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VYV poGoTi mOCTIIKEHO BIUIMB BiANMAMIOBaHHS NPHU KIMHATHIA Temreparypi Ha enekTpoorip y ©a3osiii ab-mioumni p(T)
moHokpuctaiie ReBaxCuzO7.5 (Re =Y, Ho) 3 Hecrauero kucHio. BeTaHOBIICHO, IO 3HIDKEHHS BMICTY KUCHIO B MaTepialli BUKIHKAE
(ba3oBy cerperaitifo, 10 CYIPOBOKYEThCS AUQYy3i€to abiibHOT KOMIIOHEHTH Ta CTPYKTYPHOIO peliakcaliero B 00’emi 3paskiB, 110
MATBEP/KYE KIFOYOBY POJIb KUCHEBOTO Ae(INUTy y BU3HAUEHHI CTPYKTYPHHUX Ta IEKTPOQI3HIHNX BIACTHBOCTEH IINX MaTepialiB.

BinnamoBanus MoHokpucraniB ReBa:CuszO7.s npu KiMHATHIM Temmeparypi 3a yMOB pi3HOro AeiluTy KMCHIO NPHUBOAUTH JIO
po3uIMpeHHs iHTepBany HiHilHOT 3anexHocTi p(T) i 3ByXKEHHs TeMIepaTypHOi ALIAHKY, 1€ peanizyerbes ncespontimmuani ([THT)
pexum. Lle migkpeciioe BaIIHBICTh KHCHEBOI KOHIEHTpalii y (opMyBaHHI €JIeKTPOHHOI CTPYKTypu Marepiaiy. HamimiikoBa
MIPOBIJHICTE MiKOPSIETHCS SKCIOHEHIIAIBHIM TeMIepaTypHill 3aJIeXXHOCTI B ITMPOKOMY IHTEpBaJi TEMIEPATyp, IO CBIAYHUTH IIPO
HasBHICTh HeMiHIHUX edekTiB. TemMmepaTypHa 3aJIe)KHICTh ICEBAOIIUINHN 00pe OMUCY€eThes B paMkax Teopii kpocosepa BKIII-BEK,
IO MiATBEPJDKY€ iICHYBaHHS IEepeXxoly MiXK JBOMA peKMMaMH ITOBEIIHKY B MaTepiati.

3amina itpito Ha ronemiii (Re = Ho) BrmsmBae Ha posnozin 3apsay B CuO-mIioniHax, o IPHBOIUTH 1O PO3YMOPSIKYBaHHS B
KHCHEBIH mifgcucremi. lle Bukimkae 3MiHE B €IEKTPOHHIH CTPYKTYpi, SIKi MPOSBISIOTHCS 3MIIIECHHSIM TEMIICpaTypHUX IUITHOK, IO
BIAIMOBIAAIOTH MEPEX0JaM BUIY MeTal-AieleKTPHK Ta peanizallii ceBaomianHaol anoMatii. TakuM 4HHOM, pe3yabTaTh JOCIIHKESHHS
JIEMOHCTPYIOTh, 1[0 KOHTPOJIb KHCHEBOTO BMICTY Ta XiMIUYHOTO cKiaxy MoHOKpHCcTaniB ReBaxCusO7-5 € eeKTHBHUM IHCTPYMEHTOM
JUTSL YIPABITiHHSA iX eNeKTpOo(i3nYHUMH BIaCTUBOCTSIMH.

OTpuMaHi 3HAYEHHS KOPOTKOIIOYMX MIXATOMHUX IIOTCHIIaiB TAaKOX MOXYTh OYTH BHKOPHCTAHI IUISI CHCTEMAaTHYHOTO
JIOCTIDKEHHSI KOMIUIEKCHOT TOBEIIHKH Ta XiMii 1e(eKTiB y UX MaTepialiaXx Ha aTOMHOMY pPiBHi. BUKOpHUCTaHHS TEXHIKA MOJCTIOBAHHS
B3a€MO/IIT KPUCTANIIYHOT I'PaTKH, Tak 3BaHOi «atomic scale techniquesy», 103BoJsie HE TUIBKH YCIIIIHO BU3HAYaTH €MIIPUYHI HUIIXH
moJinmeHHs (Pi3UKO-TeXHIYHUX MapaMeTpiB pi3HHUX pigkicHo3emenbHUX okcuaiB (P30), ane i mepeBipsATH aJeKBaTHICTh YHCICHHIX
TEOPETHYHHUX JIOCIIHKEHB, 110 TPOBOJATHCS OCTAHHIM 4acOM.

Knruoei cnosa: monoxpucmanu ReBa>Cu3O7.s5, 6i0nanioganHs, cmpykmypHa peiakcayis, 1abiibHull KUCeHb, NCe80OWLIUHHA
aHomanis, nepexio Meman-oieleKmpux, CynymHi OKCUOU.
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JI. O. Ilawenxo, O. JI. Yuxina, P. B. Bosk

BCTYII

B ocraHHi poku OfHi€l0 3 IOMIHYIOUMX Bepciit
BunukHeHHs [Ill[-anomanii y BHCOKOTEMIEpaTypHUX
Haanposigaukax (BTHII) €, Tak 3Bana, kj1acTepHa MOAEITH
[1, 2, 3]. Tak, HanpuKIa], y HENABHIM TCOpPETHYHIN POOOTI
[1] ©yno BcraHOBNEHO, IO KpUTHYHA TemrepaTtypa T i
TeMIlepaTypa BiIKpUTTS TCEeBAOMIUIMHU T* y cromyi
YBa;CuzO7.5 0IHO3HAYHIUM YHHOM IIOB'SI3aHi 3 pO3MipamMu
HA/IMPOBITHUX KJIACTEPIB, YTBOPCHUX 10HAMU KHCHIO, IO
¢dopmyrots HeratusHi U-tieatpu (NUC), BiAmoBiaipHi 3a
reHepariito  HOCiiB y  cnomykax. Ilpm  1mpomy
CTBEPIUKYEThCS, IO  CHOCTEpPEXyBaHAa B  PI3HUX
EKCIICPUMEHTaX TICEBJIOIIUIMHA € Hi YUM IHIINM, SIK Ti€0
K HaIMPOBIITHOIO HIUIMHOIO, alle BUHHUKAE mipu T > T B
pe3ysbTaTi BEMWKUX (UIYKTyaIlii 4mciia 4acTHHOK MiXK
napauM piBHeM NUC i kucHeBoi 30Hot0 [1]. [Ipu mpomy
nependavaeThCs, MO MpU 3MEHIICHHI PiBHS JOITyBaHHS
KHUCHEM CEpeIHii po3Mip KIacTepiB 3MEHIIYEThCS 1
BigHOCHI aykryanii 3acenenocti NUC B 1ux Kiactepax
HApOCTAIOTh, 1[0, B CBOK Yepry, NMOBUHHO BUKIUKATH
3poctannsa T* i samwkenns T [1]. ¥ po6oTi [2] B pamkax
JTIOMIIITKOBOTO MEXaHi3My BHUCOKOTEMITEPATYPHOL
HAJMPOBITHOCTI B MPUIYIICHHI, [0 B 00JIACTI, MPIICTITIH
no HaampoBimHOi (asm 3 OOKy JMOMiHTY, MEHIIe
ONTHMAILHOTO  (TICEBAOUIUIMHHOT 00JacTi), iCHYIOTh
KIHIICBI HAJIPOBINHI KJIACTEPH, a MexXa HaIIpOBITHOI
¢asu BIiAMOBIiZa€ TOpPOTY ICHYBaHHS HECKIHUEHHOTO
HaJIpOBITHOTO KiacTepa, Oyia oTpuMaHa BEpXHS Mexa
NICEBOIIIIMHHOTO CTaHy SIK (QYHKUis AomiHry. Y poborti
AbpukocoBa  [3] 3pobieHo  cnpoOy — HOSICHUTH
TICEBIONIITMHHNMA CTaH HAa OCHOBI Teopii MepKosmii B
MPUITYIICHHI, 10 JOBXHHA KOTEPEHTHOCTI MPOMOpIIiiiHA
T* — T. Cepen excriepuMEHTaILHUX POOIT, TPUCBIICHUX
[IbOMY IUTaHHIO, CJIi/I Bil3HAYUTH EKCIIEPUMCHTH, B SIKUX
kmactepy B BTHII cnocrepiramucss 3a J0IOMOTOIO
CKaHyI0uoi TyHeNbHOI crekTpockomii [4, 5], a Takox
pobotu [6-9], mNpHCBAYCHI IOCITIHKEHHSIM IPOIECIB
KHCHEBOTO ymOpsAAKyBaHHSA. OHAaK, HE3BaKar0uW Ha
3HAUYHUI HAaKONMYEHWH JITEpaTypHHUH Marepiai, Joci He
0 KIHIS SICHUMH 3ajIMIIAIOThC K camMa INpUpoJa
CTPYKTYPHHX KIIACTEPHUX aHOMAJiH, Tak 1 MeXaHi3Mu ix
¢dopmysanns y BTHIL

Haii0inpmr mepCcneKTHBHUMHU JUI  JOCHIDKCHHS B
IbOMY THTaHHI € crionyku Y Ba;CuzO7.5. Lle oOymoBieHo
HU3KOI0 TIPHUYMH: T HAANPOBITHHK MAa€ BHCOKY
KPUTHYHY TeMIepaTypy 1 Halikpanly TOKOHECy4y
3IaTHICTh B CHJIBHHUX MArHITHHUX MOJISX; MOKHA BiTHOCHO
JIETKO OTPUMATH OJHO(A3HI KepaMidHi Ta JIUTI 3pa3Kku; iX
(i3U4HI BIACTUBOCTI, Y TOMY YHCII 1 HAATIPOBIIHI, MOXKHA
JICTKO 3MIHHTH, Bapiroroud KuUcHeBuHd iHmekc O [10] abo
JIETYBaHHSM; € MOXIIUBICTb OTPUMYBATH BHCOKOSKiCHI
MOHOKPHCTAJIM BIJHOCHO BEIWKHX po3MipiB. OcTaHHS

oOcTaBrHA Mae BHpIIIAITBEHE 3HAYCHHA I
(hyHIaMEHTaNbHHUX JTOCTIKESHb.
CyKyITHICTh JTOCITi HKCHD pi3HHX GbizmaHIX

BrnacTuBocTeld cmonyk YBa,CuzO7.; [10-14], mokasye
HAsBHICTh B HHX HEPIBHOBA)XXHOTO CTaHy IIPH IOCHTH
3HauHI Mipi gedinUTy KHCHIO, IO MOXe OyTn
IHIYKOBAaHO 32 IOMIOMOTOI0 JOKJIAJaHHS BUCOKOTO THCKY
[11-14] abo cTpubkomoaioHO1 3MiHK TeMmepatypu [10] i
CYIIPOBOIKYETHCSI TIPOIECAMH CTPYKTYpHOI peakcartii.
Ile, B cBOrO uepry, MOBHHHO BimoOpakaTucs Ha HU3II
(GI3MYHUX BIACTHBOCTEH HAINPOBITHUKA, Y TOMY YHCII

€JICKTPOIIPOBITHOCTI.
Hackinbku HaMm BiIOMO, JO TEMEPINIHBOTO Yacy B
JiTepaTypi MIPAKTUIHO BiJICYTHI naHi mpo

EKCIIEpUMEHTAIIBHI JIOCIIPKEHHS BIUIMBY II€PEPO3NOILTY
mabUIPHOTO KHCHIO B HEpPIBHOBO)XHOMY CTaHi (IIpH
(ikcoBaHIli KOHIIEHTpamii KHUCHIO Yy 3pa3ky) Ha I[III-
aHoMmallito B cucteMi 1-2-3 mpw 3amiHi iTpit0o Ha iHIII
pinko3eMenbHI eneMeHTH. BpaxoByroun BuieckaszaHe, y
bOMY PO3IiJi OyJl0 TPOBENEHO AOCTI/HKEHHS BIUIUBY
Mepepo3NoAiay JabiIbHOTO KHCHIO Ha  KPUTHYHY
TEMIIepaTypy 1 TNCEBIOIIUIMHY B  MOHOKpHCTanax
ReBa,Cuz07.5 (Re = Y, Ho) cmibHO HEI00MOBaHHOTO
CKJIaTy.

Y migpo3nini 1 HaBegeHo JTEpaTypHi JAaHI TIpo
XapakTep  Iepepo3NoAiTy  JIaOLIbHOI ~ KOMIOHEHTH,
IHAYKOBAaHOTO 30BHINIHIM BIDIMBOM. Y Tiapo3gim 2
BHKJIAJIAIOTHCS  OPHTIHANBbHI ~ aBTOPCBKI  pPe3yNbTaTH
JIOCHI/DKEHHST 0COOJNMBOCTEH pelakcalii M0310BXXHBOTO
eNEKTPOOIIOPY ~ CHJIBHO  HEJNOJONOBAaHHUX  KHCHEM
moHokpuctariB ReBa,CuzO7.5 (Re =Y, Ho) y mpormeci ix
BiZMany Ipu KIMHATHHUX TeMmeparypax. Y miaposnimi 3
PO3IIISAIAETHCS ATOMICTHYHE MOAEIOBaHH Andys3ii Li * B
Y203 1 cynyTHIX OKCHIIaX.

1. llepepo3noais 1adiJILHOr0 KHUCHIO i eBOJIOLIfA

Pe3UCTHBHUX XapaKTePUCTHK MOHOKPHUCTAJIIB
YBa:Cu30O7-; y npoueci ix TepM000poOKH NPU HU3bKUX
TeMIepaTypax

JocmimpkeHHs HaanpoBigHux [1-7] i onTuyaux [8— 9]
BJIACTUBOCTEH 3arapTOBaHMX BiJl BHUCOKHX TEMIIEpaTyp
MoHokpucTaniB Y Ba;Cu307.5 3 nediuntom kucHio 6 = 0.5—
0.6 mokasaiu, 1O Il BIACTUBOCTI 3aJIe3KaTh HE TIILKH BiJ
BEITMYMHN KUCHEBOTO 1HIIEKCY, a H BiJ 9acy ix BiAmamy mpu
KiMHaTHIH Temneparypi. Tak, HampwKIan, BiAmanm mpu
KIMHATHHX TEMIepaTypax MPU3BOAUTE A0 301UIbIICHHS
KpUTUYHOT TemrmepaTypu T, sKe, 3aJIeKHO BiJl BETUUUHU
KHCHEBOTO iHACKCY, MOXe aocsratu 3HadeHHs AT, ~ 15 K
[6-7].

OnTHyHi  JOCHIKCHHS MOKa3yrTh [8—9],
mporeci  Bigmasly Tpd  KIMHATHIA — TemmepaTypi
CIOCTEpIraeThCsl  30LTBIICHHS  BIJOWBHOI  3IATHOCTI
MOHOKPHCTAIIIB, SKE ABTOPH IOSICHIOBATH 3POCTAHHIM
KOHIIEHTpAIlii HOCIiB CTpyMYy.

HetitpoHnorpadiuni mocmimkeHHs [5] KepaMiyHUX
3paskiB  YBa,Cu3O75, 3araproBaHux Bij TemIepaTypu
773 K, cBimuaTh mpo 3MiHy HapaMeTpiB I'paTKu y Tporieci
Bilmanxy 3pa3kiB Mpu KIMHATHIA TemmepaTypi: BCi

mo B
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rapaMeTpy KpUCTATIYHOT I'PaTKH 3MEHITYIOThCS (prc. 1), a
CTyHiHb OpTOpOoMOidHOCTI (@-b) — 30inbIIyeTHCS (pHC. 2).
ITpn poMy, ofHAK, HE CHOCTEpIraeTbesl ICTOTHOI 3MIiHM
koedimieHTa 3amoBHEHHs KHCHeBUX mosunin y Cu-O
IUTOLIMHI y3/10BXK ocei a i b. OCHOBHI 3MiHM KPUTHYHOT
Temrepatypu (puc. 2), mapaMeTpiB KpUCTAIIYHOI TpaTKu
(puc. 1) Ta BIiZOWBHOI 3MaTHOCTI y TMpoIeci Bignary
CIIOCTEpIraloThcsl Ha  IMOYATKOBIM  cTamii  Bigmay:
npubim3Ho 85% BiN 3arajgbHOl BENIMYMHU 3MIHH [HX
XapaKTEPUCTHK peasli3y€eThCs IIPOTSITOM IepLIo] TO0H.

BrumiB Bigmanmy npu KiMHATHHX TeMIiepaTypax Ha
KPUTHYHY TEMIICPaTypy, KOHIICHTPAI[II0 HOCIiB CTPyMy Ta
Ha 3MiHy IIapaMeTpiB PpeIIiTKH KHUCHEBOJC(IIUTHUX
3paskiB YBa,Cu3O7.5 iHTEpIIPETYETHCS YIOPSIKYBAHHAM
aTtomiB kucHIO y momuHi Cu-O 6e3 3MiHM BMICTY KUCHIO
y 3pasky. IIpu npomy BuHHMKAae Tpu OUTaHHS: (1) uum
0OyMOBJIGHO  30UBIIICHHS  KPUTHYHOI  TeMIepaTypu
(YrmopsimkyBaHHSIM ~KHCHIO a00 3MIiHOIO TlapaMeTpiB
KPHCTAJIIYHOI pemriTkn); (2) B obnacti SKUX 3HAYECHb O
peanisyeTrbcsi ynopsakyBaHHs; 1 (3) sKkuii Xapakrtep
YIOPSIKYBAHHS Ta SKUH XapakTepHUW MacImTad IbOTro
BIIOPSITKYBaHHS.

Bigomo, mo camMe aHOMAaIbHO BEIUKE 301IbIICHHS
KpUTUYHOI Temnepatypu HaamnpoBigauka LaBaCuO mpu
BILTUBI TigpoctatnyHoro tucky P, dT./dP = 0.64 K/x6ap
[15], cTumymoBasi0o TOIIYK HOBUX HAINPOBIAHUKIB, Yy
sikux mrapu Cu-O 30imKeHi 3a paXyHOK "BHYTPIIITHBOTO
THCKY", OOYMOBIIEHOTO MaJHMM paJiycoM 1iOHIiB, SKi
pO3AUIAIOTE I mapu. Y HaampoBimHUKY YBarCu3O7.s
Oapu4Ha IOXiHA KPUTHYHOI TeMIlepaTypH He MOCTilHa i
3aJIeXKHUTh Bix iHACKCY O. [Ipm boMy BenMYMHA TOXiTHOT
MakcumaibHa mpu 6 = 0.4—0.5 i cranoBuTs (0.1+1) K/kbap
[16-18]. Tomy He3HAYHE 3MEHIIEHHS MapaMeTpiB IPATKH
y TIpoleci HH3BKOTEMIIEpAaTypHOTO Bigmaly MOXe
MPU3BECTH IO ICTOTHOTO  30UTBIICHHS  KPUTHYHOI
TemrepaTypu. 3 iHImoro OOKy, aBTOpH poboTH [6]
MOB'sI3YI0TH 301UIbIICHHS T came 31 3MiHOIO JIOKAIBHOTO
OTOYEHHS aTOMiB Mifi y tuiomuaax Cu-O, sike Ipu3BOIUTH
JI0 TIEPEPO3IOITY 3apsay B IUX IUTONIMHAX.

JlocmipkeHHsT  BIUIMBY  KHCHEBOTO  IHJEGKCY Ha
30IMBIICHHS  KPUTHYHOI  TEeMIlepaTypu y  Tpoleci
HU3BKOTEMIIEpATypHOTO Bimmany [7] Tmokaszano, 1o
BesimunHa AT 3MEHIIY€eThCS 31 3SMEHILEHHSIM O, a IPH & ~
0.2 HisKuX 3MiH BenmmyuHU T, y mporeci Bignmairy He
croctepiraiocb. HeoOXimHO OJHaK 3a3HAYWTH, IO
BenmuuHa T HE Yy TIHBa 10 3MiHH KUCHEBOTO 1HJCKCY MPH
6<0.2 [6], i; ToMy; WHTaHHI TMPO MOXKIHUBICTH
MIepPepOo3MOAiITy KHCHIO y 3a3HAYCHOMY IHTEpBaJli 3MiHU O
BUMarae J10JaTKOBHX JOCIiIKEHb.

Crpykrypa YBa,Cu3Or5 mpu 6 = 0 XxapakTepu3yeTbest
HasBHIicTIO Cu-O maHIroXKIiB, ToOTO KucHEBI mo3uilii O
(1) moBHicTIO 3anoBHeHi, a mo3uiii O (5) BakauTHi. [Ipu
nedimuri kucHIO & =~ 0.5 CTpyKTypa XapaKTepu3yeTbes
MTOCJTITOBHUM YEpTryBaHHSAM JIAHITIOXKKIB, Y SKUX KHCHEBI
no3uttii O (1) MOBHICTIO 3alIOBHEHI, 1 JIAHITIOXKKIB, y SKHX

no3uttii O (1) BakaHTHI.
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TeMIieparypi st 3arapToBanoro 3paska Y Ba;CuzOg 41.

Fig. 1. Dependence of the unit cell volume and
parameters on the annealing time at room temperature
for the hardened sample YBa,Cu3O¢.4i.

Peamizamiss BHOPSAAKOBAaHUX CTPYKTYpP TaKOTO THITY
MOXIIMBA TPH  CTEXIOMETPUYHOMY  CIIiBBiTHOIIEHHI
KOHIICHTpallil KucHIO 1 BakaHcii [19-20], ske B
HaBeJCHWX  Npukimagax  gopiBaroe  1:0 i 1:I.
ExkcriepumenTansHi  AOCHIDKEHHS  pi3HUX  (PI3WIHHMX
BiacTuBOCTeH 3paskiB YBaCuzO7.5 3 nediuuToM KUCHIO
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6 ~ 0.4 no3Bomwm aBTOpaMm podotm [21] oOrpyHTYyBaTH
VSBJICHHS TPO HAANPOBITHUN KIIACTEP, CTPYKTypa SKOTO
OnM3pka 0 BIOPSAKOBAHOI TPH  CIIBBIAHOLIEHHIX
KOHIIEHTpAaIlil KUCHIO 1 BakaHciH piBHUX 5:1,4:1,3:112:1.
Hanpukian, BBaxxaeThCsl, 0 MPH CITIBBITHOMICHHI 5:1 Ha
KO’)KHOMY IIIOCTOMY JIaHIIOKKY KucHeBi mosumii O (1)
BaKaHTHI, a B IHIINX JaHII0O)KKaX BOHU 3aiHSITI.
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temriepatypu T. Bil uacy Bigmajxy NpHM KiMHATHIN
TeMIieparypi mjis 3araproBaHoro 3paska YBa,CuszOea4i.
KpuruuHy Temmneparypy BU3HAYAIH 110 TOYATKY MPOSIBY
JIaMarHiTHOTO BiTYKY.

Fig. 2. Dependence of the difference (b-a) and the
critical temperature Tc on the annealing time at room
temperature for the hardened sample YBa,Cu3Os.41. The
critical temperature was determined by the onset of the
diamagnetic response.

Ipu HECTEXIOMETPHYHOMY CHIBBiJHOIICHHI
KOHIIEHTpaIid KHCHIO 1 BakKaHCii MOXJIuBe abo
PO3YTOPSAKYBaHHS B CHCTEMi KHCEHb-BakaHcis, abo
BUHHMKHEHHS CyMimi BropsigkoBaHux ¢as-kmacrepis. Lle
MHUTAHHS 3QJIMIIAETHCS BIAKPUTHM.

PesympTatm  pobiT [8]

BKa3ylOTh Ha iCHYBaHHSI

BIIOPSIIKOBAHOTO CTaHy IpH KIMHATHIA TeMImepaTypi.
OpHak  MacmTad  yHOpSOKYBaHHSA, OTPHUMAaHUN 3
Heifrponorpadiurux nocmimkens (=30 A), Ha mopsagok
BENMYMHM MeHIme 3HaueHHa 300 A, orpumanoro 3
OoNTHYHMX JociimpkeHb [9] (amB. puc. 3). Cuix Takox
Bi[3HAYUTH MOXJIHMBICTh 3MIHH CTaHy KHCHEBOL
MICKCTEMH TPU HHU3bKOTEMIIEPATYPHOMY 3arapTyBaHHI
Bix Temmeparyp T.= 100+300 K. JJochimkeHHsS BIITUBY
rapTyBaHHSI Ha CJICKTPOOIIp 1 KPUTUYHY TEMIICPaTypy
3paskiB 3 Tc =~ 91 K [22] cBimuuth mpo 30umbimeHHs T i
3MEHIIEHHS IUTOMOTO €JIEKTPOOIIOPY p B IUIOMIMHI (a,b).
Benmuuna 3minu T i p 3anexana sk BiJf BeTUUUHU T,, TaK
i Bix wacy Burpumku npu T, Otpumani pesyibraru
aBTOPH IHTEPIpPETyBAIH MiKpOAU(y3iHHUM MeXaHi3MOM
(dbopMyBaHHs CTaHy IPATKH 3 MiJBUIICHUM 3HaYCHHIM T.
XapakTtep 3MiHH p 3aJICKHO BiJl BEUYHHU T, CBITYUB PO

PO3YTIOPSIIKOBAHICTh  BHXIJHOTO  CTaHy  KHCHEBHX
BaKaHCIH 1 iX MogaibpIe BIOPSAKYBaHHS.
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Puc. 3. Cepennst noBxuHa JaHIIOKKIB B YBa,CuszOe s
(3amrrpuxoBaHi kibls) i YBa,Cu3Og.6 (TOpOXKHI KibLIs)
K (DYHKIIS 3BOPOTHOT Temneparypu [9].

Fig. 3. Average length of chains in YBa>Cu3Os 5 (shaded
circles) and YBa»CusOg (open circles) as a function of
inverse temperature [9].

Cri TakoX 3a3HAYUTH, IO MPH PE3UCTUBHUX BHEMipax
nepexing go III-pexxuMy TpOSBISETHCS B OLIBII
MIBUIKOMY, HIK JIHilHE, magiHHL BEJTUYNHHI
enekrpoornopy B Oasucuiit mwrommHi p(T) (mosiBH Tak
3BaHOI HAJUIMIIKOBOI IPOBIXHOCTI) TpPH  3HWKEHHI
TeMIepaTypy HIKYE JESIKOTO XapaKTepPHOTo 3HaueHHs T,
sike cnoctepiraetbest y BTHII-3paskax HeI010moBaHOTO
ckiany. OCKIIBKH €JICKTPOOIIpP TAKUX CIONYK BEIbMH
YYTIAUBUHN JI0 CTaHY KHCHEBOI MiJICHCTEMH, ITEPEPO3ITOILT
7abUIbHOT KOMITOHEHTH TIIOBUHEH BiZoOpaXkaTUCS Ha
temnepatypaux 3anexHoctsax p(T). Hackinekum Ham
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BiIOMO, J0 TEMEpilIHBOTO dYacy B JTepaTrypi He
myOJTiKyBasIHcst pe3yibTaTu EKCTIEPUMEHTAIBHUX
JOCITIKCHB BIUIUBY NEPEPO3NOALTY J1a0lIbHOTO KHCHIO B
HEpIBHOBOXXHOMY CTaHi (Ipu (QikcoBaHill KOHICHTpAIlii
KUCHIO Yy 3pa3Ky) Ha [1l1l-aHomaiiro B cuctemi 1-2-3.

2. Peqakcanisi  mo3a0B:KHbOI  mpoBigHocTi i
TeMIepaTypHa  3aJIeKHICTh  NCeBIOUIITMHM B
HecTexioMeTpuuHux MoHokpucTadax ReBa:CuzO7-s
(Re=Y, Ho)

Sk yxe Oyyo 3a3HA4YCHO, MPU BUMIpax €IEKTPOOTIOPY
nepexin go Illl-pexxumy nposiBiIseTbcs B OUIBII

LIBUAKOMY, HIX JiHIHHE, MMaaiHHi BEJINYHHHA
enekTpooriopy B OazucHiin twrommHi p(T) (mosBu Tax
3BaHOi HAJUIMIIKOBOI TPOBIAHOCTI), TpW 3HIKEHHI

TEMIepaTypH HIKYE JSSIKOTO XapaKTepHOro 3HavyeHHs T*
(BepxHBOI MEXi TCEBAOIIUIMHHOTO cTaHy) [23-28]. V¥V
Hamii HemaBHiA poOoti [28] mochimKyBaBCsS BILIUB
BiNay MpH KiMHATHHX TEMIIEpaTypax Ha Ha/JIHIIKOBY
MPOBIHICTH 0e31BIHHNKOBOTO MOHOKpHCTaNa
YBa;Cu;07.5 3 MauM BiIXMJICHHSAM BijJ cTeXioMeTpii 3a
kucHeM. [Ipu mpomy Oyno BUSIBIEHO, IIO Y Tporeci
BiJiIIaJTy P KIMHATHUX TEMIIEPATypax MPOTATOM OJIH3BKO

4OoTUpPHOX  Ai0  BimOyBaeTbcs — 3arajabHe  BiJHOCHE
pO3IMIMPEHHsT 00JIacTi  iICHYBaHHS  TICEBJIOUTiITMHHOTO
pexuMmy, a aOCONIOTHA  BEJIMYHMHA TICEBIOUIUTMHU

3MeHIIyeTbess mpubmmsao Ha 10%. Pasom 3 1HM, 3
ypaxyBaHHSIM BUIIECKA3aHOTO, HaRO1IBIIT
iHQOPMATHBHUM BHIA€THCS BUBYCHHS caMe 3pasKiB 3i
3HMKCHUM BMICTOM KHCHIO, OCKUIBKM II¢ HE TUIBKH
JO3BOJISIE TIPOSICHATH PO 1 BINIAB CTPYKTYPHOI
penakcarii Ha (OpPMYyBaHHS  MCEBJOIIIJIMHHOIO 1
HAQJMPOBITHOTO CTaHIB, ale W Jae HAM MOXIHUBICTB
MOJICJTIOBAHHS TNPOBITHUX XapaKTEPUCTHK 1 KPUTHIHUX
rapameTpiB HAAMPOBiTHHUKA.

Sx Bimomo, 3amiHa Y IHIIUMH PiIKO3EMEIBHUMHU
eleMeHTaMd (32 BHHATKOM TMpa3eoauMmy) y  pasi
ONTHMAIILHO JIOTIOBAaHWX KHCHEM 3pa3kiB [29], He
3YMOBIIIOE  ICTOTHOTO  BIUTMBY Ha  HAAIpPOBiIHI
BJIACTUBOCTI. 3 iHIIOro OOKy, UL 3pa3KiB 3 HeQilUTOM
KHcHIO, i0H Re (Re = Nd, La) 3 BenmnkuM pagiycom BeIbMH
ICTOTHO BIUIMBaE Ha po3momin 3apsmy Mk CuO-
IUTOIIMHAMHY Ta €(DEKTUBHY B3a€MOJIII0 B HANIPSMKY OCi a
[30], THM caMuM CTHEMYITIOIOYH PO3YTIOPSAAKYBAaHHS KUCHIO
B naHIroxkkax CuO. [Ipu mpomy y cnonmykax ReBa,CuzO7.
5 (Re — pinkicHo3emenbHU 10H) Re Moxe ciyxutn sk
JATYNK, Yy TIUBUH J0 JTOKATBHOI CUMETPIi HOTO OTOYCHHS,
0, B CBOIO 4Yepry, BIUIMBA€ Ha KPHCTAJIYHE TOJIe i
po3moin minbHOCTI 3apsiay. KpiM 1iboro npu 3amiHi iTpito
Ha IHII PiTKO3EMENbHI €JIEMEHTH 3 BCIUKUM 10HHUM
pamiycoMm BinOyBaloThCs 3HAYHI  fAKICHI 3MiHM B
sanexHocTAX Te(d). Ile, B cBOIO wepry, crpusie TOsIBi
HOBHX HE3BHYAWHUX BHIIB HAACTPYKTYp, HAMPHUKIAL, TaK
3BaHO1 “herringbone” B pasi cmomyku ReBa,CuzO75 3
Re=Nd, La npu 6 ~ 0.5 [14]. OcobnuBwmii iHTEpEC, Y

IIOMY aCIIeKTi, BUKJIMKAE 3aMiHa iTPif0 Ha TOIBMIi, KW
Mae JTOCUTh Benukui (6inmbme 10 ) MarHiTHUH MOMEHT,
110 3a0e3Mnedye napaMarHeTH3M CHOJIYKH Y HOpMalIbHOMY
crani [29]. [Ipore, 51K 1 y BUNAaAKy iHIINX PiAKO3EeMEIbHUX
€JIEMEHTIB, TIpH 3iMCHEHHI 3aMiHM Y Ha MapamarHiTHi
ionm Re = Ho, Dy HammpoBimHi BJIACTUBOCTI CIOIYK
ReBa,CuzO7.5 mpu 6 < 0.1 He 3MIHIOIOTHCS ICTOTHUM
guHOM [29]. Ile, MaOyTh, MOB'I3aHO 3 JOKATI3aIi€I0 IUX
10HIB JaJeKo BiJ HAANMPOBIIHUX IUIONIWH, IO, B CBOIO
4epry, MepenIKo/PKae YTBOPEHHIO NATbHROTO MAarHITHOTO

TIOPSIIIKY.

MoHoKpHUCTAIN ReBa;Cuz07.5 (Re=Y, Ho)
BUPOIIYBAJIM 33 PO3YMH-PACIUIABHOIO TEXHOJIOTIEI0 B
3010TOMy  Turai. [l TpoBemeHHS — PE3UCTHBHUX

BUMipIoBaHb Oymm BimiOpani Tpu kpucramm KIl, K2
(YBa;CuzO75) 1 K3 (HoBa;CuszO75). Enexrpuani
KOHTaKTH CTBOPIOBAJIM 33 CTaHAAPTHOIO 4-X KOHTAKTHOIO
CXEMOI0 IIJISIXOM HaHecEeHHs cpiOHOT MacTH HA TOBEPXHIO
KpuCTajia 3 TIOJAIBIIUM  MIKITIOYEHHSIM  CpiOHHX
npoBigHMKiB  miamerpom 0.05 MM 1 TpUrOAMHHHM
BiamanoM npu Temreparypi 473 K B armocdepi kucHio.
Taka nporieypa 103BOJIsIIIa OTPUMYBATH TIEPEXiTHHUM OTTip
KOHTaKTiB MeHIre ogHoro Oma i TpOBOJUTH PE3UCTUBHI
BUMIPIOBaHH ITPH TPAHCIIOPTHUX cTpyMax 10 10 MA B ab-
IUTOLIVMHI. BUMIpIOBaHHS TPOBOIMIN B PEXUMI Iperdy
TeMOepaTypu TpH JABOX HNPOTHICKHUX HANMPAMKax
TPAaHCIIOPTHOTO  CTPyMY JUIA BHUKJIIOYEHHS BIUIUBY
[apasuTHOTO  CHTHANTy. TemmepaTypy  BHMIpIOBAIN
IUTATHHOBAM TEPMOPE3UCTOPOM, HAIpPyTy Ha 3pasKky i
3pa3KoOBOMY OIOpi — HaHOBOJbTMeTpamu B2-38. [lani 3
BOJITMETPIB yepes inTepdeiic aBTOMAaTHYHO
nepenaBaiics Ha KoMmm'torep. Kputuany temmepatypys
BH3HAUYaJH B TOUI MakcuMyMy Ha 3anexHocTsx dp(T)/dT
B 00]acTi HAIIPOBIMHOTO WEPEXOAY 32 METOTUKOIO
[23, 28, 33].

JIost 3MEHITIeHHsT BMICTY KHCHIO 3pa3Kd BiJaTIOBaIH
nporsirom jao6um mpu Temmeparypi 953 K i 963 K
(YBa;Cu307.5) i 873 K (HoBa,Cu3O75) B armocdepi
noBiTps. [licisa Biagmamy KpUCTATX OXOJIOKYBAIH JIO
KIMHATHO1 TeMIIepaTypH MpOTAroM 2—3 XB, BMOHTOBYBaJIH
Y BHMIpDIOBAIBHIA KOMIpII 1 OXOJIOJUKYBAIM IO
TeMIlepaTypu pinkoro azory mporsrom 10-15 xB. Vci
BHMIpIOBaHHS TPOBOJIMIIM Ha BimirpiBaHHi 3paszka. s
JNOCTIUKCHHS ~ BIUIMBY  Bigmaly Tpd  KiMHATHIH
TemrepaTtypi 3paszok, micias mnepmoro Bumipy p(T),
BUTPUMYBAJIN MPOTATOM JEKIIBKOX TOJUH TP KiMHATHIH
TEMIIepaTypi i TPOBOJMIN MOBTOPHI BUMiproBaHHs. Taka
npoleaypa MoBToploBaiacs Kinbka pasiB. OctaHHS cepis
BHMIpIOBaHb OyJ1a POBEACHA MMiCIIs T0IaTKOBOT BUTPUMKH
3pa3ka Mpy KIMHATHIH TeMIepaTypi mpoTsAroM 5 1mio.

2.1. Penakcaniss HOpPMAJIBHOIO e€JIEKTPOONOpPY |

eBoJoLlis  ¢GopMHM  pPe3UCTHBHHMX  IIepexoiiB y
HOPMAJIbHUH CTaH
TemneparypHi  3aJIeHOCTI eJIEKTpoOTIopy 1
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pesuctuBHi mepexomd B YBaCuzO75 1 HoBayCuszO7.s
no3HaueHi kpuBuMu | Ha puc.4. Kpusi 1 BuMipsHi
Oe3rocepeHbO MICIIs TOHMKEHHS TEMITEpaTypH, a KpUBi 2
i 3 — micias TOeTarmHOro Bigmanxy TMpH KIMHATHHUX
TemrepaTypax npotsrom 20 roauH i 5 116, BiamosigHo, 0e3
3MIHM BMICTY KHCHIO B 00’€Mi eKCIIEpUMEHTAJIbHUX
3pasKiB.

