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HABJIIO,UEHHE KYMYJIHTHBHhiX AHTHIIPOTOHOB 

r.C.ABepH'IeB, B.K.BOHAapea 1 'II.H.3apy6HH, A.r.JIHTBHHeHKO, 
A.A.Mo3enea, H.C.Mopo3.lO.A.IlaHe6paTI.J;ea, 
B.r.IIepeao31IHKoa, M.IleHUR2

, C.B.PHXBHUKHH , 
B.C.CTaBHHCKHH, A.H.XpeHOB 

JipHBe.D;eHbl pe3yJibT3Tbl H3MepeHJtil HHBapHaHTHbiX HHKJII03HBHbiX 
ce'leHHii: p<>)I(.D;eHHH aHTHIIp<>TOHOB Ha H,o;pax Pb H AI B o6rracTH, KHHe
MaTH'IeCKH 3anpemeHHOH .D;JIH HYKJIOH·HYKJIOHHbiX CTOJIKHOBeHHH. 
Pe3yJibT3Tbl rrorry'leHbl Ha M3I'HHTHOM crreKTpoMeTpe nwcK, pa6oTaiO· 
meM Ha B&me.o;eHHOM rry'IKe CHHxpo4>a30TpoHa 011JII1. IIorry'leH&I 
BeJIH'IHHbl HHB3pHaHTHOf0 .D;H4>4>epeHU,HaiibHOfO Ce'leHHH p<>)I(.D;eHHH 
KYMYJIHTHBHhix aHTHrrpoToHoB .D;JIH KYMYJIHTHBHoro 'IHCJia X= 1,47 
MH H.D;ep amoMHHHH H CBHHua. II pH X= 1,85 c.o;erraHa BepXHHH 
oueHKa ce'leHHH. IloKa3aTerr& crerreHH A-3aBHCHMOCTH ce'leHHH p<>lK· 
.o;eHHH KYMYJIHTHBHhiX aHTHIIp<>TOHOB a= 1,00 ± 0,12. 

Pa6oTa BhiiiOJIHeHa B Jia6opaTOpHH BbiCOKHX :meprnii: 011JII1 . 

Cumulative Antiproton Observation 

G.S.Averichev et al. 

Results on the antiproton production on Pb and AI nuclei in the 
region kinematically forbidden for nucleon-nucleon collisions are 
presented. The inve"stigation was carried out on the DISK magnetic 
spectrometer operating on the extracted beam of JINR synchropha
sotron. Estimations of invariant differential cross-sections of cumulative 
antiproton production have been obtained for cumulative number X= 
= i .4 7 on aluminium and lead targets. Upper cross-section has been 
estimated at X= 1.85 . The power of A-dependence has been estimated, 
too: a=l.OO ±0.12. 

The investigation has been performed at the Laboratory of High 
Energies, JINR. 

B nocrreAHHe rOAbl B pe3yJibTaTe npoBeAeHHbiX HCCJieAOBaHHH 
6bm ycTaHOBrreH npe.o;en npHMeHHMOCTH KrraccuqecKOH HYKJIOHHOH 
MOAerrH RApa H OTKpbiTa KBapK-napTOHHaR CTPYKTYPHaR <l>YHKUH.fl 

1 Hay'IHo-Hccrre.o;oBaTerr&cKHii: HHCTHTYT 4>H3HKH JleHHHrpa.u;cKoro 
rocy.o;apCTBeHHoro YHHBepcHTeTa 

2 lleHTparr&HhiH HHCTHTYT 4>H3HKH, ByxapecT 
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ll,ll;pa 11
•
21 

> H3ytJeHHe CBOHCTB KOTOpOH H COCTaBJIReT nporpaM MY ,ll;aJib

HeHWHX HCCJie,ll;OBaHHH B peJIRTHBHCTCKOH R,ll;epHOH <l>H3HKe. E CJIH K Ha

CTOR~eMy apeMeHH HaKOnJieH ,ll;OCTaTOtJHO 60JibWOH 3KCnepHMeHTaJib

HbiH MaTepHaJI 0 pacnpe,ll;eJieHHH B ll,ll;pax BaJieHTHbiX KBapK B ( CB113b 

3KCnepHMeHTaJibHO H3MepReMbiX CetJeHHH C pacnpe,ll;eJieHHeM KBapKOB 

B RApax ycrauoarreua B pa6oTe 13 1), TO 3HaimTeJibHO MeHbWe 3Kcnepu

MeHTaJibHbiX ,ll;aHHbiX (no CYTH ,ll;eJia TOJibKO 3KCnepHMeHTaJibHble AaH

Hbie no KYMYJIRTHBHOMY po)f{,D,euuro K--Me3ouoa 11 1) , a KoTopbiX 

uccrre,ll;oaarrocb po)f{,D,euue "MopcKHx" KYMYJIRTHBHbiX qacTHQ. 06ua

py)f(euo, tJTO oTHoweuue ~ /K-ue nOATBep)f{,D,aeT o6~enpHHRToro MHe

"":11 0 TOM, tJTO "MOpCKHe" KBapKH HMeiOT 6orree "MRrKoe " pacnpe

,ll;eJieHHe. Eorree Toro, norrytJeHHbie 3KcnepuMeHTaJibHbie A aHHbie AJIR 

KaOHOB YKa3biBaiOT Ha TO, tJTO pacnpe,ll;eJieHHe MOpcKHX KBap KOB B KY

MYJIIITHBHOH o6rracTH nponopuuouarrbHO pacnpe,ll;erreuuro no HMnyrrLcy 

BarreHTHbiX KaapKoB. Ilo-BHAHMOMY, "MopcKHe" KYMYJIRTHBHbie 

tJaCTHQbl - YHHKaJibHbiH HCTOtJHHK CBe,ll;eHHH 0 KBapKOBOH CTpyKType 

RApa. B 3TOM KOHTeKcTe H crreAyeT paccMaTpHBaTb uerrb uaw ux 3Kcne

pHMeHTaJibHbiX uccrreAOBaHHH KYMYJIRTHBHOro po)f(,ll;eHHR aHTHnpo

TOHOB B a,ll;pOH-R,ll;epHbiX B3aHMO,ll;eHCTBH11X npH BbiCOKHX 3HeprHRX. 

Pe3yJibTaTbi nepBbiX 3KCnepuMeHTOB, BbmorrueHHbiX c uerrbro 

noucKa KYMYJIRTHBHbiX auTHnpoTonoa, npHBeAeHbi a p a6oTe
11 1

• 

CJIO)f(HOCTb 3KCnepuMeHTaJibHOH 3a,ll;atJH B TOM, tJT ceqeuue 

pO)f{,D,eHHR p COCTaBJIReT BeJIHtJHHY nopll,ll;Ka 10-, OT cetJeHHII po)f{,D,e

HHII npOTOHa C TeM )f(e HMnyJibCOM H yrJIOM perHCTpaQHH. IlOTOK aHTH

npoTOHOB CpaijHHM C <l>OHOM nOJIO)f(HTeJibHO 3ap11)f(eHHbiX tJaCTHQ, 

npOXOAII~X tJepe3 MarHHTHO-OnTHtJeCKHH KaHaJI YCTaHOB K H H HMH

THpyiO~HX aHTHnpOTOHbl no BpeMeHH npOJieTa H HOHH3aQHOHHbiM 

noTepRM. - ,llrr11 TOrO tJT06bi cy~eCTBeHHO nOHH3HTb ypoB eHb <Poua, 

B COCTaB YCTaHOBKH 6biJI ,ll;OnOJIHHTeJibHO BKJIIOtJeH CtJeTtJHK norruoro 

norrro~eHHII Ha CBHHQOBOM CTeKJie ,!J;JIII perHCTpaQHH n pOAYKTOB 

auuHrHJIRQHH auTHnpoToua B pa,ll;HaTope 3Toro AeTeKTopa . Pe3yJib

TaTbi npOBe,ll;eHHOrO 3KCnepHMeHTa H paCCMaTpHBaiOTCII B HaCTOII~eH 

pa6oTe. 

3KcnepHMeHT BbinOJIHeH Ha 3JieKTpOHHOH yCTaHOBKe .lJ.I1CK
14

• 5 
I , 

npe,ll;CTaBJIIIIO~eH C060H MarHHTHbiH cneKTpOMeTp C <l>oKy CHpOBKOH 

(aKcenTauc cneKTpoMeTpa 6bm ·yaerrutJeH B -3 pa3a no c paaueuuro 

C 11 I) . 11AeHTH<l>HKaQH11 noJie3HbiX C06biTHH OCHOBaHa Ha 3MepeHHH 

BpeMeHH nporreTa, noTepb Ha HOHH3aQHIO H aMFIJIHTYAbi tJepeHKOBCKOH 

BCnbiWKH. 

B KatJecTae nepBHtJHbiX nytJKOB ucnoJib30BaJIHCb npoTOHbi H AeH

TpOHbi c HMnyrrbCOM 8,9 r3B/c, MHWeHH Pb H AI. Yrorr u a 6JIIO,ll;eHH11 

aHTHnpoTOHOB 61 H 90°, HMnyrrbc 500 M3B/c. 

CooTBeTcrnyro~ue 3TOH KHHeMaTHKe 3HatJeHHR MacwTa 6uo8 nepe

Meuuo816 I npH perHCTpaQHH pa3JIHtJHbiX tJaCTHQ npHBe,ll;eHbl B Ta6JI.l. 

IlOMHMO OnHCaHHOrO B II I, AJIII Bbi)J;eJieHHII aHTHnpOT OHOB 6biJI 

A06aarreu qepeHKOBCKHH ctJeTtJHK norruoro norrro~eHHR c p aAHaTopoM 
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Ta6nuija 1 

llepBH'IHbiH Yron 
17 K+ K- p p 

ny'IOK Ha6mo.IJ:eHHH,rp~ • 

npOTOHbl 61 0,36 0,63 0,73 0,07 1,47 

90 0,66 0,95 1,06 0,39 1,85 

,Zl;eihpOHbl ~ 

61 0,44 0,86 1,15 0,39 3,13 

H3 CBHHQOB OrO CTeKJia, B KOTOpOM aHTHOpOTOHbl aHHHrH11HpOBaJIH 

B 1T 0 -Me30Hbl, H H31Iy'leHHe 3JieKTpoHH0-003HTpoHHOH JiaBHHbl perHCT

pHpOBaJIOCb <I>3Y 58 AVP. 
KpoMe aMnJIHTY.ZJ:bi t~epeHKOBCKoro H3Jiy'leHHH OT npo.D:yKTOB 

aHHHrHJIHQHH, H3MepHJIOCb BpeMH npHXO,Zl;a CHrHaJia (-1 HC), 'ITO 

003BOJIHJIO HCKJIIO'IHTb <t>oH CJIY'laHHbiX COBn~eHHH. 

,lln.R OT6opa aHTHnpOTOHOB Ha HaKOOJieHHOM MaTepHane npHMeH.R

JIHCb CJie,Zl;yiOI.I..{He KpHTepHH: 

1) apeM.R nponeTa Ha .D:BYX 6a3ax H ero cornacoBaHHOCTb B npe

.D:enax apeMeHHoro pa3perneHH.R; 

2) aMOJIHTY ,Zl;bl C .D:BYX CQHHTH1111.FIQHOHHbiX C'leT'IHKOB; 

3) HiiTeHCHBHOCTb tlepeHKOBCKOrO H311y'leHH.fl B .D:BYX nneKCHrJia

COBbiX C'leT'lHKax; O,Zl;HH H3 HHX BKJIIO'laJIC.fl B aHTHCOBn~eHH.fl M.fl 

CHH)f(eHH~ B peMeHH 6~0KHpOBaHH.fl annapaTypbi C'lHTbffiaHH.fl HH<l>opMa

QHH; 

4) aMnJIHTy,Zl;a CHrHaJia C'leT'lHKa Ha CBHHQOBOM CTeKJie; pe)f(eJ<:

QH.fl npOTOHOB COCTaBJIHJia BeJIH'lHHY He MeHee 10- 5
• llpOTOHbl OKa3bi

BaJIHCb OO,Zl; n oporOM cpa6aTbffiaHHH CXeMbl BpeMeHHOH npHBH3KH. 

5) M HTenbHOCTb apeMeHHoro HHTepaana Me)f(.ZJ:y cpa6aTbmaHHeM 

3TOrO C'leT'IHKa H C'leT'lHKOB, BKJIIO'leHHbiX B TpHrrep. 3.ZJ:eCb Y'lHTbma

JiaCb KOppenHQHH Me)f(.ZJ:y RMnJIHTY.ZJ:OH CHrHaJia H MOMeHTOM cpa6aTbi

BaHHH COOTB eTCTBYIOI.I..{ero <t>opMHpOBRTeJIH. 

Bcero n o 3THM KpHTepHHM Ha OCHOBHOH CTaTHCTHKe 6b1110 OT06pa

HO 66 C06b i THH. H3 HH3 36 - MH MHllleHH H3 CBHHUil (TOJIIUHHa 

9,6 r/CM
2

) H aJIIOMHHHH (TOJII.I..{HHa 8 r/CM 2
) npH yrne perHCTpa.QHH 

6f. . 
CneKTp aMnnHTy.D: co ct~eT'lHKa nonHoro nornomeHHH cooTBeT

CTByromHx p OOKa3aH Ha pHc.1 CnJIOlliHOH JIHHHeH. 

llyHKTHpHbiMH JIHHHHMH o6o3Hat~eHbi pacnpe.D:eneHHH MH tr

H K-Me3oHoB . 

Ha pHc .2 npHBe.ZJ:eHbi cneKTpbi apeMeHH nponeTa npH Hcnonb3o

BaHHH KpHTepHeB 1 + 5. CnnOlliHaH JIHHHH COOTBeTCTByeT CTRTHCTHKe 

co CBHHUOB OH MHllleHLIO, nyHKTHpHan - anroMHHHeaou. To'lKaMH 
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N ('IHcno OTC'IeTOB) 

20 

10 

OILU~~~~~~~~~~~~~--~ 

HoMep KaHana 

Puc.l. CneKrp aMMuryo co 
C'leT'IUKQ HQ C6UHij060M CTeK

/le 0/IH nUOH06, KQOH06 U QH

runpOTOH08. 

o6o3Ha'leHo p aenpeAene

HHe AJIR DpOTOHOB e HM

DYJibeOM 500 M 3B/c. Pae

npeAeJieHH.fl DO HOHH3aQH

OHHbiM DOTepRM B e'leT'lH-

Kax He OTJIH'llllOTC.fl ey

~ecTBeHHO OT DpOTOHHblX. ,[ln.fl yrna H8MIOAeHH.fl goo H Dp H HeOOJib-

30BaHHH nepBH'lHbiX AeHTpOHOB eo6biTHH TaKoro THDa 3aperHeTpHpo

BaHO He 6biJIO. 

llo npeADOJIO:>KeHHIO, oeHOBHOH BKJiaA B cpoH B pa6oTe 13 I AaBaJIH 

DpOTOHbl, "npoWeAWHe KpHTepHH" aHaJIH3Hpy10~ero MarHHTa (:>KeeT

Ka.fl cpoKyeHpOBKa JIHH3 CJia6o QyBeTByeT 3H8K 38p.RAa 'laeTHIIbl). 

B AaHHOH pa6oTe 3TOT cpou 6bm noAaBJieH, TaK KaK: 

a) sepoRTHoeTb perHeTpaQHH npoTouos e HMnyn~>eoM 5 00 M3B/e 

B 06JiaeTH 8MDJIHTyA, eOOTBeTCTBYIO~X aHTHDpOTqHaM, He npe~biWaeT 
ypOBH.fl 10-5 B e'leT'lHKe Ha CBHHIIOBOM eTeKJie; 

6) eornacuo yuHBepeani>HOH 3aBHeHMOeTH eeqeuuH: OT KYMYJIR

THBHoro 'lHeJia AOJI:>KHa Ha6JIIOA8Tbe.fl eHJibHaR 3aBHeHMOeTb BbiXOAa 

aHTHDpOTOHOB OT nepBH'IHOH :meprHH, T.e. B HaWeM enyqae DpH nepe

XOAe OT YCKOpeHHbiX npoTOHOB K AeHTpOHHOMy DY'IKY (eM. Ta6n.l). 

qHeJIO eo6hiTHH, HHTepnpeTHpyeMblX K8K aHTHDpOTOHbi, yMeHbWHJIOeb 

He MeHee 'leM B 20 pa3, TOrAa K8K ypOBeHb cpoHa DOHH3HJie.fl DpHMepHO 

B 2 pa3a. KpoMe Toro, no TeM :>Ke npH'IHHaM (eM. Ta6n.1) n p H nepexo

Ae C yrJia Ha6JIIOAeHH.fl 61° K goo BbiXOA aHTHDpOTOHOB yuan He MeHee 

'leM B -16 pa3, a cpou B 4 pa3a. 

