuational conductivities. This allows us to determine the temperature
dependences of the anisotropy of the carrier scattering mechanisms at different z. An

increase in z causes a metal-dielectric transition, which always precedes the



superconducting transition, and a decrease in the transition temperature. The
difference in the conduction mechanisms along and across the layers emphasizes the
difference between cuprates and Fermi-liquid metals.

The fourth section, “Charge carrier scattering on phonons and fluctuation
electrical conductivity of YoeesPro:sBa,CuzO7-s under pressure,” presents the
results of experimental studies of the influence of high hydrostatic pressure up to 14
kbar on the conductivity in the basal ab-plane of medium praseodymium-doped
(x~0.34) single crystals of Y1,Pr,Ba,CuzO7.5. The obtained temperature dependences
of the electrical resistance of single-crystal YogsPro34Ba,CusO7_s in the normal state
(T < T <300 K) at different values of quasi-hydrostatic pressure (0 <P <1 GPa) are
approximated by the model of charge carrier scattering on phonons (Bloch-Grineisen
model) and defects. The temperature derivative of the resistance, dp(T)/dT, in the
normal state passes through a maximum (Tmax = 6/3, 0 is the Debye temperature),
which fully corresponds to the specified model. The superconducting transition leads
to the appearance of a low-temperature maximum at T = T.. The temperature of the
minimum that exists between these maxima is identified with the pseudogap opening
temperature, T*. T* increases with increasing hydrostatic pressure. Extrapolation of
the normal conductivity to the region Ts < T < T* allows us to calculate the
fluctuation conductivity, which is described quite accurately by the Lorentz-Doniach
model, taking into account the inhomogeneity of the sample. The baric dependences
of the parameters of the Lorentz-Doniach model show that hydrostatic pressure
contributes to the improvement of the sample structure. The presence of a high-
temperature maximum dp(T)/dT indicates the absence of a linear dependence of the
electrical resistance in the studied sample at T <300 K. The fluctuation conductivity,
obtained as the difference between the experimental resistance values and the values
extrapolated using the Bloch-Griineisen model, is described with good accuracy by
the Lorentz-Doniach model, taking into account the heterogeneity of the sample.
Hydrostatic pressure contributes to the improvement of the sample structure. The
pressure-induced evolution of the fluctuation conductivity in Pr-doped
Y 1-;Pr.Ba;CusO7-5 single crystals is likely to be determined by two processes: the

overall “three-dimensionality” of the system due to the change in the ratio between



the coherence length, &c, and the interlayer distance, d, and the shift of the Fermi
level relative to the density of states features. In contrast to the undoped and lightly
Pr-doped YBCO samples, the application of high pressure leads to a significant
increase in the pressure derivatives dT./dP Ta d&c/dP.

Section Five “Paracoherent Transition in Titanium-Doped YBaCuO
HTSC Compounds”. The influence of titanium impurities on magnetoresistance in
YBa,CuzO7.s ceramics in the region of transition to the superconducting state in a
constant magnetic field up to 7 T was investigated. It was found that in the immediate
vicinity of T, the phase transition is satisfactorily described by the three-dimensional
Aslamazov-Larkin model for superconducting layered systems. Applying a constant
magnetic field to samples YBa,CuzO;.s with a titanium impurity, in contrast to
similar, impurity-free samples, leads to a blurring of the additional paracoherent
transition on the temperature dependences of excess conductivity in the basic ab-
plane in the region of resistive transitions to the superconducting state. This may be a
consequence of the influence of volume pinning, caused by the presence of phase
inclusions in the structure of the experimental sample, which are formed when
titanium impurities are introduced. As a result, at temperatures below the critical
T<T., the dynamic phase transition of the vortex liquid - vortex lattice type is
suppressed and the transition of the vortex liquid - vortex "Bragg" glass is formed in
the system.

The main scientific results obtained in the work are as follows.

1. It was found that an increase in the praseodymium concentration in single
crystals of Yi,Pr,Ba,CuzO;; leads to the occurrence of carrier localization and a
change in the interlayer interaction.

2. It is shown that the temperature dependence of the electrical resistance
anisotropy pdpan(T), in contrast to Big YBa,CuzO7s, is well described by the
universal “law 1/2” for thermally activated jump conductivity.

3. Such a dependence indicates that the mechanism of carrier transport across
the layers is carried out by thermally activated jumps with variable length.

4. The exponent 1/2 indicates that the jump conductivity is one-dimensional,

and/or that the Coulomb interaction plays a significant role in transverse transport.



5. Increasing the degree of praseodymium doping in Y1.,Pr,Ba,CusO7.s samples
leads to an increase in the localization effects and realization in the metal-dielectric
transition system, which always precedes the superconducting transition.

6. Increasing the praseodymium concentration leads to a significant shift of the
Tmd transition point to a lower temperature range, which is probably due to an
increase in the share of the semiconductor contribution to the conductivity of the
experimental samples.

7. The experimental temperature dependence of the electrical resistance of the
single-crystal HTSC Y 66Pro3sBa,CusO7_5 in the normal state (and the derivative
obtained from it, dp(7)/dT fully correspond to the model of scattering of charge
carriers on phonons and impurities (Bloch-Griineisen model) in the range of
hydrostatic pressures 0—1 GPa.

8. The temperature dependence of the derivative, dp(7)/dT, clearly indicates
the absence of a linear dependence of the electrical resistance in the studied sample at
T<300 K, thereby indicating that only the Bloch-Griineisen model can be used to
extrapolate the "normal™ resistance to the region of fluctuation conductivity.

9. The pseudogap opening temperature in this case is the minimum temperature
dp(7)/dT, which increases with pressure.

10. The fluctuation conductivity, obtained as the difference between the
experimental values and the values extrapolated using the Bloch-Griineisen model, is
described with good accuracy by the Lorentz-Doniach model, taking into account the
iInhomogeneity of the sample.

11. Hydrostatic pressure contributes to the improvement of the sample
structure.

12. In the immediate vicinity of Tc, the FP is satisfactorily described by the
three-dimensional Aslamazov-Larkin model for superconducting layered systems.

13. Applying a constant magnetic field to samples YBa,CusO7.s with titanium
Impurity, in contrast to similar, impurity-free samples, leads to the blurring of the
additional paracoherent transition on the temperature dependences of excess
conductivity in the basic ab-plane in the region of resistive transitions to the

superconducting state.



14. The blurring of the additional paracoherent transition on the temperature
dependences of excess conductivity may be a consequence of the effect of volume
pinning, caused by the presence of phase inclusions in the structure of the
experimental sample, which are formed when titanium impurity is introduced.

15. At temperatures below the critical T< T, the dynamic phase transition of
the vortex liquid - vortex lattice type is suppressed and the formation of the vortex

liquid - vortex "Bragg" glass transition in the system occurs.

Keywords: YBaCuO single crystals, fluctuation conductivity, titanium doping,
pseudogap, twin boundaries, pinning, hydrostatic pressure, anisotropy, carrier

scattering, Bloch-Grineisen formula.



