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OnHoili 13 HanboJiee BAXKHBIX 0COOEHHOCTEM peslakCOPOB SIBJISIETCSI BO3MOXKHOCTb MHAYLIMPOBAHUSI yCTOM-
YUBOI CETHETORIEKTPUYECKOI (pa3bl myTeM MPUIOKEHUS JIEKTPUIECKOTOo 1MoJisi. Takoro poaa MHIyLIUPO-
BaHHBIN (ha30BBIil MEpexol MHOTOKPATHO HCCIENOBAJICS, B TOM YMCIE TMPOCIEKUBAIUCH M3MEHEHMUS
CTPYKTYpHI B TIpollecce rnepexoja u ero kmHeTuka. OmHAKO MPOIECChl, TPOUCXOISIIME TPU 3JIeKTpUYIEe-
CKOM TMEePEeKIIOYeHUM, OCTAIOTCS MAJIOU3YUYeHHBIMU, a CTPYKTYPHAasI TepecTpoiika B Mpollecce NepeKIoue-
HUS BOOOIIe He uccienoBanack. s 3aroTHeHUsT 3TOro npobesia mpocjieXXeHa BpeMeHHasl 3BOJIIO-
1M1 KApTUHBI OP3TTOBCKOT0 1 AU GhY3HOTO PEHTTEHOBCKOTI'O pacCessHUS KJIaCCUYECKOro pejlakcopa
PbMg, ;3Nb, /305 ipu 7'= 175 K B npoliecce MHOTOKPATHOTO MEPEKITIOYEHUS HAPABICHUSI TOCTOSHHOTO
BHelIHero ot E = * 6.25 kB/cum. TTokazaHo, 4TO ITOCjIe BKIIOYEHUS MTOJISI IIPOMCXOIUT paciial CTEKI0-
MoIOOHOTO0 COCTOSTHUS U (hOPMUPYETCS CMELLIaHHasi CeTHETO-CTeKoibHas (a3za. [1pu nepekmoueHnr 3Ha-
Ka MoJisi HabJIIoIaeTcsl POCT TUTOJIbHO-CTEKOIbHBIX KOPPEISIINii, OMHAKO He OOHAPYXXeHbI MPU3HAKU BO3-
HUKHOBEHUSI HEOMHOPOIHOTO COCTOSIHUS, COMIEPKaIllero orpaHMYeHHbIe 00J1aCTU TUTIOJIbHO-CTeKOJIbHOM
U CerHeToaJIeKTpuueckoii da3. I1pu mepekioueHuy B epBOHaYaIbHOE HaMpaBieHUe MOJIsl TIPOUCXOIUT
ObicTpoe hopMUpPOBaHUE CerHeTO(da3bl, pocTa AUITOJbHO-CTEKOJIBHBIX KOPPEsiivili He BbisBiIeHo. [1pu
TMTOBTOPHOM MEPEKITIOYEHUN HAOIIOAAETCSl YMEHbBIIIEHUE NHTEHCUBHOCTU OP3TTOBCKOTO pacCesiHUsl, CBsI-
3aHHOTO C JAJbHUM MOPSAKOM. DTOT 3(hheKT MOXHO MPEAroI0XKUTETbHO CBSI3aTh ¢ BOSHUKHOBEHUEM
CIy4aiiHBIX cJ1a00 CKOPPETMPOBAHHBIX MOHHBIX CMEIICHUH, HAapyIIaloUX JATLHUN MTOPSIOK.
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BBEJEHUWE

Penakcopbl mpeacTaBiasioT coboit 00JbIIYIO TpyTI-
My KUCJIOPOAHO-OKTAa3APUUECKUX COENMHEHNH (TTpe-
UMYIIECTBEHHO TEPOBCKUTOINOAOOHBIX), OTIUYU-
TeJIbHO OCOOEHHOCTbIO KOTOPBIX SIBJISIETCS AUCTIepP-
CUS AMINIEKTPUYECKOTO OTKJIMKA B UHTEPBaJIe YaCTOT
OT MUKpOTepIl 10 Teparepl. DTU MaTepuajbl Brep-
BBIE OBITH MOJTydeHBI 6osiee 60 et Ha3an B Taboparo-
puu I'A. CmoneHckoro [1] (mmepBoHaYaJibHO OHM
ObLIM Ha3BaHbl “CETHETORJIEKTPUKU C Pa3MbIThIM
dazoBeiM 1epexonoM”). Kimaccuueckum, Hauboee
KUCCJIEAOBAHHBIM PEJIAKCOPOM SIBJISIETCSI MAarHOHUO-
Oar cuHua PbMg,,;Nb,;0; (PMN). OH nemMoH-
CTpUpPYET LIUPOKUIA, YACTOTHO 3aBUCHUMBbI MaKCH-
MYM Ha TeMIIepaTypHOU 3aBUCUMOCTHU AUIJIEKTpHUUE-
cKkoil TipoHMLaeMoctd €(7) BOJM3M KOMHATHOI
TeMIlepaTyphbl, OHAKO TEePeXOd B CErHETONEKTPU-
YyecKoe COCTOsSTHMEe He HaoOmopmaeTcsa. JleraabHBIN

aHaiu3 CIeKTpa AUIJIEKTPUUYECKUX MOTEPb U HEJIU-
HEITHOTO OTKJIMKA TTO3BOJISIET cAeaTh BbIBOA O (hop-
MHUPOBAHUU CTEKJIONMON00HOM (ha3bl HUXKe TeMIepa-
Typbl dpusunra T; = 240 K [2].