B) H3MepeHH.fl BbiXOA8 aHTHOpoTOHOB Ha DOHH:>KeHHOH (- 5 pa3) 

HHTeHeHBHOeTH H H3MeHeHHe TOJI~Hbl MHWeHH (B 8 pa3) DOK83aJIH 

JIHHeHHOCTb 3<PcpeKTa. 

1
d N ('IHcno OTc<leTos) ,[ln.fl onpeAeJieHH.fl 3cp-

cpeKTHBHOeTH perHeTpa-

Al IIHH 8HTHDpoTOHOB, Kpo

Me pauee onHeaHHbiX no

npasoK15 I, 6&IJIH BBeAe-

Puc.2. CneKTP epeNeHu npo

llera npu HQ/IO:JICeHuu 'M.Rz

Kux" YCII06UU Ha 6biOe/leHue 

QHTUnpoTOH08. 
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Hbl nonpaBKH Ha aHHHrHJIRUHIO 

HOCTb perHCTpaUHH ClJeTlJHKOM 

± 0,1). 

B MHIIIeHH (K3 = 1,3) H 3¢l¢leKTHB

llOJIHOrO nornomeHHR (K
3 

= 1,1 ± 

Ilocne,n;HRR OQeHKa nony'leHa H3 cneK:rpa aMnJIH:ry,n; o:r aHHHrH

JIHpoaaeum x aHTHllpOTOHOB, npHBe,!l;eHHOrO B 11 I. 3TO CTaJIO B03M0)K

HbiM 6Jiaro ,n;apR TOMy, 'ITO ClJeTlJHK, HCll0Jlb30BaHHhiH a171, 6biJI 0TKa

mt6poBaH Ha nylJKe 3JleKTpOHOB. IlocJie npHBe,!l;eHHR K O,!I;HHaKOBOMY 
MaCUITa6y llOJiy'leHHbiH HaMH cneK:rp H cneKTp aHHHrHJIRQHH H3 pa6o: 

Tbi 17 I OKa3aJIHCb 6JIH3KHMH no ¢lopMe. 

Ce'leHHR po)K,!I;eHHR KYMYJIRTHBHhiX aHTHnpo:roHoB c HMnyn&coM 
500 M3B/c H yrJIOM Ha6JIIO,!I;eHHR B 61° paBHhl COOTBeTCTBeHHO ,!I;JlR 

aJIIOMHHHR (8,0 ± 1,5)·10- 6 H ,!I;JlR CBHHQa (8,1 ± 1,4)·10- 6 (M6· 

c 3• cp- 1
• r 3B- 2

) Ha HYKJIOH ¢1parMeHTHpyiDmero R,n;pa. BeJIHlJHHhi 

OTHOIIIeHHR CelJeHHH pO)K,!I;eHHR aHTHnpOTOHOB K CelJeHHRM pO)K,!I;e

HHR npOTOHOB H llHOHOB Ha HyKJIOH C TeM )Ke HMllYJibCOM H yrJIOM 

naHhi a :ra6n .2. CHc:reMaTHlJeCKaR oum6Ka aeJIH'IHHhi ce'leHHH ± 13%. 

Ta6;zulfa 2 

AJIIOMHHHH CaHHeQ 

p/p (3,7 ± 1,1)·10- 7 (5,7 ± 1,1) · 10- 7 

p/rr- (5,3 ± 0,9)·10- 6 (3,5 ± 0,6)·10- 7 

BepxHRR oQeHKa aeJIHlJHHhi ceqeHHR pO)K,!I;eHHR KYMYJIRTHBHhiX 

aHTHnpOTOHOB Ha CBHHQe Ha yroJI 90° C HMllYJibCOM 500 M3B/c CO

CTaBJIReT 0,5 ·1 0- 6 ( M6 · Cp- 1 
• r3B- 2 

) Ha HYKJIOH . 

B npen noJio)KeHHH c:reneHHOH 3aBHCHMOCTH celJeHHR o:r a:roMHoro 

aeca oQeHKa noKa3a:renR c:reneHH A-3aBHCHMOCTH coc:raenRe:r aeJIH'IHHY 

1,00 ± 0,12 . 

CHJI&HaR 3aBHCHMOCTb o:r a:roMHoro aeca yKa3hiBae:r Ha cna6oe 

nornomeHHe aH:rHnpo:roHoa nHy:rpH ¢1parMeHTHpyiDmero Rnpa. AHano

rH'IHhiH ¢laK T nnR pO)KneHHR aHTHllpOTOHOB B6JIH3H nopora OTMelJaJI

CR a pa6o:re 18 1
• 

Korna Mhl ro:roBHJIH 3TY ny6JIHKaUHIO, noRBHJiac& pa6o:ra 19 1
, 

B KOTOpOH H3MepeHO HHKJ1103HBHOe CelJeHHe pO)K,!I;eHHR aHTHllpOTOHOB 

no 3Ha'leHHH Maciii:ra6HOH nepeMeHHOH X_:> 3,1. B HeH H3Y'laJIOCb 

pO)K,!I;eHHe aHTHnpOTOHOB C HMllYJibCOM 1,7 r3B/c non yrJIOM 188 Mpa,!l; 

npH H3MeHeHHH KHHent'leCKOH 3HeprHH nepBHlJHhiX npOTOHOB OT 3,4 

,!1;0 9 r3B . l13MepeHHR BhinOJIHeHbi Ha ycKOpHTeJie HT3<1> ,!I;JIR MHUie

HeH H3 6epHJIJIHR, aJIIOMHHHR H Me,!I;H. 
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Puc.J. CpaBnenue pe3yllbTaTOB 
no poJtCi>enwo KYMYIIRTUBHbiX 
anrunpOTOHOB Ha Q/IIOMUHUU. 
GuMBoil • - i>aHHble pa-
6orbl181, CUMBO/I 0 

i>aHHble pa60Tbl 19 1, CUMBO/I 
~ - HaUl pe3yllbTaT. 

)laHHbie, n pe.n;cTaaneH

Hbie Ha pHc.3, n oKa3hiBaiOT, 

'ITO H3MepeHHa .R HaMH Be

JIH'lHHa Ce'leHH .Il pO)K,Il;eHH.Il 

aHTHllpOTOHOB Ha aJilOMH

HHH xoporno cornacyeTc.R 

C 3aBHCHMOCTblO Ce'leHH.Il 

OT MaClllTa6HOH nepeMeH

HOH, noJiy'leHH OH a 19 1 npH 

X= 1,5. 
BepXH.R.R oueHKa cetJeHH.R po)K,Il;eHH.R aHTHnpoTOHOB Ha CBHHUe, 

npHBe.n;eHHa.R B HacTO.RI.UeH pa6oTe .n;n.R X= 1,85, Ha nop.R.n;o~ MeHhllle 

BeJIH'IHHhi ce'leHH.Il Ha anlOMHHHH. YKa3aHHOe pa3JIH'IHe He yMeHbllla

eTC.R, ecnH yqecTb A-3aBHCHMOCTb cetJeHH.R po)K.n;eHH.R aHTHnpoToHoB 

H3 HallleH pa60Tbl HJIH 19 I. B03M0)KH0, 3TO pa3JIH'IHe CB.R3 aHO C BblllO

Jia)KHBaHHeM 3aBHCHMOCTH cetJeHH.R po)K,Il;eHH.R aHTHnpoToHoB oT X 
npH 6oJiblllHX 3Ha'leHH.Rx X. B pa6oTe 19 1 6oJibllla.R senH'IHHa X .n;ocTH

ranacb 3a C'leT CHH)KeHH.Il Ha'laJibHOH 3HeprHH. TaKOe BbinOJia)KHBaHHe, 

llO-BH,Il;HMOMy, yKa3bmaeT H1l. TO, 'ITO BbiXO,Il; cetJeHH.Il Ha yHHBepcanb

HYlO 3aBHCHMOCTb OT X .n;n.R <PHKCHpoBaHHoro 3HatJeHH.R X npoHcxo.n;HT 

CBepxy npH YBeJIH'IeHHH 3HeprHH HaJieTaiOI.Uero npoTOHa. 3TOT <PaKT 

AJI.R po)K,Il;eHH.R KYMYJI.RTHBHbiX npoToHOB H nHOHOB OTMetJaJic.R B pa-
6oTe11 o ~. 

YKa3aHHoe cosna.n;eHHe, Ha Ham B3rJI.RA, no.n;rnep)K,Il;aeT yHHBep

CaJibHOCTb MexaHH3Ma KYMYJI.RTHBHoro po)K,Il;eHH.R, T .e. c etJeHHe pO)K

.n;eHH.R aHTHnpoTOHOB onpe.n;en.ReTc.R KBapK-napTOHHOH c TpyKTYPHOH 

<PYHKUHeH .ll,D;pa B 3aBHCHMOCTH OT MaClllTa6HOH nepeMeHHOH. 
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GLUONIUM AND SCALAR MESONS 

M.Nagy 1, V.S.Suyarov2, M.K.Volkov 

The inclusion of gluonia into the quark model of superconductivity 
type is shown . The possibility of the identification of arising three 
isoscalar states with the scalar mesons (a, S*, c) is discussed . 

The investigation has been performed at the Laboratory of Theore· 
tical Physics, JINR. 

rmoOHHH H CKaJI.RpHbie Me30Hbl 

M.Ha,Ill>, B.C.Cy.llpoB, M.K.BoJIKOB 

llpoHlBO,lUITC.Il BKJIIO'IeHHe rJIIOOHHeB B KBapKOBYfO MOJJ;eJII> CBepx
npoBOJJ;.IIIUero THna H ·06CylKAaeTC.Il B03MO)IQ{OCTI> OTOlKAeCTBJieHH.Il 
B03HHKJJYBWHX TpeX HlOCKaJI.IlpHI>lX COCTO.IIHJtii CO CKaJI.IlpHI>lMH 
MeloHaMH (a, S*, c) . 

Pa6ora BbinOJIHeHa B na6oparopHH TeopeTH'IeCKOH $H3HKH OHHH. 

One of the problems, appearing in the description of scalar me
sons in the framework of the quark models, is the problem how to 
interpret the 8*(975) and c (1300) states (according to the new nota
tion t 0 (975) and t 0 (1300), respectively). These meson are often 
interpreted as the mixing of singlet and octet quarkonium states with 
the primary content of a~uarks in the S* (975) state and of u, d 
quarks in the c (1300) state. There are many questions arising, and it is 
difficult to answer most of them in the framework of pure quark 
models. 

Firstly, why the c (1300) state, consisting mainly of light quarks, 
is heavier than the S *(975) state, consisting mainly of the s quarks? 
The second question is connected with the problem of existence of 
the third isoscalar meson which should be lighter than 1 Ge V. The 
existence of this meson has been predicted in the framework of pheno
menological chiral sigma models many years ago. This isoscalar me
son is well known as the u -meson. The model value of its-mass is from 
the region 500-700 MeV. The meson in question plays very important 
role as an intermediate state absolutely necessary for the correct desc
ription of such processes as, e.g., rr- rr scattering, .,, -+1}2rr decay, pion 

J PI SAS, Bratislava 

2 Samarkand State University 
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polarizability , etc., in the framework of linear a-model. Let us remind 
that linear a -model appears quite naturally from the group as well 
as quark approaches as the universal model allowing one to describe 
the scalar, pseudoscalar, vector and axial-vector mesons 1 1, 2 l . Howe
ver, the experimental status of ( (700) meson remains for the present 
as not completely unique. It is absent until now in the data 131 though 
possible to be observed in the indirect way, for example, in the 
Q1(1200) -+ Kf and Q 2(1400) -+ Kt decays shown in the above-men
tioned data. This is due to the fact that the discussed resonance has 
a very large width almost equal to its mass, and that is why it is hardly 
observable in the pure form 141 • Nevertheless, as has been mentioned 
before, it plays a very important role as an intermediate state, e.g., 
in rr-rr scattering,where its width is small. 

In the present paper it will be shown that if we generalize the 
earlier proposed quark model of the superconductivity type 111 in 
such a way that this model will include the gluonium, then the three 
scalar states (l (550), 8*(1070) and(' (1200)) will appear in the natu
ral way, and they can be identified with mesons we discuss in this 
paper. There is first resonance consisting mainly of light quarks and 
possessing the large width equal to its mass. The second state contains 
basically the s -quarks and possesses the small width of decay into 
2rr. And finally, the third, heavy state £' (1200) is almost completely 
defined by the gluonium and it decays mainly into 2rr and with smal
ler probability also into 2K. We have actually obtained a qualitatively 
reasonable picture expressing the existence of three such states in the 
complete agreement with experimental data. 

The inclusion of the gluonia into the quark model of the supercon
ductivity type I ll we shall carry out in the following scheme propo. 
sed in papers 15, 61 . The a -model Lagrangian, written in the chiral 
invariant form (till the spontaneous chiral symmetry breaking occurred) 
is expressed as follows: 

f(a',¢)-== ~ [(alla~)2 +(Glll¢a)2]- ~Tr[f.L~(a'2+¢"2)]-
(1) 

1 I 2 ([ -, 2 ¢-2 l 2 [ -, ¢-) 2 ) l 1 T 1 M o -, l - -Tr g a + - a , - -- r g a , 
4 a - 201 a 

where a~ ( ¢
0

) denote the scalar (pseudoscalar) meson fields, a((/))= 
=a a A a (¢a A a ) ,)..a are the Gell-Mann matrices (0 ::; a <,;. s), u' =0-
-(M / ga) =a -z 112 f (<Oiu'IO>=-{M/ g )), Misthemassmatrixof 

. a. a 1 / 2 conshtuentquarks(M=diag(mu,md,ms)), ga=ma/faZ , (a are 
meson decay constants (f 1, 2 ,s,u = f 17 = 93 MeV, f 4, 5 , 6 , 7 =! K = 
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1.16 r,, f 5 =1.28!,), Z =1.4 is the constant occurring from the inclu
sion of 17-A 1 transitions / 1/,JL~ =<m;JZ) -2m!, I!; =(in ~ /Z)-2m! 
(m 178 = 700 MeV), l!i = <mi/ Z) - (mu+ m8 )

2 / 2. M0 is the matrix 
corresponding to the current quark masses, and finally, 0 1= 4.9 Gev-2 
is the four-quark interaction constant (mu =280 MeV, m8= 455 MeV). 

The gluonium field 0 we introduce in the following way 15•61 

' - 1 . -2 1 . /2 . 2 -
f(u,c,b,O) ='2(cJI!G) +'2((cJI!ua) +(op.c,ba) 1-V(G,u ',c,b), (2) 

where 

- J '2 c,P2 - ) 0 4 In .Q. + G- 4 7~ ( ua + a V(O, u', c,b = H 0 (-) u 
t 1 C G 

b 11 2 Ho = ""8"" Oo, b = TN c - T Nr (N 0 = 3 is the number of 
colours, Nr=3 is the flavour number), G0 = < OI(a 8 / rr) O ~v G~v i O > 
is the gluon condensate for which we use following value G0= 

= O.Ol,2 GeV 4 according to / 7/, C is an unidentified parameter, f g = 
= < 0 I G I 0 > and {) is the chiral symmetric part of J;,agrangian ( L) without 
kinetic terms. Similarly to IG,B I we shall also use the exponential 
representation for the gluonium field 

-
O(x) = f 

1 
exp (G (x) I f g) • (3) 

Then, we obtain from (1) and (2) the following expression for the 
Lagrangian describing the interaction of the gluonium with quarkonium 
fields (of scalar and pseudoscalar mesons) 

4o/ r r, a 
Af=-H 0 e g (In-+-)+ 

c f g 

2 
20/ fg 2 m" ... 2 2 112 2 

+(e -l)l(mu- -)((17 + 17 )Z + (u - Z f ) 1 + (4) 
2Z u u " 

m; 1/ 2 2 mu+ms 2 mi ... 2 
+(m 2 - -

8 
)( 17

2z + (u - z f ) 1 + ( (---) Z - - 1 K I . 
s 2Z s s s 2 ~ 2 

In the Lagrangian ( 4) there are three new uncertain parameters 
C, f g and m0 (gluonium mass);for the fixation of them it is necessary to 
choose three conditions. The first of them, which is enough for the 
determination of the parameter C, is the condition for the lack of the 
l~ear (in Q) terms in ( 4). It leads to the equation 
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f 
4H 0 (ln cg + i) = (2m~Z - m~)C; + (2m~z -~~s) f~. (5) 

The equat ion for the gluonium mass m 0 follows from ( 4) and it allows 
one to fix the combination (f g m0 ) 2 

2 2 H ( 2 2 2 ( 2 2 ) 2] ! g m 0 = 4 0 + 2 (2m u Z - m rr) ! rr + 2m s Z - m 11 s f 8 

4 = (0.054 + 0.006 = 0.06) GeV • 
(6) 

To det ermine the third parameter f g we use the experimental 
value of t he s * ... 2rr decay width: r S*-+ 2TT == 26 MeV. Let us remind 
that the Lagrangian (1) brings to the ideal mixing of singlet - octet 
states, as a result of which we get the following states: au, consisting 
onlyofu andd quarks(m~ = m; / z + 4m~, mau==570MeV),and a 5, 

consisting only of the s quar\s ( m~ 
5 

= m~ / Z +4m;, fr1u s == 1090 MeV). 
The first state decays into two pions with high probability I l l , and 
the decay into 2rr of the second state is forbidden. 

