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B pabore mpecTaBIeHbl pe3yIbTaThl HCCIEI0BAHMI KOmebaTeIbHOro cieKTpa Kpucraia PbNi; ;3Nbg /303

(PNN) ¢ moMmoIsio paMaHOBCKOI'O paccesiHus cBeTa B uHTepBajie rTeMueparyp or 100 mo 650 K, Bruroua-

omeM B cebs 006s1acThb “pasMbITOro (has3oBOro mnepexona”’ ¢ MaKCHMYMOM JIMJIEKTPUYECKON MPOHHUIAEMOCTH

npu T, = 150K na ugacrore 10kI'n. IlonspusoBannsie cnekrpsr paccestuust cBera B PNN momgobubl criek-

TpaM, Ha6JIIO,Ha,BH_II/IMI/IC9I B psie NCCJIeJOBaHHBIX PEJIAKCOPHbBIX CEIHETOIJIEKTPUKOB CO CprKTypOfI IIEpOBCKUTA

1! o
AB'B 03. Ananus TeMIIepaTypPpHOU 3BOJIIOIIUN d)OHOHHBIX MO/, IIO3BOJINJI BBLACJIUTDH 0CO0OBIe TOYKH B JUHaAMHUKe

kpucrasummiaeckoit permerku PNN —opu 71 = 280 K u 75, = 150 K. Ilokazano, uTo aHoMaInu B TeMIIepaTypHO

IIOBEJCHUUN OIITHUYCCKHUX (bOHOHOB B OKPECTHOCTU T1 MoryT OBLITH CBSI3AHBI C ILI/IHB,I\JHKOﬁ TIOJISIPHBIX HAHOO0-

JIaCTeI'./‘I7 XapaKkKTep KOTOpOfI MEHsAETCAd OT ﬂHHaMH‘IeCKOﬁ, K cTaTndyeckoii. B nccjIeJ0BaHHOM TeMIlepaTypPpHOM

nHTepBase i KpucraaioB PNN mpejioxkena mocjie qoBaTe/ IbHOCTh (Pa30BbIX IMPEBPAIICHUN.
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PerakcopHBIE CETHETOSIEKTPUKN U3 CEMEHCTBa Iie-
POBCKHUTOB ¢ obmeit dgopmynoit AB'B"”Os sasnsworcsa
PEIMETOM AKTHBHBIX HCCJIEAOBAHUI Ha TPOTSKEHUH
HMOCTEHAX JIECATHIETHNA. DTH COEJMHEHUS SBJISIOTCS
OYeHb MHTEPECHBIM IPHMEPOM YaCTHYHO PasyHopsiio-
YEHHBIX KPHUCTAJLIOB, B KOTOPLIX B B-NOApeIeTKy Ie-
posckuta ABQO3 BBOIAT IBa PA3HOBAJEHTHBLIX HOHA.
OTO IPUBOJIUT K HPUHIUIINAJILHOMY MU3MEHCHHIO JMHA-
MUKH peIleTKH: HOSBJIAeTCA INMUPOKas, pa3MbITas IO
TEeMIIEpAType YaCTOTHO-3aBUCUMAS AHOMAJIUS JADJIEK-
TPUIECKOTO OTKJIMKA, HE CBA3AHHAS B ODIIEM CJIydae co
CTPYKTYPHBIM (pa30BBIM IIepexojoM. 1IoBbleHue gac-
TOTBI IPUBOJIAT K CMEIEHAI0 MAKCUMYMa, JH3JIEKTPHU-
veckoii nporunaemoctn (7T,,) B 06J1aCTh BBICOKHX TEM-
neparyp. Ilpu T < T, BO3HHKaeT COCTOSIHUE PesIaK-
COPHOIO cerreTodrekTpuyecTsa (penakcopos) [1]. Me-
XAHU3MBI BO3HUKHOBEHUSI 3TOTO COCTOSHHUS Ha POTS-
JKeHUY MHOTHX JIeT IIIPOKO 0OCYZKIAI0TCA Hay IHOH 00-
MECTBEHHOCTHIO [1—4], HO 710 cux 1Op eMHasi TOUKa 3pe-
HUS HE CJIOKMIACH. KOHCEHCYC BO MHEHUSIX MCCJIET0BA~
Tesell CJOKIICA B IIOHUMAHUK KJIIOUeBON POJIN IOJIAp-
HBIX HAHOOOJIACTEl B IIOABJICHUN PEJIAKCOPHOTO COCTOSI-
aus [2-4].

XapaKTepHOil 0COOEHHOCTHIO CJIOKHOKOMIIOHEHTHBIX
nepoBCKUTOB ¢ obmeit bopmymoit Ay Ay, By BY_ O3, ¥