CrpykrypHble ucciaenoBanuss PMN noka3bIBalor,
YTO KpHUCTAUI HMEET KyOMYecKyld CHUMMETPHUIO
BILJIOTH A0 TeMIMEpaTyphl XKUAKOro reausi. [1pu oxia-
KIIEHUW HUXKE TaK Ha3biBaeMoii TeMnepatypbl bepH-
ca [3] B Kpucrajjie BO3HUKAeT MHTEHCUBHOE KPUTH -
yeckoe paccesinue [4], popma koTtoporo Baanu ot Ty
omnucbiBaeTcs 3akoHoM OpHiurteiiHa—llepHuke:

_A

2 2"
q +%
31ech ¢ — MOIYJIb IPUBEIECHHOTO BOJJHOBOTO BEKTO-
pa, » — oOpaTHBIl paguyc Koppeasuuu, A — KOH-
craHTa. B o6nactu T; BO3HMKAET OTKJIOHEHUE OT yKa-
3aHHOTO 3akoHa. IIpu g > K MoxHOo 3anucathb I(g)~

I(q) =
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~q~% Tlpu T= Ty napameTp 00 MEHSIET CBOE 3HAYEHUE
OT ~2, UTO COOTBETCTBYET OOBIUHBIM TEPMOAMHAMM -
YyecKUM QIIYKTyallusIM ITapaMeTpa nopsiaka, no ~3.4,
YTO yKa3blBaeT Ha BO3HUKHOBEHHUE (PpaKTaabHBIX
kiactepoB [5]. Takoil BuI 3aBUCHMMOCTH 4acTO Ha-
Os1r01a€TCSL B CIIMHOBBIX CTEKJIaX.

B menoMm B oTCyTCTBHE TIPUIIOKEHHOTO ITOCTOSIH-
HOTO 3JIEKTPUYECKOro II0JisI HaOJIomaeTcsl TecHasi
aHaJIOTUsl CBOICTB pPeIaKCOPOB M CIIMHOBBIX (IM-
MONBHBIX) cTeKoJ. OOQHAKO B JOCTATOUHO CHJIBHBIX
MOJISIX BO3HUKAaeT CyllecTBeHHoe paznuuue. [lpu
oxaaxaeHun PMN B mossx OoJiblile TOPOroBOro
(E,, = 2.3 kB/cM 11 HanpasiieHus 1osist Booib ocu (111))
MPOUCXOAUT MHAYIIUPOBAHHBINI IIEpEeX01 B poOMO03/-
pUYeCKyIO nojsIpHyIo dasy [6, 7]. Dra dasa Moxer
OBITh OXapaKTepM3OBaHa KaK CETHETORJIEKTpUuYe-
CcKasi, MOCKOJIbKY MOJSIpU3alusI COXPaHSETCS IIpU
cHatuu Tnionst. HMccnemoBanust [7, 8] moBeaeHus
PMN B 3JIeKTpHUYECKUX MOJISIX HO3BOJWIN NOJYYUTh
¢azoByl0 AuarpaMmy B KOOpAMHATax TeMIiepaTrypa—
nose. beuta BeIsIBIeHa 00J1aCcTh, B KOTOPOU (pa3zoBoe
COCTOSTHME 3aBUCHUT OT TPACKTOPUU B INIOCKOCTU E—T.
BoJiblilyio 4acTh U3MEpEHUI OCYIIECTBIISIM paHee B
pexXruMax oXJIaxACHUS WA HarpeBa npu (hPUKCUPOBaH-
HBIX 3HaYeHMSIX 110711, Hapsimy ¢ aTiM npoBoaIm mus3-
MEepEeHMsI, KOTa MoJie MPUKJIaabIBAIN K OXJIaXKICHHOMY
obpasiy. B ciyyae, Korna 1oJjie NpuKjiIaablBaan K Kpr-
CTaJITy, HAXOOUBILIEMYCSI B CTEKJIOIOIOOHOM COCTOSI-
HUM, BO3HMKAaJa HeoObluYHasl KuHeTuka [9]. Ha Ha-
YaJIbHOM 3Talrle BO3HUKaJa JiorapudmMuyeckasi pe-
JIakcalysl OURJIEKTPUYSCKOTO OTKJIMKA, a 3aTeM
yepe3 BpeMsl 3aIePKKHU 4., 3aBUCSAIIEE OT TeMIlepa-
TYPBI Y HATIPSIKEHHOCTH I10JISI, TIPOMCXOIMN CKAYKO-
oOpa3HEbIil IIepexon B cerHetodasy. KMccimemoBaHus
paccessHUSI HEMTPOHOB B ITPUJIOXKEHHBIX ITOJISIX ITOKA-
3aJIM, YTO MHAYLIMPOBAHHBIN TTepexo B a3y ¢ Aajib-
HUM HOPSAKOM IIPUBOIUT K PE3KOMY POCTY MHTEH-
CHUBHOCTH OpP3ITOBCKHMX OTpPaK€HUiII M OCIa0JIeHUIO
I y3HOro paccesiHusl, CBI3aHHOTO C 3aMOPOXKEH -
HBIMU TUTOJIbHO-CTEKOJIbHBIMU KOppeassuusiMu [10]
(oTMeTHM, 4TO IIpencTaBieHHbIe B [11] akcriepumeH-
TaJibHbIC JaHHBIe coBnagaloT ¢ [10], Ho uX He cuuTa-
IOT CBSI3aHHBIMMU C (pa30BBIM IIepexonoM. PeHTreHo-
CTPYKTYPHBIE€ HCCIEIOBAHUS B peajlbHOM BpPEMEHU
MOATBEPAMIN (paKT “3amep:KaHHOro” repexoaa v Ha-
JIM4Me ydacTKa JIorapuMHUYECKOTO W3MEHEHUS
IEKTPOCTPpUKIIMOHHOM nedopmanmm [12]. Mccie-
JIOBaHMSI BpEMEHHO 3BoMOLUY 11ddy3HOro pacce-
SIHWSI HE TIPOBOINJINC.

Kak oTMedeHO BbIllle, MHAYLIMPOBAHHAS MOJEM
daza saBsIETCS CETHETOREKTPUUYECKOM, U MOJISIpU3a-
1IMS U CTPYKTYPHbIE UCKAXKEHUSI COXPAHSIOTCS MOCTe
CHSTUS TI0JIsI, OQHAKO MPUHIMIUATBHBIM OKa3blBa-
ercs Tnpobliema MepekoyeHus: 3Haka nojisd. B ka-
KOI-TO MOMEHT MOJIsIpU3alusl CTAaHOBUTCS PaBHOM
HyJ0. BaxeH Bompoc, BO3HMKAET JU MpPU 3TOM
BHOBb CTEKJIONIOJOOHOE coctosinue. B paGore [13],
BBINTOJIHEHHOM C MCTNIOJIb30BaHWEM KOMOMHAIIMU Me-
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TOJOB JUAJIEKTPUYECKOU CIIEKTPOCKONUU U aTOM-
HOI CUJIOBOU MMKPOCKONWHU IMbE300TKJIUKA, OBLIO
BBISIBJIEHO, YTO B MPOLIECCE NMEPEKITIOUCHUST TOJSPU-
3alluu JEHCTBUTENBbHO (DOPMUPYETCS HEMOJIsipHast
¢aza, koTopast MOXET ObITh OXapakKTepM30BaHa KakK
CTEKJIOIIOI00OHAs.

