


1. BBEAEHI-1E 

B pa6oTaxll,U 6~na o6Hapy~eHa MRrKaR MOAa B Kp~cTanne A~
$eH~na, CBR3aHHaR, KaK noKa3ana A~$paK~~R HeATpOHOB/~, C nepe
XOAOM a Heco~3Mep~My~ $asy. B pa6oTax/3,5/ 6~n npoBeAeH M~Kpo
cKon~4eCK~A pac4eT 4aCTOT KOne6aH~A B Kp~CTanne A~$eH~na, KO
Top~A noKa3an C~nbHY~ r~6P~A~3a~~~ TOpC~OHHOA MOA~ Kone6aH~A 
$eH~nbH~X Kone~ B MOneKyne A~$eH~na C nonepe4HOA aKyCT~4eCKOA 
MOADA KP~CTanna. 3To c~nbHoe asa~MoAeAcTB~e Mo~eT 6~Tb np~4~HoA 
CTPYKTypHoro $a3oaoro nepexoAa, o6ycnoaneHHoro MRrKoA BHYTP~Mo
neKynRpHoA TOPC~OHHOA MOAOA, nocKOnbKY npocTpaHCTBeHHaR rpynna 
Kp~cTanna P2 1/a HeC~MMop$Ha, A~Cnepc~oHH~e KP~B~e aKycT~4ecKoA 
~ TOpC~OHHO~ MOA~ nepeceKa~T rpaH~~y 30H~ 6p~nn~3Ha B Hanpaa
neH~~ [0, e,O] C KOHe4H~M HaKnOHOM, 4TO o6ycnaBn~BaeT M~H~
ManbHOe 3Ha4eH~e AnR 4aCTOT~ MRrKO~ MOAbl B T04Ke q c =/0; 0, 45; 
0/ ~ nepeXOA B HeC0~3Mep~My~ $a3y, 

B HaCTOR~eA pa60Te Ha OCHOBe MeTOAa/ 4,V npOBeAeH MOAenb-
H~~ pac4eT A~HaM~K~ peweTK~ A~$eH~na np~ CTpyKTypHOM nepeXOAe 
B npeAnOno~eH~~, 4TO TeMnepaTypHaR·3aB~C~MOCTb MRrKO~ MOAbl 
00YC1108IleHa aHrapMOH~4eCKl-1M~ I U~C.....VIUHHbiMVI "VJic;Can..-u~;",..,.,., ~""'V,ICn:J·.~-;~; 

A~$eH~na. 

2. nCEBAOrAPMOHI-14ECKAR MOAEnb CTPYKTYPHOrO nEPEXOAA 
B KPI-1CTAnnE AI-1.EHI-1nA 

noTeH~~anbHy~ 3Hepr~~ K~~CTanna C y4eTOM TOnbKO DAHO~ BHyT
p~MOneKynRpHO~ MOA~ - Kpy4eH~R ¢eH~nbHbiX KDne4 - 3an~WeM B 
B~Ae 

U ( Q "k' ) • ...1 !. v2 Q~k + ..2_ !. Q~k + 
II\ 2Pk l ll 4f'k It 

/1/ 
1 kk' -> -> 

+- !. !. It> ,U-P')Q"', Q"'k''" 
2 fkA P\ ')..' )..).. II</\ I 1\ 

rAe v~ SO - 3aTpaB04HaR HeyCT0~4~BaR 4aCTOTa TOPC~OHH~X KOne-
6aH~~; Gfk 1 - HopManbHaR KDDPA~HaTa 3T~x Kone6aH~A; 
¢kk: (f-f') - B3a~MOAeACTB~e MOA A, ).. ' B r, P' 3neMeHTap-
H~ R4e~Kax AnR k,k' MoneKyn I k,k' =1,2/, KOTopoe Mo~eT 6b1Tb 
paCC4~TaHO Ha OCHOBe aTOM-aTOMH~X B3a~MOAeACTB~A /CM,/4,V), 
KoHCTaHTa aHrapMOH~3Ma b ~ v 2 ~0 onpeAenR~T <I>DPMY DAHD4aCT~4-
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¢--1-Q' 
- t vrt 

