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B HeAa B H~ X 3KCnep~MeH Ta x /1 - 9 / 6~n 06Hapy* eH H OB~ ~ Kn aC C TBep
A~ X 3n eKTpOn~T OB - npOTOHH~X c y ne p~o H H~X n poBOA H ~ KOB C 6n~ S K~M ~ 

TeMnepaTy paM ~ ¢ aSOB OrO nepexoAa Te : 414 K(CsHS0 4 ) , 4 12 K 
(CSDS0 4 ). 398 K (Cs HSe0 4 ) . 4 17 K (NH 4BSe o 

4
) • 44 6 K (RbHSe0 4) . 

¢'aS OB bI A nepe xoa nepaoro poria c onooeoxa a e r c n B H~ X CKa4 KOM npo 
B OA~MO CT~ Ha 3-4 nopAAKa , KOTopaA B cyne p~OH HOI1 ~ase AOCT ~ra eT 

ISH a4 eH~A _. 10- 2 0M- . CM-I, I1sMepeH~e TennoeMKOCT~ B CSBS0 
4 

/ Kpa TKo - CBS / 0 6Hapy lt<~BaeT fiorisurye a ur pori -no nepe xona : i\S IR '" 
1, 32 / 4 / '" , -rr o YKaS bIBaeT Ha SHa4~Tenb l~ oe paayrto pano ueuae peure r x« 

np~ cynep~oH HOM nepe xoAe . MeToAOM ~ MP 6 ~no Hen o cpeA CTBeHHO no
Kasa HO, 4TO B~COKaA ~ O H H a R npOB OA~MOCTb B cyn ep~oHH o A ¢ase 
RbHS e 0 4 , NH4HSO / 31 ~ CBS, CsH Se0 /xpa r i«; - CHS e 1 / 5 / ofi y o 

4 
n OBne Ha A~¢¢ys~ e ~ npOTOHOB C K03¢¢ ~ij~ eHTOM A ~ ~¢ Y S~ ~ D • 
• 10 - 7 CM2 c-1 B CBS ~ CHSc . 

/ 6 •7 /I1 ccneAoBaH~A MeTOAOM pacc eAH~R He ~TpoHoB B 06Hapy lt<~n~. 
4TO c yne p ~ oH H ~~ ¢ asoBwA nepe xOA B CHS ~ e ro A eAT ep~ poBa HHoM a Ha 
nor e Cs H O. 3 DO,7S 0 4 IKPaTKo - C D~ 1 conpoaoxna e r c a CTpy KTy pHblM 
nepe XOAOM ~ s MOH oKn~HHoA ¢asbl B ¢a s y C fio nee BbICOKOA, noC 2h 
B~A~MOMY. T e Tpar oHanbHo~ c ~ M Me T p ~e A. Heynpyroe pa cc eAH~ eD4h 

/ 6 He ATpOHOB 8 / nOKasw8a eT TaKlt<2. 4 TO np~ c yne p ~o HHOM nepe XOAe 
np o~ C X OA~T ~ SH a4~T enbHaA nepe CTpOI1Ka ¢ OHOH Horo c ne KTpa, OCO 
6e HHO To A er o 4 a c T ~ . KOTopaR C8 Rs a H2 C A~HaM~K oA npOTOHOB . On

CDS/ 81 T ~ 4eCK He ~ SMe pe H ~ A AnA Kp~cTannOB ~ CBSe /9 / n p~ B OA A T K B~
80AY 0 TOM, 4 TO C TP YKTypH~ e n epe xoAw np ~ Tc A8nAIOT CR c erHeTO
3naCT ~ 4eCK~M~ C ~ h .D 4t C Gon bwo~ B en~4~ H0 I1 c no HTa HHo A Ae~opMa 

- 2 I 
4~ 1-1 - l O B MO H O Kn ~ H H m1 o a a e - C ~h ' 

B 4enOM np l-1B eAe H H~e 3 K c ne p~ Me HT anbH~e AaHH~ e n OKaS~BaIO T, 

4TO c y nepHOH HWI1 ¢a 30 B ~A nepe xoA 8 3T ~X K p~CTa nna x o6ycnoBneH 
pasynopAA04 e H ~ eM npOT OHOB B pew eTKe Bwwe T • KOTopO e ~ np ~BoA~Te 
K CTpy KTYPHOMy ne pe xo AY - c erH eT03na CT~4 e C KOMY AnA K p~C T annO B 

CIIS . CIiSe . 
B H a CTO A ~e~ pa60Te npeAnO lt<e Ha T eop~R c er H eT03na CT ~4eCKoro 

¢a30Bor o n c pe xo Aa 8 Kp~CTann a x T~na CHS . 8 03 H~K a lO~e ro sa C4eT 
pas yn o pR A04eH~A npOTOHOB 8 peweTKe np~ cyne p ~ oH HOM $aSOBOM n e
pexoAe . nOcneAH ~ i:1 on ~ C W B a e T C A Ha OC HOBe Teo pe T ~ 4ec KoA MOAe 
n ~ / IO ~ B KOT OPOA Y4 ~ T wB a IO T c A KynoH oB cK~ e Kopp enA4~oHH~e 3~~e K 