OmHako OO0 cUX MOpP OTCYTCTBYIOT KaKue-JIu0o
PEHTIEHO- WJINM HEATPOHOCTPYKTYpPHBIE MCCIIEIOBA-
HUSI TIPOILIECCOB BJIEKTPUUYECKOIO TIEPEeKIIOUYEHUST B
penakcopax. B HacTosiieit padoTte nmpoBeIeHbI Iep-
BbI€ MCCJIEAOBAHUSI BDEMEHHOM 3BOTIOLUNY JUDPaK-
OMOHHOI KapTWHBI MOHOKpucTamia PMN npu npn-
JIOXKCHUU BJIEKTPUUYECKOTO TIOJISI U TIOCJIEIYIOIIEro
MHOTOKPaTHOTO U3MEHEHMUSI eT0 HAIIpaBJICHUSI.

METOJINKA S5KCITEPUMEHTA

MccnenoBaHHbIit 0Opaszell ObUT BbIpe3aH U3 MOHO-
kpuctamia PMN ¢ moMouibpo alMa3HOTO AucKa U
uMen ¢opmy I1uiacTuHBL ToOmMHONM 300 MKM.
Ha rutactvHy HanbUIsSIIA 3J€KTPOJbI, BKIIOYAIOIIe
B ce0sI CJI0M XpoMa M 30JI0Ta TOJMIIUHOI 4 1 80 HM co-
OTBETCTBEeHHO. Iliolmagb 3JEKTPOAOB COCTaBUJIA
5000 mxm?. HopMasb K MOBEPXHOCTH (HaIIpaBJIcHUE
MPUJIOXKEHUST DJIEKTPUYECKOTO II0JISI) COOTBETCTBO-
BaJia KpucTajuiorpaguyeckomy HampasieHuto [110].
OO0pasen; Kpenuin B CIELUAIbHO pa3padoTaHHOI
sSJeiike, IeTaJbHO omnucaHHOi B [14]. U3mepeHus
PEHTTeHOBCKOI nudpakiuy MPOBOAUIN Ha IUppaK-
tomeTrpe Supernova. HMcmonb3oBaam ocTpodoKycC-
HYIO PEHTTEHOBCKYIO TpyOKy (MoK, -usinyuerue, A =
=0.71 A), JBYMEPHbBIA MO3ULIMOHHO-YYBCTBUTEJIb-
Helit gerekrop Atlas CCD Detector Agilent Technol-
ogies. YmpaBjieHUE CIIEKTPOMETPOM M TIEPBUYHYIO
00pabOTKY JaHHBIX OCYILIECTBIISUINA C [TIOMOIIBIO ITPO-
rpammbl CrysAlis [15].

AHau3 pe3yIbTaTOB dKCIIEPUMEHTA IMMPOBOINIY C
WCIIOJIb30BAaHUEM IIPEICTABICHMS NCXOMHBIX TAHHBIX B
BUJIE IByMEPHBIX KapT pacCesiHusI, ITOCTPOEHHbBIX B KO-
opnuHaTax T—20, 0 — yron bparra. KoopauHara 1
oIpeesIsIeT IOJIoXeHe M1Ka (Yroja II0BOpoTa) B CO0-
CTBEHHBIX ITOJIIPHBIX KOOPIAMHATAX MaTPHUIIbI 1ETEKTO-
pa. st ycKopeHUsI 1 YIIPOILLEeHUsI JaJIbHEHIIINX pacye-
TOB OBUIO IIPOBENEHO MHTETPHUPOBAaHNE MHTEHCUBHO-
CTU paccesiHusI BOOJIb CKAHUPYIOIIE OC TOHMOMETPa
MMyTeM MOCIeA0BATEILHOTO CIOXEHUS TUDPaKIITMOH-
HBIX KapTuH. JJ1 KaXXaoro oTpaxkeHusi CyMMHUPOBa-
HUE OCYIIECTBJISIJIOCH B Y3KOM JIMaria3oHe YIJIOB Bpa-
meHust. TakuMm o6pa3oM, Kaxkaasi U3 MOJyYeHHBIX
1—206-KapT (KapT paccesTHUsI) COOTBETCTBOBAJIA pac-
MpeaeJeHUI0 MHTEHCUBHOCTU BOJM3U KaKOIo-JIubo
OIHOTO OP3ITOBCKOTO OTPaKEHMUSI.

OKCITEPUMEHTAJIbBHBIE PE3VIIbTATbI

Oobpazer; PMN mpeaBapuTebHO HarpeBaid IO
450 K, 4yTto 00OecrieunBayo BOCIIPOU3BOAMMOCTh pe-
3yJbTATOB, MOCJIE YETO OXJIAXKIAIHN 0 TeMITepaTyphbl
175 K, nmpu KOTOpOIi NMPOBOIMJIIM BCE M3MEPEHUSI.
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Puc. 1. IBymepHbie T—20-KapTsl oTpaxkeHus 140 nepen BkirouyeHueM moiist (a) 1 yepe3 10800 ¢ rmocie BKiItoueHus mos (6).

Kaxknprit Habop maHHBIX BKIIrodan B ceos1 180 dpeii-
MOB, BpeMs 3Kcro3uluu 2 ¢. Kaxnaplit ¢ppeitMm cHU-
MaJid ABaXKIbl IJIsl CHUXKEHUS BKJada IIyMOB JeTeK-
Topa. Takum oOpa3oM, M3MepeHne OTHOIo Habopa
naHHbIX 3aHuMao 720 c. ITocie crabuinu3am TeM-
neparypbl IPOBOJAMIIMN TIepBble TPU U3MEPEHMUSI, T10-
cjle 4ero K o0Opasiy MNPUKIAgbIBaM ITOCTOSIHHOE
aJIeKTpHUYecKoe moje 6.25 KB/cM.