BuaHo, 1110 KpUTHYHI TEMIIepaTypH, 10 BU3HAYAIOTHCS
TI0 CepeIMHI HaAPOBITHOTO Nepexoy, AopiBHI0I0TE 40 K
i 45 K s nepmoro ta apyroro i 71 K mis tpersoro
kpuctams. Ilicns mepmoro Bumipy 3anexHocterd p(T)
3pa3KH BIAIrpiBajM 10 KiMHAaTHOI Temriepatypu. Uepes 20
TOAWH TPOBOAWIN TIOBTOPHE BUMIpIOBaHHS (KpuBi 2).
Bunno, mo gepe3 20 TOQWH MIC/IS BUTPUMKH 3pasKiB Mpu
KIMHATHIH TemrepaTypi iX eJeKTpooIip 3HHW3UBCA, a
KpUTHYHA Temreparypa 3pocia. [licis mnomamemiol
BUTPUMKH 3pa3KiB MPU KIMHATHIA TeMIIepaTypi IpoTsITroM
3 nmi6 enexTpoomip BHXOIWB Ha HacW4YeHHS (KpuBi 3).
YacTuHy KpuBHX Ha pHc.4 He BKazaHo, MO0 He
YCKJIaJHIOBATH 3arajbHy KapTHHY.

Cuiz 3a3HaYUTH, [0 3MEHIICHHS BMICTy KHCHIO, KPiM
moHmkeHHs1 Tc, TPU3BOAUTH N0 TpaHCPopmamii Gopmu
sanexnocreir p(T), sika BHpakaeTbcs B IEpexoi BiX
KBa3iMeTaJeBOi TIOBEIIHKM KPUBUX, XapaKTepHOI s
ONTHMAIILHO JIOMOBaHHMX 3paskiB [23, 28, 31], no
3aJeKHOCTEH 3  XapaKTepHUM  TEPMOAKTUBALIHHUM
nporuHoM. [Ipu mpoMy y kpucraia Kl miHifiHa minsHKa
p(T) wHe cmocrepiraiack y BChOMY
JIOCITIPKEHOMY HaMHM iHTepBaJli TEMIIepaTyp, a y KpUCTAIIiB
K2 i K3 — 3Ha4HO 3By3wyiacs y MOPiBHSAHHI 3 ONTUMAIBHO
JIOTIOBAaHMMH KHCHEM 3pa3kaMu. BoxHowac BuaHO, 110 B
Mipy 30iTbIICHHS 4Yacy BiAmaly BilOyBa€eThCS iCTOTHE

3aJI€)KHOCTI

po3mupeHHs JiHiiHOoI AinsHky 3anexHocTi p(T) B oGmacTi
BHCOKUX Temmeparyp. OcTaHHE
3HW)KEHHI BEJIMYMHM Temmeparypu T%, mpu skid
MTOYUHAETHCSI CHUCTEMaTHYHE BiJIXWJICHHS
EKCIIEPUMEHTAILHUX TOYOK BHU3 BiJI JTIHIHHOT 3aJ1€5KHOCTI
(puc. 4 (c)). 3rigHO i3 Cy4JacHMMH VSBICHHsIMH T*
BiJINIOBiJJa€ TeMIIepaTypi BIJKPHUTTS ICEBIOUIUIMHU [23—

BimoOpakaeTbcs Yy

26]. 3 BIANMOBIMHUX BCTABOK JO pHUC.4 BUIHO, IO
HAANPOBITHUNA Tepexin 3pa3kiB Ha KpuBHX | y BCIiX
BUIIAJIKAX MA€ SICKPaBO BUPAXKCHY CTYIIHYACTY (opmy,
sKa MOMITHO 3TJIaJPKYETBCSl B Mipy Binnany. [Ipu mpomy
CJIII 3a3HAYMTH, 1[0 BCI OCHOBHI 3a3HA4Y€H] BHILE 3MIHU
BiIOyBaIOTHCS MPOTITOM MEPIIOi JOOH Bimamy.

3MeHIICHHS €JIEKTPOOTIOPY npu KiMHATHIH
TeMIIepaTypi Micls IIBHIKOTO OXOJIO/KEHHS KPHUCTAJiB
Binx Ttemmepatyp 873-973 K wmoxe OyTH BHKINKAaHO
JIEKiITbKOMA MPHYUHAMHU. 3 OJHOTO OOKYy — perakcaliero
TEPMOMEXAHIYHUX HANPYXKCHb, IO BHHUKAIOTH IPU
IIBUIKOMY OXOJIOKEHHI.

Sk BiOMO, penakcaiis Halpy»eHb B MOHOKPHCTAJIaX
YBa;Cu,075 JIOIIOMOT' 010
NBIMHUKYBaHHS. Biactanp MiXk IBIHHKaMU CTaHOBHTH
10°-10* A. JlosxuHa

3I1ACHIOETHCS 3a

BUTLHOTO TMpoOiry HOCIIB Yy

CTEX10METPUYHUX 32 KHCHEM 3pa3KaX OIIHIOETHCS PiBHOIO
50-500 A [32], a B kucHemedimMTHUX 3pa3Kax BOHA IIE
MEHIIIE.
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6azucHiit ab-rutontuHi p(T) monokpucranis Y Ba,CusOr.
5 (a,b) 1 HoBaxCu307;5 (¢). Ha BimmoBigHMX BCTaBKax
MOKa3aHi Pe3UCTUBHI TIEPEX0IN B HAIIPOBITHUH CTaH.

Fig. 4. Temperature dependences of electrical resistance
in the basic ab-plane p(T) of single crystals YBa;Cu3O7.5
(a, b) and HoBa;Cu3O7.5 (¢). The corresponding insets
show resistive transitions to the superconducting state.

ToMy 3MEHIIIEHHSI €JeKTPOOIIOPY CKIIATHO IMOSCHUTH
penakcariero TepMOMEXaHI YHUX HANPYKEHb, OCKUTBLKH, K
BUJIHO 3 pHC. 4, 3MiHa €JEKTPOOIOPY MOXE OCSTaTH
40 %. KpiM TOro MOXIMBICTP BHHHKHEHHS 1CTOTHHX
TEPMOMEXaHIYHUX HAMPYXKEHb BHIAETbCS CYMHIBHOIO,
BpPaxOBYIOUM Majli pO3MIpH JIOCHIPKYBaHMX 3pasKiB
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(2x05x0.05 wmM®). 3 immoro 60Ky, HaHOiNBII
IMOBIPHOIO IPUYMHOIO 3MEHILIECHHS EJIEKTPOOIIOpY MOXKe
OyTH Tmepepo3moail JadiIbHOTO KHCHIO B IUIOIIMHAX
Cu(1)-0(1). Hampuxnan, HEBIIOPSIKOBAHHHA
BUCOKOTEMITepaTypHHii posnoin aromis O(1) 3miHIOETBCS
BIIOPSIIKOBAHMM PO3IOJIIIOM ITPH HU3BKUX TEMITEpaTypax.
Take TOSCHEHHS BHUIAETHCS  JOCTOBIPHUM,  SIKIIO
BpaxyBaTH BHCOKHH 3JTMITKOBUN €IIEKTPOOTIp KPUCTATIB
3 neiUTOM KHUCHIO, SIKUH CBIAYUTH PO BEJIMKHHA BHECOK
B €JIEKTPOOHIp PO3CitoBaHHSA Ha Ae(eKTax CTPYKTypH i
BenuKy ioro 3miny (mo 40%) y mporeci BuXomy Ha
HacwyeHHS. [lpy  mbOMYy  IIBHIKICTH — pelakcamii
€JIEKTPOOIIOPY ICTOTHO 3aJjieKalla Bif TeMIlepaTypH, IO
CBIMYUTHh TIPO TEPMOAKTHBAIIMHUI XapakTep MpoIecy
penakcartii.

2.2. TepmoakTuBauiiiHa
nceBJOLIiTHHA

Sk 3a3Havanocs BUINE, i3 TMOPIBHSIHHS (HOPMH KPUBUX
ONTUMAJILHO JOoMoBaHHUX [23, 28] Ta HEmoJ0MOBaHHUX
KHCHEM 3pa3KiB BHIUIMBAE, IO 3HUIKEHHS BMICTY KHUCHIO
NPU3BOJNUTE JI0 TEPeXOJy BiJ KBa3iMETaJIEBOTO XOIy
sanexsocreil p(T) 1o 3anmexHOCTEH 3 XapaKTepHUM
TePMOAKTHBALIHHUM MpoTWHOM. BoamHouac, y pasi
kpuctana K3, kpiM EKCHOHEHIIWHOT TUISTHKK (iCTOTHO
O By3bkoi mopiBHsHO 3 Kpuctamamu K1 i K2) mpn
MOJAJIBIIIOMY 3HIDKEHHI TEMIIEpaTypH CIOCTEPIiracThes

NpoBiAHICTH Ta

cucrematnyHe BiaxwmwieHHs p(T) Bix miHIIHHOT 3aI€XKHOCTI,
o, SK 3a3Hayajiocsi B IIONEPEAHBOMY pO3AiTi, MOXe
CIy’)KUTH JOCTOBIPHOIO O3HAKOIO peaiizamii B cHCTEMI
Mepexoay MeTall- IieJIeKTPUK «aHAEPCOHIBCHKOTOY» THITY.

JlilicHo, sK TIOKa3aB TMPOBEACHUI aHai3 HalluX
EKCIICPUMCHTATBHUX JaHUX, B O0JIACTI TEMIIEPATYp, B AKIiH
CHOCTEPIraeThest CUCTEeMAaTHYHEe BIAXMJICHHS
EKCIIEPUMEHTAILHUX TOYOK BijJ JIIHIKHOI 3aJIeKHOCTI B
koopauHaTax In[p/T] — 1/T, Hami kpuBi mocuTh n00Ope
ONHCYIOTHCS 32 JOMMOMOTOK aCHMITOTHYHOI 3aJIC)KHOCTI
Buay: 1/pT"3 (BcraBska ji0 puc. 5 (¢)).

Sk 3a3Hayasnocs pasimie, mepexi AHAEPCOHa MOXe
peani3oByBaTHCS TaKOXX 1 B pEYOBMHAX, L0 HE €
aMop(QHUMH, ajie BOJHOYAC BOJOIIIOTH IEBHUM CTYIICHEM
HEBIIOPSIIKOBAHOCTI. Y crHoJiykax cuctemu 1-2-3 poitb
Takoro Qakropa MoOXe TpaTH  pPO3YHOPSIKYBaHHS
nabipHOT KoMIIOHeHTH [28, 33, 31].

VY npoMy BHIIAJIKY HAC [iKaBUTh MUTAHHS, SKUM YHHOM
BHUIIICBKA3aHI OCOONMBOCTI MOXYTh OYTH TIIOB's3aHi 3
nposiBom [1ll[-anomanii, mpo sKy Houiocss y BCTYHHIH
JacTHHI poOOTH.

3rigno 3 [34], mosy I (abo MiHIMyMy HIiJIBHOCTI
CTaHIB) MO>KHA OYiKYBaTH B pas3i, SIKIIO CMyTa NPOBiJHOCTI
1 BAJIGHTHA CMyTa y CIOJYIIi cJIabo mepeKkprBatoThes. Taka
CHUTYyaIlisl MOXKE pealli3yBaTUCs, 30KpeMa, Y BUMAJIKY, KOJIH
3MIHIOETHCS CEpPEeNIHS BiICTAHb MiXK aTOMaMH, CKIaa abo
KOOp/JHMHALIHE YUCIIO, 10 CYIPOBODKYE MEepexia MeTam-
i3ossTOp [34].
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6azucHii ab-ruomuHi p(T) MoHOKpucTaniB YBaCuzO7.5
(a, b) Ta HoBa,Cus07.5 (¢) B koopaunatax In[p/T] — 1/T.
[To3nauenns Bianosinarots puc. 4. Ha BcraBui mo puc. 5
(c) mokasani Ti % 3anexHOCTI B KoopauHartax 1/pT'?.

Fig. 5. Temperature dependence of electrical resistance in
the basic ab-plane p(T) of YBa,Cu3;O75 (a,b) and
HoBa,;Cu307.5 (c) single crystals in coordinates In[p/T] —
1/T. The designations correspond to Figs. 4. In the inset to
fig. 5 (c) shows the same dependencies in coordinates.
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3TiIHO 3 TOMIIIKOBOIO MOJIEIUTIO BUCOKOTEMITEPATypPHOL
HaamposigHocTi [25], y BTHII-cmomykax moniOHa
CHUTYAIIisl MOXE pealli30BYBaTHUCS 32 PaXyHOK ICHYBaHHS B
CHCTEMi 3HAYHOTO YHCJIa KUCHEBUX BaKaHCIH, SKi MOXYTh
3aXOIUTIOBaTH eNekTpoH y iona O i pasoM 3 cyciHim
ionoM O yTBOpIOBaTH JBOPIBHEBY CHCTEMY 3
JIOKQJTI30BaHOI0 Ha Hill maporo enekTpoHiB. [Ipu mpomy
pO3Mip IBOPIBHEBOI CHUCTEMHU € MiHIMAIHLHOIO JTIOBXHHOIO
KOT€PCHTHOCTI, @ KPUTUYHA TEMIIEPAaTypa BU3HAYAETHCS
CITIBBiTHOIIIEHHM [25]:

Tooc{E1—-Ep—0.5(W1 —W»)}/kp,

Ae Wi, Wp — umpuHM cMyr (30H), YTBOPEHHX IpH
MEepeKpUTTI XBWIBOBHX (YHKLIH CyKymHOCTI BCIX
EJIEKTPOHIB, 1[0 3HAXO/STHCS Ha EHEPreTUUHUX PiBHsX E;
i E; Takoi aBopiBHEBO1 cuctemu. KynepoBchKkHMU TapamMu
€ TIapH CIICKTPOHIB 3 MPOTHIICKHO CTIPIMOBAHUMH CITiHAMH
Ha HIDKHIX pIBHAX [UX JBOPIBHEBHX CHCTEM, SKi
KorepeHTHO pyxatotbes ipu T < T.. Bognouac npu T > T,
IITMHA MK CMYTaMH HE 3HHKA€, MO 1 MOSICHIOE TOSBY
TICEBIONIITNHY [25].

2.3. BIuiuB Bignmajy Ha TeMIepaTypHYy 3aJIeKHiCTh
nceBAOIILINHA

Sk BugHO 3 pHC.4, XapaKTEPHOIO OCOOJIMBICTIO
sanexxHocTelt p(T) HamMX 3pa3KiB € HASBHICTH TOCTATHHO
npoTsbkHOI JiHIMHOT minsaku (mpu T > 171 Ky
moHokpucrana K3 i T > 234 K — y K2. Sk 3a3nauanocs
Bume, y Kkpuctama K1 He Bpgamocs OOCTOBIpHO
ineHTHdiKyBaTH JNiHIHHY NIISHKY B AOCTIIKEHOMY HaMH
Jiarna3oHi TeMmeparyp, IO BiJIOBia€ HOPMAaJIbHOMY
crany cucremMu [24-26]. Hwkdue XxapakTepUCTUYHOI
temrieparypu T* BumiproBane p(T) BiIXWiseTbCs Bix
JHIHHOT 3aJeKHOCTI B OIK MEHIIMX 3HAYEHL, IO
MIPUBOUTH 10 BHHUKHCHHS HAIJTUIIIKOBOI MPOBITHOCTI:

Ao = [p(T) = pn(D)/[p(T) x py (D], (1)

ne py(T) = aT + b — onip 3pa3ka B HOpMaIBHOMY CTaHi,
eKCTPaIoIbOBaHMH B 00JIaCTh HU3BKUX TEMIIEPATYP.

Kpusi 1 orpumani 6e3nocepesHbo s NOHKESHHS
TEMIIEpaTypu, a KpHBi 2 i 3 — Micis HOeTamHoro Bixnamy
MIpH KIMHATHUX TeMIepaTtypax npoTsarom 20 roauH i 5 mid
BIZITTOBITHO.

YacTrHy KpUBUX Ha PUCYHKY HE IOKa3aHo, 100 He
YCKIIaIHIOBATH 3arajbHy KapTUHY. [I[yHKTHpHUMHU JIiHIsIMA
nokazani 3anexHocti A*(T)/A(0) Bim T/T*, po3paxoBani
JUIsl 3Ha4eHb mapamerpa kpocoBepa WA(0)= 10 (mexa
BKI), -2, -5, —-10 (mexa BEK) - myHKTHpHUMH
niHissMA (4-7).

Sk Oyno moOKa3aHO B TONEPEIHHOMY PO3ALTI,
anpoKCUMAIlisl eKCIIepUMEHTaIbHUX 3anexHocted Ac(T)
MOXke OyTH 3iliCHEHa 3a TOTIOMOTOIO CITiBBiTHOIIICHHS:

AG ~ (1 — T/T*)exp(A*u/T), )

ne A*jp — BenWuWHaA, 110 BHM3HAYa€  ACAKHU
TEPMOAKTHBALIMHUN MPOLEC Yepe3 CHEPreTUYHY INUINHY
— «ICEBIOUIUTHHY». Y IbOMY BHIAIKY; HAIUINIKOBA
MPOBIIHICTh  BUSBISAETHCS TPOTOPIIIHHOIO  IIiITBHOCTI
HAAMPOBITHUX HOCIiB nsg~ (1 —T/T*) 1 obOepHeHO
nporopiiiHoo uncity map ~ exp(-A*/kT), 3pyitHoBaHuX
TETJIOBUM PYXOM.
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po3paxoBaHi Ul 3Ha4YeHb I1apaMeTpa KpOcoBepa

WA0)=10 (mexxa BKII), -2, -5,
BEK) — nyaktupHUMHY JTiHIsIME (4—7).

—-10  (mexa

Fig. 6. Temperature dependence of the pseudogap of K2
(a) and K3 (b) single crystals in the given coordinates
A*(T)/A*in — T/T*. Dotted lines show the dependences
of A*(T)/A(0) on T/T*, calculated for values of the
crossover parameter W/A(0) = 10 (BKSH limit), -2, -5,
— 10 (BEC limit) — dashed lines (4-7).

Ha puc. 5 mnokasaHi TemMmeparypHi 3aJeKHOCTI
TICEBIONIITMHN B HaBegeHUX koopmuHaTax A*(T)/A*j, —
T/T* (A*iin — 3HaueHHs A* Ha TmaTo BaanuHi Big T* [93]),
oTpuMaHi 0e3mocepeHbO IMICNS IOHM)KEHHS BMICTY
KuCHIO (KpuBa 1), a TakoX TicCIs MOETAITHOTO BiJMay
eKCIIEPUMEHTAITLHUX 3pasKiB pu KIMHaTHHX
TeMmepaTypax 0e3 3MiHU BMICTY KUCHIO B 00'eMi KpucTania
(xpuBi 2, 3). YacTuHY KpHUBHX Ha PHCYHKY HE HaBEJICHO,
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o0 He YCKIAIHIOBATH 3arajbHy KapTHHY. 3aJIeXKHOCTI
A*(T)/A(0) Bixg T/T *, po3paxoBaHi 3rifHO, B HAOIV>KEHH1
cepenHbOTro 1oJis B paMkax Teopii kpocoBepa BKII-BEK
IUIs 3HAYeHb TapameTpa kKpocoBepa WA (0) = 10 (mexa
bKII), -2, -5, —10 (mexa BEK) mokazano Ha puc. 6
IIYHKTHPHAMHU JiHISIMH.

Bunno, mo y pa3i moHokpuctana K3 TtemmneparypHi
3aJIeKHOCTI TICEBIOIIITHHA MOKa3ylOTh  JOCHUTH
3aOBUTbHY 3romy 3 Teopiero [35]. Bomnouac, mis
MoHOkpuctama K2  jgocute  3HayHa  po30DKHICTH
EKCIIEPUMEHTAILHUX ~ 3aJIeKHOCTeH 3  Teopiero  [35];
crocrepiraeTbcss B pasi  kpuBoi 1,  oTpuMaHOi
OesrocepeHbO IMICHS TOHMKEHHS BMICTY KucHIO. Ilpm
IbOMY XapakTepHUH MaKCUMyM, SIKAH CIOCTEPIraeThes
JUISL TIHOTO 3pa3ka, MoKe OyTH OOyMOBIIEHHH TEepeXxoaoM
0, Tak 3BaHoOro, SDW-pexumy, SK 1€ BXe
croctepiranocs B [35] st HETOJOTTOBAHUX 3pa3KiB HOBHX
BTHII-cionyx cuctemun SmFeAsO. 3rigao 3 [35], Bci
nepepaxoBaHi  BHIIE OCOOJIMBOCTI  MOXYTb  OyTH
00yMOBJICHI 3araJlbHAM 3MIILIEHHAM MIPOBITHOT
migcucTeMu B oOyacTh  (a3oBoi  giarpamu, B SKid
BJIACTHBOCTI ~ HOPMaJbHOTO  CTaHy  BHM3HAYAIOTHCS
aHTH(EepOMarHITHUMH KOPEJISLIsIMY, a TaKOX
MOCWJIEHHSAM PpOJIi iHIMHUX cHenupigHUX MeEXaHi3MiB
KBa314aCTHHKOBOI B3aeMomii (mauB., Hanpukiay [36—40]).
TyT ciin 3a3HaYNTH, IO BUKOPUCTaHA HAMH B IiHl poOOTi
eKCIIepUMeHTaIbHa METOJINKA, OB's13aHa 3
BHUMIPIOBaHHSAM TaKoi IHTETPalbHOI XapaKTEPUCTHKHU SK
€JIEKTPOOIIIp, HE I03BOJISE B JOCTATHIN Mipi JOCTOBIPHOCTI
MpsIMO BU3HAYATH CTYIIHb BIUTUBY aHTU(PEPOMATHITHUX
KOpEJISIii Ha HaJIMIIIKOBY MPOBIAHICTH 1 MICEBIONIUINHY.
3 iHmoro OOKy, SK 3a3Hayalocs BHWIIE, 3TiIHO
3 CyJyacHHUM YSBJICHHSIM, aHTHU(EpPOMarHiTHi Nepexoan
CIIiHIB 3a3BHYail MPU3BOIATH A0 MOSIBH YiTKO BHPaKEHUX
A*a(T)  [35], mo
CIIOCTEPIraeThCsl HA HAIIAX CKCIICPUMEHTAIBHUX KPUBHUX,
OTPUMAHUX OE3MOCePEAHBO IIICHS TMOHWKCHHS BMICTY
KHCHIO.

BumgHo, mo B Mipy 3pOCTaHHS dYacy BiImany mpu
KIMHATHIM TeMrepaTypi, JUlsl BCiX 3pa3KiB BiOyBaeThCs
3MIIIEHHS eKCTIEPUMEHTATbHIX KpuBUX. [Ipu mpomy ciiz
3a3HAYMTH, 10 TEMIIepaTypa BiIKPUTTS NceBAONTIMHNA T*
iCTOTHO 3MIIY€ETHCS B OiK HU3BKUX TEMIIEPaTyp (AUB. pUC.
3 Ta puc. 4), WO BIANMOBiZA€ PO3MIUPEHHIO JiHIKHOT
ninsaky 3anexHocTi p(T). Taka moBemiHKa BUSBISIETHCS
SKICHO TI0/1i0HOT0 edeKTy TpaHchopMarii TeMrepaTypHuX
3aJICKHOCTEH TceBaominuHu  3pa3kiB  YBaCuO, o
CIIOCTEpIraeThCss Y  pasi  JOKIAaNaHHA  BHCOKOTO
rigpocraTuyHoro  THUCcKy. OueBMIHO, IO  3rajaHi
kopessinii B moBeniHmi kpuBux A*(T) He € BUIIaKOBUMH.
JliticHo, K m0Ope BiZOMO 3 JiTepaTypH (IWB., HAPUKIIA,
[33]), moxmamaHHs BHCOKOTO THCKY no 3paskiB BTHII-
cuctemu 1-2-3, Tak caMO SK 1 NEepepo3NoJil KHCHIO B
mporeci Bimmany [28], NpU3BOAWTH 1O TOJIMIIESHHS
NPOBIIHUX  XapakTePUCTHK, SIKE  BHPAKAETbCA Y

MaKCI/IMyMiB Ha  3aJICKHOCTAX

30iIbIIeHHI a0CONMIOTHOI BenwunHU T 1 iCTOTHOMY
3HMKCHHI THUTOMOTO EJICKTPOOINopy. TakuM YHHOM,
BpPaxOBYIOYHM JIeSKy YMOBHICTh BH3HAUYCHHS BEIHYUHH
BIIKPUTTS TICEBAONIUIMHN T* 1O BiIXMIIEHHIO 3aJIE)KHOCTI
p(T) Big miHIHHOT MOBEMIHKH, 3rOAY CKCIICPUMCHTY 3

TEOpi€l0 B  HAIOMY BHIAAKy MOXKHAa  BBaXXaTH
33/I0BITBHOIO.
2.4. Penakcaniss KPMTHYHOI  TeMmeparypu i

KJIacTepu3anist 1a0iIbHOT0 KHCHIO

Sk Oyno moka3aHO B TEOpeTWUHiH Moxmemi [25],
TEeMIepaTypa BiIKPUTTS MCEBIAOIIUTHHE T* 0JHO3HAYHUM
YHHOM IIOB'sI3aHa 3 pO3MipaMH HaJIPOBITHUX KIACTEPiB,
YTBOPEHUX 10HAMU KHCHIO. SIK 3a3Hadasocs BUIIE, Biamal
MIpY KiIMHATHIN TemmepaTypi MPUBOIUTE A0 3MimeHHs T*
B O0JACTP HHU3BKHUX TEMIICPATyp, SKE&  TaKOXK
CYTIPOBOJIKYETHCS 3HAYHUMHU 3MiHAMH dhopmu
PE3UCTUBHUX NIEPEXOIiB Y HAMMIPOBiMHUH cTaH. JlificHO, K
BUIHO i3 puC. 7, Ha SIKOMY IOKa3aHi Il X MEPEXOAH B
koopauHaTtax dp/dT — T, cmocrepiraeTbcs KiNbKa YiTKO
BHUpaXeHHX mMikiB. 3rigHo 3 [33], MakcuMymMHm Ha OHX
3aJIEKHOCTSX BiAmoBinaroTe T. pi3HMX (ha3-KiacTepis.
TakuMm YHHOM, Y HAIIMX CKCICPUMEHTAIBHUX 3pa3Kax €
Bil NBOX JO0 YOTHPHOX Takux (a3, sKi HMOBIpHO
BIIPI3HAIOTBCST OAWH BiJl OJHOTO BMICTOM KHCHIO, 1,

BIZMOBIHO, MAlOTh Pi3HI KPUTHYHI  TEMIIEpaTypH
nepexony B HaAIPOBITHUIT CTaH.
XapakTepHOIO  OCOONMBICTIO  BIUIMBY  Biamamy

KpPHUCTAJIB NPH KIMHATHIM TeMIeparypi € 3HauyHa 3MiHa
BHCOTH CXOJHMHOK, a Takox Bemumke, 10 AT.~ 10K,
3MmimeHHs TikiB Ha 3anexHoctsx dp(T)/dT Bropy 3a
TEMIIEPaTypPOIo, SIKE CIIOCTEPIraeThesl ISl KOXKHOI 3 (a3-
KJIacTepiB 1 BKa3ye Ha 3MiHY HUIIXIB IPOTIKaHHS CTPYMY.
Ile, B cBOIO Hepry, MOKJIMBO TPH 3MiHi MPOCTOPOBOTO
posmomimy 1 po3MmipiB  KIacTepiB  HU3BKO- i
BHUCOKOTEMITEPaTypHOT ¢as. OcraHHE BUMAarae
Ju(y31HHOTO MEepEMIIIeHHs] KHCHIO Ha BiJICTaHb MOPSAKY
PO3MIipiB Ki1acTepis.

Bimomo [20], mo mpu 3MiHI BMICTy KUCHIO B Oa3HCHIN
wiomuHi crnonyk YBaxCu3O75 MOXINBE BHHUKHCHHS
PAIY BIOPSAIKOBAHNX CTAHIB. [X OCHOBHOIO OCOBIHBICTIO €
MYJIBTUIDTIKYBAaHHS KOMIpPKH B3JIOBX TIEPioy b.

CrexiOMETPHYHAM KOHIEHTPALisM KHCHIO 1 BaKaHCid
MOXYTh BifmoBimatd omgHodasHi HancTpykTypu. s
MIPOMDKHUX CKJIQJiB MOXINBE ab0 pO3yNMOpsIKYBaHHS B
cUCTeMi KHCEHb-BakaHCii, a00 BHHUKHEHHS CyMilli
BIOPSIIKOBaHMX (ha3 abo OaraTOKIACTEPHUX CTPYKTYP, SKi
XapaKTepU3YIOThCSA  BIJCYTHICTIO UITKHX MEX MK
00JacTAMHU KpHCTaia 3 Pi3HUM BMICTOM KHCHIO i THIIOM
YHOPSAKYBaHHS.

TeopeTH4HO MOXKIMBICTD YIOPSIKYBAaHHS KHCHEBHX
BakaHCi¥ B 0a3uCHIN TUTOMKHI OyIia epeadadeHa B poOoTi
[41]. ¥V wiit poboTi po3paxyHKH NMPOBOIMINCH B paMKax
OJHOBUMIpHOi Moxeni I3iHra, a Takok OyJi0 TPOBEACHO
MoJienroBaHHs MeTogoM MonTe-Kapiio.
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Puc. 7. Pe3ucTuBHI nepexony B HaJANPOBITHUI CTaH B
koopauHatax dp/dT — T monokpuctams YBa,CuzO7.s
(a,b) ta HoBa;Cu3O7;5 (c). Ilo3HaueHHS KpPUBUX
BIINOBIJAIOTh MO3HAYECHHIM Ha pHC. 4.

Fig. 7. Resistive transitions to the superconducting state
in dpab/dT-T coordinates of YBa,Cu3O7s (a,b) and
HoBa,Cu307.5 (c) single crystals. The designations of the
curves correspond to the designations in Fig. 4

Hacrynni CKCIICPUMEHTAJIbHI JIOCIIDKEHHS
MiATBEPAMIN BUCHOBKH, 3po0ieHi B mii poboti. Tak,
HaTPUKIIaJl, MOXKIHBICTh aTOMHOTO BHOPSAKYBaHHS Oyia
BUBYCHA B [42] Ha MiCTaBi AOCHIIKECHHS PALy (i3UIHUX
BJIACTHBOCTEH KepamiuHuX 3paskiB Y Ba,Cu,07..

IIpu 1poMy OyJ0 TMOKa3aHO, IO B Pe3yJbTATI
HarpiBaHHS TaKHMX 3pa3KiB IIPU TEMIEpaTypax B iHTEpBaJi

473-723 K, a Takox ix 130TepMid4HOi BUTPUMKH Ta
OXOJIO/DKEHHSI ~ 3MIHIOETBCSL  CIHIBBIJHOWICHHS — MIXK
KOHLIEHTpALisIMA KUCHIO 1 BakaHciil y ruromusi C (1)-O (1)
1 YTBOPIOIOTHCSI BITOPSIKOBaHI cTaHu mpu 7-0 = 6.83, 6.8,
6.75 1 6.67. BrnopsakyBaHHS YiTKO IPOSIBISETHCS Ha
3aJIEKHOCTSAX 00’€My HammpoBifHOI a3k i MpOBiTHOCTI
TIpH KiMHaTHi# Temrieparypi. Kopensitist Mi>k uMu 1BoMa
XapaKTepUCTUKAaMM JI03BOJIWJIA aBTOpaM OOIPYHTYBaTH
YSBJICHHS! NIPO HAAINIPOBIIHUH KilacTep, CTPYKTypa SKOTO
07M3bKa 10 BIOPSIIKOBAHOI, @ KOHIIEHTpALlisl HOCITB 3apsay
— JI0 3HAYEHHS, 1110 BIAITOBIA€ 3alIOBHEHHIO I[IJIOTO YHCJIa
30H.

CroctepexxyBane B [iii  poOOTI  3MCHIICHHS
€JICKTPOOIIOPY B MPOIECi BiAMAady TAaKOX CBIMYUTH PO
BIIOPSIIKYBAaHHA B CHCTEMI KHCEHb-BakaHCii. Tomy ciif
OUiKyBaTH, NPHHANMHI, NPH KIMHATHUX TEMIIEpaTypax,
BIIOPSIIKOBAHOTO CTaHy B CHCTeMi KHCEHb-BaKaHCIi.
CrioctepexxyBaHa X y Iiif poboTi crymiHgacta ¢opma
PE3UCTHBHUX TEpeXoJiB, MHMOBIpPHO, CBIIYHUTH TIPO
HECTEXIOMETPHUYHI CITiBBITHOIICHHS KOHIICHTPAIil KUCHIO
1 BaKaHCiii, 1110 MPU3BOIUTH 10 YTBOPEHHS CyMillli Pi3HUX
kiactepiB. L{i kmactepn MOXyTb SIBJIATH COOOI0 OKpeMi
¢asm, ski, MaOyTh, XapaKTEpHU3YIOTHCS PI3HUM BMICTOM
KHCHIO 1 HOTO YHOPSAKYBaHHSM, i, BiATIOBiAHO, MAaroTh
pi3HiI KpuTHYHI Temneparypu. HasBHICTh CXOIMHOK TaKOX
nepenbavyae  BACYTHICTh — NEPKOALIMHMX — HUISAXIB
MPOTIKaHHA CTpyMy 1O ¢a3i 3 OUIBIIOI KPUTHYHOIO
TemnepaTyporo. B inmomy Bumaaxy 1 ¢aza myHTyBana 6
HHU3BKOTEMIIEpaTypHy a3y i crocrepiraBcsi O mepexin y
HaJIIPOBITHUHN CTaH TIJIbKK BUCOKOTEMITEPATYPHOI (a3H.

2.5. ®a3oBe po3IIAPYBAHHS TA €Heprisi akTUBamii
npouecy peiakcanii KpUTHYHOI TeMIepaTypH

Sk BugHO i3 puc. 4 1 puc. 6, XapaKTepHOIO 0COOIMBICTIO
BIUIMBY BiANally € 3HAa4HAa 3MiHAa BHCOTH CXOAWHOK, a
Takok icrotHe, A0 AT.~ 10K, 3wmimeHHs mikiB Ha
sanexxuoctsx dp(T)/dT Bropy 3a Temmepatypoto (puc. 6),
SIKE CTIOCTEPITAEThCS PAKTHYHO JUTS KOXKHOI 3 a3 3pa3KiB
K1-K3. 3rizmo 3 [1,43], BemuumHa KPUTHYHOL
Temrepatypu y crioiyii YBaxCuzO.5 moB's3aHa 3 4nciom
nipok y tionuHi CuO; 3a IOMOMOTOI0 yHiBepcaabHOL
napaboTigHOT 3aJIEKHOCTI:

T, = T"*[1 - 82.6(n — ngpr)?] 3)

ne T™ — makcuMallbHa KpUTHYHA TeMIeparypa, a
Nopt = 0.25 — oNTUMAIBHUI BMICT YHCIIA JIPOK Ha IUIOLIUHY
JUTA T1i€1 crioryku. Po3paxyHKU, IPOBEICHI 3 YpaxyBaHHIM
[IHOTO CHIiBBITHOIIEHHS, TIOKa3yIOTh, IO 3i 301TBIIEHHAM
gacy Bigmally y TpoIeci BHTPUMKH TIpU KiMHATHIH
TeMOepaTypi ~ 9YHUCIO  HOCIIB I HH3BKO- 1
BHCOKOTEeMIIepaTypHuX (a3 B 000X 3pa3kax 301IbITY€EThCS
npubim3Ho Ha 3—5%. Taka 3MiHa KOHIEHTpamii HOCIiB, a
TaKOXK 3MiHA BHCOTH CXOJHHOK Ha PE3UCTHUBHHUX
mepexoaax BKa3ye Ha 3MiHY IUIAXiB MPOTIKAHHS CTPYMY

Journal of V. N. Karazin Kharkiv National University. Series Physics. Iss. 40, 2024
16 BicHuk XapkiBcbkoro HauioHaneHoro yHisepcuteTy imeHi B. H. KapasiHa. Cepis «®isuka». Bun. 40, 2024



CmpyxkmypHa penaxcayis i Oughy3is 1a0i1bHOI KOMNOHEHMU 8 HeCMEXIOMEeMPUUHUX KYRPAmax
ReBa>Cus07.s (Re =Y, Ho) i cynymmuix okcuoax (02ns10)

TTiCJIS BiAMay KpUCTAIIIB TP KIMHATHIN TeMIiepaTypi, 1o
MOXKJIBO TIPH 3MiHI IPOCTOPOBOTO PO3MOJUTY 1 PO3MipiB
KJIacTepiB HU3BKO- 1 BUCOKOTeMIepaTypHoi ¢a3. OcranHe
BuMarae nudy3iifHOTO TepeMilleHHs] KUCHIO Ha BiJICTaHb
TIOPSIAKY PO3MIpiB Ki1acTepis.

Ha pwuc. 8 mpexacraBneHi pe3ysibTaTH BHMipIOBaHb
4acOBUX 3aJIeKHOCTEN penakcarii KPUTHYHOL
TeMIlepaTypu Ui pi3HUX (a3 y TpoIeci MOeTarmHOTro
Bimaiy 3pa3KiB pu KiMHaTHiH Temmnepatypi Tc(ta), e ta —
Yac BiJmany.

