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BBELl,EHVlE 

1 1- 316 6 ~B 3Kcne pHMeHTax ~n 0 Hapy*eH HOB~M Knacc cynepHoHH~X 
npOBoAHHKOB cpeAM KpMCTannOB rMAPocyn b$aTOB H rMAPoceneHaTOB. 
Bblco Kafl MOHHaA npoBoAMMOCTb 1 - 10-2 OM-l. CM- il B HMX 06ycnoB­
n e Ha AI1¢¢y 3Me~ npoTOHOB/ 3

,4/ Ll,nA B~ACHeHMA MMKpocKonM4ecKoro 
MexaHM 3Ma c ynepMoHHoro nepexoAa M ponM npOTOHOS B HeM B pa60­

7' Tax /6 - 6~no npOB eAeHO MccneAoBaHMe yn pyroro M Heyn pyroro 
paCCefl HI1f1 Hei:1TpoHoB B KpMCTannax Cs HS0 4 (CHS ) MCs HxDl_ ;>O 4(CDS) , 
x '" 0 , 3. npM 3TOM 6~no nOKa3aHO, 4TO cynepMoHHbl~ nepeXOA npM 
Te MnepaType Tc = 414 K B CHS / Tc= 412 KAnA CDS / conpoBo*AaeT­
Cft CTPYKTYPHblM nepexoAoM M3 MOHoKnMHHO~ c!Ja3bl C 22h (P2 1/ m) B 60nee 
cHMMeTpM4HYlO, nO-BMAHMOMY, TeTparoHanbHYIO $a3Y D4h (4/mmm) 
/CM . Ta K*e / SI I. 3Ha4HTenbH~e M3MeHeHMA Mcn~T~BaeT npH nepe xoAe 
M Kone6aTenbH~~ cneKTp peweTKM, B oc06eHHocTM nonoc~, CBA3aH­
H~e C nl16 pa4HAMM rpynn S04' a TaK*e C Kone6aHMAMH npoToHoB Ha 
BOAOPOAH~X CBA3AX. 3TH HccneAoBaHMA n03BonHnH BWCKa3aTb npeAno­
n Oll<e HHe 0 CTaTHCTM4ecKOM pa3ynopAAo4eHHH npoToHOB B cynepMoHHO~ 
$ a3e / !;! H nocTpOMTb MOAenbHy~ TeopHIO cynepHoHHoro $a30BOro ne­

/ 9 . 
pe xOA a 

BeCb Ma 6nH3KHM no xapaKTepy ABnAeTCA ~a30Bbll':1 nepexOA B clne p-
HOHHYIO $a3Y B KpHcTanne CsHSe0 4 (CHSe) 1, 41 KaK M B CHS / 8 , 
cynepH oHHW~ nepeXOA npM Tc '" 398 K conpoBo~AaeTCA cerHeT03nac­
TI1 4eC KM M $a30B~M nepeXOAOM - 10 PeHTreHorpa,M4ecKoeC2h D4h

/ 1 

MccneAOBa HMe 1 101 n03BonMno onpeAenMTb napaMeTpbl ~neMeHTapHol':1 0 

A 4e~ KM n l1 Wb npM KOMHa T HO~ TeMnepaType: a = 7,972 A, b = 8,427 A, 
u 

~ = 7, 81 1 A, f3= 111,2 ' , npOCTpaHCTBeHHaA r pynna P2 / c . Bblwe Tc 
KpMCT a nn 06HapY*MBaeT nnaCTM4eCKMe CBoHcTBa, M nO~ToMY napaMeTpbl 
TeTparoHanbHo~ A4e~KH: a = b = 4,18, ~ , c = 7. 20 A, 6b1nH nony ­
4eH~ B / I 0~MWb Ha OCHOBaHMM 113Y4eHMA AOMeHHo~ CTPYKTYP~ npM cer­
~eT03naCTM4e CKOM nepexoAe. 

AnA BblflCHeHMA MexaHM3Ma cynepMoHHoro $a30BOro nepexoAa 
B KpM cTann ax CHSe M conOCTaBneH MfI e ro C nOAo6H~M nepexoAoM 
B CHS B HacTofl~e~ pa60Te npoBeAeHo MccneAoBaHMe Heynpyroro He­
KorepeHTHoro pacceA HM fI He~TpoHoB IHHPHI C oAHoBpeMeHH~M M3Me­
peHMeM cn eKT pa AM$paK4MM He ~TpoHoB I Ll,HI Ha nopowKe CHSe B MH­
TepBane TeMne paTYP 110- 425 K npM HarpeBaHMM M oxna*AeHMM 
o6pa34a . 