DJ.-H. Ko.
2)e-mail: sergey.lushnikov@mail.ioffe.ru

KOTOPBIM OTHOCATCSI M PEJIAKCODBI, ABJISETCS TOJISPU-
30BaHHBI CIIEKTD PAMAHOBCKOTO DACCEsIHUsI CBeTa, Ha-
6JII0/TA€MBIl PAKTUIECKU BO BCEX COEJMHEHUSAX U3 ITO-
ro ceMeficTBa, XOTs TaKnue PAMAHOBCKHUE CIIEKTPHI 3a11pe-
IIEHbl paBWIaMu OTOOPa JJIsi KPUCTAJIIOB CO CTPYK-
Typoit neposckuTa (np. Tpynma Pm3m). Bosee Toro,
HAOJII0/IaeMble B KYOMTIECKIX PEIAKCOPAX CIEKTPHI Pa-
MaHOBCKOI'O paccesiHusi Moio0HbI [5,6]. B amreparype
00Cy 2K IAJINCH PA3Hble IPUYUHBI HAPYIIIEHU TPaBUIT OT-
6opa B CJI0)KHOKOMIIOHEHTHBIX ItepoBcKuTax [6-8|. Han-
6oJiee BEPOSITHBIN MEeXaHU3M TOSBJICHUS] PAMAHOBCKOTO
paccestHUsl B peJIaKCopax, IO-BHIUMOMY, CBSI3aH C JIO-
KAJbHBIMA HCKAYKEHUSIMU CTPYKTYPbI [EPOBCKUTA W3-
33 HEIKBUBAJIEHTHOCTH KUCJOPOIHBIX OKTAIPOB, 00-
PA3YIOIIUXCS TIPU POCTE KPUCTAJIIOB MIPU CTATUCTUYIE-
ckoM pacnpesnesennn B’ u B’ wnonos [4]. Uccnenosa-
HUsI JUHAMUKHA PEIIETKH PEJAKCOPOB C MOMOIIBIO pa-
MAHOBCKOI CIIEKTPOCKOIMK OBLITM HAIIPABJIEHBI B OCHOB-
HOM HA MOUCK MSITKUX MOJI, OTBETCTBEHHBIX 33 aHOMA~
JIMIO JTMSJIEKTPHYECKOro OTKJNKa (M. [2,4] u cepuiku
B HUX). Pe3ysbrarsl 9TuX UCCIEI0BAHUN OKA3a/IM J10-
CTATOYHO CJIOXKHYO KAPTUHY TEMIIEPATY PHOI IBOJIIOIAH
HU3KOYACTOTHONH 00JIACTH KOJIEDATEILHOTO CIIEKTPA Pe-
JIAKCOPOB [4], nosiBjieHne B CIIEKTPAxX PACCEsSHUS CBETa
KBa3UyIPyroil KOMIOHEHTHI, TEMIIEPATYPHOE MOBEJIEHUE
KOTOPOI OIpeesIgeTcs JUHAMUKON MOJIAPHBIX HAHOO0-
jacreit [2,9-11].
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B nocennee pecaruierne OLITO TTOKA3AHO, 9TO -
HaMuKa (pa30BBIX IIPEBPAIEHNl PEJIAKCOPHBIX CerHe-
TO3JIEKTPUKOB MEHSIETCSl B COCIUHEHHUSX C MAIHUTHDBI-
MH moHaMu B B-mompemrerke. Bo3HMKAOT MOMOIHU-
TEJIbHO K PEJIAKCOPHOMY COCTOSIHHIO aHTudeppoMar-
HUTHBIE ¥ CIIMH-CTEKOJIbHBIE, KaK JJId KPHUCTAJLIOB
PbFel/QNbl/QO'g, (PFN), TaK 1 PbFel/QTal/QOg (PFT)
[12]. A B HEKOTODBIX CIIyYasx — PEANU3YETCsl 3apsLiIo-
Boe ¢a30Boe paccjioeHne, OOHAPYXKEHHOE B KPUCTAJI-
nmax PbCoy/3Nby 303 (PCN) [13] u mpeanonararonie-
eca amst PbNi;3Nby /303 (PNN) [14]. Tlepsbie uccire-
JIOBAHUS JUHAMUKHA KpucTajaandeckoil pemerku 8 PCN
C IIOMOIIBIO PAMAHOBCKO# U OPUJIIIO9HOBCKOI CIIEKTPO-
CKOIIMHY TIOKa3aJIl HEPEJIAKCOPHOe MmoBejienne (hOHOHHO
U PEJIAKCAIIMOHHOM MOJICUCTEM, YTO CBI3BIBAJIOCH ABTO-
pamu [15] ¢ 3apsi1oBbIM (HA3OBBIM PACCIOEHUEM.

Penaxcopmprit - cermerossektpuk  PbNij ;3Nby /303
(PNN) ©ObLT CHHTE3MPOBAH OJHOBPEMEHHO C MOJIEJIb-
HBIM M K HACTOSIIIEMY BPEMEHH XOPOIIO H3yYEeHHBIM
kpuctajiom PbMg;/3Nby /303 (PMN) B 19581 [16].
Ho nwmnamwmka pemerkn kpucraiaina PNN  usydena
cymecrBeHHO Xyxke. Cummerpusi kpucrajuioB PNN
OpH KOMHATHOH TeMIepaType Kybmdeckas Pm3m c
a = 4.03A [14]. BBICKA3BIBAIICH MPEIIOIOKEHAS O
CyIIeCTBOBAHUY HI3KOTEMIIEPATYPHOIO (DA30BOTO IIEpe-
xoJa B poMbosapuyeckyto dasy [17], HO uccienoBanust
[TOBEJICHNUS TEIUIOEMKOCTH He OOHADPYXKWJIA HEeyCTONIn-
BocTu Kpucrasumdeckoir permerku PNN B amamazowne
remueparyp or 2 jgo 400K [18]. Uccaenosanus au-
3JIeKTprIecKux cBoiictB kpuctasioB PNN mokazasm
CyIECTBOBAHNE  “‘pa3MBITHIX,
AHOMAJIUI TUJIEKTPUIECKOTO OTKJIMKA B OKPECTHOCTU

