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HccneAoBaHHe cynepHOHHbiX npoBOAHHKOB - KpHCTannoe c aHoManb
HO BbiCOKOc.i I -1o-I - 1 (OM CM) -I; HOHHOM npOBOAHMOCTbl') - Bbl3bl
eaeT fiOllbWOM HHTepec Ka~ C 4HCTO Hay4HOM, TaK H C npHKllaAHOM To-
4eK apeHH.R /eM., Hanp., III I. Oco6eHHo 3!i>l!leKTHBHbiM npH 3TOM OKa3bl
eaeTC.R MeTOA pacce.RHH.R He~TPOHOB, C OOMO~b~ KOTOporo YAaeTC.R 
HCClleAOBaTb KaK fibiCTPY~ AH<!>IIlY3HI') OOABHlKHbiX HOHOB /MeTOAOM Kea-
3Hynpyroro pacce.RHH.R/, TaK H B3a~MHOe Bll~.RH~e AH<IllllY3HH H KOne
fiaHH~ ~eWeTKH /MeTOAOM Heynpyroro pacce.RHH.R/. 0AHOBpeMeHHOe 
H3y4eHHe AH~paK~HH HeMTpOHOB n03BOJl.ReT cneAHTb 3a H3MeHeHHeM 
CTpyKTypbl KpHCTanna npH cynepHOHHOM l!la30BOM nepeXOAe. 

B HacTo.R~eM pa6oTe coo6tt~a~Tc.R peaynbTaTbl ~ccneAOBaH~M rHApo
cynbl!laTa ~e3H.R CsHS04 ,eblnonHeHHbiX Ha peaKTOpe ~1EP-212/. 3To 
nepBbl~ 3KcnepHMeHT no pacce.RHHn HeMTPOHOB B cynepHOHHOM npoBoA
HHKe C BbiCOKOM npOBOAHMOCTb~, B03HHKa~~e~ 3a C4eT AH¢¢Y3HH npo
TOHOB, fiOllbWa.R BellH4HHa Ce4eHH.R pacce.RHH.R KOTOPbiX finaronpH.RT
CTBYeT npHMeHeHHI') 3TOrO MeTOAa. 

llla30Bble nepexoAbl e KPHCTanne CsHS04 Ha6n~AallHCb no aHOManHRM 
AH3lleKTPH4eCKOM npOHHt.~aeMoCTH /3/ H npoeo,qHMOCTH /4/. KaK 6blno He
nocpeACTBeHHO noKa3aHo e/4/, l!la3oBbiM nepexoA npH HaH6onee Bblco-
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MOCTH Ha 2-3 nopRAKa B y3KOM HHTepsane TeMnepaTyp I -2 K/ H cooT
seTCTByeT nepeXOAY B cynepHOHHOe COCTORH~e. Bb1We 3TOM TeMnepa
Typbl npOBOAHMOCTb XOPOWO OnHCbiBaeTC.R QOPMYllOM /4/: 

