AHOTAIS

Konicnux A. C. Oco0JMBOCTI BIVIMBY MATHITHOTO TOJISI, TACKY Ta Bigmauay
Ha NMCeBAOMIUIMHY Yy mJiBKax i MoHokpuctajgax REBa;Cuz07.5 (Re=Y, Ho) ta Y.

PriBa;Cuz07.5. — KBanidikariiiina HaykoBa mpaiis Ha rpaBax pyKOIUCY.

Hucepramiss Ha 3M00yTTS HAYKOBOTO CTyIeHs JoKTopa (Qimocodii 3a
cnemianpHicTIO 104 «®Di3uka Ta actpoHomis» (10 — Ilpuponnuui Hayku). Dizuko-
TEXHIYHUM 1HCTUTYT HU3bKUX TemrepaTyp iM. b.I. Bepkina HauionansHoi akamemii

HayK Ykpainu, Xapkis, 2026.

JucepraliiitHy poOOTy MPHUCBAYEHO JOCITIKEHHIO OCOOIMBOCTEH BIUIMBY Ha
dbyHIaMEHTaNIbHI €JIEKTPOHHI MPOIeCH, 10 (HOPMYIOTh HOPMaAIbHY Ta HAANPOBIAHY
(HIT) ¢a3u y Bucokoremmnepatypuux HaamposigHukax (BTHII), Takux 30BHIIIHIX
YUHHUKIB, K CHJIbHE MarHiTHE MoJjie, TIAPOCTaTUYHUKN THCK, JOBIOTPHUBAIHMH BiIIaj
(CTpyKTypHa penakcailis) Ta HasBHICTh MarHiTHUX JOMIINIOK y TOHKHX IUTIBKax 1

moHokpuctanax kynpariux BTHITI REBaCuO (Re =Y, Ho) ta YPrBaCuO.

Y Berymi ctuciio OOrpyHTOBAHO AaKTYaJIbHICTh TEMU JIUCEPTaLiitHOTO
JOCIIJKEHHSI, BU3HAYEHO OO0 €KT, MPEAMET, METy, OCHOBHI 3aBJaHHS Ta METOAU
JOCTIKEHb. BUKIameH0o HayKOBY HOBH3HY Ta C(QOPMYJIHOBAHO MPAKTUYHY
3HAUYMIIICTh OJIEpX)aHUX pe3ynbrariB. OKpiM TOro, HABEACHO BIJOMOCTI PO
ocoOUCTHI BHECOK 3/100yBaua, anmpoOailito poOOTH, myOiKalli 3a TeMOI JTucepTaii

Ta MOJaHO 3arajibHy 1H(OpMaIlito PO 0O0CAT 1 CTPYKTYPY pOOOTH.

Y nmepmomy po3aiiti  «OCHOBHI  BJIACTMBOCTI  JOCJII:KYBaHUX
HAANPOBITHUKIB (OrJIs1]1 JiTepaTypH)» IPoaHATI30BaHO Cy4aCHUM CTaH JOCIIIIKCHb
pe3uCTUBHUX, GIYKTyallliHUX Ta HaanpoBimHux BiactuBoctert BTHII cucremu
YBaCuO Ta cnopigHeHux crHoiyK. PoO3riasHyTo KpuCTaldiuHy CTPYKTypy Ta
0COOJIMBOCT1 €NEeKTPOHHOI KOoHirypamii kympaTiB. Oco0nuBYy yBary MpHIIJICHO
KpuTUIHOMY aHaiizy mpobiemu ncesaomiuau (I1HI). ¥V po3nini cucremMarn3oBaHo
HiIX0H 10 onucy Teopiit AciamaszoBa-Jlapkina (AJI) Ta Maki-Tomncona (MT), siki
JO3BOJISIIOTh ~ KUIBKICHO ~ OI[IHUTH  PO3MIPHICTh  (DIYKTyal[liHUX TMpOIECiB Ta