B pa3Ae n e 1 onMcaHa nOCTaHOBKa 3KcnepMMeHTa M npMBeAeHbI 
3KCnepl1MeHTanb Hble pe3ynbTaTbl, B pa3Aene 2 - MX o6cY*AeHMe, 
B pa3Aene 3 - BbIBOAbl. • ~-.- .- . 
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1 . nOCTAH OBKA 3KCnEPHMEHTA H ErO PE3YnbTAT~ 

1.1. Ycno8~~ 3 Kcnep~Me HTa 

non~Kp~cTann~4e c K~e 06 pa3 4b1 CHSe nonY 4eHbi nY TeM C~HTe3a 
no cxeMe: Cs 2C0 3 + 2H 2Se04 .... 2CsHSe0 4 -I H2CO C 1l0cneAYlOU.1 ei1 a
oAH oKp aTH o i1 ne peKp~cTann~ 3a4~e i1 B H20 ~ CYW KOi1 np~ 350 K B Te-
4eH ~e HeC KonbK~X 4aCOB B Ba KYYMe . Mac ca o6pa34a COCTaBn~na 
29 r. OH nOMe~anCR B nnOCKY~ an~M~H~eBY~ Kacc e TY pa 3MepOM 
150x 150 MM 2. OT CTeHOK nopOWOK ~30n~pOBanc~ $ To ponnacToB oi1 
nne HKOH Ton~~Hoi1 20 MKM C 4en b ~ n peAOTBpa~eH~R X~M~4ec Ko i1 pe a K­
4~ ~· n ponyc KaH~e o6pa348 COC T aB~no OKano 95~. Kac ceTa nOMewa­
naC b B KP~OCTaT, n03BonR~~i1 Me HRT b TeMnepaTyPY 01 80 AO 500 K. 
C Ta6~nbHOCTb nOAAep~aH~R TeMne paT ypbl COCTaBn~na + 0,2 K. 
H3MepeH~e ~ KOHT ponb Te MnepaTypbl ocYweCTB]l Rn~Cb nnaH1HoBblMV1 
Te pMoMeTpaM~ conpOT~BneH~R . 

H 3MepeH~R npoBoA~n~cb Ha cneKTpOMeTpe KACOr'M /l l ~AnR MOHO­
xpoMaT~3a4~~ HeHT poHoB , pa cceR HHblX Ha o6pa34e , ~c nonb 30BanCR 

oXJl a~AaeMblH a 30TOM 6e p~Jln~ eBbIl1 $~Jlb TP ~ pacn OJlO~eHHbl i1 3a H ~M 

aHan~3aTop, c06paH Hbl i1 ~ 3 nnaCT~H n ~pon~T~ 4eC Koro rp a$~ Ta. W~­

p~ Ha Ha nonYBbiCOTe ynpyr oi1 n~H~~ COCTaB~na 0,6 M3B n p ~ cpeAHei1 
3He p r~~ ynpy roro n~ Ka 4,87 M3B. OAH o BpeMeHHo npOBOAV1nV1Cb V13Me ­
peH~~ c neKTpOB HHPH AJl~ . 4eTbipex y r noB pa c ce~H~R V1 cneKTpa AH 
AnR OAHoro y rna pacceR H~R. npV1 HarpeBaH~~ o6pa 34a V13MepeH~R 
cneKT pOB HHPH npoBeAeHbl np~ TeMnepaTypax : 110;293 ;360;375;393; 
405 K AnR yrnoB pacce~H I1R 30 0 ,50 ° , 70 ° ,90', a TaK)t(e 80 ° , 100° , 
120 ° , 140 ° COOTBeTCTBeHHO. AnR 3T~X Te MnepaTyp cneKTpbl AH ~3­
MepeHbl np~ yrnax pacceRH~R 28 = 30 0 ~ 700 

• An~ T= 415 V1 425 K 
Heyn py r~e c ne KT pbl 6b1n~ ~3MepeHbI np~ 30 u , 50 " , 70 ~ , 900 

, A~~paK-
4~R AJlFl 28 = 30 0 

• np~ OXJla>KAeH~~ 06pa34a c neKT pbl HHP H nOIlY 4eHbi 
np~ 800 , 100

0 
, 12 00 , 140° , a A~$pa K4~R AnR 2lJ = 30 " . 