A Vo 
a(T) = T exp(- T), /1/ 

rAe T- TeMnepaTypa, A= 10 4 rpaA/0M.CM, BbiCOTa aKTHBa~HOHHoro 
6apbepa Vo .. 0, 33 3B. AHoMallHH s npoBOAii1MOCTH npH 6onee HH3KHX 
TeMnepaTypax: T2 = 330 H T3 = 300 K, Ha6n~AaBwHeCR B /4/, H aHoMa
llHR B AH3lleKTPH4ecKoH npoHH~aeMOCTH npH T2 = 373 K 13/ B03HHKa~T 
TOllbKO np~ Harpeee o6pa3~a H, no-BHAHMOMy, CB.R3aHbl C nepeXOAOM 
B MeTaCTa6HllbHOe· COCTO.RHHe. noRBJleHHe OOAOfiHbiX MeTaCTafiHllbHbiX l!la3 
xapaKTepHo AllR cynepHOHHblx npoBOAHHKOB H o6bi4HO o6ycnoeneHo 
4aCTH4HbiM pd3ynop.RA04eHHeM peWeTKH MOfiHllbHbiX HOHOB/5/.nocKOllbKY 
B CsHSQ 4 4HC110 npOTOHOB OKa3biBaeTCR BABOe MeHbWe B03MOlKHbiX MeCT 
HX llOKallH3a~HH Ha BOAOPOAHbiX CBR3.RX 0-H-0 /B OT11H4He OT KPHCTan-
1108 rpynnbl KDP,HanpHt~ep CsH2PO 4 I, TO ecTeCTBeHHO npeAnonoJKHTb, 
4TO nepeXOAbl B cynepHOHHOe COCTORHHe H MeTaCTafiHJlbHble l!la3bl CB.R-
3aHbl C H3MeHeHHeM xapaKTepa ynop.RA04eHHR npOTOHOB B KPHCTanne/4/. 
AJ1R Bbi.RCHeHH.R 3THX BOOPOCOB B HaCTOR~eH paCOTe npoBeAeHO HCCne
AOBaHHe l!la30BbiX nepexoAOB e CsHS04 c noMO~b~ AHQpaK~H~ H HeKo
repeHTHoro Heynpyroro pacce.RHHR HeMTPOHOB. -~~c2,.,....,.....~~ 
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3KCnEPHMEHTAnbHHE PE3YnbTATH 

06pa3e~ npeACTasn~n co6o~ nopowoK /Macca 40 r/ s an~M~H~eso~ 
KacceTe pa3MepoM 160x160x1 MM3. KacceTa noMe~anacb s Kp~ocTaT, 
no3son~t'J~~~ ~3MeH~Tb TeMnepaTypy s npeAenax oT 80 AO 500 K. 
CTa6~nbHOCTb nOAAep~aH~~ TeMnepaTyp~ +0,2 K. 

H3MepeH~~ npoBOA~n~cb Ha cneKTpoMeTpe KACOr-M/6/ peaKTopa 
H6P-2 no MeTOAY speMeH~ nponeTa. 0AHOBpeMeHHO ~3Mep~n~cb cneKT
Pbt A~$paK~~~ s reoMeTp~~ Ha nponycKaH~e An~ yrnos pacce~H~~ 30°, 
50°, 70°, 90° ~ cneKTPbt Heynpyroro HeKorepeHTHoro pacce~H~~ 
He~TPOHOB /HHPH/ B reoMeTp~~ Ha OTpa~eH~e An~ yrnos pacce~H~~ 
80°, 100°, 120°, 140°. An~ yrna pacce~H~~ 80° s Ka4eCTBe aHan~-
3aTopa 3Hepr~~ ~cnonb30sanc~ 6ep~nn~eBbt~ $~nbTP, oxna~AaeMbt~ 

~~AK~M a30TOM. An~ ocTanbHbtx yrnos aHan~3aTopoM cny>:<~n oxna~Aae
M~~ Gep~nn~es~~ $~nbTP s KOM6~Ha~~~ c MOHoKp~cTannoM Zn /002/. 

A~<t>paK~~OHHbte pe$neKcbt, Ha6n~AaeMbte np~ 291 K, cornacy~Tc~ 
C napaMeTpaM~ MOHOKn~HHO~ peweTK~, ongeAeneHH~M~ np~ KOMHaTHO~ 
TeMnepaType /7/: a= 7,312 IS.., b = 5,815 A, c = 5,498 $., f3= 101,5 A, 
npocTpaHCTBeHHa~ rpynna P2 1/m, Z = 2. A~<:>paK~~OHHbte cneKTPbt An~ 
2(i<) = 30°, HOPM~posaHHbte c y4eToM tneKTpa naAa~~x Ha o6pa3e~ 
He~TpOHOB, noKa3aHbl Ha p~C. 1. np~BeAeHa n~Wb o6naCTb Me~nnoc
KOCTH~X paCCTO~H~~. rAe Hafin~Aa~TC~ OTpa~eH~~ C CaM~M~ H~3-
K~M~ ~HAeKcaM~ M~nnepa. 