imenTudikyBatu Temneparypy 3D-2D kpocoBepa. OOIpyHTOBaHO 3aCTOCYBaHHS



mozeni JokanbHux nap (JIIT), sika mae 3Mory po3paxyBaTi TEMIEPATYPHY 3aJI€KHICTD
napamerpa Il Tta gocmiautu pexum kpocoBepa Bia bo3ze-EliHiTeliHiBCbKOT
KoHjieHcalii 1o Teopii bapaina-Kynepa-Illpiddepa. [Tokazano, mo maraitTee mosie B
reomeTpii B || ¢ € AecTpykTUBHHM (akTopom, IO MO3BOJISIE BUBYATH JTHUHAMIKY
BUXPOBOI IpaTku AOpHKOCOBAa Ta MEXaHI3MH MPHUTHIYEHHS (QIyKTyaliiHUX map.
JloCmiKEHO BIIMB BUCOKOTO TUCKY Ta BBEJICHHS MAarHITHUX JOMIIIOK, IO J03BOJISE
3MIHIOBAaTH MIDDKaTOMHI BiJICTaHI Ta JIOKaJIbHI MarHiTHI B3a€MOJIIi Ta BIIKPUBAE ILIAX
70 BHSIBJICHHS €(EKTIB MEPEepO3MOALTY 3apsiay Ta CTPYKTYPHOTO BIIOPSIKYBaHHS.
Takyum 4YMHOM, POBEJCHUM JIITEpaTyYpPHUI OTJIST MIATBEPIKYE, 110 JTUIIE KOMILIEKCHE
nocaipxeHHs [ crany 103Bojsie BUMTH Ha piBeHb NOOYA0BH (PI3UYHOI KApTHUHU

enekTpoHHux npouecis y BTHIIL.

Y apyromy po3aijai «O0’€KTH i MeTOAU eKCIEPUMEHTATBLHUX H0CTiIKEHb)
HABEJEHO OMNHUC TEXHOJIOT1M BUTOTOBJIEHHSA 3pa3KiB, MPOUEAYp iX MIATOTOBKU Ta
METOJUKH MPOBEJACHHS MPEIU31HUX PE3UCTUBHUX BUMIPIOBaHb. PO3risiHyTO mpoiiec
OTPUMAaHHS TOHKHX emniTakciiiHuX miiBok YBaCuO MeToa0M IMITyJIbCHOTO JIa3€PHOTO
HaAIlUJICHHS HA CIeliaJlbHl MOHOKpHUCTaNiyHl Miakiagku. OKpIM TOTO, OIMKMCAHO
pOLIEeTyPy BUPOITYBaHHS MOHOKPHUCTAJIIB KyIIPaTiB PO3UUH-PO3IIIABHUM METOJIOM Ta
cienindiky (GopMyBaHHS HHU3BKOOMHHMX €JIEKTPOKOHTAKTIB JJig 3a0e3leueHHS
KOPEKTHOCTI KJIACHYHUX YOTHPHU3OHIAOBHX PE3WCTHBHUX BUMIPIOBaHb y MarHiTHUX

MOJISIX Ta MiJ T1IPOCTATUYHUM TUCKOM.

HNocmipkerHss BinactuBocTed 11iBok  YBaCuO BukoHyBanmucs Ha 6a3i
aBTOMaTU30BaHOro Komiuiekcy Quantum Design PPMS-9 B ymoBax naii mocTiiiHuX
Mar”HiTHUX TOJiB. BHCOKa TOYHICTP BHUMIPIOBaHb JOJATKOBO TrapaHTyBaslacs
(dbopMyBaHHIM HU3bKOOMHUX KOHTAKTIB. OKPIM LIbOT'O, PO3KPUTO METOJIMKY BUBUCHHS
O0apuunux edekTiB y MoHokpucTanax Y PrBaCuO nifg ai€r0 BUCOKOTO TpOCTATUYHOTO
TUCKY. THCK TeHepyBaBCs B aBTOHOMHIM Kamepl THITY «OPIICHBb-IFUTHAPY. s
OIATPUMAHHS CUCTEMHM y CTaHl TEPMOJMHAMIYHOI pPIBHOBAard BHUMIPIOBAaHHS
IPOBOJMIINCS B PEKHUMI MOBIIBHOTO TEMIIEPATYPHOTO CKaHyBaHHsA. Tako 0coOIMBY
yBary B PO3JiJII MPHUAUICHO ONUCY MPOLEAYPHU CTBOPEHHS KOHTPOJILOBAHOIO CTaHY

KUCHEBOI HectexioMeTpii y MoHokpuctaiax HoBCO nuisixom — TepmidHOL



I[COKCI/IFGHaI_Iﬁ 3 TOJAJIBIIIUM MIBUAKUM 3arapTyBaHHAM O0 KIMHATHOT TCMIICPATypH Ta

HACTYITHUM KIMHATHUM BiATIAJIOM.