1 . 2 . CneKTpbl A~~paK4~~ 

B H~3KoTeMnepaTypHoH ~a3e A~$paK4~R aT nopOWKa CHSe B OCHOB­
HOM XopOWO corJlacyeTcR C np~BeAeHHbI M~ 80 BBeAeH~~ napaMeTpaM~ 
MOHOK1l~ HHOH 3IleMe HT a pH0l1 R4e I1KI-1, onpeAeneHHblMI-1 B1 10 1 Pe~neKCbl 

0 0' 

np~ 4 , 25 A ~ 4 ,8 A OTBe4a~T A~$paK4~~ Ha Ae p)t(aTene Ka Cc.eTbl 
~ Ha6Jl~Aa ~TCR B $OHOBOM cneKTpe aT Kp~OCT aTa 6 e 3 06pa34a. 

np~ nOBblweH V1 ~ TeMnepaTYPbl cne KT pbl A~$paK4~ V1 Ha4V1Ha~T ~3Me ­

HRT b C~ Y)t(e np~ T = 360 K. HaAo OTMe TV1 Tb, "ITO Ka)t(Abl i1 ~3 cneKT­
POB, n;:>~BeAe HH blx Ha pV1C . 1H, ~3MepRIlC~ B Te4e HI-1e 10 4 . nOIlH aR :0 

nepec T pO~Ka c neKTpa 3aaepwaeTc~ Il~W b np~ T > 400 K, A anbHel1w~~ 
HarpeB 06pa 34a He MeH ReT cne KTpa AH . TaKaR Ka pT~Ha n03BonReT 
npeAnonO)t(~Tb, 4TO CTPYKTYPHblH ~a30Bbl~ nepeXOA Ha4V1HaeTcR B no­
pOWKe yme npV1 360 K. 3TOT nepeXOA CV1nbHO 3aT RHYT no TeMnepaType, 
V1 B A~ ana30 He 360 K - 400 K M~ V1Me eM AByx~a3 HY~ C~CTeMY. 
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PHC. I. CneKTphl AH~paK~HH OT no ­
CsHSeo. p OlliKa CsHSe0 4 npH pa3nH'lHbIX 

eMnepaTypax. H - Har-pes o6p a 3­H o 

29 -70· 29 -30· 

sal 

29 - 30· 

)V~t \

! I I j I I I I 

4D H S SJ 

~u;a; 0 - OXJl aJK,l:\e HHe 06p a3D,a. 
npHBeAeHbI 3KcnepHMeHTanbHble AaH-
Hble nocne AenCHI·U{ IIa c neKTp na­

MnlllAa~wHX Ha 06pa 3eU; Hei.fTl)OiiOB _H BbI'lHTaHHR ti eKOrepeIIT~o ro ~O Ha. 

1000 

8 BbicoKoTeMn e pa TypHO~ $a3e 
Ha6n~AaeM~e AH$paK4V1oHH~e nV1KV1 
He V1HAH4HPY~TCR npHBeAeHHblM~ 

BO BBeAeHV1H napaMeTpaM~ TeTparo­
HanbHO~ 3neMeHTapHO~ R4e~ K~J 

/ 10 /npeAnO)t(eHHO~ 6 . AnR ~ccneAO­
BaHV1R cV1MMeTpV1V1 V1 napaMe TpoB 
~4e~KV1 BbicoKoTeMnepaTypHo~ $a3b1 
Heo6xOA~M~ ~ccne~oBaH V1~ MOHO­
KpV1cTannoB V1 peHTreHoBcKV1e ~3­
Mepe HV1R c B~COKHM pa3pewe H~eM 
Ha nopowKax. 

KaK BV1AHO V13 pV1C. 1(0). oxnam­
d lA ) AeHV1e oGp a 34a OT 425 K c BbI­


AepmKoi1 ero B Te4eHV1e HeCKonbK V1 X 4a COB npV1 TeMnepaType 405; 

375; 36 0 AO 29 3 K, He npV1Beno K Boc CTaHo8neHV1~ V1cxoAHoro 

cneKT pa AH. nocne B~Aep)t(KV1 npV1 KOMHaTHO~ TeMnepaType B Te 4eHV1 e 

4 HeAen b 06pa3e4 Bce e~e OCTaBanCR B ABYX$a3HOM COCTORH I-1~. 


1.3. Heynpyroe pacceRHV1e 

TeMnepaTYPHaR 3aBV1CV1MOCTb c ne KTpOB HHPH OT V1ccneAyeMoro 
06pa34a CHSe nOKa3aHa Ha pV1c.2. H ey n py r~ R 4aCTb npeACTaBnH e T 
co60i1 CYMMY 8 cneKTpOB AnR yrnoB pa c ceRH V1 R 30 ~ , 50 ° , 70 u, 80 0 , 