T ~ np ~ 06 pa SOB aH ~M 3apAlt<eHH~ X Ae$eKToB . MOAe n b c yne p~oH H o ro 

ce r- H e T 03na C T ~ 4eC Kor o nepe x oAa B CHS n p ~ Y4eT e TonbKO KOpOTKO
Ae AcTBYIOIl\MX KOp pen A l.l~ A n pOTOHOB HCl BOAOPOAH blX CBA3AX 6blna pac 
c Mo Tp eHa OAH~ M ~3 a BTo pOB B/ I I I 

If 
1 



----

1. MOAEnb ~A30BOrO nE PEXOAA 

PaCCMOTpMM AnH onpeAe neHHOCTH KpHCTa n n CHS M ero Ae~ Te pM po 

B a H H ~A a Hanor CDS . B K OT OP ~X np H Te MnepaType c yne pMoHHoro ne 
pexona T o:: npOl-1C XOA I1T c e r a e r o ana crauecxafi ne pex on C 2h • 0 411 , 

Co r n a c Ho / 6 ,71, B MOHO Km lHHOCi oaae o6 a xpac ran na on a cueesrrc a n pOC1 
paHCTBeHHOH r py nnoH C2~ ' MMelOT 3neMe HTa pHy lO H4e Ci KY C napaMe Tpa
MM: am = 7 , 302A , b = 8 , 092A, c = 7 ,668/\ H (-j = 98 , 5 ° I AIl Hm m 
YA0 6c TBa M~ Bbl6 pa m l Z '" 4, nonox a s c = 2c ~ . r ne c ~l na pa MeT p , on pe m
AeneHH~ i1 B 6.71 I . nf, M KOM HaT Hoi1 r eurtepa r ype KpHCTa n n CDS co 
x pa u a e r 3TY H4ei1KY/ I, a CHS n ep e X O~I-lT S MOHOKnl-l HHY IO oeuie r xy 
C ToA lIle npocT paHcTB eHHo H r pynno~ ' HO C APy r MMI-l na pa MeTpa C2h 
MM I-l APyr l-lM pa cnoIlo llleH~eM MOHOB I CM. / 12//. napaMeT p ~ 3neMe HTa p
HoA fl4eAKM I-l npOCTpaH cTBe HHylO r pynny B T eTpar O HaIlbH O ~ $ a a e D~ 

npM T > T c B 3 TMX KpMC Ta nnax on penenur s He YAa nOCb SBI-l AY nn ac rw
4eCK MX CBO ~C TB KpMC TaIlIlOB , KOTo p~e Ha6nlOAalOTCH M An H APy rl-lx 
KpMCTa n nOB 3TOA r pyn n u ( Ha n pv.Me p , B CHSe lll / ) . 

MOHOKnMHHYIO $ a a y C 2h Kp l-l CTa IlIlOB CBS M CDS YA06 Ho np eri c r a 
BMTb KaK~nceB8ooPTOPoM6 w4 eC K YIO pe we TKy C na pa Me TpaMI-l :D2h ao = em' bo = bill' Co = am' To r Aa c Tpy KTYPHo e n pe a pa uieaae D4h ~ C2h 
~\OlllHO onncar s KaK c06CTB e H tlbl~ ce r HeT0 3na c n1 4e c K ~I i1 nep e xori no 
OAHO~ 1-l3 AByX c xe M: 

D4h (B 19 ) D2h - - lB21; ) - C2 11 ' 11 

D 4h lBI g + Eg > - C2h · /2 1 

rAe B c K06 Ka x YKa3aHbl Te Henpl-lBOAI-lMble n pe Ac Ta BIle HMfl , no KOTO
PblM npeo6pa3yeTcfl napa MeTp nopH AKa - cnOHTa HHble Ae$ opMa ~ l-ll-l : 

«(xx - ' y y)'" BIg ' (' Xl:' ' vz) -, E g B 0 411 11 ( xz ... B 2g B D 2b • 3 Kc ne
pMMeHTan bHO, nO -SI-lA M~OMY , Ha6nlOAa e TCfl c xe Ma 127 C OA Hos pe Me H
HblM nOflBneH l-leM ASyX Ae¢o pMa ~ l-li1 B $ a 3e C 2h : 

b - c
1 m m --2e O - ( , -, ) ::: 2,7 · 10 

I 2 yy xx 1> + C m II I 

1 /3 1 
e O ( = - tg 85 <> - 7 5 - 2xz 2 • - . ' 10 .5 

KO CBeHHblM nOATs e plllACHI1CM c xe MbI nc e an o c c tic rue naoro ce r -a e r o anac r u 
4eCKo r o nepeXOAa , BblaBa HHo r o pa a y no pHAo 4e HMe M npOTOHOB B pe weT 
Ke, aanae r ca Mano e MaM e HeHMe 06be Ma n pM nepexone : t.. v/ v "" 8 . 10'-4 . 