Y tperbomy po3aiji «BruiMB MarHiTHOro moJis Ha BJACTHBOCTI TOHKHUX
mwiiBok YBa;Cu3O7.5» mnpenctaBieHo pe3ynbTaTH JOCHIDKEHHS OCOOIMBOCTEH
TEMIIEPaTypHUX 3aJIEKHOCTEH MUTOMOrO OIMOpPYy, HAAJUIIKOBOI MPOBIAHOCTI Ta
epomomii Il B mmiBkax YBaCuO mig miero marditHoro moast g0 9 Tmn. Amxams
TPAHCIOPTHUX XaPAKTEPUCTHUK 32 BIJICYTHOCTI MOJIS I03BOJIUB BCTAHOBUTH HAasIBHICTD
MIMPOKOI0 TEMIIEPATYpPHOI'O 1HTEPBAILY JIHIHHOI 3aJIeKHOCTI ONOPY, BIAXWICHHS Bij
akoro mapkye temneparypy Binkputtsa [III[. Bcranosneno, mo MarHiTHe moje B
reomeTpii B || ¢ npuzBoauts a0 po3mmupenHs HII nmepexony, 1Mo cynmpoBOIKYy€ETbCs
3MEHIIEHHSIM  KPUTHYHOI  TeMIEparypd Ta  3pOCTAaHHSAM  MarHeToomnopy.
[TinTBepmKeHO, 10 He3BaKarouu Ha TpaHcdopmarllito onopy nobdausy HIT nepexony,
MAarHiTHe 1oJie Maii’ke He BIUIMBA€E Ha OMip MPU BUCOKUX 7, a TeMIiepaTypa BIAKPUTTS
1111 maiie He pearye Ha AiI0 MOJS, 110 CBIIYUTH MPO BUCOKY eHeprito 3B'sa3ky JIII.
[TIpoBeneno anami3z ¢ayKTyaiiHOI MPOBITHOCTI, PE3yJbTaTH SKOTO BKa3ylOTh Ha
CWJIbHE NPUTHIYEHHS (uIyKTyaliitHoro BHecky 2D-MT mij BIUIMBOM MarHiTHOTO IOJIS,

10 3yMOBJIIOE crieli(iuyHe 3pOCTaHHS JOBXKUHU KOTEPEHTHOCTI.

Briepiiie getanbHO JOCTIIKEH] MOJTHOB1 3aJI€KHOCTI IOBKUHU KOTEPEHTHOCTI,
snaueHHs [111], BumipsiHOTO TipU TemnepaTypi ['iH30ypra 1 mapamerpa ['iH30ypra, 1110
XapaKkTepu3ye MHUPHHY OOJacTi KpUTHYHHMX (QiaykTyamiil. BuseineHo, mo ui Tpu
napamMeTpu: JIIHINHO 3aJIeKaTh BiJI MOJIs, aJie BC1 3MiHIOIOTH Haxwi ipu 1 Ti. loBeneHo,
IO Taka MOBEAIHKAa OOyMOBJIEHA 3MIHOK MEXaHI3My B3a€MOJIi MarHiTHOTO MOJIA 3
BTHII. ¥V manux monsx mpaitoe mexanizm po3puBy HII map. [Ipu B > 1 Ta none
dopmye y BTHII aBoBumipHy pemriTky BUXOpiB AOPHKOCOBA, 3 SKOK MEXaHI3M
B3a€EMOJII  MOJS  BUSBIAETbCS  30BCIM  1HIMM.  OOIpyHTOBAaHO  SIBUIIIE
Mar”iTOIHAYKOBAHOI 130TpoIi3allii KynepiBchkux map. KinpkicHO nOBeneHO, IO Y
CWIbHUX TOJISAX B1IOYBA€ThCS CUHXPOHHA TpaHCQopMallisi TPOCTOPOBUX MacIilTadiB
HII crany: B TOH 4ac sik JOBXKHHA KOT€PEHTHOCTI B3/I0BXK OC1 ¢, 3pOCTa€ B ~ 3 pasH, B

IJIOIIHMHI ab BOHA 3MEHINYETHCS B ~ 3 pasm.



