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Bse,QeHII1e 

lllccne,QOB8H111e OnTII1YeCKII1X CB0£1CTB BbJCOKOTeMnepal)'pHbiX OKCII1,[1HbiX 

csepxnpOBO,[IHII1KOB n03BOnfleT Bblfi8111Tb OCHOBHbJe KaHa.nbl OTKn111Ka MaTep111a

na Ha w111poK111£1 cneKTp na,Qa10111ero 1113nyYeHII1fl 111 TeM caMbJM np1116nii13111TbCfl K 

BbJfiCHeHII110 MexaHII13MoB B03HII1KHoseHII1fl csepxnposo,Q111MOCTII1. 0AHO 1113 oc

HOBHbJX 838111MO,Qe£1CTBII1£1 An111HHOBOnHOBOrO . 111HcppaKpacHoro 1113nyYeHII1fl C 

csepxnposo,QHII1KOM npoHBnfleTcfl s 1113MeHeHII1111 norno111eHII1fl [1] np111 :mepr111f!X 

KBaHTOB na,Qa10111ero 1113nyYeHII1~r EA<2LJ., r,Qe 2LJ.~senii1YII1Ha 3HepreTII1YecKo£1 111e

n111, OT,Qenfi!Oll.le£1 1-e so36y>KAeHiioe cocTOfiHII1e OT :ocHOBHOro. Ha nyYKe Cl1 
6bJnll1 sbmonHeHbJ pa60TbJ no. 1113MepeH1110 sermYII1HbJ. 3HepreTII1Yec~o£1 111en111. 

[2], KOTOpble ,Qan111 3Ha4eHII1fl 2MkTc::;3.2, 6nii13KII1e K TeOpll1111 EKill. 3TOT cpaKT 

O,[IH03H84HO CB111,QeTenbCTByeT 0 Kn8CCII14eCKOM (EKill) MeXaHII13Me cnapii188HII1fl 

3neKTpOHOB 8 KynepOBCKUe napbl. noMII1MO 3TOrO 88}!(H0 T8K}!(e Bblfi8111Tb cpo

HOHHbl£1 cneKTp CBepxnpOBOAflll.III1X OKCII1,[1HbiX nneHOK 111 Bnll1f!HII1e Ha Hero nOfiB

neHII1fl cso60AHbJX HOCII1Tene£1 s csepxnpoBOAflll.le£1 cpa3e. B pa6oTe Kannll133111 

111 nyn111 [3] 6bJnll1 npeACTasnei-tbJ pe3ynbTaTbJ no Ha6niO,QeHII110 nonHpOHHoro 

3cpcpeKTa np111 nepexo,Qe oT A1113neKTp1114ecKo£1 cpa3bl K. MeTannll14ecKo£1, KOTO- · 

pbl£1 nOf!BnfleTCfl 8 3KpaHI-1p088HII1111 OCHOBHbiX cpOHOHHbiX MOA CB060,QHbiMII1 

38pfi,[18MII1. 0,QH8KO ,Qpyrll1e 8BTOpbl He nO,QTBep~aiOT nO,Q06HbJe pe3ynbT8Tbl. 

[4]. 
'8 Hawe£1 pa6oTe [5] o6Hapy}!(eHo, 4TO s csepxnposo,Qflll.le£1 KepaMII1Ke 

YBa2Cu;0, 90 noRsnHIOTCfl. cna6bJe nii1HII1111 norno111eH111fl Ha 48CTOTax,cooTBeTCT

BYIOl11111X KOM6vlH8L\111111 OCHOBHbiX cpOHOHHbiX MO,Q: V1=152 CM.
1
, V2=350 CM-1

, 

vj=575 CM-1. 0,QHII1M 1113 He,QOCT8TKOB 8 111CCne,QOB8HII1111 OnTII14eCKII1X GB0£1CTB: 

BTCII nneHOK fiBnfleTCfl cpaBHII1TE:mbHO Y3KI-1£1 111CCneilye¥bl£1 ,QII1ana30H: n1116o' 