/2/ 

rAe It - MOMeHT HHep~HH Anfl TOPCHOHHbiX KonefiaHH~. TOrAa nepeble 
ABa cnaraeMbiX B /1/ npeACTaBHM 8 BHAe 

v (¢) /3/ 
ko 2 B 4 
-¢ +-¢ 

2 4 

3ToT noTeH~Han HMeeT ABa MHHHMyMa npH ¢- ±¢o - ±v'ko I B, pa3-

AeneHHbiX 6apbepoM BbiCOTo~ Uo=--:/-. Bocnonb3yeMcR Aanee nceeAo

rapMOHH4eCKHM npH6nH~eHHeM /CM,/6/j: 

k(T) = -k0 + 3B <¢ 2 > , /4/ 

.-~.2 1 Q 2 1 
00

( dw w <'f' > • - < t > ,.. - -- g1 (w) cth- . 
It It o 2w 2T 

/5/ 

3AeCb gt(w)- nnOTHOCTb ¢0HOHHbiX COCTORHI-IA Anfl TOpCHOHHbiX KO
ne6aHHA B KpHCTanne /c Y4eTOM HX B3aHMOAeACTBHFI C APYrHMH MO
AaMH/. TaKHM o6pa30M, BBOAFI 3$$eKTHBHY~ rapMOHH4eCKY~ 4aCTOTy 

w?=-lvtl 2+3b<Q;>, /6/ 

noTeH~HanbHOA 

w2 
--..!..~ 
2 Pk 

3HeprHH /1/ Bblpa~eHHe 

171 

nocne o6bi4HoA npo~eAYPbl !1Jypbe-npeo6pa3oeaHHfl cneKTP 4aCTOT Ko
ne6aHHA KPHCTanna onpeAenfleTcR H3 ceKynflpHoro ypaeHeHHfl: 

I [ lfJ~:cQ) + w~ 8,\,\'8kk, 8 At]- wl<iV 8 AA,okk' I,. 0. /8/ 

TaKHM o6pa3oM, 3aAa4a cBOAHTCR K peweHH~ caMocornacoeaHHO~ 
CHCT€Mbl ypaBH€HHA AnR onpeAeneHHfl $OHOHHbiX AHCnepCHOHHbiX KpH
BbiX /8/, HaXO~A€HH~ C. ~X nOMO~b~ cneKTpanbHO~ nnOTHOCTH TOpCH
OHHbiX Kone6aHHA 8 KpHCTanne g 1 (w) H onpeAeneH~~ cor nacHo /5/, 
/6/ 4aCTOTbl BHYTPHMOneKynflpHbiX KOne6aHH~ w~.PeweHHe 3TOt:i CHCTeMbl 
ypaBHeHH~ MO~HO ynpOCTHTb H CBeCTH ee K MeTOAY paC4eTa, npHHFt
TOMY e pa6oTax' 4•5/, ecnH npeHe6pe4b cna6o~ TeMnepaTypHo~ 3a
BHCHMOCTb~ nnOTHOCTH COCTOFIHI-1~ gt(w) B /5/. B 3TOM npHfinH~eHI-11-1 