Y derBepTOMy po3aiji «BIUIMB riAPpOCTATHYHOI0 THCKY HA BJACTHBOCTI
MOHOKpHUCTATIB Y 1xPriBa:Cu3zO7.5» JOCHIIKEHO E€BOJIOIII0  TPAHCIOPTHUX
BinactuBocteit III] y seroBanux wmoHokpucrainax YPrBaCuO mig niero
rigpoctatuuHoro Tucky a0 1.1 TTla. BcranoBineno, mo ¢Gi3uyHe CTUCHEHHS
KPUCTAIIIYHOI IPaTKU MPU3BOJUTH /10 3MEHILIEHHS a0COMIOTHOTO 3HAYEHHS MUTOMOTO
omopy B OasucHii mmomuni ab. llel mporuec CynpoBOIKYETHCS 3POCTAHHAM
kputuyHoi Temneparypu HII mnepexomy. Ha ocHoOBI aHamizy poBeneHO, WIO
MEXaHI3MOM TaKHX 3MIH TPAHCIOPTHUX XAapaKTEPUCTUK € OapHYHO-1HAYKOBaHE
3pocTaHHs e(PEKTUBHOI I'yCTUHU HOCIIB 3apsay y MPOBITHUX IUIONIMHAX. 301IbIICHHS
KOHLEHTpaIli AIpoK, koMmrieHcye mnpurHiyeHHss HII, modaTtkoBo BHKJIMKaHE

MPUCYTHICTIO TapaMarHiTHUX 10H1B Pr.

['o0BHUM pe3yibTaTOM PO3JAUTY € BUSBICHHA Ta (Di3WyHE OOTPYHTYBaHHS
noBeiHku 1L 3anexxHO Bia TiAPOCTATUYHOrO TUCKY. Y POOOTI BIEplIe MOKa3aHO
3MIHY MEXaHI3My B3a€MOJIi MIX BUIBHUMHM HOCISIMH 3apsiy Ta JIOKaIl30BaHHUMHU
MarHiTHUMHU JepexkramMu Mg THUCKOM. 3'iCOBaHO, IO B OO0JacTi MajuX THUCKIB
cnoctepiraeThbes pizke nafainusg 3HaueHHs [, 1o 3yMoBiIeHo 6apuyHOI0 aKTHBAIIEIO
MardiTHUX Je(eKTiB, SKi MOYMHAIOTh BUCTYIIATH SIK JOAATKOBI IICHTPU PO3CISHHS,
pyinytoun JIII. HatomicTh, B 30HI cepeaHIX THUCKIB MEXaHI3M B3a€MOJIIi 3a3Hae
TpaHcpopMmallii: TIPOCTaATUYHUN THCK MOYMHAE JIATH K CTaOUII3yrouui (akrop,
HEUTpaTI3yIOul BIUIUB MArHITHUX JOMINIOK TMPa3eoguMy, IO TPU3BOAUTH O
BIIHOBJICHHST eHepreTuuHoro macimtady [II. [IpomemoHcTpoBaHo, 110 B 00JacTi
BUCOKHUX THUCKIB €JIEKTPOHHA MiJCHCTEMa MPOXOIUTh Uepe3 eTan MPOCTOPOBOTO Ta
Mar”HiTHOrO  BHOOPSAKYBAaHHS  JIOKaIbHMX MoMeHTIB  Pr. JloBemeHo  dakr
BIIOPSIIKYBAHHSI CTPYKTYpPH, IO MPOSIBISETHCS Y BIIHOBICHHI KJIACHYHOI (hopMu
TemiiepaTypHoi 3anexHocTti mapamerpa [1IL. Takum urHOM, pE3ynbTaTH KOMIUIEKCHO
UTIOCTPYIOTh 3/1aTHICTh BHCOKOTO TAPOCTAaTUYHOTO THUCKY NOJIATH
BHYTPIIIHBOKPUCTAJIIYHUIT MarHiTHUA Oe3majx 1 BIJHOBIIOBAaTH KOI€PEHTHHIA

[ICEBIOLIIJIMHHNI CTaH.