MoOMEeHT MepBOro MpUIOXKEHUS TTOJOXKUTETHLHOTO
HamnpsikKeHus B AajibHellieM OyneM cuMTaTh HyJie-
BbIM (7 = 0). [lepexiiroueHre Mot TPOBOAUIU B MO-
MeHTHL t; = (+/—), t, = (—/+) u t; = (+/—). U3mepe-
HUSI ObLIM 3aBeplIEHbl B MOMEHT BPEMEHU Iy
=126 000 c. TakuM 0Opa3oM, MOXHO BBIIEIUTH Ye-
TeIpe BpeMeHHbIX uHTepBana: [ — 0—¢, Il — #,—¢,, 111 —
t—t;, IV — t,—t,. OrpaHuYeHHbI1 00bEM JaHHBIX B
Habope aenaj HeBO3MOXHOI CKOJBKO-HUOYIb MOJI-
HYIO TPEXMEPHYIO PEKOHCTPYKIIMIO 0OpaTHOTO MPO-
cTpaHCTBa. B cBSI3U ¢ 9TUM 171 aHa/IM3a JaHHbBIX UC-
noab3oBaan T—20-kapThl. Ha puc. la mpuBeneHbl
KapThol 1J1s oTpaxkeHus 140 riepen BKIIOYEHUEM MOJIS
u Ha puc. 16 — yepe3 10800 ¢ mmocae BKIIOYSHUS I10-
. Ha puc. la xopolllo BUIHO XapaKTepHOE IS
cTekyionogoOHoit ¢a3sl  auddy3sHoe paccesHue,
OKpyXatolliee Op3ITOBCKUI IUK, KOTOpPOE Cylle-
CTBEHHO ocJ1abeBaeT IocJjie BKItoueHus 1oJist. KapTbl
paccesiHYsI ObUIM MOJTyYeHBI 151 OKpecTHOCTel 12 y3-
JIOB oOpaTHoi1 penreTku. Bo Bcex ciyyasix HaGroga-
JIUCh YCUJICHWE OP3ITOBCKMX ITMKOB M OcCjIabJIcHUe
Inddy3HOTro paccessHUsI, UTO COITIacyeTCsl ¢ pe3yib-
tatamu [10, 11]. B HacTosieil padoTe mosBICHUSI
CHWJIBHBIX MoJioc T @y3HOTO paccessHHUs, OIMMUCaH-
HBIX B [ 16] B cirydae oxnaxknenust PMN B aekTpude-
CKOM 1oJjie, He HabItoaau.

st nanpHelero aHaaM3a MCMoab30Balu OMHO-
MepHbIe 3aBUCUMOCTH WHTEHCUBHOCTU PAaCCESTHUS
1(20), monyyaemble IyTeM UHTETPUPOBAHUS IByMEP-

HBIX KapT T—20 mo yry 7. Ha puc. 2 mokasaHa Bpe-
MEHHasl 3BOJIIOLIUS (POPMBI JIMHUU 3TUX 3aBUCUMO-
creit B uHTepBajie I — oHa ObICTPO MeHsieTcsl B mep-
Bble 6000 c, mocie 4yero M3MEHEHUs CTaHOBSITCS
MeHee SIBHBIMU. 3aBuUcuMocTHu [(20) ObLIM anmpok-
CUMUMPOBaHbl CyMMOI1 BKJIaIOB OP3rTOBCKOTO THKa,
onuceiBaeMoro ¢ysHkmueir laycca, nu nuddpysHoro
paccesiHUsI, oTIMCbIBaeMoro GyHkuueii JlopeHua:

2 2
1(26) = G exp— 1[26 - 260} PR vR—
SHCCB G — mnuMKoBag UWHTEHCUBHOCTH raycCraHa,

20, — TOJIOKeHVWE MaKCUMyMma IWKa, OIMHAaKOBOE
IJIs1 OpArroBCcKoi U Aud@Yy3HOl KOMIOHEHT, Ag =
= (.37° — mMpHHA TayCCOBOIT TUHUU, KOTOPYIO CUM-
TaJIi NOCTOSIHHOM 1 paBHOM aninapaTHOMY pa3pelle-
HUI0, L. — TIMKOBasi MHTEHCUBHOCTb JIOpEHIIMAaHA,
A| — TTapaMeTp, XapaKTepHU3YIOIIHI ITUPUHY JTOPEH-
1eBoit IMHUU. JIopeHIIeBa KOMIIOHEHTA OMMChIBAET
OMVKHUI TIOPSIIOK CMeEllleHUil aTOMOB (B TEPBYIO
ouepenb cBUHIIA) [17], KOTOPHIIT MOXET OBIThH IIepe-
CYNTAH B YCPEMHEHHBIM PaIuyCc KOPPEISIUM DTUX
CMEIECHU:

r,=[(4m/0)cos O (AL /2)] .

BenmuuHa r, moirydaetcss B pe3yibTare yCpemHe-
HUsS M0 yIjlaM BpallleHUs] aHU3O0TPOITHON KapTHUHBI
I GY3NOHHOTO paccesTHUS U He SBJISIeTCS UCTUH-
HBIM pagnmycoM Koppeasanuu. boiiee Toro, BBUIY
aHu3oTponuu uddy3HOro paccesiHusI OKa3bIBAeTCs
HEBO3MOXHBIM YYeT almapaTHOTO pa3pelleHMUs.
OmHako 5Ta BeJWYMHA XOPOIIO OTpaXkaeT Kade-
CTBEHHbIE U3MEHEHUS PEeaIbHOU KOPPEISIIMOHHOMN
IUTAHBI.