MOmHO Ha~TH cneKTp KOnefiaHH~ H3 ypaBHeHHfl /8/, C4HTaR, KaK 
H e /4 5/, 4aCTOTY w ~ noArOH04HbiM napaMeTpoM. TeMnepaTypHy~ 
3aBHCHMOCTb CneKTpa TOr A a MO~HO Ha~TH, Bbi41-!Cnflfl w 2 cor naCHO 
15/,/61 Anfl HeKoTopo~ xapaKTepHo~ nnoTHOCTH gt(w).~e3ynbTaTbl 
TaKoro paC4eTa noKa3biBa~T, 4TO TOPCI-IOHHafl MOAa CHnbHO B3aHMO
Ae~CTByeT C TpaHCnR~HOHHbiMH MOAaMH H cna6o CBFI3aHa C nHfipa~~OH-
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HbiMI-1 MOneKynFtpHbiMI-1 MOAaMI-1, no3TOMY AanbHe~WHe paC4eTbl HaMI-l fibtnl-1 
npoeeAeHbl 6e3 y4eTa nH6pa~HOHHbiX Kone6aHH~. Ha p1-1c. 1 noKa3aHbl 
AHCnepCHOHHble Kp!-!Bble B HanpaeneHH~ [0, (,0] B pacwHpeHHO~ 30He 
6pHJ1n~3Ha, WTp!-!XOBO~ nHHHe~ nOKa3aHO noBeAeHHe TOPCHOHHO~ MOAbl 
B cpeAHeM none KpHCTanna /~eHTpbl Tfl~eCTH MOneKyn 3aKpenneHbl 
B paBHOBeCHbiX nono~eHHFIX/; WTPHXnyHKTHpHO~ - AHCnepCHOHHble KpH
Bble TpaHCnfi~HOHHbiX MOA fie3 y4eTa B3aHMOAe~CTBHfl C TOPCHOHHO~ 
MOAO~, a cnnOWHO~ JlHHHe~ - AHCnepCHOHHble KPHBble TOPCHOHHO~ MOAbl 
H TpaHCnfi~HOHHbiX MOA C y4eTOM B3aHMOAe~CTBHfl Me~AY HHMH, B 3TOM 
paC4eTe 3aTpaB04Hafl 4aCTOTa w 1 TOPCHOHHO~ MOAbl fipanacb paBHO~ 
Hyn~, KaK He pac4eTax/4,S/, Pac4eT noKa3btBaeT, 4TO npoean Ha 
aKyCTH4eCKO~ AHCnepCHOHHO~ BeTBH B03HHKaeT H3-3a B3aHMOAe~CTB~fl 
TOpCHOHHO~ H aKyCTH4eCKO~ MOA. BnHFIHHe uJ 1 Ha BeJ1H4HHY 3TOrO npo
eana noKa3aHo Ha pHc.2. Ha HeM npHBeAeH pe3ynbTaT pac4eToe Anfl 
Tpex 3Ha4eHH~ w?5; 0: 1/w~=O; 2/ Cd~ =-/35,0 CM- 1/ 2 ; 3/w~ = 
=-/39,8 CM- 1 / 2 .QKa3aJ10Cb, 4TO HefionbWHe H3MeH€HHfl Wt Cnafio 
BnHFI~T Ha 3Ha4eHHfl 4aCTOT 8 ~eHTpe 30Hbl 6pHnn~3Ha, a npoean Ha 
aKyCTH4eCKO~ BeTBH 86J1H3H Qc=f0; 0,45; 0/ pe3KO y8enH4HBaeTCfl, 
npH w? =-/39,8 CM-l / 2 AI-1CnepcHOHHafl KPHB

2
afl 8 3TO~ T04Ke AOCTH

raeT HYJlfl H npH AaJlbHe~WeM yMeHbW€HHH &J 1 CTaH08HTCFI 4HCTO MHH
MO~. CooTeeTcTey~~aR 3TOMY 3Ha4eHH~ 4aCTOTbl TeMnepaTypa Tc,on
peAeneHHafl cornacHo /5/, /6/ AnR 3aAaHHbiX napaMeTpo8 MOAenH b 
H v? , H RBnReTCfl TeMnepaTypo~ $a3080rO nepeXOAa 8 HeCOH3M€PHMY~ 
$a3y npH ~c=/0; 0,45; 0/. HH~e 3TO~ TeMnepaTypbl 803HHKaeT He
Hyneeoe 3Ha4eH~e pa8H08ecHoro yrna pa380~0Ta ¢eHHJ1bHbiX Kone~ 
H MOAynR~HR peweTKH C 80J1H08biM 8€KTOpOM qc, o6ycn08JleHHaR KOH
AeHCa~He~ aKyCTH4ecKo~ MOAbl. B cneAY~~eM pa3Aene Mbl 6onee noA
po6Ho paCCMOTPHM 3TOT nepeXOA AI1R npOCTO~ MOAeJlH ABYX B3aHMOAe~-
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CTBY~~~X MOA, a onpeAeneH~e aHrapMOH~4eCK~X napaMeTpOB MOAen~ 
~ TeMnepaTypHOA 3aB~C~MOCT~ 4aCTOT~ MRrKoA MOA~ np~BeAeH~ B 
pa3Aene 4. 

