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1. BBE.llEHI1E 

HaCTOR~aR pa60Ta nOCBR~eHa H3Y4eHM~ TennoeM~OCTH TBep~oro 
3He H. B 4aCTHOCTH. 06DRCHeHH~ T8K HaaYBaeMOH BYCOKOTeMnepaTYP
HoA aHOManHH. 06Hapy*eHHQH B pRAe 3KCnepHMeHTOB 11-51 npH TeM
nepaTypax T- 0.5 - 1 K H He HaweAweH AO CHX nop YAOBneTBopH
TenbHoro 06DRCHeHHR. KaK H3BeCTHO. aHoManHR COCTOHT B cneAY~
~eM. EcnH npe~nonO*~Tb. 4TQ TBepAYH renHH RBnReTCR HAeanbH~M 
KnaCCH4eCKHM KPHCTsnnOM. TO ero TennOeMKOCTb Aon_Ha COCTQRTb 
H3 ABYX 4aCTeH. nepBaR 4~CTb CBR3aHa c Kone6aHHRMH peweTKH 
/Ae6aeBCKaR TennoeMKOCTb/ H AaeTCR Bypa*eHHeM 

C y( ..!.)3 /1/n () . 
rAe () - TeMnepaTypa .lle6aR. a y s 12"4/5• BTopaR 4aCTb CBR3aHa 
C MarHHTHoH nOAcHcTeMoH /cnHHoBaR TennoeMKOCTb Cs/. nOCKonbKY 
npH YKa3aHHYX TeMnepaTypax KpHcTann HaxoAHTcR B napaMarHHTHOM 
COCTORHHH. TO 

Cs 3J 2/T2, /2/ 

rAe J - 06MeHHYH HHTerpan. TaKHM 06pa30M. nonHaR TennoeMKOCTb 
paBHa 

C y(..!.)3 + 3(2-.)2 /3/
() T 

$opMyna /3/ npaBHnbHO OnHCYBaeT 3KcnepHMeHTanbHye AaHHye no 
TennoeMKOCTH npH AOCTaT04HO HH3 KHX TeMnepaTypax / T I () ;:) a • 02/ . 
Bo H36e*aHHe Hefopa3YMeHHH HanOMHHM. 4TO B HeKOTOpyX 60nee paH
HHX pa60Tax /3• 4 3KcnepHMeHTanbHye pe3ynbTaTY nnoxo cornaCOBY
BanHCb ~/3/. 4TO npHBeno K nORBneHH~ np06neMY TaK Ha3YBaeMOH 
HH3KoTeMnepaTYPHoH aHOManHH. npeAnonaranocb. 4TO 3Ta aHOManHR 
CBR3aHa C KaKHMH-TO BHYTpeHHHMH CBOHCTBaMH KpHCTanna. npHBOAR
~HMH K nORBneHH~ HeH3BeCTHOH $epMHeBcKoH BeTBH B036Y*AeHHH C 
nHHeHHOH no TeMnepaType TennoeMKocTb~/61 • KaK nOKa3an rpeH

/51yon • " 0 6Hapy*eHHe" TaKOH aHOManHH RBHOOCb cneACTBHeM 3Kcne
pHMeHTanbHYX HeT04HOCTeH. 

C nOByweHHeM TeMnepaTYPY. OAHaKO. Ha6n~aeTcR APyroe OTKnO
HeHHe 3KcnepHMeHTanbHO Ha6n~AaeMOH TennoeMKOCTH OT $opMyny 13~ 
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nOJlY41-1BWee Ha3BaHI-1e BbICOKOTeMnepaTypHO~ aHOMaJlI-1I-1. 06bRCHeHI-11O 
3T0r:1 aHOMaJll-11-1 nOCBRU\eHO 60JlbWOe 41-1CJlO pa60T /CM ••Hanpl-lMep~5,7·107.