111CCne,QOBanii1Cb cpOHOHHbJe MO,[Ibl v=200+600CM-1. (6;7], n11160· 3neKTpOHH8fl 

cTpyKl)'pa 5000+30000 CM-1; HO He' 6bmo 1113MepeHo so seeM cneKJpanbHOM 

,Q111ana3oHe. · 

l_\enb ,QaHH0£1 pa60TbJ - npose,QeHII1e OnTII14eCKII1X 1113MepeHII1£1 Ha nneHKax 

YBCO s ,QII1ana3oHe 10+30000 cM-1. Oco6eHHOCTbiO o6b~KTOB 111ccne,QoBaH111£1 

f!BnfleTCfl TO, YT01nOMII1MO nneHOK Y8a2Cu30 7.6 Ha.no,QnO}!(K8X 1113 MOHOKp111CTan

na OKII1CII1 MarH111fl, 6blnll1 111Cnonb30B8\ibLnneHKII1 Y8a2Cu30 7•0 Ha KpeMHII1111 C 6y

cpepHbiM (Y.~Z),CJ10eM,Ybs:J TeXHpriorll1~ ~onyye~i-Jfl .~P~B~,[I~H8.J3,P~6()Te [8]. 
Ton111111Ha nneHoK :...2000+3000 A; nneHKa op111eHT111posai-ta no HanpasneHII110 
OCII1 Z. < , .. · .· .. . : . , ..... :. . -· . ~ :· 

, ... 

MeTO,QII1Ka 1113MepeHII1£1 
~ ' . •' I ' . . 

III3MepeHII1fl onTII14eCKII1X x~pa~~p111CTII1K BTCIT nneHoK 111 KepaMII1K npo

BO,Q111nll1cb: s ,Q111ana3oHe• 10+400cM·1
, Ha cpypbe~cneKTpOMeTpe JIA<l>C:-:1000, oc

HOBHbJe cneKTpOCKOnll14eCKII1e ·xapaKTep111CTII1KI!1: KOTOpblX · np111Be,QeHbl: 8 · pa6oTe 
; • ' I . • ' 

8&\_. n~u:;u~il.iB r.i.-:n_m -~
.• stt'!~mu ecc3el~~lilll 

6"iSnt.tOTEKA . 
~· ---...,_ 



(9]; B npoMe>KYfOYHO~ o6nacn1 400+15000 CM-
1 Ha Specord-75IR, Specord M40 l1 

MOHOXpOMaTOpe M,[{P-2. 
III3MepeHl'!H s Anl'IHHosonHOBOM 11K-Al'!ana3oHe noKa3biBaiOT cna6y10 

3aBl1Cl1MOCTb OT TeMnepaTYpbl, noaToMy 6blnl1 BbmonHeHbl npl-1 T=300 K. 1113-
MepeHl'IH B Bl'!Al'IMOM l1 6nl'!>KHeM 11K-Al'!ana30He 6blnl1 BblnOnHeHbl B TeMnepa
TYPHO~ o6nacTl1 5+300 K. 

Pe3ynbTaTbl l13MepeHl1~ l1 l'!X o6pa6oTKa 
.J 

Ha pl1c.1 npeACTasneH l13MepeHHbl~ cneKTp oTpa>KeHl-1~ . AnH 
YBa2Cu30 69o B Wl-lpOKO~ o6naCTl1 cneKTpa, nonyYeHHbl~ CWl'!BaHl'!eM pa3HbiX 
yacTe~ cneKTpa. 
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,lJ,nH IIICCneAOBaHIIIH 
OnTl'!I.JeCKl'IX xapaKTepl'!CTl'IK 
Bbl6l'!panl'! nneHKl-1 c _3ase
AQMO. opTOpoM6l'!YecKo~ 

CTPYKTYPO~. onpeAens:~eMo~ 
peHTreHOCTpyKTypHbiM aHa
nl130M, C COAep>KaHl'!eM Kl-1-
cnopOAa, 6nl13Kl1M K 6,9. 