CyuinsHUMH JIHIIMHA
PO3paxyHKIB 3a (POPMYJIOIO:

TTOKa3aHi pe3yibTaTu

T.(t) = T(2) + [T.(0) — T.()] exp[ — (t/1)"/?], (4)

ne Te(o) 1 To(0) — piBHOBaXKHE 1 MMOYATKOBE 3HAYCHHS
KPUTHYHOI TEMIIEPATypH; BINMOBINIHO;, T — XapaKTCPHHIMA
gac pellakcaliiHoro mnporecy. Po3paxyHku, MmpoBeneHi
3rigHo 3 (5), MoKasanu, MO OTPUMAHHS PIBHOBAKHOTO
3HaueHHs Tc(©) y mporeci MOETarmHOro — Bixmaiy
nocsraeThes poTsaroM 8—10 roaun s ¢as i3 pizHoto Te.
BuxopucToBytoun 3Ha4eHHs T, OTpuUMaHi 3rimHo 3 (5) 3
HAIIMX  CKCIICPUMCHTANBHUX JaHUX, MH MOXKEMO
BHU3HAYHTH CHEPTII0 aKTHBAIlIi peJlaKkcamiiHoro IpoIecy B
HaIlKX 3pa3kax 3a JOMOMOToI0 3aKOHYy AppeHiyca:

T = Tyexp (%) , (%)

ne To=1.4x10"? ¢ — xapakrepHuii nepion [7] ang umx
BTHII-cionyk. OTpumMaHi 3 HamMX JaHUX 3HAYCHHS
Ea= 0.94 eV nn4 3paska HosBayCuzO7.s BusiBUnuCS Tpoxu
HUKYE XapaKTepHHX 3HaueHb Ea~ 0.98 eV, orpumanux
st crionyk Y BayCuzO7.5 3 TOHIKEHUM BMICTOM KHCHIO.
TyT Takok HEOOXITHO BiJ3HAYMTH, IO BCI XapaKTEpHi
3MiHI dhopmu TEMITEPaTypPHHUX 3aJIeKHOCTEH
€JIeKTPOoOoTIoOpy Ta abCONIOTHHX 3HAYEHb PE3UCTHBHUX
rapaMeTpiB, SIKi CIIOCTEpirajancs y mporeci i300apuaHoro
BiZMaiy 3pas3KkiB NpH KIMHATHUX TeMIeparypax y pasi
cronryk HoBa;Cu;07.5 HOCHim Habarato OinbIl SCKpaBo
BUPQ)XEHUH XapakTep Yy TMOpIBHAHHI 13 3pa3Kamu
YBayCu3O7.5. Sk 3a3Havasioch padime, e Moxe OyTH
OOyMOBJICHO  3MIHOIO  XapakTepy  Mepepo3MoJiTy
BaKaHCIMHOI KMCHEBOI MiACHCTEMH TPH 3aMiHi iTpit0 Ha
TOJBMIM, 110 Mae OLTBIIHIA iI0HHUH paniyc [14].

2.6. AcumeTpisi mpoueciB peaakcanii Ta yacosi
KOHCTAHTH Pi3HHUX BU/IB YIOPSAIKYBAHHS KHACHIO

Crig TakoX 3a3HAYHTH, IO, SK MOKa3ald MPOBEACHI
PO3paxyHKH, TOCATHEHHS PiBHOBAXHOTO 3HAaUeHHS T(o0)
y Tpoleci IMOETAIHOTO BiAMady IOCATAETHCS 3HAYHO
IIBHUJIIC JJI HU3BKOTEMIIepaTypHuX (a3 y MOpIBHSIHHI 3
BucokoTemnepatypaumu dazamu: ©(Te1)/1(Te2) = 1.23 aus
3pazka HoBa,Cu3O7.5 1 T (Te1)/1(Te2) =2.23 ansa 3paska
YBa;Cu30O7.5. MabyTs, 1ie siBuIe MOKe OyTH MOB'A3aHE 3

pizHHIEo audy3iHHOTO NUIAXY IHIYKOBAHOTO BiIIaIOM
IpoLIECY YTBOPEHHS KJIAacTepiB pi3HOTO po3Mmipy s das 3
pizaumu T.

JliticHo, sk 3a3Hadajocs paHime, y HeAaBHIH

TeopeTHYHOi poboTi [24] Oymo MOKa3aHO, M0 KPUTHYHA
temnepatypa B YBa;Cu3O7s OJHO3HAUHMM YHHOM
MOB'I3aHa 3 pO3MipaMH  HAJNPOBITHUX  KJAacTepis,
YTBOPEHUX 10HaMU KHCHIO, 10 (HOpMyIOTh HeratuBHi U-
LIEHTPH, BIAMOBINANBHI 3a TeHepalito HociiB [24] y
cnonyi. Hampukiias, BeTHKAM po3MipaM TaKUX KIacTePiB
BiAMOBiAAaOTh OB BUCOKI 3HaueHHSA T, i HaBmaku. J[o
TAaKOTO K BHCHOBKY MpPHBOMSTH i OIIIHKHM, BHKOHAaHI B
paMKax IOMIIIKOBOTO MEXaHi3My BHCOKOTEMIICpATypHOT
HaJNpPOBITHOCTI B TeopeTHuHid poboti [25]. ¥V mpomy
BHITAJKy, TIpH (HOPMYBaHHI KJIACTEPIB OUTIBIIIOTO PO3MIpy
aTOMH JIaOIMBbHOTO KHCHIO TIOBHHHI JIOJIATH BEJHUKI
BiACTaHl I TOro, 100 3HAWTH BaKaHTHE MiCIE B
nosurisgx Cu-O.
[lpu mpoMy CIHif 3a3HAYHUTH, IO Y BHIAAKY HaWOUIBII
BUCOKOTeMIepaTypHoi  ¢a3u  3pazka  YBa,Cu3O7.s
sanmexHicTh Te3(t) He BOasocs 3aJ0BITBHO ONMHCATH
CHIBBITHOIICHHSM BHLY (5).

BopHouac, ekCHepUMEHTaNbHI JaHi 3HAHILM 100py
3rojly 3 PO3PaxXyHKOBOIO KPHWBOIO (CYIUIbHA JIiHISA Ha
BEpXHii KpHBiH (ITOPOXKHI KUTBIIA) HA pHC. 7a), OTPUMAaHOIO
MIpY BUKOPUCTAHHI IBOCKCIIOHCHIIIHHOTO 3aKOHY BHUILY:

Tc(t' a, Tl'TZ) = Tc(oo) - [Tc(oo) - TC(O)] '
{aexp(—t/1)*® + (1 — a) exp(=t/7,)*°} (6)

[Tpn npoMy BBaXKA€THCS, IIO MPOLEC MEPEPO3MOALTY
KHCHIO MOXHA YMOBHO pO3JIUIMTH Ha OCHOBHHH
LIBUKOIUTMHHUI MPOLIEC 3 THMYACOBOI KOHCTAHTOIO Ti,
BIZIMOBINAJILHUN 32 BIOPSIKYBaHHS KHCHIO B MeXax
¢parmentiB Cu-O JaHIIOKKIB, 1 OLIBII TOBUTLHAHN MIpoOLIEC
3 XapakTepPHUM 4YacoM T, 1[0 BHU3HAYA€ BUHHUKHEHHS
JIBOBUMIPHO{ BIIOPSIIKOBAHO1 CTPYKTYPH.

Tyt a — BaroBuil Koe(IiIli€eHT TBOX peiaKcalliiHIX
nporecis; Te (0) i Tc (0©) — TemmepaTypu HaAMPOBIAHUX
HepexoIiB /10 1 micis penakcarii BinnosigHo. OTpumMaHni 3
po3paxyHKy 3a Ii€ro ¢popMyIioro 3HadeHHs T; ~ 50-90 XB 1
T, = (2-4)x10°XB 3aJ0BIILHO y3rOKYIOTBCA 3 JaHUMH
poOiT [5, 7]. Lle me pa3 miATBEepaKy€e BUCIOBICHE paHiIlIe
NPUNYIICHHS. TPO Te, M0 BiAmManT TpH KIMHATHHX
TeMITepaTypax MpU3BOANTD 10 AUPY3iHHOTO MepeMilieHHs
7mablIbHOT KOMIIOHEHTH Ha BIACTaHb TOPSIKY PO3MIpIB
KJIacTepis.

KpuBoto 3 wHa pwuc.8(c) mokazaHo pe3yibTaTH
BUMIPIOBaHb YaCOBHX 3aJeKHOCTeHW penakcamii T*(t).

CynineHi  JiHIl €  pe3ynbTataMHM  anpoKCHUMaril
EKCIIePUMEHTAIbHUX JIAHUX 3a JIOTIOMOT0I0
CIiBBiHOIIEHHsA, aHajoriudoro (5). BwaHo, 110
CIIOCTEepITaeThCSl  SBHA ~ KOPENAIis B TOBEMIIHIN

sanmexHocTedt T*(t) 1 Tei(t), Te(t), mo Takok Moxke
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CIY’)KATH  JOJATKOBHM  HENPSIMHM  IATBEPIKCHHIM
B3a€MO3B'SI3Ky CTPYKTYPHUX 1 EICKTPOTPAHCIOPTHUX
aHOMaJIiil B CUCTEMI.
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Puc. 8. YacoBi 3anexXHOCTI penakcarii KpUTHIHOL
TeMrieparypu MoHOKpucTanmiB YBa,CuzO7.s (a,b) i

HoBa,Cu307.5 (¢) s pizaux ¢as (Tci(t) — kBagparny,
Te(t) — TpukyTHUKH, Tc3(t) — KibI) 1 TeMIepaTypu
BIIKpUTTS TceBaommiyiman T*(t) (TeMHI KBaapaTH) y
IpoLeci MOETAaHOTO BiJmanxy 3pa3KiB IpH KiMHATHIH
temriepatypi.  CymuIbHUMH — JHISIMH ~ TIOKa3aHO
PE3yNBTAaTH PO3paxyHKIB 32 POpPMYIIaMHU.

Fig. 8. Time dependences of relaxation of the critical
temperature of YBa;CuszO75 (a, b) — and HoBa;CuzO7.5
(c) single crystals for different phases (Tci(t) — squares
and Te(t) — triangles and Tcs(t) — circles) and opening
temperatures pseudoslits (T * (t) — dark squares) in the
process of stepwise annealing of samples at room

temperature. Solid lines show the results of calculations
using formulas.

3. AromicTuune MoaeaoBanns 1udysii Li © B Y203
1 cymyTHiX okcnaax

Sk BigOMO, VyHIKaJpHa KOMOIHAIS MEXaHIYHUX,
Gi3MYHAX 1 XIMIYHUX BIACTHBOCTEH PiIKICHO3EMEIbHUX
okcuaie (P30) 3ymoBumia iX HIMPOKE 3aCTOCYBaHHS B
pi3HMX Tamy3sX Cy4YacHOi Haykd 1 TexHiku. Tak,
Hanpukian, P30-100aBKH iCTOTHO MOMIMIIYIOTh EMICiiHI
BIIACTHBOCTI MOJIIOACHOBUX KATOMIB 1 TiJABHUIIYIOTH
KPUTHYHI ITapaMeTPH HOBHX MaTepialliB Ha OCHOBI Talilo.
Ha cporomui P30-cmonyku  Takok  iHTCHCHBHO
JOCHIDKYIOTECS ~ SIK  TIEPCIEKTUBHI  CHMHTWIAMINHI 1
onTHYHI Martepianmu. Bce Buie ckazaHe CBIIYUTH MPO
aKTyaJIbHICTh  JIOCHI/DKEHHS  €NEeKTpOoQi3UyHMX  Ta
CTPYKTYPHHUX XapaKTePUCTHUK Pi3HUX THIiB P30-cmonyxk.
OCHOBHI €KCIIEpUMEHTaIbHI JOCTIIKEHHS CTPYKTypu P3
OKCHIIIB i3 CIMEHCTBa JaHTaHOIMIB OyIU TPOBEICHI IS
TpbOX TOJNIMOP(HUX GOpM: TeKcaroHaabHOI A-THILY

rpyna P3ml), wmonoxniHHOI
(mpoctoposa rpyma C2/m) i ky6iunoi C-triry (mpocTopoBa
rpyna /la3). TeopermuyHi QyHKITIOHATBHI PO3paxyHKH
IITBHOCTI OyJHM TaKoX 3acTOCOBaHI JUIs BH3HAYCHHS
napameTpiB rpatku psany P3 oxcupie [44]. Cmodartky

rexcaroHanbHi P3 okcunu A-turiy Oynu BuBYeHi B [45]

(mpocTopoBa B-tumy

3auapaiisenom, a mnpoctopoBa rpyna P3ml Gyna
netanpHO gocimimpkeHa [laymiarom [46]. MoHokiHHA
¢opma B-tumy Oyna BuBueHa Kpamepom [47] sk
MPOMIDKHA MK HH3BKOTEMIIEpaTypHOIO KyOidHOIO i
BHCOKOTEMITEPATYPHOIO TeKCaroHaIbHOI0 (azamu.

Mertoto Hamoi poOOTH € CUCTEMAaTHYHE MOJICTIFOBAHHS
HU3KH KPUCTAIIYHUX IapaMeTpiB IMX MarepiamiB 3a
JIOTIOMOTOI0  Habopy, TakK 3BaHHX, «IEPEHOCHUX)
MDKaTOMHUX TIOTEHI[aTiB 1 TOPIBHSHHSI OTPUMaHUX
CTPYKTYp 3 HAsIBHHMU B JITEPATypi CKCICPHUMEHTATbHUMHU
[48-50] i Teopernunumu [44] manumu. BusBuiocs, 1o
METOJIMKa aTOMHOTO MOJICJIIOBaHHS J1a€ J0Op1 pe3ysbTaTu
Ut panime BuBueHuX P3-okcuais [51, 52], a Takox psamy
(hepOMarHiTHUX MaTepialiiB Ta IHIIMX CUCTEM (HATPHUKIIA],
rigpokcumiB [53]). Mirparist ionis mitiro Li * B okcumui
itpito (Y203)  posrasmaerbes  Juid  UTrocTpauii
3aCTOCOBHOCTI TaKMX MOJENed JUIsl BUPIIICHHS MpoOiieM
TEXHOJIOTIYHOTO XapaKTepy.

3.1. MeToauka MoeTI0BAHHS

VY BuOpaniii METOIUII BUKOPUCTAHO MaKET aTOMHOTO
mozemoBanHs GULP [54]. Meronuka MoJenOBaHHS
(MM) 3acHOBaHa Ha ONKCI I'PATKH B TEPMiHaX €(PEKTUBHUX
noTeHmianiB.  KyJoOHIBChKI  CHIIM  MiJICYMOBYIOTBCS
MeronmoM EBampga [55], a KOpOTKOZitO4Wi  CuiIn
MOJICITIOIOTHCS 32 TOTTIOMOTOI0 MapaMETPU30BAHHUX MAPHUX
MOTEHIIaNiB  (AMB. HWX4Ye). MOJENIOBaHH TPaTKU
TIPOBOJUTHCS 3a JOTIOMOTO0 MiHiMi3amii 11 3aranabHOI
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€Heprii 3 ypaxyBaHHSIM 3HAa4€Hb BEKTOPIB eleMeHTapHOT
KOMIPKM 1 TIOJIOKEHb IOHIB B MeXaX eJeMEeHTapHOl
KoMipku. JIOCHipPKEHHS 3aCHOBAaHE Ha KIACHYHIA MOJEINi
onucy pemitku — wmoaem bopua. Kopotkomitoui
CHEePTreTUYHI YJIE€HU S(rij) anpOKCUMOBaHI1
mapaMeTpU30BaHUM ITapHUM NapameTpoM bykinrema:

Tij Cij
S(rij) = Ajjexp <— ﬁ) -, (7
L ij

€ Tjj — BlICTaHb MIX 10HaMH i 1/, Ay, pj 1 Cjj — NOTeHUilHI
mapaMmeTpH, xapakTepHi ais ioHiB i i j. [lapamerpwu, sxi
BHKOPHUCTOBYIOTHCS B IIiHl poOOTi, TiAirHAHI eMITIpUIHO 10
eKCIIEpUMEHTAJIbHAX MapaMeTpiB IpaTku Ta ATOMHHUM
MOJIOKEHHAM JUISL PANY OKCHIHHMX CIOdyK. OCHOBOIO
METOJNKH ATOMICTHYHOTO MOJIEITIOBaHHS €
TapaMeTprU30BaHi KOPOTKO/IiF0Ui MOTEHITia)Id, OTPUMaHi 3a
JIOTIOMOTOI0  TIPOLIEAYPH 0araToCTpyKTypHOI ITiATOHKH,
onucanoi B [51,52]. IoHM KHCHIO pPO3TISAAIOTHCS B
oJIIpU3aliiHoMy  HaOMWKeHHI 000JIOHKOBOI  Mojedi
Jixa — OBep3zay3epa [56]. Ilpu npomy nependavaerscs,
mo ionn O BOIOIiIOTH 060IOHKOIO 13 3apsanoM —2.04 |e|,
3apspoMm sapa — 0.04 |e| i cumoBoro KOHCTaHTOIO 6.3 eV.

MopentoBaHHS 3iCTaBHE 3 TOYHHMH DPO3paxyHKaMH
CTPYKTYpH I'PaTKH, 3arajibHa eHepris Kol MiHiMi30BaHa 3
ypaxyBaHHSAM 11 TmapaMeTpiB 1 IIOJIO)KEHb 1OHIB B
eIeMeHTapHii komipmi. s MoJenmroBaHHS —BIUTUBY
CTPYKTYpPHUX Ae(EeKTiB, IPaTKy IOCIIIOBHO MOIUISIIN Ha
KOHIIEHTpHYHI  cepuyHi oOmacTi  BIANMOBIAHO JIO
npouenypu Mortra — JlittnTona [57] 3 ypaxyBaHHSAM
nedopmanii  rpaTku  HaBKOJIO Ae(eKTIB 1 BHMOTH
MiHiMizamii eneprii. Ilpm nbpoMmy BaxIMBO BHOMpaTH
005acTi JOCHTh BEJIMKUX PO3MIpiB, IO JO3BOJSIOTH
MiHIMI3yBaTd BIUIMB €Heprii Je(eKTOyTBOpeHHS B
3arajpHil Iporeypi po3paxyHkiB. 3riqHo 3 [57] paaiycn
o6mnacreii I-ro i II-ro pisHiB moBuHHI ckmamat 10 Ai31 A
BIITOBITHO.

3.2. Po3paxyHok MirpauniiHoi eHTaabmii

Konm craTM4HOro aTOMICTHYHOTO — MOJCIIOBAHHS
3aCTOCOBYBAaBCS IS Tiepea0adeHHs Ne(EKTHOT SHTaMbITIl
Ha TPOMDKHHMX Mirpaniiiaux mpomecax. Y Y203
aKTHBAIlIfHI MIrpamiiHi MeXaHi3MH CKJIAJaloThCs 3
MTOCITITOBHUX CTPUOKIB MIrpYIOUNX 10HIB Mi>K MIDKBY3JISIMHU
Y203, mo BosofitoTh Ky0OiuHOI cTpykTyporo C-Twmiy,
xapaktepHoro misi P3 okcumiB (Tak 3BaHa bixbyite
CTPYKTYpa, POCTOPOBA Ipyma /a3) 3 mapaMeTpoM IpaTKu

10.604 A. Taka cTpykTypa JOMycKac HasBHICTh
MDKBY3JIOBHX 10HIB B TphOX mo3umisix: 8b, 16c (x = 1/8) i
24d (x = —1/4). Enranpmis aktuBamii mpu wirparii €

PI3HHUIICKD MK CHTAJBIIEI0 CUCTEMH Y BHIIQJIKY, KOIHU
MITpyIounii i0H 3HaXOAUTHCS B OCIJIOMY ITOJIOXKEHH] 1 HOTo
pPIBHOBaXHOI eHTamnbIiero. EHTanemis ioHa B ociiomy
MOJIOKEHHI PO3PaxXOBYEThCSI 32 JOMOMOIOI0 BBEICHHS

(hiKCOBAHOTO 10HA JITIIO B OTOYEHHSI OCLIOTO TTOJIOKESHHS

3 mojanblio  aedopMalli€erd  OTOYyK4YOoi  HOro
rpatkd.  OuiHKy MOTEHIIHHOT eHeprii Ut
TIOBEPXOHb — TmapajenpHOi 1 MepHeHIUKYISAPHOI
HampsAMKy Jaudy3ii — HEoOXIMHO NPOBOAWTH  JUIA

BU3HA4YEHHS KOH(Qirypawii qudysiiiHoro nuisaxy.

3.3. BracTuBocTi 6a3MCHOI IPaTKH
[ToyaTKOBMM KPOKOM IIPU MOJICITIOBAHHI BIUTHBY
CTPYKTYpPHHX JIe(EKTiB € MOJICITIOBAHHS OCHOBHHUX
CTPYKTYpHHX HapameTpiB (Tadum. 1) Ta ix mopiBHIHHA 3
BiJITIOBIIHUMH SKCTIEPUMEHTATBHUMHU AaHUMHU [48—50]

(Tadm. 2).

Taonuysa 1

JlaHi aTOMIYHOTO KOMIT'TOTEPHOTO MOJEIIOBAHHS IS

00’eMy, mapaMeTpiB I'PATKH Ta XapaKTEPUCTUYHUX KYTiB
P3 okcunis B-tumy.

Table 1

Atomic computer modeling data for the volume, lattice

parameters, and characteristic angles of B-type RE oxides

Sm,03 Eu03 TboO3
V(A3 151.520 149.066 143.557
a(A) 14.383 14.311 14.143
b(A) 3.613 3.593 3.547
c(A) 8.898 8.848 8.737
B(°) 100.587 100.647 100.720

IIpu mpoMy pe3ynpTaTH aTOMHOTO MAacIITaOHOTO
MojemioBaHHs s P3  okcunmiB  A-tumy 3a  cBOIMH
a0COFOTHUMH 3HAYEHHSMH BUSBHIINCS 3HAUYHO OJIVDKYE 10
eKCIIEpUMEHTAILHUX Pe3yJIbTaTiB, HDK BHXIJHI JaHi,
OTpHMaHi B TEOPETHYHUX pPO3PaxyHKax, 32 BHUHATKOM
cnonyku La,O3, 3 Tounictio ouinku 1.4%.

Takox OyJio MPOBEICHO MOPIBHAHHS 00'€MHOT eHepTii,
10 TpHUTIaZace Ha MOJIEKYNY (OJUHUITIO0 CTEXiOMETPUIHOI
¢dopmymn) P3 okcunis 1t A- i C- tunis - puc. 8 i puc. 9.

Enepris, minimizoBaHa 3a 06’eMoM okcumiB SmyOs,
Eu03 1 Tb,O3 MoHoxiHHOI cTpyKTypu B-THmy, Oyna
OLIIHEHA 3 TOYHICTIO He MeHIe Hix 1.4%.

Jlst P3 okcupniB C-THITy CIIOCTEPIra€ThCs TIOBHA 3T01a
pe3yNIbTaTiB HANIOTO JOCHiKeHHS 3 nmaHumu TOI i
EKCIICpUMCHTAIbHAMU NaHuMH. Sk BHUIDIHBae 3 puc. 10 i
Tabi. 2, TIOTEHIIHA MOJETh B TOYHOCTI BiITBOPIOE
KpUCTANIYHy CTPYKTypy mnomimopd B- i C-tumis, mo
BKa3ye Ha JOCTOBIipHICTb Mojemni. /s neskux okenais C-
TAIy MeTox Teopii QyHkmioHana rtyctuHu (TOI),
po3pobnennii Xipocaki Ta iH. [44], He MIOXOAWTH Yepes
BiJICYTHICTb BIJTIOBITHHUX IICEBIAOMOTCHINATIB.
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Puc. 9. O0'em, sixuii npumaae Ha MOJIEKYITy, K QyHKIis
aToOMHOro Homepa i1 P3  okcunie  A-tumy,
PO3paxoBaHMiA i3 ATOMHUX MACIITAOHUX MOJIETEH.

Fig. 9. The volume per molecule as a function of the
atomic number for PZ of C-type oxides, calculated from
atomic scale models.

Taonuya 2
ExcriepuMenTanbHi naHi ais 00’ eMy, TapaMeTpiB IpaTKu
Ta XapakTepuUCTUYHUX KyTiB P3 okcuai B-tumy.

Table 2
Experimental data for the volume, lattice parameters,
and characteristic angles of B-type RE oxides.

Sm, 05 Eu0; Tb,0s
V(AY) 149.722 146.945 141.917
a(A) 14.198 14.110 14.030
b(A) 3.627 3.602 3.536
c(A) 8.856 8.808 8.717
B() 99.986 100.037 100.100

Meronuka MiHiMI3amii eHeprii Mo)ke 3alOBHUTH ITIO
NpOTaIMHy TP HAABHOCTI CTPYKTYPHHUX JaHHWX,
MOPIBHAHHUX 3 EKCIICPUMEHTAJbHUMH PE3yJbTaTaMH.
OueBUHO (3 OTPUMaHUX PE3yJIbTATIB), IO CHEPTis OHIET
Moyiekynu P3 OKcHAIB 3MEHIIYEThCS 31 301TBIIEHHAM
aTOMHOTO HOMEpa HE3alIeXHO Bl iX KpHCTaTiYHOI
cTpyktypu. Lle mosicHioeTbesi 3MeHmeHHsM P3 ioHHOTO
pazniyca 3 ypaxyBaHHSM 30UIBIICHHS aTOMHOTO HOMEpa
(«cTucHeHHS» JaHTaHOIMIB [59]).

3.4. Mirpauis Li * B Y203

MixBy3enbHi ioHM B bixbyite  CTpyKTypax
(GOopMYIOTECS TBOMa criocob0aMu. BBaxkaeThCs, IO IIISIX
Bix 8b 10 16¢ eHepreTHYHO OLNBII BUTIIHUH, HIX Bif 16¢C
1o 24d — nursax ams mirpartii ioHiB JiTito B Y203.

[I{o6 ymeBHHUTHCS B TOMY, IO i0HHU JITIIO PyXarOThCs

mo mpsMmiid il Bim 8b mo 16¢c, OyB moOymoBaHWit
KOHTYpHHUH rpadik, o npeacTasisie co00I0 IUIOIINHY, 10
NPOXOJWUTh 4YEpe3 TOYKY OCIIOCTi, HEPIEeHANKYISPHY
MirpamiiaomMy BekTopy (puc. 11).
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Puc. 10. O6'em, sxuii Tmpunazae Ha MOJEKYIy, SK
¢dynkiis atromHoro Homepa st P3 okcumie C-tumy,
PO3paxoBaHMi i3 ATOMHUX MACIITAOHUX MOJIETEH.

Fig. 10. The volume per molecule as a function of the
atomic number for PZ of C-type oxides, calculated from
atomic scale models. Experimental and theoretical data
are also presented.
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Puc. 11. KoutypHuii rpadix eHepreTHYHUX IMOBEPXOHD
JUTSL TUTOIIMHM, IO TPOXOJUTH HYepe3 TOYKY OCIUIOCTi,
MEPICHANKYIIAPHO ~ MITpallifHOMY  BEKTOpY,  SKUH
MICTUTh MiKBY3enbHI mo3uilii 16¢-8b B Y20s. ['padik
OTPUMaHO 3a JIOTIOMOTOIO0 TIOMIIIEHHS MiXBYy3EIbHHUX
1OHIB JITif0 B 25 BIIMOBITHUX TOYOK KOHTYPHOI CITKH.
IarepBan mixk koutypamu 0.05 eB.

<
T
. 9

Fig. 11. Contour plot of energy surfaces for the plane
passing through the settling point, perpendicular to the
migration vector, which contains internodal positions
16¢c-8b in Y20s3. The graph is obtained by placing
internodal lithium ions in 25 corresponding points of the
contour grid. The interval between contours is 0.05 eV.

Ileit pucyHOK IPYHTYye€TbCA Ha 25 po3paxyHKax, LI0
ONHUCYIOTh MOXJIMBE  po3ramryBaHs ~— Li*T  Ha
E€KBIIMCTAHTHUX TO3MIIAX CITKH 5Xx5 B Y20;3;. Touka
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HalHWKYIOT SHTAIBITIT po3TaloBaHa Ha cepeanHi rpadika,
110 BKa3ye Ha Te, [0 i0H JIUTII0 PYXaeThCs MO MpsMii Bix
MDKBY3€JIbHOTO po3TanryBanHs 8b 1o 16c¢.

Ha pwuc. 12 mokazaHo KOHTypHHI Tpadik Mirparii
MixBy3ensHoro Li* B Y>03, napasnensuuii Mirpamiinomy
BEKTOPY, SKHH MIiCTHTh HaOlp MDKBY3eJIbHUX Micub 16c-
8b-16c. Ha wmpomy rpadiky Li" 3HaxomuThes Ha
E€KBIIUCTAHTHUX MO3uMigX 16c-8b-16¢ citkm 21x21, sKi
PO3TaIIOBYBAJIMCS 110 JiaroHaji rpadika.
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Puc. 12. KoutypHuii rpadix eHepreTHYHUX IMTOBEPXOHD
JUISl TUIOIIMHM, TNapajeibHOi MirpauiiiHoMy BEKTOpY,
SIKMH MICTUTBh MDKBY3enbHI mo3uuii 16c-8b-16¢ B Y20s.
I'padix orpumano 3a  JOMOMOIOI0  ITOMIIICHHS
MIDXKBY3€IbHHX 10HIB JIiTi0 B 441 TOUKY KOHTYPHOI CITKH.
IarepBan mix koutypamu 0.5 eB.

Fig. 12. Contour plot of the energy surfaces for the plane
parallel to the migration vector, which contains the
internodal positions 16¢c-8b-16¢ in Y,03. The graph was
obtained by placing internodal lithium ions in 441 points
of the contour grid. The interval between contours is
0.5eV.

VI xoopaunaTa iona Li * Mana ionnwmii pamiyc 0.76 A,
toni sk Y3' wmaB iommmii pamiyc 0.9 A [60]. Touku
HalHWKYIOT SHTaNbIii Oyau MiKBY3€NbHI, a MUIAX IHX
TOYOK — TpsiMa JIiHisA, MO 3'€JHY€ MiXKBY3€JIbHI MO3HIIIT
16c-8b-16¢c. B misoMy, BHUKOPHCTOBYIOUHM JaHy iOHHY
MOJICNIb 1 PO3pPaxyHKH, IO 30iraroTbCs 3 TPaHUYHUMH,
MO>KHA OI[IHUTH BiATIOBIIHY €HTabIiI0 nedekTiB. OgHak,

OUTBII peanbHO  OIIHIOBAaTH B3a€EMHY  (BiIHOCHY)
CHTAJIBITIFO.

BUCHOBKHA
TakuM  4YMHOM, HaBeIeHa BHUINE CYKYIHICTh

EKCIIEPUMEHTAIbHAX pe3yNbTaTiB, OTPUMAHUX Yy Wi

po0oTi, 103BOJIIE 3pOOUTH BHUCHOBOK TMpO T, IO
3MEHIIECHHS BMICTY KUCHIO B HAANIPOBITHUKY Y Ba,Cu3O7.
5 TPHU3BOAMTH A0 (Hha30BOro po3UIapyBaHHsA B 00’eMi
eKCTIIEPUMEHTAIIBHOTO  3pa3Ka, SKE CYyNPOBOIKY€ETHCS
YTBOPEHHSIM  HaJCTPYKTYp abo KIacTepiB 3
YIOPSAKOBAaHUM PO3IOJIIOM KHCHEBUX BaKaHCIH 1 sKi
PO3pI3HAIOTECA 1X KOHIEHTpaliero. OIiHeHI XapaKTepHi
po3Mipu  KJacTepiB, sKi 1g00pe  y3roIKYIOThCS 3
TEOPETHYHUMH DPO3pPaxyHKaMH, MPOBEICHUMH B paMKax
kiactepHoi Moaeni ¢popmyBanus I111[-anomanii y BTHII.
BuHUKHEHHS Ta BINOPSAKYBAaHHS KHCHEBHX BaKaHCIH B
wrommHax  Cu(1)-O(1), o4eBHAHO, BU3HAYAETHCS
CKJIaTHOX0 KOMOIHAII€I0 KIHCTHYHHX 1 TEPMOJMHAMIYHUAX
¢dakTopiB. Pemakcarist enxekTpoornopy MNpH KiMHATHHUX
TEeMIIepaTypax BUKJIMKaHA YNOPSAKYBAHHSIM B KHCHEBIH

mgcucremi B mommHax Cu-O 1 34iHCHIOETBCS
TePMOAKTHBAIIIMHMM  YMHOM.  EHepris  akTuBaiii
camomu(dysii  KUCHIO,  3aJeXHO  BiJ  TPUPOIHU

PIAKO3EMENBHOTO 10Ha, MOXKE 3MiHFOBAaTHCS B Mexax 0.93—
0.98 eB 1 € ¢yHkuielo crany 3paska. 3amiHa iTpil0 Ha
TrONbMild ICTOTHO BIUIMBAE HA PO3MOALT 3apsamy i
epexTuBHy B3aeMofito B CuO-IIOmMHAX, THM CaMHUM,
CTUMYJIIOIOYH PO3YTOPSIIKYBaHHs B KUCHEBIH MiJICHCTEMI.
Y Mipy IOCATHEHHS pIBHOB&XXHOTO CTaHy €HEprid
aKTHUBAI] 30UTBITY€ThCSI. PiBHOBaXHMI CcTaH
enekTpooriopy € ¢QyHkuiero temneparypu. Ilpu 1mpomy
XapakTepHi YacW peJaKcaliiHuX mpoueciB mimst (a3 3
PI3HHUM BMICTOM KHCHIO 301TBIITYIOTECS B Mipy 3pPOCTaHHS
HOTo KOHIIEHTpaii.

ATtomMHe MacmTabHE  MOJETIOBAaHHS  aJeKBAaTHO
BIITBOPIOE CTPYKTYpHI xapaktepucTuku 17 P3-oxcumis.
OTpuMaHi 3HaYCHHS KOPOTKOMAIIOYMX  MIKATOMHHUX

MOTEHIAJIIB TAaKOX MOXYTb OYyTH BHUKOPHUCTaHI JuIsi
CHCTEMAaTHYHOTO JOCIKEHHS KOMIUIEKCHOI TOBEIiHKH
Ta XiMmii Ie(eKTiB y IuX MaTepianax Ha aTOMHOMY PiBHi.
BukopucranHs ~ TEXHIKM  MOJCTIOBAHHS  B3a€EMOJIi
KPHCTAJIiYHOT IpaTKH, TaKk 3BaHOi «atomic scale
techniques», m03BoNse HE TIABKH YCHIINTHO BHU3HAYATH
EMIIpUYHI [NUIAXH  MOJINIIEHHS  (Pi3HKO-TEXHITHUX
napametpiB pisHux P3O-cnomyk, ame 1 mepeBipsTn
a/ICKBaTHICTh YMCJICHHUX TEOPETUYHUX JIOCII/KEHb, L0
MIPOBOJATECA Ha cbOronHi. [linTBepIKeHHAM yCIIIIHOCTI
3alpPOMOHOBAHOI METOIUKH € III poboTa, B sKiil Oyio
oTpuMaHo  A00py  3rojy  pO3paxyHKOBHX  Ta
EKCIIePUMEHTAIBHUX 3aJIKHOCTEH CTPYKTYPHHUX
rapaMeTpiB, a TaKOX CHPOTHO30BaHa EBOJIOLIS KOHTYPY
eHepreTuuHoro morteHmiary P3O-cmomyk y mpomeci
Mirparii JiTizo.
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The paper investigates the effect of annealing at room temperature on the electrical resistance in the ab-plane pab(T)
of ReBaCus075 (Re =Y, Ho) single crystals with oxygen deficiency. It was found that the reduction of oxygen content
induces phase segregation, accompanied by the diffusion of a labile component and structural relaxation in the sample
volume, confirming the critical role of oxygen deficiency in determining the structural and electrophysical properties of
these materials.

Annealing at room temperature with varying oxygen deficiencies results in an expansion of the linear range of pab(T)
and a narrowing of the temperature region where the pseudogap regime occurs, highlighting the importance of oxygen
concentration in forming the electronic structure. Excess conductivity follows an exponential temperature dependence
over a broad temperature range, indicating the presence of nonlinear effects. The pseudogap temperature dependence is
well described within the BKD-BEK crossover theory, confirming a transition between two modes of material behavior.

Replacing yttrium with holmium (Re = Ho) affects the charge distribution in the CuO planes, leading to disorder in
the oxygen subsystem, which alters the electronic structure, manifesting as shifts in temperature regions corresponding
to metal-insulator transitions and pseudogap anomaly. Thus, the results demonstrate that controlling the oxygen content
and chemical composition of ReBa>Cus0+-3 crystals is an effective method for managing their electrophysical properties.
The obtained short-range interatomic potential values can also be used for systematic studies of the complex behavior
and defect chemistry of these materials at the atomic level. The use of "atomic scale techniques" allows not only for
improving the physicochemical parameters of various rare earth oxides (REO) compounds but also for validating the
adequacy of numerous current theoretical studies.

Keywords: ReBa:Cu3O7.s single crystals, annealing, structural relaxation, labile oxygen, pseudogap anomaly, metal-dielectric
transition, accompanying oxides
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In bounds of the non-linear and system paradigms, been formulated by L. F. Chernogor in the last 1980th, all processes
in open, non-linear, dynamical systems are very complex, non-linear, ultra-wideband or fractal ones.