However, with the appearance of the Lagrangian (4) the new 
situation arises. In ( 4) there firstly appear the nondiagonal terms, con
taining CPu and Ga

9
, 

i>(Ga ,Ga ) == - 20 [(2m2z-m 2)f a + (2m2 Z -m 2 )!
9
a

5
].(7) 

u s 1 ' ?~ u TT' rr u 8 Tis z ,, 

Secondly, the direct decay of the gluonium into 2rr and 2K is allowed 

2 .., .., G (m +m ) .. 2 
f(Grr 2 ,GK2) == ...::!_[(2m2z_m 2'; 2 +( u 1 Z-m 2 )K ]. (8) 

! u TT' 2 K' 
g 

As a result, the possibility of the a -.2rr decay via the intermediate 
8 

G -state o pens 

err · ... 2 ...----. ... 2 fl (a 
8 

rr ) == i fl (a 
8 

G) f ( 0 rr ) 

-2(2rd!aZ - m~8 )! s 2 .. 2 2m
2 

Z - m rr .., 2 = a a rr • 
U a

8
rr - 8 

rg 

(9) 
1 

z 11 2 ! m2 -m2 
g 0 as 

and the co rresponding decay width is 

r 
U 

8 
-+ 2TT 

2 ' 2m a , 
= 3 y l-(-

81Tma m17 8 8 

2 
.) == 26 MeV if a == S*(975). 

8 
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Hence, the third equation for the fixation of the last arameter fg 
appears 

f 2 m 2 = f 2 m 2 + 2 f 
8 

(2m2 Z - m 2 )(2m 2 Z - m 2 ) 
g u8 g a Z 1/ 2 a 8 718 u 17 

= o.oe aev 4 - o.oo7 aev • = o.o53 aev 4 • 

As a result, we obtain (from(6) and (10)) 

fg = 212 MeV = 2.28! 17 , 

m a = 1.16 OeV. 

(10) 

(11) 

The mixing (7) gives us the following values for the masses m , , m , and 
• au a8 mo , . 
a) The mixing (a 

0 
G) takes place with the angle () 1 = -22 ° and 

yields the mass values mu' = 1.07 GeV and m0 , = 1.17 GeV. 
b) The mixing (u u 'b) takes place with the angle fJ 

2 
= -8° and 

yields the mass values ma , = 550 MeV and m 0 "= 1.18 Ge V. It is pos
sible to compare the num'bers we have obtained. with the wall-known 
experimental data for the scalar meson ( (700), S * (f 0 (975)), 
( ' (f 0 (1200)) masses 

/ 4 ' lllu.' = m ( = 500-700 MeV ', 
u 

l SI 
m , = m s* = 975 MeV , (12) 

all 

m a""' 
/ 8 / 

m , = 1200 MeV • 
( 

Let us verify now with what probability the states in question decay 
into 217 and 2K . The au ... 217 decay width has been calcul ted in 1 11 • 

The amplitude of this decay, following from (1), equals 

T < 1) = 2m g Z a ; 2 • 
a

0 
... 217 u u (13) 

The inclusion of the intermediate G state changes just a lit tle the ori
ginal value of T< 1> 

T(2) 
a

0
-+0-+217 

As a result we get for the a ... 217 decay width 
u 

(14) 
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r au-+ 21T 
2 m~ j 2miT 2 

=3Z -- 1-(-) 
mou ffiau 

{ 

840 MeV (rna = 550 MeV) 
2 u 

{0.94) = . 
530 MeV (mf = 700 MeV). 

(15) 
There are two values of the width for two possible values of f me
son mass - the model value ffi 0 = 550 MeV and an experimentally 
possible one mf ,.700 MeV. We cJh see from (15) that the au decay 
width is close to the mass of the last mentioned state, which corres
ponds to the e~perimental situation / 4 / . 

According to the decay S "'.... 21T , the value of t 1 is fixed, and 
that is why here the complete agreement with the experiment should 
be by definition. · -

Finally, the G(l')_. 21T decay goes in the direct way (see formula 
(8)) as well as via the intermediate ou state 

2(1T 
T (2) - ----a .... a -+21T - z1 12t 

u g 

2m2z- m 2 
U IT 2mu g Z Q if 2 

m2 - m2 
au a 

For the total amplitude we have as a result 

T(1)+(2) 

a-+ 21T 

2m 2z- m 2 
U IT 

tg 

(2mu) 2 
[l+ 1 ait2 

m2 - m2 
a · ou 

(16) 

.... (1) 
1.3 T 0 .... 21T • (17) 

which leads to the width r a(£(1200)) .... 21T = 150 MeV in agreement 
with the ·experimental data / 3,8/. The amplitude of the G-+2K. decay, 
following from the Lagrangian (8), leads to the width 

r a (f ') .... 2K = 30 Mev • (18) 

which is in qualitative agreement with the experiment / 3/ . The pro
cess being taken into account via the intermediate a 8 ( s *) state incre
ases twice the value in question. 

The calculations we have performed show that after the introduc
tion of the gluonium into the qu.ark model of superconductivity type 
there are three isoscalar states arising in the scalar sector: f (550), 
8*(1070) and f '(1200). In the ground state the lowest resonance 
consists of the light u and d quarks and it has the large width of 
the decay into two pions equal to its mass. This resonance is a good candi
date for the role of the well-known a-particle. It is difficult to obser
ve this state because of its large decay width. 

The second resonance is close to the scalar meson S * (975). It 
consists almost completely of the s -quarks; however, owing to the 
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small admixture of the gluonium, this resonance is allowed to decay 
into two pions with the decay width corresponding to the experimen
tal value. 

Finally, the last resonance possesses the properties close to the 
f (1200) meson. This resonance decays mainly into two pions with 
the decay width not contradicting the last experimental data / S,S/ . 

It decays with the smaller probability into two kaons. There are only 
BR (f' ... 27T) and BR (f' .. 2K) not entirely in agreeme t with the 
experiment (the theoretical value is three times as small as the experi
mental one). This situation could be a consequence of the fact besi
des the gluonium there are also four-quark states contrib ting to the 
resonance f (1200) 19<and we have not considered such states in our 
calculation. 

As a whole, the picture we have obtained is in complete agree
ment with the experiment. 
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AHOMAnhHAH3ABHCHMOCTb 
llOBPE)I(,llAIOIUEA CllOCOBHOCTH OT Z HOHA 
llPH B3AHMO.UEACTBHH C MOHOKPHCT AnJIOM Ge 

C.A.KapaMRH, A.B.PbixniOK, B.H.Byrpoe 

C nOI'o«>lllbiO J<l><l>eKra reHeii npH pemcrpauHH pacce.llHHbiX HOHOB 
H HAep OT,Aa'IK H3MepeHa CTeneHb fiOBpe)I(AeHH.II MOHOKpHCTanna 
Qe noA AeiicTBHeM HOHOB 40Ar(24 MJB) H 129Xe(121 MJB) B AHa
naJOHe JHa<reHHii AOJbi or 7. 1013 AO 6 · 10 15 CM-2. YcrroBH.II JKcne
pHMeHra HCKJIIO'Ill1IH CYllleCTBeHHbiH MaKpoHarpeB o6pa3IIOB. B npo
THBOpe'IKH C HJBeCTHOH CHCTeMaTHKOH nOB pe)I(AaiOllla.ll CfiOC06HOCTb 
HOHOB Xe OKaJarracb fiO'ITH B 10 pa3 HH>Ke, 'leM Ar. PeJy1IhTaT ofu. 
.IICHeH BK1IIO'IeHHeM HOBOfO MexaHHJMa B3aHMOAeHCTBH.II HOHa C MO· 
HOKpHCT3111IH'IeCKOH CpeAOH, COCTO.IIlllero B nrraBrreHHH MHKpoCKO· 
nH'IeCKOH o6nacTH KpHcranna BA01Ib rpeKa H nocrrep;yiOmeii peKpH· 
CT3111IH33IIHH. 

Pa6ora BhmorrHeHa B Jla6oparopHH RAepmix peaKIIHii OHRH. 

Anomalous Dependence of the Damage Power 
on Z I ons at the Interaction with Ge Single Crystal 

S.A.Karamian, A.V.Rykhlyuk, V.N.Bugrov 

Damage power of heavy ions on Oe single crystal is measured by 
using the blocking effect under registratio~ of scattered ions and 
recoil nuclei. Fluence range of 7 · 10 1S to 6 • 10 U em- 2 of the 
40 Ar (24 MeV) and 129xe (121 MeV) ions is covered . Significant 
macroheating of samples is excluded due to the conditions of the 
experiment. Damage power of the Xe ions is found to be 10 times 
lower than of Ar ions in contrast to the known systematics. The re
sult is explained by inclusion of a new mechanism of ion interaction 
with monocrystalline medium which consists in melting of the mic
roscopical volume of the crystal along the particle track and conse
quent recrystallization. 

The investigation has been performed at the Laboratory of Nucle
ar Reactions, JINR. 

B JIHTepaType coo6I.Qanocb o eoccraHoeneHHH noepe~eHHhiX 
KpHCTaJIJIOB DOA ,AeHCTBHeM HOHHOro ny11Ka. 3TH paOOTbl MO>KHO 
pa3,AeJIHTb Ha ,ABe rpynDbl; HCCJie.AOBaHHe BbiCOKOHHTeHCHBHOrO 
HOHHOrO JierHpOBaHHR 11·S/ H H80010,AeHHe HOHHO.CTHMYJIHpoBaH· 
aoro OT>KHra AeQleKTOB /4-7/ . B nepeoM CJiyqae 3a c11eT cHJibHoro 
Harpeea o6pll3U8 DY11KOM (npH OrpaHH11eHHH TeDJIOOTBOAa) B npo-
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uecce o6JiyqeHHR npOHCXO,ZI;HT nepeCTpoHKa ,ZJ;e4>eKTOB H BOCCTaHOB· 

neHHe CTpYKTypbi, CBR3aHHOe C TeMnepaTypHbiM B03,ZJ;eHCmHeM. 

Bo BTOpoM - pa,D;HauHOHHOe B03,D;eHCmHe HOHHOrO UOTOK a npHBO,ZI;HT 

K 3ane'IH8aHHIO Ae4>eKTOB, npe,D;BapHTenbHO C03,ZI;aHHbiX B KpHCTM· 

ne ,D;pyrHMH HOHaMH. HecMOTpR Ha HeManoe tJHcno coo6~e8HH, noKa 

He ,ZI;OCTHrHYTO RCHOCTH B UOHHMaHHH MeXaHH3Ma 3THX nj:x>uecCOB 

H He Bbi,D;eJieHa B 'IHCTOM BH,ZJ;e ponb OT,ZJ;enbHbiX 4>H3H'IeCKHX npH

'IHH, TaKHX, KaK TepMH'IeCKOe B03,ZJ;eHCTBHe nyt~Ka, pa,D;HauHOHHO· 

CTHMynHpoBaHHbie npouecCbi, BnHRHHe ,Z1;03bl peHTreHOBCKHX KBaHTOB 

H :meKTpoHOB, conpoBO)I(,ZI;aiO~X 3apiDKeHHYIO qaCTHUY B Be~ecme. 

llpH HeBbiCOKOH nnOTHOCTH UOTOKa 'laCTHU H HeOOn blllOM Tep

MH'IeCKOM B03,ZJ;eHCTBHH nyt~Ka 06bi'IHO Ha6niO,ZJ;aeTCR UOBpe)I(,ZI;eHHe 

KpHCTMnOB 3apR)I(eHHbiMH 'laCTHUaMH. J.f3yqeHHIO CTeneHH UOBpe)I(

,ZJ;eHHR, xapaKTepa ,ZJ;e4>eKTOB H HX npo4>HnR UOCBR~eHa 06111HpHaR 

nHTepaTypa. YcTaHoeneHa, B qacTHocrn, Koppenmnm nospe)I(,ZI;aro~eu 
CUOC06HOCTH HOHa C R,D;epHbiMH UOTepRMH 3Hepn1H 'laCTHUbl B Be~ecme, 

KOTOpbie nponOpUHOHMbHbl npOH3Be,ZJ;eHHIO CetJeHHR pacceRHHR Ha 3Hep

rHIO R,D;ep . OT,ZJ;a'IH. R,D;epHLie · noTepH 3HeprHH B ne~BOM npH6nH

)I(eHHH MO)I(HO xapaKTepH30BaTb K034>4>HUHeHTOM K = Z 1 Z ff E " 1 A 1 A 21
, 

BKniO'IaiO~HM aTOMHble H MaCCOBble 'IHCna MHilleHH H 6oM 6ap,D;HpyiO

J.UeH t~aCTHUhi H ee 3HeprHIO. B pa6oTax / 8,9 / KoppenRUHR n ospe)I(,ZI;aro

metf CUOC06HOCTH HOHa C BeJIH'IHHOH K npocne)l(eHa Ha IllHpoKOM 

HHTepeane z1 OT 1 ,ZI;O 18 B o6naCTH 3HeprHH E =0,3 71,2 M 3B/HYKnOH. 

B HaCTORJ.UeH pa6oTe HCUOnb30BaH MeTO,ZJ;, OCHOBaHHbiH Ha .. 34>4>eK

Te TeHeH npH perHCTpauHH R,D;ep OT,ZJ;a'IH pacceRHHR, ,ZJ;nR o npe,D;eneHHR 

nospe)I(,ZI;aro~eu cnoco6HOCTH HOHOB 129 Xe (121 M3B). HeKoTopLie 

,ZJ;eTMH 3KCnepHMeHTa cne,ZJ;yiO~He. lly'IKH HOHOB UHKnOTpOHa Y -300 

JIRP 011RI1 HMenH yrnoeoe paCXO)I(,ZI;eHHe OKOJlO ± 0,5° H HHTeHCHB

HOCTb 10 10 c-1 npH orpaHH'IeHHH ,ZJ;HaMeTpoM 1 MM. MoHo KpHcTannH

qecKaR MHilleHb H3rOTOBneHa H3 ,ZJ;eTeKTOpHOrO Qe OpHeHTaUHH (III) 
nyTeM nonHpOBKH nnaCTHHKH ,ZJ;HaMeTpOM 11 MM H TOn~HHOH 0,2 MM. 

MHilleHb HaKneHeanacb cepe6pRHOH naCToH Ha Ma~CHBHLIH MeTannH

'IecKHH ,D;ep)l(aTenb roHHOMeTpHt~ecKoro yCTpouCTBa, HMeBillHH KOM

HaTHyro TeMnepaTypy. lly'IOK HanpaBnRnCR Ha MHilleHb B,ZJ;Onb HanpaB

neHHR, He COBUa,ZJ;aBillero C rnaBHblMH KpHCTannorpa4>H'IeCKHMH 

HanpaeneHHRMH. R,ZJ;pa OT,ZJ;a'IH pacceRHHR perHCTpHpOBMHCb TpeKO· 

BbiM ,ZJ;eTeKTOpoM H3 CTeKna, pacnonaraBillHMCR Ha paCCTORHHH 120 MM 

oT MHilleHH a o6naCTH yrnos 32 77 4° • Ton~Ha pa6oTaro~ero cnon MH

WeHH COCTaBnHna 0,6 MKM no UY'IKY· Ha CTeKne 4>HKCHpOBMaCb KOHT· 

pacTHaR TeHeBaR KapTHHa, UOKa3biBaiO~aR BbiCOKOe COBepllleHCTBO KpH· 

CTannH'IecKOH pellleTKH B HCCne,ZJ;yeMOM cnoe. TeHeBOH MHHHMYM OCH 

.<111>, HanpaeneHHOH no,ZJ; yrnoM64° K UytJKY,HCUOnb30BaH,ZI;nHKOnH

qecTBeHHOrO onpe,D;eneHHR cTeneHH noepe>K,D;eHHR peweTKH. 