np~ Harpese KP~CTanna B ~HTepsane TeMnepaTyp 313-328 K npo~c
XOA~T $a30Bbl~ nepeXOA, KOTOpbl~ COnpOBO~AaeTC~ no~sneH~eM ~HTeH-
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np~ 4,515 $. ~c4e3aeT. B pe3ynbTaTe 3Toro nepexoAa Kp~cTann 
nepeXOA~T B MeTaCTafi~nbHOe COCTO~H~e, nOCKOnbKY OXnamAeH~e 
Kp~cTanna oT 323 AO 294 K s Te4eH~e 10 4acos /p~c. 16/ He np~so
A~T K ~3MeHeH~~ KaPT~H~ A~$paK~~~. HcxoAH~~ cneKTP A~$paK~~~ 
np~ T = 291 K Ha p~c.1a YAanocb Ha6n~AaTb n~wb nocne B~AeP~K~ 
o6pa3~a B Te4eH~e ABYX CYTOK np~ KOMHaTHO~ TeMnepaType. np~ Ha
rpese o6pa3~a B ~HTepsane OT 328 AO 404 K npo~CXOA~T e~e OAHO 
~3MeHeH~e KapT~H~ A~$paK~~~. 0HO COCTO~T B yMeHbWeH~~ ~HTeH
C~BHOCT~ oTpa~eH~~ np~ 5 ~. Bo3MO~Ho, 4TO 3TO cs~3aHo c $a30B~M 
nepexoAOM np~ 3n K /3/. nocne cynep~OHHoro nepexoAa ~ T = 414 K/ 
oTpameH~e np~ 5 A nonHOCTb~ ~c4e3aeT, a oKono 5,25 A Ha6n~AaeT
c~ c~nbHbt~ OA~H04Hbt~ n~K. I13MepeH~~ cneKTpos A~<lJpaK~~~ so speM~ 
OXnamAeH~~,Ha4~Ha~ C TeMnepaTyp, COOTBeTCTBY~~~X cynep~OHHO~ 
$a3e, He npoBOA~n~cb. 

CneKTPbt HHPH np~ ~cnonb3osaH~~ 6ep~nn~esoro $~nbTpa TpaHc$op
M~posan~cb no $OpMyne OAHO$OHOHHOrO pacce~H~~ BO B3BeWeHHY~ 
Ha KBaApaTaX aMnn~TYA KOne6aH~~ aTOMOB $YHK~~~ nnOTHOCT~ $OHOH
H~X cocTo~H~~ GH(v). Pe3ynbTaT~ An~ o6nacT~ nepeAaHH~x 3Hepr~~ 
H~>Ke 200 M3B np~BeAeHbt Ha p~c. 2. B H~3K04aCTOTHO~ o6nacT~ cneKT
pa np~ HarpesaH~~ o6pa3~a npo~cxoA~T CAB~r ~ 3Ha4~TenbHOe yw~pe

H~e n~Ka s o6nacT~ v -25 M3B. B o6nacT~ s~coK~x 4aCTOT np~ 

T = 291 K Ha6n~Aa~Tc~ TP~ xopowo pa3n~4~M~X n~Ka np~ 4aCTOTe 
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AJI.R yrna pacce.RHH.R 28 ~ 30°: 
/6/ o6pa3~a. 

"I ~ 50 M3B, v2 ~ 100 M38 ~ v 3 "' 150 M3B. BB~AY 6onbWO~ ~HTeH
C~BHOCT~ BToporo n~Ka ecTeCTBeHHO np~n~caTb ero Kone6aH~~M OH 
Ha CB~3~ S-OH, nOCKOnbKY 3Ty o6naCTb 4aCTOT 06bt4HO CB~3btBa~T 
c pacT~meH~eM ~n~ ~3r~6oM cs~3e~ s K~cnopoAHOM TeTpa3Ape/8~C poe
TOM TeMnepaTypbt npo~cxoA~T 3Ha4~TenbHoe yw~peH~e 3Toro n~Ka ~ 