According to the fractal paradigm put forward in the early 2000s by V. V. Yanovsky, fractality is one of the
fundamental properties of the surrounding world. Therefore, the study of fractal characteristics, in particular, of natural
physical processes is actual, interesting and useful.

The fractal dimension based on the Hurst exponent is one of the oldest and most famous ones. Based on the study of
model fractal signals, it is demonstrated that the dependence between the estimate of the Hurst fractal dimension, obtained
by the normalized range method, and its true value is significantly non-linear. To decrease of influence of the errors
arising as a result of this, it is proposed to use the method of the corrective function.

The practical effectiveness of the proposed method is demonstrated on the example of the analysis of experimental
results obtained in the middle 1960s by H. E. Hurst, which discovered the presence of a somewhat strange grouping of
the values of the Hurst fractal dimension around the value of 1.27 for various natural physical processes. A hypothesis
about the possibility of explaining this fact precisely by the nonlinearity of the mentioned dependence for R/S-method
was proposed.

Keywords: nonlinear paradigm, natural physical process, fractal paradigm, fractal analysis, fractal dimension, corrective
function, rescaled range analysis method, Hurst exponent.

In cites: O. V. Lazorenko, A. A. Onishchenko, 1. A. Taranova, M. A. Udovenko. Pecularities of hurst exponent estimation for natural
physical processes. Journal of V.N.Karazin Kharkiv National University. Series Physics. Iss. 40, 2024, 25-34.
https://doi.org/10.26565/2222-5617-2023-40-02.

© 0. V. Lazorenko, A. A. Onishchenko, I. A. Taranova, M. A. Udovenko (2024)

Open Access. This article is licensed under a Creative Commons Attribution 4.0
http://creativecommons.org/licenses/by/4.0/


https://doi.org/10.26565/2222-5617-2024-40
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.26565/2222-5617-2023-40-02
mailto:Oleg.V.Lazorenko@karazin.ua
https://doi.org/10.26565/2222-5617-2023-40-02
https://orcid.org/0000-0002-0250-8671
https://orcid.org/0000-0002-2118-9119
https://orcid.org/0000-0002-9365-725X
https://orcid.org/0009-0006-9969-703X

O. V. Lazorenko, A. A. Onishchenko, I. A. Taranova, M. A. Udovenko

INTRODUCTION

It is well known that the term ‘fractal’ (from the Latin
‘fractus’, meaning ‘broken’) has been proposed by great
American physicist and mathematician Benoit Mandelbrot
in 1975 [1]. After some tens of years accompanied by
strong scientific fights between the thousands of supporters
and opponents, the fractal ideas had fully won (see, for
example, [2 — 12]).

Following so called ‘fractal paradigm’ proposed in
2003 by famous physicist Prof. V. V. Yanovsky (Kharkiv,
Ukraine), fractality (as non-linearity earlier) was appeared
to be one of the fundamental properties of the world around
us [13, 14]. Fractality has already become a new paradigm
of modern science. Moreover, in the non-linear and the
system paradigms been formulated in 1980s by Prof.
L. F. Chernogor (Kharkiv, Ukraine), it has been claimed
that in the open, complex, non-linear, dynamical systems,
many natural and artificial processes, in particular, inspired
by operation of the powerful, non-stationary sources of
energy release can be classified as short-time, ultra-
wideband, non-linear and fractal ones [15].

To discover, research, describe and explain the fractal
properties of natural and artificial processes, it is necessary
to apply different methods of mono-fractal and multi-
fractal analysis (see, for example, [16]). Namely these
methods give an useful and comfort set of different
numerical characteristics been able sufficiently fully
reflect all main peculiarities of the signals and processes
investigated.

A fractal dimension D is appeared to be one of the most
important such numerical characteristics (see, for example,
[12]). In general, there are a lot of different fractal
dimensions, which can be estimated as for mathematical,
as for physical (natural) fractal signals and processes (see,
for example, [16]). Each of them has own peculiarities for
calculation methods and own set of appropriate cases for
application. In this paper, we shall deal with only one of
such fractal dimensions, namely, the Hurst dimension Dy
and with only one method for its calculation, namely,
rescaled range (R/S) analysis method called frequently as
simply ‘R/S method’.

The purposes of the paper are to investigate the
peculiarities of the Hurst dimension estimation with R/S
method and to try explaining some seems strange
regularities obtained in 1980th by B. Mandelbrot for Hurst
dimension Dy (and, of course, for the Hurst exponent H)
of many natural physical processes.

R/S METHOD AND
HURST FRACTAL DIMENSION
Being as natural, as artificial origin, many real signals
and processes in nature have fractal properties and,
therefore, are the physical fractals [1 — 9]. It is important,

that in the most cases, these properties are understood
namely in statistical sense, not in algebraic or geometric
ones [1 — 9]. Therefore, to describe them correctly, the
statistical numerical characteristics should be used.

The Hurst exponent H been introduced by H. E. Hurst
in 1951 (twenty-four years before fractals!) in the paper
[17] is appeared to be such the oldest statistical numerical
characteristic. In bounds of the Generalized Brownian
Motion (GBM) Model [3], the Hurst exponent H and
fractal dimension Dy called as the Hurst fractal dimension
are connected with the relation Dy = 2 — H.

Today, to estimate the Hurst exponent of a signal X (t),
there are many different ways. Being proposed by
H. E. Hurst in 1965 [18], the oldest way is well known as
the Rescaled Range Method or R/S method [3].

According to the new fractal analysis method
classification introduced in 2022 [19], all existing mono-
fractal analysis methods can be divided at six different

groups, namely, methods based on the geometric
characteristics, methods based on the algebraic
characteristics, methods based on the statistical

characteristics, methods based on the frequency and time-
frequency characteristics, complex methods and special
methods. Being statistical by the origin, R/S method is
appeared to be a member of the group of methods based on
the statistical characteristics.

As the examples of another ways of the Hurst exponent
estimation, the Variogram [20] or Semivariogram [21]
Method, the Mandelbrot and Wallis Method [22], the
Dispersion Analysis Method [23] known as the Standard
Deviation Analysis [24] too, the Autocorrelation Analysis
Method [25], the Second Moment Method [26], the Peltier
and Levi-Vehel Method [27], the Variance Plot Method
[28], the Detrended Fluctuation Analysis Method [29], the
Aggregated Dispersion Method [30], the Aggregated
Signal Absolut Values Method [30], the Scaled Windowed
Variance Method [31], the Detrended Moving Average
Method [32], the Signal Summation Conversion Method
[33], the Diffusion Entropy Analysis Method [24], the
Variational Dimension Method [34], the Adaptive Fractal
Analysis Method [35], the Fractal Dimension Algorithm
Method [36], the Generalized Variogram Method [37] and
many others can be listed.

As well known, the main idea of the R/S method is
following (see, for example, [21]). Note, we shall speak
about a discrete signal investigated, since in practice, if the
digital signal processing methods are applied, all the
signals and the processes researched should be represented
in discrete form only.

Let’s consider a discrete signal s; containing N points
(i= 1,—N, that is the variable i varies in bounds from 1 to
N with a unit step). For this signal, its partial sums

y() =Sy sun =1,
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dispersions (square of the standard deviations S(n))
1 1 2
S2m) =23y [si—2ym)| n=1
a so called ranges R(n) should be estimated. As well

known, the range R(n) of the signal s; is given by the
relation:

R() = max (y(t) - %y(n)) ~ min (y(t) - %y(n)) .

Basing on these values, so called R/S statistics is build:

R ~_Rm 1
sMW =50 = 5w
n > 1.

In 1951 [17], basing on the results of empirical
investigations, H. E. Hurst found that the mathematical
expectation of such statistics showed a power-law
relationship with the size of the observation window length
n as:

E[R/S(n)] ~ Cn",
where C is some limited, positive constant, which doesn’t
depend on n, H is the Hurst exponent, E|[ ]is the operation
of a mathematical expectation calculation.

Therefore, varying the observation window length n,
the plot of the logarithms of E[R/S(n)] vs. the logarithm
of n can be obtained. If a signal s; investigated has really
the self-affine (and fractal, of course) properties, all points
calculated should be appeared to be grouped around some
straight line. Being equal to the angle coefficient of this
straight line, the Hurst exponent H can be estimated with
usage of the least square method.

It is very important to note, that if that points were
appeared to be not grouped around any straight line, it can
be claimed, that a signal investigated hasn’t a self-affine
property and, therefore, is not a fractal one. The Hurst
exponent H cannot be estimated in such case at all.

On other hand, in most practical cases, a signal
investigated is appeared to be fractal in some limited scale
range only, not in all range. In such case, the experimental
pointes plotted in the double logarithmic coordinates can
be successfully approximated with a linear function in
some scale range only, not in all range too. Therefore, they
should speak about limited scale range fractal properties of
the signal or process researched.

Moreover, as it had been found by B. Mandelbrot (see,
for example, [1, 3]), for fractals, the Hurst exponent value
H should be limited in the range 0 < H < 1. Otherwise the
signal analyzed is appeared to be not self-affine and,
therefore, is not fractal [3]. If the condition 0 < H < 1 was
successfully satisfied, then one can believe that the signal
investigated has mono-fractal properties in this range. It is
quite possible that for the same signal, some different scale

ranges with different Hurst exponent values will be
obtained [3].

It is necessary to point, that R/S method can be
successfully applied for investigations of the functions as
time, as space variables. Fortunately, formal replacing of a
time variable by a space one doesn't destroy the R/S
method correctness.

Meanwhile, in many cases, the real physical processes,
specially being in open, non-linear, dynamical systems
[15], are appeared to be non-stationary ones. Moreover, it
means that their fractal properties can vary with time too.
So, the Hurst exponent H should be estimated for some
limited, sliding time window W (t), but not for all signal
X(t) at once. In this case, the Hurst exponent becomes a
function of the time H = H(t) [38]. In our opinion, it is
convenient to connect these Hurst exponent values with
corresponding time locations of the center of the sliding
time window W (t) used. Namely such approach is applied
in this paper.

Let’s return to the Hurst fractal dimension Dy
calculation with the R/S method application for the entire
signal X (t). Namely such approach has been most popular
in the middle 1960", when H. E. Hurst obtained some
strange results regarding a set of natural processes and
objects. He found (see, for example, [3, 39]) that the Hurst
exponent H is more or less symmetrically distributed about
a mean of 0.73, with a standard deviation of about 0.09. In
this case, the Hurst fractal dimension Dy has a mean of
1.27 and the same standard deviation, Dy = 1.27 £+ 0.09.
Although this was purely empirical result obtained on the
base of generalization of huge amount of experimental data
having different natural origin, it looks some strange and
surprising. But up to current day, any reasonable
theoretical explanations of this strange fact haven’t been
proposed as by H. E. Hurst and B. Mandelbrot, as by other
famous specialists in fractals.

Nevertheless, all the results discussed above have the
same peculiarity. They have been obtained with R/S
method usage. Therefore, it can be done the following
assumption: the strange result obtained could be explained
by implying of some hidden peculiarity (or disadvantage)
of the R/S method. It is necessary to found it only.

CORRECTIVE FUNCTION METHOD

In 2022 in the paper [40], so called ‘Corrective
Function Method’ for mono-fractal analysis has been
proposed. The main idea of this universal method is in
following.

Let’s consider a mono-fractal analysis method, which
allows to obtain an estimation D* of unknown fractal
dimension D of a signal investigated. As it was proposed
above, this is a discrete signal s; containing N points (i =
1,N). The estimation D* is appeared to be an unknown

The journal of V. N. Karazin Kharkiv National University. Series Physics. Iss. 40, 2024
BicHuk XHY imeHi B. H. Kapasina, cepis «®isuka». Bun. 40, 2024 27



O. V. Lazorenko, A. A. Onishchenko, I. A. Taranova, M. A. Udovenko

non-linear function of D and N, that is D* = f(D, N). It is
understood, that in an ideal case this function must be
linear and simple (D* = D) and must not depend on N. But
in practice, this situation is appeared to absolutely
impossible.

For the sake of justice, we note that in general, the hints
of an idea of existence of the non-linear function D* =
f(D,N) for some methods of mono-fractal analysis were
be done by some specialists yet before the paper [40]
appearance. But there was no its clear formulation and no
ways to improve the situation proposed.

The main purpose of the Corrective Function Method
is to compensate the existing non-linearity of the function
D* = f(D,N) in some way and, therefore, to increase an
accuracy of the fractal dimension D estimation obtained
with given method of mono-fractal analysis.

To reach this purpose, in the paper [40], it was proposed
to inverse the non-linear function D* = f(D,N) on the
base of so called ‘Corrective Function’ (CF). For each
given mono-fractal analysis method, the CF should be built
on the discrete grid over the plain (D, N) with application
of the model fractal signal set with known changing values
of the variables D and N. The steps of changing on D and
N values can be chosen by each researcher in the way
which he like. For example, for our practical aims, we have
used D value changing in bounds 1 < D < 2, with the step
0.01, and N value given by N = 2%, k € N, where N is a
natural number set. It is clean, that the smaller these steps
are, the more precise the fractal dimension D estimation
will be. But in the same time, the data volume needed be
located in computed rises significantly. Therefore, each
researcher should choose between the needed accuracy and
the data volume allowed for given calculation.

When the CF on the discrete grid Dj; = f(D;, N)), i =

1,_n, j= 1,_m has been obtained, the process of the non-
linear function D* = f(D, N) inversion can be started. For
fixed N value, N = Ng;4, the function D* = f(D, Ng;4), as
a function of one variable on the interval 1 < D < 2, can
have an inverse function D = f _1(D*,Nsig) only in the
case, when the function D* = f(D, Ns,) is monotonic
there. In this concrete case, the function D* = f(D, Ng;4)
should be a rising function of D in the interval discussed.
For comparatively big values of N4, there are no
problems to satisfy this demand. But when Ng;, decreases,
for a function Dj; = f(D;, N;), the value Npi,, below of

which the monotonicity of the function D* = f(D, Ng;4)

discussed above (j = 1,(min — 1)) is appeared to be
disrupted, occurs. As well as all close explanations of this
process appearance causes and the bulky relations for the
fractal dimension D and its estimation error AD are
considered in the paper [40], which, if needed, can be

successfully downloaded for free, we avoid to repeat them
here.

Nevertheless, we believe (we don’t claim, of course)
that the algorithm of determination of the Ngig value is
appeared to be very useful, since it allows to prepare a well-
founded and reasonable answer on the question of what
exactly is the minimum number of signal points Np,;, and
why should be used in this method of monofractal analysis.

To prove the importantness of such answer existence, we
can cite an opinion of the world famous fractalist J. Feder,
which has claimed in the book [3], that for the R/S method,
minimal allowing Np,;, value should be equal at least 2500.
May be, this opinion would have some reason, but there was
no grounded explanation of such point of view. At the same
time, as it was found in the paper [40], for the R/S method,
the value Ny, is appeared to be principally much smaller
(Npin = 32) due to the reasons described above. But it
should be taken into account that when N, value decreases,
the error of the Hurst fractal dimension estimation 4D, of
course, rises.

RESULTS OF MODELING
WITH STOCHASTIC
MONO-FRACTAL SIGNALS USAGE

Let’s consider the non-linear function D* = f (D, N)
created for the R/S method on the basis of the model mono-
fractal signals.

All these signals used in this paper are the different
realization of the one stochastic mono-fractal signal model
with varying D and N values. This model is a well-known
model based on the modified cosine Weierstrass —
Mandelbrot function [41]:

MW (t) = ZZ:O A= cos(A™t + @,,),
where A is a numerical parameter (1 > 1), D is a fractal
dimension (1 <D < 2), ¢, are the stochastic phases
having some chosen distribution law at the interval [0,27],
t is dimensionless time variable. Two examples of such
model signal realizations with different fractal dimension
D values are shown at the Fig. 1.

It should be pointed that if we consider ¢,, = const for
all existing n, a deterministic mono-fractal signal model
with given fractal dimension D appears.

As it was pointed above, in all the investigations
regarding a CF building, we used a discrete grid over the
plain (D, N), where D value was changed in bounds 1 <
D < 2, with the step 0.01, and N value was given by N =
2%k € N. Namely this way is used now too.

As well as the model fractal signals used are principally
stochastic by their nature, for successful and correct
modelling, it is necessary to use many different realizations
with the same combinations of D and N with consequent
averaging of the results obtained. In this case, the
averaging over 300 stochastic realizations was used.
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Fig. 1. Model stochastic mono-fractal signals s(t) with
different fractal dimension D values: D = 1.2 (a) and
D = 1.8 (b). Here t is a dimensionless time.

At the table 1, the results of the Hurst fractal dimension
D™ estimation for the model stochastic fractal signals with
given D and N values obtained with R/S method usage are
shown. For each combination of D and N, as the Hurst
fractal dimension D* value calculated, as its error AD*
estimated are given. In all calculations performed in this
paper, the confidence level was used to be equal to 0.9.

From the table 1, the existing non-linearity of the
function D* = f(D, N) with fixed N values is clearly seen.
Moreover, there are some interesting tendencies. First, for
fixed D, the more N value is, the less difference between
D* and D values occurs. Second, in the worst case, the error

*

D T T T T T T T T ™

1.8
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Fig. 2. Comparison of the ‘ideal’ function D* = D (1) vs
the non-linear function D* = f(D,N) having fixed N
values: N =32 (2), N =128 (3), N =512 (4)and N =
2048 (5).

of the D* value estimation with R/S method usage doesn’t
exceed approximately 2.5%. Third, for the R/S method,
depending on the N value, there is some special bound D,
value, for which at the interval 1.0 < D < D, the results of
the Hurst fractal dimension D* estimations turn out to be
overestimated, but at the interval Dy, < D < 2.0 they turn
out to be, on the contrary, underestimated. For N = 32 —
2048 this D, value is found to be slightly increasing in
bounds 1.3 < Dy < 1.4 with value N rising.

Table 1

Hurst fractal dimension D* estimation for the model stochastic fractal signals with given D and N values obtained with

R/S method usage at the interval 1.00 < D < 2.00

D
N 100 | 110 | 120 ] 130 | 140 | 150 | 160 | 170 | 1.80 | 1.90 | 2.00
3 123+ | 1,25+ | 128+ | 1,31+ | 1,34+ | 137+ | 1,40+ | 1,43+ | 146+ | 1,50+ | 1,53+

0,03 | 003 | 003 | 003 | 003 | 003 | 003 | 003 | 004 | 004 | 0,04
54 120+ | 1,23+ | 127+ | 1,30+ | 1,34+ | 139+ | 1,43+ | 148+ | 1,52+ | 1,57+ | 1,61+
0,02 | 002 | 002 | 002 | 002 | 002 | 002 | 002 | 002 | 002 | 0,02
128 L19+ | 1,22+ | 126+ | 131+ | 1,36+ | 1,42+ | 1,47+ | 1,53+ | 1,58+ | 1,63+ | 1,67+
0,01 | 002 | 002 | 002 | 002 | 002 | 001 | 001 | 001 | 001 | 001
256 L8+ | 1,22+ | 126+ | 1,32+ | 1,38+ | 1,44+ | 1,50 | 1,56+ | 1,62+ | 1,67+ | 1,72+
0,01 | 001 | 001 | 001 | 001 | 001 | 001 | 001 | 001 | 001 | 001
51 L16+ | 121+ | 127+ | 1,33+ | 1,40+ | 1,47+ | 1,53+ | 1,60+ | 1,66+ | 1,71+ | 1,76+
0,01 | 001 | 001 | 001 | 001 | 001 | 001 | 001 | 001 | 001 | 001
1024 L15+ | 1,20+ | 1,26 | 1,33+ | 1,41+ | 1,48+ | 1,56 | 1,63+ | 1,69+ | 1,74+ | 1,79+
0,01 | 001 | 001 | 001 | 001 | 000 | 000 | 000 | 000 | 0,00 | 0,00
2048 L4+ | 1,19 | 126+ | 1,33+ | 1,41+ | 1,49+ | 1,57+ | 1,64+ | 1,70+ | 1,76+ | 1,81+
0,00 | 0,00 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 0,00 | 0,00
1096 L13+ | 1,19+ | 1,26+ | 1,34+ | 1,42+ | 1,50& | 1,58+ | 1,66+ | 1,72+ | 1,78+ | 1,83+
0,00 | 0,00 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 0,00
510 113+ | 1,18+ | 1,26+ | 1,34+ | 142+ | 1,50+ | 1,59+ | 1,66+ | 1,73+ | 1,80+ | 1,85+
0,00 | 0,00 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 0,00
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Table 2

Hurst fractal dimension D* estimation and its mean value D* for the model stochastic fractal signals with given D and
N values obtained with R/S method usage at the interval 1.00 < D < 1.40

N D D*
1.00 1.10 1.20 1.30 1.40

32 1,228+0,028 1,253+0,030 1,277+0,031 1,306+0,032 1,336+0,032 | 1,280+0,031

64 1,203+0,020 1,234+0,021 1,268+0,021 1,303+0,022 1,344+0,022 | 1,270+0,021
128 1,190+0,015 1,223+0,015 1,264+0,015 1,313+0,016 1,364+0,016 | 1,271+0,015
256 1,175+0,011 1,218+0,011 1,264+0,011 1,317+0,011 1,379+0,011 | 1,271+0,011
512 1,1610,008 1,2070,008 1,265+0,008 1,3310,008 1,396+0,007 | 1,272+0,008
1024 1,147+0,006 1,200+0,006 1,263+0,006 1,334+0,005 1,410+0,005 | 1,270+0,006
2048 1,141+0,004 1,194+0,004 1,262+0,004 1,334+0,004 1,412+0,004 | 1,269+0,004
4096 1,134+0,003 1,1910,003 1,258+0,003 1,336+0,003 1,418+0,003 | 1,267+0,003
8192 1,129+0,002 1,184+0,002 1,257+0,002 1,336+0,002 1,418+0,002 | 1,265+0,002

At the Fig. 2, a comparison of the ‘ideal’ function D* =
D (1) vs the non-linear function D* = f(D, N) having fixed
N values: N =32 (2), N =128 (3), N =512 (4)and N =
2048 (5) are shown. The fact of this function non-linearity
existence is well confirmed.

A ‘strange’ result obtained by H. E. Hurst and described
above is shown at the Fig. 2 as a small gray rectangle
corresponding to the upper and the lower bounds of the
confidence interval for the fractal dimension D*. It is
necessary to understand how exactly it is placed relatively
all the dependencies shown.

Let’s consider closer an interval of fractal dimension D
values having such bounds: 1.00 < D < 1.40. As it was
pointed above, for R/S method, as a rule, at given interval,
the overestimating of the Hurst fractal dimension D*
estimation appears. Assume that there is a set of mono-
fractal processes with their own true fractal dimension D
values uniformly distributed in this interval. As well
known, being persistent (0.5 < H < 1), each of such
fractal processes has some long-term dependence (see, for
example [1, 3]).

If we would have an ‘ideal’ estimator, then all right
values D* = D would be obtained. But instead of such
‘ideal’ estimator, at our disposal, there is a R/S method
only. In this case, we should obtain only the D* values
distorted by the non-linear function D* = f(D,N). The
value of these distortions depends on both the D value and
the N value. At least, for N = 32 — 2048, the interval
1.00 < D < 1.40 is appeared to be non-linearly mapped
approximately to the interval 1.15 < D < 1.40. In the
table 2, the non-linear function D* = f(D,N) on the
interval discussed is given with more accuracy.

Of course, after the mapping performed, the
distribution law of such mono-fractal processes is appeared
to be differed from the uniform, but seems it is not so
significant now. For simplification, let’s suppose that the
distribution remains uniform. In such case, for different N
values, the mean value of the estimated Hurst fractal

dimension D* on the interval 1.00 < D < 1.40 can be
simply obtained (table 2).

As for our opinion, these last results are looked to be
very surprising. One hand, for an ‘ideal’ estimator, it is
understood that D* = 1.20. Other hand, for R/S method,
this value is appeared to be significantly shifted up.
Nevertheless, at least for N = 32 — 8192 the ‘strange’
result of H. E. Hurst D = 1.27 £ 0.09 is appeared to be

excellently agreed in all cases with D* values obtained with
R/S method usage. At the Fig. 3, the relative location of the
gray rectangle described above and the non-linear function
D* = f(D,N) with its confidence interval for N = 32
(Fig. 3,a) and N = 128 (Fig. 3, b) is shown.

DISCUSSION

Taking into account the fact that in middle 1960, when
H. E. Hurst had obtained the results discussed above, there
were no effective practical ways to process the signals and
the processes with big values of points N, the maximal N
value should be limited approximately by 1000. Such
assumed value is well agreed with the information
contained in [3, 39].

It is necessary to ground why in our investigations,
namely the interval 1.00 < D < 1.40 is used. It was done
not accidentally. It is well known that H. E. Hurst has
collected and has investigated the processes having long-
term dependences. Today, such processes are well known
as persistent ones. They have the Hurst exponent H values
changing in the bounds: 0.5 < H < 1.0 and, of course, the
corresponding Hurst dimension Dy values satisfy the
condition: 1.0 < Dy < 1.5. At the same time, a value
Dy = 1.5 corresponds to a delta-correlated process which
has no time dependence at all. Of course, it should be
avoided and be excluded from a consideration. As well as
the Hurst fractal dimension error in the results obtained by
H. E. Hurst is 4Dy = 0.09, the upper bound in the
condition 1.0 < Dy < 1.5 should be decreased approxima-
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Fig. 3. Comparison of the ideal function D* = D (1) vs
the non-linear function D* = f(D, N) (2) having fixed
N =32 (a)and N = 128 (b). The upper (4) and the lower
(3) bounds of its confidence interval, a small gray
rectangle (the confidence interval bounds) being a
graphical view of the °‘strange’ result obtained by

H. E. Hurst are shown.

tely at this value. Thus, we obtain the condition 1.00 <
D < 1.40 used is this work. On this reason, the results of
modelling described above are looked to be quietly correct
and useful.

Thus, we tried to formulate and to ground a hypothesis,
which is able to explain the ‘strange’ results obtained by
H. E. Hurst in 1960™ yet. On our opinion, an existence of
the significant shift for the Hurst fractal dimension D*
estimations observed for persistent natural physical
processes can be explained rather by special features of the
R/S method applied for processing of the experimental
data, than by own really existing properties of these
processes.

At the end, it important to point that this a hypothesis
only. We suppose, but we don’t claim this.

CONCLUSIONS

1. The R/S analysis method is the oldest and the most
popular way to estimate a Hurst exponent for any signal or
process.

2. In bounds of the Generalized Brownian Motion
model, the Hurst fractal dimension Dy and the Hurst
exponent H are connected with a simple relation, namely,
Dy=2-H.

3. Grounding on the results of numerical modelling
with simultaneous usage of the Corrective Function
Method and the set of model stochastic mono-fractal
signals based on the modified cosine Weierstrass —
Mandelbrot function, for R/S method, it was found that the
dependence between a fractal dimension value D*
estimation and a true own fractal dimension value D is
appeared to be principally non-linear.

4. The main peculiarities of the R/S method as the
oldest and the most popular estimator of Hurst fractal
dimension were investigated. The corresponding
corrective function was built.

5. A hypothesis, which is able to explain the ‘strange’
results obtained by H. E. Hurst in 1960th yet, was
formulated and grounded on the bases of the numerical
modelling results.

6. On our opinion, an existence of the significant shift
for the Hurst fractal dimension D* estimations observed for
persistent natural physical processes can be explained
rather by special features of the R/S method applied for
processing of the experimental data, than by own really
existing properties of these processes.

CONFLICT OF INTEREST
The authors declare that they have no conflict of
interests.

CIIMCOK BUKOPUCTAHUX IXEPEJI
1. B. B. Mandelbrot. The Fractal Geometry of Nature, San
Francisco, CA-Freeman (1982), 460 p.
https://doi.org/10.1119/1.13295
2. K. J. Falconer. Fractal Geometry. Mathematical Foundations
and Applications, Chichester, Wiley & Sons (1990), 288 p.
https://doi.org/10.1002/0470013850
3. J. Feder. Fractals, New York, Plenum Press (1988), 305 p.
https://link.springer.com/book/10.1007/978-1-4899-2124-6
4. E. Chandrasekhar, V. P. Dimri, V. M. Gadre, editors. Wavelets
and Fractals in Earth System Sciences, CRC Press (2014), 294 p.
https://doi.org/10.1201/b16046
5. D. P. Feldman. Chaos and Fractals. An Elementary
Introduction, Oxford, University Press (2012), 408 p.
https://doi.org/10.1093/acprof:0s0/9780199566433.001.0001
6. B. B. Mandelbrot. Fractals and Chaos: The Mandelbrot Set and
Beyond, Springer (2005), 400 p. https://doi.org/10.1186/1475-
925X-4-30
7. R. M. Crownover. Introduction to Fractals and Chaos, Boston,
Jones and  Barlett  Publishers  (1995), 320 p.

The journal of V. N. Karazin Kharkiv National University. Series Physics. Iss. 40, 2024
BicHuk XHY imeHi B. H. KapasiHa, cepis «®isnka». Bun. 40, 2024 31


https://doi.org/10.1119/1.13295
https://doi.org/10.1002/0470013850
https://link.springer.com/book/10.1007/978-1-4899-2124-6
https://doi.org/10.1201/b16046
https://doi.org/10.1093/acprof:oso/9780199566433.001.0001
https://doi.org/10.1186/1475-925X-4-30
https://doi.org/10.1186/1475-925X-4-30

O. V. Lazorenko, A. A. Onishchenko, I. A. Taranova, M. A. Udovenko

https://www.amazon.com/Introduction-Fractals-Chaos-Bartlett-
Mathematics/dp/0867204648

8. B. B. Mandelbrot. Multifractals and 1/f Noise, Springer (1999),
442 p. https://doi.org/10.1007/978-1-4612-2150-0

9. D. Harte. Multifractals. Theory and Applications, Boca Raton,
Chapman and Hall/CRC  Press (2001), 264 p.
https://doi.org/10.1201/9781420036008

10. M. Schroeder. Fractals, Chaos, Power Laws. Minutes from
Infinite Paradise, New York, W. H. Freeman and Company
(1991), 528 p. https://www.amazon.com/Fractals-Chaos-Power-
Laws-Infinite/dp/0486472043

11. F. C. Moon. Chaotic Vibrations. An Introduction for Applied
Scientists and Engineers, New York, Wiley and Sons (2004), 309
p. https://doi.org/10.1002/3527602844

12. O. B. Jlazopenko, JI. ®. Yopuorop. Panmiodizmka Ta
PanioactpoHoMis, 25 (1), 3 (2020).
https://doi.org/10.15407/rpra25.01.003

13. B. B. SInoBcrkuii. Universitates, 3, 32 (2003).

14. B. B. SInoBchkwuit. JIekii 3 Heniniitaux siBuml. Tom 1, Xapkis,
Bunas. Inctutyty MoHokpucTainis (2006), 456 c.

15. JI. ®@. Yopuorop. IIpo HemiHiiHICTH y NpHpoOIi Ta HayIi,
XapkiB, XapKiBChbKHI HalllOHANBHUHA yHiBepcuTeT iMeHi B. H.
Kapasina (2008), 528 c.

16. O. B. Jlazopenko, JI. ®. Yopnorop. Pamiodizmka Ta
PanioactpoHoMis, 28(1), 5 (2023).
https://doi.org/10.15407/rpra28.01.005

17. H. E. Hurst. Trans. Amer. Soc. Civ. Eng., 116, 770 (1951).
18. H. E. Hurst, R. P. Black, Y. M. Simaika. Long-term storage:
an experimental study, London, Constable (1965), 145 p.

19. L. F. Chernogor, O. V. Lazorenko, A. A. Onishchenko. Low
Temperature Physics, 49(4), 459 (2023).
https://doi.org/10.1063/10.0017581

20. H. H. Hardy, R. A. Beier. Fractals in Reservoir Engineering.
Singapore, New Jersey, London, Hong Kong, World Scientific
(1994), 359 p. https://doi.org/10.1142/2574

21. L. Seuront. Fractals and Multifractals in Ecology and Aquatic
Science, Boca Raton, London, New York, CRC Press (2010),
344 p. https://doi.org/10.1201/9781420004243

22. B. Mandelbrot, J. R. Wallis. Water Resources Res., 5(1) 228
(1969). https://doi.org/10.1029/WR0051001P00228

23. J. B. Bassingthwaighte. News Physiol. Sci., 3, 5 (1988).
https://doi.org/10.1152/physiologyonline.1988.3.1.5

24. N. Scafetta, P. Grigolini. Phys. Rev. E, 66(3), 036130 (2002).
https://doi.org/10.1103/physreve.66.036130

25.J. H. Van Beek, S. A. Roger, J. B. Bassingthwaighte. Am. J.
Physiol., 257(5), H1670 (1989).
https://doi.org/10.1152/ajpheart.1989.257.5.h1670

26. H. M. Hastings, G. Sugihara. Fractals: A User’s Guide for the
Natural Science, Oxford, Oxford University Press (1993), 248 p.
https://www.amazon.com/Fractals-Natural-Sciences-Science-
Publications/dp/0198545975

27. R. F. Peltier, J. Lévy-Véhel. Research report, INRIA
Rocgencourt (1994). https://hal.inria.fr/inria-00074279

28. J. Beran. Statistics for Long-Memory Processes, Chapman
and Hall (1994), 328 p. https://doi.org/10.2307/2983481

29. C.-K. Peng, S. V. Buldyrev, S. Havlin, M. Simons, H. E.
Stanley, A. L. Goldberger. Phys. Rev. E., 49, 1685 (1994).
https://doi.org/10.1103/PhysRevE.49.1685

30. M. S. Taqqu, V. Teverovsky, W. Willinger. Fractals, 03(04),
785 (1995). https://doi.org/10.1142/s0218348x95000692

31. M. J. Cannon, D. B. Percival, D. C. Caccia, G. M. Raymond,
J. B. Bassingthwaighte. Physica A: Statistical Mechanics and Its
Applications, 241(3-4), 606 (1997).
https://doi.org/10.1016/s0378-4371(97)00252-5

32. N. Vandewalle, M. Ausloos. Phys. Rev. E, 58(5), 6832
(1998). https://doi.org/10.1103/physreve.58.6832

33. A. Eke, P. Herman, J. Bassingthwaighte, G. Raymond, D.
Percival, M. Cannon, ... C. Ikrényi. Pfliigers Archiv - European
Journal of Physiology, 439(4), 403 (2000).
https://doi.org/10.1007/s004249900135

34. S. M. Prigarin, K. Hahn, G. Winkler. Numerical Analysis and
Applications, 2(4), 352 (2009).
https://doi.org/10.1134/s1995423909040077

35. M. A. Riley, S. Bonnette, N. Kuznetsov, S. Wallot, J. Gao.
Frontiers in Physiology, 3 (2012).
https://doi.org/10.3389/fphys.2012.00371

36. M. J. Sanchez-Granero, M. Fernandez-Martinez, J. Trinidad-
Segovia. The European Physical Journal B, 85(3), 86 (2012).
https://doi.org/10.1140/epjb/e2012-20803-2

37. T. Gneiting, H. Sevcikova and D. B. Percival. Statist. Sci., 27,
247 (2012). https://doi.org/10.1214/11-STS370

38. M. S. Taqqu. Stochastic Processes and Their Applications,
7(1), 55 (1978). https://doi.org/10.1016/0304-4149(78)90037-6
39. H. E. Hurst, R. P. Black, Y. M. Simaika. Long-term storage:
an experimental study, London, Constable (1965), 145 p.
https://doi.org/10.2307/2982267

40. O. B. Jlazopenko, A. A. Onumenxko, JI. ®. YopHorop.
Panmiorexnika: Bceykp. Hayk.-tex. 30ip., 210. 177 (2022).
https://doi.org/10.30837/rt.2022.3.210.15.