• o6 Ha pyllleHHo e s / 13/ npM M3Me pc HMM 3a BMCMMOCTI-l T B CUS QT Aa B
c 

Ile HMR. 
Bon o pon uue CBft3 1-l 0 - II . .. 0 B KpMCTa lllle CHS o 6 pa 3YlOT OAHOMep 

HYIO ~en 04K Y BAon t. OCI1 i;m . ApyraR B03MOrKH a fl ue rio-rxa BOAOPOAHblX 
c BHaei1 BAOll b OC M em OKa 3blBa e TCR HC3 a non He HH O~ IB OTIlM 4MC OT 
M30Mop$ Ho r o e M1 no CTpy KTy pC n p~ KOMHaTHOCi TeMnepa Ty pe KpMCTa nna 
Cs H z P04 - CM. 12/1 . nOA06 HbiC OAHOMe pHblC ~en 04K M BOgOpO.Q HblX can

2 

Lx
 

PHC. I. npOeKI..\IlH CHCTCMbl BOAOPOA

IIblX cBH3efl na nn OCKOCTb x y .
 

0 
ae~ MMelO TCR M B gpyrl-lx Kpl-l CTan

- 0 
2 

n a x C n poToHHO~ cyne pMoH Ho~ n po 
BOA ~MOC T b lO , 4TO cy~ecTs eHHO OT
n~4a e T ~x OT pOACTBeH H~X Kp~CTan

0 - nOB C H a Cbil'~ eHHbIM ~ BOAOPOAHblMI-l 
CB R3 fl M ~ r pynnu KDP . Y411TbiB a fl 3TO 

-0 
6 

g Sy Kpa n we npea suneua e 4Mcna B03
MOlllH~ X SOAOPOAHblX CBfl 3 e~ no OT
How eH~~ K 4 MCllY n pOTOHOB, ¢a aOB~~ 

ne pCXOA S cyne p ~oHH OC COCTOflHMe 
6YAeM on ~ C WBaTb KaK ne pexoA no

PflAOK - fie c rto pa nox Ha c e rr ce Bo gOPOAHblX CB fl 3e ~ . AOCTa T04HO 60nb
wa R 3He pr Mfl a KT ~Ba~H~ B npO TOHH~X c ync pMoHHWX npOBOAHI1 Ka x : Ea = 

B/ I - 31O,3-r ' 0 , l 3 C 3Hepn 1Cl1- v = I ,npM c pa BHeHI111 BOAOPOL\H OM C B A 3 ~ , 

nOKa 3bl s a e T , 4TO B c ynepMoH Ho~ $a3C n pOTO H~ T aK~e OCTa lOTCfl Ha 
BOAO pOAH~X C B A3~X . 

CXCMa TM4CCKH npOCK ~MR BOAOPOAH~X C BR3e ~ Ha nnO CKOCTb xy 
B T eT pa roHa Il bHo~ ea se D4h n oxaa a a a Ha p11C . 1 . KBaApa nlKM H30 
6pa llla lOT r pynnu SO 4' 4cpHbie T04KM - a anoru- e auue B HM3 KOTe Mne pa 
T YP HO ~ $ a 3e C2h n o no~eHMfl n pOTOH OB Ha OAHOMCpHOi1 lIe n0 4Ke CBfl
ae~ anon s OCI1 YII I;: ~ I:;~ I • a c a e r nue KPYlll KH - c B06 0AHbie "Me~AO 
ya IlM fl" Ha uen o-uc e C BA 3 e ~ BAOIl b OC ~ XII a't "" c'm : Bb,l:ue 1'c B r e r pa
r OHa flbHOI1 o a a e oGa nma Y3n OB - BAOIlb Ocef1 ,I [ M h , 3 KBMBalleHT
Hbl H 3a HRTW C paBHoA Be pOflTHOCTblO. BBOAfl 41-l CllO 3 an onHCH ~ fl y3
IlOB n l<l ( (~ )-- l, O B i - A 3ne Me HTa pHoi1 R4e i1Ke an o n s o c » ,v(x) , KOr Aa 
u '" 1 ,3 , 5 , 7 I f~ = 2,11,6 ,81 I CM . pMc . l / , M COOTB CTC T B YIO~ L1 e 11M 
CpcAHI1e 3Ha llCHMR 11 \, ~ , ' II I I! , ' . II x = -:'U1/P , na pa xe rp nopnAKa (J 

n p L1 !lJa 30 Bo M nepeXOAe TMna nopRnOK - Gcc no pRAOK onpe Ae n MM B BH
AC: 