/9TaK,B pa60Tax ,101 npeAnOJlaraJlOCb, 4TO Ha6JllOAaeMaR A06aB04HaR 
TenJlOeMKOCTb CBR3aHa C KBaHTOB~M COCTORHl-IeM KpI-1CTaJlJla. B~ABI-1-

HYTaR TaM MOAeJlb rH6pHAHoro Kpl-lCTaJlJla npHBeJla K A06aBKe THna 

C T-514 -q., / TtlC o e 0 /4/ 

rAe Co H ¢o - nOCTORHH~e. 
,llPyraR T04Ka 3peH14R /5.7.8.11/ OCHOBaHa Ha npeAnOJlOlKeHHH, 4TO 

Ao6aB04HaR TenJlOeMKOCTb CBR3aHa C TepMoaKTHBHpOBaHH~MH BaKaH
CHRMH. Tat(oe npeAnOJlQlKeHHe BeCbMa npaBAonOA06HO, TaK KaK aHO
MaJlHR Ha6nlOAaeTCR npH TeMnepaTypax, 6JlH3KHX K TeMnepaTypaM 
nJlaBJleHHR, H,CJleAOBaTeJlbHO, MOlKHO OlKHAaTb, 4TO 4HCJlO paBHOBec
HblX BaKaHcHr:1 OTHOCHTEl)JlbHO BeJlHKO. npH 3TOM, COrJlaCHO COBpeMeH
HI;.IM npeACTaBJleHHRM q!H3I1KH KBaHTOBblX KpHCTaJlJlOB 112,131, BaKaHCHH 
AOJllKHbl 6~Tb AeJlOKaJlr.1~OBaH~. 

ECJlH npeHe6pe4b WHPHHOr:1 BaKaHcHoHHor:1 30H~, TO BaKaHCHOHH~~ 
aKJlaA B TenJlOeMKOCTb onHC~BaeTCR q!OPMYJlO~ WOTTKr.1 AJlR AByxypoa
Heao~ CHCTeM~

_!t 
Cw = (-2..)2 e T /5/


T 


rAe ¢ - 3HeprHR aKTHBa4Hr.1 BaKaHCHr.1. KaK nOKa3aJl rpe~yoJl 15~ 
Y4eT TenJlOeMKOCTH BaKaHCH~ no $OpMYJle /5/ 3Ha4HTeJlbHO YJlY4waeT 
corJlaCr.1e TeopHH C 3KcnepHMeHTOM, HO He AaeT B03MOlKHOCTH nOJlHO
CTbO 06bRCHHTb aHOMaJlHIO /CM. pHC. 1/ . .ll11R AaJlbHe~Wero YJlY4we
HHR coanaAeHr.1R TeopHH C 3KcnepHMeHToM He06xOAr.1MO, ao06U\e rOBO
PR, Y4eCTb TaKlKe KOHe4HOCTb WHPHH~ BaKaHcHoHHor:1 30H~ . .ll11R 3T0r:1 

/71
4eJlH rar:1epoM 6~Jla npeAJlOlKeHa nonpaaKa K /5/ B aHAe MHOlKH
TeJlR, Y4HT~BalOU\aR 3anOJlHeH14e BaKaHCHOHHO~ 30Hbl C POCTOM TeMne
paTYp~. OAHaKO. KaK YKa3aHO B 15/ , OHa TOJlbKO YXYAwaeT CorJla
CHe C 3KcnepHMeHTOM. M~ eU\e BepHeMCR HHlKe K 3TOMY Bonpocy. Ho 

npelKAe 4eM nO~TH AaJlbWe 
paCCMOTpHM 60Jlee nOAP06HO 

11,6 

TenJlOeMKOCTb Ae$eKTOHHoro 
ra3a B KBaHTOB~X KpHCTaJlto·' 
Jlax. 

QC 

~ 
I PHC. 1. OTKJlOHeHHe Tenno
~ eMKOCTH OT 3aKOHa /5/ AnH 

V = 24,454 CM3 no AaHm 
TlleJ HblM /51 • 

2 

2. TEnnOEHKOCTb ,llEq!EKTOHHOrO rA3A 

nOCKOJlbKY TeMnepaTypa B~pOlKAeHHR Aeq!eKToHHoro ra3a MaJla 
/ To - A. x 2/3, rAe tl - wHpHHa 30H~. x - KOH4eHTpa4HR Aeq!eKTOB/. 
TO CTaTHCTHKY Aeq!eKTOHOB MOlKHO C4HTaTb 60Jlb4MaHOBCKO~, H AJlR 
HaXOlKAeHHR TenJlOeMKOCTH MOlKHO HCXOAHTb H3 KJlaCCH4eCKoro CTaTH
CTH4eCKoro HHTerpaJla 