YaCTOTHO-3aBUCUMBbBIX

T,,, TONOOHBIX TeM, YTO HAOJIOJAIOTCH B MOJEJIHHOM
peaakcope PMN [19]. MakcuMyM Iu3JieKTPUYECKOI
[IPOHUIIAEMOCTH IIPH yBEJIMYEHUU IIPOOHON YaCTOThI
CMEIAeTCsi B CTOPOHY BBICOKMX Temieparyp. AHaJju3
TEMIIEPATYPHOTO IMOBEJIEHNUS MIPOBOIUMOCTH HAa IIO-
CTOSTHHOM TOKE II0Ka3aJl €ro TePMOaKTUBAIIMOHHBI
XapakTep, ¢ sHeprusiMu akTubanuu F, = 770 m3B npn
T>310Ku E; =23mB upu T < 310 K. Pesysnbrars:
HACCJIEAOBAHNIA YaCTOTHOW 3aBHCHUMOCTH IIPOBOJUMO-
CTH JIaIOT OCHOBaHUE IIPEIIoJaraTh CyIeCTBOBAHUE
MTOJIAPHBIX 00JIACTEl C JIOKAJBHONW MPOBOAWMOCTBIO B
00JIaCTH HU3KUX TEMIEePATyDP, CBI3aHHBIX C 3aPsI0BBIM
dazoBbiM paccioenuem [14]. D10 cocrosiHME MOXKET
OBITH OOYCJIOBJIEHO KOHEYHOIl BEPOSITHOCTHIO TYHHEJIU-
POBaHUsl €, JMEKTPOHOB Mexk 1y moHamu Ni*T nm Nidt,
HAXOJSAIUXCsT B NOJSIpHBIX obmactsax [13]. B pabore
[14] nokasaHO, YTO IpK yBEJIUYEHUH TEMIIEPATYDHI, B
okpecraoctu 350 K, xapakrep mposomumoctn B PNN
IUIABHO MeHseTcss oT JokaibHoil (mpu T° < 350K) k
obbemHoM. McciemoBanust TeMIiepaTypHOrO IIOBeIeHUsT
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00beMHOT0 KO MUIMEHTA TEIJIOBOTO PACIINPEHUsT
B PNN mnosBosman ompeaeutb TeMieparypy bepH-
ca (Ty = 390 + 40K), HmKe KOTOpO#l BO3HUKAET
CPEeTHEKBAIPATHIHAS TOJISPUBAIINSA, OPEIeIseMast [o-
JgpHbIME HaHooOsacTamu [20]. V3yuenue MarHuTHBIX
cBoiictB PNN  11pojieMOHCTpHUpOBAJIO MapaMarHUTHBIN
XapakTep IOBEJIEHUS MATHUTHONW BOCIPUUMYUBOCTH
Biwiorh 10 5K [21]. Tlepsbie paGorbl 10 paMaHOBCKOI
criekTpockonuu  KpuctajanoB PNN mokazanu cyiie-
CTBOBAHME IOJISIPH30BAHHOIO PAMAHOBCKOI'O CIIEKTPA
[22,23], HO meTasbHbIE UCCIIEIOBAHMS TEMIIEPATYPHOIO
[IOBEJIEHNSI JIJIMHHOBOJIHOBBIX OINTHUYECKUX (POHOHOB
HE IPOBOJWINCH. DTO MOTHUBHPOBAJO HAC IPOBECTU
JleTaJbHBIE UCCIEI0BAHUS TUHAMUKI KPUCTAJIIMIECKOM
pemerku B kpuctajie PNN B okpecTHOCTH aHOMAJIAA
JIM3JIEKTPUIECKOTO OTKJIUKA C ITOMOIIBI0 PAMAHOBCKOT'O
paccesiHUs CBeTa W COIOCTABUTH ITU PE3YJIbTATHI C
OIyOIMKOBAHHBIMU JAHHBIMA II0 ITIOBEJEHUIO JIJIMHHO-
BOJIHOBBIX onTudeckux dhononos B PMN.

Momnoxkpuctamisl PNN, ¢ kybudeckoit orpaHkoit,
2KE€JITO-3€JIEHOTO IIBETA, OBLIW BBIPAINEHBl MEeTOI0M
crioHTaHHOM Kpuctaum3aruu. (CocraB KPHUCTAJLIOB
PNN 06bi1 momrBep:kiieH DPEHTTEHOMIIYOPECIIEHTHBIM
MerogoM. llocjie IpeBapuUTe/IbHON OpUEHTAIUA C
IIOMOIIBIO PEHTTEeHOCTPYKTYPHOIO AaHAJN3a W3 KpPH-
CTAJIJIOB OBLIN BBIPE3aHBI IUIACTHHBI 1 X 2 X 3MM.
ITnockocts (100) B 06pasie 6blaa OTHOIMPOBAHA JIO
omrTuyeckoro kadecrsa. Ob6pasipl Kpucraia PMN B
BUIEe TIACTUH 1 X 2 X 3MM OBLIM TPUTOTOBJIEHBI U3
Oy/ii, BBIPAIEHHONH MeToa0M JOXpaJibCKOTO, COCTaB
U OpHeHTalsi 00pa3iia ObLIN IPOBEPEHBI C HOMOIIBIO
PEHTTeHOCTPYKTYPHOTO aHAJIN3A.