B npouecce 3Kcn03HUHH MHWeHH ,D;eTeKTop Heo,ZJ;HOKpaTHo 3aMeHRJIH, 

H TaKHM o6pa30M npocne)l(eHa 3aBHCHMOCTb HHTeHCHBHOCTH 3$<PeKTa 

TeHeH OT ,ZI;03bl B ,ZJ;Hana30He OT 7-1018 ,ZJ;O 6 -10 U .cM'"2 HOHOB Xe. 
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HaKoiUieHue yrnepo,na Ha noaepXHocrn MHWeHH 3a noJIHoe apeMR 

3KCn03HUHH He3Ha'IHTenbHOe, OHO KOHTponHpOBMOCb no BbiXOAY 

R,nep oT,na'lH Ge Ha OAHH MKKn 3apR:,na ny'lKa. ,Llo3a onpe,nenRnacb 

Ha OCHOBe H 3MepeHHOH IUIOTHOCTH TpeKOB R,nep OT,l:{a'IH Ha ,neTeKTOpe 

C HCnORb30B aHHeM pe3epcpop,nOBCKOro Ce'leHHR H Bbi'IHCReHHbiX 

3Ha'leHHH Ton i.UHHLI cnoR no Q>opMynaM l 9f. C uenbJO KOHTponR c,ne

naHLI TaK)f(e H3MepeHHR Ha ny'lKe HOHOB .WAr (24 M3B) ,nnR TOrO )f(e 

KpHcTanna n p u Tex )f(e ycnoBHRX. 

Pe3ynhTaTbi npHBe,neHLI Ha puc. 1, r.ne ,naHa 3aBHCHMOCTb OT .no-

3bi HOHOB Ar - u Xe OTHOCHTenbHOrO BbiXOAa B TeHeBOM MHHHMyMe 

xu nonywup HHbi AHaMeTpanbHoro nepece'leHHR MHHHMyMa 21/1 112 . 

B cny11ae H OHOB Ar Ha6nJOAaeTCR RpKo Bbipa)f(eHHoe yMeHbWeHHe 
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Puc. 1. BbiXOiJ 6 TeHe6oM MuHuMyMe xu Yi!II06aJl no11ywupuHa 21/1112 6 3a6ucu

MOCTu OT iJ03bl UOH06 40 A: c :mepi!ueu 24 M3B (a) U l29 Xe - 121 M3B ( 6) . 
IJJTpUX06(1Jl /IUHUR COeiJUHJieT TO'IKU. 

20 



HHTeHcHBHOCTH 3<f><f>eKTa TeHe:H H yrnoaoe pa3MbiTHe M HHHMYMOB 

(yaenHt~eHHe 3Hat~eHH:H X H 1/111 2 c pocToM .IJ;03bi I HoHoa ) • KpoMe 

TOrO, Ha6mo,u;eHO BbiMHpaHHe MHHHMYMOB HerJiaBHbiX KpH CTaJIJIHtle

CKHX HanpaaJieHHH, H B ,!J;ODOJIHHTeJibHbiX 3KCnepHMeHTax - ,u;e<f>opMa

UH.II TOHKHX ( 40 MKM) KpHCTaJIJIOB Ge C o6pa30BaHHeM B b iDYKJIOCTH 

a cropoHy HaH6om.wero 3Heproabi,u;eneHH.II nyt~Ka. 3<P<PeKTb i noape*

AaJOI.Qero B03,IJ;eHCTBH.II OCJia6JieHbi B CJiyqae HOHOB Xe • 113 pHC. 1 
BH.u;HO, 'ITO x(I) B03pacraeT c ,!J;030H Xe 3HatiHTeJibHO cna6 ee, tleM B. 

cnyqae HoHoa Ar . EcnH CtiHTaTh npoH3ao,u;Hyro ( dx/ d I) I = 0 KOJIH

qecmeHHoil Mepo:H creneHH noape*,u;eHH.II Ha e.u;HHHUY .IJ;03bi, TO npH

xo.IJ;HM K BbffiO.IJ;y, 'ITO DOBpe)f(,!J;aiOI.Qa.ll CDOC06HOCTb HOHOB Xe DO'ITH 

B 10 pa3 HH)f(e, 'leM HOHOB Ar. 3TO Dp.IIMO DpOTHBODOJ10 )f(H0 npe,u;

CKa3aHH.IIM CHCTeMaTHKH, COrJiaCHO KOTOpOH DOBpe)f(.IJ;eHHe nponop

l{HOHaJibHO K • 

Ha pHc. 2 noKa3aHa 3aBHCHMOCTI> (dx/di)I = 0 oT K , npHae.u;e

Hbi TaK*e coomeTcrayiOIQHe 3Hat~eHH.II Z 1• Tot~KaMH .IJ;aHbi pe3ynua

Tbi HaCTO.IIlQHX H3MepeHH:H H pa6oTbii9 I. BH,u;Ho, 'ITO .u;n.11 B 3aHMo,u;e:H

CTBH.II Ar + Ge pe3yJII>TaTbi ,u;ayx H3MepeHHH DO'ITH COBDa.IJ;aiOT, XOT.II 

H3ytleHbi KpHCTaJIJJbi H3 pa3HbiX napTHH H3rOTOBJieHH.II, pa3JIH'IHOH 

TOJIIQHHbi H o6pa6oTKH noaepXHOCTH. He6oni>woe pa3J1Ht1He , KOTopoe 

HMeeT MecTO, CB.II3aHO, rJiaBHbiM o6pa30M, C Bbi6opoM 3Ha'leHHH 

npo6era Ar, HCDOJ1b3yeMbiX DpH onpe,u;eneHHH WKaJibi ,!J;03bl, B' HaCTO.II

I.QeH pa6oTe <I>YHKUHH npo6er-3HeprH.II B3.11Thi no Ta6JIHUaM 
1 10 1 . 

B JIHTepazype HMeeTC.II pa36poc H3MepeHHbiX 3Hat~eHHH dE/ dx , KaK 

60JII>We, TaK H MeHbWe TaMH'IHbiX 3HatleHHH, 'ITO DpHBO,!J;HT K CHCTe

MaTHtleCKOH norpeWHOCTH onpe,u;eneHH.II ,!J;03bl B npe,u;enax 15%. llo 

,!J;aHHbiM pHC. 2 BH.u;HO, 'ITO BCe TO'IKH, KpOMe COOTBeTCTByiOI.QeH 

Xe, YKJia.u;bffiaJOTC.II Ha CHCTeMaTHKY dx/di - K • nocJie,IJ;H.II.II TO'IKa 

OtleHb CHJibHO OTKJIOH.IIeTC.II OT CHCTeMaTHKH BHH3, CJie,IJ;OBaTeJibHO, 

Ha HHTepaane Z OT 18 ,!J;O 54 DpOHCXO,!J;HT pe3KHH H3JIOM CHCTeMaTH

qecKOH 3aBHCHMOCTH DOBpe)f(.IJ;eHH.II OT K • TaKOH H3JIOM M O)f(HO 061>-

d;(. 
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Puc. 2. CreneHb noepe:JtCdeHWI MO· 

HOKpUCTa.tzJIQ Ge Ha eOUHUliY d03bl 

UOHOB ( dX I di ) I= 0 6 3Q6UCUMOCTU 

or napaMeTpa ( K ) Jldep HblX norepb 

3Hepi!UU UJIU . OT OTOMHOZO HOMepa 

'lllCTUijbl Z 1· To'IKiM u daHbl pe-

3YJJbTOTbl U3MepeHUU 
1 9 

I - + u 

HOCTOJIU4eU pa6oTbl - 9 . mrpu

XOBOU JJuHueu noKa:JaHO 3aeucu

MocTb, nponopt~uOHa.tz bHaJI K ; 

WTpUXnyHKTUpOM - B KJI IO'IeHUe HO· 

BOZO MeJCQHU3MQ 63QUMOdeuCT6UJI. 
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UHTeHCHBHOCTU 3Q>Q>eKTa TeHeH U yrJIOBOe pa3MhiTUe M UHHMYMOB 

(yaenuqeHue 3HaqeHHif X u .P 112 c pocToM .n;o3hi I uoHoa ) • KpoMe 

TOro, Ha6mo,n;eHO BhiMUpaHUe MHHUMYMOB HerJiaBHhiX KpUCTaJIJIU'Ie

CKHX HanpaBJieHUH, U B ,!J;ODOJIHUTeJihHhiX 3KCnepuMeHTax - ,n;eQ>opMa

J.Uf.fl TOHKUX ( 40 MKM) KpUCTaJIJIOB Ge C o6pa30BaHUeM B h inYKJIOCTU 

B CTOpoHy HaHOOJILWero 3HeprOBhi.D;eJieHHR ny'IKa. 3Q>Q>eKTh i noBpe:>K

.D;aiOI..Uero B03.D;eHCTBHR OCJia6JieHhi B CJiyqae UOHOB Xe . 113 pHC. 1 
BU.n;HO, 'ITO x(I) B03pacraeT c ,!J;030H Xe 3HS'IHTeJILHO cna6 ee, 'leM B. 

cnyqae uoHoa Ar . Ecnu C'IHTaTL npou3ao.n;Hyro ( dx/ d I) I = 0 Konu

qecmeHHoa Mepoif creneHu noape:>K,n;eHuR Ha e.n;uHu~y .n;o3hi, TO npu

xo,n;HM K Bhmo,n;y, 'ITO DOBpe:>K,n;aiOJ..USR CDOC06HOCTL UOHOB Xe DO'ITH 

B 10 pa3 HH:>Ke, 'leM HOHOB Ar. 3TO npRMO npOTHBODOJIO:>KHO npe,n;

CKa3aHURM CUCTeMaTUKU, COrJiaCHO KOTOpOH noape:>K,n;eHHe nponop

~UOHaJILHO K • 

Ha puc. 2 noKasaua 3aaucuMOCTL (dx/dl)I = 0 oT K , npuae.n;e

Hhi TaK:>Ke coomeTcrayJOmue 3Ha'leHHR Z 1. To'IKaMU AaHhi pe3yJILTa

Thi HSCTO.fii..UUX U3MepeHHH U pa60Thii 9 1. BH.D;HO, 'ITO ,n;JIR B 3aHMO.D;eH

CTBUR Ar + Ge pe3yJILTaThi .n;ayx U3MepeHHif no'ITu coana.n;ruoT, xoTR 

U3y'leHhi KpUCTaJIJihi H3 pa3HhiX napTUH U3rOTOBJieHUR, p a3JIU'IHOH 

TOJIJ..UUHhi U o6pa60TKU noaepXHOCTU. He60JILWOe pa3JIU'IHe , KOTOpoe 

UMeeT MecTo, CBR3aHO, rJiaBHhiM o6pa30M, C Bhi6opoM 3Ha'leHHH 

npo6era Ar, ucnoJIL3yeMhiX npu onpe.n;eneHHH WKaJihi .n;03hi . B·HaCToR

meif pa6oTe Q>yH~uu npo6er-3Heprun B3RThi no Ta6nu~aM 1 10 1 . 
B nuTepaType uMeeTcR pas6poc U3MepeHHhiX 3Ha'leHUH dE/ dx , KaK 

60JILWe, TSK U MeHLWe Ta6JIU'IHhiX 3Ha'leHHH, 'ITO npHBO,!J;UT K CUCTe

MSTU'IeCKOH norpeWHOCTU Onpe,n;eneHUR .D;03hl B npe.n;enax 15%. flo 

,!J;aHHhiM pUC. 2 BH,n;HO, 'ITO BCe TO'IKH, KpOMe COOTBeTCTByroi..UeH 

Xe' YKJia.n;LIBaiOTCR Ha CHCTeMaTHKY dx/ di - K • nocJie,n;HRR TO'IKa 

O'leHL CHJILHO OTKJIOHReTCR OT CHCTeMSTHKH BHU3, CJie.D;OBaTeJihHO , 

Ha UHTepaane Z OT 18 ,!J;O 54 npoHCXO,!J;HT pe3KHH U3JIOM CUCTeMaTU

'IeCKOH 3aaucuMocTu noape:>K.n;eHuR oT K • TaKoH U3JIOM M O:>KHO o6'h-
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Puc. 2. CTeneH& noepe:NCoeHWI Mo

HOKpucTan!la G e Ha e0UHU!4Y 003&1 

UOHOB ( dX I di) I = 0 B 3QBUCUMOCTU 

OT napaMe7pa ( K ) Roep H&lx noTep& 

3HepZUU UIIU OT QTOMHOZO HOMepa 

'laCTU/4&1 z 1· To'IKOMU oaH&l pe-

3YII&TaT&l u3MepeHUU 
19 

I - t u 

HOCTORU4eU pa6oT&l - 9 . mTpu

XOBOU IIUHUeU 110Ka3QHO 3QBUCU

MOCTb, nponopijUOHan bHQJI K ; 

UJ7pUXnyHKTUpOM - B K/1 /0'IeHUe HO

BOZO MexaHU3MQ B3QUMOOeUCTBUR. 
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RCHHTb TOJib K O BKJllO'IeHHeM HOBOrO MeXaHH3Ma B3aHMOAeHCTBHR HOHa 

C MOHOKpHCTaJIJIH'IeCKOH CpeAOH. 

llpH HHTepnpenU.UfH pe3yJibTaTa He06XOAHMO BbUICHHTb B nep

BYJO oqepe,ll;b aonpoc o ponH MaKpocKonH'IeCKoro Harpeaa o6pa3-

ua 3a cqeT M OI..UHOCTH, BbiAenReMon ny'IKOM. PeweHHe AHqxpepeHUH

aJibHoro ypaaHeHHR TennonpOBOAHOCTH ll03BOJIReT onpeAeJIHTb 3aBH

CHMOCTb TeMn epaTypbl OT BpeMeHH npH BKJIJO'IeHHH ny'IKa MOIUHOCTblO 

WB Ha'laJibHbiH MOMeHT BpeMeHH: 

T = T + !!_ <..!.. > ( 1 - exp - ...!._ ) 
0 1r ~ 8 T ' (1) 

rAe k - K03cpq>HQHeHT TennonpOBOAHOCTH Bei..UeCTBa, < X/ 8 > - CpeA

Hee OTHOWeHHe AJIHHbl TenJIOOTBOAa K nJIOI..Ua,ll;H Ce'leHHR. llOCTORH

HaR r onpeAenReTCR reoMeTpH'IeCKHMH ycnoBHRMH 3HeproBbl,ll;ene

HHR H TenJIOOTBOAa COrJiaCHO cpopMyne 

~ <...!. > , 
k s (2) 

rAe V - o 6 oeM o6nacTH 3HeproBbiAeneHHR, onpeAeJIRJOI..UHHCR npo-

6eroM HOHOB (12 MKM AJIR Xe), p - nnoTHOCTb Bei..UeCTBa, c- yAeJib

HaR TennoeM KOCTb. reoMeTpH'IeCKHH cpaKTOp < X/ 8 > AJIR CJiy'laR, 

KOrAa ny'IOK AHaMeTpOM 2r nona,ll;aeT B QeHTp WaH6bi AHaMeTpoM 

2RH TOJII..UHHOH p, MO)I(}{O Bbl'IHCJlHTb no cpopMyJie 

<...!. > s 
I R2 (P.2 +r 2) 

== { rr r }In r2(P 2 + R 2) J 2 2 2) -1 R (P +r ) 
) arctg( f- n r 2(f 2 + R 2 ) • (3) 

3AeCb HCllOJlb30BaJIOCb npHMH)f(eHHe HAeaJibHOrO TenJIOBoro KOH

TaKTa wa86 bi c noAJIO)f(KOH H npeAnonaranoch, 'ITO npo6er qacTHU 

MHOrO MeHb We TOJlf..UHHbl KpHCTaJIJia. qHCJieHHbiH pacqeT AJIR peanb

HbiX YCJIOBHH OllbiTa AaeT 3Ha'leHHe nOCTORHHOH BpeMeHH T == 0,1 MC. 