-+ 
f (k) 


n -- 
Z = V ,......!.,..... reT d 3kl n 

/6/n! (217)3· , 

rAe V Na3 - 06beM Kpr.1CTanJla. n - 4HcJlO Ae$eKTOHOB. 3aKOH AHC
nepCl-IH KBa3H4aCTH4 3anHweM B BHAe 

-+ -+ 
dk) = to + a(l)(k). /7/ 

-+ 
rAe (u(k) - 6e3pa3MepHaR q!YHK4HR KBa3HBOJlHOBOrO BeKTopa. a (0 

3HeprHR 06pa30BaHHR JlOKaJlH30BaHHoro Aeq!eKTa. BenH4r.1Ha a HMeeT 
nopRAoK TYHHeJlbHor:1 4aCTOTbi A/H/. 

TaKr.1M o6pa30M, 

~O
N°z - e T ZO /8/

n! o· 


rAe 

t'JJ( k ) 
-a- - •TZo 

1 r e d3k /9/
( 217) 3 

TorAa CB060AHaR 3Heprr.1R Ha R4e~KY KpHCTaJlJla paBHa 

x 
F = x'o + xTln- - xTIn ZO' /10/ 

e 

a xHMH4ecKH~ nOTeH4HaJl 

p. (0 + T In x - T In Zo • It 1/ 

PaCCMOTpHM CHa4aJla CJlY4a~, KorAa 4HCJlO Aeq!eKToHoB coxpaHReT

CR. TaKaR cHTya~HR B03HHKaeT AJlR npHMecer:1. 
BeJlH4HHa Zo 3aBHCHT OT TeMnepaTYp~ TOJlbKO 4epe3 OTHoweHHe 

afT • n03TOMY TenJlOeMKOCTb MOlKHO 3anHcaTb B BHAe 

2 Z" Z' 2 T Z'
C =x 7 ,_0_-(_O_) + _0_1, /12/

T Zo Zo a Zo 

rAe WTPHXOM 0603Ha4eHa npoH3BoAHaR no aprYMeHTY afT. 

3 
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2 ns 2 
CllY4aHHoe, cOBnaAeHl1e if> C Belll1411HOH () p = (2;)AllR Bcex MO- 4eCKI1X YPOBHeH TaKaR ~e, KaK B xopoweH 30HHOH CTpYKType. n03

TOMY AllR O~K peWeTKI1 Mo~eM Hanl1CaTb 
llRPHblX 06"eMoB / s - CKOPOCTb 3eYKa// • 

-> k X k' k
KaK y~e YKa3b1Ballocb eo BBeAeHI1I1, C nOM~b~ ~OPMYllbi WOTTKI1 (k) '" ( -t' a cos_ cos..:L cos_Z 

a 4A,
/5/ HeB03MO~HO KOlll14eCTBeHHO 06"RCHI1Tb aHOMalll1~ B O~K 3He • He o 222 /26/ 

nOMoraeT B 3TOM OTHOWeHl111 11 nonpaBKa raHepa. COOTBeTCTBeHHO 

Ta6nH~a 
/51 • 1 11 -2{3coBXCOSYcosz 2 12 dt3HaqeHHR if> B /5/ B saBHCHMOCTH OT MonRpHoro 06beMa Vm Zo rrr e d X d y d z '" _ r I (t::1 t ) /27/11 3 o I-' 1 • 

o 11 0 V1 - t2 

Vm eM3 e [K] if> [K] 02[K2] 
P rAe {3 = 2A/T, a ~opMYlla /19/ AllR TenlloeMKOCTI1 npl1HHMaeT BI1A 

24,454 18,95 5,99 5,95 (2 - T 1112 1 2 2 1 

23,786 ;W,53 6,99 6,93 C -..!Le 2 2 1 25201 


Ol.lK - T2 r 1 1(1-0_oosx) +-oos x-- -oosx!dx. /28/
23,081 Z1,90 8,05 7,90 11 0 0 10 2 4{3 10 

22,425 23,54 9,24 9,12 

21,459 26,04 1 I ,22 1 I , 16 


rAe Ik '" Ik ({3 OOSX), a 0 = Aft: 0 • EClll1 {3« 1, TO I1HTerpall e /28/, 
YMHo~eHHblH Ha 2/11, CTpeMI1TCR K eAI1HI1~e, a eClll1 0« 1 , OH nepe
XOAHT B /27/. BblPa~eHl1e /28/ MO*HO aanl1CaTb TaK*e B ~opMe /23/, 
BblAellRR nonpaB04HY~ ~YHK~I1~ K aaKoHy WOTTKI1 