90 , 100 ° , 120 °, 140 
0 

nocne B ~ 4I-1T aHV1R ~OHa OT nYCToro KPV10CTa Ta . 
Pe3ynbTaT bi HOpMV1pOBaHbI Ha 10 6 C4eT a MOHV1 Topa, 4TO COOTBeTCT­
ByeT np V1Me pHo AeC~T~ 4acaM V1 3MepeH~R . J(a K MO)t(HO BV1AeTb V13 pHc .2, 
OCHOB Hble V1 3MeHeHV1R B cneKTpax HHPH npoHc xoART Y)t(e npV1T= 360 K. 
8 06nac TI-1 4aCTOT 50-100 M3B ne pe CTaeT Ha6n~AaTbcR OAHa V13 no­
noc cneKTpa. Yn py r a R nV1H~R Ha p~c.2 OTBe4a e T yrny pacceRHV1~ 
30 

u 
~ An~ YA05c TB a ee V1 HTe HC V1BH OCT~ YBenH4eHa BABoe. npH T=360 K 

H a6n~AaeTcR CHnbHoe naAeHV1e HH TeHCHBHOC TV1 ynpyro~ nHHHV1. Aanb­
Hei1wee nOB~weH~e TeMnepaT YPbl OKa3~Bae T 3Ha4HTenbHO MeHbwee 
B03Ae~cTB~e Ha cne KT pbl HHPH V1 ~HTeHCV1BHOCTb ynpyro~ nHHV1H. nocne 
oxna~AeH ~~ o6pa34a cneKTp HHPH, TaK )t(e,Ka K ~ cneKTp AH, He 803­
BpawaeTcR K c neKTPY HCXOAHOi1 $a3bl. CpaBHeHV1e CneKTDOB HHPH 
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E(meV) PHC. 2. Bpe~1R npOJleTHhle c rreKTpbl 
1C .')

"~ .... -''-- ~-l ' HHPII OT nopOlUKa Ci-ISe . n o OCft
i ii" 	 iii .. I , 

0 p ,IUiHaT - HHTeHCJ1BIIOCTJ:., Hop HH ­

p OBaHHaH ua 10 6 c~eTa MOHH Topa.ad- CsHSeO. 

2D 	

500 J()(} 50 

P I1 C. 3 . BpeMR I1p OJTeTHble Cne I( 'I'J)l>l 

IlHPH OT CHSe rrpl1 293 K . H­
crre KTp OT HCXOAHoro o6pa3qa; ~ 

C - CrreK TP OT 3TOI'O >!I.e o6ps 3Qa" 

ft CrrWTaSwero ~a30sb~ n e peXOA. 

1 
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np~ T = 293 K ~CXOAHoro 06 pa3 4a ~ o 6pa34a , ~cn~TaBwe ro ¢a30B~~ 
nepexoA, nOKa3aHO Ha p~c . 3. TaK ~e, KaK ~ c ne KTp AH, cneKTp 
HHPH He BOCCTaHOB~nCA noene 4 HeAenb B~AepmK~ 06pa 3~a np~ KOM­
HaTHO~ TeMnepaType. 

2. 	06CYlKA EHJ.1E 

Ha p~c.4. npeACTaBneH~ B3 BeweHH~e nnOTHOCT~ ¢OHOHH~X eOCTOA­
H~~ G (w ), Bb1 4~cneHHble ~3 cne KT pO B HHPH no cPopMyne OAHOcPo HoHHoro 
pacceAH~A B HeKorepeHTHOM np~6n~~eH~~. CpaBHeH~e cneKTpOB 

4 

CHSe C aH anor~4H~M~ cneKTpaM~ CHS /5' 8~ABnAeT ~x 3Ha4~TenbHoe 
CXOACT80. Kone6aH~A Kp~cTann~4eeKo~ peweTK~ CHSe, KaK ~ CHS, 
OTBe4aDT 3Hepr~AM MeHbwe 25 M3B. B 3TO~ 06naCT~ 3Hepr~~ B~Ae­
nADTCA ABe nonocw. rpaH~4HaR 3Hepr~A nep80~ nonoc~ AnA 3T~ X 

Kp~cTannoB paB Ha np~MepHo 16 M3B , ~ C POCTOM TeMnepaTypbl HeCKonb­
KO 	 CAB~raeTcA B CTOPOHY H~3K~X 4aCTOT. B 3TO~ 06nacT ~ 3Hepr~~ 