0TCJOAa . RCHO, 'ITO 3a OAHH BbiCOKO'IaCTOTHblH HMllYJibC UHKJIOTpoHa 

AJIHTeJibHOCTblO ::: 10 HC He npoHCXOAHT 3aMeTHOrO Harpeaa o6pa3-

ua B CBR3H C TenJIOBOH HHepUHeH. BMecTe C TeM T < ~t , rAe ~t::; 
::: 1,5 MC - AJIHTeJibHOCTb HMllYJlbCa HOHHOrO HCTO'IHHKa UHKJIOTpO

Ha. llo3TOM Y paaHoaecHoe 3Ha'leHHe T ycneaaeT ycTaHOBHTbCR 3a 

~t, H npH p acqeTe ~T = T- T 0 Heo6xoAHMo Hcnonh3oBaTb HMnynbc

HYJO MOI..UHOCTb ny'IKa Xe ( ::: 1 BT) c y'leToM CKBIDKHOCTH pa6oTbi 

HCTO'IHHKa. llony'leHbl 'IHCJieHHbie 3Ha'leHHR ~T = 4 ° C npH o6JiyqeHHH 

ny'IKOM HOHOB Xe H ~T=0,8° C-Ar. He6onhwoe 3Ha'leHHe ~Tno3Bo
JIReT He Y 'IHTbffiaTb TepMH'IeCKHH OT)f(Hr AecpeKTOB, 3a HCKJIJO'IeHHeM 

npoueccoa, HMeJOI..UHX MecTo npH KOMHaTHOH TeMnepaType o6pa3Ua. 
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Han6onee npaa~ono~o6uoe o6'bncueune HH3KOH nospe)f(JJ;arome8 
CllOC06HOCTH HOHOB Xe COCTOHT B nnaaneHHH MHKpOCKOllHqecKOH 
o6nacTH KpHCTanna s~onL TpeKa c nocne~ywme8 peKpHCTllJIJIH3aune8. 
3ToT MexauH3M BKnlOqaeTCH pe3KO 3a cqeT pocTa y~enLHbiX noTepL 
3HeprHH C ysennqeuHeM Z. qaCTHUbl, qTO COOTBeTCTByeT ua6nlO~eHHHM. 
Bo3MO:>KHOCTH 3nHTaKCHanLHOH :>KH~Ko<l>a3HOH peKpHcTannn3a
UHH xopowo H3yqeHbi ua npnMepe na3epuoro oT:>Knra. PacqeTHbiM ny
TeM MO:>KHO onpe~enHTL ~HaMeTp pacnnaaneuuoro ,cne~a HOHOB Xe B 
Ge ~:::lOA . .lVIn 6onee nerKHx nouos, uanpnMep Ar, TeMnepaTypa 
TpeKa He~OCTaToqua MH nnaBneHHH, T.K. TOpM03HaH C OC06HOCTb 
Ar B 3 pa3a Meubwe, qeM Xe. llo~o6ubiH MexauH3M B3aHMo~eHCTBHH 
TIDKenoro nona c MOHOKpHcTannoM ue 6bm ua6nw~eu p auee, T.K. 
so scex npose~eHHbiX 3KcnepnMeHTax (eM. o63op I lL) ncnonL-
30BaHbi HOHbi snnoTL ~o As H Kr c 3Heprne8 ~ 0,1 M 3B/uyKnou, 
HMewmne TopMo3HYIO cnoco6uocTL HH:>Ke, qeM 40Ar (24 M 3B). TaKHM 
o6pa30M, B OTITH~e OT H3BeCTHbiX 3<t><l>eKTOB I l-? I MaKpOCKOllH
qecKoro B03~eHCTBHH nyqKa HOHOB Ha MOHOKpHCTMITbi , BnepBbie 
o6uapy:>Keua HH3KaH nospe)f(JJ;aroman cnoco6uocn TH:>Ken oro H~pa, 
B3RTOrO B OT~enbHOCTH. 

Bonee ~eTanbuo cxeMy B3aHMo~eHCTBHH H~pa c KpHcTannoM MO:>K
Ho npe~cTaBHTL cne~ylOIUHM o6pa30M. BcTpeqan ua csoeM nyTH cosep
weHHYlO peweTKY, TR:>KenbiH HOH OCTaBnHeT nocne ce6H pa3pyweHHYlO 
Tpy6Ky H3 CMei.UeHHbiX aTOMOB (3a cqeT ~epHbiX llOTepb 3HeprHH) 
H, KpOMe TOrO, o6naKO 3neKTpoHHbiX B036y:>K~eHHH (3neKTpoHHble 
llOTepH) . llpH ~OCTaTOqHOH llnOTHOCTH B036y:>K~eHHH MO:>KeT o6pa30-
BaTLCH pacnnaaneHHbiH cne~ qacTHUbi, s o6'beM KoToporo nona~aeT 
6onbWHHCTBO Bbi6HTbiX aTOMOB. 3aTeM llpOHCXO~HT peKpHCTannH-
3aUHH, H TpeK 3ane~saeTcR. Kor~a nno:ruocTL 3HeprHH He~ocTaToqua 
MR nnaaneunR, 3aneqnsaunn ue nponcxo~HT. Bo3MO:>KHo, HeKoTopyw 
ponL s 3THX npoueccax nrparoT 3neKTpocraTnqecKne cnnbi , ecnn peqL 
n~eT o ~H3neKTpnqecKo8 cpe~e. HoHH3HposauHbie aToMbi MoryT 
conpOTHBnHThCH peKpHCTllJIJIH3auHH H3 pacnnaaa. Boo6me pa3BHTHe 
nepeqncneHHbiX npoueccos so speMeHH eme Tpe6yeT co3~aHHH ~e
KBaTHOH TeOpeTnqeCKOH MO~enH. 

Pe3ynLTaTLI HaCTOHIUHX 3KcnepnMeHTOB, s npHHUH e, OTKpbi
saroT B03MO:>KHOCTb HMllnaHTaUHH TR:>KenbiX 3neMeHTOB B nonynpo
BO~HHK 6e3 CHnbHOro llOBpe:>K~eHHH peweTKH, T.K. llOBpe)f(JJ;aJOI.UaH 
cnoco6HOCTL Xe He 6onLwe, qeM HOHOB c Z = 5 +10. YToqunM, qTo 
nocne~ee yrnep:>K~eHHe OTHOCHTCH K CITOIO onpe~eneHHOH TOITI.UHHbl. 
B KOHUe npo6era nospe)f(JJ;aromee so3~e8crsne Xe, sepoHTHo , senHKO. 
llpH yMeHbWeHHH 3HeprHH TH:>Kenoro ~pa ero 3ITeKTpOHHaH TOpM03-
HaH CllOC06HOCTb y6bmaeT, H MO:>KHO O:>KH~aTh, ~0 B KOHUe TpeKa 
MexauH3M MHKponnaaneHHH H peKpnCTannH3RUHH He pa6oTaeT. Cne
~oBaTenLHo, o6pa3yeTCH 3aKpb1TbiH aMOJXPH3HpOBaHHbiH CITOH, KOH
TaKTHpyiDIUHH c ~syx cropou c cosepweHHbiM KpncrannoM. TaKoe 
nono:>KeHHe cnoco6crnyeT peKpncrannH3aUHH npH ~anLue8ue8 Tep-
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MH'IeCKOH o 6 pa6oTKe HMrutaHTHpOBaHHbiX o6p8.3UOB . llpaKTH'IeCKOe 

OpHMeHeHHe HMrutaHTaQHH T.fJ)KeJibiX 3JieMeHTOB Tpe6yeT COeQHaJib

HbiX 3KCnepHMeHTOB H MeTO,!Ui'leCKHX p8.3pa6oTOK. llpHBeAeHHbie 

3AeCb pe3yJibTaThl AalOT OCHOBaHHR AJIH npoBeAeHHH pa6oT H, KpOMe 

TOrO, OpHeHTHpyiOT Ha HCOOJib30BaHHe DY'IKOB TH:>KeJibiX 3JieMeHTOB 

c 3HeprHen o Kono 1 M3B/nyKJioH. CTOJib BhiCOKHe 3HeprHH noKa 

He npHMeHHIOTCH B npaKTH'IeCKHX pa6oTax DO HOHHOMY nerHpOBaHHIO 

MaTepHaJIOB . 

TaKHM o 6p8.30M, npH H3y'leHHH B3aHMOAeHCTBHH TH:>KeJibiX HOHOB 

C MOHOKpHCTaJIJiaMH anepBbie o6HapY:>KeHa HH3Ka.R OOBpe:>KAaJOIUaR 

COOC06HOCTb TH:>KeJIOrO HApa B6JIH3H MaKCHMyMa 3JieKTpoHHbiX TOp

M03HbiX DOTepb , llpeAJIO:>KeH MeXaHH3M MHKpOrutaBJieHHH BAOJib 

TpeKa C noCJieAYIOIUeH peKpHCTaJIJIH3aQHeH. 06cy:>KAeHhl HeKOTOpbie 

npaKTH'IeCKHe BhWOAbi AaHHhiX 3KCnepHMeHTOB. 

ABTOpbi 6naroAapHbl r.H.<l>nepoay H lO.U.OraHeCHHY 3a HHTe

pec K pa6oTe, a TaK:>Ke rpynne 3KcrmyaTaQHH UHKJIOTpoHa Y -300 
3a nonyqenHe ny'IKOB. 
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KpiiTKu~ cOO(jU4eHWI OHRH N"5 (25)-87 
YAK 530.145 

J/NR Rapid Communications No.5 f25f·87 

qJiCJIEHHOE MO).lEJIHPOBAHHE YCTo:AqJiBOCTH 
BEKTOPHbiX U (2) -COJIHTOHOB 

B.r.MaxaHbKos, X.T.XonMypo,nos* 

HcCile,nosaHa ycroif'DIBOCTI> o,ZJ;Ho- H .nByxcoJIHTOHHI>IX peweHHif 
BeKtopaoro ypaBHeHHR IJipe,D;HHrepa c KOMIIaKTHOH U(2) -rpynnoif 
BftYTpeHHeH CHMMeTpHH. C llOMOllii>IO BI>I'IHCJIHTeni>HOrO 3KCnepHMeHT3 
noK338HO, wo N = I aeKTOpHhiH COJIHTOH ("MenKa.ll .RMa") ycroif
'DIB DO OTHOWeHHIO K3K K Ha'WibHI>IM BOJMYWeHHJIM, BHOCHMI>IM 
3BM, taK H K CTPYKTYpHhiM BOJMYWeHH.RM, CB.IIlaHHbiM c ,ZJ;HCKpeTH
lSUHeif MO,ZJ;eJIH. N = 2 BeKtopHI>IH conHroH ("rny6oK3JI .liMa") oKa
li>IBaeTC.II HeyCTOH'DIBI>IM, npH'IeM CKOpoCTI> ero pacna,na H3 ,ZJ;Ba CK3· 
n.RpHI>Ix N = 1 COJIHTOHB laBHCHT KaK or 3MIIJIHTY,ZJ;I>I coJIHTOHa, taK 
H wara ceTKH. lloCile,ZJ;Hee YKaJI>maet Ha ctpfKtypmm xapaKtep 
HeyCTOH'IHBOCTH. 

Pa6ota BI>monHeHa B na6opatopHH BI>I'IHCJIHTeni>HOH TeXHHKH H 
aBTOMaTHlSUHH OHHH. 

Numerical Study of Stability 
of Vector U(2)-Solitons 

V.G .Makhan.kov, Kh.T Kholmurodov 

The stability of one- and two-soliton solutions of vector chrodin
ger equation with a compact group u(2) of internal symmetry is inves
tigated. The computational experiment has shown that the N"" 1 vector 
soliton ("shallow pit") is stable with respect to initial excitations made 
by computer and structural excitations connected with descretization 
of the model. The N = 2 vector soliton ("deep pit") is unstable 1 more
over, the speed of his decay on two scalar N =1 solitons de ends on 
both a soliton amplitude and a lattice step . The latter poin ts to the 
structural character of unsteadiness . 

The investigation has been performed at the Laboratory of Compu
ting Techniques and Automation , JINR. 

1. HenHHei:'IHoe ypasHeHHe ill pe,n;HHrepa ( HYlli) 

it/! + 1/J + U(x, t) · 1/1 = 0, 
t ltlt 

Cl u = F (U. I 1/1 1 2 ) 

( la) 

(16) 

* TaOJICUKCKuii zocyoapcraeHHblU yHuaepcurer uM. B.H.JleHuHa, J(yUiaH6e 
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C CaMOCOrJiaCOBaHHblM DOTeH~aJIOM U , DOAtJHHIUOI.l.UfMCR HeKOTo

poMy HeOAHOpOAHOMy BOJIHOBOMy ypasHeHHIO, OimCbmaeT WHpoKHH 

KJiaCC HeJIHHeHHblX RBJieHuH <l>H3HKH KOHAeHCHpoBaHHOrO COCTORHHR, 

DJia3Mbl H T .A. Bo MHOrHX <l>H3HqecKHX npHJio:>KeHHRX CHCTeMa (la,6) 

ecTecTseuuo B03HHKaeT npu onucauHH B3aHMOAeHCTBHR naKeTOB Bq

sonu 1/J C Ifli-BOJIHOH U, JIHHeHHOH H HeJIHHeHHOH. 

Pa3Jinqubie sapnauTbi yCJiosua cornacosaHHR (16), npu KOTo

pbiX MOAeJI& (la) 6y.n;eT HHTerpupyeMOH, paCCMOTpeHbi B pa6o

Tax I 1-2 /. H a OCHOBe MeTO,D;a, H3JIO)I(eHHOrO B / 2 /, MO)I(HO He TOJI&KO 

onucaT& B npuu~ne KJiacc yCJIOBHH cornacosauua, nopo)I(,D;aiOI.l.UfX 

HHTerpupyeM ble CHCTeMbl, HO H DOCTpOHTb TOqHbie (MHOrOCOJIHTOH

Hble) peweHHR COOTBeTCTBYIOI.l.UfX ypasHeHHH H H3yquT& B3aHMO,D;eH

CTBHe COJIHTOHOB . 

Hau6on ee DpOCTbie H3 HHX, DOJiyqeHHble B / 3 , 4 /, OAHO- H 

.n;syxconHTOHHhie peweuua U(2) HYIII HMeiOT B cncTeMe noKoa ( v = 0) 
BH,D; 

1/11 

pi 

( C1 ) 6 1.\
2 

t • sech.\(x- xo> • 
C 2 IC 112 +\C 2 \2.:2.\ 2 , (2a) 

C 1 e 4i.\ 2 t 
( 
c

2 6
t.\2t 

(26) • sh .\(x -x o>). sech2 .\(x -xo) , 12 = 6.\2 

I C112= IC2 

llpeACTaBJIReT HfiTepec HCCJie,D;OBRTb YCTOHqHBOCTb (HaqaJI&HyiO 

H CTpyKTyp HyiO) TRKHX o6DeKTOB, qeMy H DOCBIIIUeHa HRCTOR~ 
pa6oTa. 

2 . U (2) HYIII annpoKCHMHposanoc& c noMOUU>IO CJienyJOLUeH 

CHCTeMbl RBHblX pa3HOCTHblX CXeM THOR ''leap frog": 

n+1 n- 1 D 2 D D urn . -u rn urn+1- Um+ 
0

rn-1 +(\Un\2+\Vn\2) · U!aO, (3a) 
2·M + (rut)2 m m 

D 2 D D n+1 vn-1 
+ (\u n\2 + lvn\2) .vn=o,(36) v - rn Vrn+1- Vm+Vrn-1 

rn + 
(rut)2 rn m m 

2·~t 

rne u~ = 1/1 1 (m.rut, n·~t), v~=1/1 2 (m·rut, n·M). ,nsta KOHTpona 

TOqHOCTH p acqeTOB BblquCJIRJIHCb 3HaqeHHR CJie,D;yJOI.l.UfX HHTerpanOB 

,D;BH)I(euua U(2) HYIII : 
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a) 3HeprH.R CHCTeMbl 

6) qucno qacruu 

L 

N 1 = ( 11/1 1 1
2 dx, i = 1,2. 

-L 

Hx coxpaHeHHe nposep.Rnoch no cne.n;yiOIUHM oueHKaM 

BE 
Eo 

E(t) - E0 

Eo 
(4) 

Mbl He BHOCHnH B CHCTeMy HHKaKHX cneuHanbHbiX B03MYI.UeHHH; 
ponb CTpyKTypHblX B03Myi.UeHHH HrpanH ecTecTBeHHhie norpeUIHOCTH 
annpoKCHMRUHH HenpepbmHOH 3a.n;aqa (1a) pa3'HOCTHOH (34,6), aHa
qanLHbie B03MYI.UeHH.R BHOCHnHCb CaMOH 3BM. PacqeTbi npoBOAHnHCb 
npu pa3nuqabrx 3HaqeHH.Rx napaMeTpa .\ , onpe.n;en.RIOm ero aMnnH
TYAY H wupnHy conHTOHOB. Pe3ynLTaThi AaHhi a Ta6n. 1 H 2, a TaJOKe 
Ha puc. 1-3. 

AHana3 pacqeToB noKa3bmaeT, qTo npu ManhiX aMnnHTy.n;ax 
( A 'S_ 0,5) HaqanLHOe COCTO.RHHe H3 ABYX HenHHeHHO CB.R3aHHbiX BOnH 

u 0m = C 1 • sh ,\ (m . ~ - x 0 ) • sech 2 .\ (m . ~ - x 0) , 

v~ = c 2 • sech 2 A(m·~ -x 0 ), IC 1 1
2 =IC 2 1

2 
=6A

2 

)I(HBeT B TeqeHHe .IJ;nHTenbHOTO BpeMeHH ( r - 300). 