Xopowo l13BeCTHO 
l1CnOnb30BaHl'!e COOTHOWe
Hl-1~ KpaMepca-KpoHl'!ra 
(KK) AnH aHanl13a OTpa-

. 
0 

v[cm·'l >KeHHbiX cneKTpOB npl-1 yrnax 

o.: .. , = '= '""':' 200JJ , _251XiJ . naAeHIIIH, 6niii3KIIIX K HOp-
• P1-1c.1 . CneKTp 0Tpa>Ke~=R3~d~Ml-1Kl-1 YBazCUJ06.95 npl-1 ManbHOMy [1 Q]. ~~~~. nOA06-

HbiX COOTHOWeHIIIIII MOryT 
6biTb.nonyYeHbl Ae~cTBIIITenbHaH 111 MHIIIMaH YaCTIII n 111 k pecppaKI.IIIIOHHoro no
Ka3aTenH, a TaK>Ke Ae~CTBI/ITenbHaH l1 MHIIIMaH YaCTIII £ 1 Ill £2 A1113neKTpllll.leCKO~ 

cpyHKI.\l-1111 COOTBeTCTBeHHO. 3TIII KOHCTaHTbl CBH3aHbl Me>KAY C060~ paseHCTBa-
Mill 

&1 (m) = n2 (m )- k 2 (m ), · 
&2 (m) = 2n(m )· k(;v). 

. . ',IJ,se '-iacTIII £1 111 £2 He HBnHJOTCH He3as~c111Mb1MIII. OHIII s3ai!IMocsH3aHbl 
nocpeACTBOM COOTHOWeH~~ KK: 

2 "' m'c (m') 
c(m)=1+-pi 2 dm' I 12 2 ' 

1r 0 {i) - {i) 

( ) __ 2m "'I & 1 (m') d , 
8 2 {i) - p •2 2 {i) • 

7r ·om-~m .·-
Ben111Yii1Hbl.n(w) Ill k(w) MOryT 6b1Tb Ha~AeHbl 1113 1113MepeHI/IH OTpa>Ka-· . 

TeflbHoro cneKTpa R(w) 111 Bbll.llllcneHHOMY cpa30BOMY CABI!Iry 8(w), T.e. · 

·~-- ·' . 2 

·~....:' 

to 

f 

n(m) ~ 1-R(m) - , 
1 + R(m )- 2.J R_{m')cose 

k(m) ·· 2fii[r})sinO · · ; 
1 + R(m )-2fii[r})cose 

-2k e = arctan -2 --2 ' 
n +k .-1 

-1( ~ e ~-n:/2 AnH .. n2 + II > 1 ' 

'<I < 0 ~ ~ "!' ,• ·. •" 

-n:/2~eio AnH n2+ll<,t, ___ _ ,. 
7r ~ 0 ~ 0 HeB03MO>KHO, -TaK KaK, , , . i ki 0 : 

Koacpcpl-11.\l'leHT oTpa>KeHl'!H R(w) l1 CABl'lr cpa3 8(w) Tai<>Ke s3al1M.OCBH3a-

Hbl nocpeACTBOM cooTHoweHl-1~ KK: · 

1 R( ) = _!_ "'Im'. e(m') d • 
n m P .2 . -2 m ' 

1r 0 {i) - {i) 

e( ) = _ m "'I ln R(m') d , m P 2 _m. 
1r m' -m 

' 0 

Ba>KHO OTMeTIIITb, I.JTO K03cpcp1111.\llleHT (npa>KeHit1H 06bii.JHO 1/13MepHeTCH B 

orpaHIIIYeHHO~ o6nacTIII 4acTOT (ma,mb). BHe 3TO~ o6nacTit1 Heo6xOAit1Ma aKCT

panonHL\IIIH 3KCnep111MeHTanbHbiX AaHHbiX Ha IIIHTepsanbl (O,ma) Ill (mb,oo), I.JT06bl 

MO>KHO 6bln0 Bbii.JIIICniiiTb IIIHTerpan AnH 8(W). 
B HanpasneHIIIIII BbiCOKIIIX YaCTOT (m'>mb) Mbl socnonb30san111Cb cnoco-

6oM,npeAnO>KeHHbiM E.nni!ICOM 111 CTIIIBeHCOHOM [11]: ·•· '' 

. ; . ' ; [" J(p"~4)"'!:.+4 {i) . w' 
· R(m')= R(mJ: -';- · , · 

{i). • 

rAe po onpeAenHnacb 1113 ycnosi!IH HenpepbiBHOCTIII AnH npo1113BOAHO~ np111 

m'=mb. 3Ta 3KCTpanonH1.1111H.coxpaHHeT CTPYKTYPY s6nlll3111 mb 111 cornacyeTCH c 

cpopMynciVI ,lJ,pyAenpiiiBbiCOKIIIX 3Hepr111HX. 
8 HIII3KOI.JaCTOTHOM IIIHTepsane YaCTOT (m'<mb) Mbl BOCnOnb30BaniiiCb 

3KCnOHeHI.IIIIanbHO~ cpyHKL\It1El~ ' . 
. . R(m')= R(mj.es{a>'-w.'). 