B cne KTpax HHPH He Ha6nlOAaeTCA cyU\ecT8eHHblx ~3MeHeH~~ np~ cPa­
3080M ne pexoAe. BTopaA nonoea ~MeeT np~ T = 110 K APKO BblpameH­
H~~ MaKC~MYM np~ 3Hepr~~ 21 M3B AnA CHSe ~ 2 3 M3B - AnA ¢a3~ 

II CHS. Ecn~ pacc4~TaTb MOMeHTbl ~Hep4~~ r pynn SO ~ Se0 4 no pa3­
MepaM 3T~X TeTpa3APoB, np~BeAeHHblx 8 pa60Tax 113 , 1\1, TO OH~ OKa­
3blBaDTCA pa8HblM~; Iso = 153·10- 40 r.cM 2 ; Iseo = 190 . 10- 40 r.cM 2

.
4 

B rapMoH~4ecKoM np~6n~~eH~~ 4aCTOTW n~6pa4~~ MoneKynApHwx rpynn 
S04 ~ SeO 4 Aon~Hbl 6blTb CBA3aHbi npoeTO~ cPopMyno~: 1/S04 /J/ 4 = seo 

G(w)-	 -.- Z 
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PHc.4.¢YHK~HH G(w) gnH CHSe, rro nY4eHHaH H3 crreKTp o B Ha pHc.2. 
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= VIseO 
4 

II so 
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' ecnl-1 npeAnOnO)+(I-1T b, 4TO COOTBeTCTBYIO~l-1e KOHCT aHTbl 
CB~31-1 B 060l-1 x Kp l-1CTannaX 0AI-1HaKOBbl. 8 HaweM cnY4ae 3TO COOTH O­
WeHl-1e co6nlOAaeTc~ C xopowe~ T04HOCTblO, 4TO n03BonReT npeAnono­
)+(I-1Tb, 4TO paCCMaTpl-1Ba e Mble nOJlO Cbl B cneKTp ax CHSe 1-1 CHS Ae~cT­
BI-1TenbHO OTBe4aDT nl-16paljl-1RM Mone Kyn~pH~x rpy nn . 3 TOT B~ BOA 

nOATBeplKAae TCR 1-1 AaHHblMI-1 OnT l-1 lleCKO~ cn eKTPOCKOnI-11-1 / 12 / CMflr 4eH l1e 
1-1 pa3M~THe nl-1Ka C POCTOM TeMnepaTYPhl CBI1 AeT en bc TByeT 0 pOCTe 
aHrapMOH I-13Ma TOp CI-10HH~X Kone6aHI-1 ~ rpynn Se04 1-1 pa3y nopR,Q04eH I-1I-1 
npoTOHOS Ha BOAOPOAH~X CBR3R X. 

AnR Oll eHKI-1 BblC OTbl 6apbepa AJlR Jl I-16pa lj I-10HH~X KOJle6aH I1~ rp y nn 
Se0 4 Ha 4 aCTOTe 21 M38 MO)+( HO Bocnonb30 BaT bCR npocTo~ MOAen blO 
nOTeHll l-1ana B BI-1Ae V~ ~ V 0(1 - cooN ¢), rAe N - KpaTHoc Tb nepl-1oAI-1­

4eC Ko r o nOTe Hlll-1ana. TorAa , I-1cnonb 3Y~ AaHH~e AnR MOMeHTa I-1Hep 1l 111-1 
rpynnbl Se0

4 
• nOJlY 41-1M cneAYIO~YIO 3aBI-1CI1MOC Tb B~COT bl 6apb e p a V 0 

OT N /peWeHl-1e AaHHoA 3 aAa4 1-1 npl-1BeAeHO, Hanpl-1Me p , s/ 15!1: 

Vo/3 81 =6 ,O/N=2/; 2,7/N=3/; 1 , 5 /N=4/~ O,671N=6/. Ben l1 41-1Ha 
6apbe pa Vo ~ 67 38 np l-1 N = 6 HenJlOXO corn acyeTcR C 3Hep r l-1e~ aK TI-1 ­
Ball 11 1-1 V", 0 , 6 3 B, nonY4eHHo!:1 npl-1 1-13MepeHI-1f1X npOBOAI1MO CTI-1 B I I ' 
np l1 T 5 36 0 K. IUecTI-1 KpaT Hblfi 6 a pb e p MO)t(HO nonY411Tb B npeAnonO)l(e ­
HI-1I-1 , 4TO r py nn a S~04 npeTepneBaeT 1130TponHwe peOpl-1 e HTaljl1l-1, 
3aKnl04alO1I11-1e CR B Hano)+(e HI-1 I-1 Hd peOpl-1 e HTa lj l10 ltHOC ABI-1 IKeHl-1e BOl<py r 
OCI-1 2 nopRAKa Te Tpa3Apa peopl-1e HT alll-1A BOKpyr OCM 3 nop AAKa. Ta ­
Koe HanO)l(eHl-1 e n pMBeAe T K WeCTI-1 3 I<BI-1 BaneH T H~M 0pl-1e HTaljl1RM TeT­
pa3Apa. AaHHbl~ Me XaH I1 3/,\ peO pl-1eHT alll-1 il 6~n n peAnO)l(eH AnR rpynn 
NH1 B rl1APOC e n eH a Te a M/~OHI-1R NH 4 HSe0 4 1 16~ 