41. C. Bandt, M. Barnsley, R. Devaney, K. J. Falconer,
V. Kannan, P. B. Vinod Kumar, editors. Fractals, Wavelets, and
their Applications: Contributions from the Int. Conference and
Workshop on Fractals and Wavelets (Springer Proceedings in
Mathematics & Statistics), Switzerland, Springer Int. Publ.
(2014), 508 p. https://www.amazon.com/Fractals-Wavelets-
their-Applications-Contributions-ebook/dp/BOOPUMOAQ?2

REFERENCES
1. B. B. Mandelbrot. The Fractal Geometry of Nature, San
Francisco, CA-Freeman (1982), 460 p-
https://doi.org/10.1119/1.13295
2. K. J. Falconer. Fractal Geometry. Mathematical Foundations
and Applications, Chichester, Wiley & Sons (1990), 288 p.
https://doi.org/10.1002/0470013850
3. J. Feder. Fractals, New York, Plenum Press (1988), 305 p.
https:/link.springer.com/book/10.1007/978-1-4899-2124-6
4. E. Chandrasekhar, V. P. Dimri, V. M. Gadre, editors. Wavelets
and Fractals in Earth System Sciences, CRC Press (2014), 294 p.
https://doi.org/10.1201/b16046
5. D. P. Feldman. Chaos and Fractals. An Elementary
Introduction, Oxford, University Press (2012), 408 p.
https://doi.org/10.1093/acprof:0s0/9780199566433.001.0001
6. B. B. Mandelbrot. Fractals and Chaos: The Mandelbrot Set and
Beyond, Springer (2005), 400 p. https://doi.org/10.1186/1475-
925X-4-30
7. R. M. Crownover. Introduction to Fractals and Chaos, Boston,
Jones and  Barlett  Publishers  (1995), 320 p.
https://www.amazon.com/Introduction-Fractals-Chaos-Bartlett-
Mathematics/dp/0867204648
8. B. B. Mandelbrot. Multifractals and 1/f Noise, Springer (1999),

Journal of V. N. Karazin Kharkiv National University. Series Physics. Iss. 40, 2024
32 BicHuk XapkiBcbkoro HauioHaneHoro yHisepcuteTy imeHi B. H. KapasiHa. Cepis «®isuka». Bun. 40, 2024


https://www.amazon.com/Introduction-Fractals-Chaos-Bartlett-Mathematics/dp/0867204648
https://www.amazon.com/Introduction-Fractals-Chaos-Bartlett-Mathematics/dp/0867204648
https://doi.org/10.1007/978-1-4612-2150-0
https://doi.org/10.1201/9781420036008
https://www.amazon.com/Fractals-Chaos-Power-Laws-Infinite/dp/0486472043
https://www.amazon.com/Fractals-Chaos-Power-Laws-Infinite/dp/0486472043
https://doi.org/10.1002/3527602844
https://doi.org/10.15407/rpra25.01.003
https://doi.org/10.15407/rpra28.01.005
https://doi.org/10.1063/10.0017581
https://doi.org/10.1142/2574
https://doi.org/10.1201/9781420004243
https://doi.org/10.1029/WR005I001P00228
https://doi.org/10.1152/physiologyonline.1988.3.1.5
https://doi.org/10.1103/physreve.66.036130
https://doi.org/10.1152/ajpheart.1989.257.5.h1670
https://www.amazon.com/Fractals-Natural-Sciences-Science-Publications/dp/0198545975
https://www.amazon.com/Fractals-Natural-Sciences-Science-Publications/dp/0198545975
https://hal.inria.fr/inria-00074279
https://doi.org/10.2307/2983481
https://doi.org/10.1103/PhysRevE.49.1685
https://doi.org/10.1142/s0218348x95000692
https://doi.org/10.1016/s0378-4371(97)00252-5
https://doi.org/10.1103/physreve.58.6832
https://doi.org/10.1007/s004249900135
https://doi.org/10.1134/s1995423909040077
https://doi.org/10.3389/fphys.2012.00371
https://doi.org/10.1140/epjb/e2012-20803-2
https://doi.org/10.1214/11-STS370
https://doi.org/10.1016/0304-4149(78)90037-6
https://doi.org/10.2307/2982267
https://doi.org/10.30837/rt.2022.3.210.15
https://www.amazon.com/Fractals-Wavelets-their-Applications-Contributions-ebook/dp/B00PUM0AQ2
https://www.amazon.com/Fractals-Wavelets-their-Applications-Contributions-ebook/dp/B00PUM0AQ2
https://doi.org/10.1119/1.13295
https://doi.org/10.1002/0470013850
https://link.springer.com/book/10.1007/978-1-4899-2124-6
https://doi.org/10.1201/b16046
https://doi.org/10.1093/acprof:oso/9780199566433.001.0001
https://doi.org/10.1186/1475-925X-4-30
https://doi.org/10.1186/1475-925X-4-30
https://www.amazon.com/Introduction-Fractals-Chaos-Bartlett-Mathematics/dp/0867204648
https://www.amazon.com/Introduction-Fractals-Chaos-Bartlett-Mathematics/dp/0867204648

Pecularities of Hurst exponent estimation for natural physical processes

442 p. https://doi.org/10.1007/978-1-4612-2150-0

9. D. Harte. Multifractals. Theory and Applications, Boca Raton,
Chapman and  Hal/CRC Press (2001), 264 p.
https://doi.org/10.1201/9781420036008

10. M. Schroeder. Fractals, Chaos, Power Laws. Minutes from
Infinite Paradise, New York, W. H. Freeman and Company
(1991), 528 p. https://www.amazon.com/Fractals-Chaos-Power-
Laws-Infinite/dp/0486472043

11. F. C. Moon. Chaotic Vibrations. An Introduction for Applied
Scientists and Engineers, New York, Wiley and Sons (2004), 309
p. https://doi.org/10.1002/3527602844

12. O. V. Lazorenko, L. F. Chernogor. Radio Phys. Radio
Astron., 25 (1), 3 (2020) (in Russian).
https://doi.org/10.15407/rpra25.01.003

13. V. V. Yanovsky. Universitates, 3, 32 (2003) (In Russian).

14. V. V. Yanovsky. Lectures on Nonlinear Phenomena. Volume
1, Kharkiv, Institut monokristallov Publ. (2006), 456 p. (in
Russian).

15. L. F. Chernogor. On the Nonlinearity in Nature and Science,
Kharkiv, V. N. Karazin Kharkiv National University (2008),
528 p. (In Russian).

16. O. V. Lazorenko, L. F. Chernogor. Radio Phys. Radio
Astron., 28(1), 5 (2023) (in Ukrainian).
https://doi.org/10.15407/rpra28.01.005

17. H. E. Hurst. Trans. Amer. Soc. Civ. Eng., 116, 770 (1951).
18. H. E. Hurst, R. P. Black, Y. M. Simaika. Long-term storage:
an experimental study, London, Constable (1965), 145 p.

19. L. F. Chernogor, O. V. Lazorenko, A. A. Onishchenko. Low
Temperature Physics, 49(4), 459 (2023).
https://doi.org/10.1063/10.0017581

20. H. H. Hardy, R. A. Beier. Fractals in Reservoir Engineering.
Singapore, New Jersey, London, Hong Kong, World Scientific
(1994), 359 p. https://doi.org/10.1142/2574

21. L. Seuront. Fractals and Multifractals in Ecology and Aquatic
Science, Boca Raton, London, New York, CRC Press (2010),
344 p. https://doi.org/10.1201/9781420004243

22. B. Mandelbrot, J. R. Wallis. Water Resources Res., 5(1) 228
(1969). https://doi.org/10.1029/WR0051001P00228

23. J. B. Bassingthwaighte. News Physiol. Sci., 3, 5 (1988).
https://doi.org/10.1152/physiologyonline.1988.3.1.5

24.N. Scafetta, P. Grigolini. Phys. Rev. E, 66(3), 036130 (2002).
https://doi.org/10.1103/physreve.66.036130

25.J. H. Van Beek, S. A. Roger, J. B. Bassingthwaighte. Am. J.
Physiol., 257(5), H1670 (1989).
https://doi.org/10.1152/ajpheart.1989.257.5.h1670

26. H. M. Hastings, G. Sugihara. Fractals: A User’s Guide for the
Natural Science, Oxford, Oxford University Press (1993), 248 p.
https://www.amazon.com/Fractals-Natural-Sciences-Science-
Publications/dp/0198545975

27. R. F. Peltier, J. Lévy-Véhel. Research report, INRIA
Rocgencourt (1994). https://hal.inria.fr/inria-00074279

28. J. Beran. Statistics for Long-Memory Processes, Chapman
and Hall (1994), 328 p. https://doi.org/10.2307/2983481

29. C.-K. Peng, S. V. Buldyrev, S. Havlin, M. Simons, H. E.
Stanley, A. L. Goldberger. Phys. Rev. E., 49, 1685 (1994).
https://doi.org/10.1103/PhysRevE.49.1685

30. M. S. Taqqu, V. Teverovsky, W. Willinger. Fractals, 03(04),
785 (1995). https://doi.org/10.1142/s0218348x95000692

31. M. J. Cannon, D. B. Percival, D. C. Caccia, G. M. Raymond,
J. B. Bassingthwaighte. Physica A: Statistical Mechanics and Its
Applications, 241(3-4), 606 (1997).
https://doi.org/10.1016/s0378-4371(97)00252-5

32. N. Vandewalle, M. Ausloos. Phys. Rev. E, 58(5), 6832
(1998). https://doi.org/10.1103/physreve.58.6832

33. A. Eke, P. Herman, J. Bassingthwaighte, G. Raymond, D.
Percival, M. Cannon, ... C. Ikrényi. Pfligers Archiv - European
Journal of Physiology, 439(4), 403 (2000).
https://doi.org/10.1007/s004249900135

34. S. M. Prigarin, K. Hahn, G. Winkler. Numerical Analysis and
Applications, 2(4), 352 (2009).
https://doi.org/10.1134/s1995423909040077

35. M. A. Riley, S. Bonnette, N. Kuznetsov, S. Wallot, J. Gao.
Frontiers in Physiology, 3 (2012).
https://doi.org/10.3389/fphys.2012.00371

36. M. J. Sanchez-Granero, M. Fernandez-Martinez, J. Trinidad-
Segovia. The European Physical Journal B, 85(3), 86 (2012).
https://doi.org/10.1140/epjb/e2012-20803-2

37. T. Gneiting, H. Sevcikova and D. B. Percival. Statist. Sci., 27,
247 (2012). https://doi.org/10.1214/11-STS370

38. M. S. Taqqu. Stochastic Processes and Their Applications,
7(1), 55 (1978). https://doi.org/10.1016/0304-4149(78)90037-6
39. H. E. Hurst, R. P. Black, Y. M. Simaika. Long-term storage:
an experimental study, London, Constable (1965), 145 p.
https://doi.org/10.2307/2982267

40. O. V. Lazorenko, A. A. Onishchenko, L. F. Chernogor.
Radiotekhnika: All-Ukr. Sci. Inter- dep. Mag., 210. 177 (2022).
(in Ukrainian). https://doi.org/10.30837/rt.2022.3.210.15.

41. C. Bandt, M. Barnsley, R. Devaney, K. J. Falconer,
V. Kannan, P. B. Vinod Kumar, editors. Fractals, Wavelets, and
their Applications: Contributions from the Int. Conference and
Workshop on Fractals and Wavelets (Springer Proceedings in
Mathematics & Statistics), Switzerland, Springer Int. Publ.
(2014), 508 p. https://www.amazon.com/Fractals-Wavelets-
their-Applications-Contributions-ebook/dp/BOOPUMO0AQ?2

The journal of V. N. Karazin Kharkiv National University. Series Physics. Iss. 40, 2024
BicHuk XHY imeHi B. H. Kapasina, cepis «®isuka». Bun. 40, 2024 33


https://doi.org/10.1007/978-1-4612-2150-0
https://doi.org/10.1201/9781420036008
https://www.amazon.com/Fractals-Chaos-Power-Laws-Infinite/dp/0486472043
https://www.amazon.com/Fractals-Chaos-Power-Laws-Infinite/dp/0486472043
https://doi.org/10.1002/3527602844
https://doi.org/10.15407/rpra25.01.003
https://doi.org/10.15407/rpra28.01.005
https://doi.org/10.1063/10.0017581
https://doi.org/10.1142/2574
https://doi.org/10.1201/9781420004243
https://doi.org/10.1029/WR005I001P00228
https://doi.org/10.1152/physiologyonline.1988.3.1.5
https://doi.org/10.1103/physreve.66.036130
https://doi.org/10.1152/ajpheart.1989.257.5.h1670
https://www.amazon.com/Fractals-Natural-Sciences-Science-Publications/dp/0198545975
https://www.amazon.com/Fractals-Natural-Sciences-Science-Publications/dp/0198545975
https://hal.inria.fr/inria-00074279
https://doi.org/10.2307/2983481
https://doi.org/10.1103/PhysRevE.49.1685
https://doi.org/10.1142/s0218348x95000692
https://doi.org/10.1016/s0378-4371(97)00252-5
https://doi.org/10.1103/physreve.58.6832
https://doi.org/10.1007/s004249900135
https://doi.org/10.1134/s1995423909040077
https://doi.org/10.3389/fphys.2012.00371
https://doi.org/10.1140/epjb/e2012-20803-2
https://doi.org/10.1214/11-STS370
https://doi.org/10.1016/0304-4149(78)90037-6
https://doi.org/10.2307/2982267
https://doi.org/10.30837/rt.2022.3.210.15
https://www.amazon.com/Fractals-Wavelets-their-Applications-Contributions-ebook/dp/B00PUM0AQ2
https://www.amazon.com/Fractals-Wavelets-their-Applications-Contributions-ebook/dp/B00PUM0AQ2

O. V. Lazorenko, A. A. Onishchenko, I. A. Taranova, M. A. Udovenko

OCOBJINBOCTI OUIHOBAHHA MOKA3SHUKA XEPCTA
anAa nPUPOAHUX ®ISUYHUX NMPOLIECIB

O. B. ITazopeHrko', A. A. OnueHko?, |. A. TapaHosa', M. A. YooBeHko'

! Xapkiecokuti nayionanonuil ynisepcumem iveni B. H. Kapasina, maiioan Ceoboou, 4, 61022 Xapxis, Ykpaina
2Xapxiecoruii nayionanvhuii ynieepcumem padioenexmponixu, np. Hayxu, 14, 61166 Xapxis, Ykpaina
E-mail: Oleg.V.Lazorenko@karazin.ua

Hanitima no pexaxmii 05 kBitHs 2024 p. IepernsayTo 11 TpaBas 2024 p.
IpwuiinsTo no apyky 14 tpausa 2024 p.

V BigmoBigHOCTI 10 HeMiHiiHOT Ta cucTeMHol mapaaurM, chopmynsoBanux JI. @. Yopuoropom nampukinii 1980-x pokis, Bci
NPOLECH Y BIAKPUTHX, HENIHIMHUX, MUHAMIYHAX CHCTEMax € JyKe CKIAQJHUMU, HETiHITHUMH, HaAOIMPOKOCMYTOBHMH a0o
(dpakTaIbHUMHU.

Sk cTBep/UKye (pakTabHA apagurMa, BUCyHyTa Ha modatky 2000-x poxis B. B. SIHoBchkHM, (pakTaiabHICTE B3araii € 0JJHI€I0
i3 yHIaMEHTAIBHUX BIACTUBOCTEH HABKOJIMIIHBOTO CBiTY. TOMy BHBUCHHS (PpaKTaIbHUX XapaKTEPUCTHK, 30KpeMa, MPUPOJHHUX
(bI3MYHAX TPOIIECIB € aKTyaJbHUM, IIKaBUM 1 KOPHCHHM.

®pakrarbHa PO3MIPHICTH, MO 0a3yeThCs HAa MOKAa3HUKOBI XepcTa, € OAHi€I0 i3 Halcrapimmx 1 HaiBimomimmx. Ha ocHoBi
JOCII/KEHHST MOJICNBbHUX (PaKTaIbHUX CHIHAIIB MPOAEMOHCTPOBAHO, IO 3aJEKHICTh MDK OLIHKOIO XepcToBOl (pakTaiabHOI
PO3MIPHOCTI, IO OTPHUMYETECSI METOJJOM HOPMOBAHOTO PO3Maxy, Ta ICTHHHUM ii 3HAYEHHSIM € ICTOTHO HeNiHIHHOI0. [IIs 3SMeHIIeHHs
BILUTHBY NMOXHUOOK, 10 BUHUKAIOTh y PE3yJIbTaTi IbOT0, 3alIPOIIOHOBAHO BUKOPHCTOBYBATH METO]] KOPHI'YIOUOi (DyHKII.

[IponeMoHCTpOBaHO MPAaKTHYHY e(EKTUBHICTB 3alIPOIIOHOBAHOIO METO A Ha MPUKIIA/II aHAJI3y eKCIIePUMEHTAIBHNAX PEe3yIbTATIB,
oTpuMaHuX 11e B cepenuHi 1960-x pokis I'. E. XepcTom, sikuii BUSBUB HasIBHICTB ACIIO AUBHOTO IPYIyBaHHSI OTPUMAHUX HUM 3HAYCHb
XepcToBOi (hpakTaIbHOT PO3MIPHOCTI HABKOJIO BeMUMHU 1.27 Juist pisHMX npupogHux (izndHuX nporeciB. BucyHyTo rinoresy npo
MOJKJIMBICTh NOSICHEHHS LHOTO (PaKTy camMe HEeNiHIMHICTIO 3ra/laHoi 3aJIeKHOCTI Ul METOy HOPMOBAHOTO PO3MAXy.

Knrouoei cnosa: meniniina napaouema, npupoOHuti @isuunuil npoyec, @OpakmaibHa napaouema, GpakmaibHui aHauis,
dpakmanvra po3mMIpHICb, KOPUSYIOUAd QYHKYIs, MEmMod HOPMOBAHO20 PO3MAXY, NOKA3HUK Xepcema
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VY poboTi IOCTiKEHO BIUIMB BHUCOKOTO rimpoctatuyHoro Tucky 0 < P <17 kbap Ha enekrpuunuii omip p(7) y GasucHiil ab-
IUIOLIMHI JOMOBaHMX INPa3eoAMMOM MOHOKpUcTadiB cucteMH Yi1xPriBa:CusO7s npu 0 <x<0.34. MOHOKpHCTAIH CHOJIYK
Y1+xPrnBa:Cu3O7-5 BupoIIyBanmu 3a po3YMH-PO3ILIABHOIO TEXHOJIOTI€I0 B 30J0TOMY THUIII. ['iApOCTATUYHMI THCK CTBOPIOBAIN Y
MYJIBTUIUTIKATOPI THUITY HMOPIICHb-UMIHAP. THCK BU3HAYaIM MaHTaHIHOBHM MaHOMETPOM, TEMIEPATYpPy — Miib-KOHCTAHTAHOBOIO
TepMonaporo. BeraHoBeHO, 10 301IbIIEHHS THCKY NIPUBOIMTE JI0 3POCTAHHS KPUTHYHOI TEMITEpaTypH JOCHIIKEHUX CIOIYK Ta JI0
3MEHIICHHS iX eJIEKTPUYHOIO OTOPY, LIO BiAMOBIAA€ JIITEPaTyPHUM JAHUM ISl TOJMIKPUCTATIYHNX 3pa3kiB. [100113y HaANPOBIAHOTO
MIepexoy BHTILL TEMIEPAaTYpHHX IIOXIHHUX eleKTpuaHoro omopy dp/dT cnomyk YiPrBa:Cu3O7-s cBimumTs mpo meBHY
HEO/IHOPIHICTh 3pa3KiB, TOOTO MPO HAsBHICTH y 3pa3kax o0JjacTeil 3 pi3HUMHU TeMIepaTypamy HaIlpoBigHOro mepexony e, L0
MepeXOoaATh Y HAANPOBITHUIT cTaH y Mipy mocsrHeHHS 7c. IIpn mpoMiXKHUX KOHIIEHTpALisSX Ipa3eo UMy Taki 00JIacTi MepexonsTh y
HAIPOBIHUI CTaH MOCIiI0BHO, aje npu x = 0 Ta x = 0.34 Burisg dp/d7T cBiqUUTh PO HASIBHICT MEPKOJALIHHUX HUIAXIB MPOTIKAHHS
TPaHCIIOPTHOTO CTpyMy. 3HaueHHs 7. Ta JiTepaTypHi JaHi BiTHOCHO Temreparypu Jlebast Bka3yroTs Ha Te, mo ¢popmyina MakMimrana
MO>Ke OyTH 3aCTOCOBAHOIO TLIBKU ISl TAaKUX cHOYK Y 1:Pr:Ba:CusO7-s5, sixi Matoth T¢ < 65 K (To6T0, U1 X, 6 > 0.3), 1 1a€ pu LiboMy
JIy’Ke BHCOKI 3HaYCHHsI KOHCTAHTHU eJIeKTpOH-(GOHOHHOI B3aemonii, A ~ 1. BusBneno, mo, Ha BigMiHy BiX 0€3XOMIIIKOBHX 3pa3KiB
YBa:Cu307-5 3 oNTUMaJIbHIM BMiCTOM KHCHIO, IPUKIIAAaHHSA BUCOKOTO THCKY TIPUBOJHUTS JI0 KPATHOTO 3pOCTAHHS BEIMYMHN OapHYHOT
noxigaoi d7./dP. BcraHoBneHo, o, B MeXaX EKCIEPUMEHTAIFHO IOCSATHYTHX THCKIB, HE PEECTPYEThCS 3MiHA 3HAKy OapHIHUX
noxigaux d7./dP npu 301IbIIeHH] THCKY, IO CIIOCTEPIrajJoch Ha MOJIKPUCTATIYHUX 3pa3kax 3 OJIIM3BKUMH 3HAYEHHSIMH KOHIEHTpaIil
npazeoanmy. OOroBOPIOIOTHCS MOXKIINBI MEXaHI3MH BIUIMBY BUCOKOTO THCKY Ha KPUTHYHY TEMIIEPATypy NEpexoay B HaAIPOBIJHUN
ctaH T3 ypaxyBaHHSIM OCOOIMBOCTEH B €IEKTPOHHOMY CIIEKTpPi HOCIiB.

Kniouosi cnosa: monoxpucmanu YBaCuO, oonyeantss npazeooumom, 2iopocmamudHuti muck, ¢azoge po3uapysants, 6apudni
NOXIOHI.

Ax wuryBatu: [ A Xaoocai, B. @. Kopwak, M. I. Pesaxina, O.JI. YQuxina, A. O. Komicapos, O. FO. Bpaeos, [ocynvi /]y,
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BCTYII

Bimomo, mo cmomyku RBa;CuzO; (R = Y Tta iHmi
PIAKO3EMENbHI €JIEMEHTH) € TEXHOJOTIYHO BaXJIMBUMU
CTPYKTYpaMH Ui OTPUMaHHS HOBITHIX HEPCHEKTHBHUX
MarepialiB 3 BHCOKOIO CTPYMOHECYYOIO 3/aTHICTIO,
3a0e3neueHHsT KOMIIOHEHTIB JUII BUTOTOBJICHHS OCEPE/IKIB
mam'siTi, HAagIyTIMBUX CJIIEMEHTIB 3YMTYyBaHHSI Ta
HaJIIBHIKICHUX JiHIA 3B'13ky Ha ocHoBi BTHIL
XapaxkrepHoro ocodnusicTio BTHII-kynpaTiB € HasBHICTB
HIMPOKOi IUISHKY HaJUIMIIKOBOI NMPOBIXHOCTI AC HIDKYE
neBHOI Temneparypu 7. Ha TemmnepaTypHUX 3aIe:KHOCTSIX
enektpuyHoro omopy p(7) 1me  BimoOpakaeThcs
BIIXMJICHHSM JTOHU3Y BiJl BHCOKOTEMIIEpATypPHOI JIHIHHOT
xoau. BaxmBy ponp mpU IBOMY BiAICpae CKJIag Ta
TOTIOJIOTIS Ie()EKTHOTO aHCaMOJTIO, IO BU3HAYAIOTH YMOBH
MPOTIKAHHS ~TPAHCIOPTHOTO CTPYMy Ta MEXaHI3MH
po3ciroBanHs HocIiB. Sk Bimomo [1, 2], 3MiHa cTymeHs
BiIXWJICHHS BiJI KHCHEBOi CTEXiOMETpii Ta IOIyBaHHS
JNOMIIIKaMH TIpa3eoguMy € eQEeKTUBHUMU METOJaMH
MOU(IKyBaHHS €ICKTPOTPAHCIOPTHUAX XaPAKTCPHUCTHK Ta
3MiHM KPHUTHUYHUX TapaMeTpiB BHCOKOTEMIICPATYPHUX
HaJNpOBITHUX cHONyK cucteMu Y PriBa,CuzO75. Ilpu
IOMY, OJTHAK, 301TBIIICHHS CTYTICHS Ne(ilIUTy KUCHIO JIO
6>0.15 yacTo TPUBOIUTH JO BHHUKHCHHS B CHCTEMI
HEPIBHOBAXHOTO CTaHy [3], sKuld MOxe OyTH IOCHTBH
JIETKO 1HIYKOBaHWHU MPUKJIANaHHSIM BHCOKOTO THCKY [1],
CTpUOKOIIONIOHOI ~ 3MiHOIO — Temmeparypu [4] abo
BUHHMKAaTH B pe3yJbTaTi TpHBaIOro 30epiranHs [5]
EKCIIEPUMEHTAILHUX 3pa3KiB. Takuii HEPiBHOBAXKHUI
CTaH, SIK MPABHJIO, CYIPOBOKY€ETHCS JOCUTH iIHTCHCUBHO
MPOTIKAIOYUMH TIPOLIECAaMU CTPYKTYpHOI penakcamii [1],
sIKi, 31 CBOro OOKy, iCTOTHO BIUIMBAaOTh Ha ITUTy HU3KY
(GIBUYHUX XapaKTEPUCTUK ITi€l CHOMYKH, Y TOMY YHCIi
MAarHITOPE3UCTUBHUX. BHECCHHS JOMIMIOK MPa3eoiuMy, y
pa3i  ONTHMAaJIbHO  JIOTIOBAaHMX  KHCHEM  3pa3KiB
Y 1+PryBa;CuzO75, sk cBiguath Bimomi JiTepaTypHi
Jokepena (muB., Hampukian [1,2]), He BIUMBae Ha
peaiizanilo HEepiBHOBA)XHOTO CTaHy B I CIONyIH, IO
JIO3BOJISIE, TUISIXOM TOPIBHSUTBHOTO aHANI3y, BHIUIUTH
pOJIb Ta MeXaHI3MH BIUIMBY IEPEPO3NOALTY JTa0iIbHOTO
KHCHIO HA  CJIEKTPOTPAHCHOPTHI  XapaKTCPUCTHKH
JOCHIDKYBaHUX ~ 3pa3kiB. BomHodac, mNpuKIagaHHS
BHCOKOTO THCKY NPUBOIUTH JO BHHUKHEHHS JESKHX
ocoOnMMBOCTE y TMOBEMIHII OapUYHMX 3aJIC)KHOCTEH
pe3uctuBHUX Xapaktepuctuk miei BTHII-cuctemu [1].

3riHO 3 JITEpaTypHUMH NaHUMU [2, 3], MpUKIagaHHS
BHCOKOTO THCKY JO 3pa3KiB BHCOKOTEMIIEPATyPHUX
HAAMPOBITHHUX croiTyk cucteMu RBa;Cuz07-5 (R =Y, abo
JIAHTAHOIMW), y TEepeBaXHIH OULIBIIOCTI  BHIAJIKIB,
MIPUBOJINTE JI0 ICTOTHOTO 3POCTAHHS BEJIMYMHU KPUTHIHOL
TEMIepaTypu TMEpPexXoqy B HaINPOBIAHWUN CcTaH 3i
mBuakoctssmMu d1./dP = (0.1-3) k6ap. Bunsitox npu ripomy
CKIIQAaroTh cronyku cucteMu Y 1PryBa;CuzO75, v gxux,
IpU TCBHUX 3HAYCHHSIX KOHICHTPALIi Mpa3coauMy,

MOXYTh CIIOCTEPIraTUCs sSK TO3WTHBHI, TaK 1 HETATHUBHI
3HaueHHs OapuuHoi moximHoi d7T./dP a B OKpeMux
BUNagKax 1 3MiHa 1 3HaKy B Mipy 3pOCTaHHs
npukiIaneHoro TUCKy [1]. [loxiOoHi ocobauBOCTI aBTOPH, SIK
NIPaBUJIO, TOSICHIOIOTH TPOSIBOM, TaK 3BaHOi, ‘‘aHomalril
npa3zeo UMy’ — MPUTHIYEHHS MPOBIIHHUX 1 HAIAPOBIAHUX
XapaKTepUCTHK conyku Y PryBa,Cu3O7_s mpu BHECEHHI]
IOMIMIOK  mpaszeoxuMmy. llpm  mpoMy — KpWUTHYHA
Temrepatypa 3MeHmyerbest Big 1.~ 90 K, mpu x =0, no
MTOBHOTO 3HUKHEHHS HAIIPOBiIHOCTI, mpu x =~ 0.7 [1].

Ha cporoHi icHYIOTh A€KiIbKa TCOPETUIHUX MOJIEIICH,
MPUCBSYCHUX  TOSCHCHHIO BHUHUKHCHHS  «aHOMAJIi
npaszeouMy», HaliOunbmr BimoMumu 3 skux € “hole filling
model”, “pair breaking phenomena”, a Takox MozedIi, IO
nependadaroTh  JIOKANi3aImilo  JIPKOBHUX  HOCIIB  Ta,
00yMOBJICHI B3a€MOJI€I0 3 IOHAMH TIpa3eoanMa, pi3Hi
VSBIICHHS TPO MeEXaHi3MH TepeOylOBH 30HHUX CTaHIB
(ormsan [1]). Jduckycis 3 1[bOTO MUTAHHS MPOJIOBXKYETHCS
morenep. 3 ONNIAAy Ha OOMEXKEHHH OOCSIT HAIIOTro
MOBIZIOMJICHHS, MM HE TIPOBOJMMO TYT JOKJIAaJHUH aHali3
WX SIBUII, 3aTUIIAI0YH HOTO JUIT OKPeMOi pOOOTH.

Crnmig TakoX 3ayBakKWTH, IO 3HAYHA YACTHHA
EKCIICPUMCHTATBHUX TaHUX, OTPHUMAaHUX MPH TOCIIKCHHI
BIUIMBY BHCOKOTO THUCKY Ha TPAHCIOPTHI XapaKTePUCTHKH
cmoyk Y iPriBa;Cu3O75, Oynma  orpumana  Ha
KEepaMiuyHHUX, IUTBKOBHX YH TEKCTypOBaHHMX 3paskax 3
BEIBMHU PIi3HOI0 TEXHOJOTIYHOI TmepenmicTopiero [1].
Bognouac HaiOimbm iHGOPMATHBHUMH, Y IILOMY CEHCI, €
JOCI/DKEHHSI Ha MOHOKDHCTaJIIYHUX  3paskax, sK
HAWOIIBII JTOCKOHANMX O0’€KTaX, y SKUX IPAKTUIHO
BIICYyTHI Taki CTPYKTYypHI AEPEKTH SK MIiKIpaHYJISIpHi

MeXi ¥ JuCIOKalii HEBIAMOBIAHOCTI HAa TpaHUII
PO3ALICHHS TUTIBKA — MiAKJIAIIHHKA TOIIO.

Y uwit pobori Oynm mpoBeneHi BUMIPIOBaHHS
enekrpooriopy p(7) y ©OasucHiId ab-TutomuHI  Ha
JTIOCKOHAITUX MOHOKPHCTATIIHUX 3pa3kax
Y Pr,.Ba;Cu;07s y 1mpokomMy iHTepBaji THCKY
(0<P<17 «xbap) Ta KOHIEHTpaIii Mpa3ecoauUMy
(0<x<0.34).

METOJUKA EKCIEPUMEHTY

BTHII-moHOKpucTammm  cnonyk Y 1«PriBa;CuzO7-5
BUPOLIYBAIN 33 PO3YMH-PO3IUIABHOIO TEXHOJOTIEI0 B
30JI0TOMY THIJi, 3TiAHO 3 METOIUKOIO, PO3POOJICHOIO
aBropamu [3]. JIs mpoBeeHHS PE3UCTUBHUX JOCTIKEHD
BiIOMpal KpUCTAIM MPIMOKYTHOI (OpMH po3MipoM
npubmmsHo 3 x 0.5 x 0.03 mm®.  Halimenmuii  posmip
KpHCTajla BIANOBIJaB HampsMKy c-oci. Enexkrpuuni
KOHTAKTH CTBOPIOBAJIM 32 CTAaHAAPTHOIO 4-X KOHTaKTHOIO
CXEMOIO TIJITXOM HaHECEHHS CPiOHOT MacTH Ha MOBEPXHIO
KpuCTalla 3  HACTYIHHM TIPHEAHAHHAM  CPIOHUX
npoBigHUKIB  giamerpoM 0.05 MM Ta  TPUTrOJMHHHM
BiamaioM mpu temmeparypi 200 °C B atMocdepi KUCHIO.
Taka mponenypa 03BoJIsUIa OTPUMATH TEpeXigHUI Orip
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Eeonroyis memnepamypuux 3anesxcrocmetl enekmpoonopy monokpucmanis Yi..Pr.Ba:Cuz07.s
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KOHTaKTiB MeHIe oHoro OMa Ta pOBOJUTH PE3UCTUBHI
BUMIPIOBaHHS IPU TPAHCIIOPTHHUX CTpyMax 10 10 MA B ab-
wiomuHi. [igpocTaTUYHUI  THCK  CTBOPIOBAA Yy
MYJBTUIDIIKATOPI ~ THIy — TOPIICHb-IWIHAD  [2, 3].
BenmnmunHy ~— THCKy ~— BHM3Hayanu  3a  JIOIIOMOTOIO
MaHTaHIHOBOTO MAaHOMETpa, TEeMIepaTypy —
KOHCTaHTaHOBOI TEPMOIIApH, BMOHTOBAHOI y 30BHIITHIO
MTOBEPXHIO KaMEPH Ha PiBHI MOJIOKEHHS 3pa3Ka.

Mib-

PE3YJIbTATH TA IX OBTOBOPEHHS

Ha puc. 1-puc. 4 naBeneno 3anexxnocti p(7) B iHTepBai
TEMIIEpaTyp BiJg KIMHATHOI O KPUTHYHOI, OTpUMaHi y
BUIIAJKy NPHUKJIAJAHHS BHCOKOT'O THUCKY 10 ~17 KkOap 1o
3pa3KiB 3 PI3HOI0 KOHLEHTpali€ro mnpazeonumy (x = 0—
0.34). SIx BUOHO 3 IMX PUCYHKIB, IPHU 301JIBIIEHH] THCKY
KPUTHYHA TeMIepaTypa 30i1p1ryeTscs, a exexrpoorip p(7)
3MEHIIYETHCS, IO AKICHO Y3TOMKYETHCS 3 JTITepaTypHUMHA
JTAHVIMU JIJIS TIOJTIKPUCTATIYHUX 3pa3kiB [1].
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Puc. 1. TemnepaTypHi 3aJI€KHOCTI €JIEKTPOONOPY Y
6azucHilt tiomwuHi p(T) MoHOKpHUCTana Y 1,PryBa;CuzO7.
5, BUMIipstHI 1i1st x = 0 3a TuckiB P: 0; 2.5; 6.51; 9.5 x6ap
— kpuBi 1-4 BigmosigHo. BcraBka (a): pe3ucTUBHHI
nepexiz 1o HaanposinHoro crany. Beraska (b): dp(7)/dT
B 00J1acTi HAIMPOBIMHOTO cTaHy. Hymeparlis KpuBUX Ha
BCTaBKax BiJIIOBi/la€ HyMepaii Ha OCHOBHIH IaHelI.

Fig. 1. Temperature dependences of electrical resistivity
in the basal plane p(7) of the Y..Pr,Ba;Cuz07_5 single
crystal, measured for x = 0 at pressures, P: 0; 2.5; 6.51;
9.5 kbar — curves 1-4, respectively. Inset (a): resistive
transition to the superconducting state. Inset (b):
dp(T)/dT in the region of the superconducting state. The
numbering of the curves in the insets corresponds to the
numbering in the main panel.

Ha BcraBkax (a) Ta (0) mo puc. 1 moka3zaHo pe3UCTHBHI
nepexo I B HaaAnpoBinHui crad B koopanHatax p(7T) vs T,
1a dp(T)/dT vs T. SIx BUIHO 31 BCTABOK, HA HAAMIPOBITHUX
mepexogax 3pasKiB 3 HyJIbOBOIO Ta MaKCHMAJIbHOIO
KOHLCHTPALII€I0  TNpa3eoauMy  MNPAaKTHYHO  BiJCYTHS
cxiyacrta CTpYKTypa, sIKa cIocTepirajachk sl JABOX
MIPOMIKHUX KOHIIEHTpAIlili pa3eoquMy — puc. 2 Ta puc. 3.
HasBHICTP CXim4acToi CTPYKTYpH MOXE BBa)KaTHCS
JIOCTOBIPHOIO ~ O3HAKOK  NPHCYTHOCTI B CHCTEMI
MaKpOCKOMIYHUX obnactel 3 pisuumu 7. [3], siki 3'enHani
MOCITIZIOBHO Ta MEPEXO/ATh Y HAANIPOBIIHUN CTaH y Mipy
nocsirHeHHs 7. BogHOUac BiACYTHICTD TAKMX CXOJMHOK Ha
PE3UCTHBHUX IIEPEeXojax HaIIOro 3pa3ka MoOxe OyTu
03HAaKOI0 ICHYBaHHS B 00’€Mi 3pa3Ka MNEpKOJSIIHHUX
NUIAXiB TPOTIKaHHSA TPAHCTIOPTHOTO CTpyMmy [2, 3], xKoim
oJHa 3 00JIaCTeH NIYHTYE 1HIIT.

250 300
T, K

Puc. 2. TemmeparypHi 3aJe€KHOCTI €IEKTPOOIOPY Y
6asucHii rontuHi p(7) monokpucrana Y i.,PriBa;CuzOs.
5, BuMipsiHi st x = 0.05 3a Tuckis P: 0; 4.52;9.17; 12.74;
17.05 xbap — kpuBi 1-5 BiamoBigHO. BcTaBka (a):
PE3UCTUBHUN Tepexig 10 HAINpOBITHOTO CTaHy.
Bcragka (b): dp(7)/dT B o6nacTi HAANPOBITHOTO CTaHY.
Hywmepariisi kxpuBUX Ha BCTaBKax BiJINOBijae HyMmeparii
Ha OCHOBHIH IMaHem.

100 150 200

Fig. 2. Temperature dependences of electrical resistivity
in the basal plane p(7) of the Y ..Pr,.Ba;CuzO7_5 single
crystal, measured for x = 0.05 at pressures, P: 0; 4.52;
9.17; 12.74; 17.05 kbar — curves 1-5, respectively. Inset
(a): resistive transition to the superconducting state. Inset
(b): dp(T)/dT in the region of the superconducting state.
The numbering of the curves in the insets corresponds to
the numbering in the main panel.