Kak 6bU10 OTMEUeHO pPaHEC, NMPUTOKECHUE DJICK-
TPUYCCKOTO ITOJIA K HAXOOAIIEMYCA B CTEKJIONOn00-
HOM COCTOAHUU o6pa3L[y CHayaJia BbI3bIBACT Jiora-
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Puc. 2. BpeMeHHast 3BOJIONMSI OMHOMEPHBIX 3aBUCUMOCTE MHTEHCUBHOCTHU paccesiHust 1(20), moydeHHBIX ITyTeM HHTerpH-

pOBaHUs IBYMEpPHBIX KapT T—206 1o yriy 7t B tepsbie 20000 c.

pudMUYECKU MeIJIeHHOE U3MEHEHNE UDJIEKTpUIe-
CKOTO OTKIMKa [9] W TIosIBJIeHWEe 3apombIlIeid
cerHeTodasbl pazmepoM ~16 A [12]. DToT nepuox co-
CTaBJISIET BpeMs T,, 3aBUCSIIEE OT TeMIIepaTypbl U
HAIPSDKeHHOCTU TIPWIJIOKEHHOTO TIOJIsd, ITOCiIe 4ero
HAYMHAETCS PACTSIHYTBIM BO BPEMEHM MEPEXO.I Tep-
BOT'O poja B cerHeTodasy. B HacTostIeM ucciiemoBa-
HMU T,, COCTaBJIsIeT ~1 ¢ U He IMonagaeT BO BpeMeH-
HYIO IIKAJTy 9KCIIEPUMEHTA.

Ha puc. 3 mokazaHa BpeMeHHas1 3aBUCUMOCTbD Be-
JuuyrH G u L v paauyca KOppeasuuu r,. MOMEHTBI
nepeKkIoYeHnss 0003HauYeHbI TOHKUMM BEPTUKAJIb-
HBIMU JIMHUSMU, OTMEUeHbl HOMEpa UHTEPBAJIOB U
3HaK MPWIOXEeHHOro noJjis. [1pumoxxeHue noJs mpu-
BOOUT K POCTY UHTEHCUBHOCTHU OP3ITOBCKOTO pacce-
STHUSI M1 YMEHBIIIEHUI0O MHTEeHCUBHOCTU NU(PDY3HOro
paccestHUSI, YTO TOBOPUT O IOCTEIIEHHOM IIepexojie
U3 CTEKOJIbHOUI a3kl B CETHETORJIEKTPUUYECKYIO.
3HayeHue G BLIXOIUT Ha HacklieHue yepe3 ~6000 c,
MHTEHCUBHOCTD TP GY3HOTO paccessHUS U 3HaYe-
HUE 7, NOCTUralT MuHuMmyma. C 3TOro MoOMeHTa
MPOUCXOIUT cCBOeoOpa3Hoe “crapeHue”. MHTeHCUB-
HOCTh Op3ITOBCKOTO paccesTHUSI MEHSIeTCS ciabo, B
TO K€ BpeMsI pacTyT IMMKOBasi UHTEHCUBHOCTb TUQ-
¢y3Horo paccessHus U BeauuuHa r,. [luxk nuddysHo-
Ne5 2023
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ro pacCedaHUsd YIINpPAETCA, 1 MHTEIrpaJibHasds MHTCH-
CUBHOCTb MEHsIETCS ¢J1abo.

I1pu nepexkIIroYeHU W 3HaKa MOoJsl CYIIeCTBEHHbIE
U3MEHEeHMUs1 OpArroBCcKoro u A y3HOro paccessHus
HACTyTAloT € 3alepxKoii #,,; ~12000 c. Jo 3Toro mo-
MEHTa HaOJI0JaeTcsl HEKOTopoe YIIWpeHUe IMKa
nuddysHoro paccesHus (yMeHbleHuUe r,). Yepes ¢,
HauYMHAET YMEHbIIATbCSI MHTEHCUBHOCTb OpP3ITOB-
CKOTO paccestHUsI U pacTu auddy3Hoe paccessHUe ¢
OIHOBPEMEHHBIM POCTOM paguyca KOPPENSILUU F,.
ITukoBasi UHTEHCUBHOCTD L BBIXOAUT Ha HACBIIIIEHHE
nmpubau3uTeaprHo yepe3 23000 ¢ mocie nepexkiaoye-
HUSI 3HaKa MoJisi, OMHOBPEMEHHO BO3HUKAET HEOOJb-
IO cKa4yoK Ha 3aBucuMocTu G(7). UHTEeHCUBHOCTh
OPAITOBCKOIO paccesiHUSI TIPOIOJIKAET YyMEHbIIIAThCS
10 MOMEHTA f,, KOT/Ia 3HaK T10JIs BHOBb MEHSIETCSI Ha
MOJIOXKUTEJIbHBIN.

B TpeTheM LMKITe HAOMIOAAETCS MOBEAEHIE, Kaue-
CTBEHHO aHaJOrm4yHoe mnepBoMy: B mepsbie 6000 ¢
IIPOUCXOAUT POCT MHTEHCHUBHOCTU OP3TTOBCKOTO
paccesiHUSI ¢ HE3HAYUTEIbHLIM ocabjieHueM maud-
¢dy3HOTO paccesiHus, 3aTeM 00€ BEJIMUMHBI CTAOMIIM-
3UPYIOTCS.

YeTBepThlil IMKJ CYILIECTBEHHO OTIMYAECTCS OT
BTOporo. HemocpencTBeHHO Mocie MepeKTIOYEHUS
HadYMHaeTCcs ocabaeHne Op3TTOBCKOIO pacCesTHUS 1
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Puc. 3. BpemeHHast 3aBUCMMOCTh MUKOBBIX MHTEHCUBHOCTE OparroBckoro G (1) u muddysHoro paccesuus L (2) u paguyca
KOPPEJISILIVN 7.. MOMEHTBI EPEKITIOUEHNST 0003HaYEHbl TOHKMMY BEPTUKAIBHBIMY JIMHUSIMUA, OTMEYEHBI HOMEPA NHTEPBAJIOB

1 3HAaK NMPUITOKEHHOTIO MOJIA.