(5a) 

(56) 

B Ta6n. 1 npHBe.n;eH npHMep TaKoro "ycToifqaaoro " pe)KHMa 
npu .\ = 1/6. llapaMeTpbi pa3HOCTHOH cxeMhi .n;n.R AaHHor o npHMepa 
cyTL ~ os 0,4, M =0,01, a (-40, 40) - HHTepaan HHTer pHpoBaHH.R. 

HIDKe .n;n.R Harn.RAHOCTH 6y.n;eM paccMaTpHBaTL HaqanbHbiH naKeT 
(26), COCTO.RllUfH H3 ABYX "conHTOHOB" non.R U~ aMMHTYAbl KOTO
pbiX B Ta6n. 1 o6o3HaqeHbi qepe3 a (n) a a(n) (neahiu H npaBbiH 
rop6bi Ha pHC. 1a), H "conHTOHa" non.R vO C aMIIJIHTYAOH A, CB.R3aH-

6o
u m 

HblX Me)I(Ay CO H. 
llpH .D;OCTaToqao 6onbUIHX aMMHTy.n;ax a (l) 3a BpeM.R cqeTa 

npOHCXO.D;HT HenpepbffiHOe ycHneHHe O.n;HOTO H3 rop6oB C O.D;HOBpe
MeHHblM yMeHLUleHHeM .n;pyroro (B pa3HblX 3KCnepHMeHTax paBHO
aepo.RTHO ycnnHBaeTc.R nu6o neBbiH, nu6o npaahm rop6) . C yaenu
qeHHeM aMMHTyAhl, HanpnMep, a (n) neaoro "conHToHa" H yMeHL-
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Ta6/I.Uija 1 

T 0 60 100 160 200 260 360 
-
a<n> 0,20408 0,20413 0,20461 0,20392 0,20464 0,20477 0,20436 

a<n) 0,20408 0,20413 0,20451 0,20392 0,20446 0,20469 . 0,20463 

A 0,40826 0,40923 0,40891 0,40840 0,40936 0,40901 0,40926 
~ 

bN 1 /N01 0,00000 0,00000 0,00000 -0,00000 0,00000 0,00003 0,00033 

lN2 /N 02 0,00000 0,00000 0,00000 -0,00000 0,00000 0,00090 ..0,0000 

bE /Eo 0,00000 -0,00001 -0,00009 -0,00026 -0,00060 -0,0018 -0,0197 

Ta611.uija 2 

T 0 10 20 40 66 66 76 
-
a (n) 1,22259 1,22504 1,22660 1,22686 1,28164 1,41396 1,41698 

a<n) 1,22259 1,22504 1,22552 1,22156 1,15151 0,61605 0,093 

A 2,44949 2,46055 2,47188 2,45595 2,48405 2,73583 2,85105 

bN 1/ N01 o,ooooo 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 

bN2 / N 02 0,00000 0,00001 0,000020 0,00011 0,00017 . 0,00018 0,00018 

bE /E 0 0 ,00000 0,004 0,007 0,0012 0,006 0,008 0,012 

weHHeM aMnnHTYAhi a<n) npasoro npoucxoAHT pa3AeneHue "conu

TOHOB " ; OHH H atrnHaJOT MHraTbCH B npOTHBOllOJIO)IQ{biX HanpasJieHHHX. 

llpu 3TOM TpeTHH "cOJIHTOH" V ~ ABH)f(eTCH BMeCTe C 3aTyXaJ011UfM 

u ~"coJIHTOHOM" . llpuMep TaKoro pe)f(HMa npu .\ = 1, napaMeTpax 

CXeMbl Llx = 0 ,12, .M = 0,001 H HHTepBaJI HHTerpHpOBaHHH (-15,15) 
npuBeAeH B Ta6 n . 2, a caM npo~ecc H3o6pa)f(eH Ha puc. 1 a-B. 

TaKHM o 6pa30M , llOKOHI.I..{eecH HaqaJibHOe COCTOHHHe H3 Tpex 

"COJIHTOHOB" p aCnMaeTCH Ha ABa ABH*YI.I..{HXCH B npOTHBOllOJIO)f(HbiX 

HanpaBJieHHHX COJIHTOHa. 3TOT npo~ecc CXeMaTnqeCKH MO)IQ{O H306pa-

3HTb KaK 

(
C1 ·Sh) 
C 

2 

sech 2 ... (sech, 0) T + (0, sech) T. 
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II/I 1 I 
1 

0 

-I 

-2 - a 

'"'2' 
11/111 

1 t = 65 

0 

-1 

-2 

-11/121 

I 1/1 1l 
1 

0 

-1 

-2 

-11/121 
-10 -5 0 5 10 X 

Puc. 1. 38011/0ijUR HQ~bHOZO COCTOR· 

HUR (5) npu ,\ = 1. 

4 

A 

2 

40 BOt 

Puc. 2. 3aeucUMOCTb aMnAuryd " co

IIUTOHOe" ( 5) OT epeM eHU. 

0,2 ax 
Puc. 3. 3aeucw.cocTb epeMeHu pac

nada HQ~bHOZO COCTORHUR (5) 
OT waza CeTKU. 

Ha puc. 2 . npHBe.neua 3aBH-

CHMOCTb aMMHTY.D. "COJJHTO· 

HOB" OT BpeMeHH. 

0TMeTHM, tiTO BpeMR pac-

na.na HallaJJbHOrO COCTORHUR 

(5a-6) Ha .D.Ba paCXO.ZJ.Rl.l.UiXCR CKaJJRpHbiX COJJHTOHa y MeHLWaeTCR 

c pOCTOM LU- mara CeTKH no KOOp.ZJ.HHaTe. 

Ha puc. 3 u3o6p8.)1(eHa 3aBHCHMOCTL epeMeHH pacna.na t (epe-

MeHH, npH KOTOpoM 1 ~ 1 =I~ 1 -~ 2 1 CTaHOBHTCR paBHLIM 10%, r.ne 
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L\ 1(2) 

a n(n) (t) - a n(n) (t = 0) 

an(n) (t = 0) 
-. 

100% - OTHOCHTeJibHOe H3MeHeHHe aMIIJlHTY.IJ.bi rop60B) HaqaJibHOrO 

COCTO.RHH.R OT mara ceTKH npH 3a.D;aHHOH aMIIJlHTyAe. 

11ccJieAOBaHHe HaqaJibHOro COCTO.RHH.R (2a) YKa3bffiaeT Ha yCTOH

qHBOCTb TaKor o COJIHTOHa. 3a BpeM.R cqeTa Ha 3BM KaKHX-JIH6o 3aMeT

HbiX H3MeHeH HH ero He npOHCXOAHJIO. 3aMeTHM, qTQ aHaJIOrH~biH 

pe3yJILTaT 6 L UI nonyqeH paHee/ 5/ . npH HCCJieAOBaHHH ycToifqHBOCTH 

H B3aHMOAeH:c i'sHH: seKTOpHbiX coJIHTOHOB U (1,1) HYIII,s TOM qHcne 

AJI.R CMeillaHHb iX COJIHTOHOB KaneJibHO-AbipO~OrO THna / 6 I 

1/1 "' ( a sechK ~· exp li(vx/2 - lVt) I ) 
b(thK ~ + iV/ 2K) , 

v2 
lV = - -K2 -211 4 ,.. 

K 2 = a2+ b2. 

llonyqeHHbie HaMH pe3yJILTaTbi He n03BOJI.RJOT C AOCTaTO~OH 

AOCTOBepHOCTbJO ymep)I(AaTb, qTO COCTO.RHHe (5a-6) HeycTOHqHSO 

B paMKax: HCXOAHOH KOHTHHYaJibHOH (HHTerpHpyeMOH) MOAeJIH 

(1a) , CKOpee Hao6opoT, nOCKOJibKY BpeM.R pa3BHTH.R HeyCTOH~

BOCTH pacTeT npH yMeHLWeHHH Wara AHCKpeTH3RUHH, T.e. npH yMeHb

weHHH CTpyKTypHOrO B03MyiUeHH.R. C nOJIHOH ysepeHHOCTbJO MO)I(HO 

rOBOpHTb, qTo ABOHHOii COJIHTOH ( 5a) .RBJI.ReTC.R CTpyKTypHO He

YCTOH~BbiM cocTO.RH~eM. BpeMeHeM pa3BHTH.R HeycToifqHBocTH 

H ee Hanpasn eHHeM (B CMbiCJie pocTa npasoro HJIH nesoro rop6a) 

MO)I(HO ynpaBJI.RTb C noMOlUbJO HaqaJibHOrO B03MyiUeHH.R. 

Bee 3TO Y Ka3bmaeT Ha Heo6xoAHMOCTL OCTOpo)I(HOCTH, c KoTo

poH: Ha.D;O nOA XOAHTb K <l>H3HqecKOH HHTepnpeTa.UHH MHOrOCOJIHTOH

HbiX peweHHH BeKTOpHbiX sepcHH: HYIII. 
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KpaTKue coo6U4eHW1 OHJIH N'5 [25)-87 
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TYPBYJUI3AIJ;I-UI CBEPXTEKYliErO rEJU1H 
B KOJihUEBbiX KAHAJIAX 
llPH HECT AUHOHAPHbiX TEllJIOBbiX llOTOKAX 

B.M.MHKJIHeB, H.A.Cepreea, IO.ll.<I>HJmnnoa 

IlpeJJ:CTaBIIeHbl pe3yiibTaTbl 3KCnepHMeHTanbHOfO HCCIIeJlOBaHH.II 
HecraUHoHapHbiX renrros&Ix npoueccos B csepxreKy'leM rerrHH H Ha 
rpaHHUe He II - rsep.o:oe rerro . IlorrytieHbi Ka'lecrseHHO HOBbie JlaHHbie 
no JlHHaMHKe npoueccos HecraUHoHapHoif renrronepena'IH K He II B 
KOIIbUeBbiX KaHanax. 06Hapy)l(eH p.IIJl J$$eKTOB, npH'IHHOH BOJHHK
HOBeHH.II KOTOpbiX, no MHeHHIO aBTOpOB, .IIBJI.IIeTC.II pa3BHT e COCTO.II
HH.II csepxreKy'leH ryp6yrreHTHOCTH s He II. PaccMorpeHa CB.IIJb napa
Merpos CBepXTeKyqeif ryp6yneHTHOCTH C YCJIOBHIIMH JKCnepHMeHTOB. 
OnpeneneHa JaBHCHMOCTb BpeMeHH BHXpeo6pa30BaHH.II OT TenJIOBOH 
Harpy3KH. 

Pa6ora Bbi1IOJIHeHa B Ornene HOBbiX Meronos ycKopeH .11 OH.HH. 

Superfluid Turbulence in Helium in Annuli Channels 
at Transient Heat Fluxes 

V.M.Miklyaev, I.A .Sergeyev, Yu.P.Filippov 

The experimental results of investigation of transient termal proces
ses in superfluid helium and at He II - solid interface are presented. 
The qualitatively new data on dynamics of processes of tra sient heat 
transfer into He II in annuli channels are obtained. A number of ef
fects are discovered , which follow, on authors' opinion , fro m the be
ginning of superfluid turbulence state in He II . Superfluid turbulen
ce parameters relations with the experimental conditions are discussed. 
The dependence of vortex generation time on heat load is determined . 

The investigation has been performed at the Department of New 
Acceleration Methods, JINR. 

CaepxTei<ytntif renmi, o6na,zJ,aH ynHI<aJibHbiMH caoH:cmaMH I<Ban
TOBOH :>KH.ni<OCTH, .llaBHO npHBnei<aeT BHHMaHHe HCCfle.llOBaTeneH. 
K TOMY :>Ke ne.naano Ha'laBWHeCH pa3pa6oTI<H I<pHoreHHhiX CHCTeM 
c I<pHoareHTOM He II CTHMynHpoaanH noHci< .nononHHTenLHOH HH
cpopMaQHH o npoueccax riepenoca B caepxTei<y'leM renHH 111 • 3THMH 
npH'IHHaMH o6ycnoaneHbi IIIHpoi<aH TeMaTHI<a H aecLMa 6onLwoe 
'IHcno ne'laTHhiX pa6oT no He II , qTo I<acaeTC.fl aonpocoa Tennonepe
.o:a'IH B caepxTei<y'leM renHH, TO neo6xo.nHMo oTMeTHTh cne.ny10mee. 
Pe:>KHMhi Tennonepe.na•m B He II , peanH3yJOmHecH B CTaQHonapHbiX 
ycnoamix, - naMHHapHbiH npoTHBOTOI<, 30Ha ropTepa - MennHHI<a, 
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DJJeHOtJHOe K H OeHHe - H3ytJeHbi ,!J;OBOJibHO rJiyOOKO . 3HalJHTeJibHO 

CJia6ee HCCJie,ll;OBaHbi pe)I(HMbi HecTai.UfOHapHOH TeDJJonepe,n;atJH, B 

TOM lJHCJie D p H Ten:rOBbiX Harpy:Kax q B v,ll;HaDa30He q S qKP' r,n;e 

q Kp - CTaQHOHapHbiH KpHTHlleCKHH TeDJJOBOH DOTOK HallaJia DJJeHOlJ

HOrO KHneHH.R (10 7 100 KBT · M -2 / 1 / ). llpH TaKHX 3HatJeHH.RX q 
,n;HHaMHKa npo ueccoa nepe,n;atJH Tenna oT mep,n;oro TeJia K caepxTe

KytJeMy renmo H nepeHoca TeDJJa a He II MO:>KeT 6brrb ,n;oaoJibHO 

CJIO:>KHa, H 06IUHe MO,ll;eJIH TaKHX pe:>KHMOB OTCYTCTBYIOT. 

B HacTO.RIUeH pa6oTe npHao.n;HTC.R qacTb pe3yJILTaToB 3KcnepH

MeHTaJihHoro OCCJie,ll;OBaHH.R HeCTaUHOHapHbiX TeDJJOBbiX DpoUeCCOB 

a caepxTeKytJeM reJIHH H Ha rpaHHUe pas,n;ena mep,n;oe TeJIO - He II a 

CpaBHHTeJibHO WHpOKOM ,ll;HaDa30He TeDJJOBbiX Harpy30K H pe:>KHM

HbiX napaMeTpOB. 

3KcnepHM eHTaJibHbiH ytJacTOK npe.n;cTaBJI.RJI co6o8 oTKpbiTbiH 

C 06eHX CTOpOH KOJibUeBOH KaHaJI ,!J;JIHHOH 80 MM, o6pa30BaHHbiH 

DOBepXHOCT.RM H TOHKOCTeHHOH CTaJibHOH Tpy6KH H pa3MeiUeHHOrO 

BHYTPH Hee UHJIHH,n;pHtiecKoro 3KcnepHMeHTaJibHoro o6pa3ua. BenH

tJHHa KOaKCHaJibHoro 3a3opa ~ ycTaHaBJIHBanacb a npe,n;enax 0,40 7 

7 65 MM * . 
3KcnepHM eHTaJibHbiH o6pa3eU COCTO.RJI H3 : TOHKOH yrnepo,n;

HOH DJJeHKH, HaDbmeHHOH .i::la DO,ll;JIO:>KKY - BHeWHIOIO DOBepXHOCTb 

aaKyyMHpOBaHHOH KepaMHtJecKOH Tpy6KH 0 11,5 x 1,75 MM. Yrne

pO.n;Ha.R DJJeHK a CJIY:>KHJia O,ll;HOBpeMeHHO HarpeBaTeJieM H MaJIOHHep

UHOHHbiM Bbi COKOtJYBCTBHTeJihHbiM TepMo.n;aTtJHKOM / 2 / . ToJIIUHHa 

HarpeBaTeJI.R-TepMOMeTpa (HT) MeHee 1 MKM, apeM.R TeDJJOBOH peaK

UHH MeHee 100 He, qyacTBHTeJibHOCTb "" 0,65 K -
1 

npH TeMneparype 

1,8 K H "" 0,20 K-
1 

npH 4,0 K 141 . 