OKCIIEPUMEHTHI 110 PAMAHOBCKOMY PACCESHHUIO CBe-
ta B kpucrasuiax PNN npoBoguimcs ¢ OMOIIBIO CIIEK-
tpomerpa LabRam HR Evolution (Horiba, Japan), co
BCTPOEHHBIM OINTHYECKUM MHKPOCKOIIOM U CyIep-HOTY
GUIBTPOM JIJTsT TIOJABJICHUS PIJIEEBCKOIO PACCEesHUs HA
HECMEIEHHON 4JacTore. McTOYHNKOM CBETa B STHX U3-
MepeHHsIX CJIyKUJI TBepaoTesbHbIil nazep (Torus 532,
Laser Quantum) ¢ A = 532 M. Mom#ocrs 1majaore-
ro cBera Ha 06pasie Obuia He Boimte 42 MBT. [lonspusa-
IWH 1aJIA0IINero u paccessHHoOro ceera B 180° reomerpun
paccestus Obln HampasiaeHnl Broin [001], qpnl/[100]
kak mrg PNN, tak u gug PMN. B skcmepumenTtax
AHAJIM3UPOBAIINCH CIIEKTPBI ¢ ToJisipu3anueil X (ZZ)X—
(VV), u X(ZY)X~(VH). Pasperuenne npubopa cocras-
nsmo 0.5 em~ L. Kpasuynpyroe paccesiaue csera (QELS),
HaOJII0]aeMOoe Ha, HyJIEBOI 9acToTe, XOPOIIIO OIUCHIBAET-
cs1 nebGaeBcKuM pestakcaTopoM [24]. Pesyabrars! anasm-
3a TEeMIEePATYPHOTO IMOBEMIEHUs] KBA3UYIIPYTOr0 Pacces-
uusi cBera B PNN Oyayr omybsmkoBansr otaenbao. Bo
BCEX TeMIlepaTypHbIX dKcrepumenTax (ot 90 g0 650 K)
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Puc. 1. (Ilpernoit onnaiin) Pamanosckue cuekrpbl PNN B VV-nossipusanun (a) n VH-nosnsipusanun (b) npu pasimasbix

Temneparypax. JJis comocTaBIeHus IPEICTABICHBI KCIIEPUMEHTAIbHBIE CIEKTPhI paccesaust B kpuctauie PMN (a), (b).

CIUIOIIHBIMY JIMHUSIMH [IPEJCTABIIEHbl PE3yJIbTaThl HOJIOHKK CIEKTPOB ¢ HOMOMIbo BeipaxkeHuit (1) u (2) (cm. rekcr). Ha

BCTaBKe€ IIPUBEAECH B YBEJIMICHHOM Maciirabe pe3yabTaT NOATOHKU HU3KOYaCTOTHOI objiacTu CIIEKTPa pacCeadHUuA

obpaser;, IOMEeIAJICSd B ONTHIECKYIO KaMepy JiIsl Harpe-
Banust u oxyaxaenust (Linkam 600), dpuxcupyromyocs
Ha IPEJMETHOM CTOJIMKE MHUKPOCKOIA, TOYHOCTH CTabu-
Jm3aruu Temieparypol coctasisia +1 °C. Ilpu anann-
3€ 9KCIIEPUMEHTAJIbHBIX CIIEKTPOB PACCEsTHUS CBETa UC-
MOJIb30BaIacCh cymma pyHKnu Jlopenma s GOHOHOB
u byHKIUA [y 1e0aeBCKOTO PEIAKCATOPA, KOTOPBIM
OIIACHIBAJIOCH KBA3UYIIPYTO€ PACCESTHUE CBETA:

I'qeLs
402 + FQQELS

+22—AZ‘—( . 1)

2AqELs

Io(’l)) =1+

T 4(v—v;)2+ T2’

rae A; — MHTEHCUBHOCTD, v; — HoJoxkenwue, I'; — moJi-
Has IMAPUHA HA TOJYBBICOTE JIMHUU B CHeKTpe, I[p —
¢doHOBAsSI THTEHCUBHOCTH COOTBETCTBEHHO. [Ipu moaron-
K€ 9KCIIepUMEHTAJIbHBIX paMaHOBCKUX crieKTpoB PNN
IPOBOJIUJIACH KOPPEKIus uHTeHcuBHocTH juauil (1) Ha
dakrop Boze-Ditnmreiina, isi 9€ro MCIOJIb30BAIACD

BbIpaxkenue (2):
I(v) = Io(v)[n(v) +1], rae n(v) = ("/*7 =1)7", (2)

3meck h — nocrosnnas [Inanka, k — nocrosanas Bosbir-
MaHa, T — Temeparypa obpasma. O6paboTKa CIIEKTPOB

IIPOXO/IUJIA C IIOMOIIBI0 METO[a HAUMEHBIINX KBAIPATOB
B cpegnie maketa MatLab.

B xome wusmepeHuit ObLIU IIOJIy9YeHBI XOPOIIO IIO-
Jspu3oBanable pamaHoBckue crekTpel PNN un PMN
(puc. 1a, b). Kak xoporo Bugao u3 puc. 1, cuekTpsl pa-
MaHOBCKOTO paccesaus B PNN 1mogo0HbI TeM crieKTpam,
kotopsie Habogaorcs B PMN. 910 maer Ham ocHOBa-
HU€ TPEIIIOJOKAT, ITO MEXAHU3MbI ITOSBJIEHUS PaMa-
HOBCKOT'O paccesuusi nepsoro mnopsiyika 8 PMN n PNN
OJIHM W Te Ke. B Hacrosimmeil pabore Mbl OyneM aHa-
JIN3UPOBATH TEMIIEPATYPHbIE 3aBUCUMOCTHA YaCTOTHI U
IIUPUHBI HA IIOJIyBBICOTE OCHOBHBIX MOJ[ B PaMaHOB-
ckux crektpax PNN, comocraBiisist uX ¢ IMOBeJICHUEM
AHAJIOIMYIHBIX MO, B Kpucrtauie PMN [25]. Takum 06-
pPa3oM, MBI PACCMAaTPUBAEM ITOBEJEHHUE JBYX HU3KOYa-
CcTOTHBIX KoJiebanuit B VH mossgpusanuu ¢ gacroraMu
B (v3 =37Tem ') u A (vy = 55em 1) m aByx xopormo
ompeesieHHbIX Mot B V'V nosspusaruu ¢ gactoramu C'
(v1 =39cm ) u D (vy = 782cm!) (puc. 1). Snadenue
YacTOT MOJI yKa3aHO JIJIsi KOMHATHOM TeMIIepaTyphI.