Y w’saromy po3aii «BIUIMB TPUBAJIOT0 BiNaJy HA BJACTHBOCTI TOHKHUX
wiiBok  HoBa;Cu3O7.5» BUCBITIIEHO pe3ynbTaTH  JAOCHIDKEHHS  JAUHAMIKH

penakcariiaux npoiecis Ta epodroiii [ crany B Monokpuctanax HoBaCuO mij gac



TPUBAJIOr0 KIMHATHOTO Bijanany. BcraHOBIEHO, IO MiCis TapTyBaHHS 3pa3Ku
nepeOyBalOTh Yy TEPMOJMHAMIYHO HEPIBHOBAKHOMY CTaHI 3 BHCOKUM pPIBHEM
KHCHEBOTO Ta CTPYKTypHOTO Oe3nany. [IpoBenenns cepii BuMiptoBanb npotsroMm 120
TrOJIMH BUTPUMKHU TPHU KIMHATHIN TeMmepaTrypi JA03BOIWIO 3aikcyBaTH CTaIIMHICTh
TG y31HHOTO TIePEPO3MO LTy JablTEHOTO KUCHIO. EKCTIepuMEeHTATBHO TATBEPIKEHO,
110 BIIOPSIKYBaHHS KHCHEBOI MiCUCTEMH ITPU3BOAUTH 110 romoreHizarnii HIT maTpwuii,
IO TPOSIBISETHCS y 3MEHIIEHHI OMOpY, 3POCTaHHI KPUTHUYHOI TEMIIEpaTypu Ta

3BY’KE€HHI IIMPUHU PE3UCTUBHOTO NEPEXOAY.

HaykoBa HOBM3HAa pe3yNbTaTiB pO3MITY TMOJSITa€ y BHIBICHHI O3HaK
dbopmyBaHHs XBuUJb criHOBOi IutbHOCTI y IIII crani. Bmepmre 3adikcoBano
TpaHchopMaIliro BUCOKOTeMIeparypHoi acuMmnToTd mapamerpa [III: y mpomeci
BiJINAJTy KpyTHU3HA Haxwity rpadiky 3pocia B ~3.5 pa3u HOPIBHIHO 3 BUX1THUM CTaHOM.
[Tokazano, 10 Takuii XapakTep MOBEeAIHKH Kopentoe 3 MarHiTHUMuU HII Ha ocHOBI
FeAs, mo no3BoJisie 1HTEpHpETyBaTH LIeM e€PeKT SK HACTIJOK CHUJIBHOI JIOKaIbHOI
MmarHiTHOi B3aemojii JIIT 13 BenukuM Mar"HiTHUM MoOMEHTOM 10HIB Ho B ymoBax
BITOPSIIKOBAHOT KUCHEBOI TpaTkh. OOTpYHTYBaHHS IMX PE3yJbTaTiB peali3oBaHO
MOPIBHSHHSAM E€KCIIEPUMEHTAIbHUX KpHuBHUX 13 Teopiero [litepca-bayepa. [loBeneno,
IO BHOPSAKYBAaHHS CTPYKTYpU TiJ 4Yac BIJNANy CYINPOBOKYETbCS 3POCTAHHAM
ryctuan  JIII, mo € TPUYUHOIO CHOCTEPEKYBAHOTO 3POCTAHHS KPUTHIHOL
TemrepaTypu. TakuM UYHHOM, 3aCTOCOBaHA METOJMKAa BIANATy JI03BOJUIA
EKCIIEPUMEHTAJILHO PO3MEKYBATH BIUIUB CTPYKTypHOTO Oe€3imaay BakaHCId Ta
cTabUT3yI0YMii BHECOK BHYTPIITHROTO MAarHETU3MY 10HIB TOJBMiI0 Ha (POPMYBaHHS

xorepentHoro [ crany.

Takum YWHOM, pe3yiabTaTH JUCEpTaIiiiHOT PoOOTH, OTpUMaHI Ha OCHOBI
IPOBEICHOI0 KOMIUIEKCY EKCIEPUMEHTAIIBHUX JOCIII)KEHb Ta TEOPETUYHOIO aHATI3Y,
BCTAHOBJIIOIOTh HU3KY 3akoHOMipHOcTer eBomrorii [l cramy, dmykryamiitaoi
IIPOBIIHOCTI Ta MEXaHI3MIB claprOBaHHsA HOCIIB 3apsaay B Kynparaux BTHII cucremax
YBaCuO, YPrBaCuO ta HoBaCuO mnia BIjMBOM 30BHIINIHIX (PAKTOPIB (CHJIBHOTO
Mar”iTHOTO MOJIsl, BUCOKOTO T1IPOCTATHYHOIO THCKY Ta CTPYKTYPHOI peakcarii).
Po6oTta Mae Baxk/IMBe 3HAUEHHS JIJIs1 PO3BUTKY (PYH/IaMEHTAJIbHUX 3HAHb MO0 (P13UKH