3Ta cpopMyna cornacyeTCH c cpaKTOM, YTO R(0)::=1 AnH MeTannos 111 cnaAaer 
OYeHb 6biCTpO B ManOM IIIHTepsane 3Heprl!l~. KOHCTaHTa 8 onpeAens:JeTCH 1113 
R(0)"=1. . . 

KpoMe yKa3aHHbiX BbiWe _OnTI/II.JeCKIIIX KOHCTaHT E:t, &2, n, k, MO>KHO OXa

paKTep11130BaTb o6pa31.1bl 111 APYriiiMIII onTIIIYeCKIIIMIII cpyHKL\IIIHMIII: 
~--. '~~- ';~:·J~: •. :.~Jj'.-·' ·~ 

-Kos¢¢~~~~~i norn'o~eH~H 
. 4nk 
a=-· 

. . l ' 

-cpy~K~~H: 3H,epreTi-1YecK~x noTepb 
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rAe 

<ll(m)=-Im(s(m)r =~ 2 , 

c, +&2 
-3cpcpeKn1BHOe 'H1CnO BaneHTHbiX 3neKTpOHOB Ha aTOM 

""' 
n"r(w0)=c Jw·c2(w)dw; 

0 

-3cj:>cj:>eKTI.1BHas:~ Al.13neKTp1.1YecKaSl npoH1.14aeMoCTb 

. 2 '"" c2 (w) . 
c,1 (w0 )l+- J~w. 

"0 w 
-nap41.1anbHb1e K03cj:>cp1.1l\1.1eHTbl AnSl aHanl.13a AaHHbiX MOAYnSl41.10HHO~ 
cneKTpOCKOm11.1 OTpa>KeHI.1Sl 

. r7(ln R) , [( ) . ]) a(w)=--=( 1 & 1 -1 A++c2A_ oc, 
j3(cv)=r7(lnR)=C,(c1 -l_c2 ) ' 

r7c~ - A. A_ · 

r;;~(' ')'~ J~r, ')_~.-~, 
A.' :±~L·~:·,·+:\ ±c,. _·v:,-+c~-
c,-[(t.:,-l)+c~). , 

r , ]·' ( , , )-' C~ = 2..:~l{l; 1 -1)- +.<:~ c,- +c~-

nap41.1anbHb1e K03cpcp1.1l\111eHTbl a((u) 111 jJ((u) BBeAeHbl AnSl on111caH1.1Sl cneKTpos 

3neKTpOOTpa>KeHII1Sl. 0HII1 ycTaHaBnii1BaiOT CBSl3b Me>KAy OnTII14eCK111MII1 KOHCTaH

TaMII1 MaTep1.1ana 111 cneKTpOCKOnll14eCKII1MII1 1113MepSleMbiMI.1 Benii14111HaMI.1 B 3KC

nep111MeHTaX MOAYnSll\1110HHo~ cneKTpocKonll1111 oTpa>KeHII1Sl 

!'J.RR (m) = a(m )· !1&1 + jJ((u )· !'J.E.·~, , 

rAe !'J.c(q.m )= c(q.m }- c(O.ru) , 17 - napaMeTp, xapaKTep1113YIOLll1.1~ BHewHee 

MOAYnii1PYIOL1.1ee none (3neKTp111YecKoe, MarHII1THoe, Tennosoe, MexaHI.1-
YecKoe 1.1 T.A.). -~ 

l.JaCTO 111CnOnb3YIOT np1.1 06CY>KAeHII1111 HI.13K04aCTOTHOrO OTKni.1Ka CBepx-

. npOBOAHII1Ka cj:>yHKl\11110 0'2 KOMnneKCHO~ npOBOA111MOCTII1: 

a-, =-·c, ·m 
. 4;r -

{ 

I 

o-=a-,+zo-2 ( ) • _ w· 1-c, 
0'2-

4;r 
A B cnyYae peweTOYHoro oTpa>KeHII1Sl MaKCII1MYMbl 3aBII1CI.1MOCTe~ yYI.1TbiBaiOT, 

YTo (~· 2"~rw·Im(-c-')=f'(w) 1.1 w·c2 =J"(w) 
n +k 

onpeAens:~IOT YaCTOTbl LO 1.1 TO- cj:>oHOHOB, a nonywll1pii1Hbl KPII1BbiX- napaMeT

pbl 111x 3aryxaHII1Sl. Ha p111cyHKax AaHbl Bbl4111cneHHble pe3ynbTaTbl. 