TemmeparypHasi 3SBOJIOIUs CIEKTPOB PaCCesiHUsI
ceera B kpucraurax PNN mokazama ma pumc.l. Tam
2K€ TIPEJICTABJIEHBI U IIPUMEPBHI MTOATOHKHU SKCIIEPUMEH-
TAJIbHBIX CIEKTPOB C IIOMOINBIO BhIpaxkeHuii (1) u (2).
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Ha pucynke 1 xopormo BumHO, 9TO B 00JIACTH BBICOKHUX
TeMIIepaTyp CIEKTPbl YIIPOIIAKTCS, UCYE3AIOT JOIOJI-
HUTEJIbHbIE CTPYKTYphl. B peJlakCOPHOM COCTOSIHUU
(mpu T' < T),) MHTEHCUBHOCTH OCHOBHBIX MOJ[ IIAJIA€T, &
CAMHU CIIEKTPBI CTAHOBSATCS CYIIECTBEHHO CJIOXKHEE.

TeMmmepaTypHoe MOBeJleHNE YaCTOThI U INUPUHBI Ha
nostosute BeicoTsl FWHM (nanee mpocro — MUpUHBEI)
g C (v1 =39em™ ) u D (vy = 782cem™ 1) Mo B VV-
nosispusanuu B PNN 1mpecrapiieHbl Ha puc. 2 U 3 COOT-
BeTCTBeHHO. VI3 pUCyHKa 2 XOpOIIO BUJHO, YTO YacTO-
ta, Mozibl C v1(T') mnasuo ymenbiaercs (“emsrdaercs’)
IIPH IOHMKEHUHI TeMIIepaTypbl oT 45 cm ! npu 650 K 10
39cm~! mpu 265 K, T.e. u3mensiercs va 13 % B unTEpBa-
se 390 rpajtycos.

] R
z Bl o, ““0.;"’ "
(] o 7] —~
:o KN Qi‘n Choo ”ﬂ g
= % ® P =
<o % % ® 0 =
) ‘—°% oo’o o 140 2
=) R jan)
< ° 4 @y
£ 3 s 5
& B & M 132
39' Y thom

100 200 300 400 500 600 700
Temperature (K)

Puc. 2. (IlBerHoit ommaiin) TemmepaTypHas 3aBHCHMOCTH
gacToThl U mupuHbl Ha nosyssicore (FWHM) moner C
(v1 =39 CM_l) B paMaHOBCKHX crekTpax PNN ¢ VV mo-
Jadpusanuei

B okpecraoctu 11 = 280 K B 3aBucnmoctu vy (T') Ha-
6J0/IaeTC MUHIMYM, 110CjIe Koroporo Bejunduna v1 (1)
HaYUHAET yBeaunauBaThcs, gocturas npu 100 K 3made-
Huit 44.5cM™!, T.e. BO3BpaIaeTCH IPAKTHYECKH K HUC-
XOIHBIM (BBICOKOTEMIEpaTypHbiM) 3HadenusM. upu-
Ha C mompl yBeqmuusaercs nodtu B 2 pasa (¢ 30 mo
50 CM_I) IIpu TOHMKeHun Temieparypel or 650 K 1o
280K (puc.2). B okpecTHOCTH MUHUMYMA, YACTOTHI 38~
MeTHa aHoMmajaus B noBerdennn FWHM B Buume mak-
cumymMma tpu 13. [lpu moHMKeHUU TEMIEpaTypbl HUXKE
T,, = 150K mmpuna momet C' cHOBa HadWHAET pac-
TH, JEMOHCTPUPYS B OKpecTHOCTH 1), XOpOIIO oImpe-
JeneHHblil MuaUMyM. [los100HOE TeMIepaTypHOe MoBe-
senne Moabl C HabJIIOIAJIOCh U B PAMAHOBCKOM pacce-
aunu kpucramra PMN [25]. B pa6ore [25] mMuHnMyM
YaCTOTHI 3TON MOJIbI CBSA3BIBAJICS C OCODOI TeMIIepaTy-
poit T* B muHaMuKe (POHOHHON TMOJCHUCTEMBI KPHUCTAJI-
sia PMN, koTopasi cOOTBETCTBOBAIA U3MEHEHUSIM B JTH-
HAMMKe OJINXKHErO MOPsKa (JIMHAMUKE IIOJISIPHBIX Ha-
HOJOMEHOB). [To-BuauMoMy, HABJI0IaeMble AaHOMAJIUN B
2024
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Puc. 3. (Llernoit onmaiin) TemmeparypHasi 3aBHCHMOCTB
9acTOTHl U MMpHUHBI Ha nosysbicore (FWHM) moner D
(ve = 781 cm™ ') B pamanosckux crnekrpax PNN ¢ VV mo-
snsipr3anyeit. CrlonHast JTMHUS — PE3yJIbTaT alllPOKCHMa-
MU SKCIIEPUMEHTAIBHBIX JaHHBIX BbIpaskeHuneM (3) (cm.
rekcr). Ha BecraBke IOKa3aHa TeMIIEPATypHAsl 3aBUCH-
MOCTBb OTKJIOHEHUSI 9KCIEPHUMEHTAJIbHBIX JAHHBIX OT pac-
9YeTHO} 3aBHCHMOCTH 9aCTOTHI COIVIACHO BbIpaXkKeHHIO (3)