BTHII 1 cyrreBo mornmubOmioe cydacHi ysaBieHHs mnpo mnpupoay Il crany Ta



MEXaHI3MU HaANpoBigHOro craproBanHs y kynpatHux BTHIL Tlopsin 3 muwm,
pe3yibTaTH MarOTh 1 MPAKTUYHE 3HAYEHHS, OCKUIKM BUSBIIECHI €()EKTH KEpyBaHHS
KPUTUYHUMHU TIapaMeTpaMH HAJANPOBITHUKA 3a JOMOMOTOI0 MArHITHOTO IIOJIS,
BHCOKOT'O THCKY Ta CTPYKTYPHOI peJiaKcallii BiIKpUBaIOTh HOB1 TEXHOJIOT1UHI MUISAXHU
JUTSL IUJTECTIPSAMOBAHOIO MOIIYKY Ta CUHTE3Y MareplaiiB 13 MIJBUILIEHOK KPUTUYHOIO
TEMIIEPaTypPOIO MUIIXOM MaHIMYJSAII] BHYTPIIIHIMA CTPYKTYPHUMH MapaMeTpamu Ta
IYCTUHOIO HOCIiB 3apsayKiouoBi clioBa: BUCOKOTEMIEpAaTypHa HaJIIIPOBIAHICTD,
MICEeBAOIIUIMHA, (IyKTyalliiHa MPOBIIHICTb, MOJENb JIOKAJIbHUX Map, eMmiTaKCiiiHi
IUTIBKH, IMITyJIbCHE JIa3€pHE HAIMWICHHS, MarHiTHe Iosie, mapameTrp [1H30ypra,
130Tpormi3anis KylnepiBCbKUX Map, BUXPOBUU CTaH, TIAPOCTATUYHHUI THCK, OapuyHa

MOX1/IHa, MarHiTH1 Ae(eKTH, BIJIaj, TyCTUHA HOCIIB 3apsay, CTPYKTYpHa pejlakcarlis.

KitouoBi cioBa: HaAMpPOBIJIHICTh, BHCOKOTEMIIEPATypHI HAJMPOBITHUKH,
TOHKI TUTIBKH, TICEBJOILLIMHA, QIIyKTyalliiHa IPOBIIHICTh, BUXOp AOPUKOCOBA, €(EeKT
JI>xo3ecoHa, TiApOCTaTUYHUN THUCK, HEBIOPSAKOBAaHI HAANPOBIIHHMKH, PO3MOALI

KOHIICHTpAIIi1, HAJIIPOBITHA ITIJTMHA, TUTOMUM SICKTPUIHHUI OITip.
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ABSTRACT

Kolisnyk A. S. Features of the influence of magnetic field, pressure, and
annealing on the pseudogap in films and single crystals of REBa;Cu3;07; (Re=Y,

Ho) and Y1«PriBa;Cuz07.5. — Qualifying scientific work on manuscript rights.

The thesis to obtain a Doctor of Philosophy degree in the specialty 104 -
“Physics and astronomy”. — B.I. Verkin Institute for Low Temperature Physics and

Engineering of the National Academy of Sciences of Ukraine, Kharkiv, 2026.

The dissertation is devoted to studying the features of the influence of such
external factors as a strong magnetic field, hydrostatic pressure, long-term annealing
(structural relaxation), and the presence of magnetic impurities on the fundamental
electronic processes that form the normal and superconducting (SC) phases in high-
temperature superconductors (HTSC) in thin films and single crystals of cuprate

HTSCs REBaCuO (Re =Y, Ho) and YPrBaCuO.

The introduction briefly justifies the relevance of the dissertation research
topic, and defines the object, subject, purpose, main tasks, and research methods. The
scientific novelty is stated, and the practical significance of the obtained results is
formulated. In addition, it provides information on the personal contribution of the
applicant, the approbation of the work, publications on the topic of the dissertation, and

presents general information about the volume and structure of the work.