nonoc~ Ha 4aCTOTax OKono 40 ; 49 M3B, c ornaCHO 1 1 2~ MO)+(HO OT­
HeCTI-1 K BHyTpeHHI-1M Kone6 aHI-1 ~M TeTpa3A pa Se0 1 , no aHanOrl-11-1 
C CHS I< TaKI-1M Kone6aHI-1f1 M OTHOCI-1T C~ 1-1 no noca Ha 4a CTOTe OKono 
73 M3B 151 , He Ha6nlOAaBWd RCfI B 112 1 , Be pORT HO, COrn<1 CHO np aSl-1 n aM 
oT6opa AnR KOM61-1Ha4 11 0HHoro paCC eAHI-1~ CBe Ta. n OJlOCd npl-1 105 M38 
OTse4aeT Ae~OpMalj I-1AM TeTpa3Apa Se0 4 1-1 CBA 3aHH~M C HI-1MI-1 Kone­
6aHI-1R M BO,Qo pOAa ne pneHAI-1KynApHo nnOCKOCTI-1 BOAOPOAH~X CBA 3C fi -
BHe 3TI-1X nnOCKOCT e~ - y (OH) Kone6aHl-1iJ. CMR r 4eHI-1 e 1-1 YWl-1pe Hl-1 e 
C PO CT OM T eMne paTYp~ 3TO~ nonoc~ TaK)+(e CBI1Ae Te n bc TsyeT 0 pa3Y­
nopRA04e H~1-1 BOAo poAa Ha CBR3 RX. 8 pe3ynb TaTe CMRr4eH~A 1-1 YWI-1­
pe HI-1R :H a nOJloca Cnl-1BaeTCfI C nonoco~ npl-1 73 M3B. 4TO n pl-1BOAI-1T 
K I-1C 4e3HOBCH~~ nOCJleAHe~ B cneKTpax HHP H. 3Aecb cneAye T OTMe­
TI-1 Tb , 4TO e cnl-1 B CHS 1-13MeHeHHe cneKT pa n pORB nRnOCb e nnOTb 
AD TeMnepaTYp~ c yne pl-1OHHoro nepexOAa. TO B CHSe OCHOBHble 1-13 Me ­
HeHI-1A B cneKTpax HHPH 3aBe pwalOT c H np~ 360 K,T.e,n04 T ~ Ha 40 K 

H ~~e TeMnepaTY~~ cynepl-1oHHoro nepexOA a , paBHO~ 398 K / I<KaK OT­

Me4aJlOC b B nn , 1 • 2 ~ 1.3, nocne Ha r peBa HI-1R 06pa 311a Bblwe T e OH 

He B03Bpa~a eTC~ B I-1C XOAHOe COCTOR Hl-1e B Te4e H ~e, no Kpa~ He~ Mepe, 

4 HeAenb. Ha p~c. 5 nOKa3a H~ C!lYHK lj l-1 l-1 G(w ) AnR CIISe , nonY4e HHbl E:: 

1-13 cneKT pOB , npI-1BeAeHH~X Ha pl-1c.l 


AonOnH~TeJlbHYIO I-1H~OpMa ljl-1 ~ 0 MeXaH I-13Me AI-1 ¢¢Y31-11-1 n poTOHOB 
MOIKHO no nY 4l-1T b, ~3y4aR TeMnepaTYPHYIO 3aBI-1CI11~OCTb KBa 31-1ynpyroro 