3. BAKAHCHOHHAH TEnnOEMKOCTb B OUK 3He -2{3
2e 11/2 2 1 02 02

Fo(T) rI 1(1-5-1-oosx)2+ -oos2x 1 
npe~e 4eM nepeHTI1 K KOlll14eCTBeHHOMY paCCMOTpeHI1~ aHOMall1111 4{3 1 oos x Idx./29/11(1 _ .1.-0)2 '0 0 10 2 

TenlloeMKOCTI1 B 3He , He06xOAI1MO OTMeTI1Tb clleAy~ee. 06paaOBaHI1e 2 o 

1l0Kalll1aOBaHHOH BaKaHCl111 B XopOWO ynopRA04eHHOH peweTKe KBaHTO
PaC4eT TenlloeMKOCTH no ¢opMYlle /28/ npael1llbHO Onl1CblBaeTBoro Kpl1CTalllla 3HepreTI1~eCKI1 HeBbirOAHO, 11 BaKaHCl111 AellOKall113Y

3KcnepHMeHTallbHble AaHHble 151 C TOH T04HOCTb~, C KOTOPOH YAaeT~TCR, npeBpa~aRCb B KBa3114aCTI1~bI - BaKaHCI10HbI. npl1 3TOM 3Hep
CR npOBeCTH cpaBHeHHe. H3 cpaBHeHI1R C 3KcnepHMeHTallbHblMI1 pe- 3rl1R eaKaHCI10Ha HI1~e 3Heprl111 1l0Kalll1aOBaHHOH BaKaHCl111 Ha nOllywl1

pl1He ero 3Hepr~TI14eCKOH aOHbl. OAHaKO npl1 TeMnepaTypax 3KCnepl1- aYllbTaTaMH npl1 Vm = 24,454 CM 
Mbi nOllY411llH 3Heprl1~ aKTI1Ba~1111MeHTa TBepAblH He HaxOAI1TCR B napaMarHI1THOM COCTORHI1I1 11, Clle c eaKaHCI1H (0 = 6,65 K H WI1PHHYAOBaTellbHO, He 06llaAaeT TpaHCllR~HOHHOH I1HBapl1aHTHOCTb~, He06 R aOHbI A = 6,42 K. Ha pHC. 2 no
KaaaHa eaKaHCHOHHaR TenlloeM

XOAHMOH AllR nORBlleHI1R xopoweH KBaaI14aCTH~bI C 60llbWoH Alll1HOH 
cB060AHoro np06era.• B AaHHOH cl1Tya~HI1 KBa31111MnYllbC RBllReTCR 

KOCTb, paCC411TaHHaR no ~OPMYnllOXHM KBaHTOBbiM ~I1CllOM. nOCKOllbKY, OAHaKO, 06MeHHoe BaaHMO
lle /5/ /KpI1BaR 1/ H no ~OPMYAeHCTBHe Me~y Cnl1HaMI1 MHoro MeHbwe WHPI1HbI BaKaHCI10HHOH 30HbI, 
lle /28/ /KpI1BaR 2/. B AaHHOM TO,OKa3b1BaeTCR /141 , ~TO BaKaHCHH BblrOAHO 3aTpaTI1Tb 4aCTb CBO

10-3 

MaCWTa6e Kpl1BaR 2 HeOTlll14HMaeH 3HeprHH, 4T06b1 IIBblCTPOHTb" cnHHbI, YCTpal1BaR TaKI1M 06pa30M 
OT 3KcnepHMeHTallbHoH.He06xoAHMY~ AllR AellOKalll13a~1111 nepl10AI14HOCTb peWeTKI1. KaK nOKa

aall AHApeeB 114~ 3TO npOI1CXOAI1T B OTHOCI1TellbHO He60llbwOH 06llac PHc.2.BaKaHcHoHHafl TennOeMKOCTb 
TI1 Kpl1CTalllla, OXBaTblBa~eH TOllbKO nepBble KOOPAI1Ha~110HHble c~epbl, Anfl Vm=24,454 cM3. I - no ~op
3Toro, OAHaKO, AOCTaT04HO AllR ~OpMHpOBaHHR aaKOHa Al1cnepCI1I1. Myne /5/ C ¢ =5,99 K H 2 - no 
n03TOMY, XOTR KBa31111MnYllbC H RBllReTCR HeAoCTaT04HO xopoweH xa ~oPMy;re /2(,/ C (0=6,65 K H A= 
paKTepl1CTI1KOH H BaKaHCI10HHaR aOHa xapaKTepl13yeTcR TOllbKO nllOT =6,42 K. B 3TOM MaCIDTa6e KPH
HOCTb~ COCTORHI1H, MO*HO C4I1TaTb, 4TO CI1CTeMaTI1Ka 3HepreTI1- 10-4 