CKauKoOOpa3HO YMEHbIIIAeTCsI MTHTEHCUBHOCTD IUQ-
¢y3HOTO paccessHUs, KOTOPOE 3aTeM CTaOUIIU3UPY-
eTcsl, OMHOBPEMEHHO YMEHbIIAETCSI paJnuyCc Koppe-
JISIMU, KOTOPBI TakKsKe OBICTPO TepsIeT 3aBUCUMOCTh
ot temneparypsl. [IpnoamsnrensHo vepes 30000 c
MHTEHCUBHOCTH OP3ITOBCKOI'O PACCESTHUST TTPOXOAUT
yepe3 MUHUMYM Y HAUMHAET BO3pacTaTh.

OBCYXIEHHME

PaccMoTpuM ¢u3nMuecKuit CMbICT BO3MOXHBIX
U3MEHEHUl MHTEeHCUBHOCTE OPArroBCKOro u nud-
¢dy3Horo paccesiHus B pesiakcope. Bece Habogaemble
OpAITOBCKUE MUKM CYIIECTBYIOT B IapasJieKTpuye-
CKOM, cTekJiononoOHoit u cerHeTodaszax. B crekio-
Mo100HOI (ha3e MHTEHCUBHOCTb OTPAXXeHUM CUJIBHO
ociabjieHa M3-3a BMOPOXEHHOIro Oecrnopsiika, 4To
MOXHO paccMaTpuBaTh KakK aHajor CTaTUYEeCKOTO
dakTopa [ebdbas—Yonnepa. IlpunoxeHne saeKTpU-
YECKOTO T0JIsI pa3pyliaeT 6ecrnopsiiok U MpUBOIUT K
pOCTY MHTEHCHUBHOCTEM OpP3ITOBCKUX OTpaKeHMIA
[10, 11]. Auddy3HOE paccesiHrue ONUCHIBAETCS C II0-
MoIIbIO (Pypbe-00pa3a MapHOTro KOppesiTopa cMe-
meHuii. OHO He MOXET ObITb COOTHECEHO C KOM-
MAaKTHBIMU TIOJISIPHBIMU  OOJIACTSIMM, TIOCKOJIBKY
¢dopma nuka JIopeHiia COOTBETCTBYET pacCesTHUIO Ha
dpakTaTbHBIX OOBEKTaX.

AHaU3upysl ONMCaHHbIC BbIIIE JaHHbIE, MOXHO
MIPEIITONIOKUT IBAa BapyaHTa: CTeKOJIbHasI (haza co-
XpaHseTcs B JOMEHHBIX TPAHMIIAX, 1 BOSHUKAET Te-
TepoTreHHasi CUuTyalusl; IM60 (hopMUPYETCS CMEIlIaH-
Hasl cerHeTocTeKojibHas ¢as3a [18—20], B koTopoii
COCYILLIECTBYIOT JAJIbHUM CETHETORNEKTPUIECKUI MO-
pSIIOK U 3aMOPOXEHHBIC IUITOJbHO-CTEKOJbHBIC
KOPPEJISIINH.

B rereporeHHoit MoAen BeTUUMHY G Ka4eCTBEH-
HO MOXHO paccMaTpUBAaTh KaK CyMMY BKJIaJOB pac-
CesTHUSI Ha CEeTHeTO- M CTEKJIONomoOHOM da3zax,
YMHOXEHHBIX Ha COOTBETCTBYIOIIME KOHILIEHTPALIUU.
OJHAKO KOJIUYECTBEHHO 3T KOHLICHTPALU HE MO-
ryTr 6bITb OIIpEaACJCHBI, ITOCKOJTIbKY MHTCHCHUBHOCTU
MUKOB CTEKJI0MOA00HOI (pa3bl, 0€3yCIOBHO, MOIU-
duumpyoTcs noxa aeiictBueM Tojiss. B cerHerocte-
KOJIbHOM MOJIe/IN TMTOHSITUE KOHIIEHTpalu a3 nucue-
3a€T, 1 MOXXHO TOBOPUTD JIUIIIL O POCTE WJIN YMEHb-
IIIEHUHU CTEIIeHH OeCITopsiIKa B KpUCTaILIe.

OueBUIHO, 4TO 3a ITepBhie 6000 ¢ peanusyeTcsd He-
OIMHOPOIHOE COCTOsTHHE. BHITTOTHSIETCST CBOETO pona
“mpaBWJio cyMM”, Korma ociadieHue nuddy3Horo
paccesTHUSI KOMITEHCUPYETCST POCTOM MHTEHCUBHOCTH
OparroBckoro paccessHusI. OmMHAKO BO3HUKAIOIIEe TT0-
CJIe TOTO COCTOSTHUE C OOJbIIIel BEPOSITHOCTHIO MOX-
HO OXapaKTepH30BaTh KaK CETHETOCTeKONbHOe. Jleit-
CTBUTEIJTBHO, TPYITHO OXKWAATh, YTO Tocie (hopMHpoBa-
HUSI cerHeTodasbl B 3HAYUTENIBHON KOHIIEHTPAILUU

KPUCTAJUUIOTPA®UA  Ttom 68 Ne 5 2023



MEPECTPOMKA CTPYKTYPBI PEJIAKCOPA PBMG, ;NB,;05

MPOVCXOIUT €€ paciia [IPU COXPaHESHUY ITPUIIOKEHHO-
ro noJjisi. Henb3st ToBOPUTH U O MPUIJAEKTPOIHBIX 3(h-
deKTax, Tak Kak oOpasell mMen (popMy CTEp:KHS C
BJIEKTPOJIaMU Ha €ro KOHIIAX, a PEHTTEeHOBCKUM ITy4-
KOM 3aCBEYMBAJIaCh TOJLKO IIEHTpalibHasi 4YacThb
ctepxHs1. Kak otMedeHo Bbiie, ipu ¢ > 6000 ¢ mpounc-
XOOUT cTapeHue cHOPMHUPOBAHHOM CETHETOCTEKOJb-
HOI (pa3bl. AHAJIOTHSI 3TOTO MPOLECCa CO CTapeHUEM
pellakcopoB 03 IPMITOKEHUS 11011 [21] mpostBIisieTcs B
BOCCTAHOBJIEHUHM COCTOSTHUSI, C(POPMUPOBAHHOTIO TP
MEPBUYHOM BO3HMKHOBEHUU CETHETOCTEKOJIbHOM
dasbl, Tociie NepeKIIIYSHUS 3HaKa TOJIs. DTO sIBJie-
HIE aHAJIOTMYHO TpoIeccaM BOCCTAHOBJIEHUSI HE CO-
cTapeHHOiT ¢a3bl Mocie CKaYKOOOPa3HOTO U3MEHe-
HUS TeMIlepaTyphl (rejuvenation) [22].