6 

G(w) z------------------ ~ 
'-1----------~CJHS'O, 

T-293/C 
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PHc.5. (l>YHKIlI111 G(w ) Llnll CHSe , nonY'l e llll ai1 H3 cn eKTpOB 
Hi:! pHc, 3 , 

paCCeRHI-1f1 He~TpOHoB . nOC Konb KY p a3 peWeH I-1e cneKTpo Me Tpa \E 0, 6 M38 
HeAOC Ta T04HO AJlR Ha6n~AeHI-1~ 1-13Me He HI-1R ~OPMbl n ~HI-1I-1 KB a31-1y npy r oro 
paCCe RHI1R, TO HaMI-1 6~na ~ 3MepeHa nl-1Wb HHTerpa nbHa A I-1HT e HC I-1B­
HOCTb ynpy r o r o ~ Ks a 31-1ynpyroro paCCeAHI-1R B I-1HTep Bane 3Hepr~~ 
~E = 1,65 M3B, OT Be4a~eM ynpyro~ n l1H l11-1 B Haw~x cneKTpax 
HHPH. Ha p ~c . 6 npl-1BeAeH a 3aBI-1 CV1MOCTb OT TeMne pa TYPbl n Orapl-1C!lMa 
OTHOWe HI1R I-1HTe HC~ BHOCT e~ np l-1 110 K H AaHHo~ TeMn ep a Type AJlA 
yrna pacceRH~ fI 30 " / Q '" 0. 79 A- I AnA ljeHTpa yn py ro~ JlI-1H I-1~/. 

Ka K BI-1A HO, In (IulI) ysen l-14 1-1B aeTCR npl-1MepHO B 4 pa3a np~1 

T = 36 0 K no cp a B He HI-1~ C KOMHaTHO~ TeMnepaTYpo~, 1-1 B Aanb He~weM 

III £. 1 ~--:-.l' paCT eT MC AneHHee , eKnr.J4a~ 1-1 06 na CTb 
5 ~a30Boro nepexoAa n pl-1 T ~ 40 0 K. 

' (\IISI'()~ HeC Konb KO HHoe noseAeHMe 3TO~ BenH-
Q () .71)"r-' 9 4H H~ Ha6n iOAae TcR B nopowKax CHS , 

.1 
+ 9 4TO nOK a3aHO Ha pl-1 c . 7 . rAe OCHOBHoeI M3Me He HI-1e npl-1XOAI-1TC fI Ha 06 nacTb 

, • ~a30Boro nepexoAa npl-1 T~= 414 K. 
CnnowHoA nl-1Hl-1 e~ Ha pl-1 c.7 nOK a 3a HO 

.3 

1-13MeHeHI-1e npOBoAI-1 MOCTI-1 1g (aT) . no ­
n Y4eHHoe B/ I ', 3 Ha41-1T e n bHOe YMeHb we­
Hl-1e I-1HT e HCI-1BHOC TI-1 yn py ro ro pac c efl ­
HI-1f1 B CHSe n pM 360 K 101 B CI-I S n p l-1 
414 K MomeT 6~Tb CBR3a HO C PO CTOM 

.2 3¢~eKT I1B HO ro ~a KTopa ae6afl-8anJlepa 
npl-1 nORB neHl111 AI-1C!lC!ly3l11-1 n pOTOHO B 
I-1n l-1 peOpl1eH TaL\1-10 HH blX nepCC KOKOB 

.1 PHc.6, 3asHcHMoCTb In (1 0 II) LlJIH 
LlJ1» CHSe 0 1' TeMne p a 'I'ypbl. 

300 350 .00 TIK) 
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rpynn Se 04 - H HJlI-1 S04 -H COOTBeTCTBeHHO. nOcneAHee Ka)l(eTCA 60nee 
BepOATHblM ~ Koppen~pyeT C Ha6n~AaeMblM H3MeHe H~eM cneKTpa HHPH 
B 06naCTH nH6paLlHOHHbiX 4aCTOT rpynn Se0 4 (I ' "" 21 M3B) 1-1 S04 

/5 /(v 	'" 23 M3B ) . 

bonee nOAP06HY~ I-1HTepnpeTaLlI-1~ Ha6n~AaeMoro H3MeHeHI-1A ~HTeH­

CHBHOCTH ynpyro~ nl-1HI-1H MO)l(eT AaTb Aan b He~wee HccneAoBaHHe 
KBa3~yn pyroro pacceRHHR C BblCOKHM pa3pewe HHeM / Ill: '" 10 MK3B/, 
Heo6xOAHMWM AnA onpeAeneH~A napaMeTpOB B pa3nH4HWX MOAenAx 
A~¢¢Y3~H npOTOHOB B ~ccneAyeMwx Kp~CT ann ax. 