3aMeTHoe 11CM~r4eH~e". Ha~6onee c~nbHOe ~3MeHeH~e n~K ~cnbtTbtBaeT 
np~ HarpesaH~~ o6pa3~a AO 328 K. 3To, no-s~A~MOMy, cB~3aHo 
C COOTBeTCTBY~I!I~M CTPYKTYPHbiM nepeXOAOM B ~HTepsane TeMnepaTyp 
313-328 K, o6Hapy~eHH~M no ~3MeHeH~~ A~$paK~~OHHoro cneKTpa. 
3Ha4~TenbHOe YW~peH~e COOTBeTCTBYni!I~X n~KOB np~ B~COK~X TeMne
paTypax /T = 404, 423 K/ yKa3~saeT Ha c~nbH~~ aHrapMoH~3M Kone-
6aH~~ B 3TO~ 06naCT~ 4aCTOT. 

CneKTP~ KBa3~ynpyroro pacce~H~~ np~ yrnax pacce~H~~ 100°~ 
120°, 140° /cooTBeTcTsyto~~x ~Mnynbcy nepeAa4~ Q"' 2,4 -;-3 $.-1 I 
~3MeH~n~cb c TeMnepaTypo~ Hecy~ecTBeHHO. BB~AY H~3Koro 3Hepre
T~4ecKoro pa3peweH~~. ~E"' 0,4 M3B, HaM He YAanocb o6Hapy~~Tb 
A~<l>$Y3~0HHoe yw~peH~e KBa3~ynpyroro n~Ka np~ TeMnepaType 
T = 423 K, TO eCTb s~we TeMnepaTyp~ cynep~oHHoro nepexoAa. 
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PHC. 2. !lnoTHOCTb t1,JOHOHHbiX COCTOHHHH GH (v): I/ T = 291 K, 
2/ T = 328 K, 3/ T = 404 K, 4/ T = 423 K. 

06CY>~AEI~H1E 

0TMe4eHH~e B~We OC06eHHOCTH AH¢paK~HOHHOrO cneKTpa npH Harpe
BaHHH H oxnamAeHHH o6paa~a yKa3biBa~T Ha npoHeneHHe MeTacTa6HnbHO~ 
¢a3bl B HHTepsane TeMnepaTyp 313-328 K.Ha6n~AaBWHecH npH Harpeea
HHH o6paa~a AD T2= 373 k'3/ aHoManHH AH3neKTPH4eCKO~ npoHH~aeMOCTH 
H TennoeMKOCTH, no-BHAHMOMy, COOTBeTCTBY~T ¢a30BOMY nepeXOAY, 
OTBeTCTBeHHOMY 3a H3MeHeHHe AH$paK~HOHHOrO cneKTpa MemAy 328 
H 404 K.3Ta aHoManHH,He o6HapymeHHaR e/4/ ,a TaKme aHoManHH e npo
BDAHMOCTH npH HarpeeaHHH AD T2 = 330 K H T3 = 300 K / 4/,KoTopble 
He Ha6nJOAanHCb B HaWHX H3MepeHHHX, CBH3aHbl C nepeXOAOM B MeTa
CTa6HnbHOe cocTDRHHe, o6ycnoeneHHoe 4aCTH4HbiM nepepacnpeAene
HHeM npOTOHOB Ha BOAOPOAHbiX CBH3HX. 803MOlKHO, 4TO 3TOT paa6poc 
TeMnepaTyp nepeXOAOB CBH3aH C TeXHOnorHe~ H3rOTOBneHHH o6pa3~a. 