ITageHne MHTEHCUBHOCTM OPATTOBCKOIO paccesi-
HUSI U POCT UHTEHCUBHOCTY TP Y3HOTO pacCesTHUS
MOXHO CBSI3aTh C POCTOM AUIIOJbHO-CTEKOJIbHBIX
KOppEISLNii B CETHETOCTeKONIbHOM (aze. M3 cpaB-
HEHUsI MHTCHCUBHOCTEl B 3TOM IIMKJIE C 3TalloOM
IIepBOHAYAIbHOIO (opMHUpPOBaHUS CerHeTodasbl
BUHO, UTO HEOMHOPOIHOE COCTOSIHME HE BO3HUKA-
eT. HeBo3MOXHO OTHO3HAYHO ONKCATh IIPUYNHY MHa-
JIEHUSI ”THTEHCUBHOCTU OPAITOBCKOTO PACCESTHUSI IO~
ciie crabmnm3auuu 1ud@Py3HOro paccessHus (Takoi
ke 2 eKT HabI0IaeTCs B UeTBEPTOM LIKMKJIEe). bbuio
MIpOaHaIU3UPOBAHO IIOBEICHNE MHTEHCUBHOCTEH B
OKpeCTHOCTH 12 y37I0B 00paTHOI pelleTKH, OIUCaH-
HOe II0oBelIeH1Ee HaOII0aaI0Ch BO BCeX cirydasax. Dd-
¢dexT ObUT MaKCUMaJIbHBIM B ClIyyae OTpaXkKeHUiMl c
OOJIBIIIMMH BOJTHOBBIMU BEKTOpaMM. DTO JIeIaeT Ma-
JIOBEPOSITHOM CBSI3b OOHApYXKeHHOTO 3(pdeKTa ¢ ne-
pPeCTpoiiKoil TOMEHHOM CTPYKTYphbl MPU TOJSIpU3a-
uuu. HanGosee peaucTuyHO MOsIBJIEHUE B MpoOILIeC-
Cce mepernojsapu3alyi HECKOPPEIMPOBAHHBIX WU
¢/1a00 CKOppEeJMPOBAaHHBIX MOHHBIX CMEIeHU, na-
IOIIMX MNPAaKTUYECKA HEPErMCTPpUpPYeMBbIii BKIal B
nuddy3Hoe paccessHUe, HO MPUBOMSIINX K CYIIIe-
CTBEHHOMY pOCTY cTaTmdeckoro ¢axkropa ebas—
Yomnepa.

CTpyKTypHbIE TIEPECTPOMKHU, HaOIIOZaeMble B
TpeTheM IIUKJIIE, CXOMHEI C TIEPBBIM, OMHAKO TN Py3-
HOE paccessHUe CTAHOBUTCS OYEHBb CJTaObIM, U MPO-
ecchl cTapeHus] He Habmomamorcsa. B pesynprate
dopmupyetcst cerHeTodasa co cabo BhIpakeHHBIMU
IHUTIOJIbHO-CTEKOJBbHBIMU KOppeasusaMu. B uetBep-
TOM LUKIe auddy3Hoe paccesHUe eclle OoJbIe
ocnabeBaeT U IepecTaeT 3aBUCETh OT BpeMeHU. Bech-
Ma BEPOSITHO, UYTO B 3TOM ClTydae HaOII00aeTCsI OObIU-
Hoe TepMonnddy3HOoe paccessHUE, CBSI3aHHOE C Cy-
IIIECTBOBAHUEM HM3KOJIEXKAIINX aKyCTUYECKUX (Po-
HOHHBIX BETBEI. KaK OTME€YaJIOCh BbIIIE, TTaACHUEC
WHTEHCUBHOCTU GP3TTOBCKOIO PacCEesTHUSI CBSI3aHO C
BO3HUKHOBEHMEM CJIa00 CKOPPEIMPOBAHHBIX CIY-
YailHbIX CMEIIEHUI, MOCTENeHHO MCYe3alolnuX Ha
OOJIBIIMX BpEMEHaX.

KPUCTAJIJIOTPADUS Ne 5
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SAKJIIOYEHHUE

IIpoBeneHHBIE HMCCAEOOBaHUS BpPEeMEHHOII 3BO-
JIIOLIMKU GPAITOBCKOrOo M AU(M@Y3HOro paccessHus B
MoHokpucTtaiuie PMN B mporecce 3JIEKTpUISCKOTO
TepEeKIIOUYCHUSI TTOKA3IU CAeAYIOIINE PE3YIbTaThl.

HauansHoe pa3pyiieHre cerHeTodasbl IIPOUCXOIUT
yepe3 HEOMHOPOIHOE COCTOSIHHE, B KOTOPOM COCYIIIE-
CTBYIOT 00J1aCTU cerHeToas3bl U CTEKIOIOA00HOM (a-
3b1. B pe3ybTaTe BO3HMKAeT CeTHETOCTEKOIbHas ¢hasa,
[JI€ COCYIUECTBYIOT OaJbHMUI CETHETOINEKTPUUECKUIA
MOPSIAOK M 3aMOPOXEHHbBIE AUITOJIbHO-CTEKOJIILHEIC
KOPPEJISILIN.

IMlocne 3aBepieHust (opMUPOBAHUSI CETHETOCTE-
KOJIbHOM (pa3bl MPOMCXOOUT €€ CTapeH!e, CyILLeCTBEH-
HO YCWIMBAIOTCSI TUITOIBbHO-CTEKOIbHbIE KOPPEIISIIINUI
1 BO3pacTaeT paavyc Koppensiiuu. [1pu nepekioue-
HUM 3HAKa MOJISI CHavyaia BOCCTAHABIMBACTCSI COCTOSI-
HUE, BOZHUKIIIEE A0 CTApPEHMSI, a 3aTeM IIOCTEIIEHHO
YCUJIMBAIOTCSI KOPPEJISILIMM U PacTeT paJanyc Koppe-
sy, CyliecTBEHHO ociiabeBaeT OpP3rroBCKOE pac-
cesTHrEe, YTO MOXHO COOTHECTU ¢ (popMHpPOBaHUEM
CJIab0 CKOpPEIMPOBAHHBIX CIyYalHBIX CMEILIEHUA.