obstactu 17 B PNN Tak:ke cBaA3aHbI ¢ U3MEHCHUAMU B
JIMHAMUKE TOJISIPHBIX HAHOOOJACTel, BOBHUKAIONINX B
okpecrHocTu Temieparypbl Bepuca (Ty).

Yacrora BbIcOKOUacToTHON D Mombl (v2) B PNN
(puc. 3) MMHEHHO pACTeT ¢ MOHMKEHHEM TEeMIEePATyDhI
oT ~777cm™ ! mpu 650K mo ~ 782 cm~! B okpecTHOCTH
300 K. Huxxe 300 K yacrora cjrabo MeHsieTcsl ¢ TeMIiiepa-
TYPOIi, IEMOHCTPUPY S IMIMPOKUI MAKCUMYM B 3aBUCAMO-
cru v2(T) B obsmacru T. [lupuna D Mozpl HeHHEHHO
YMEHbBIIAETCSI ¢ IOHMKeHreM Temiieparypsl (puc. 3). Ta-
KO€ II0BeJIeHe BBICOKOYACTOTHOM [ MOJIBI OT TeMIlepar-
Typbl B pamanoBckux cruekrpax PNN xopomro koppesu-
pPYyeT ¢ TeMIlepaTypHbIM MOBEICHIUEM COOTBETCTBYIOIIEH
MOJIBI B paMaHOBCKUX crekrpax PMN [25].

[IpakTudeckn JUHEHHOE YMEHBIIEHHE YACTOTHI C
VBEJIMYEHUEM TEMIIEPATYPbI, KaK MPABUJIO, CBI3aHO C
AHTAPMOHM3MOM KPUCTAJUINIECKON pereTku [26] u onn-
CBIBAETCs B [IEPBOM NIPUOJIMKEHNN BhIpaskeHneM (3):

2

exp (;‘%) -1/’

v=v9+b|1+

(3)

B KOTOPOM 2 UJIeH OIPEIeIA0TCH 3-X (DOHOHHBIM IIPO-
neccoM. Ilpm 3ToM vy W b — 3TO KOHCTAHTHI MOJIEJIN,
h — nocrosinnasi Ilnanka, kK — nocrosituHast Bosbivana
u T — remueparypa. Boipaxkenue (3) HCII0/IBb30BAIOCH
HAMU KaK [IE€PBOe MPUDJIMXKEHUE JIJIsI OIMCAHUS [T0BEIe-
HUsI JIMHEIHOTI'O Y MEeHbIIEHIs YaCTOThI MOJIbI D 1Ipu yBe-
JIMYCHUH TEMIIepaTypbl. AMIIPOKCUMAIS TeMIEepaTyp-
HO# 3aBHCHMOCTHU YACTOTHI Ug C IOMOIIBIO BBIPAYKEHUS
(3) mokasaJsia, UTO TeMIepaTypHasi 3aBUCUMOCTH Uz (T')



778 H. K. Jlepen, A. U. ®enocees, T. A. Cmupnosa, /Ixk.-X. Ko, C. I Jlyuiaukos

XOPOIIO OIMHUCHIBAECTCs 3-X (DOHOHHBIM IPOIECCOM ITPU
T > 300K. D10 xXopoIo BUAHO HA PHUC. 3, TIe CILIOII-
HO¥ JIMHUEN MbI MPEJICTABUIN PE3YJIbTaThl AIIIPOKCH-
Maruu BhIpazkenueM (3), B kotopom (vg = 788 cm ™1,
b = —0.8cm™!). Yuer wernipex-hononHOTO TIpOIECCA
TakK ke, KaK U BO3MOXKHBIl BapHAHT aHAPMOHUYIECKO-
ro pacnaja GoHoHa HA (DOHOHBI PABTUIHBIX IHEPIUil
OpU AlNpPOKCUMAIUK 3aBucuMocT vo (1) He yurydimuii
pesyiabraroB. Ouenb unTepecHo, uro npu 1’ < 300 K Ha-
YUHAETCS OTKJIOHEeHUEe HabJIF0JIaeMOil SKCIEPUMEHTAJIb-
HOIt 3aBucHMOCTH V2 (T') OT pacCIUTaHHOIO COMVIACHO (3)
HOBeJieHNsT MOJBI (BCTaBKa Ha DPHC.3). DTO OTKIOHE-
HUE HEeJIMHETHO pacTeT NPU IMOHUXKEHUH TEMIIEPATYPHI.
Takoe aHomMajbHOE MOBEEHUE YACTOT YKECTKUX OITH-
YecKuxX MOJ (OTKJIOHEHWE OT PACCUMTAHHBIX B PaMKax
AHTAPMOHM3MA) TIPH U3MEHEHHH TEeMIIEPATYPBI OOBITHO
CBSI3BIBAETCSA CO CTPYKTYPHBIMU (Da30BBIMHU TIEPEXO/IA~
Mu B Kpucrawiax [27,28]. IIpu sTom TemueparypHast
3aBUCUMOCTb OTKJIOHEHUsI, BbIJIEJIEHHAs] OIUCHIBAEMbBIM
BBIIIe 00pa30M, BeJeT cebsl MoI00HO mapaMeTpy HOPsI-
Ka, KaK, HAIPUMEP, 3TO HADJIONAJIOCh B KPUCTAJIAX
BiMn3CrsO12 [29]. B Hamem ciyuae juisi KpUCTAJLIIOB
PNN temiieparypHasi 3aBUCUMOCTb OTKJIOHEHUsI HE MO-
KeT OBITH CBSI3aHA CO CTPYKTYPHBIM (Pa30BBIM IEPEXO-
gom. Io-Bugmmomy, Habirogaemast Ha BCTaBKe K PUC. 3
TeMIlepaTypHasl 3aBUCUMOCTH OTKJIOHEHUs OIIpeIeisier-
Cs1 U3BMEHEHUSIMU B TUHAMUKE TOJISIPHBIX HAHOODJIACTEIH,
CBSI3QHHBIX C (DOHOHHOM MOJACHUCTEMOIA.