3. 	 BblBOAbl 

B LlenOM npoBeAeHHwe I-1CCneAOBaHHR cneKTpOB HHPH 1-1 AH Ha no­
pOWKax CHSe n03BonR~T CAenaTb cneAY~l4l-1e BbIBOAbl: 

1. CTPYKTYPHblt:1 nepeXOA H conYTCTBY~l4ee H3Me HeHI-1e Kone6aTenb­
Horo cneKTpa peWeTKI-1 B 3TOM Kpl-1CTanne Ha4~HaeTCR npl-1 ero Ha­
rpeBaHHH B 06nacTI-1 TeMnepaTYP T ~ 360 K, 3Ha4 11TenbHO paHbwe 
cynepl-1oHHoro nepexoAa npl-1 T = 398 K/l ~ B 3TOM OTHOWeHl-11-1 CHSe 
OTnl-14aeTCA OT CHS, rAe OCHOBHwe H3MeHeHHA B CTpY KType 1-1 cneKT­
pe HHPH np0I-1CXOART B6nl-131-1 TeMnepaTYPw cynepHo HHoro nepexoAa. 

2. npl-1 oxna~AeHI-1I-1 06pa3~a, HarpeToro B~we 400 K, CTpYKT y pa 
1-1 cneKTp HHPH ero B~coKoTeMnepaTypHo~ $a3W coxpaHA~TCA B Te­
4eHHe AnHTenbHoro BpeMeHI-1. 3Ha4HTenbHO 60nbW~~ rHCTepe3~C npl-1 
cynepl-1oHHOM <1>a30BoM nepexOAe B CHSeno cpaBHeHH~ C CHS perHCT­
pl-1PyeTcR 1-1 B APyrl-1x 3Kcnep~MeHTax: AI-13neKTPH4ecKI-1x / 1/ 1-1 RM P /4/ 

3. OnI-1CaHHW~ Bwwe xapaKTep 1-13MeHeHHR cneKTpOB AH 1-1 HHPH MO~­

HO 06bHCHI-1Tb, npeAnonaraR, 4TO 4aCTI-14HOe pa 3ynopAA04eHI-1e npo­
TOHOB H conYTCTBY~l4He CTPYKTypHble 1-13MeHeHI-1R B KpHCTanne Ha­
4HHa~TCR 3aAonro AO cynep~oHHoro nepexOAa H HOCAT aKTI-1Ba~1-10H­

HW~ xapaKTep, B03MO~HO, CBA3aHHW~ C peOpl-1eHTaLl~OHHWMI-1 nepeCKO­
KaMI-1 rpynnbl Sea -H. npl-1 3TOM non Hoe pa3ynopAAo4eHHe npoTOHOB

4 " 1-1 OKOH4aTenbHaR nepeCTpOI-1Ka peWeTKI-1 npOI-1C XOAR T np~ cynepHoH­

8 

HOM 	 ¢a30BOM ne pexoAe 1-ro pOAa - np~ HarpeBaH~~ B~we 400 K 
He 	 npo~CXOA~T 3aMeTH~X ~3MeHeHK~ B cne KTpax AH ~ HHPH. 

4 . AnA oAHo3Ha4Ho~ ~HTcpnpeTa 4~~ MexaH~3Ma cynep~oHHoro 
¢a30Boro nepexoAa B CHSe Heo6xoA~MO onpeAeneH~e CTP YK TYPbl KP~C­
Tanna B HH3KO- ~ BwcoKoTeMnepaTypHo~ ¢a3e ~ nono~eH~A npo­
TOHOB B peweTKe peHTreHOBCKHMH H HeH TpOHOrpa$H4ecK~M~ MeTOAaM~ 

Bbl COKo r o pa3peweH~A . 3Ha 4~T e Jl bHbl ~ HH Tepcc npeAcTaBm~eT TaK~e 
npoBe AeHHe 3KcnepHMeH ToB no pa c ceA HH~ caeTa /KP H M5-MeTOAaMH/ 
H H3 MepeHHe ynb Tpa3aYKOBWX aHOMaJl H ~ npH ¢a3 0BOM nepexoAe. 

HaMH npeAnona r aeT cA HccneAOBa HHe Ae~Te pHpoBaHH~X nopOWKOB 

CSDSe04 H 60Jlee AeTanbHoe HccneAOBaHHe TeMnepaTYPHoro HHTep­

BaJla 290-360 K. 


ABT OPbl 6narOAapAT H. t1.LUarHHY 3a np~rOTOBJleHHe 06pa3 4a, 
C .H. 5par~H at E.5paH bKOBCKI-1, B.OneAp4I-1 K 3a nOMO~b npH npO BeAe­
HI-1 H ~3Mep eH~ i1, C. OneRp41-1K H 11. BO~HR K - 3a nOMO~b B nOA roToBKe 
PHCYHKO B. 
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