TaK KaK oco6eHHO C~nbHO TOPC~OHHaR MOAa B3a~MOAeACTByeT C 
nonepe4HOA aKycT~4eCKOA MOAOA, TO AnR Ka4eCTBeHHOA KapT~H~ MOmHO 
paCCMOTpeTb TOnbKO TOPC~OHHY~ MOAY, ee A~Cnepc~~ B Kp~CTanne ~ 

B3a~MOAeAcTe~e c aKycT~4ecKoA MOAoA. 3an~weM AnR 3Toro noTeH~~
anbHY~ 3Hepr~~ /7/ B B~Ae 

U ( Q -+ , Q A-+ ) • .1_ ~ w 2 ( q) Q -+ Q -+ + tq q 2 q t tq t- q 
191 

1 -+ 1 ... ... 
+-~ w2(q)Q _.QA ... +-~[V(q)Q_.Q ... +V(-q)Q _.Q _.]. 

2 q A Aq -q 2 q tq A-q Aq t-q 

3AeCb CMeWaHHaR MOAa KOne6aH~A w±(q) onpeAenReTCR ~3 ypaBHeH~R 

w~(Q} • .1.[w2A(q)+w 2(Q}] ± 1
2 

v'f w2 (Q'}-w2(Q}l 2+41 V(q)i 2 • 
- 2 t A t 

/10/ 

npeAnonom~M, 4TO 4aCTOTa aKyCT~4eCKOA MOAbl He 3aB~C~T OT TeMne
paTyp~, a BCR TeMnepaTypHaR 3aB~C~MOCTb MRrKoA MOAbl w2(q) CBR-
3aHa C 3aB~C~MOCTb~ TOPC~OHHOA MOAbl /6/ OT KOppenR~~OH-HOA 
<I>YHK~~~ /5/ 

/11/ 

3AeCb cll1 ( q) onpeAenReT A~Cnepc~~ TOpC~OHHOA MOA~ /6/ B Kp~c
Tanne np~ ycnoe~~. 4TO nonomeH~R ecex MoneKyn <t>~Kc~poeaH~ e ~x 
paeHoeecHbiX nonomeH~Rx I QAq""O e /9/ I. 

TeMnepaTypa <t>a3oeoro nepexoAa Tc onpeAenReTCR ~3 ycnoe~R 

w_2 (q
0
,T

0
) = 0 ~n~ w2 (q ,T) .. IV(qdl

2
. /12/ 

tee 2(-+) 
WA qe 

CornacHo pac4eTaM /eM. p~c.1/ MOmeM AnR o~eHOK np~HRTb wA(qe) .. 
'"' 50 CM-l, w

1 
(i1e, Te) ,.50 CM-1 -20 CM-1 =30 CM-1, TOrAa 

---
v'IV(qe)l .. Jw 1 (qe)wA(qe) .,40CM-1. /13/ 

AnR onpeAeneH~R TeMnepaTypHoro noeeAeH~R MRrKoA MOA~ w_(qe,T) 
Heo6xoA~Mo pew~Tb caMocornacoeaHHY~ c~cTeMy ypaeHeH~A AnR 4acTo
T~ /10/ C y4eTOM /11/ ~ /6/ ~ <!JyHK~~~ /5/. nocneAH~~ MOmeM 
3an~caTb: 

<Q ~ > .. _1_ ~ _1 __ cth w_(q) . 
N q 2cq_ (q) 2T 

/14/ 

Y4~T~BaR, 4TO no o~eHKe /13/ 

lw~(qe)-w~(iic,Te) 12 « 4IV(qc>l 2 , 

4 

) 

] 

MOmHO npeHe6pe4b TeMnepaTypHOA 3aB~C~MOCTb~ W (q) B nOAKOpeHHOM 
t 

B~pameH~~ /10/ ~ np~HRTb, 4TO 

w 2 (if ,T) .. 21 [w2A ((i ) + w2t (q ,T)] -- e e e 

.1. [w2(q ,T)-w2(q ,T )] .. ..ah..[<Q2 > -<Q2 >T ]. 
2 te tee 2 tT t e 

1 w-+ 
w2 (T) .1E.. - ~ ( - 1- cth ...!!.!:... - - 1 -

- 2 N q 2w qt 2T 2w-q1 

~ 2 T 
,. 20 2 ( T- Te ) "" wo ( T - 1). 