In the first chapter, "Basic properties of the investigated superconductors
(literature review)", the current state of research on the resistive, fluctuation, and
superconducting properties of HTSCs of the YBaCuO system and related compounds
i1s analyzed. The crystal structure and features of the electronic configuration of
cuprates are considered. Special attention is paid to a critical analysis of the pseudogap
(PG) problem. The chapter systematizes approaches to describing the Aslamazov-
Larkin (AL) and Maki-Thompson (MT) theories, which allow for a quantitative
assessment of the dimensionality of fluctuation processes and the identification of the
3D-2D crossover temperature. The application of the local pair (LP) model is justified,
which makes it possible to calculate the temperature dependence of the PG parameter

and investigate the crossover regime from Bose-Einstein condensation to the Bardeen-



Cooper-Schrieffer theory. It is shown that a magnetic field in the B || ¢ geometry is a
destructive factor, which allows studying the dynamics of the Abrikosov vortex lattice
and the mechanisms of suppression of fluctuation pairs. The influence of high pressure
and the introduction of magnetic impurities is investigated, which allows altering
interatomic distances and local magnetic interactions, paving the way for the detection
of charge redistribution and structural ordering effects. Thus, the conducted literature
review confirms that only a comprehensive study of the PG state allows reaching the

level of constructing a physical picture of electronic processes in HTSCs.

In the second chapter, "Objects and methods of experimental research", a
description of the sample manufacturing technologies, their preparation procedures,
and the methodology for conducting precision resistive measurements is provided. The
process of obtaining thin epitaxial YBaCuO films by pulsed laser deposition onto
special single-crystal substrates is considered. In addition, the procedure for growing
cuprate single crystals by the solution-melt method and the specifics of forming low-
resistance electrical contacts to ensure the correctness of classical four-probe resistive

measurements in magnetic fields and under hydrostatic pressure are described.

Investigations of the properties of YBaCuO films were performed using the
automated Quantum Design PPMS-9 system under the influence of DC magnetic
fields. The high measurement precision was additionally guaranteed by the formation
of low-resistance contacts. Furthermore, the methodology for studying pressure effects
in YPrBaCuO single crystals under high hydrostatic pressure is disclosed. The pressure
was generated in an autonomous piston-cylinder type cell. To maintain the system in a
state of thermodynamic equilibrium, the measurements were carried out in a slow
temperature scanning mode. Also, special attention in the chapter is paid to describing
the procedure for creating a controlled state of oxygen non-stoichiometry in HoBCO
single crystals by thermal deoxygenation with subsequent rapid quenching to room

temperature and further room-temperature annealing.

In the third chapter, "Influence of a magnetic field on the properties of thin
YBaxCuzO7.5 films", the results of investigating the features of the temperature

dependencies of resistivity, excess conductivity, and the evolution of the PG in



YBaCuO films under a magnetic field of up to 9 T are presented. Analysis of the
transport characteristics in the absence of a field made it possible to establish the
presence of a wide temperature interval of linear resistance dependence, the deviation
from which marks the PG opening temperature. It was established that a magnetic field
in the B || ¢ geometry leads to a broadening of the SC transition, which is accompanied
by a decrease in the critical temperature and an increase in magnetoresistance. It is
confirmed that despite the transformation of the resistance near the SC transition, the
magnetic field has almost no effect on the resistance at high T, and the PG opening
temperature almost does not react to the action of the field, which indicates a high
binding energy of LPs. An analysis of the fluctuation conductivity was performed, the
results of which indicate a strong suppression of the 2D-MT fluctuation contribution
under the influence of a magnetic field, which causes a specific increase in the

coherence length.

For the first time, the field dependencies of the coherence length, the PG value
measured at the Ginzburg temperature, and the Ginzburg parameter, which
characterizes the width of the critical fluctuation region, were studied in detail. It was
found that these three parameters linearly depend on the field, but all change their slope
at 1 T. It 1s proved that such behavior is caused by a change in the mechanism of
interaction of the magnetic field with the HTSC. In small fields, the SC pair breaking
mechanism operates. At B > 1 T, the field forms a two-dimensional Abrikosov vortex
lattice in the HTSC, with which the mechanism of field interaction turns out to be
completely different. The phenomenon of magnetically induced isotropization of
Cooper pairs is substantiated. It is quantitatively proved that in strong fields, a
synchronous transformation of the spatial scales of the SC state occurs: while the
coherence length along the ¢ axis increases by ~3 times, in the ab plane it decreases by

~3 times.