(1 3 1 " c tlII - II - - - '. lQ - n i /-j '" 141
Y x 

4N l ,U· f~ 

rA e j = 1".. N. N - non Hoe 4 Mc no 3neMe H Ta pH ~X fl4e CK B KpM
CTa n ne InpL1 Z = 4/ . He TPYAHo n pOBe pHTb, 4TO na pa Me Tp no pRAKa 

41 n pe ou pa 3ycTc fl B ¢ a3e no Hc npMBoAMMOMy npeACTaBIlCHHIOD4h 
R I . Ka K M Ae¢opMa ~ ~R e 1 = I), (t - I ) , 4TO M ofiecneuaaae r MX 

g Y V xx 
n MH e~H Y~ CBfl3 b npH cyn epMo HHd~ ¢ a 30 BOM nepe XOAe . 

Y4MT biBa A np~BeAe H Hbl ~ auuie CMM I~e T pH~ HbHl <1H allM3, paanoxeuae 
CB060AH0i1 3Hep r l1H no AP¢OpMa ~L1 fl Mt on ~C ~ BalO~MM cerHeT0311aCTM 
4CCKHf1 ne pe xOA, 3an HWCM B BMAe: 

F - F(o ) ~ I F 7 F' ( 0 ) ! -1 C c ~ 
F,'n " 3 ::! I I 

151 
~ 2 1 2 2

t...l. C E (C 4 i eft) - .\ e 10 - -(,w 1 lie ) (e e )
 
2
 2 1 r, 4 ' 
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rAe F'(o ) - c B06 0 AHaR 3He prHA n po TOHHOH n on c acr eau , C1 = 2tC1r Cl ")' 
C E = 4C44 = 4C55 - K03 CPCPH ~ H e HT bI lKe CTKOCTI1 xpac r ann a B cp a 3e D~ . 
Il apaaer pu ">0, n > 0 onpe ne n aor B3a HMoAe Hc TBHc AecpopMa ll HH C ria 
paMeTpoM n o pAAKa , ~ > 0 - HX CBA3b APy r C APy roM. HHBa p Ha HTbI 
fionee aa cox or o , 4 -ro nooan xa no Ac CPOPMal.l HI1 AIlA Kpa TKOCTl1 B /5 / 
He Bbln Hc aHbl . 

2 . CEr HET03n ACTH4 ECKHA n E P EXO~ 

Pa CCMOTpHM y c n oBHA , Hc0 6 x oAHMwe AIlA peaIlH3alll111 CPa 30BWX nc 
pe XOAOB /1/, /2 / B Aa HHoH MOAeIlI1. MHHI1MH3 HPYA cB 06oAHYlO 3 He p 
r HIO / 5/ OTHOCHTeIlbHO paBHOBeCHbiX Ae cpopMa llHH, HaxOAHM CI1CTeMY 
y p aBHe HHH: 

1 2 oM = 0 C e = (..0 + 2" (3( e;, .. e ;j ) , /6/1 1rle t 

(IF 
., 0 IC ± ( UfT +- {{e )1 e = 0, /7/

E 4(51
rle 4 t b} 

r Ae 3Ha K nIlIOC /MI1HYC/ B /7/ OTHOCI1TCA K P4~5 

n pennoriara s , 4TO cyncpl10HHblH cpa30Bbll1 nepexoa 1-ro POAa n pOI1C
XOAI1T npl1 Te MncpaType T e co CKa 4KOM napaMeTpa nopAAKa: 0 « 1 
npl1 T < Tc 11 o '" 1 n p l1 T > Tc ' HaXOAI1M 113 YCIlO BI1A paBHOBe01A /6/ , 
4TO Ae cpopMalll1A TaKlKe B03HHKaeT CKa4KOM B HI13KoTeMnepaTypHoHe 1 
o a se , T < T c'. H3 ABy X B03MOIKHblX KOMnOHeHT cABHrOBoH Ae¢!opMalll111 
(~. e B0 3MOIKHO nOABIleHl1e IlI1Wb OAHOH 113 HI1X npl1 AOCTilT04HO5)
Manoi:; aenl1411He K03<!J¢1111~1eH Ta CABl1rOBOI1 l!(eCT KOCH1, C E < a : n pl1 (1 ;·0 
(0 < 0) I1MeeM e 1 > O(e t < 0) 11, COOTBeTCT BeHHO. e;, f. 0 , e

4 
= 0 

(en = 0, e4 -I 0) . AnA onpen eneuaa oaauoeecuax 3Ha4e HHi:; e 5 ;. 0 
!l1nH e4 " 0 / He06xOAI1MO AOn On HI1Tb pa3IlOIKeHHe /5/ 4IleH<lMI1 4-ro 
no pAAKa n o Ae(\lo pMa ll I1AM. CIleAoBaTc n bHo, npeAnOlKeHHaA MOAenb AO
n y cK ae T pe aIlH3allHIO cerHe T03IlaCTI14eCKOro (\la30Boro nepexOAa no 
c xe-se /2/ npn cynepl1oHHOM nepexone I -ro pona np« ycnoBI1H C E < u , 