0 e 

w-+ 
cth --i!.. ) .. 

2Te 
/16/ 

2 3bTe 
3AeCb w

0 
= 202 - xapaKTepHaR HeyCTOA4~BaR 4aCTOTa B rapMOH~4eCKOM 

6 0 " ... 
np~ n~meH~~ AnR CMeWaHHO~ MOAbl w_ (qe ). 

np~ T<Te peweTKa CTaHOB~TCR HeycTOA4~BOA OTHOC~TenbHO CBR-
3aHHOA MOA~ KOne6aH~A w (q ),4TO np~BOA~T K noRBneH~~ CTaT~4ec

- e 
K~X ~CKameH~A peweTK~ 

<QA-:t? = [ V(qe) fw2A(q )] <Q-+ > ,l 0, 
'I c tqe 

KOTOpble MOmHO onpeAen~Tb ~3 ycnoe~A M~H~MyMa CB060AHOA 3Hepr~~ 
Kp~cTanna C y4eTOM aHrapMOH~4eCK~X 4neHOB B MOAen~ /1/. Q6cym
AeH~e 3Toro eonpoca, a TaKme aHan~3 ycnoe~A paeHoeec~R peweTK~ 
no OTHOWeH~~ K nORBneH~~ AOnonH~TenbHOA MOAynR~~~ BAOnb OC~ a 
Kp~cTanna/V, Tpe6yeT OTAenbHOrO paCCMOTpeH~R. 

4. OUEHKA nAPAMETPOB MOAEnH 

napaMeTp~ MOAen~ MOmHo onpeAen~Tb, conocTaenRR pacc4~TaHH~e 
een~4~H~ c AaHH~M~ 3Kcnep~MeHTa I 2/ no 3ae~c~MOCT~ MRrKoA MOAbl 
w_(q

0
) oT TeMnepaTypbl. CornacHo 3Kcnep~MeHTanbHbiM AaHHbiM/2/ 

2 2 ( T w_ ~T) .. w
0 

T - 1), 
c 

/17/ 

rAe Te .. 40 
0TC~Aa 

K .. 3,5 MaS ~ np~ T =100 K, w_=0,3.10 12 r~=1,25 MaB. 

w 2 = w 2 I 1,5 .. 1 M38 2• 
0 -

/18/ 

H3 /15/ nony4aeM 
w.:. (q,T)= ~b(<Q2t >T- <Qt >Te)"' 3~ <Q~ >Tel ~e -1!. /19/ 

/20/ 
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noeeAeHHe <Q(> 6~n0 paCC4HTaHO no MOAenH aToM-aTOMH~X B3aHMO
AeHCTBHH C y4eTOM BCeX BHeWHHX H ABYX HH3Kone~a~HX BHyTpeHHHX 
MOA cornacHo /5/: 

Z Wm IIXl 

< Q 1 > = f -- cth ~ g1 ( w) dw 
0 2w 2T 

/21/ 

rAe g
1
(w) - nnOTHOCTb COCTORHHH AnR CMeWaHHOH TOPCHOHHOH MOA~· 

PeaynbTaT pac4eToB noKa3aH Ha pHc.3. Hcnonb3YR /21/, H3 /20/ 
HaXOAHM 

w2 
b- .1_ O • 4,88 M38 3• /22/ 

3 <Q~ >Tc 
Tenepb onpeAenHM napaMeTp v~ <0 - aaTpaeo4HYIO 4aCTOTY MoneKynRp
HoA TOPCHOHHOH MOA~: 

I v 2 I = -w 2+ 3b <Q 2 > . 
I t I 

npH T -Tc,KaK cneAYeT H3 pac4eTOB, 

=39,8 CM-l =4,93 M38, 

3b <Q~ > T c• 2 M38 2• 

CneAoBaTeJlbHo, 

/23/ 

/24/ 

125/ 

/26/ 

no.nVI..IeHHtJIP nt=~Dr:iMPTnhl nn-:::tRnnRtnT nnnPnPnuTa.. RlAn nC'ITPLJIIU.::an!:l nna 