I ..z;::::;.:-r: I Bafl 2 HeOTnHQHMa OT 3KcnepHMeH
I I ' 

0,4 0,5 0,6 T(K) TanbHoH 5. 
6 7 



B 3aKn~4eHHe aBTOpW XOTenH 6w BWpaSHTb HCKpeHH~~ 6naroAap
HOCTb B.A.KY3bMHHY 3a npoBeAeHHWe BW4HcneHHR Ha 3BM. 

flHTEPAtYPA 

1. Heltemes E.C., Swenson C.A. - Phys.Rev., 1962, 128,p.1512 . 
,It· 

2 .. Sample H.H., Swenson C.A. - Phys.Rev., 1967, 158, p.188. • 
3.' Pandorf R.C., Edwards D.O. - Phys.Rev., 1968, 169, p.222. 
4. 	Castles S.H., Adams E.D. - Phys.Rev.Lett., 1973, 30,p.1125. 
5. 	 Greywall D.S. - Phys.Rev. 1977, B15, p.2604. ~ 

6. 	ASRnowHHcKHH H.E., KOHApaTeHKO n.c., fleB4eHKoB B.C. 

- .3T~, 1972, 62. c.2318. 


7. 	 Guyer R.A. - J.Low Temp.Phys., 1972, 8, p.427. 
8. 	Hetherington J.H, ~ J.Low Temp.Phys., 1978, 32, p.173. 
9. 	~Kanoa B.H. - TM~, 1976, 28, c.92. 

10. 	 Yukalov V.I. - Physical 1977, 89A, p.363.
11. 	 pushkarov 0.1. - phys.stat.sol.(b), 1977,80, p.295. 
12. 	 AHApeeB A.~., flH¢WH~ H.M. - *3T~, 1969, 56, c.2057. 
13. 	 nYWKapOB A.H. - .3T~, 1970, 59, c.1755; 


~HT, 1975, 1,·c.581 , c.586. 

14. 	 AHApeeB A.~. - nHCbMa B .3T~, 1976, 24, c.608. 

pYKonHCb nOcTynHna B H3AaTenbcKHH oTAen 
30 MapTa 1987 rOAa. 

o 

~ 

nymxapoB n.H•• ATaaaCOBa E.n. P17-87-199 
'neteKTOHHaS TennOeMKOCTh H BYCOKOTeMne
paTypH8ft aHOManHft TBepAoro lBe 

PaCCMOTpeHa Ae~KToHHas TennOeMKOCTh B KBaHTO~ ~PHC
Tann8X THna TBepAoro renHs. nOKa~aHO, qTO BYCOKOTeMnepa
TypHas aHOManas TennOeMKOCTH B O~K 3Be HMeeT BaKaHqHQHHoe 
npOHcx03AeHHe. Ks 3KcnepHMeHTanhHYX AaHHYX no TennOeMKOC
TH onpeAeneHa 3HeprHSaKTHBa~HH H mupHHa SORY BaKaUCUOHa • 

• 
PaOOTa BYnonHeHa B naoopaToPHH TeOpeTHQeCKOH WH9H~ 

owm. 

C006weHHe 061.e.touleHHoro HHCTmyra JmepHbIX HccneAosaHHii. -Uy6Ha 1987 

nepeBOA T.n.nYMoPaHC 

Pushkarov D.I., Atanassova E.D. P17-87-199 
Defecton Heat Capacity and Bi~h
Temperature Anomaly of Solid He 

The defecton specific heat in quantum crystals is con
sidered" It is shown that the high-temperature anomaly ini 
b.c.c. ~e is due to the vacancion excitations. The va
cancy activation energy and vacancion band width are de
termined from the experimental data. 

Tbe investigation has been performed at the Laborato
ry of Tbeoretical Physics, JINR. 
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