3anexHocTi Tc(P) s AOCHIIPKEHUX 3pa3KiB MOKa3aHO
Ha puc. 5. BumHo, 10 MIBUIKICTh 3pOCTaHHS KPUTUYHOL
TEMIIEpaTypu 3 THUCKOM 30UIBIIYETHCS 3 POCTOM X Ta
Jocsirae Uil 3pa3ka 3 MakCHMalbHHUM — BMICTOM
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O. IO. Bpacos, /icynsi /[y, JI. O. [lawenko, P. B. Bosk

mpazeonumy dI./dP = 0.33 K/xkbap B iHTepBaii
EKCTIEPUMEHTAJILHO JIOCATHYTUX THUCKIB. Takox BUAHO, IO
JUIl KOXXHOI KOHIeHTpauii Pr MakcumanbHE 3pOCTaHHS
KPUTHUYHOI TEMIIEpaTypu CIIOCTEPITaeThCsl B iHTEpBAIi
TUCcKiB Bix 0 1o 3—4 kOap, micis 4oro BeJIMYMHA OapUIHOT
noxinHoi, d7./dP, KpaTHO 3MEHIIY€EThCS, MPO L0 OLIBII
JIeTaIbHO Oyze CKa3aHO HUXKYE.

p, nOhm.cm

[ dp/dT, uOhm.cm K’

N B B L . A .
50 100 150 200 250 300

T,K

Puc. 3. TemmeparypHi 3aleKHOCTI €IEKTPOOIOPY Y
6asucHii rontuHi p(7) monokpucrana Y i.,.PriBa;CuzOs.
5, BUMIpstHI 1711 x = 0.23 3a tuckiB P: 0; 4.1; 6.4; 8.7; 11
kbap — kpuBi 1-5 BignosinHo. BeraBka (a): pe3sucTUBHMIMA
nepexij 1o HaanpoBigHoro crany. Beraska (b): dp(7)/dT
B o0JiacTi HaANpOBiHOTO cTany. Hymepariist KpuBuX Ha
BCTaBKax BiJIIIOBiTae HyMeparllii Ha OCHOBHIH IMaHei.

Fig. 3. Temperature dependences of electrical resistivity
in the basal plane p(7) of the Y ..Pr,.Ba,CuzO7_5 single
crystal, measured for x = 0.23 at pressures, P: 0; 4.1; 6.4;
8.7; 11 kbar — curves 1-5, respectively. Inset (a): resistive
transition to the superconducting state. Inset (b):
dp(T)/dT in the region of the superconducting state. The
numbering of the curves in the insets corresponds to the
numbering in the main panel.

Sk Big3Hayarocs HAMH B IONEPEqHIX poborax,
3HAYEHHS BEITUYIUHU Oapu4HOi  TOXigHOT  JIO
dT./dP < 0.2 K/kbap MOXyTb OyTH YCHIIIHO TOSICHEHI 3
BUKOPHUCTAHHSM ISl SIKICHOTO aHaji3y 3ayexxHocte 7¢(P)
Bizomoi popmynn MakMinnana [6]:

1.04(1+21)
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T 145
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Puc. 4. TemmeparypHi 3aJ€KHOCTI €JIEKTPOOIOPY Y
6a3ucHii rurontuHi p(7) Monokpucrana Y i.,.PriBa;CuzOs.
5, BuMipsiHi uis x = 0.34 3a tuckiB P: 0; 3.72; 6.53; 9.7
kOap — kpuBi 1-4 BiamoBigHO. BeTaka (a): pe3ucTHBHUN
nepexij 1o HaanpoBigHoro crany. Beraska (b): dp(7)/dT
B o0JyiacTi HaANpOBigHOTO cTany. Hymeparist kpuBux Ha
BCTaBKax BiJIIIOBiTae HyMepallii Ha OCHOBHIH IMaHei.

Fig. 4. Temperature dependences of electrical resistivity
in the basal plane p(7), of the Y..Pr.Ba,CuzO7_s single
crystal, measured for x =0.34 at pressures, P: 0; 3.72;
6.53; 9.7 kbar — curves 14, respectively. Inset (a):
resistive transition to the superconducting state. Inset (b):
dp(T)/dT in the region of the superconducting state. The
numbering of the curves in the insets corresponds to the
numbering in the main panel.

Sk Oyno moxazano B [7], dopmyna Makmimiana
OUIKOM KopekTHa ymme 3a A< 1.5. 3nauenHs A< 1.5
MOXHa OTpuMary, skmo BenmunHa In(1.45*7./6) Oyne
3HaxoauThcs B Mexkax Big—10 go —2. Jling YBaxCuzO7.5 Ta
Y 1-xPryBa,Cu3O7_5 11e peamnizyerbes B inTepBaii x, 6 > 0.3.
VY [8] HaBomATHCS AaHi mpo Kopensiito Mik 7. Ta A (A
obOuncnena 3a ¢gopmynoro MakMimnana s p* =0.13)
s 12 mepeximaux weraniB. Ha BcraBmi go pue. 5
HaBEJEHO IIi JaHI pa3oM 3 aHAJIOTIYHUMHU JaHUMU IS
YBa;Cuz07-5 Ta Y1«PriBa;CuzO7_5 [7]. BumgHo, 110 Tinsku
T. <65 MEPEeXiqHUX  MeTajiB
Y3rOJKYIOThCSl 3 gaHumu it YBa,Cu3O75 Ta
Y - \Pri.Ba;Cu307-5. Lle cBimunTh NpO CHIIBHY €IEKTPOH-

IS K mami oo
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(¢oHOHHY B3aemofito B mux pedomHax. g T. > 65 K
(x,6<0.3) A pizko 3pocTae, a TOTIM NEPEXOIUTh Yy
HeratuBHy 06nacTh. Takum unHom, BTHIT YBa,CuzO7-s
1a Y 1-.Pr,Ba;Cuz07_5 MOXHa Ha3BaTH HAIIPOBITHUKAMHU 3
CHJIBHUM 3B'S3KOM TUTBKH Ticis x, o > 0.3, mpu MeHIIHX
3HaueHHAX X a00 & popmyna MakMinnaHa OYEBUIHO HE
MOKe OyTH 3aCTOCOBaHa.

==
gogﬁﬁ___

Fc 80} . o
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O ) /
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P, kbar

Puc.5. bBapuuni 3amexHocti 7. MOHOKpPHCTAJTIB
Y1 PrBa,CuzO75 mst x = 0 (0); x=0.05 (A); x=0.23
(0); x=0.34 (0). Ha BcTaBIi mMoKa3aHO KOPEJAIIIO MiXK

—A—A

T. ta A, obuucieny 3a dopmymoro MakMimiana:
YBa;Cu307-5 — 0; Y 1PryBa;Cu3O75 — 0; 12 mepexigaux
MeTaiiB — A [8].

Fig. 5. Baric dependences of 7. of Y «PrBaxCu3O7;
single crystals for x =0 (0); x=10.05 (A); x=10.23 (0);
x =0.34 (0). The inset shows the correlation between 7,
and A, calculated according to McMillan's formula:
Y1.PriBa;Cus;O075 — 0; Yi.PriBa;Cuz;O75 — o; 12
transition metals — A [8].

Kpim Toro, sik 3a3Ha4aocs BuileE, B [1] crocTepiranm
3MiHy 3Haka dI./dP. Yce BullecKazaHe HE J03BOJISIE
OJIHO3HAYHO IHTEPIPETYBATH OTPHMAaHI IaHi B paMKax
teopii BKIII. BiporigHo taki 3HadeHHs BenwauHu d1./dP,
a TaKoX KpaTHe 3MEHIICHHS BequdnHH d1./dP 3 pocToM
THUCKY MOXYTh OyTH IOB’s3aHi 3 OCOOJMBOCTSIMHU 30HHOT
cTpyktypu croytyku Y 1—PryBa,CuzO7_s [9]. Cmig takox
3a3HAYMUTH, 110, B MEXKaX EKCIEPHUMEHTAILHO TOCATHYTUX
THUCKIB, MH HE 3apeecTpyBald 3MiHM 3HAKy OapH4HHX
moxigaux dI./dP npu  30UIBIICHHI TUCKY, IO
croctepiraioch B [1] Ha TOMIKpUCTATIYHUX 3pa3kax 3
ONM3bKUMHU 3HAYEHHSIMHU KOHICHTpAIlli TMpa3eoaunMmy.
OueBUIHO, OI0 JUII OCTaTOYHOTO MPOSICHEHHS LHOTO
TIMTaHHS TOTPIOHI JOJATKOBI MOCTiIKEHHS Ha 3pa3Kax 3
OUTBIII BHCOKMM BMICTOM TIpa3eoquMy 1 B OUIBII
IIMPOKOMY Jiana30Hi MPHUKIAJACHOTO THCKY.

BHUCHOBKU

PesynpratH, mo BuUKIageHi
3pOOUTH TaKi BUCHOBKHU:

1. Tlpm 30inbIIeHHI THCKY KpPUTHYHA TeMIIepaTypa
cnonyk Y i—Pr:Ba;CuzO7 (0 < x <0.34) 30inbmyerses, a
€JICKTPOOITp 3MEHIIYETHCS, IO SKICHO Y3TOKYETHCS 3
JITEpaTypHUMH JAHUMH JUIS TTOJIIKPUCTATIYHHAX 3Pa3KiB.

2. I1o6an3y HaIIpOBIJHOTO MEPEXOAY TeMIlepaTypHi
oXitHi onopy cnoayk Y —xPryBa;CuzO7_s mpu mpomikHIX
KOHLEHTPALISX MPa3eoauMy JIEMOHCTPYIOTh HAsIBHICTh Y

BUIIIC, JO3BOJIAKOTH

3paskax oOnacteit 3 pisHUMH T, IO MNEPEXOIATH Y
HaJNpOBiAHUHN cTaH mocmigoBHo. [Ipn x = 0 ta x = 0.34
Taka TIOBENiHKAa BIJACYTHS, II0 BKa3y€ Ha HasBHICTbH
MEPKONANIMHUX [UIAXIB TPOTIKAHHSA TPaHCIOPTHOTO
CTpyMy.

3. ®opmyrna MakMimnana Moxe OyTH 3aCTOCOBaHOIO
Tinpku s crmonyk Y i PriBa,CuzO75 3 T.< 65K (x,
56>0.3),
KOHCTaHTH eJeKTPOH-POHOHHOT B3aemoii, 4 ~ 1.

i Jmae Tpu IHOMY JIyXe€ BHCOKI 3HAYCHHS

KOH®JIIKT IHTEPECIB
ABTOpH TNOBIZOMIISIIOTH NPO BIJICYTHICTH KOHQIIKTY
iHTEepeCiB.
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The effect of high hydrostatic pressure 0 < P < 17 kbar on the electrical resistance p(7) in the basic ab-plane of praseodymium-
doped single crystals of the Yi-+Pr:Ba:Cu3O7-5 system at 0 <x <0.34 was investigated in the paper. Single crystals of compounds
Y 1-.PryBa2CusO7-5 were grown by solution-melt technology in a gold crucible. Hydrostatic pressure was created in a piston-cylinder
multiplier. The pressure was determined with a manganin manometer, and the temperature — with a copper-constantane thermocouple.
It was established that an increase in pressure leads to an increase in the critical temperature of the studied compounds and a decrease
in their electrical resistance, which corresponds to literature data for polycrystalline samples. Near the superconducting transition, the
appearance of the temperature derivatives of the electrical resistance, dp/dT, of the Y1-«Pr.BaxCuzO7-s compounds indicates a certain
heterogeneity of the samples, i.e., the presence of areas in the samples with different temperatures of the superconducting transition,
Te, which transition to the superconducting state as 7. is reached. At intermediate concentrations of praseodymium, such regions pass
into the superconducting state sequentially, but at x = 0 and x = 0.34, the form dp/dT indicates the presence of percolation paths for the
flow of the transport current. The value of Tt and literature data on the Debye temperature indicate that the McMillan formula can be
applied only to compounds Y1-«Pr:Ba2Cu3zO7-s that have 7. < 65 K (that is, for x, d > 0.3), and at the same time gives a very high values
of the electron-phonon interaction constant, A ~ 1. It was found that, in contrast to pure YBa:Cu3O7-s samples with optimal oxygen
content, the application of high pressure leads to a multiple increase in the value of the baric derivative d7./dP. It was established that
within the limits of experimentally achieved pressures, there was no change in the sign of baric derivatives d7./dP with increasing
pressure, which was observed on polycrystalline samples with close values of praseodymium concentration. The possible mechanisms
of the effect of high pressure on the critical temperature of the transition to the superconducting state 7 are discussed, taking into
account the features in the electronic spectrum of carriers.

Keywords: YBaCuO single crystals, praseodymium doping, hydrostatic pressure, phase separation, baric derivatives.
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Y  pobGori 0OroBOPIOETHCS MOXIIMBICT 30UIBIICHHS TEMIEPAaTypH IEPEXOAy METal-OKCHUIHHUX  CIIOIYK
("BHCOKOTEMNEpaTYpHHX" HaIIPOBITHUKIB) 10 HAAIIPOBIHOTO CTaHy (HYJIbOBUI eNEKTPUYHHH OIip) PH ONPOMIHIOBaHH1
iX JIOCHUTh TIOTY)KHHUM TIOTOKOM (OTOHIB. Y IILbOMY BHIIQJKy B OIPOMIHIOBaHIi pPEYOBHHI BHACHIIJOK BHYTPILTHBOI
(dotoioHizarii BigOyBarOThCS 3MIiHM SK BXJIMBHX TapaMmeTpiB ()OHOHHOTO CIEKTPYy, TaK 1 SHEPTeTHYHOTO CIIEKTpa
€JICKTPOHIB.

Bennunna eneprii ¢oToHa mae 3amoBONBHATH Taky ymoBy: hv > W (v — gacrora ¢oroHa, W — eHepris
(hoTOiIHIYKOBaHOT XiMiuHOI peakirii. 3riIHO 31 3p00JIeHUMH B POOOTI OIIHKaMHM, MiHIMaIbHA JOBKHWHA XBUJI (POTOHIB, SKi
MOXYTh peaslisyBaTH ONUCaHuii PeKT, Ma€ XapakTepu3yBaTHCs 3HaYeHHAM A =~ 107 M. DOTOHM TaKOi IOBKUHY XBHII
BIZINOBIAIOTH iIH(PAaYEPBOHOMY CBITIIOBOMY BUIIPOMIHIOBAHHIO, ITOTIK JJOCTATHBOI IIOTY>KHOCTI SIKOTO JIETKO T0CATAETHCS
JIa3epPHOIO TEXHOJIOTIENO.

3miHa mapaMeTpiB (POHOHHOTO CIIEKTpa Ta €HEPreTHYHOTO CTaHy EJEKTPOHIB B OOTOBOPIOBAHWX CIOIYKaX IPH
onpoMiHeHHi iX (oTOHAMU OOYMOBIIOE€ YTBOPEHHS JOJATKOBOI KiIBKOCTI CKYITYEHb CIEIialbHUX KOMIUICKCIB 10HIB
(seratuBHUX U-IIEHTPIB), SIKi 3/1aTHI TEHEPYBATH KBa319aCTUHKH: «KYIIEPOBCHKI» Iapu eJIeKTpoHiB (0030HM).

YTBOpeHHs CKynueHb HeraTuBHUX U-IIeHTPiB (KIacTepiB) NPU3BOIAMUTH 10 (OPMYBaHHS 0COOIMBOTO EHEPreTUIHOTO
CIIEKTpa EJIEKTPOHHOI IMJICUCTEMH METAI-OKCHJIIB, 10 JOMYyCKae MapHi Mepexoau eleKTpoHiB. CrmapeHi eneKTpoHU
MIEPEHOCATh CJIEKTPUYHHMN 3apsin Oe3 BTparu eHeprii. OnpoOMiHIOBaHHS ONTHYHUMH (POTOHAMH MOJNIKOMIIOHEHTHHUX
METal-0KCH/IiB IHTeHCU(]IKy€e Tporiec (OpMyBaHHSI MaKCUMaIbHO MOXIIMBOI CyMapHOI JOBKUHH KiactepiB 3 U-IIEHTpIB,
OT)Ke IHTEHCU(}IKYyE TPOIEC MePeXoay METAT-OKCHAIB Y HAJNPOBITHUI CTaH: TEMIEpaTypa IMOBHOTO TEPEXOay X
CIIONYK 10 HAINmpoBigHOrO cTaHy T. Moxe HaOJpKaThcs 10 3HAYEeHHS TeMIepaTypH BIIKPUTTS IICEBIOIIUIMHH B
€HEPreTHYHOMY CIIEKTpi EJICKTPOHIB, TOOTO HeEil mepexiy pealizyeTbcs 3a OLIBII BHCOKHMX TEMIIEpaTyp, HDK I
BiIOYBA€THCS 332 3BUUAWHUX YMOB.

Kniouogi cnosa: sucokomemnepamypHa HaOnposioOHiCMy, Meman-oKCUOHi cnonyku, neeamushi U-yenmpu, pomoionizayis.
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BCTYII
Bigkpurrss  "BHCOKOTEMIlEpaTypHOi"  eJNEKTPHYHOT
HaINpOBITHOCTI  (HYJBOBMH  €JEKTPHYHUI  oOrIip)

MTOJIIKOMITOHEHTHIX METaJ-OKCHIHUX CITONYK BUKIHKAJIO
BEJINYE3HUH IHTEpeC A0 MOCITIPKYBaHHS LBLOTO KJIACy
pedoBuH [1,2]. o IMX CHOIYK BiIAHOCHUTHCS LITHHA P
pEYOBHH, SKi ONHCYIOTBCS  3arajbHOI0  XiMIIHOIO
dbopmynoro (R)Ba,CuzO7_«, ne R — e Y, Nd, La, Pa Ta
iH, @ TaKOX JIEAKi CKIIQJHIII CIIONyKH, IO CKIIAAY SKUX,
KpiM 3a3HAYCHUX BHIIEC 10HIB, BXOIATH Takox ioHu Bi, Te
i Hg. Bci mi pe4oBHHU MEepexosiTh IO HAIIMPOBIIHOTO
crany B iHTepBasi Temmepatyp ~(90 — 160) K, ToOTO
BUILIE TEMIIEpaTypu KumiHHA pigkoro azoty (77 K). Came
111 00CTaBHHA BUKOPUCTAHA JJIs1 OOTPYHTYBaHHS TOTO, IO
METaT-OKCUIHI CTIOIYKH OyJM BUAUIEHI B OKpEeMHUH KIlac
TaK 3BaHUX "BHCOKOTEMIIEpaTYpHUX'" HaJIPOBIIHUKIB Ha
BiIMiHY BiJl KJIacWYHUX (METaJeBUX) HAAMPOBIIHHKIB,
TeMIepaTypa  IMEpexoqy  SKHX  XapaKTepU3yeThCS
inTepBaioM 3Hadenb =~ (1 — 40) K. V mnogampimmx
JOCHI/DKEHHSX, 1[I0  BigOynmcst  Icist  BIOKPUTTS
«BUCOKOTEMIIEPATYpHOI»  HAIIMPOBIMHOCTI,  OCHOBHI
3ycwuisi  OynM  chOpsMOBaHI Ha  TOMIYK  HOBHX
HA/IMPOBITHHKIB, 8 TAKOXK HA 3HAXOKCHHS YMOB, 32 SKUX
METaI-OKCUIHI HaIIPOBIMHUKH XapaKTepU3yBaINCh OH
e BHIIOI TeMIepaTypolo mepexoxy. Ilpm 1poMy
CTPATETriYHOI0 METOIO OLTBIIOCTI JOCHIIKCHD € BUSBICHHS
HaJMpOBiAHOCTI Mpu KiMHaTHIN Temmepatypi (300 K) i
mpu HopMasbHOMY (atMocepHOMY) THCKY. Bumora
3MIMCHEHHOCTI i€l yMOBH € JyXe€ BaXKIMBOIO JUIsl
pearmizamii IIUPOKOTO Ta, HAWTOJIOBHINIE, E€KOHOMIYHO
BHT1THOTO BHKOPHCTAaHHS HAANPOBIAHUKIB y TEXHIYHUX
nisix. [Ipore nortemep 3a3HaueHa crTpareriyHa Mera
YHUCIIEHHUX  JIOCHTI/DKEHb, IPHUCBSYEHUX  BUBUCHHIO
HaJMPOBITHOCTI, 3aJUIIAETHCS HeAOCATHYTOI0. OHIeI0 3
IPUYAH € BiJCYTHICTHP OJHO3HAYHOCTI B PO3YMiHHI
MIKpPOCKOIIYHOTO MEXaHi3My HaJIIpOBiHOCTI
OoKcHAHUX croiyK. CrnpoOM MOSICHUTH HAANPOBIIHICTH
IBOTO KJIACY PpEYOBHH 3a JomoMororo Teopii BCS
(oHoHHE crHaproBaHHS  €JEKTPOHIB), SKa OIHUCYE
«HH3BKOTEMIIEPATypHY» HAANpPOBIAHICTH METaJiB Ta
METaJIeBUX CIIJIaBiB, BHSIBWJIACS HENPUUHATHOIO [3,4].
Ilpu  upoMy  JgeranbHE  JOCHIDKEHHS  MPHUPOAU
€JIEMEHTAPHHUX HOCIIB EJICKTPUYHOTO 3apsily B MeTal-
OKCHJIaX T0Ka3ajo, IO eJeKTPUYHA IPOBITHICTH LUX

METal-

pedoBuH mpu Temneparypax T < T, peamidyerbcs 3a
PaxyHOK TPaHCIIOPTY CIapeHUX EJIEKTPOHIB (0030HIB), 5K
iy pa3l KIaCHYHHX  «HU3BKOTEMIICpATypHHX»
HaJNPOBITHUKIB. Y 3B'I3Ky 3 UM OJHHM i3 aKTyaJIbHHX
HamnpsIMKiB JIOCHI/PKEHb HAAIIPOBIIHOCTI HA JaHUH 4ac €
3'ICYyBaHHS IIPUYMH YTBOPEHHS CIIApPEHHX EJEKTPOHIB Y

MeTan-okcuaax. I[IpupomHo, 1m0  OUTBINICTE  MHX
JIOCHIDKeHb ~ TPUCBAYEHA  BUBYCHHIO  XIMIYHOT  Ta
KkpuctanorpadiyHoi OymOoBH I1IHOTO KJIaCy pPEYOBHH,

OCKIiJIbKY BU3HAYAIOTh 0COOIUBOCTI OYI0BH SIK (POHOHHOTO

CIIEKTPY, TaK i EHEPTETHYHOTO CIIEKTPY EIEKTPOHIB, 110, Y
CBOI0 Uepry, BH3HA4Ya€ MOXKJIMBICTH TEHEPYyBaHHS
KBaHTOBHX KBa3i9aCTUHOK — OO30HIB.

VY uii poOOTI MpOBeNEHO aHaji3 KpucTatorpadidyHol
OyZOBH Ta XiMIYHOTO CKJIaJy METaJI-OKCHIIB, Ha MiJACTaBi
SIKOTO 3pO0JICHO BHCHOBOK IIPO T€, 10 BU3HAYAIBHY POJIb
y mporeci (opMyBaHHS HAIMPOBIMIHOTO CTaHy ITUX
pEYOBHH Bimirpae «izomecMiuHa» (mapyBsarta) OyaoBa
iXHBOI KpHUCTATIYHOI IPaTKH, a TaKOX MOJKIUBICTh
YTBOPEHHS Pi3HMX XIMIYHUX 3B'S3KiB MK i0HaMH. Y 1HX
crosiykax ioH kucHio O (aHiOH) YTBOPIOE 10HHY Ta
KOBAJICHTHY XiMiuHi 3B'SI3KH 3 i10HAMHU Pi3HUX MeTaliB [5].
Taxuii cnenudiyHui Xapaxkrep 3B'S13Ky MiX i0HAaMU MeTa-
OKCHIB 3yMOBIIOE (OPMYBaHHS B HHUX KPHCTaTi4HOI
CTPYKTYPH 3 OPTOPOMOIYHOIO €IEMEHTapHOI0 KOMIipPKOIO.
[Tpn npoMy BaXXJIMBY poJIb JUIs HaJIPOBIAHOCTI Bixirpae
BeIMYMHA Tapamerpa X, II0 XapakTepu3ye CTYIiHb
BIIXMJICHHS Bijl CTEXiOMETpii METaI-OKCH/IIB 32 KHCHEM.

IMIpn Benukomy pedinmri ioHIB KHCHIO (X > 5)
(dopMyeTbCs  KpUCTalliYHA  CTPYKTypa 3  IHIIOIO
(TeTparoHaJILHOIO) €JIEeMEHTapHOO0 KOMIpKOIO i

HaJIPOBIJHICTh Yy Takii CTPYKTypi He BHSABISIETHCA.
3a3HaueHi 0coOIMMBOCTI OyZOBH METANI-OKCHIIHUX CIHOJIYK
00yMOBIIIOIOTh YTBOPEHHSI B IIMX PEUYOBHHAX OCOOIMBUX
10HHUX KOMIUIEKCiB (HeraTmBHHX U-LIEHTPIB), SKi 34aTHI
TeHepyBaTH  CIApeHi  €JEeKTPOHH 1,
peamizyBaTH  HAQANPOBIAHICTE  IHX

BIAMOBIAHO,
pedoBuH  [6].
BinmoBigHo n0 HaBemeHoi Buie iH(opmarii, TPUPOIHO
BBA)XaTH, IO YTBOPEHHA HeraTuBHHX U-LIEHTPIB MOXe
OyTH CYTTEBO aKTHBOBAHO, SIKIIO ONPOMIHIOBATH METall-
OKCHJ TOCUTb MOTYXHUM IIOTOKOM ONTHYHUX (oToHiB. B
FOMY BHUIAJKy B pe3yibTaTi epeKTy BHYTPIIHBOI (HoTO-
iOHi3amii Mae€ TOCHIIIOBATHUCS MPOIEC YTBOPCHHS
HeraTUBHUX U-LIEHTPIiB, SIKi 3TOJOM TOETHYIOTBCS B
CKyImueHHs (KnacTepH). BianmoBiHO Mae akTHBYBaTHCA i
IpOLIEC IIePeXoy METa-OKCHIIB [0 HAaIIIPOBiIHOTO
CTaHy, TOOTO MPH ONMPOMiHIOBaHHI ()OTOHAMU IIeH Mepexia
Ma€ peati3oByBaTHUCS 3a O1TbII BUCOKUX TEMIEpaTyp, HiX
1€ CIIOCTEPIraeThesl Y 3BUYAHUX YMOBaX.

VY HacTymHHX pO3Aiiax L€l cTaTTi ONMHMCaHI MPUIMHU
(dbopMyBaHHS OCOOJIMBOTO CTPYKTYPHOTO CTaHy MeTall-
OKCUIIB Ta 3pOOJIEHO KiNBKICHI OIlIHKA BEIHMYUHU
MOXJIMBOTO MiJABHIIEHHS TeMIepaTrypu T mepexomy Lux
PEYOBHH 0 HAAMPOBIAHOTO CTaHy NPH OMPOMIHIOBaHHI
¢oTonamu. HaBomsAThCSA TakoX €KCTIEpUMEHTANIbHI JaHi,
110 CBiAYaTh IPO MPAaBOMIPHICT 3pO0JICHNX BUCHOBKIB.

OCOBJIMBOCTI XIMIYHOTI'O CKJIAZLY TA
KPUCTAJIOTPA®IYHOI BYJ1OBU METAJI-
OKCHUIIB

1) Hacammepen, cmig  3a3HA4uWTH, IO  BCI
«BHCOKOTEMIICPATYPHI» METaT-OKCHIHI HaIIPOBITHUKA y
CBOEMY CKJIaJli MAIOTh 10H Mii, a TAaKOX NEsAKi iHII i0HH,
AKi MaKOTB 3JaTHICTh 3MiHIOBATH CBOKO BajleHTHicTh (Cu'™,
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Onpominiogants homonamu ma «BUCOKOMEMNEPAMYPHA» eNeKMPULHA HAONPOGIOHICID
NONKOMNOHEHMHUX MEeMA-OKCUOHUX CHOLYK

Cu?*, Cu*), (Bi**, Bi’"). BignosigHo, HasgBHICTH
3a3HAYCHUX 1OHIB JO3BOJISIE JICTKO 3MIHIOBATH CTYIIiHb
OKUCIICHHS OTICYBaHUX PEUOBHH. [IpU IbOMY iCHY€ YiTKa
KOPEJIAIiSE MK TEMIIepaTyporo Mepexoay pPEeYOBHHU 0
HaInpoBigHOro cTany T 1 KOHIEHTpALi€l0 10HIB KUCHIO.

2) Bci Meram-okcuau B HAANPOBIAHOMY CTaHI
XapaKTepU3yIOThCs HasIBHICTIO MEeBHOT 4aCTKU
BHCOKOYACTOTHHX  (OHOHIB (ONMTHYHA MOja), IO
3YMOBITIOE 30UTBIIICHHS TeMIepaTypH Jebas mux croiayk
no semmunan =~ 10° K. Ile 3ymMoBieHO crienudiuHOm0
KpuctanorpadigHor0  OyIOBOIO  METal-OKCHIIB, IO
OTHCYETHCSI OPTOPOMOIYHOIO EIEMEHTAPHOI KOMIipPKOIO.
BimMiHHOIO OCOOMUBICTIO IIi€1 CTPYKTYpH € Te, IO BOHA
Mae IapyBaTH XapakTep i MICTUTh IBI KOHQIrypartii
KHCHEBOT'O OTOYCHHS 10HIB MiJIi: YOTUPHUTPAHHY IipaMimay
B monmHax CuO; i poMO, IO CKIATAETHCS 3 JAHIFOKKIB
CuO B 06a30Biif TUIOIIHMHI. YTBOPIOETHCSA CTPYKTypa, IIO
CKIIQA€ThCA 3 TaK 3BaHUX "TIEPOBKCUTO-TIONIOHUX"
OmokiB, mo wMmictars tomwHM CuQO,, posaineHi
BiJJOKPEMIICHIMH IUIOIIMHAMH, YTBOPCHUMU
nanmoxkamMu  CuQO. Came 1 oOcTaBHHa 3YMOBIIOE
30JIMDKEHHS  10HIB MK IUION[MHAMU 1  BIANOBIIHO
30UTBIICHHS MAaKCUMAalbHOTO 3HAYCHHS YacTOTH Y
(hOHOHHOMY CIIEKTPi.

3) [lepexin A0 HAAMPOBITHOTO CTAaHY METAI-OKCUIHUX
CIONYK 3a 3BUYaWHUX YMOB PCaNi3yeThCsA 3a BIJHOCHO
HU3BKAX 3HAYCHb MIUTBPHOCTI CHEPTeTHYHUX CTaHiB
enexTpoHiB mobmmsy piBas ®epmi: N(Eg) = (1026
10%7) 1/m>. Tlpu 1bOMy 30HH IIPOBiJHOCTI KX PEYOBUH
XapaKTePU3YIOTHCS JOCUTH IMTUPOKUM IHTEPBAJIOM 3HAYCHb
~ (3 - 10) eV.

4) Yci  HaANPOBITHI  METAN-OKCHAHI  CIIOIYKU
XapakTepu3yrThcs  Temmeparyporo T* > T., 3a
JOCSITHEHHST ~ SIKOT ~ MOYMHAETHCS  BIOXWICHHS  BIX

"HOpMabHOI" MPOBIMHOCTI (TeMrmepaTypa BiIKPUTTS Tak
3BaHOi "TICEBHO-UIUIMHK"' B EHEPreTUYHOMY CIIEKTpi
enekTpoHiB). [Ipum npomy 3HaueHHs Temmneparypu T
ICTOTHO 3aJIe)KUTh BiJl BEIWYWHU IMapameTpa X, III0
XapakTepu3y€e CTYIiHb HAIOBHEHHS METal-OKCHIHOL
CIOJYKH 10HAMH KHCHIO.

5) Tlpu mepexoxi 10 HAINPOBITHOTO CTaHy TMpPHU
T < Tc¢ Bci METaI-OKCUIHM XapaKTEPU3YIOTHCS MOSBOIO B
CHEPreTUYHOMY CHEKTPI CIEKTPOHHOI MiJICHCTEMH JTOBOJTI
By3bkoi = (5x103-102) eV eHeprermuHoi NIiIMHM
mo6mu3y piBHI Depmi.

HaiiOinpm mpuitHaTHa (i3WMYHA KOHICTISA, IO
MOSICHIOE TIPAKTUYHO BCi IEpeiucHi BHIIE OCOOIHMBOCTI
HaJIPOBITHOCTI METAI-OKCUIHHUX CTIONYK, IIe i7ies TIpo Te,
oo B OOroBOPIOBaHUX  pPEUOBHMHAX  (HOPMYIOTHCS
cneuudiyHi CKymYeHHs] KOMIUIEKCiB ioHIB (HeratuBHi U-
LIEHTPH), IO CKIAJAIOTHCS 3 TIEBHOTO HA0OPY 10HIB (IUB.

puc. 1) [6].

7 rd 4
Puc. 1. Dparment kpucraniunoi ctpykrypu Y Ba,Cuz;O7-
x» Mo MicTuTh Kaactep CuzR,04, e iorn Cu "BOy0oBaHi"
B CuO,—miomuny, a ion R = Cu B nanmoxkax CuOs.

Fig. 1. Fragment of YBarCu3O7 crystal structure
containing a CuR20, cluster, where Cu ions are
"embedded" into the CuO; plane, and the R = Cu ions in
the CuOjs chains.

Koxen U-mieHTp CKIamgaeThcs 3 IBOX 10HIB Mii
(xatioHiB), BOynoBanux y miomuay CuO; Ta 0TOUyrOUNX
iX HEraTHBHHX IOHIB KHCHIO (aHIOHIB), a TaKOX 3 JIBOX
ioOHIB Mimi, BOyJOBaHWX Y IUIOIIMHI, YTBOPECHUMH
nanmoxkkamMu CuO. @opMyBaHHs CKYITYCHb TAKOTO POJIY
LEHTPIB Yy MOJTIKOMIOHECHTHUX METaNI-OKCUIHUX CIOIyKaX
OyJ0 MiATBEpIKEHO eKCIepuMeHTaIbHO. JleTampHuit
aHalli3 GHEPreTHYHOTO  CIIEKTPY  CJEKTPOHIB, IO
(GopMyeThCSI B IIUX PEUOBHHAX TI0OKa3aB, M0 B HBOMY
BHHUKAIOTh PiBHI, IO JOMYCKAIOTh JIOKAIGHUN TapHUN
TepexiJ; eNeKTPOHIB Bif 10HY KHUCHIO IO JABOX CYCiIHIX
ioHiB Migi (puc. 2).

Ey Ey

Puc. 2. Cxema B30HHOI CTPYKTYpH €JIEKTPOHHOTO
SHEepPreTUYHOr0 CIIEKTpa: a) 3BUYAMHOro Mertaiy; 0)
MeTal-oKcuaHoi crionyku [15]. Jlipku BUHMKAIOTH Y
3aTl0BHEHIN 30Hi 32 PaXyHOK MEPEX0Ty €IIEKTPOHHUX Tap
Ha IapHUU piBeHb, mupuHa sskoro I ~ T.

Fig. 2. Diagram of the band structure of the electronic
energy spectrum: a) ordinary metal; b) metal-oxide
compound [15]. Holes appear in the filled zone due to the
transition of electron pairs to a pair level, the width of
whichI' ~ T.

Ilpu ©poMy Ha TOYATKOBIH CTanii mporecy
(hopMyBaHHS EHEPTEeTUYHOTO CIIEKTpa TIOsBa HAaBITh
HEBEIMKOI KiTbKOCTI cKymdeHb U-meHTpiB (Kiactepis)
3YMOBIIIOE ~ HE3HAYHy  HAJIUIIKOBY  CJICKTPUYHY
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MPOBiMHICT, TpH  Temmeparypi T* (Ttemmeparypa
BIIKPHUTTSl  «IICEBIO-IIUTHHWY»). MIiHIMAILHUA pO3MIp
KJIacTepa, Mo 0OYMOBIIOE MOXIIUBICTH TAPHOTO TIEPEXO.TY
CJICKTPOHIB  Ha  BUWIOMH  CHEPreTUYHUHA  pIBEHb,
BHU3HAYAETHCSI JTOBXKUHOIO KOTCPEHTHOCTI B IUIOMIMHAX
CuO; i cranoure = 10 M. V wmipy 36inblieHHs
KOHIIEHTpaIlii i0HIB KHUCHIO B METall-OKCHII, TOOTO 3a
3MEHIIEHHAM TapaMerpa X (x — (), cyMapHa JOBXKHHA
KJIACTEpiB, MO CKIANAIOThCcs 3 HeraTWBHUX U-TICHTIB,
30UIbIIy€eThCS, a  Temmeparypa T*  mocTymoBo
3MEHIIIYEThCS, HAOMIDKAIOYICh 0 TEMIIEpaTypH Iepexoay
T.. Takum 4YmHOM, TeMIepaTypa MEpEeXoay MeTal-
OKCHJITHUX CIOJYK Y HaampOBiIHUMN cTaH T, BU3HAYAETHCS
TTOBHUM 3aII0BHEHHSM aHIOHHOT MiATPaTKU i0HAMH KUCHIO,
TOOTO 3a JOCATHEHHS MaKCHMaJIbHO MOXKIIMBOI CyMapHOi

JTOBKUHH KIIacTepis, YTBOPCHUX U-11ieHTpamu.
[MepexoHTUBIM MATBEPIKSHHSIM Ha KOpPHUCTh
MPaBOMIPHOCTI ~ 3pOOJIEHOTO  BHCHOBKY €  Takuid

EKCIICPUMCHTATBHUHN (PaKT.