B pamanosckom criektpe PNN ¢ VH-nosisipusanumeii
XOPOIIIO BUIHA HU3KOYACTOTHASI IIIMPOKAasl JIMHUS, COCTO-
AMas U3 IBYX MOJI, KOTOPBIE JIETKO DPA3JIeJIAIOTCs IPU
06paboTKe CIIeKTPoB Ha jiBe Mojbl B (v3 = 37cem ) u A
(vg = 55cm~ 1) (em. Beraeky Ha puc. 1b). Hacrora B Mo-
OBl JIHMHeHHO yMeHbInaeTcs oT suadenmit 40.5 e~ ! mpn
650K mo 35.5ca ! B okpectnoctu 100K, T.e. ma 13 %
(puc. 4). Takoe ke LOBeAEHIE YACTOTHI HAGJIIONAETC U
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Puc. 4. Temneparypuble 3aBUCHUMOCTA YACTOTBHI M ITUPHU-
el ma momysbicote (FWHM) momnt B (vs = 37cem™ ') B
pamanoBckux crekTpax PNN ¢ VH nonspuzamuei
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Puc. 5. TemneparypHble 3aBUCUMOCTH 9aCTOTHI (&) U IIU-

punbl Ha nosiysbicore (FWHM) (b) mombpt A (v4 =

= 55 CMil) B pamanoBckux crektpax PNN ¢ VH mons-
pusanuen

ISt aHAJIOTHIHOM MOJtBI (¢ gacToToit ~ 40 em~ 1) B PMN
[25], xoTs1 ee u3Menenus cymecrBenno Menbiie. [Ilupuna
9TOI MOJIBI HEJTMHEIHO PACTET C YMEHbBIIIEHIEM TEMITEPA-
Typbl. TakuMm 06pa3oM, B TeMIIEpATYPHOI 3aBUCUMOCTH
B Moupbl He HabJIOMAETCsT HUKAKUX aHOMAJIUN HU B OJ1-
HOIT M3 0COOBIX TOYEK B AUHAMUKE (DA30BBIX IIPEBpAIIe-
uuit PNN (T, T1, Th). Moga A ¢ wacroroii vy (puc. 5a)
uMeeT DoJIee CJIOKHYIO TEMITEPATYPHY IO 3aBUCHMOCTh. B
uurepBasie Temreparyp 300 K < T < 650K ee gacrora
Me€/IJIEHHO yMEHBINAETCsI DU TOHUYKEHUU TEMIIEPATY PbI,
MeHsIACh ¢ 56.5 10 55 cM ™!, 06pa3yst MUPOKUH MIHIMYM
B okpectaoctu ~ 300K. Ilpu nampueiiniem camxeHun
TEeMIIEPATYPbI 3aBUCUMOCTD V4 (7") HAYMHAET HEJUHEHHO
pacTu, yBesmunBaercs 10 ~ 61.5cm ™! npu 100 K (pocr
gacrorsl npuMepuo Ha 10 %). [lonobublit xapakrep us-
MeHEeHH{l JacTOThI COOTBeTCTBYomel Mogibl (~ 50 cm 1)
npu VH-nonsspuzanun Habsomaercs u 8 PMN, rie B ee
TeMIIepaTypPHOIl 3aBUCHUMOCTH HaOJIFOAeTCs MUHUMYM
B OKpecTHOCcTH TeMmueparypel 1™ [25]. Xora auanazon
stux n3Mmenenuii 8 PMN cyrecTBeHHO MeHbIIE, YeM B
PNN.