Mccne,z:toa aHH.R npoao,n;HJIHCb KaK npH aepTHKaJibHOH, TaK H npH 

ropH30HTaJibHOH OpHeHTai.UfH o6pa3Ua B 061>eMe reJIH.R, Ha CB060,!J;HOH 

DOBepXHOCTH KOTOporo no,n;,n;ep:>KHBaJIOCb 3a,ll;aHHOe ,!J;aBJieHHe HaCbi

IUeHHbiX napo a. Cpe.n;HeMaccoaa.R TeMnepaTypa o61>eMa renH.R Ts = 

= 1,45 7 2,09 K, rny6HHa norpy:>KeHH.R o6pa3ua 0,05 7 0,15 M, DJJO

IUMb cao6o,n;Ho8 noaepXHOCTH )KH,ll;KOCTH "' 1,54 · 10-2 
M

2
, o6DeM 

reJIH.R "' 3,0 · 10-3 M 3• 

KoMDJJeKc 3JieKTpOHHOH annapaTypbi / 2,3 / . BbiDOJIHeHHbiH a 

KOHCTpyKTHBe KAMAK, o6ecnetJHaan npoae,n;eHHe 3KcnepHMeHTOB 

Ha JIHHHH c 3 B M. O,n;HH H3 ocHOBHbiX Y3JIOB KOMDJJeKca- ycHJIHTeJih 

MOIUHOCTH, o c o6eHHOCTb KOTOporo COCTOHT B B03MO:IKHOCTH pa60Tbl 

B pe)I(HMe CTa6HJIH3aUHH MOIUHOCTH TeDJIOBbi,ll;eJieHH.R B Harpeaa

TeJie-TepMOMeTpe / 3 / . llpHBe,n;eHHbie B HaCTO.RIUeH pa6oTe ,ll;aHHbie 

DOJiytJeHbi npH CJie,n;yiOIUHX napaMeTpax HMDYJibCa MOIUHOCTH: ,ll;JIH-

* Be~~u'luHa 3a3opa 65 MM cooTeeTCTeyeT T.H. ceo6oOHblM yC/loeuRM, 

Kozoa cTa.nbHaJI 7py6Ka oTcyTcTeyeT, a ee pOIIb uzpaiOT CTeHKU ze~~ueeozo cocyoa 

KpUOCTaTa. 
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TeJibHOCTb nepe,D;Hero cppOHTa He 6onee 10 MKC, ,Zl;JlHTeJibH OCTb HMllYJib

ca 6,4 C, ,D;peiicp MOI..LUIOCTH OTHOCHTeJII>HO cpe,D;HeH B e JIHIJHHbl W He 

6onee 2%. 
Pe3yJI&TaThi 3KcnepuMeHTOB o6pa6aThmaJIHCb a B H,D;e 3aBHCHMO

CTH HHTerpan&Horo neperpeaa HT ~T = T- Ts oT apeM eHH t nocne 

llO,D;aiJH MOI..QHOCTH - ~T(t) W • .ll.nR Ka)I(JJ;oro 3Ha'leHHR MOI..QHOCTH 

W 3a apeMR HMnyn&ca ocymecmnRJiocb 6onee 4000 H3MepeHHH 

~T(t) 141 • Owu6Ka onpe,D;eJieHHR neperpeaa He npeBbiWaJia 10 MK 

npu T < 5,2 K, a a ocTanbHOM ,D;Hana3oHe 6hma He 6on&we 0,5%. Ilo

rpewHOCTb H3MepeHHR MOI..QHOCTH TenJIOBbi,Zl;eJieHHR COCTaBJIRJia 1 .;. 
.;. 4%, npu<~eM OOJihWHe 3Ha'leHHR OTHOCHJIHCb K MeHh WHM aeJIH'IH

HaM W. 
3KcnepuMeHTaJihHhie ,D;aHHbie nony<~eHht a ,D;Hana3oHax nepe

rpeaa 0,1 7 100 K, apeMeHH 10 MKC.;. 6,4 c, MOI..QHOCTH HMnyJihCOB 

0,06.;. 30 BT ('ITo cooTBeTcTayeT y,D;eJihHbiM TenJIOB hiM noToKaM 

= 30-:- 15000 BT • M-2 ) npu aeJIHIJHHax KOaKCHaJihHoro 3a3opa 

1,30 MM H 65 MM. 

Pe3yJlhTaThi 3KcnepuMeHTOB, npoae,D;eHHhiX a He II npu TeMne

paType 1,82 K H ropH30HTaJihHOH opueHTilUHH o6pa3Qa (JIHHHH 1-:-5-
~ = 65 MM, KpHBble 6 7 13 - ~ = 1 ,30 MM) , npe,D;CTaBJieHbl Ha pHC. 1. 
06pamaeT Ha ce6R BHHMaHHe npe)f(,D;e acero .To, 'ITO n p u. ~= 65 MM 

BO BCeM HCCJie,D;OBaHHOM ,D;Hana30He BpeMeH H y,D;eJibHb iX TenJIOBbiX 

UOTOKOB He 06Hapy)f(eHO RBJieHHe KpH3HCa, XOTR 'laCTh ,Zl;aHHhiX (JIH

HHR 5) llOJiy'leHa npH 3Ha'leHHRX q , npeBbiWalOI..QHX B eJIH'IHHY CTa-

1.\HOHapHOrO KpHTH'lecKoro Tennoaoro noToKa q KP· 0Tc yTCTBHe nepe

xo,D;a K nJieHO'lHOMy KHneHHIO B paCCMaTpHBaeMbiX YCJIOBHRX CBH,D;e

TeJibCTBYIOT 0 TOM, 'ITO 3a HHTepBaJI H3MepeHHH (6,4 c) He 6h1Jl0 

,D;OCTHrHyTo apeMR t KP Ha'laJia pe)f(HMa nneHo'lHoro KHneHHR. 3To 

llO,Zl;TBep:>KJ];aeTCR pac'leTOM BeJIHIJHHbi t KP no COOTHOWeHHIO 18 1 

t -4 
KP =a q ' (1) 

r,D;e a = 110 BT 4 • cM - 8 • c. qTo KacaeTcR He3aaHCHMOCTH ,D;HHaMHKH 

Puc.J.3a8UCUMOCTU ~T(t) W 

npu Ts = 1,82 K. OpueHra
qu.R - 20pU30HTQ/lbH(lJ!, ee
JIU'IUHQ 3Q30p0 65 MM ( 1 .!. 

7 5) U 1,30 MM ( 6 713). 
_1 u 6-W= 0,087 Br; 2 u 
7 - 0,32 Br; 3 u 8 -
1,2 Br: 4 u 9 - 3,1 Br; 
5 - 6,7 Br; 10 - 3,2 Br; 
11 - 4,0 Br; 12- 6,3 Br; 
13 - JOBt. t,NKC 
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3aperHCTpHpOBaHHbiX npouecCOB OT BeJIH'IHHbl q , TO 3TO CB.R3aHO 
c ycTaHOBJieHneM CTauHOHapHoro pe)I(HMa omo,u;a TeOJia - pe)I(HMa 
conpoTHBJieHH.R KannQbi - 3a cpasHHTeJILHO KopoTKoe speM.R tKan < 
< 100 MKC. H eo6XOAHMO OTMeTHTb, lfi'O noJiyqeHHOe 3HaqeHHe t Kin He 
npoTnsope~ AaHHbiM pa6oT&I 161 , a seJinqHHa nposop;nMocm Ka
nnu&I hKan cornacyeTc.R c AaHHbiMH no hKan AJI.R yrnepop;n&IX OJie
HOK ; e,?/ . 

H3 pncy HKa TaiOKe sn,u;Ho, lfi'O AaHHbie, nonyqeHH&Ie npn !:!.= 
= 1,30 MM, o6pa3yJOT ,u;se xapaKTepH&Ie o6nacm. llepsa.R nMeeT 
MeCTO npH Harpy3Kax W $ 3,1 BT (JIHHHH 6 7 9), B HeH Ha6JIIO
Aa!OTC.R Te :>Ke pe)I(HMbi, qTo n o6cy:>KAaswnec.R BbiWe. BTopa.R o6-
nacTb AaHHbiX o6pa3yeTc.R 3aBHCHMOCT.RMH llT (t) w npn W > 3,1 BT 
(JIHHHH 10 7 13), KOTOpbie OTpa:>KalOT pa3BHTHe pe:>KHMOB yxyp;weH

HOH Termonep e.o;a'IH oT nosepxHOCTH Tsep,u;oro Tena K He II. llpn se
nuqnHe 3a30pa Ll = 65 MM TaKHe pe)I(HMbl He pa3BHBaJIHCb H, HaCKOJib
KO H3BeCTHO asTopaM, paHee s JIHTepaType He o6cy:>KAaJIHCb. H,u;eHmq
Ha.R KapTHHa (npH HeOOJibWHX KOJIHqecTBeHHbiX OTJIH'IH.RX) xapaKTep
Ha H AJI.R BepTHKaJibHOH OpHeHTaQHH o6pa3Ua. 

KaK BH,li,HO H3 pncyHKa ( KpHBbie 11 + 13) , scne,u; 3a pa3BHTHeM 
pe:>KHMOB yxy,u;weHHOH TeOJionepe,u;a'IH MO:>KeT npoHCXOAHTb nepeXOA 
K OJieHoqHoMy KHneHHIO He II Ha nosepxHocTH o6pa3ua. Cne,u;yeT 
OTMeTHTb, qTo COOTBeTCTBYJOUlHe BpeMeHa HaqaJia pe:>KHMa OJieHO~O
ro KHneHH.R Ha HeCKOJibKO nop.Rp;KOB MeHLWe BeJIH'IHH tKp, paCC'IH
TaHHbiX no COOTHOWeHHIO (1). C yqeTOM TOrO, lfi'O CTaQHOHapHa.R 
KpHTHqecKa.R nJIOTHOCTb TenJIOBOrO nOTOKa Q Kp cna6o 3aBHCHT OT 
sennqnHbi 3a3opa ll, npasoMepHo npe,u;nono:>KHTb, lfi'O B TaKHx ycno
snax 3KcnepnMeHTa ( Ll = 1,30 MM) peann3yeTC.R onpe,u;eneHHLIH Me
XaHH3M, npOBOUHpYJOiuHH pa3BHTHe pe:>KHMOB yxy,u;weHHOH TeOJIO
nepe,u;a'IH n, npn q > q KP , ycKopeH.HhiH nepexo,u; K OJieHo~oMy Knne
HHIO. B ocHos e MexaHH3Ma cMeH&I pe)I(HMa Ha rpaHnue HT- He II ne
:>KaT, no seen BHAHMocm, HecTaunoHapH&Ie npouecc&I nepeHoca Ten
na B csepxTeKyqeM rennn, 3aBHC.RlllHe oT reoMeTpnn 3KcnepnMeHTa . 

.lleTann pa3BHTH.R npoueccos Termonepe.o;a'IH npn pa3JI~biX 
TeMnepaTypax renna Ts MO:>KHO npocne,u;nTL no puc. 2. KaK BHAHO 
H3 pncyHKa, npn npeBbiWeHHH HeKOTOpbiX noporOBbiX 3HaqeHHH 
Termos&Ix Harpy30K WIX (JIHHHH 1) , pe)I(HM Termonepe.o;a'IH s He II 
CYUlecTBeHHo H3MeH.ReTc.R. H3 pncyHKa TaK:>Ke BHAHO, lfi'O npn W>W1x 
(KpHB&Ie 2 -;- 6) 3aBHCHMOCTH neperpesa HT oT speME!HH llT(t) w 
npe,u;cTaBJI.RIOT co6ou nocne,u;osaTeJI&Hocm .RpKo Bbipa:>KeHHhiX nn
Kos neperpes a * , napaMeTpbi KOTop&Ix (speM.R o6pa30BaHHR, aMOJIH
Ty,u;a) 3aBHC.RT OT TeMnepaTypbi reJIH.R, MOlllHOCTH HMnyJI&Ca, OpHeHTa-
UHH o6pa3ua. · 

*Heo6XOOUMO OTMeTUTb nQIIHYIO eocnpoU3800UMOCTb 3KCnepUMeHTQIIb

HblX oaHHblX, o6pa3Y101J4UX nepeble oea nuKa, u HeKoTOpblU eepoiiTHOCTHblu 

XapaKTep noC/IeOYIOIJ4UX. 
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llpoueeebi s He II , o6yenasmmaiOmHe pa3BHTHe pe:lKHMOB 
yxynrneHHOH Tennonepena'IH, KOTOpbie xapaKTepH3YIOTeR noenenoaa
TeJihHOeTRMH nHKoa neperpesa HT, Mo:>KHo HneHTHQlHUHpoaaTh ene
nyiOIQHM o6pa30M. llepBblH fiHK neperpeaa eBR3aH e pa3BHTHeM 
eoeTORHHR eaepxTeKytJeH Typ6yJieHTHOeTH B He II B KOJibQeBOM 
KaHane. B 3TOM eMbiene noporoBbie 3HatJeHHR TennoBbiX Harpy3oK 
Wax OTBetJaiOT eTaQHOHapHblM KpHTH'IecKHM fiOTOKaM BHXpeo6pa30-
BaHHR q ax. PoeT TeMnepaTyphi (nepenHHH Q>poHT nHKa) Bbi3BaH 
yxynrneHHeM oTsona Tenna oT HarpesaTeJIR-TepMoMeTpa qepe3 TYP-
6ynH3HpoaaHHbiH enoH: renHR 110 1 . Cnan TeMnepaTy pbi (3anHHH 
Q>pOHT nHKa) eBR3aH, BepORTHO, e 3aTpaTaMH 3HeprHH Ha poeT KJiy6-
Ka BHXpeBblX HHTeH, a TaK)Ke e paenpOCTpaHeHHeM Q>pOHTOB Typ6y
JieHTHOeTH B KOJibQeBOM KaHane. BTOpOH fiHK eBR3aH e · Q>a30BblM 
nepexonoM MeTaeTa6HJibHbiH He II -+ MeTaCTa6HJibHbiH He I / 11 / . 
llpH 3TOM poeT TeMnepaTypbi (nepenHHH Q>poHT DHKa) OTpa)KaeT 
nporpea npHMbiKaiOI..l..lero K HT eJioR )KHnKoro reJIHR .no TeMnepaTy
pbi Q>a3oaoro nepexona. llpH'IHHOH noenenyiOmero enana ~T. aepoRT
Ho, RB.JIReTeR nHeeHnaQHR 3HeprHH npH Q>a3oBoM nepexone He II-. He I 
s npHeyTeTBHH Tennoaoro noToKa 112/ , a TaK)Ke ynaneHHe o6pa3osaa-

m r--.---.---.---. 
a T,·~4JK 

~ ~ 

2 I 

~ 
....... 2 2 

~ 
2 2 

2 2 

2 2 

42 ~~ 1.1 46 I 42 a1 1.1 41 I 
t, c t,c 

Puc. 2. 3aeucuMocru ~ T(t)w npu ~ = 1,30 MM. OpueHTa/4WI - opu3oHTtlllbHaJf. 

a - Tg = 1,45 K: I - 1,9 Br; 2 - 2,1 Br; 3 - 2,3 Br; 4 - 2,5 Br; 5 - 3,0 Br; 
6 - 3,8 Br. 6 - Tg= 1,82 K: I- 3,1 Br; 2 - 3,2 Br; 3 - 4,0 Br; 4-4,2 Br; 
5 - 4,3 Br; 6 - 6,7 Br. e - Ts= 2,09 K: I- 0,92 Br; 2- 1,1 Br; 3 -1,2Br; 
4-1,4Br; 5 -2,0Br; 6 - 2,3Br. 
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weroc.R He I a oxpy)KaJOI.QHH .o61>eM Ite II . nocne.nyJOI.QHe IIHKH 

neperpeaa o 6 yCJioaneHbi B03MO)I(HbiM 3apO)K.ZJ.eHHeM napoaoii <Paabi 

Ha HeKOTopoM JIOKaJibHO neperpeTOM y'laCTKe noaepXHOCTH HT * . 
llpH yCJIOBHH q < q t<p rpaHHQa Me)K.ZJ.y o6nacT.fiMH noaepxHoCTH HT, 
noKpbiTbiMH n apoM H )f(H.ZJ.KOCTbJO, HeycTOH'IHBa. B TaKoii CHTYaQHH 

nepeXO,ZJ.a K OJieHO'IHOMy pe)KHMy KHOeHH.fl He OpOHCXO,ZJ.HT, a 3aBHCH

MOCTb ~T (t) w npe.ncTaBJI.fleT co6oii nocne.noaaTeJihHOCTb 6onhworo 

'IHCJia OHKOB (pHC. 1, KpHBa.R 10) . llpH Harpy3Kax q > qKP OpOHCXO

,ZJ.HT nepexo,ZJ. K OJieHO'IHOMY KHOeHHJO, npH'IeM C pOCTOM q lJHCJIO 

OHKOB COKpai.QaeTC.fl (pHC. 1, KpHBbie 11 .;. 13). 
TaKHM o 6pa3oM, a He II npH onpe.neneHHbiX ycnoBH.fiX a KOJib

QeBbiX KaHaJiax B03M0)1(80 pa3BHTHe CBepxTeKy'leH Typ6yJieHTHOCTH, 

'leM Bbl3bmaeTC.fl KaCKa,ZJ. OpOQecCOB CMeHbl rH,ZJ.pO,ZJ.HHaMH'IecKHX H 

TepMO,ZJ.HHaMH'IecKHX COCTO.fiHHH reJIH.fl H, B KOHe'IHOM C'leTe, cyi.QeCT

BeHHOe H3MeH eHHe pe)KHMa nepe.na'IH Tenna 1:1epe3 rpaHHQY pa3.nena 

mep.noe Teno - He II . 
OcTaHOBH MC.fl Tenepb Ha KOJIH'IeCTBeHHbiX xapaxTepHCTHKax 

npoQecca B03HHKHOBeHH.fl CBepxTeKy'leH Typ6yneHTHOCTH - BpeMeHH 

BHXpeo6pa30B aHH.fl tax H noporOBOH TeOJIOBOH Harpy3Ke Wax· 
BpeM.fl B HXpeo6pa30BaHH.fl t IX onpe,ZJ.eJI.fiJIOCb KaK MOMeHT, 

xor.na Ha'IHHaJIC.fl poeT TeMnepaTypbi Ha nepe.u.HeM <PpoHTe nepaoro 

OHKa. 3aBHCHMOCTb BpeMeHH t llX OT MOI.QHOCTH HMDYJibCa W HMeeT 

,ZJ.OBOJlbHO CJlO)I(HbiH xapaKTep, O,ZJ.HaKO npH . BeJIH'IHHax TeOJIOBbiX 

Harpy30I<, Jie)Kai.QHX B ,ZJ.HaOa30He 1,1• W1 X < W < 0,9 • Wen**, MO)KeT 

6biTb annpoKCHMHpOBaHa COOTHOWeHHeM 

-3 / 2 
t BX = C • W , (2) 

r.ne C - K03<l><l>HQHeHT, 3aBHC.fll.QHH OT TeMnepaTypbl reJIH.fl H OpHeH

TaQHH o6pa3Qa. llo CTpyKType COOTHOWeHHe (2) aHaJIOrH'IHO 3aBH

CHMOCTH t BX (q} , o6o6I.Qaroi.QeH ,ZJ.aHHbie / lO / , KOTOpbie OOJiy'leHbl 

DpH O,ZJ.HOMepH OH reoMeTpHH 3KCnepHMeHTa. 