TOPCHOHH~~ KOJle6aHHH /3/: 

¢ 2 .. ~ .. 0,13 paA 2 ; rb 00 5° /27/ 0 bi, . 0 - • • 

,, 4 

u0 ~ 4~ "' 35,5 M38. /28/ 

O~eHHM aMnllHTYAY cpeAHeKBaApaTH4HbiX $11YKTya~HA yrna pa3aopo
Ta $eHH1lbH~x Kone~ <rb 2> A11R 3Toro noTeH~Hana. CornacHo /5/ 
MO~eM aanHcaTb 

< ¢2 > = _1_ < Q 2 > .., _1:_ f ~ g ( <u) 2 T 
I t t I t o <u t I t n if 

rAe M~ npeAnono~HllH, 4TO T >~n 0 - xapaKTepHoA 4aCTOT~ 
H~X KOJle6aHHH. noACTaBJlRR CIOAa T =1 00 K=1. 4 ·1 o-14 3Pr. 
=2,9·10-38 r CM 2 , no =1,32·10 12 ~~. HaXOAHM 

.. 30 ov T(k) . 
100 

/29/ 

/30/ 

0TMeTHM 3AeCb, 4TO aMnllHTYAa cpeAHeKBaApaTH4H~X $11YKTya~HH /30/ 
B~4HCJleHa AllR TOpCHOHH~X KOJlefiaHHH MOJleKyJl~ B KpHCTaJlJle, TO 
ecTb c y4eTOM cpeAHero nonR a KpHcTanne, C03AaBaeMoro APYrHMH 
MOJleKyJlaMH, H no3TOMY npRMOe COnOcTaBJleHHe 3TOH aMnllHTYA~ C na-

6 

! 

·~ 

N 

~ . 
II 

N 
a 

4 

v 3 

2 

20 40 60 80 100 120 TIKI 

Puc.3 

/T r11,/ 2 

w2 o.18 

0,16 

0,14 

0,12 

0.10 

0.08 

0.06 

0.04 

0.02 

0 

• . " 
50 100 

Puc.4 

A 

• 

150 200 
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paMeTpaMH noTeH~HaJla /27/, /28/, B~4HCJleHH~MH COrllaCHO MOAeJlH 
/1/, /3/ A11R H3011HPOBaHHOH MOJleKyJlbl, He HMeeT $H3H4eCKOrO 
CM~cna. Y4eT 3Toro cpeAHero nonR, KaK, HanpHMep, a MOAellH /9/ 
C nOM~biO 3$$eKTHBHOrO B3aHMOAeHCTBHR ~~ (q)- /11/, npHBeAeT K 
3Ha4HTe1lbHO 6onee MellKOMY noTeH~Hany c ABYMR RMaMH. KaK noKa-
3biBaiOT 3KCnepHMeHTa1lbHble O~eHKH /CM,, HanpHMep ,. /7/ /, paCCTOR
HHe Me~AY MHHHMyMaMH A11R 3TOro 3$$eKTHBHOrO noTeH~HaJla 2~o ~ 
"' 20° + 25°, TaK 4TO BblnOJlHReTCR YCJlOBHe < ¢2 > > 2¢o BO acei1 o6-
JlaCTH T_?Tc• 

B pac4eTax, npoae,qeHHbiX a pa3Aene 2, Y4HTbtaanocb B3aHMOAei1-
CTBHe TOPCHOHHOH MOAbl u)t/6/ CO BCeMH BHeWHHMH MOAaMH KpHCTallJla, 
no3TOMY COnOCTaBJleHHe nolly4eHHO~ TaM TeMnepaTypHOH 3aBHCHMOCTH 
MRrKOH MOA~ - npoaana Ha AHCnepcHOHHOH KPHBOH B T04Ke qc /eM, 
PHC. 1 I c y4eToM $opMyll /5/, /6/ npHBOAHT K HeCKOJlbKO HHbiM, 
4eM B paCCMOTpeHHOH B~We MOAellH, napaMeTpaM: 