PeaIl l13a l.lHR c x exu / I / n o c n en c ea rensuux nepexono a 'rpefiyer n pl1
Bne4e HI1A AOnOIl HI1TCIlbHOr o / B AaHHoH MOAenl1/ MeXaHI13Ma nepexOAa 

D 2h ~ C 2h' 
Pa CCMOTp l1M Te Mne paTypHylO 3aBI1 CI1MOCTb K03(\l(\l1111I1eHTa lKeCTKOCTH 

C 1(1' ) c Bo 6 o AHo r o / n p l1 (\l11 1<C l1pOBa HHOM Ha n pA lKe Hl111 X .~ (rJ F/eJe 1) 
Kp l1CTan n a . Co r na CHO onpeAeIlCHI1IO, H<lXOAI1M: 

X (1') 
C 1 (1' ) = ( (~X 1 ) (ax I) I (~ ) ( i!!!-) I = C _0_ /8/riel h ac " rih e 1 ah ·X I 1 X(T)

t 

rAe h - aueunree none , conpaxeaaoe napaaerpy nopanxa : X 0 (1') = 
= «(Ja /ah)e 11 X(T) = tan/all )x - aOCnpHI1M4HBOCTI1 " 3alKa To r o " 

- 1 1
(e 1 ~ conS l ) 11 cB060A Horo Kpl1CTaIlna . nOIlaraA B napa3naCTl14eCKO~ 

4 

(\la3 e : 

o - l - 1 
X o (T ) = l a(T - T n ) 1 • X (T I = [a lT - T )] ,o 9 

'1,0
Ae I) 11 '( ' f) - " TeMn e pa Ty pa KIOP I1 " aaxa r oro 11 caofionnor -o K P~

CTil IlJl il COOTserC TBCHHO, Ha x oAHM TeMncpaTy pHylO 3 a BHCHMOCTb n p H 
'1' ,; To : 

1 C l f'I' ) T- To a 
- - - ~ (1' - T )  / 10/Cl 
1'_ '1'0 0>,' 

o 

r ne }' = ,\ :! IC t == X ~ 1(1' ) _. X- b')o n cenen s e r pa 3 HOCTb TeMnepa Ty p : To '" o 0 
== 1'0 + >,/a > To · Co r Ilac Ho / 10/. npa l' .1'0 n pa cer HeT03 JlaCT~4e C K OM 

nepe x o Ae AonlKHa H a6 Il ~AaT bcR MRrKaR none pe4 Ha A aKYCTI14e CKa A MO
Aa, pac n pOCTpaHAIOUlaACA B nIlOCKOCTH xy C aOIl HOBblM Be KTopOM k == e 
= / 1, 1 , 0/ ~ n OnApl13a ll He l:1 ee = (1Iy'2). / -l, l , 0/. n p l1 (\la30Bo M ne pe 
XOAe l -ro pon a n p~ 'I'c::'l' o AonlKHO npOI1CXOAHT b IlI1Wb 4 a C T ~ qH Oe 

CMAr4eHI1e K03(\l<!>~4I1e H Ta lKeCTKOCTI1 (C II - C I ~ ' 3KC n epl1MeHTaIlbHo 
H<l6IlIOAeHHe 3 TO~ aKycTI14ecKoH aH OMa Il~ 11 n peACTaBIlAIlO 6~ 3Ha411
TeIlbHblH I1HTepec, 

3 . CynEPI10HHbiA (\lA30B bIA nE PEXOA 

AIlA Onl1Ca HHR ncpexoAa THna nopRAOK 
Hoi:' nOACHCTeMe. KOTOPblH Mbl oTolKAeCTBnAeM 
nepexonoa , He06xOAI1MO nOIly411T b Bblpa l!(e Hl1e 

6e c noPAAoK B npoToH
C cynepHoHHblM (\la30Bb1M 
AIlA CBoGoAHoil 3Hepnl11 

F(u ) B /5/. Bo c n oIlb3y eMc A AIlA 3Toro MOACIlblO cynepHoHHoro <!>a30
aor-o nepexona , npeAIlolKeHHoH B 1 1o( B KOTOPOI1 Y411 TbIBilIOTCA xyno
HoaCKHe KoppcnAlIHOHtible 3<!>(\le KTbl B CHCTCMe 3apAlKeHtlblX Ae<!>eKTOB. 