Sk 3a3HAYANOCs, CKIAJHINI METaNI-OKCHIHI CITONYKH,
10 MICTATH ToAaTkoBi ioHU Bi, T1, Hg xapakrepu3yroThcs
HAMOLIBII BUCOKMMH 3HAYCHHIMH TEMIICPATYPH TIEPEXO.Ly
T, mopiBHAHO 3 OUIBII NPOCTHMH METAJI-OKCHIAMH.
Buxoasun 3 BUKIaJ€HOI BHILE JIOTIKH, 1€ IOSCHIOETHCS
THM, III0 B CTPYKTYPi IIUX CITOJYK € JTOJAaTKOBa KiJIbKiCTh
wiomuH CuO,, HASBHICTh SKUX 3YMOBJIOE YTBOPCHHS
OUTBIIOl  KIMBKOCTI KJacTepiB, MO cKiIamaroThes 3 U-
[IEHTPIB, TOPIBHSHO 3 OLIBII MPOCTUMHU OKCHIIAMHU METAIy.
BigmoBigHO, i CHOJMYKH XapaKTePHU3YIOTHCS BHIUMHU
3HaYeHHAMH T.. @dakrom, IO CBIIYATH HAa KOPHUCTH
HaBEJIEHOI BUIIE CXEMH, € pe3ynbTaT podotn [11], B skiit
MTOKa3aHo, M0 30UTBIICHHS CyMapHOi JTOBXKUHH KJIacTepiB
B yMOBax [ii 30BHINIHBOTO THCKY MPHU3BOAMUTE [0
i ABUIIECHHS TEMIIepaTypu nepexomy ..

TakuMm YHMHOM, 3 BEIMKHM CTYIIEHEM BIIEBHEHOCTI
MOXKHA 3pPOOHWTH BHUCHOBOK, II0 BU3HAYAIBHY pOIIb Yy
MPOIIECi MOSIBH HAANIPOBITHOTO CTaHY B METal-OKCHIHUX
CIIOJlyKaX Tpa€ HAsIBHICTH y I1X CTPYKTypi Oa3suCHHX
TUTOIIUH, c(hopMOBaHUX CuOs, PO3IiIeHUX
BiJJOKPEMIICHIMH TUTOIIIMHAMH, YTBOPCHUMU
nmanmoxkkamMn  CuO. Taka kpucranorpadiuna Oymosa
METaI-OKCH/IIB, a TaKOK HasBHICTb XIMIYHHUX 3B'SI3KIB
OJHOMMEHHMX T1ap 10HiB, IO BIIPI3HAIOTHCS, 3yMOBIIIOIOTH
MOSIBY  CKYNMUYeHb CHEIMU(pIYHNX KOMIUICKCIB  10HIB
(meratuBHuX U-TIIEHTPIB), 3JaTHUX TCHEPYBATH CIIApeHi
€JIEKTPOHH, 1110 1 00YMOBIIIOE €IEKTPUYHY HaANIPOBIAHICTH
[UX PEYOBHUH.

SBUIBIIEHHSA TEMIIEPATYPU NIEPEXOY
METAJI-OKCH/IIB Y HAJIIPOBIJJTHUI CTAH B
YMOBAX OITPOMIHIOBAHHA ®OTOHAMMAX

BinmoBimHO 10 BUCHOBKY,  3pOOJieHOTO B
MOTIEPETHHOMY  PO3IiJ, TPUPOAHO MPHUITYCTUTH, IO
MepexiJy MeTal-OKCHIHUX CIIOJyK J0 HaAMNpOBiIHOTO

CTaHy MO>K€ BiIOyBaTHCS 3a OLIBII BUCOKOI TEMIIEPATYPH,
SKIOI0 iX ONpPOMIHIOBAaTH JOCHTH MOTYXXHHUM IIOTOKOM
¢oronis. JlilicHo, mpouec ¢opMyBaHHS CHEIU(PIYHOTO
E€HEePreTUIHOTO CIIEKTPY €JNEKTPOHIB Yy MeTal-OKCHIaxX
NOB'I3aHUK 3 MOXJIMBICTIO YTBOPEHHS IOHHOTO 1
KOBAJIEHTHOI'O XIMIYHHX 3B'SI3KIB MDK OJHOMMEHHHUMU
napamu ioHiB. Peamizamis 1poro mporecy Moxe OyTH
CYTTEBO TIOJIETTIICHAa B YMOBaX ONPOMiHIOBaHHS (poTOHAMH
[12]. SIx yxe 3a3Havanocs, y 3BHYalHHX ymoBax (0e3
OIIPOMIHEHHS) NepIli 03HAKM YTBOPEHHs kiactepis 3 U-
LEHTPIB BUABIIOTHCS P TemmepaTypi T* (TemmepaTtypa
BIZIKDUTTSl «IICEBIO-IIIJIMHIY»), sIKa 3HAYHO IIEPEBUILYE
Temrepatypy nepexony Tc. O4deBnaHO, IO ONPOMiHEHHS
(hoTOHAMHU MO’KE 3HAYHO TPUCKOPHUTH TPOLIEC YTBOPECHHS
U-nentpie Ta QopmyBanHs ix ckymdeHb. [lpm mpomy
TEIUIOBE  pYHWHYBaHHS  CKyHNUeHb OJIOKYBaTHMETHCS
MPOIIECOM IXHBOTO YTBOPEHHS TIij Ji€l0 OMPOMiHEHHSI.
BinmosinHo, mpu 1IbOMy TeMIiepaTypa nepexoay T. mae
HaOnmkaTHCs 10 3Ha4YeHHs Temmeparypu T*. 3pobumo
OLIIHKY JICSIKUX MapaMeTpiB MOTOKY (OTOHIB, ITi/] BIULINBOM
SIKOTO MOJKHa peanmizyBatn 1ed edekr. Hacammepen,
OUEBHMJHO, 10 BeJIWYMHA eHeprii QoToHa Mae
3aJ0BOJIBHATH Taky ymoBy: hv > W (h — xoHcraHnTa
Ilnanka, v — wd4acrora ¢oTtona, W — eHeprisa
(hOTOIHIYKOBaHOT XIMIYHOI peakIii, IO 3yMOBIIOE
yTBOpeHHsl HeratuBHoro U-neHtpy. B manomy Bumanxy
MiHIManbHE 3HadeHHsS eHeprii W  BH3HAYa€ThCA
BEITMYMHOIO TEIUIOBOT €HEprii, TOCTaTHBOI JJIS JTIKBiaIlii
6030HIB (pyliHyBaHHs CHapeHux CJICKTPOHIB),
BiJINOBiJAILHUX 3a HAAMPOBIMHICTE, TOOTO W =~ kT, (k —
KoHCTaHTa bombiiMana). OCKiNBKH 1T METal-OKCHIIB
pemnuuna T, = 100 K, To miniManbHa JOBXKHHA XBUm L
(OTOHIB, SIKi MOKYTh peajli3yBaTH OIIMCYBAaHUH ePEKT, Mae
XapakTepu3yBaTHcs 3HaueHHaM L = 10 m. ®oroHm
Takoi JIOBXMHH XBUJI BiINOBIZAIOTH iHPpPauYEpPBOHOMY
CBITJIOBOMY  BHUIIPOMIHIOBaHHIO, TIIOTIK  JOCTaTHBOL
MOTYXHOCTI ~ SIKOTO  JIETKO  JOCSTAa€ThCs  JIA3EPHOIO
TexHoJorieto. OYeBWAHO, IO B JaHOMY BHUIAJKY
HeoOxinHO, mo06 rycTuHa (OTOHIB BiAOBiNala T'yCTHHI
aTOMIB ~ pPEUOBHMHHM, IO  ONPOMIHIOETHCSA,  TOOTO
Ny = Ny = 102 1/m>. Taka ryctma  (oTOHIB
JIOCSTAEThCS TPW  BUKOPHCTaHHI Jlazepa TOTYXKHICTIO
= 10" Br/m?> ta tpuBanictio immynscy = 108 c. Ilpu
IbOMYy HEOOXiZHO MaTH Ha YyBa3i, IO iH(ppadepBOHE
BHUIPOMIHIOBAHHS TMPOHHUKAE B 00'€EM METAI-OKCHIHHUX
crionyk Ha buny = 107° M. Omxke, onucysanuii edext
MOXeE peajizyBaTucs abo B NPHUIIOBEPXHEBOMY IHapi
3pa3ka, IO OINPOMIHIOEThCSA, ab0 B 00’eMi IUTIBKH
3a3HaueHol ToBHIMHU. KpiM TOro, MOBHOIO Mipoio Iied
e(eKT Mae MpOSIBIATUCS B MOHOKPHCTANAX, OCKUIBKH
HasABHICTb 3€PEH 3 XapaKTepHUM po3mipom~ (107 — 10-
%) M 06yMOBJIIOE 3HAYHE PO3CiIOBaHHS iH(PPAYEPBOHOTO
BUIIPOMIHIOBAaHHS.
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Onpominiogants homonamu ma «BUCOKOMEMNEPAMYPHA» eNeKMPULHA HAONPOGIOHICID
NONKOMNOHEHMHUX MEeMA-OKCUOHUX CHOLYK

BUCHOBKH

JlazepHe  OmMpOMiHEHHS, IO  XapaKTEPU3YEThCA
noBxuHO0 xBUmi L < 10 M Ta TpuBamicTio iMmysibcy
= 10® ¢ 3a JOCATHEHHS TYCTHMHH HOTYXHOCTI
10" Br/M> MOXe 3yMOBUTH YTBODEHHS Y MeETa-
OKCHIHUX CIIOJYKaX JOAATKOBY KiJIBKICTh cCHelH(piqHUX
KOMIDICKCiB i0HIB (HeraTuBHUX U-IIEHTPIB).

YTBOpeHHsST  CKym4eHb  HeraTWBHUX  U-TICHTpiB
(kymactepiB) TPHU3BOAMTH A0 (OPMYBAaHHS OCOOIMBOTO
€HEPreTUYHOT0 CIEKTPa ENEKTPOHHOI MiJICUCTEMH MeTal-
OKCHJIIB, IO TOTYCKA€ MapHi MEPEXOIH EICKTPOHIB.

[MosiBa xnactepiB U-1ieHTpiB, po3Mip SIKMX JOCATaEe
JIOBKMHU  KOTEPEHTHOCTI  enekTponiB (= 107 m)
00yMOBITIOE (hopmyBaHHS «KyTIepiBCHKUX» nap
€JIeKTPOHiB (0030HIB), 3IaTHUX MEPSCHOCUTH SIEKTPUIHUN
3apsia O6e3 BTpaTH eHeprii. [Ipu iboMy BUSIBIISIIOTBCS MEpILi
O3HaKW TIOSIBU HAIIPOBITHOTO CTaHy METAI-OKCHUIB:
3MEHIIEHHS eJEKTPUYHOTO OTopy mnpH Temmepartypi T*

U

(Temmeparypa BIZIKpUTTS TICEB/IOIIITMHI B
CHCPreTUYHOMY CIICKTPi CJIEKTPOHIB). Y 3BHYAWHHUX
yMoBax (0e3  OmMpOMIHEHHS) CepemHE  3HAYCHHS

Temnepatypu T* i1 MeTan-OKCHIIB XapaKTepU3Y€EThCS
BermunHO ~ 300 K i 3amexuTh Bij piBHS HACHUYCHHS
KHCHEM (3Ha4eHHs ImapameTpa X).

B ymoBax ompomiHeHHS (OTOHAMHU B METal-OKCHIAX
iHTeHCH(IKy€eThCA Tpouec (OpPMYyBaHHS MaKCHMaJIbHO
MOXJIMBOT CyMapHOi JOBXUHH KiactepiB 3 U-IEHTPIB i,
BiJNIOBiTHO, TEMIIEpaTypa MOBHOTO MEPEX0y IUX CIOIYK
JI0O HAINpOBIMHOTO cTaHy T. MOXe HaOMMKATHCA [0
3Ha4yeHHs T*.

Ommcanuii  epekT  MoOke  peami3yBaThcsl B
MPUIIOBEPXHEBOMY Iapi 3aBTOBIIKK = 107° M 00'eMHHMX
MOHOKPHCTAIIIYHHUX 3pPa3KiB METaI-OKCUJIIB a00 B TOHKHUX
IUTIBKaX TakKol caMoOi TOBIIIMHU.
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The paper discusses the possibility of increasing the transition temperature of metal-oxide compounds ("high-
temperature” superconductors) to the superconducting state (zero electrical resistance) when irradiating them with a
sufficiently powerful photon flow. In this case, in the irradiated substance, as a result of internal photo-ionization, changes
occur in both the important parameters of the phonon spectrum and the electrons energy spectrum.

The value of the photon energy must satisfy this condition: hv > W (v is the photon frequency, W is the energy of
the photoinduced chemical reaction. According to the estimates made in the work, the minimum wavelength of photons
that can realize the described effect should be characterized by the value A= 10*m. Photons of this wavelength
correspond to infrared light radiation, a flow of sufficient power of which is easily achieved by laser technology.

A change in the parameters of the phonon spectrum and the energy state of electrons in the discussed compounds
when they are irradiated with photons causes the formation of an additional number of clusters of special ion complexes
(negative U-centers), which are capable of generating quasiparticles: "Cooper" pairs of electrons (bosons).

The formation of clusters of negative U-centers leads to the formation of a special energy spectrum of the electronic
subsystem in metal oxides, which allows pair transitions of electrons. Paired electrons carry an electric charge without
losing energy. Irradiation of multicomponent metal oxides with optical photons intensifies the process of formation of the
maximum possible total length of U-centers clusters, therefore intensifies the process of metal oxides transition to a
superconducting state: the temperature of the complete transition of these compounds to the superconducting state T, can
approach the value of the temperature of the opening of a pseudogap in the energy spectrum of electrons that is, this
transition is realized at higher temperatures than it occurs under normal conditions.

Keywords: high-temperature superconductivity, metal-oxide compounds, negative U-centers, photoionization.
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BMJinB BUCOKOIO TUCKY HA TEMIMEPATYPHY 3AJIEXHICTb
NCEBAOOLUIITMHN MOHOKPUCTAITIB Yo.66Pro3aBa2CusO75

. A. Xapkan' ©, B. ®. Kopwak' @, C. B. Casuy', OxyHbi Aiy'?, P. B. Bosk'

Xapriecokuii nayionansnutl ynisepcumem imeni B. H. Kapasina, maiioan Ceobodu, 4, 61022 Xapxis, Ykpaina
2[lIxona mamemamuunux nayk Jlosncokozo nedazoziunozo ynieepcumemy, 471934 Jlosn, Kumaii
E-mail: rvvovk2017@gmail.com

Hapmiiima o penaxiii 17 xBitas 2024 p. [lepernsayto 22 tpaBus 2024 p.
IpuiinsaTo no apyky 25 tpasusa 2024 p.

VY poborti Oyno IOCHi/VKEHO BIUIMB BHCOKOTO TipOCTAaTHYHOrO THCKY HAa €NEKTpUUHY NpoBigHicTs o(7) y 6asucHiit ab-mommHi
MOHOKPHUCTaly BHCOKoTeMreparypHoro Haanposizauka (BTHII) YoecPros3sBa:CuzO75. Monokprcran YBa;CuzO7-s BupoltyBamu 3a
BIJIOMOIO PO3YMH-PO3ILIABHOI0 TEXHOJOTIEH. SIK TMOYATKOBI KOMITIOHEHTH JUII BHPOIYBaHHS MOHOKpHCTANY Yo0.66Pr0.34Ba>2CuzO75
BUKOpHCTOBYBaM crioiykd Y203, BaCOs, CuO Ta PrsO11 y BiaNOBIZHOMY NpPOLIEHTHOMY CIHiBBiIHOIIEHHI. P&XUMM BHpOIyBaHHS Ta
HACHUYEHHS KUCHeM KprcTany Y 1-xPr«Ba:CuzO7s Oynm TakuM¥ 3K, SIK 1 T HeJIeTOBAaHUX MOHOKpHCTaNIB. Enekrpudanuii omip y ab-monmHi
BUMIPIOBAJIM 32 CTaHAAPTHOIO 4-KOHTAKTHOIO METOAMKOIO. I'ipOCTATMYHMI THCK CTBOPIOBAIM y MYJIBTHIUIIKATOPI THIy MOPIICHb-
wtiHap. ExcrnepuMeHTansHO OTpMMaHO TeMIeEpaTypHI 3aleXHOCTI IHTOMOro eiekrpudHoro omopy o(T) mocmimkyBaHmHX
MOHOKPHCTaJIiB B ab-monuui B iHrepBani temneparyp 7300 K 3a tuckiB 0—10 x6ap. IIpu Bcix Tuckax, siki Oysn 3acTocoBaHi,
eKCIiepUMeHTaNbHI KpuBi p(T) MICTATH JiHINHI IUITHKK npu Temmeparypax 1 > T*. Ilpm temmeparypax T < T* xpusi p(7)
BIAXWJISAIOThCS JOHM3Y Bil CBOET JiHIHHOI ekcTpamossinii, TOOTO y JOCITDKeHNX 3pa3kax BUHHMKAE HapmiikoBa mposignicts Ao(7T).
Bcranosieno, mo Ao(T) 3pa3kiB y mmpokoMy iHTepBaii Temneparyp Iy < T < T* xapaKTepu3yeThCsl eKCHOHCHIIHHOIO TeMIIepaTypHOIO
sasexHicTio Ao~ (1-1/T%)exp(A*a/T), ne T* — cepeaHBONONBOBA TEMIIEPATypa HaAIPOBIAHOTO MIEPEXOY, sika Moxe OyTH iHTepIpeToBaHa
B TepMiHax Teopii kpocosepa BKIII-BEK. KoprcTyrounch miM CHiBBiTHONICHHM, TO0OYI0BAHO TEMITCPATyPHY 3aJIEKHICTh IICEBIOIIUIHA
A*a(T) Bim T* mo Temreparyp, IO BiJNOBIIalOTh MaKCHMAIBHOMY 3HAYCHHIO TNCEBIOLIUIMHH. 301MbLICHHS HPHKIAJCHOTO THUCKY
NIPUBOAUTE 10 eeKTy 3BYKCHHS TeMIepaTypHOro iHrepBanmy peamizamii ncepmomummusoro (ITII[) pexwumy i, B pe3yibrari, 1o
PO3MINPEHHS IHTepBATY JIHIHHOI 3aI€XKHOCTI MUTOMOTO €IEKTPHIHOTO ONopy y ab-momyHi. [Ipu 301nbIeHH] THCKY TeMIiepaTypHa
3aJIeKHICTh MCEBAOLIUIHHU JEMOHCTPY€ KpocoBep Bij 3anexHocTi Tuity BKII no 3anexuocti Tumy BEK.

Knrouogi cnoea: naomuuikosa npogionicme, oonysanns, monokpucmanu Yi«PriBa:CuzO7.s, eucokomemnepamypna Haonpogionicm,

Kpocosep, NCeBOOWJITUHHULL CIGH.

Ax wurysarn: I . Xaooacaii, B. @. Kopwax, C.B. Casuu, [icynsi [y, P. B. Bosk. Bnnug 6ucoko2o mucky Ha memnepamypy
sanexcnicme ncesoowinunu monoxpucmanie Yoe6ProssBa:CuszO7.s. Bicuuk XHY imeni B. H. Kapasina. Cepis «®izuxa». Bum. 40, 2024,
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BCTYII

Sk Bimomo, gomyBaHHA  cmoinyku — YBaCuO
€JIEMEHTAMH, 10 3aMil[yI0Th, BUKJIHKAE 3MiHY T'yCTUHH
HOCIIB CTpPyMy, TEIUIO- Ta EJIIEKTPONPOBIAHOCTI IIHOTO
HA/MPOBiTHKUKA. BoHOYAC BaXKIIMBY POJIb BilIrPAIOTh THIT
Ta KOHIIEHTpaIis gomimku. OcoOmuBHil iHTEpEC, Y IHOMY
acIeKTi, CTaHOBHTHh YacTKoBa 3aMmiHa Y Ha Pr, sxa, 3
OJHOTO OOKY, MPUBOIUTH JIO MPUTHIYEHHS HAAPOBITHOCTI
(Ha BiAMiHY BiJ BUNAAKIB 3aMiHM Y Ha pemry
piAKO3eMeNnbHUX eneMeHTiB) [1, 2], a 3 iHIIOro — J03BOJIsIE
30epiratu MpakTUYHO HE3MIHHUMH MapaMeTpH IPpaTku [3]
Ta KUCHEeBHH iHAEKC J [2]. 30KpeMa, TOCIIIKCHHS BIUTUBY
JoMimok Pr Ha yMOBHM Ta peXuMM iCHyBaHHsS 0OJacTi
TICEBIONIITMHHOTO CTaHy TakuX crHoiayk [1] Bimirpae
BaXJIMBY pOJIb HE TUIBKM [UIS TPOSICHEHHS MPUPOIH
BHUCOKOTEMIIEPATypHOI ~HAIIPOBIAHOCTI, ane W s
BH3HAUEHHS EMIIIPUYHUX NUIAXiB  MiABUINEHHA  iX
KpUTHYHHX TapamerpiB. CIiJ 3a3HAYUTH, IO IOTETep
JlaHi mpo cTymiHp BBy jomnyBanHs Pr na [Il-cran
cnonmykn YBaCuO 3anumaroTeCst 3HAYHOIO — MipOIO
cynepewnBuMU. OYEeBUIHO, IEBHY POJIb TYT Billirpa€e TOU
¢akT, 1O ICTOTHA YaCTHMHA CKCIICPHUMEHTAIBLHOTO
Marepiany Oylla OTpUMaHa Ha KepaMiyHHX, IUTIBKOBHX 4H
TEKCTYPOBaHUX 3paskax pi3HOI TEXHOJIOTIYHOT
nepenicropii  [1-3], mo MaloOTh BHUCOKHA BMICT
MDKIpaHyJISIpHUX 3B’s3KiB. SIk Oyslo moka3zaHo B po0oTi
[4], 3a mocTaTHHO BHCOKOT TOYHOCTI BUMIpIOBaHb 001aCTh
MICEBIOMIUTMHA B IIMPOKOMY IHTEpBaNi TeMIepaTyp
MOJKHA BU3HA4MTH 13 3anexHocTeir p(T) (enekrpoorip y
0a3uCHIN TUIOIINHI) TIPH TEMITepaTypax, HIKIUX 3a IesIKe
XapakTepHe 3Ha4deHHs [* (TemmepaTypu BIIKpUTTS
TICEBIOMUTHHM). Y i poOOTi OyI0 AOCTIHKEHO BILIUB
nomimok Pr (x=0.34) Ha TemmepaTypHy 3alie)KHICTh
MICCBJIOIIIIMHA B MOHOKpHUcTanax Y i, Pr:Ba;Cu3zO75 3
pi3HOIO KpuTHYHOWO Temueparypoto (7c.) B yMoBax
MIPUKJIAIAHHS BHCOKOTO TiPOCTATUYHOTO THUCKY g0 10
kOap.

MATEPIAJIM TA EKCIIEPUMEHTAJIbHI
METOJIUKHA

Monoxpuctamu Y Ba;Cu3;O7-s BupolyBanu 3a po34uH-
PO3IUIaBHOIO TexHOJOTi€er0 [1]. [y OTpUMaHHS KPUCTATIB
3 dacTkoBOIO 3amiHow Y Ha Pr, Yi.PrBa,CuiO7s, y
MOYAaTKOBY IMHUXTYy pojaBamu PrsOj;; y BiamoBigHOMY
MIPOIIEHTHOMY CITiBBiTHOIICHHI. Pe>XKUMHU BHpOITyBaHHS i
HacH4eHHs KUCHeM KpucTaliB Y xPriBa;CuzO7.5 Oynn
TaKUMHM XK, SIK 1 JJIs HeJIETOBaHWX MOHOKpucTamiB [1]. Sk
MMOYaTKOBI KOMIIOHEHTH [UIS BHPOIIYBaHHS KPHCTAIiB
BUKOPHCTOBYBaIN crionyku Y203, BaCOj;, CuO i PrsOy;.
Enextpoornip y ab-nomuyHi BUMIpIOBaIN 32 CTAHAAPTHOIO
4-KOHTAaKTHOIO METOJHMKOIO TIISXOM HaHECEHHS CpiOHOI
IacTd Ha TOBEPXHIO KpUCTalla 3  HACTYIHUMH
NIpUETHAHHIM CpiOHNX MPOBiMHUKIB HiaMeTpoM 0.05 MM i
TPUTOAVMHHUM BimmaioM npu Temneparypi 200 °C

atMocdepi kucHo. Taka mporeaypa J03BoJIsIa OTPUMATH
MEpeXiTHUA Omip KOHTAaKTiB MeHme oxHoro Owma Ta
MIPOBOJIUTH PE3UCTHBHI BUMIipPIOBAHHS MPU TPAHCHOPTHUX
crpymax 1o 10 MA B ab-tumomuHi. ['igpocTaTHIHUI THCK
CTBOPIOBAIU Y MYJIBTHILTIKATOPI THITY MOPIICHb-ITIHID
[1]. BenuuuHy THCKY BH3HAualu 3a JOHNOMOTOKO
MaHTaHIHOBOTO MAaHOMETpa, TeMIIEpaTypy — Millb-
KOHCTaHTaHOBOI TEPMOIIAPH, BMOHTOBAHOI y 30BHIITHIO
MTOBEPXHIO KAMEPH Ha PiBHI MOJIOKCHHS 3pa3Ka.

PE3YJIbTATHU TA IX OBI'OBOPEHHSI
TemmiepaTypHi 3aJIe’)KHOCTI TUTOMOTO €JISKTPOOIIOPY Y
ab-mommni p(T) xpuctanis Y.,Pr.Ba,CuzO7.5 HaBeneHO
Ha puc.1.

| J
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Puc. 1. TemnepatypHi 3aJIe)KHOCTI MTUTOMOTO
eJNeKTpuuHOro omopy B ©OasucHiii twommHi  p(7)

MOHOKpUCTANy  Yo.66P1034Ba2Cu3O7.5, BuMipsHi 3a
trckiB: 0; 3.72; 6.53; 9.7 x6ap — kpuBi 1—4 BiAmOBiTHO.
BcraBka (a): OGapuuni 3anmexxHocti 7. (KBaapatu) Ta
p(300 K) (koma) monokpucTana Yo.e6Pro34BaxCusO7s.
BeraBka (b): TemmeparypHa 3alleXHICTh HAJJTHIIKOBOT
nposigHocTi Ac(7) MOHOKpHCTana 3a aTrMoc(epHOTo
THUCKY.

Fig. 1. Temperature dependences of the resistivity in the
base plane, p(7), of the Yqe6ProsaBa:CuzO75 single
crystal, measured at pressures: 0; 3.72; 6.53; 9.7 kbar —
curves 1-4, respectively. Inset (a): Baric dependences of
T. (squares) and p(300 K) (circles) of the
Yo.66Pro3aBa;CusO7s  single crystal. Inset (b):
Temperature dependence of the excess electrical
conductivity Aa(7) of this single crystal at atmospheric
pressure.

Bunno, mo, B Mipy 3pOCTaHHS NPHKIAJICHOTO THCKY,
EJIEKTPOOIIp  3pa3KiB  3MEHIIYETHCS, a KpPUTHYHA
TEMIIEpaTypa 3pOCTaE, IO y3TOPKYETHCS 3 JITEpaTypHUMHA
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nanumu  [2]. BomHodwac ciim 3a3HauMTH, IO BCIM
3aiexHocTsiM  o(7) BiacTMBa HAsSBHICT JAUISHKA 3
XapaKTepHIM TEPMOAKTHUBAIi HHIM IPOTHHOM.

Sk BUITHO 3 pHC. 1, TpY 3HMKEHHI TEMIIepaTypy MEHIIe
MEBHOTO XapakTepHOro 3HaueHHS I* BimOyBaeThCs
BimxwieHHs o(T) Bix JNiHIWHOT 3aJIEXKHOCTI, IO CBIAYUTH
PO MOSIBY AESKOI HA/UIMIIKOBOI IIPOBIHOCTI, 5IKa, SIK BKE
HarojollyBajgocs BHIIE, 3yMOBJECHA IEPEXOJOM [0
NceBAOIIMHHOTO pexuMmy [1]. BomHouwac, y wMipy
3pOCTaHHA TNPHUKIAJCHOTO THCKY, IHTepBal JiHIHHOI
3anexHocTi p(T) iCTOTHO 3BYXKYy€ThCS, a Temneparypa 1
3MilIy€eTbcs B 001aCTh HU3BKUX Temmeparyp. Lle Takox
CBIIYMTH TIPO BIINOBiIHE 3BYKEHHS TEMIIEPATyPHOTO
IHTEpBaJy ICHYBaHHS HaUIUIIKOBOI IPOBIIHOCTI.

TemneparypHa 3aleKHICTh HAJUIUITKOBOI MPOBiAHOCTI
3a3BHYail BU3HAYAETHCS 3 PIBHOCTI:

Ac=o- o, (M

ne oy = po ! = (A+BT)™! — mpoBigHicTh, M0 BU3HAYACTHCS
EKCTPATOJAIIEI0 JIHIMHOT JUISHKA Yy HYJIbOBE 3HAYCHHS
TEMIIEPATypu, & 0= 0 ' — eKCIIEPUMEHTAIbHE 3HAYCHHS
IIPOBITHOCTI y HOPMaJIbHOMY CTaHi. SIK Ioka3aB aHai3, y
JOCTAaTHBO IIMPOKOMY TEMIICPaTYpHOMY iHTepBami i
KpHUBi J00pe OMUCYIOTHCS €KCIOHEHITIHHOI0 3aJICKHICTIO
BUTJISAY:

Ao~ exp(A*u/T), (2)

ne A*; — BelMydHa, 10 BHU3HAYa€  JICAKHM
TEPMOAKTHBAIIHHUIA TpoIlec, TIOB S3aHUI 3 YTBOPESHHSIM
«TICEBIOLILTHHIY.

Excrnionenmiina 3aJICKHICTh Ao(T) BXKE
crocTepiraiacsi paHinie Ha IUTIBKOBUX 3paszkax YBaCuO
[4]. Sk Oyno Tmokazano B [4], ampokcuMaIlis
CeKCIIEPUMEHTAILHUX ~ JIaHUX MOXe OyTH  iCTOTHO
po3IMpeHa 3a JOTIOMOTOI0 BBEACHHS CIIIBMHOXKHHUKA
(1-7/T*). Y upoMy BHIIQAKy HaJUIMIIKOBA HPOBIJHICTH
BUSIBIIIETBCSL  TIPONOPLIHHOI0 TYCTHHI  HaINpPOBIAHUX
HOCI1B n;~ (1-7/T*) Ta 00epHEHO TPOMOPIIIHHOI YUCITY
nap, ~ exp(—A*/kT), 3pyHHOBaHUX TEIUIOBUM PYXOM:

Ac~ (1=T/T*)exp(A* ! T). 3)

ITpn mpomy T* pO3IIANA€ThCS SK CEPEIHBOIIONBOBA
TeMIepaTypa HaJIIPOBITHOTO nepexony, a
temrnepatypuuii iHtepan T.<T<T* y skomy icHye
TICEBIONTITMHHAMA CTaH, BU3HAYAETHCS KOPCTKICTIO (a3u
napaMmeTpa HOPSIKY, IO TAKOX 3aJEKHUTh BiJ Ae(iuuTy
KHCHIO a00 KOHIEHTpalii DOIyI4oro eneMeHTa. Takum

YUHOM, BHUKOPHCTOBYIOYH METOJIMKY, 3allPOIIOHOBAHY B
[4], 3a ekcrmepuMEHTaTbHOI KpHBOK InAc MoxHa

moOyayBaTd  TeMIepatypHy  3alexHictb  A*(T)
6e3mocepenHbo 10 T*.
Ha pwuc. 2 mokazaHo TeMIIEpaTypHi 3aJIeXHOCTI

TICEBIOMIUIMHN Y 3BeneHnx koopauHaTax A*(T)/Ayax —
T/T* (Avax — 3HaUeHHS A* Ha TIaTo oxuaiik 7*) 3a THCKIB
0 xbap ta 9.7 xGap.

Puc. 2. Temriepatypai  3aJe)KHOCTI  IICEBIOIIITUHI
KpHCTally y 3BefieHUX KoopauHatax A*(T)/A*yax — T/T*
(A*\ax — 3HaUeHHS A* Ha 1uiato oxnanik 1) 3a THUCKIB
0 xbap (kBampaTtu) Ta 9.7 x6ap (xona). [TyHKTHpHUMHU
JMiHiAMHA TI0Ka3zaHo 3anexHocti A*(T)/A(0) Bim T/T*,
po3paxoBaHi 3rifHO 3 [5] AN 3HAYCHb MapameTpa
kpocosepa 1/A(0) = 10 (mexa BKIII), -2, -5, —10 (mexa
BEK).

Fig. 2. Temperature dependences of the crystal
pseudogap in the relative coordinates A*(7)/A*max — T/ T*
(A*max — the value of A* on the plateau far from 7*) at
pressures of 0 kbar (squares) and 9.7 kbar (circles).
Dotted lines show the dependences of A*(T)/A(0) on
T/T*, calculated according to [5] for the values of the
crossover parameter 4/A(0) =10 (BCS limit), -2, -5,-10
(BEC limit).

TemmepartypHi  3a€XKHOCTI IICEBIOIIUIUHE  OYyJIU
paHiiie oepkaHi B po0oTi [5] B pamMkax Teopii KpocoBepa
BKII-BEK. V 3aranpHOMy BUTJISAI I 3aJI€XKHOCTI
OTHCYIOTHCS PIBHSIHHSM:

_ _ z /_T
A(T) = A(0) A(O)\/: A0) X

A(0) Jx2 11 @
X exp[—T:| L+erf| | X2——

7/ A(0)

ne xo = w/A(0) (u — xiMrmoTeHmian cuctemu Hocii; A(0) —
BEeNMYMHA eHepreTndHoi minuau npu 7 =0), a erf(x) —
(bYHKIIISI TOXHOOK.
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Y  rpaHWmYHOMY BHIAaIKy Xo— ©  (ciabkoro

CHapoBYBaHHS) aHAIITHYHUI BHpa3 (4) HaOyBae BUTIAY:

A(T) = A(0) — A(O),/ZnA(O)Texp[ (0) )

nobpe Bimomoro y Teopii BKII. BomHowac mms mexi
CWIBHUX B3a€MOJIN y 3-BUMIpHOMY BHMAnKy (xo < —1)
¢dopmyna (4) nepexoauTh y:

=M®—

SanexuHocti A*(T)/A(0) Big T/T*, po3paxoBaHi 3riTHO
3 (6) mis 3HadeHb mapamerpa KpocoBepa w/A(0)=10
(mexxa BKII), -2, -5, —10 (mexxa BEK), nokasano Ha
puc. 2 TyHKTHPHMMH JiHiIMH. BumHo, mo, y wipy
3pOCTaHHA BETMYNHH MPHUKIAJCHOTO THCKY, BiTOyBa€eThCA
3MIIIEHHS EKCIIEPUMEHTAJIbHUX KPUBHX Bifl 3aJI€)KHOCTEH
Burisiny (6) o (5). Taka noBeniHKa BUSBISETHCS SKICHO
nmomioHo0 10 edekTy TpaHcopMallii TeMIepaTypHHX
3aJIeKHOCTEH  TMceBIOmiIMHN  3pa3kiB  YBaCuO, o
CIIOCTEpIraeTbcsl TPU  3HIKECHHI CTyNeHs KHCHEBOI
HectexiomeTpii [1]. OdeBumHO, MO 3ragaHi KOpessIii B
noBemiami kpuBux A*(7T) He € BumankoBuMu. JliicHO, SIK
nmobpe BigomMo 3 miteparypu (amB., Hampukiam, [1]),
NIPUKJIaAaHHs BACOKOTO THCKY 10 3pa3kiB BTHII-cucremn
1-2-3, piBHO fK i 3MEHIICHHS BMICTY KHCHIO, TPUBOJIUTH
0 TONINIICHHS TPOBIAHUX  XapaKTEPUCTHK, SKE
BUPAXAETHCS Yy 301IbLICHH] abCcOoMOTHOI BeauyuHu 1, Ta
ICTOTHOMY 3HWXEHHI MUTOMOTO €JIeKTpPoomnopy. Takum
YHHOM, BpAaXOBYIOUM JESKYy YMOBHICTh BH3HAYCHHS
BEJIMYUHH TEMIICPATYPHU BiIKPUTTS TICEBIONIUIHHE T 1O
BiIXWJICHHIO 3ayie)kHOCTI p(7) BiA NIHIAHOI, y3rOMKCHHS
EKCIICPUMEHTY 3 TEOpi€l0 B HAIIOMY BHIIAIKy MOXKHA
BBa)KAaTH I[IJIKOM 3aJ0BLILHHM.

BUCHOBKU

PesynbTate MpoBENEHOTO JOCITIKEHHS CBiAYaTh MPO
Taxe.

[IpuknagaHHd BHCOKOTO THUCKY A0 MOHOKPHCTAIIiB
Yi1.Pr:Ba;CuzO75  (x~ 0.34) mpuBOIUTH 1O 1CTOTHOTO
pO3LIMpEeHHs iHTepBaly JiHiHHOT 3anexHocTi A*,(T) Ta
3BYXKEHHS TeMIepaTypHOi JIITSTHKH peadizamii
IICEBIOLIIIMHHOTO PEKUMY.