In the fourth chapter, "Influence of hydrostatic pressure on the properties of Y-
«PrxBa;Cuz07.5 single crystals", the evolution of the transport properties of the PG in
doped YPrBaCuO single crystals under hydrostatic pressure up to 1.1 GPa is
investigated. It is established that the physical compression of the crystal lattice leads

to a decrease in the absolute value of the resistivity in the ab basal plane. This process



1s accompanied by an increase in the critical temperature of the SC transition. Based
on the analysis, it is proved that the mechanism of such changes in transport
characteristics is the pressure-induced increase in the effective charge carrier density
in the conducting planes. The increase in the hole concentration compensates for the
suppression of superconductivity initially caused by the presence of paramagnetic Pr

1ons.

The main result of the chapter is the discovery and physical substantiation of
the PG behavior depending on the hydrostatic pressure. The work shows for the first
time a change in the interaction mechanism between free charge carriers and localized
magnetic defects under pressure. It is found that in the region of low pressures, a sharp
drop in the PG value is observed, which is caused by the pressure activation of
magnetic defects that begin to act as additional scattering centers, destroying LPs. In
contrast, in the intermediate pressure zone, the interaction mechanism undergoes a
transformation: hydrostatic pressure begins to act as a stabilizing factor, neutralizing
the influence of praseodymium magnetic impurities, which leads to the restoration of
the PG energy scale. It is demonstrated that in the high-pressure region, the electronic
subsystem passes through a stage of spatial and magnetic ordering of local Pr moments.
The fact of structural ordering is proved, which manifests itself in the restoration of the
classical shape of the temperature dependence of the PG parameter. Thus, the results
comprehensively illustrate the ability of high hydrostatic pressure to overcome

intracrystalline magnetic disorder and restore the coherent pseudogap state.

In the fifth chapter, "Influence of long-term annealing on the properties of thin
HoBa;Cu30O7.5 films", the results of studying the dynamics of relaxation processes and
the evolution of the PG state in HoBaCuO single crystals during long-term room-
temperature annealing are presented. It is established that after quenching, the samples
are in a thermodynamically non-equilibrium state with a high level of oxygen and
structural disorder. Conducting a series of measurements over 120 hours of holding at
room temperature allowed recording the staging of the diffusive redistribution of labile
oxygen. It is experimentally confirmed that the ordering of the oxygen subsystem leads

to the homogenization of the SC matrix, which manifests itself in a decrease in



resistance, an increase in the critical temperature, and a narrowing of the resistive

transition width.

The scientific novelty of the chapter's results lies in the detection of signs of the
formation of spin density waves in the PG state. The transformation of the high-
temperature asymptote of the PG parameter is recorded for the first time: during the
annealing process, the slope of the graph increased by ~3.5 times compared to the
initial state. It is shown that this type of behavior correlates with magnetic SCs based
on FeAs, which allows interpreting this effect as a consequence of a strong local
magnetic interaction of LPs with the large magnetic moment of Ho ions under the
conditions of an ordered oxygen lattice. The substantiation of these results is realized
by comparing the experimental curves with the Peters-Bauer theory. It is proved that
the ordering of the structure during annealing is accompanied by an increase in the LP
density, which is the reason for the observed increase in the critical temperature. Thus,
the applied annealing technique made it possible to experimentally separate the
influence of structural vacancy disorder and the stabilizing contribution of the internal

magnetism of holmium ions on the formation of a coherent PG state.

Thus, the results of the dissertation work, obtained on the basis of the conducted
complex of experimental studies and theoretical analysis, establish a number of
regularities in the evolution of the PG state, fluctuation conductivity, and charge carrier
pairing mechanisms in cuprate HTSC systems YBaCuO, YPrBaCuO, and HoBaCuO
under the influence of external factors (a strong magnetic field, high hydrostatic
pressure, and structural relaxation). The work is of great importance for the
development of fundamental knowledge regarding HTSC physics and significantly
deepens modern understanding of the nature of the PG state and the mechanisms of
superconducting pairing in cuprate HTSCs. Along with this, the results also have
practical significance, since the discovered effects of controlling the critical parameters
of a superconductor using a magnetic field, high pressure, and structural relaxation
open up new technological pathways for the targeted search and synthesis of materials
with an increased critical temperature by manipulating internal structural parameters

and charge carrier density.
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