B HaweA MOAenH npOToHHor o cy nepl1oHHoro npOBOAHI1Ka 06pa30
BaHl1e Ae cpe KTil npoHCxOAI1T npH ne peCKoKC n pOTOHa c o CBA3H Ha 
3anOIl HeHHo~ npl1 T < Tcllen04Ke BAOIlb OCI1 Y Ha CBo6oAHY lO CBR3b Ha 
ueno vxe BAOIlb OCI1 X ICM. PI1C. 1/. KO H l.IeHTpa ~ ~A Ae<!>e KTo B n = 
'" ll x == 1 - n y 11 n a oaaerp nOpAAK<I tt == 1 - 2n . BaoAA 3 He prl11O 06pa30
aaH HA Ae<!>cKT a 2D, BeIll1411Ha KOTOPOH Ont eAe IlR e TCA KOpoTKoAeH cT

/cM. / 1 l BYIOUlI1MI1 KoppenA 411AMI1 npoTo HoB /. nIlOTHOCTb COOGOAHOH 
3He prl111 npoToHHOH nOACI1CTeMW npeACTa BI1M B BI1Ae : 

F(II) = Fo t 2DN 

1 

3 Aecb N - nlvo 
J KYIlY B Kpl1CTanIle 

KOH(\lHr y pa ll Ho HHa A 

TS + Fe' 

nIlOTHOCTb Ae<!>e KTOB /v 0 

CHS / , F 0 - caofionaa a 
nIlOTHOCTb 3HTponHH ~ r c 

/1 1/ 

- o6beM ua OAHy MOIle 
3 Hcpn1A npl1 II == 0 , S 

- Ky no Ho Bc Ka A Ko ppe
IlRl.II10HHafl CBo60AH<lR 3Heprl1A . BW411CIlAA 3ilBHCHMOCTb nOCIlC AHI1X 
<!>YI1KlII1H OT II aHaIlOrl14HO / 101, nOIlY411M {l Ilfl Ge3 PCl3MCPl1OH c a o6oA HO~ 
3 He prHH Ha 0AH Y MoneKyIly: 

5 



F'(n) v 
f'(n) = 0 = f + A n + 2 0 [n In n + 121oUc 

+ (1 - n ) In ( 1 - n)1 -' n]1 2- + ~ 2 In ( 1 + x) I , 
x X 

2 
r ne ll c = e If a - xa pa rcr e pna a xy no uoa c xaa 3He pnMl cp peHKe n e Bc Ko i1 
na p ~ Ba KaHC ~R - HOH B M e~AOY3nHH Ha paC CT O RH~~ a B KpMCTa n ne 
C AH3n e KTpM4e CKoA n p OH H~aeMO C Tb~ c . B 11 21 BBeA eH~ TaK~e 6e3
pa3MepH~e nepeMeHH~e: 

t\ = 2 D l' ( G il n ) 11a 0' x '" I(a 131 
li e U e e 

3 2 1/ 2 
r ne 1' = 41Ta' l 3 v = 1, K =(81Te n /vO cT) - 06 pa THbu1 Ac6a e Bc K~i1O 
pa A~YC . Ao nOIlHHTen bHO Y4l1T blB a fl HaH60nee Ba lt< HOe, nHH e i1Hoe no Ae 
cpoPMa~M M B3aMMoAe AcTBMe B l Si , Anfl n on Ho A c 8060AHOA 3He prMH 
nonY4MM 

(I) . n 2 
f (n) = l (n ) . · ·- (1 · 2n) . 1141 

U 

r ne B Ue = 2 }'vo ~ 2 A2 V 
o/ C 

I 
· 

Pa BHoBec Ha R KOH 4 cH T pa ~ H fl Ac cpe KToB n IT ) HaXOAI1T CR 1-13 y pa BHc
HI1 R (M (1 ) I du ) ., O. xo r o po e Mbl n pe ACTa BI-1M B BI1AC: 

, 1 - II X
( A I B ) - 2Bn " 20 In - - - + ---- • l IS 

II 1 ! X 

Pa cccMo TPHM rpacpH4 e c Koe pe wc HHe yp a BHeHI-1 R 115/. np aBaA 4aCTb
 
3To r o y pa BHeHI1 R - cpyHKUHR ¢ ( II ) - n pCA CT<l Bn eHa Ha pHc .2 Anfl pa 3 

n l14HbiX 3Ha4 e H11 ~1 U : 1 - 0 = 0 ,04 7 ; 2 - (/ = 0 ,05; 3 - 0 =
 
= 0 , 05 95 ; 4 - (/ = 0, 06 2 . Pa BHOB e CHblC 3Ha 4 CHlII R 1l1O ) on pCAc nRIO T

CR T0 4Ka Ml1 nepcc ev e-u-a r pa o uxa ¢ (n ) n ~1H e A 1f 0 11 t1JYHK~l-1 eI1 n
 

B ne Bo i1 4a CTH y pa BHc HMR 115/ . OTMCTI-1M, n pe lt<A C Bc er o, 4TO 3HCP

rMR 06 pa 30 Ba H1 1f-l Aeqle KT a 2D He MOlt<eT 6bIT b MCHbWC KynoHo Bc Ko i1
 
3HCpr l-1 M U ' 11 n03TOMY 06na CTb CP l13 114eC KMX peWeHI-1i1 ne lt< MT n p« A:- 1.