IIpu Bo3BpaTe K IepBOHAYAIILHOMY 3HAaKy IIOJISI
dopMuUpyeTCcsT TTIPAKTUUECKU ITOJTHOCTBIO YIIOPSIIO-
YeHHOE CerHeToRJIeKTpu4ecKoe coctosinue. [1pu nmo-
BTOPHOM NEpEeKITI0YeHNN 3HaKa IIPU3HAKOB (popMHU-
pPOBaHMSI CETHETOCTEKOIBHOIO COCTOSTHUSI HE Ha-
OJroJaeTCsl, OJHAKO OpP3rTOBCKOE paccesiHue BHOBb
ocyiabeBaer.

WccnengoBanue BRIMOJHEHO MPpU Toaaepxkke Poc-
cuiickoro HaydyHoro ¢oHaa (rpaHt Ne 22-12-00328,
https://rscf.ru/project/22-12-00328/).

CIIMCOK JIMTEPATYPbI

1. Cmonenckuii I'A., Hcynoe B.A., Aepanosckas A.U., Tlo-
noe C.H. // ®TT. 1960. T. 2. Ne 11. C. 2906.

2. Colla E.V., Koroleva E.Y., Okuneva N.M., Vakhrushev S.B. //
J. Phys. Condens. Matter. 1992. V. 4. Ne 13. P. 3671.
https://doi.org/10.1088,/0953-8984/4/13/026

3. Burns G., Scott B.A. // Solid State Commun. 1973.
V. 13. Ne 3. P. 423.
https://doi.org/10.1016/0038-1098(73)90622-4

4. Baxpywes C.b., Keamxosckuii b.E., Maavuuesa P.C. //
N3B. AH CCCP. Cep. dus. 1987. T. 51. Ne 12. C. 2142.

5. Vakhrushev S.B., Nabereznov A.A., Sinha S.K. //
J. Phys. Chem. Solids. 1996. V. 57. Ne 10. P. 1517.
https://doi.org/10.1016/0022-3697(96)00022-4

6. YeZ.G., Schmid H. // Ferroelectrics. 1993. V. 145. Ne 1.
P. 83.
https://doi.org/10.1080/00150199308222438

7. Koana E.B., Baxpywees C.b., Kopoaesa E.IO., Okyne-
6a HM. // ®TT. 1996. T. 38. Ne 7. C. 2183.

8. Zhao X., Qu W,, Tan X. // Phys. Rev. B. 2007. V. 75.
Ne 10. P. 104106.
https://doi.org/10.1103/PhysRevB.75.104106

9. Colla E.V., Koroleva E.Y. Okuneva N.M., Vakhru-
shev S.B. // Phys. Rev. Lett. 1995. V. 74. Ne 9. P. 1681.
https://doi.org/10.1103/PhysRevLett.74.1681



760

10.

11.

12.

13.

14.

15.

16.

BAXPYIIEB u np.

Vakhrushev S.B., Kvyatkovsky B.E., Naberezhnov A.A. //
Ferroelectrics. 1989. V. 90. Ne 1. P. 173.
https://doi.org/10.1080/00150198908211287

Stock C., Xu G., Gehring PM. // Phys. Rev. B. 2007.
V. 76.Ne 6. P. 064122.
https://doi.org/10.1103/PhysRevB.76.064122

Vakhrushev S.B., Kiat J.M., Dkhil B. // Solid State
Commun. 1997. V. 103. Ne 8. P. 477.
https://doi.org/10.1016/S0038-1098(97)00222-6

Bakyaenxko A.D., Baxpywes C.b., Kopoaesa E.IO. //
DTT. 2020. T. 62. Ne 10. C. 1670.
https://doi.org/10.21883/FTT.2020.10.49917.103

Yooeenxo C.A., Yepnoiwos /. 10., Andponuroea /1.A. //
DTT. 2018. T. 60. Ne 5. C. 960.

Rigaku O.D. // Rigaku Oxford Diffraction Ltd. 2015,
Yarnton, Oxfordshire, England.

Xu G., Zhong Z., Bing Y. // Nat. Mater. 2006. V. 5. Ne 2.
P. 134.
https://doi.org/10.1038 /nmat 1560

17.

Kpusoenaz M.A. 1uddy3Hoe paccesiHUe PEHTIEHOB-
CKUX JIy4eil 1 HeMTPOHOB Ha (hIyKTyallMOHHBIX HEOM-
HOPOMHOCTAX B HeUIeaIbHBIX KpHcTaaiax. Kues:
Hayk. nymka, 1984. 287 c.

18. Glinchuk M.D., Farhi R. // J. Phys. Condens. Matter.

19.

20.

21.

22.

1996. V. 8. Ne 37. P. 6985.
https://doi.org/10.1088,/0953-8984/8/37/019

Glinchuk M.D., Eliseev E.A., Stephanovich V.A., Hil-
czer B. // Ferroelectrics. 2001. V. 254. Ne 1. P. 13.
https://doi.org/10.1080/00150190108214983

Bokov A.A., Ye Z.G. // Reentrant phenomena in relax-
ors. Nanoscale Ferroelectrics and Multiferroics: Key
Processing and Characterization Issues, and Nanoscale
Effects, 2016. P. 729.
https://doi.org/10.1002/9781118935743.ch23

Chao L.K., Colla E.V., Weissman M.B. // Phys. Rev. B.
2006. V. 74. Ne 1. P. 014105.
https://doi.org/10.1103/PhysRevB.74.014105

Dupuis V., Vincent E., Alba M., Hammann J. // Eur.
Phys. J. B. 2006. V. 29. P. 19.
https://doi.org/10.1140/epjb/e2002-00257 -y

KPUCTAJUUIOTPA®UA  Ttom 68 Ne 5 2023