HamgnmumkoBa mnpoBigHicte Ao(7T) MOHOKpPHUCTAIIB
Yi1.Pr:Ba;CuzO75 y mupokoMy iHTEpBaNi TeMIEpaTyp
Ty <T<T* XapaKTepU3yeThCs €KCIIOHEHIIIHHOI0
TEMIIEPaTypHOIO  3aJIeKHICTIO, a  TeMIepaTrypHa

3QJIEKHICTh TICEBIONIUIMHN 3aJIOBUTBHO OMHCYETHCS B
pamkax Teopii kpocoepa BKIII-BEK.
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EFFECT OF HIGH PRESSURE ON TEMPERATURE DEPENDENCE
OF PSEUDOGAP IN Yo.66Pro34BazCu307.s SINGLE CRYSTALS

G. Ya. Hadzhai', V. F. Korshak', S. V. Savich', Junyi Du'?, R. V. Vovk'

V. N. Karazin Kharkiv National University, 4 Svobody Sq., 61022 Kharkiv, Ukraine
2School of Mathematical Sciences, Luoyang Normal University, 471934 Luoyang, China
E-mail: rvwvovk2017@gmail.com

Received on April 17, 2024. Reviewed on May 22, 2024.
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The paper investigates the effect of high hydrostatic pressure on the conductivity, o(7), in the basic ab-plane of the HTSC single
crystal Yo.66Pro.34Ba2CusO7-5. The YBa2Cu3O7-5 single crystal was grown using the well-known solution-melt technology. Y203,
BaCOs, CuO and PrsOi1 compounds were used in the appropriate percentage ratio as initial components for growing
Yo.66Pr034Ba2Cu307-5 single crystal. The modes of growth and oxygen saturation of the Y1 xPrxBa2CuzO7-5 crystal were the same as
for undoped single crystals. Electrical resistance in the ab-plane was measured according to the standard 4-pin method. Hydrostatic
pressure was created in a piston-cylinder multiplier. The temperature dependences of the specific electrical resistance, p(7), of the
studied single crystals in the ab-plane in the temperature range 7.—300 K at pressures of 0-10 kbar were obtained experimentally. At
all applied pressures, the experimental curves p(7) contain linear sections at temperatures 7> 7*. When T < T*, the p(T) curves deviate
downward from their linear extrapolation, i.e., excess conductivity, Ao(T), appears in the studied samples. It was established that Ao(T)
of the samples in a wide temperature range 7y<T<T* are characterized by an exponential temperature dependence
Ao~ (1-T/T*)exp(A*w/T), where T* is the mean-field temperature of the superconducting transition, and can be interpreted in terms
of'the BCS-BEC crossover theory. Using this ratio, the temperature dependence of the pseudogap, A*a(T), from T* to the temperatures
corresponding to the maximum value of the pseudogap was constructed. An increase in the applied pressure leads to the effect of
narrowing the temperature interval of realization of the pseudogap (PG) mode and, as a result, to the expansion of the interval of the
linear dependence of the specific electrical resistance in the ab-plane. As the pressure increases, the temperature dependence of the
pseudogap shows a crossover from the dependence of the BCS type to the dependence of the BEK type.

Keywords: excess conductivity, doping, Y1.xPr:Ba>Cu3O7. single crystals, high temperature superconductivity, crossover, pseudogap state.
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PECULIARITIES OF TEACHING PHYSICS AND ASTRONOMY AT THE
FACULTY OF PHYSICS IN THE CONDITIONS OF DISTANCE LEARNING

M. O. Makarovsky ““, O. M. Savchenko

V.N. Karazin Kharkiv National University, 4 Svobody Sq., 61022 Kharkiv, Ukraine
E-mail: nik. makarovsky@gmail.com
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Development of high quality teaching remotely is currently at the forefront of higher education developments. Particularly
challenging is remote delivery of the teaching programs that require deep understanding of complex scientific phenomena, as well as
development of practical skills and professional competencies. In this work, we discuss the experience of remote delivery of Physics
degree. It is noted that different approaches are needed for different teaching elements. Based on this, we make recommendations for
approaches to enhance student experience and to enable successful completion of the degree programs.

Remote defense of the diploma projects in the format of research conference (using Zoom, Skype, GoogleMeet and other video
communication) showed that this stage of the educational process is successfully implemented and is almost identical to the face-to-
face defense. Consultations (on training courses, research projects, diploma projects) can be conducted remotely.

When conducting written assessments of learning: tests, quizzes and examinations in the distance mode (using standard procedures
such as distribution of questions and tasks), it is quite difficult to control the quality of students' performance, since there are
opportunities for use various sources of information. A test system can provide a suitable substitute.

The experience of conducting lectures and practical classes in the distance mode has shown that the lecturer does not have the
feedback that occurs in classroom teaching. The lecturer is unable to interact with the audience, since students hardly ask questions
and during the lecture they can go about their own business rather than listen to the lecturer.
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INTRODUCTION

Over the past two years of martial law, we have gained
considerable experience in working with students via
remote access. Delivering distance learning under such
conditions makes it difficult to work with students on the
quality of specialist training. One could complain about the
insufficient material base, however reports from colleagues
from well-known European and US universities that do not
have such problems, have indicated challenges in
delivering the quality of training in distance learning [1, 2].
What is the reason for this situation?

EXPERIENCE TEACHING IN DISTANCE
LEARNING SETTINGS

Our colleague, a lecturer at Vinnitsa University,
expressed an interesting opinion: ‘Distance learning is a
great option for those who want to continue their studies
but cannot attend classes on a regular basis. However,
distance learning is not the right choice for everyone - it is
best suited to those who are self-disciplined and self-
motivated’ [3]. At the same time, the Law of Ukraine on
Higher Education [4] and the relevant standard of
Bachelor's degree in Physics and Astronomy [5] set rather
high requirements for the quality of education and the level
of competencies of a university graduate: ‘higher education
is a set of systematized knowledge, skills and practical
abilities, ways of thinking, and other competencies that are
higher in complexity than the level of complete general
secondary education’. This implies graduates’ ability to
‘solve complex specialized tasks and practical problems in
physics or astronomy’. It can be seen that there are no
‘concessions’ or ‘discounts’ and no references to martial
law in these program documents. In this situation, practical
experience of working with students can be useful.

During the two years of quarantine related to COVID-
19, the Faculty of Physics and Astronomy has gained
considerable experience in working with students via
remote access in teaching physics and astronomy. With
some refinements (for example, the use of the Moodle
platform), it has come in handy in today's difficult
conditions. We summarize our observations for different
types of teaching delivery:

1. Remote defense of the diploma projects in the format
of research conference (using Zoom, Skype, GoogleMeet
and other video communication) showed that this stage of
the educational process is successfully implemented and is
almost identical to the face-to-face defense.

2. Consultations (on training courses, research projects,
diploma projects) can be conducted remotely.

3. When conducting written assessments of learning:
tests, quizzes and examinations in the distance mode (using
standard procedures such as distribution of questions and
tasks), it is quite difficult to control the quality of students'
performance, since there are opportunities for use various

sources of information. A test system can provide a suitable
substitute.

4. The experience of conducting lectures and practical
classes in the distance mode has shown that the lecturer
does not have the feedback that occurs in classroom
teaching. The lecturer is unable to interact with the
audience, since students hardly ask questions and during
the lecture they can go about their own business rather than
listen to the lecturer.

Based on our experience in delivering remote teaching,
we found a number of approaches that allow successful
completion of teaching and training as well and possible
route to stimulate students’ engagement.

The types of educational process that either require
individual work of the lecturer with one student (e.g.
preparation and defense of diploma projects) or do not
require long-term systematic work with a large student
group (e.g. lectures on special courses and seminars) can
be conducted quite successfully in the distance mode. In
other words, forms of education that involve an active oral
on-line dialogue, such as individual interviews and small
group teaching, are more successful.

In term of assessments, significant changes are needed,
as traditional assignments used for in class examination are
unsuitable. On-line timed assessments, such as tests and
multiple-choice tests, provide a suitable alternative, and a
means to examine fundamental knowledge and
understanding of a specific subject. Development of
problem solving skills is one of the key requirements for
higher education degree programs. Problem based learning
practices are successfully used for various degree programs
from sciences to medicine [6]. We recommend that this
approach to the student assessment can be very productive
in the remote teaching mode, as it requires application of
fundamental knowledge, and can stimulate deep learning
and critical thinking.

Online resources are shared with the students to provide
them with key information needed to develop deep
understanding of the subject. At the time when vast amount
of information is available in open access, undirected
independent learning can be overwhelming for student, and
can result is patchy knowledge of the subject. Careful
selection of these resources can support quality of student
learning and enhance their experience.

DEVELOPMENT OF PROFESSIONAL SKILLS

Development of professional skills remotely is
challenging, as there is limited opportunity for students to
practice their knowledge in professional setting. Individual
online learning can hinder the development of professional
skills, such as communication skills and team work. More
attention should be paid not only to the rights but also to
the responsibilities of university students, supporting the
development of soft skills, such as self-discipline and self-
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motivation. It is recommended that at the beginning of the
academic year, during the first two weeks of study,
students (especially freshmen) have tutorials with their
supervisors to discuss the university internal regulations,
student responsibilities, communication ethics (including
email ethics), academic integrity, and the traditions of our
university. With good understanding and compliance with
these, high quality teaching and learning can be
successfully delivered in remote mode.

Professional skills
development

Problem based
learning and
assessment

Communities of
practice

Research frontiers
and employer
engagement

Small group study;
individual support

g ™\

T a3
o= e
&9y

Remote teaching & learning

Fig. 1. Schematic diagram of recommendations for
teaching and learning delivery in the remote mode.

Communities of practice and study groups are widely
recognized to be beneficial for student motivation, self-
directed learning and professional development [7, 8].
Hence in the remote teaching context, it is important to
create opportunities for peer-to-peer learning and support,
as well as time as space for scientific discussions.
Moderated problem based teaching sessions can stimulate
group discussions and can be instrumental in establishing
supportive learning communities. Selecting topics that
appeal to each particular student group, e.g. physics
problems related to their interests, hobbies and future
career aspirations, will ensure student engagement in the
on-line session and will stimulate further group discussion
as well as individual exploration of the topic, beyond the
context of the taught course.

In supporting further studies, and developing students
into life-long learners, particularly beneficial and
stimulated are on-line lectures by renown national and
international scientists as well as prospective employers on
the current global developments in research as well as on

various career path and professional requirements for
successful careers.

CONCLUSIONS
We conclude that despite the challenges of remote
teaching delivery, high quality education and professional
training can be delivered by including small group teaching
and individual dialogue, and shifting emphasis to
professional skill development and productive engagement
with the course.
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OCOBJINBOCTI BUKITAOAHHA ®I3UKU TA ACTPOHOMII HA
®ISUYHOMY OAKYJIbTETI B YMOBAX AUCTAHUINMHOIO HABYAHHSA
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Hapivimna mo penakiii 03 xeitHst 2024 p. I[leperisiayto 11 TpaBas 2024 p.
[puitnsaTo no npyky 17 tpaBHs 2024 p.

PO3BUTOK BHCOKOSIKICHOTO ITUCTAHIIIMHOTO HABYaHHS Hapasi 3aiiMae Iepiie Miclle y PO3BHTKY BHIIOi OCBITH.
Oco0IMBO CKIaTHUM € TUCTAHIIITHE BUKOHAHHS HaBYAILHUX IPOTPaM, SKi BUMArarTh [IHOOKOTO PO3YMIHHS CKIaTHIX
HayKOBHX SIBHIII,  TAKOX PO3BUTKY MPAKTUIHUX HABHUYOK 1 IpOoeCiiHUX KOMITETeHIIiH. ¥ 11iii pob0Ti MU 0OTOBOPIOEMO
JIOCBI/I TUCTAHIIITHOTO BUKJIQJaHHS YHIBEPCUTETCHKOI MporpamMu 3 (i3ukH. 3a3HAYa€ThCs, MO IS Pi3HUX €IEMEHTIB
HaBYaHHS MOTPiOHI pi3Hi mixxoan. Ha ocHOBI 11boro Mu poOMMO peKoMeHAaLii 1010 MiAXO0IB A1 HOKPAIIEeHHS TOCBIaY
CTYZEHTIB 1 3a0e3MeYeHHs YCITIIIHHOTO 3aBEPLIEHHS OCBITHIX MPOTPaM.

[IpoBeneHHs1 3aXHWCTy OUIUIOMHUX TPOEKTIB y AWCTAHIIHHOMY peXuMi y ¢opmaTi HaykoBoi KoH(pepeHmii (3
BHKOPHUCTAHHSAM Bifieo 3B’s13ky Zoom, Skype, GoogleMeet Ta iHIINX) MOKa3aio, IO I €Tal HAaBYAIBHOTO IIPOIECy
YCHIMIHO peai3yeThes 1 MaliKe He BIAPI3HAETHCS BiJl OYHOTO 3axHCTy. [IpoBeaeHHs KOHCYIbTalliH (3 HABYaIbHUX KypCiB,
KYPCOBHX POOIT, JUTUIOMHHX MPOEKTIB) I[IIKOM MO€E IMPOBOJUTHCH Y TUCTAHIIITHOMY PEXUMI.

[Ipu mpoBeneHHiI TMHUCHBMOBHX KOHTPOJBHUX 3aXOJiB HaBYaHHS: KOHTPOJIBHUX pOOIT, 3allikiB Ta €K3aMEHIB Yy
MUCTAHIIITHOMY peXuMi (3 BUKOPHCTaHHSM CTaHAApPTHUX TPOLEAYp: pO3Aayi MUTaHb Ta 33a7ad), JOCTaTHHO CKIAIHO
MIPOKOHTPOJIOBATH SKICHY YCIIIIHICTh CTYACHTIB, OCKUTBKH € BEIMKA MOKIUBICTh CITUCYBAHHS 3 PI3HOMAHITHHX JDKEPEI.
3amMiHOIO MOXe OyTH TECTOBA CUCTEMA.

JlocBin mpoBeIeHHS JCKINH Ta MPAKTUYHUAX 3aHATHh y JUCTAHIIIIHHOMY PEKHUMI IMOKa3aB, M0 BUKJIAIa4 HE Ma€ TOTO
3BOPOTHOTO 3B’SI3Ky, KOTpHH BHHHUKA€E MPH ayJIWTOPHOMY HaBYaHHI. BUkiagad He Mae MOMIHMBOCTI B3a€EMOJISATH 3
ayJMTOPII0, aKe CTYJCHTH Maike He 3a/aloTh MUTaHb 1 MO XOMy JIeKIii MOXYTh 3aiiMaTHCS CBOIMH HarajibHUMH
crpaBaMu, a He CIyXaTH JIEKTOPA.

Keywords: oucmanyiiine nasuanns, meopui HaguyKu, HayKo8a poooma cmyoeHmia, npoodiemHe HAGYaHHs
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IHOOPMAILIIA JUIA ABTOPIB CTATEN
KypHaiy "BicHuk XapkiBchKOro HarioHanpHOTo yHiBepcureTy iMeHi B. H. Kapasina. Cepis "®i3uxa"

VY KypHaJi OPYKYIOThCS CTATTi Ta CTHCII 3a 3MICTOM IOBIJIOMJICHHS, B SIKHX HaBEICHI OPHTIHAIBHI PE3ylIbTaTH
TEOPETHYHHX Ta CKCIICPUMEHTAIBHUX JOCIIHKCHB, 8 TAKOK aHATITUYHI OTNISAM JITEPaTypHUX JKEPEIT 3 PI3HOMAHITHUX
aKTyalTbHUX MTPoOsieM (i3WKH 33 TEMATUKOIO BUIAHHSI.

MoBa craTei — ykpaiHChKa Ta aHTIIiHChKA.

TEMATUKA XYPHAITY

1. Teopetnuna dizuka.

2. ®i3uka TBEpIOro Tija.

3. di3uka HU3BKUX TEMIIEPaTyp.

4. ®i3uKa MarHiTHUX SIBHIIL.

5. OnTuka Ta CIeKTPOCKOITis.

6. 3aranpHi nuTaHHA QI3UKK 1 cepel HUX: METOOJIOTIs Ta icTopis (i3ukn, MaTeMaTHYHi MeToaAn Gi3HIHMX
JIOCIIIPKCHb, MCTOJIMKA BUKJIAMaHH (DI3MKH Yy BHUIIIH [IKOJI, TEXHIKA Ta METOAMKA (Di3UYHOTO EKCIICPUMCHTY
TOIIO.

BUMOTI'M JIO O®OPMJIEHHS PYKOITUCIB CTATEM

3aragpHUI 00CST TEKCTY PYKOIMCY CTATTi IOBHHEH 3aiiMaTH He OijbIine Hik 15 cTOpiHOK.

Pykomuc ctatTTi CKIaaeThCs 3 TUTYJILHOT CTOPIHKH, Ha SIKIM BKa3aHi: Ha3Ba CTaTTi, iHimiamy, npizeumia, ORCID,
aBTOPIB, IIOIITOBA aJpeca YCTaHOBH, B sKii Oyna BUKOHaHa poOoTa, KiacudikamiiHi inaekcu 3a cucremamn PACS Tta
VK, enekTpoHHa aapeca OJHOTO 3 aBTOPIB; AaHOTAIlil 3 KIIOYOBHUMH CIIOBAaMH, BUKJIQJCHHX YKPaiHCHKOIO Ta
AHTITIMCHKOI0 MOBaMH (QHOTAIIisI MOBOIO CTATTi PO3MIIIYETHCS Ha TUTYJBHIN CTOPIHIN, aHOTAIIisl pa30M 3 Ha3BOIO CTaTTi,
iHiIianaM¥ Ta Mpi3BHINAMH aBTOPIB, IMOIITOBOIO aPECOI0 YCTAaHOBH Ta KIIOYOBHMH CJIIOBAMH, BUKIAJAEHUMU JPYTOIO
MOBOIO, — B KiHII PYKOIIHCY); OCHOBHOT'O TEKCTy CTaTTi, SKHH Mae OyTH CTPyKTypOBaHHMM; CIHCKY JiTepaTypH 3
nocunanHsamu Ha DOI, sKmo BoHM MPHUCBOEHI; MiAMKCIB IMiJ] pUCYHKaMH; TaOIUIh; PUCYHKIB: rpadikiB, HOTO3HIMKIB.

BucHOBKYM He MOBHHHI MOBTOPIOBATH aHOTaLil0. AHOTalis Mae OyTu 3a odcsarom He MeHII HixX 1800 cumBouis. B
Hill MatoTh OyTH BiOOpaKEeHI TOCTAHOBKA 3a/1a4i, METOAH JOCIPKEHHS, OCHOBHI HAyKOBI PEe3YyJIbTAaTH Ta BUCHOBKH.

B ykpaiHOMOBHHX CTAaTTSAX MiANFCH A0 PUCYHKIB i TaONHIh AyOIIOIOTHCS aHTIIIHCHKOIO MOBOIO. 3a HAasBHOCTI B
TEKCTI KUPWIMYHUX a00 HEAHTJIOMOBHHX HUTYBaHb HaNaloThCs crucok jiteparypu i po3ain REFERENCES. 3a ix
BincyTHocTi — TibkH po3nia REFERENCES.

IIpu odopmienni y REFERENCES kupuangHuX Ta HEAaHTJIOMOBHUX IIUTYBaHb BKAa3ye€ThCS AaBTOPCHKHUI
(odimifiamii) aHTIIMCEKMIA BapiaHT Ha3BHM POOOTH Ta iMEH aBTOPiB. 3a HOrO BiACYTHOCTI HAaBOAWTHCS MEpEKiIan
AHTITICHKOI0 MOBOKO (3arajJbHOBXHBAaHUH y JITEparypi, AKIIO BiH icHye). HanpukiHIi mocuiaaHHs HEOOXiTHO BKa3aTu
MOBY IIEpIIODKEPENa, 3 IKOro 3podieHo nepekuan — Hanpukaax, (In Ukrainian).

BUMOI'M 10 EJIEKTPOHHOI'O BAPIAHTY PYKOIIMCY CTATTI

Tekct pykomucy craTTi Mae OyTH HaOpaHuit y ¢opmari MicrosoftWord, mounnaroun 3 Bepcii 2013 y dopmari
*.docx.

®opwmar apkyma — A4. [Tons: 31miBa Ta cripaBa — 2 cM, BepxHe — 2.5 cM, HivkHE — 3 cM. [lIpud T Times New Roman
(Cyr) Ta Arial, MbKpsOKOBHil iHTEpBaT — 3HAUECHHS MHOKHHKY 1.1.

Has3ga Ta mia3aronoBKky cTaTTi HaOMPArOTHCS BEIMKUMH JITEpaMH, Kpalka B KiHIII 3ar0JIOBKa HE CTaBUTHCSL.

HasBa cratTi, aBTOpH, Ha3Ba OpraHizallii Ta aHOTAIlis PO3TAIIOBYIOTHECSA B OJHY KOJOHKY. OCHOBHHMH TEKCT CTaTTi
PO3TaIOBY€ETHCS Y OBI KOJOHKH, IMUPUHA KOJMOHKH — 8.25 cM, BifcTraHb MiK KoimoHkamu — 0.5 cm. JlomyckaeTbes
pO3TalIyBaHHS TEKCTY B OJHY KOJIOHKY, SIKIIIO B CTATTi BEJIMKI pUCYHKH, TAOIUII Ta 0araTo BEIHKUX (POPMYIL.

Pucynku ta goTorpadii maroTs OyTH BiICKaHOBaHi 3 JOCUTH BUCOKOIO po3aiiapHOI0 3naTHicTIo (300 DPI— 600 DPI)
Ta BCTaBJICHI B TeKCT craTTi. HasBHi Ha pucyHkax i ¢oTorpadisx mudpu i HamuCH TMOBHHHI 3a3HAYATHCS MOBOIO
OCHOBHOTO TEKCTy CTarTi Ta NoOpe uuTatcs. Yci (i3ndHi BEIMYMHM MOJAIOTHCS B oguHUISX cucteMu Cl 1 MoBOIO
OCHOBHOTO TEKCTY cTaTTi. JIiTepHi mo3HaUYeHHs (i3MUHUX BEIMIUH TMONAIOTHCS KYPCHBOM.

Jlost 3anucy hopMyt i piBHSHB CJTiJl BHKOPUCTOBYBATH BOYIOBaHUI peaKTOp PiBHSIHB.

Marepial cTaTTi pO3TaIIOBYETHCS B HACTYITHOMY ITOPSIIIKY:

Howmep ymoBHOI necsitkoBoi knacudikanii (Y/K) ta (PACS): posmip mpudry 10 nT, HakpecieHHs 3BUYaiiHe,



BIJICTYTIIB HEMA€, pO3TAITyBaHHS 3J1iBa.

HasBa crarti: mpudTt Arial, po3mip 14 1T, HakpecIeHHs KUpHE, BIICTYIIB HEMA€E, pO3TallyBaHHs [IEHTPOBAHE.

ABropu (imimianw, npizBuma): mpudT Arial, posmip 13 0T, HakpecieHHs 3BHYaliHE, BIACTYIIB HEMae,
pO3TalIyBaHHS [IEHTPOBAHE.

HasBu opranizaniii (moBHa Ha3Ba opraHizaiiii, MicTo, kpaiHa, eixektponHa anpeca [lpudrt Times New Roman (Cyr),
po3Mip 9 nT, HaKpecIeHHS KypCUBHUH HAITUC, BIICTYIIB HEMAaE, pO3TALIyBaHHS IEHTPOBAHE.

AmHoTaist (MoBoto ocHoBHOTO Tekcty crarTi): Illpudt Times New Roman (Cyr), po3mip 9 nr, HakpecIeHHS
3BUYAlHE, BiZICTYH Tiepioro psAAKy ad3amy 0.75 cM, po3TanryBaHHS 110 IIHPHHI.

Kirouosi cinosa: Illpugpt Times New Roman (Cyr), po3mip 9 ntT, HakpecineHHs KypCUBHUH HaITUC, BICTYII PSIAKY
ab63amy 0.75 cM, po3TanryBaHHS 110 MIAPUHI.

Tekcr crarti: HIpudt Times New Roman (Cyr), po3mip 10 1T, HakpeclieHHs 3BUYaifHe, BIACTYII MEPIIOTO psIKa
ab6zamy 0.75 cM, po3ramryBaHHs 1o mupuHi. ClloBa MOBUHHI PO3AUIATHCS TUIBKHA OJHHUM IpolyckoM. Henpumycrumuit
TIPOITYCK IIICJIS CJIOBA Tepe PO3UIOBUMH 3HAKaMH. TeKCT HaOMpaeThes 3 BXKMBAHHSM TUIBKH 3HaKa M'SKOTO IEPEHOCY
(3HaKk mepeHocy B nmoeaHanHi 3 kiaimero Ctrl). Mixk 3HaY€HHAM BETMYWHH Ta OJUHHULICIO 11 BAMIPY CTaBUTHCS )KOPCTKHI
nponyck (Ctrl+Shift+mopooin).

HaiimenyBanns ninzaronoskis: [Ipudr Times New Roman (Cyr), po3mip 10 1T, HakpecaeHHs )XKUpPHE, BiICTYTiB
HEMa€, PO3TALIYBaHHS LIEHTPOBAHE.

[Migmuc mig pucynkom: Ilpudt Times New Roman (Cyr), po3mip 10 nt, HakpeciaeHHs 3BHYaliHE KypCHBHE,
BIZICTYIIH IIEPIIOTO Ta NOAANBIIMX PAKiB a03amy 0.75 cM, po3ranryBaHHS LIEHTPOBAHE.

®opmynu: [pudr Times New Roman (Cyr), po3mip 10 T, HakpecieHHs 3BHYaiiHe, pO3TallyBaHHs IO LIMPHHI.
Hywmepamis ¢hopmMyn y KpyTiux ITyKKax 3 IPaBOTO KParo psaka.

Jlirepatypa: Ilpudr Times New Roman (Cyr), po3mip 9 nT, HakpeciaeHHs 3BHYalHE, BIACTYIIB HEMae,
po3TamryBaHHs MO mHpHHI. He JomyckaroThecsl MOCHIaHHS Ha HeomyOJikoBaHi Matepianu. IlocunmaHHS HaBOAATHCS
MOBOIO OpHUTIHAITY.

MMPUKJIAJL OPOPMJIEHHS CITUCKY JIITEPATYPU:
1. LII. IMinkesud, B.M. Cyrakos. Teopis TBepaoro Tima, BITL] "Kuiscskuit yrisepcurer”, K. (2006), 333 c.
2. M.B. I'narenko. YOI, 60, 5, 390 (2015). https://doi.org/10.1016/j.matlet.2023.13573 1
3. K. Janakiraman, S. Swamiappan. Materials Letters, 357, 135731 (2024). https://doi.org/10.1016/j.matlet.2023.135731
4. A.D. Ashby. Phys.Rev., A19, 213 (1985). https://doi.org/10.1016/j.matlet.2023.135731
5.D.V. Vert. In Progress in Metals, ed. by R. Speer, USA, New York (1976), v.4, p.17.
https://doi.org/10.1016/j.matlet.2023.135731

10 PEJAKIIIT HAJJAIOTHCSA

1. IBa po3apyKoOBaHi MPUMipHUKH PYKOIUCY CTATTi, AKi HMiAMKCaHi il aBTOpaMH.

2. EnexTpoHHa Bepcis pyKOIMCy Ta JaHi IIOJO KOHTAKTIB AJsI CIUIKyBaHHS 3 ii aBTOpamu. Marepianu ciuin
HAJIiCJIaTH CIICKTPOHHOIO MOIITO Ha anpecy physics.journal@karazin.ua.

3. HampasneHHs1 Bil ycTaHOBH, ¢ Oyna BUKOHaHa po0OOTa, i aKTH €KCIEepPTH3W y NIBOX MPHUMIPHUKAX; ajapeca,
Mpi3BHIIE, MOBHE iM’sl Ta M0-0aThbKOBI aBTOpiB; HOMepH TenedoHiB, E-mail. HeoOXigqHO Takok 3a3HAYUTH aBTOpa
PYKOITHCY, BIIMIOBITAJILHOTO 32 CIUTKYBaHHSA 3 PEJAKIIIEI0 KYPHATY.

Marepianu pyKONHCY CTAaTTi MOTPiOHO HAMpaBIATH 3a aapecoro: Pemakiis xypHamy «BicHuk XapKiBCHKOTO
HarioHaneHOTrO yHiBepcuteTy imMeHi B. H. Kapasina. Cepis «®izuka», XapKiBCbKHIA HaIllOHATFHUH yHIBEPCUTET iMEH1
B. H. Kapasina, ¢iznunmii pakynerer, maiinan Ceobou, 4, Xapkis.


https://doi.org/10.1016/j.matlet.2023.135731
https://doi.org/10.1016/j.matlet.2023.135731
https://doi.org/10.1016/j.matlet.2023.135731
https://doi.org/10.1016/j.matlet.2023.135731
mailto:physics.journal@karazin.ua

INFORMATION FOR THE AUTHORS OF THE ARTICLES
in Journal of V. N. Karazin Kharkiv National University, Series “Physics”

Journal of V.N.Karazin Kharkiv National University Series Physics publishes articles and concise messages that
contain original results of theoretical and experimental studies, as well as analytical reviews of literary sources on various
topical issues of physics on the subject of the publication.

The language of the articles is Ukrainian and English.

TOPICS OF THE JOURNAL

1. Theoretical physics.

2. Solid state physics.

3. Physics of low temperatures.

4. Physics of magnetic phenomena.

5. Optics and spectroscopy.

6. General issues of physics and among them: methodology and history of physics, mathematical methods of
physical research, methods of teaching physics in high school, technique and methods of physical experiment,
etc.

REQUIREMENTS FOR ARTICLE MANUSCRIPTS

The total volume of the manuscript should be no more than 15 pages.

The manuscript of the article consists of a title page, which contains title of the article, initials, surnames, ORCID,
authors, postal address of the institution where the work was performed, classification indices according to PACS and
UDC systems, e-mail address of one of the authors; abstracts with keywords in Ukrainian and English (the abstract in the
language of the article is placed on the title page, the abstract together with the title of the article, initials and surnames
of the authors, postal address of the institution and keywords in the second language - at the end of the manuscript); the
main text of the article, which should be structured; a list of references with links to DOI, if assigned; captions under
figures; tables; figures: graphs, photographs.

Conclusions should not repeat the abstract. The abstract should be at least 1800 characters long. It should reflect the
problem statement, research methods, main scientific results and conclusions.

In Ukrainian-language articles, captions for figures and tables are duplicated in English. If the text contains Cyrillic
or non-English-language citations, a list of references and a REFERENCES section are provided. In their absence — only
the REFERENCES section.

When citing Cyrillic or non-English-language references in REFERENCES, the author's (official) English version
of'the title of the work and the names of the authors should be given. If it is not available, an English translation (commonly
used in the literature, if any) is given. At the end of the reference, the language of the original source from which the
translation was made should be indicated — for example, (In Ukrainian).

REQUIREMENTS FOR THE ELECTRONIC VERSION OF THE MANUSCRIPT

The text of the manuscript should be typed in MicrosoftWord format, starting from version 2013 in *.docx format.

The sheet size is A4. Margins: left and right — 2 cm, top — 2.5 cm, bottom — 3 cm. Fonts: Times New Roman (Cyr)
and Arial, line spacing: 1.1.

The title and subheadings of the article are typed in capital letters, no period at the end of the title.

The title of the article, authors, organization, and abstract are placed in one column. The main text of the article is
arranged in two columns, column width — 8.25 cm, distance between columns — 0.5 cm. It is allowed to arrange the text
in one column if the article contains large figures, tables and many large formulas.

Figures and photographs should be scanned with a sufficiently high resolution (300 DPI — 600 DPI) and inserted
into the text of the article. Numbers and labels in figures and photographs should be indicated in the language of the main
text of the article and should be readable. All physical quantities are given in SI units and in the language of the main text
of the article. Letter designations of physical quantities are given in italics.

To write formulas and equations, use the built-in equation editor.

The material of the article is arranged in the following order:

The number of the conditional decimal classification (UDC) and (PACS): font size 10 pt, normal font, no
indentation, left margin.

Title of the article: Arial font, size 14 pt, bold, no indentation, centered.



Authors (initials, surnames): Arial font, size 13 pt, normal font, no indents, centered.

Names of organizations (full name of the organization, city, country, e-mail address Times New Roman (Cyr) font,
size 9 pt, italicized, no indents, centered.

Abstract (in the language of the main text of the article): Times New Roman (Cyr) font, size 9 pt, normal font,
indentation of the first line of the paragraph 0.75 cm, centered.

Keywords: Times New Roman (Cyr) font, size 9 pt, italicized typeface, paragraph line indentation 0.75 cm, width
arrangement.

Text of the article: Times New Roman (Cyr) font, size 10 pt, normal font, first line indentation 0.75 c¢cm, width.
Words should be separated by only one space. A space after a word before punctuation is not allowed. The text is typed
using only soft hyphenation (hyphenation combined with the Ctrl key). A hard space (Ctrl+Shift+space) is placed between
the value of a quantity and its unit of measurement.

Subheading names: Times New Roman (Cyr) font, size 10 pt, bold, no indentation, centered.

Caption under the figure: Times New Roman (Cyr) font, size 10 pt, normal italics, indentation of the first and
subsequent lines of the paragraph 0.75 cm, centered.

Formulas: Times New Roman (Cyr) font, size 10 pt, normal font, width-wise. Numbering of formulas in parentheses
on the right edge of the line.

References: Times New Roman (Cyr) font, size 9 pt, normal font, no indents, width. References to unpublished
materials are not allowed. References are given in the original language.

EXAMPLE OF THE REFERENCES
1. I.P. Pinkevich, V.Y.Sugakov. Theory of solids, PPC "Kiev University", K. (2006), 333 p. (In Ukrainian).
2. M.V. Gnatenko. Ukr. J. Phys., 60, 5, 390 (2015). (In Ukrainian). https://doi.org/10.1016/j.matlet.2023.135731
3. K. Janakiraman, S. Swamiappan. Materials Letters, 357, 135731 (2024). https://doi.org/10.1016/j.matlet.2023.135731
4. A.D. Ashby. Phys.Rev., A19, 213 (1985). https://doi.org/10.1016/j.matlet.2023.135731
5.D.V. Vert. In Progress in Metals, ed. by R. Speer, USA, New York (1976), v.4, p.17.
https://doi.org/10.1016/j.matlet.2023.135731

MATERIALS PROVIDED TO THE EDITOR

1. Two printed copies of the manuscript signed by authors.

2. Electronic version of the manuscript and contact information for communication with authors sent
to physics.journal@karazin.ua.

3. A referral from the institution where the work was performed and expert acts in two copies; the name, full name
and patronymic of the author; telephone numbers, E-mail, with indication of the author of the manuscript responsible for
communicating with the journal.

The materials of the manuscript should be sent to the following address: Editorial of Journal of V. N. Karazin
Kharkiv National University, Series “Physics”, V. N. Karazin Kharkiv National University, Faculty of Physics, 4 Svobody
Square, Kharkiv.


https://doi.org/10.1016/j.matlet.2023.135731
https://doi.org/10.1016/j.matlet.2023.135731
https://doi.org/10.1016/j.matlet.2023.135731
https://doi.org/10.1016/j.matlet.2023.135731
mailto:physics.journal@karazin.ua
mailto:physics.journal@karazin.ua

Haykose Bunanns
BicHMK XapKiBCLKOro HauioHanbHOro yHiBepcuteTy

imeHi B. H. KapasiHa

Cepis “@Pisuka”

Bunyck 40'2024

36ipHMK HayKoBUX nNpaLb

YKpalHCbKOI Ta aHrnincbKo MoBaMun

Komm’totepne Bepcranus P. B. Illypinos

[Tinmucano po apyky 27.05.2024. dopmar 60x84 1/8.
[Manip opcernmii. Apyk undpoBuii.
YM. apyk. apk. 5,98. O6a.-Bua. apk 7,47.

Haxman 100 mp. 3am. Ne 37/24

HanpyxoBano: XHY imeni B. H. Kapazina
61022, Xapkis, maiinan CBobosu, 4.

CeigourBo cy6'exta BugaBHn4oi cripaBu JIK Ne 3367 Bix 13.01.09



	Сontent
	Номер умовної десяткової класифікації (УДК) та (PACS): розмір шрифту 10 пт, накреслення звичайне, відступів немає, розташування зліва.
	Вісник Харківського національного університету
	імені В. Н. Каразіна
	Збірник наукових праць
	Українською та англійською мовами

	Visnyk_40_ARTICLE_LAYOUT_40_2024_1_(09_02_2025).pdf
	ВСТУП
	1. Перерозподіл лабільного кисню і еволюція резистивних характеристик монокристалів YBa2Cu3O7-δ у процесі їх термообробки при низьких температурах
	2. Релаксація поздовжньої провідності і температурна залежність псевдощілини в нестехіометричних монокристалах ReBa2Cu3O7-δ (Re = Y, Ho)
	2.1. Релаксація нормального електроопору і еволюція форми резистивних переходів у нормальний стан
	2.2. Термоактиваційна провідність та псевдощілина
	2.3. Вплив відпалу на температурну залежність псевдощілини
	2.4. Релаксація критичної температури і кластеризація лабільного кисню

	Visnyk_40_ARTICLE_LAYOUT_40_2024_2_(09_02_2025).pdf
	Introduction
	R/S Method and  Hurst Fractal Dimension
	Corrective Function Method

	Visnyk_40_ARTICLE_LAYOUT_40_2024_3_(09_02_2025).pdf
	ВСТУП

	Visnyk_40_ARTICLE_LAYOUT_40_2024_4_(09_02_2025).pdf
	ВСТУП

	Visnyk_40_ARTICLE_LAYOUT_40_2024_5_(09_02_2025).pdf
	ВСТУП