C 
06 bl4HO B « Lnoa r oxy MHHMM<lnbHaR r c -ine pa r y pa CYUlC CTBOBa HHfl
 
fionee OA HOI-O pe uie uua Ha XOAI1TCR M3 ycnoa aa (Nn , 0m l ll) ~ 1. 4TO'
 
Aae T 0 . = 0 , 050 . Ma KCHMa n bHa R TeMne pa Ty pa , onpeAe nRIOUla fl ne pc 

mi ll
0.0. l - r o pona , on pen enae r c a T04KOl1 n e pe r H5a Ha rpal!JI-1Ke If>(II ) :
 

Ok = 0 , 06 18 ~1 <1l (Ilk Ok) = 1 ,068 . Cnenoaar c n s ao I 3Hc1 Lj e HI1 f1 H
 
1 < 6 < 1 , 06 3 COOTBCTCTBYIO T Te Mne pa TYPbl ¢\a 30 Bo r o nc pe xon a 1- r o
 
pOAa 0 , 050 < 0 < 0 , 061 8 , con pOBO~AaeMoro CKa4KOM KOH~ e H T pa~HM
 

ne rpe xr o a B 11 HTe pBc1 ne 10- 3 + 10- 1 I cp .c / IO ' I.
 
n pH oueuxe na pa a e r co a MOACnl-1 Ann Kpl-1C ra nno s r nna CBS , CIISe 

npl-1Me M lie '" 2D ~ 0 , 6 3B, MCXOAR 11 3 3Ha4eHl1A 3HCprl1l1 aKTl1Ba~Ml<1 npM 
T < T e 1 1, 3 /, 3T0i1 3HC pr l1 1-1 COOTBeTCTB/eT a '" 2 , 5 A n pl1 ( '" 10, 
4TO pa3yMHo co r nacye r ca C AaHH~H I1 14.12/A IlFl Kpl1CTanna CIIS . 
npl1 3 TOM Ann l<1HTepBana TeHnepa TYP nepexoAa HilXOAI1M: 
36 0 K < T < 43 0 K, 4TO 6n M3KO K 3Ha4Cf1l1FlM T YKa3aHH biM 60 BBec c .
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PH C . 2. I' p admtc q.Y Il Kl\liH (}l (n ) B I I 5 I 
gml Te~me pa T YP o = 0 ,047 I K pH1,1
 
Ba R II ; 0 , 050 12/; 0 , 059 13/ ;
 
0 ,06 2 I tt!. 

c 

AeHHH AnR n pOTOHH~X cyne pMoH H~X 

n poBoAHMKOB. AononHHT enbHo o ~e 

HH BaR na pa Me Tp B= 2 y vo/ u = 0, 0143e1,0 2 
n pu YVo = A VO IC I "'C l vO (e~)2", 50 K 

Anfl C '" 10 I If}HI 0 : 2, "o = 
'" 10 - 2~CM 3, e l ::: 2 , 7 , 10 - 2 I M no 
n a r aa Anfl KpHCT anna CHS !I. = 
= 1,005, HaxOAMM, 4TO B T04Ke 
cpa 30Boro nepe XOAa 1- ro pOAa n pM 
Tc = 41 4K pa BHOBe CH ble 3Ha 4CHHfl 
KOH~e H T pa LI H i1 , YAOBne TBo pRIOUl He 
ypa BHeH V:~ r (n 1' -' ) = f (n T +)

1 I c I 2 e ' 
5 4 3 2 Ol g ( l / n ) paBH~ : 

- 2 5 -3 
n = 10 . =3,1 .1 0 n 2 ~ 0. 18 . 1161 

l 

COOTB eTCTBY~UlMA 3TOMy B~50PY napa MeTpoB CKa 4 0 K 3HTpon HM AS '" 
'" 0,53 R OKa aus a e r ca Me Hbwe Ha6n~A a eMoro Ha 3KCnepl-1M e HT e nS '" 

1 ,32R/ 4 /'" • 3TO HeCOOTBeTCTBl-1e, nO- BMAI1MOMY , CBR3a HO C npe 
He5 pe lt<e Hl1 e M B npeAno~ eHHoi1 MOA enl-1 BKnaAoM B 3 HT pOn l-1 ~ APyr l<1 X 
c r e neuea c B060Abl. 3 KCn e p l1Me HTan bHo Ha 5n lOAaeTc R 3Ha 4 l<1 Te n bHOe 
11 3 ~\ e H C H l-1 e cpo Ho HHo r o cneKTf,a xpnc r anne CBS 16 1 ~1 IlMHc1MMKM r pynn 
Se 0 4 Bblwe 'I'c B Rb HSe0 4 I I . 