4 

-~ 
;1 

\-.' 

v 
I 

0Tpa>KaTenbHbl~ cneKTp YBa2Ca30 7, 1.13MepeHHbl~ B 1.1HTepsane sonHo

BbiX 4111cen 1 0-;.30000 CM-
1
, noKa3aH Ha p111c.1. lt1cnonb3YSl 3TOT cneKTp, nony- · 

YeHbl cneKTpanbHble 3aBII1CII1MOCTII1 AnSl £1 1.1 £2 (p111c.2 1.1 3). 
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P1.1c.2 PeanbHaSI 'laCTb.A1.13IleKTp1.1'lecKolil npoHI.11..1aeMocTI.1 £1 8 Ja81.1CI.1-

MOCTI.1 OT 'laCTOTbl. 
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Pl.1c.3 MH1.1MaSI 'laCTb AI.13IleKTp1.1'lecKoiii npoHI.11..1aeMOCTI.1 £2 8 Ja81.1CI.1MO-

. CTI.1 OT 'laCTOTbl 

3HaYeHII1e £1(w) s Al.1ana3oHe YaCTOT v> 700 CM_, s:~sns:~eTCH nono>KI.1Tenb

HO~ np111 300 K 1.1 s:~sns:~eTCSl ManbiM no MOAyniO. Ha6n10AaeTCSl pe3KI.1~ nOAbeM 

£1{W) B CTOpOHY Hyml np1.1 ysenll14eHII11!14aCTOTbl OT -310 CM~1 ; : 
B o6naCTii1 Hli13Kii1X YaCTOT Ha1116onee xapaKTepHbiM AnR Kpli1BbiX £1 111 £2 

s:~sns:~eTCSl Hanli1Yii1e oco6eHHOCTe~ y 150, 310, 575 CM-
1 
•• 3HaYeHii1Sl £1 OTPii14a

TenbHbl, OTKYAa cneAyeT; YTO 3Twoco6eHHOCTii1 Bbi3BaHbl pe3oHaHCHbiMii1 SlB
neHii1SlMii1. Kone6aHI!1Sl 150, 310, 575 CM-

1 o6ycnasni!1BaiOT o6bi4HYIO pe3o-

5 



HaHCHYIO AII1CnepC11110. Ha p111cA npeACTa8neHa 3a8111CII1MOCTb OnTII14ecKoVI npo-
80AII1MOCTII1 OT 4aCTOTbl ... 

~==~~~~============~ 400000 
o[O-'cm·'l 

400000 
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. Pl-1C.4 0nT!4l{eCKaH npOBOAl4MOCTb a B 3aBl4Cl-1MOCTl4 OT YaCTOTbl 

Mo>KHO _ o6pa6oTaTb cneKTp k(w) no CTaHAapTHO~ cpopMyile [12] AilH 
npHMoro · Me>t<3of.itioro-riomo1.J.1eHII1H c·onTII14ecKo~ t.4enbl0 Eg 

,, (E -E )' 12 

i ; YBa,Cu:.O.o•tlM'< k ...._, K :::r··r· --_<·--~-----· ---- ------ ------------------ Pe3yilbTaTbiE npeACTa8IleHbl 

' ' 5 n ~ 
~ - -- y .->,~- -- ------~-- • ~:El111~- ~CbiO e~~~~~~~ 111~o3n:c,:~~ 

-------- •1cm"'l 

Pl4c.5 3aBl4Cl4MOCTb nornolljeHl4H B Bl4Al-1MOM 
Al4ana30He OT Anl4Hbl BOnHbl 

MeAb [13]. 

8b1Ae11111Tb Kpa~ Me>K30HHOrO nomo-
1.J.1eHII15l E9""2.05 38. 