[lupuna Moabl A HeJUHEHHO YBEJIUYUBAETCS IIPU
[MOHVKEHUU TEMIEPATYPbI, HE JIEeMOHCTPUPYS HUKAKUAX
aHOMaJUil B OKPECTHOCTH TeMIeparypbl BepHca wmim
JPYTUX OCOOBIX TOUYKAX “Ba30Boil JauarpaMmbl’ Kpu-
crajna PNN, momobuo coorBercTByfoImeil Mozie B Kpu-
crasuie PMN [25]. Anajusupys 1oJly4eHHbIE B HACTO-
SANUX IKCIEPUMEHTaX Pe3yJIbTaTbl, MOKHO OTMETHTh,
YTO MBI HE MOXKEM Ha OCHOBE HACTOSIIUX JAHHBIX CBsI-
3aTh BO3MOXKHOE BO3HUKHOBEHIE (DA30OBOTO PACCIOCHUS
B kpucrajyie PNN ¢ noBeieHuem [1ImHHOBOJHOBBIX OII-
Tudeckux (oHoHOB. Ckopee, Hab/OIaeMasi KapTUHA
aHOMAJIMI YaCTOTHI M MIUPUHBI OCHOBHBIX (DOHOHHBIX
moz, B kpucrtasute PNN 1om006Ha TO#, uT0 HabI/I018eTCH
B penakcopuoM ceraerodektpuke PMN. Mol wabio-
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naeM “cMardenne”’ 4acToT BCEX OCHOBHBIX HU3KOYACTOT-
HBIX MOJI, COIIPOBOKJIAIOIINECS POCTOM UX IIMPUHBI HA
mostyBbeicoTe. MuHMMYM YacToThl B oOKpecTHOCTH 280 K B
TEMIIEPATYPHBIX 3aBUCAMOCTSX CMEHSIETCS POCTOM IIPU
[TOHIKEHUN TEMIIEPATYPHI. BBICOKOYACTOTHAS MOJIA JIe-
MOHCTPHUPYET HOPMAJILHOE MOBeJIeHUE ‘“?KEeCTKON MOJIbI
C aHOMAJIbHBIM BKJIAJIOM [IMHAMUKHU OJIMKHETO MOPSIIKA
upu temneparypax Hmke 300 K. @opmupoBanue mosissp-
HBIX HAHOO00JIaCTell B OKPECTHOCTHU TeMIlepaTypbl beph-
ca, MPOSIBJISIOIIEECS B AHOMAJIbHOM [TOBEJIEHUN aKyCTH-
1ecKuX (DOHOHOB B PEJIAKCOPHBIX CETHETOIJIEKTPUKAX
[30, 31] u aHOMA/INSAX B HOBEIEHUI HU3KOIACTOTHBIX OII-
TU4IecKux (POHOHOB B PaMaHOBCKOM paccesuuu B PMN
[2,25] B HACTOSANIMX MCC/IEIOBAHUSX HE OOHADYKEHO.

CyMMupyst pe3y/bTaThl HACTOSIINX UCCJIEI0OBAHUN
[TOBEJICHNS JIJIMHHOBOJIHOBBIX ONTHYECKUX (DOHOHOB B
kpuctasie PNN, MOXXHO OTMETHUTD CJIeJTyIoIee:

1. B TemneparypHBIX 3aBUCHUMOCTSIX YaCTOTBI KaK
HU3KOYACTOTHBIX, TaK M BBICOKOYAcCTOTHOU Moy A, C
u D B PNN mbI HaO/i071286M aHOMAJINA B OKPECTHOCTH
T1 = 280K, moo6HbIe TEM, YTO HAOJIOJAIOTCSI B TEM-
[IePaTyPHOM [IOBEJEHIH COOTBETCTBYIONIUX MOJI B PaMar-
HOBCKOM paccesinnu B kpucrtasie PMN. B okpecraocTn
9TOH K€ TEeMIEPATYPhI Mbl BUINM AHOMAJIUIO B ITOBEIE-
HUU MUPUHBI HU3Ko4YacTOTHOM C' Mozpl. MoXKHO TIpej-
[TOJIOXKUTh, 9TO B OKpecTHOCTH 1) mpomcxomur obpa-
30BaHUe CTATHIECKUX MOJIAPHBIX HAHOOOJIACTel, aHAJIO-
FUYHO TOMY IIPOIIECCY, KOTOPBIil HAOJIF0IaeTCsA B OKPECT-
moctu Temueparypst 1* = 400 K B xkpucraaie PMN.

2. AHa/IM3 TeMIIepaTypHOIO ITOBEIEHUsI PaMAHOB-
CKHUX CIEKTPOB ITO3BOJIUII IIPEJIOKUTD CJIEIYIONLYIO 110~
CJIEJI0BATEJIbHOCTD (DA30BBIX [IPEBPAIIEHUI B KPUCTAJLIIE
PNN (oTCyTCTBYIOLIYIO B JIATEPATYPE): B OKPECTHOCTH
Ty = 400K BO3HHKAOT AUHAMUYECKUE IOJISPHBIE Ha-
HOODJIACTH, TPU TOHMXKEHUU TEMIIEPATYPBI CYIIEeCTBY-
er BbiesieHHas Temieparypa 11 = 280K (momobnast
T* B PMN [25]), B oKkpecTHOCTH KOTOPOi#i 006pa3yior-
cs crarmdeckne HaHooOsactu. JlajpHeiiee moHMKeHIe
remueparypsl (npu T < T),) IPUBOJAUT K BO3SHUKHOBE-
HUIO PEJIAKCOPHOTO CEIHETOJIEKTPUIECKOrO COCTOSTHIUS.
[Ipemyioxkennast mocae0BaTEILHOCTD (PA30BBIX IIPEBPaA-
mennii B kpucrtasnax PNN tpebyer naabHeimmx uccire-
JOBaHUNM U yTOYHEHNUA.

dunancupoBanue padorbl. /lannas paborta dpu-
HAHCHPOBAJIACH 38 CIET CPEJICTB roc3aganns MuHucrep-
CTBa HAyKW U BBICIIETo obpazoBamus Poccuiickoit Oeme-
panun (rema FFUG-2024-0042).
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