B ~ e noM B paMKa x n p eAno~e HH o i1 B § 1 MOAen l1 YAa eT CR 06bRCHI-1Tb 
c erHe T0 3na CTl1 4e CKI1 i1 ne pe XOA 1§21 B KpMCTanna x TMna CHS , CHSe 
3a C4eT n I1 Hc i1 Hoi1 CBfl3 11 A e llJ o pM a~MH C napaMe TpoM nopAAKa n pM 
cyne pMoHHoM cpo 30 BOM nepexog e I CM . 1511. nOcneAHMi1 YAa e TCA onM

MOAenH / I O/ca Tb Ha OCHOBe npl1 pa 3YMHOM B~6o pe napaMeTpOB MOAe n M 
1§3/. 60n e e no cn e AO Ba Tenb Hoe On l<1 Ca HMe n pOTOH Hor o c ynepl-1 0HHOr O 
ne pe xona MOlt< HO nony4 l1 Tb , 0AH OBpeMe fIHO Y4 l<1 T~ B a fl KaK paCCMOTpe H
Hble 3Ae Cb Aan bHoAe i1 cT BYIOIl\He KYIlOHOBCK l-1 e «o pocna ua a , Ta K 11 KO
pOT KoAe i1 c T B Y~Ul l1 e Koppe nfl~1111 n pOTO HOB Ha BOAO POA H~X CBfl3flX B MO
Aenl1 , npe Ano~eH Hoi1 B1 1 1 ~ Anfl 60nce 0AH0 3Ha 4Hor o Bbl60pa fII1 KpOCKO
n M4e CKoA MOAe n M n pOTOHH0I1 nOACI1CTe Mbl fle06 xOAl1MO Aan bHel1we e 
3KcnepHMe HTanbHoe I1C CneAOBa HM8 IM3Mep e H~ e Te nnoeMKOCTI1, M3Y4e 
HHe a KYCTI1 4eC Kl<1 X a HOM3nl1i1 11 c ne KTpOB KP CBe Ta 11 pa CCeAHl1fl M6 
B6nl-13H T c onpCAcne Hl-1e CT PY KTYP~ B cynep l10H H O~ $a3e l 3Tor o I1H
TepeCHoro Knacca cynepl-1oHH~X npOBOAHI1KOB. 
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!lJKaBaAoB H. A., IlJIa KH;~a ll. !·t. PI7-85-369 
Cer HeT03JIaCTH4ecKHA ilia 90BN~ nepeXOA 
B npOTOHH1>IX c yno pnonuux npOlJOAHHKax 

Ilp cn n o x e na TC OPCTI14 CCKafl ~lo.o:eJIb cerHCT03JIaCTHqeCKOrO 
¢a "l OB or o n up exorta D .lh ...C2h' HlllWUHpoBaHHoro cynepHoHllbIM 
n e pexonox IJ l' Pll('T :J J JlI ~ X C IlogOP0,ll,HbIMIf CBfl3 KMH THna Cs HSO4' 
:!OJIY4ell iJ 3:IBIICIINOCTh c noeonuott 3HeprHH 0'1' ge¢opMal,vm H napa
~leTp a lI oIH1J\KLI c y ne puom ro r-o nepexona . :r!OCJIeAHHH onncan KaK 
pa "'l ynopHgo4e llllc npOTolloB lIa BOP,OPOAHblX CBH3HX rrpH yqeT e HX 
KYJIC)Jl OnCKOii KO ppe JIH I~HO H H0I1 3HeprHH. TIoKa3aHO, 4'1'0 B orrpe
,o:e JJ..:1I1 10rl OOJlaCTH 311a4eHHH napane r-poa MogeJIH peaJIH3yeTcH 
c v nc pno uu u a ,jJa30Bb11l ncpexon ncpnor-o pona , KOTOPb1l1 cortponox-' 
naercs CMflr 4CHHeM K03~t;HUHeHTa J'CeCTKOCTH C 11  C12 · 

Pa60Ta BbmOJIHeHa B fla60paTopHH TeopeTH4ecKoH ¢H3HKH 
OH5U!. 

ITpenpHHT OObeAHHeHHOro HHCTHTYTa RAepHb~ HccneAo B8HHR. nyOHa 1985 

DepeBog aBTopOB 

Dzhavadov N.A., Plak i da N.H. P17-85-369 
Ferroelastic Pha se Trans i t i on 
in Protonic Supe r ioni c Conductors 

A theoret ical model of a ferroelectric phase transition 
... C2h induced by the super ionic phase trans ition in hydD4h 

rogen bonded crystals of CSHS04 t ype is proposed. A free
energy dependence on strains and the order parameter of the 
superionic phase transition is obtained. The latter is desc
ribed as an order-disorder phase transition in the sys t en 
of protons on hydror,en bonds by taking into account their 
Coulomb interaction. It is sho\VTI that for definite values 
of model parameters the first-order super ionic phase tran
sition accompanied by so ftenin r- o f the e l a s t i c coefficient 
C i s real i zed.
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