KoceeHHoe yKa3aHHe Ha aKTHBHY~ ponb npoToHoe e nepexoAe 
MemAY 313 H 323 K AaeT 3Ha4HrenbHOe 11CMRr4eHHe 11 nHKa npH 
v 2 ~ IQQ M38, KOTOp~A Mbl CBH3biBaeM C AHHdMHKO~ npOTOHa B KPHCTan
ne. J].nR nOATBepmAeHHR 3Toro npeAnono~eHHH e AanbHe~weM npeAnona-
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raeTcR npoeecTH H3MepeHHR cneKTpa HHPH Ha Ae~TepHpoeaHHbiX o6paa
~ax H HCCfleAOBaTb o6naCTb 4aCTOT 200-300 M38, KOTOPY~ 06b14HO CBH-
3b1Ba~T C AHHaMHKOR npOTOHa Ha BOAOPOAHO~ CBH3H/8~ 3Ha4HTenbHbl~ 
HHTepec npeACTaBnReT TaKme 6onee nocneAoeaTenbHOe H3MepeHHe AH~
paK~HOHHoro cneKTpa npH oxna~AeHHH o6paa~a oT TeMnepaTypbl, 
COOTBeTCTByJO~e~ CynepHOHHO~ ¢a3e, H HCCfleAOBaHHe KHHeTHKH MeTa
CT~6HflbHOro COCTOHHHH B 3TOM Cfly4ae. 

8 3aKn~4eHHe O~eHHM B03MOmHOCTb Ha6n~AeHHH AH¢$Y3HH npOTOHOB 
npH cynepHOHHOM nepeXOAe, o6HapymeHHe KOTOpO~ OAH03Ha4HO yKa3bi
Bano 6bl Ha npoTOHHbl~ xapaKTep HOHHO~ npoBOAHMOCTH. CornacHo/4/ 
AflH nOflHO~ WHPHHbl KBa3Hynpyroro nHKa MOmHO nony4HTb O~eHKY 

Vo 
21::; 4v0 exp(- T) "'0,04 M3B /2/ 

npH T = 423 K H 4acToTe Kone6aHH~ npoToHa v0 = 100 M3B. CooTBeT
CTsy~~H~ K03$¢H~HeHT AH~¢Y3HH npH 3TOM paeeH 

1 2 277Vo o2 Vo -6 2j D =- f "'--- t exp(- ....,..,) "'2,7 · 10 CM C 
6r 6h 1 /3/ 

npH cpeAHe~ AflHHe CKa4Ka npoTOHa e "'b I 2 "' 3 A. nony4eHHble o~eH
KH npHMepHO Ha nOpHAOK HHme Ha6nJOAaBWHXCH WHPHH KBa3Hynpyroro 
nHKa H K03¢<!JH~HeHTa A~1<!>¢Y3HH AflH npoToHa e nepexoAHbiX MeTannax, 
u0 U?~0 0TniA\J~~TrQ nT y~~~WTP~~~v RPn~u~~ R ~~yr~x cvneo~OHH~X 

nposoAHHKax. TaK, HanpHMep, npH H3MepeHHH AH<!>$Y3HH HOHOB Cl-
B cynepHOHHOM npOBOAHHKe &Cl 2 /9/ WHpHHa KBa3Hynpyroro nHKa npH 
T = 1053 K ADCTHrana 3Ha4eHHH 21 ~ 0,06 M3B npH Ko3¢¢H~HeHTe 
AH¢¢y3HHD ~ 7·10-6 C~/C. no3TOMY MOmHO paCC4HTbiBaTb, 4TO 
Ha6nJOAeHHe AH¢¢Y3HH npoToHoe e KpHcTanne CsHS04 npH TeMnepaType, 
COOTBeTCTBYJO~e~ cynepHOHHO~ ¢a3e, 6yAeT B03MOmHO npH HCnOnb30-
BaHHH cneKTPOMeTpa C paapeweHHeM ~E~0,02 M38. 
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~MATH~CKHE -KATEroP~ nYsnHKAUHR 