B 111Tore . 111MeHHO, Ha KpaiO 
Me>K30HHoro nomoi.J.IeHII1H ne>KII1T 
MaKCII1MYM -,.2. 1 38, OTMe4eHHbl~ 

8b1We "cTpenKo~" 8 cneKTpe. nono
ca reHeTII14eCKII1 C85l3aHa C Me>K30H
HbiM nornoi.J.IeHII1eM np111 nepeHoce 
3apHAa d9L->d10 OT KII1CI10pOAa Ha 

Cy1.11eCT808aH111e OnTII14ecKo~ 1.11e11111 c nepeHocoM JapHAa H811HeTCH 
8a>KHOV! oco6eHHOCTbiO 3HepreTII14eCKO~ · CTPYKTYPbl C8epxnpo8oAHI.J.Iero co
CTOHHII1H BTCTI. B A1113IleKTp1114ecKo~ cpa3e YBa2Cu307-0 -OnTII14ecKaH 1.11e11b 
111MeeT 3Ha4eHII1e Eg=1. 7 38, a Ha I.J.Ie11111 Ha61110AaeTC5l C111IlbHbl~ MaKCII1MYM no-
rilOI.J.IeHII15l (1.738) [14]. · . , .. -· _.· , -

CamacHO. np1118eAeHHbiM AaHHbiM, OnTII14e'CKaH I.J.Ieilb' B c8epxnp08()AH-
I.J.Ie~ cpa3e He 111C4e3aeT, a y8ei111141118aeTCH AO 2.05 38. ·. · ~ · 

6bl11111 npo8eAeHbl 1113MepeHII15l cneKTpa-nponycKaHII15l AilH o6naCTII1 AJ1111H 
8011H 0.4+0. 7 MKM 8 3a8111CII1MOCTII1 OT TeMneparypl>i. · Ha p111c:6, rlOKa3aHbi 3T~ 
pe3yilbTaTbl. B111AHO, 4TO np111 T<150 K noH811HeTCH nonoca nomoi.J.IeHII1H, aM-

6 

rn-

1 ,, 

1-T=SK 
2- T=70K 
3· T=150K 

OJS 07 0.65 Oh 055 }, ~k,.. 

ni1111TYAa. 111 nOilO>KeHII1e KOTOpOV!. 3a8111CHT OT 
· TeMneparypbL B nneHKe YBCO c TeMnepary
po~ nepexoAa T <70 K, He Ha61110AaeTcH no
A06HoVI nonocbl. To o6cTOHTeilbCT80, 4TO 1113-
MepeHHaH nonoca nornoi.J.IeHII1H npii1MbiKaeT K 
rpaHII1l..\e OnTII14eCKOVl 1.11e11111 __ M_O>KeT C8111AeTerib
CTB08aTb 0 nOH8IleHII1111 3KCII1TOHHOro COCT05l
HII15l. 

P1-1c.6 3aBl4Cl4MOCTb nponycKaHl4H 
B Bl4Al4MOM Al4ana30He npl-1 pa3-

HbiX 3HaYeHl4HX TeMnepaTyp 

Bbi80Abl 

1. npo8eAeHHble 111CCileA08aHII15l OnTII14eCKII1X C80~CTB BTCTI COCTa8a (123) 
Ha pa3HbiX nOAilO>KKax 8 C8epxnpo80AHI.J.Ie~ cpa3e AaiOT pe3ynbTaTbl, 
C08naA~101.J.1111e no qJOHOHHbiM MOAaM: v1=155 CM-

1, v2=353 CM-, · 

V3=575 CM-
1. 

2. AnH 3TII1X nneHOK Ha61110AaeTCH OnTII14ecKaH I.J.Ieilb, C8H3aHHaH c nepe-
HOCOM 3apHAa. Be111114111Ha ee COCTa8115leT L1E=2, 1 ,38; . -

3. Ha KpaiO 1.11e11111 c noHII1>KeHII1eM TeMnepaTypbL803HII1K~eT nonoca norno
I.J.IeHII1H, KOTOpaH MO>Ke~ COOTBeTCT808aTb n111KY 3KCII1TOHHOro nOr1lOI.J.Ie
HII15l. 

npii1Me4aHII1e: pa6oTa 6b1Ila noAAep>KaHa rpaHTOM PQJQJt1 NQ96-17206. 
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