/31/ 

b =2, 78 M38 3 , /32/ 

4> 0 - a! o, u0 .. 58,4 M38. /33/ 

TeMnepaTypHaR aaBHCHMOCTb 4acTOT~ MRrKoA MOA~ noKa3aHa Ha pHc.4: 
CnJlOWHOH JlHHHei1 - 4aCTOTa w:_(qc,T) B MOAeJlH ABYX B3aHMOAei1CTByiO
~HX MOA; 4acToTa, pacc4HTaHHaR cor nacHo paaAeny 2 c y4eToM /6/, 
/21 I,- TpeyrOllbHHKaMH; peayJlbTaT~ 3KcnepHMeHTa/2/ noKaaaHbl 
4epH~MH KBaApaTHKaMH, 
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5. 0EiCYlKAEHI1E 

KaK 6biilO noKa3aHo e pac4eTax I 4·5~ e Kp~t~cTanne A~t~<!>eH~t~Ila Ha6Illo
AaeTCR CltiilbHOe B3ai-1MOAeACTBitle TOPCitiOHHOA MOA~ KOile6aH~t~A MOile
KYil~ 1.1 nonepe4H~x aKyCT~t~4eCK~t~X <!>oHoHoe. Ha ocHoee 3Toro pe3ynb
TaTa B HaCTOR~eA pa6oTe HaM YAailOCb C<!>OPMYilltiPOBaTb npoCTY~ MO
Aeilb /1/ CTPYKTypHoro <!>a3oeoro nepexoAa e Heco~t~3Mep~t~My~ <!>a3y 
s6Il~t~31-1 T04KH B /0; 0,45; 0/ 30H~ ~p1.1Ili1~3Ha, B KOTOpOA npeA
nonaraeTCR, 4TO aHrapMOH1.14eCK1.1MI-1 RBilR~TCR IlltiWb TOpCitiOHH~e 

KOile6aH~t~R MOileKyil~ B 3$$eKT1.1BHOM noTeH~~t~aile /3/ C ABYMR MltiHitiMy
MaMH, a OCTailbH~e KOile6aH~t~R peweTKH RBilR~TCR rapMOHI-14eCK1.1MI-1 
1.1 MoryT 6b1Tb on~;~caHbl C nOMO~b~ CTaHAaPTHOrO MeTOAa aToM-aTOMHbiX 
CltiilOBbiX B3a~t~MOAeACTBI-1A I 4•51. 3Ta MOAeilb COAeP>KitiT IlltiWb 2 noAro
H04H~X napaMeTpa, xapaKTep~t~3y~~HX aHrapMOHH4eCK~t~A noTeH~Itlail 

/3/, KOTOp~e nerKO onpeAeilR~TCR 1.13 1.13BeCTH~X 3KCnep~t~MeHTailbH~X 

AaHH~X AilR TeMnepaTypHOA 3aBI-1CHMOCTI-1 4aCTOT~ MRrKoA MOA~ /CM, 
pa3Aeil 4/. 

3Ha4~t~TeilbH~A HHTepeC npeACTaBilReT HCCileAOBaHHe Ha OCHOBe pa3-
BI-1TOA MOAeilH HeCOI-13Mepi-1MOA <!>a3bl B KPHCTailile np~;~ T <Tc 1-1 B~RCHe

Hitle B03MO>KHOCTH onHCaHHA C ee noMO~b~ He TOilbKO MOAYilR~ItiH BAOilb 
OCH b C BOilHOBbiM BeKTOPOM Qc, HO 1.1 Ha6Il~AaeMOA B 3Kcnep~t~MeHTe 
MOAYilR~HH BAOilb OCH a, KOTopaR 1.1C4e3aeT np~t~ 6onee HI-13KHX TeMnepa
Typax. 3TI-1 ltiCCileAOBaH~t~R Tpe6y~T npoBeAeHHR 6onee CilO>KH~X 4HCileH
H~X pac4eTos, KoTop~e npeAnonaraeTcA nposecTH s AailbHeAweM. 
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