OB'bE,lU1HEHHOP.O HHCTHTYTA MEPHYX 
.HCCJIE;nOBAHMR 

-MaQe_Kb·. TeM&TMKa 

· 1 , 3-KcnepHMeH'TaJUfH&Jt cj)H-3H.Ka BWC:: OKHX 3H~prHH 

2. TeopeTHqecKaA CIIH3HKa awcPKHX 3HeprHM 

3 ~ - 3KcnePKMeHTanbHcilt HeMTPOHHaJt ~M3Hka 

· 4. T~opeTHqec-tc~Jt 41!"3HKa HH3KMx-•3Hepr .. ~ 

5. HaTeMaT HKcl 

~. RAepHaA cneKTPOc KOnH~t H paAMOXHMHR 

.1 . 411!1 3HKa T.A*ei1WX HOHOB 

.8. KpHoreHHKa 

'9. YcKOPHTe.nM 

l Q. AaToMa TH3a1.4HR o6pa()oTKH 3·KcnepH~HTal1bHWX 
AaHHwx 

11. 8wqHCI1HTel1bHaS ·MaTeMaTHKa H TeXHHKa 

12 . XHMH.A 

13. TexHHKa 41H3HqecKoro 3KcnepHMeHTa 

14. Hcc.neAoaaHHA TaepAWX Te.n H *HAKOCTeH 

AAepHWMH MeTOAaMH 

15. 3KcnepHMeHTa.nbHaR CIIH3HKa AAepHwx peaKt.4HH 

npH HH3KHX 3HeprH.AX 

16. Ao3HMeTpH.A H cj)H3HKa 3a~Tiol 

17. TeopH.A KOHAeHCHPOBaHHoro COCTO.AHH.A 

18. Hcno.nbaoaaHHe peay.nbTaToa H MeTOAOB 

CIIYHAaMeHTallbHwx CIIH3HqecKHX Hcc.neAOBaHHH 
B CM8*HWX o6.naCT.AX HayKH H T8XHHKH 

19 . EiH041H3HKa 

6enywKMH A.B. MAP· P1~-83-855 
MccneAo&aHMe ~aaoawx nepexoAoa a cynepMOHHOM npoBOAHMKe CSK804 
MeTOAOM pacce~HMR He~TpoHOa 

C~aDTCR peaynbTaTw MccneAOB&HM~ rMAPocYnb$aTa ~eaMR CSKSO,, awnonHeH
Hwx Ha peaKTope M6P-2. 3To nepaw~ aKcnepMMeHT no pacceRHMD He~TPOHOB a cy
nepMOHHOM npOBOAHMKe C BWCOK~ npoBOAMMOCTbD, o6ycnoaneHH~ A~Y3Me~ npo
TOHOB. ~HBPY*eH ~a30BW~ nepeXOA a MeTaCTa6MnbHyD ~3y a6nM3M 328 K, ~aao
awe nepexOAW M~Y 328-~0~ K M ~0~-~23 K. CneKTpw Heynpyroro pacceRHMR 
MaMepeHw npM TeMnepaTypax 291,328,~0~ M ~23 K,cooTaeTCTB~Mx paanM~HWM ~aaa~ 
cSKSO,. OpoaeAeH aHanM3 AaHHWX, o~eHeHW K~~MeHT A~Y3MM npoTOHOB M paa
peweHMe cneKTpoMeTpa, Heo6xoAMMOe AnA Ha6noAeHMR npo~ecca A~Y3MM a 3TOM 
o6paa~e. 

Pa6oTa awnonHeHa a Ra6opaTOPMM He~TpoHHOA ~3MKM OMHM. 

L~eHMe 0U.eAMHeHHOro MHCTMTyTa ~ePHWX M~CneAo•aHMH. AY6Ha 1983 

Belushkfn A.V. et al. P14-83-855 
Investigation of Phase Transitions In a Superlonlc Conductor Using 
the Neutron Scattering Method 

The results of Investigations of cesium hydrosulfate CSHS04 on the 
IBR-2 pulsed reactor are reported. This Is the first experiment on neutron 
scattering In a superlonlc conductor with a high conductivity due to 
proton diffusion. The phase transition In metastable phase near 328 K, phase 
transitions between 328-~0~ K and ~0~-~23 K have been found. The Inelastic 
neutron scattering spectra have been measured for temperatures 291 K, 328 K, 
~0~ K, ~23 K which correspond to different phases of CSHS04.Data were analy
sed,dlffuslon coefficient for protons was estimated and necessary spectro
meter resolution to observe diffusion process In this sample was obtained. 

The Investigation has been performed at the Laboratory of Neutron 
Physics, JINR. 

Commun ication of the Joint Institute for Nuclear Research. Dubna 1983 
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