Heo6xo.nHMO OTMeTHTb, 'ITO nony'leHHbie 3Ha'leHH.fl TeOJIOBbiX 

OOTOKOB, OTBe 'laiDI.QHX Ha'laJIY BHXpeo6pa30BaHH.fl, npeBbiWalOT HMelO

I.QHeC.fl B JlHTepaType ,ZJ.aHHble Ha OOp.fi,ZJ.OK. 3TO 061>.fiCH.fleTC.fl BJlH.fi

HHeM reoMeTp HH 3KcnepHMeHTa. TaKoe BJIH.fiHHe 3aKJIJO'IaeTc.fl a 

* HMu'lue TaKozo y'IIICTKa o6yCII0811eHo zpai>ueHTOM TeMneparypbl 800/lb 
no8epxHocru HT u3-3a KOHe'IHOCTU OIIUHbl o6pa3ija. C cyU4eCT808aHUeM TaKozo 
Y'IIICTKa, a ClleOo8aTenbHO c 3a8biWeHHbiM 3Ha'leHueM U3MepReMou cpeoHeuHTez
pMbHou no no8epxHocTu HT TeMneparypbl, C8R3aHbl 0080IIbHO 6ollbWue (oo 
HeCKOIIbKUX K) 8etiU'IUHbl aMniiUT)'O nww8 nepezpe8a. 

** Jlpu MOU4HOCTU UMnyllbCQ Wen npoUCXOOUT CIIURHUe nUK08 U/IU :JICe 
nepexoo K MeHO 'IHOMY KuneHu/0 c nepeoHezo rfipoHTa nep8ozo nuKa (eM., Hanpu
Mep, KpU8ble 6a u 66 Ha puc. 2). 
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Puc. 3. 3aeucUMocru Wix (Tg), 
c(Tg), (p5 lp)·pST(Tg),J, 2 -
COOT8eTCT8eHHO W IX U C no 

pe3yllbTaTaM 3KcnepuMeHT08 npu 

tJ. = J ,30 MM U 20pU30HTa/lbHOU 

opueHraquu; 3 - (p
5
1 p)psT 1161 

I,S 

B03MO:>KHOCTH pacnpOCTpa

HeHHH TennOBOrO OOTOKa 

KaK B HOpManbHOM K DO· 

sepXHOCTH HT, TaK H B 

aKCHanbHOM HanpasneHHHX, 

npH 3TOM HOpManbHaH CO· 

cTasnHJO~aH Tennosoro no

TOKa 3aTpatJHBaeTCH Ha ,O:HC" 

CHnaTHBHhie npoQeCCbl B 

TOHKOM npHCTeHHOM cnoe 

renHH 1 14 1 • Cne,nyeT TaK:>Ke 

f.O 

I 
I 

/ 
/ 

,,,-
,Zl.. 

/ 
1.6 1,8 

7$,K 

1.1 

1,4 H 

~, (2 12~ 
\ ... ~ I .... 
\ 

~ 

1,0 Ji " .... -I ., 
I "-, 
I ..., 8-q, I 0,8 I 
I 
I 

lu I 
'I 
I 
I 
I 0,4 

OTMeTHTb, 'ITO B COBpeMeHHOM OO,O:XO,O:e K TeOpHH CB epXTeKytJeH 

Typ6yneHTHOCTH / 15 / oco6 o no,nqepKHBaeTcR onpe.nenRro~ee BnHR

HHe reoMeTpHH Ha pa3J1HtJHhie acneKThl ,O:HCCf!OaTHBHhiX ~poQeCCOB 

B He II . 
3aBHCHMOCTH BeJ1HtJHH WIX H C OT TeMnepaTypbl r enHH npHBe

,neHhl Ha pHC. 3 (KpHBbie 1 H 2), H3 KOTOpbiX BH,O:HO, 'ITO OHH HMelOT 

xapaKTepHyro KonoKonoo6pa3HYJO cpopMy. TaM :>Ke noKa 3aHa TeMne

paTypHaH 3aBHCHMO"..!Th KOMnneKCa CBOHCTB CBepxTeKy tJero renHH 

(p5lp)-pST, r.ne Ps I p - npHBe,neHHaH nnornocTh c sepxTeKy'leH: 

KoMnoHeHThi, pST - nnoTHOCTb TennosoH: 3HeprHH. KpHBaH 3 aHano

rHtJHa no BH.D:Y 3aBHCHMOCTRM W IX (T S) H c(T S) . 3To M O:>KHO 06bHC

HHTb Ha OCHOBe .D:BYXCKOpOCTHOH rH,npo,nHHaMHKH, B KOTOpOH Tenno-
v ~ / 15 / 

BOH OOTOK B CBepxTeKytJeM renHH q onpe,nenReTCR KaK 

... Ps ... 
l<i l = p5 STIV8 q,l =--pSTIV3 4ll. 

p 
(3) 

lJOCKOJ1bKY ypaBHeHHe ( 3) CDpaBe,O:J1HBO BDnOTb ,0:0 HatJana BHXpeo6-

pa30BaHHR B CBepxTeKy'leM renHH, a 3cl>cl>_fKTHBHaR cpe HRR OTHOCH· 

TeJ1bHaR CKOpOCTb ,O:BH:>KeHHR KOMOOHeHT Va4l cna6o 3aBH HT OT TeMne

paTypbi / 1 / , CXO,O:CTBO KpHBbiX 1, 2 H 3 3aKOHOMepHO . 

IJpe,ncTaBneHHbie 3KcnepHMeHTanhHbie ,O:aHHbie OQ3 BOJ1RlOT c,ne

JlaTh cne,nyro~He BbiBO,O:bl 0 ,O:HHaMHKe OpOI~eCCOB HeCTaU,HOHapHOH 

Tennonepe,na'IH K csepxTeKyt~eMy renHro B KOJlhQeBbiX KaHan ax . 

IJpH BenH'IHHe TennOBbiX Harpy30K, npeBbiWalO~HX onpe,neneH

HY!O noporosyro senHtJHHY W1 x , 3HatJHTenhHO M eHhwyro WKP , 3a spe

MeHa nopR,O:Ka 100 MC pa3BHBalOTCR pe:>KHMLI yxy,nw eHHOH TeJ1JIO

nepe,natJH OT TBep,noro Tena K He II. BenHtiHHa Wax cy~ecTBeHHo 

3aBHCHT OT TeMnepaTyphi renHR. 
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PaaanTne TaKnx pe)I(HMOB xapaKTepu3yeTc.R noCJJeAOBaTe.JILHo
cniD .llpKo BLipiDKeHHbiX xopomo aocnpon3BOAHMhiX nHKOB nepe
rpeaa noaepxuocTH TBepAoro Te.Jia. 

llpn'IHHa B03HHKHoaeHH.II pe)I(HMOB yxyAmeHHon TeruwnepeAa
lJH - Typ6ynH31UlH.II caepxTeKyqero renn.11 a KOnL~eaoM KaHane. 
lloporOBhie TennOBhie Harpy3KH W IX COOTBeTCTBYIOT KpHTHlJecKHM 
TennoBhiM noTOKaM anxpeo6pa30BaHH.II a He It. 

B 3aKniD1JeHue aaTophi 6naroAap.RT C.IO.CeniOHHHa u B.~.Mn
uamKnHa 3a llOMO~b B npoBeAeHHH 3KCnepHMeHTOB H HaCTpOHKY 
annapaTyphi, a TaJOKe B.H.llaanoaa 3a none3Hhie o6cy)I(AeHH.R. 
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KparKue coo6114eHUJ1 OHRH If'S [25) -87 
YAK 538.945 

3flEKTPOHHOECllAPHBAHHE 

JINR Rapid Communications No.5 [25)-87 

B H30TPOllHhiX CBEPXllPOBOLJ:HHKAX 
C 3<I><I>EKTHBHhiM 
3flEKTPOHH0-3flEKTPOHHhiM B3AHMOLJ:E'ACTBHEM, 
3ABHCHIIU1M OT CllHHA 

HryeH BaH XLey*, Xa BHH TaH ~ HryeH ToaH TxaHr~ 
HryeH AH BLeT * 

IhyqaeTC.II JrreKTpoHHoe cnapHBaHHe B HJOTponHbiX CBepxrrpoBo.o;
HHKax. PaccMaTpHBaeTC.II J<l>$eKTHBHoe, JaBHC.RIUee oT ciiHHa JrreKT· 
poHHo-JrreKTpoHHoe BJaHMo.o;eiiCTBHe o6mero BH.o;a. KBaHTOBoe cocro
.llliHe nap Kynepa .IIB1l.lleTC.II 11HHeiiHoii cynepnoJHUHeii CHHmeTHoro 
H TpHIUieTHOro COCTO.IIHHH. BbffiO.o;HTC.II CHCTeMa ypaBHeHHii .D;11.11 JHep
reTH'IeCKOH merrH npH HY1leBoii TeMIIepaType . 06cy?K.D;aiOTC.II .o;ocra
TOlJHLie YC110BH.II .D;11.11 lJHCTO CHHr1leTHoro H11H TpHIUieTHOrO cnapHBa
HH.II , a TaK)Ke .D;11.11 BblpO)K.D;eHH.II OCHOBHOrO COCTO.IIliH.II BC11e.D;CTBHe 
CHMMeTpHH Me)K.D;y CHHrrreTHOH H TpHIUieTHOH $aJ~MH. . 

Pa6ou BLmorrHeHa B HHcTHcyTe TeopeTH'IeCKoii $HJHKH, XaHoii, CPB . 

Electron Pairing in Isotropic Superconductors 
with Spin-Dependent Effective Electron-Electron Interaction 

Nguyen van Hieu et a!. 

The electron pairing was studied for the isotropic superconductors with 
the spin-dependent effective electron-electron interaction. In t e general 
case the quantum state of the Cooper pairs is a linear superposition 
of triplet and singlet ones. The system of gap equations was derived . 
The sufficient conditions were discussed for the purely singlet or trip
let pairing as well as for the degeneracy of the ground state due to a 
symmetry between the singlet and triplet phases. 

The investigation has been performed at the Institute of Theoreti
cal Physics , Hanoi , Vietnam. 

1. BBE,llEHHE 

B TeopHH csepxnposo.n;HMOCTH / 1, 21 o6meH3BecTHo , liTO scne.n;
CTBHe He 38.BHC.fllltero OT emma 3<f><t>eKTHBHOro npHTR::>KeHHR Me:>K.n;y 
3JieKTpoHaMH B6JIH3H nosepXHOCTH <l>epMH noR:BJimoTcR napbi Kyne
pa B CHHrJieTHOM CBR:3aHHOM COCTOR:HHH - CHHrJieTHOe cnapHBaHHe 
3JieKTpoHOB. LJ:HHaMHqecKHM HCTOqHHKOM TaKOrO He 38.BHC.fllltero 

* HHcruryr reoperu'lecKoil ¢u3UKU, XaHOil, CPB 
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OT CnHHa 3<j><j>eKTHBHOrO npHT.R')I(eHH.R MOr 6bi 6biTb 06MeH <j>OHOHa

MH. ClJHTanoc b TaK*e, 'ITO TpHilJieTHoe cnapHBaHHe nMeeT MecTo 

B TOM CJiy'lae, KOr,D,a 3<j><j>eKTHBHOe B3aHMO,D,eHCTBHe :meKTpOHOB 

3aBHCHT OT CnHHa. CoOTBeTCTBYlOI.I.Ufe HeQ>OHOHHbie MeXaHH3Mbl o6Cy')I(

,D,anHCb a Te'leHne MHornx neT 13-61 . B nocne,D,HHe ro,D,bi TpnMeTHoe 

cnapHBaHHe p aCCMaTpHBanOCb B p.R,D,e pa6oT B CB.R3H C npo6neMOH 

T.R')I(enoro Q>ep MHOHa/ 7-9/ • 

B HacToHI.QeH: pa6oTe H3y'laeM 3neKTpoHHoe cnapHBaHHe B H30-

TponHbiX CBep xnpOBO,D,HHKax C 3aBHC.RI.I.UfM OT CnHHa 3<j><j>eKTHBHbiM 

3neKTpOHH0-3n eKTpOHHbiM B3aHMO,D,eHCTBHeM o6I.Qero BH,D,a. B OCHOB

HOM COCTO.RHHH CBepxnpoBO,D,HHKa TaKOrO po,D,a npOHCXO,D,HT KOH,D,eH

Cai.Uf.R nap K y nepa, KBaHTOBOe COCTO.RHHe KOTOpbiX .RBn.ReTC.R nHHeH

HOH cynepn03HQHeH CHHrneTHOrO H TpHnneTHOro COCTO.RHHH. Pa,D,H 

npocTOTbi M b i nonh3yeMc.R npn6nn')l(eHHeM BKIII 
111 . Y CTaHOBHM 

CHCTeMy ypasHeHHH ,D,n.R 3HepreTH'IecKOH I.Qenn, H3 KOTOpbiX Henocpe,D,

CTBeHHO Bbmo ,D,.RTC.R nocTaTO'IHbie yCJioBH.R cymecmoBaHH.R nap Kyne

pa B 'IHCTO CHHrneTHOM HnH TpHilJieTHOM CB.R3aHHOM COCTO.RHHH. 

PaccMaTpHBaeTC.R TaK')I(e B03MO')I(HOe BblpO')I(,ll,eHHe OCHOBHOrO COCTO.R· 

HH.R BCJie,D,CTBH e B03MO')I(HOH CHMMeTpHH Me')l(,ll,y CHHrneTHOH H TpH

nneTHOH <j>a3aM H. 

2. CHCTEMA YPABHEHHA Jl]IH 3HEPfETifliECKOit IIlEJllil 

B npn6nH')I(eHHH BKIII MHoro3neKTpoHHa.R cncTeMa c 3aBHC.R

l.QHM OT CnHHa 3<j><j>eKTHBHbiM 3neKTpOHH0-3neKTpOHHbiM B3aHMO,D,eH

CTBHeM OnHCbffiaeTC.R cne,D,ylOI.QHM MO,D,enhHbiM raMHnbTOHHaHOM 

H = I e'(k·) a+ (k) a (k) + 
k a a (1) 

l -+ ... + -+ + -+ ... -+ 
+2 ... IlVa{3y>.. (k, f)aa(k)af3(-k)a>..(-f )ay( e), 

k, 
-+ + .... 

rne ... aa(k) H a a(k) - onepaTopbi yHH'ITO')I(eHH.R n po')l(,ll,eHH.R 3neKTpo-

Ha, k H l - HMnynhCbl 3neKTpoHa, a, {3, y, A - CnHHOBbie HH,D,eKCbi, 

-+ k2 
e'(k) = - . - E F , 

2m 

m- Macca 3neK TpoHa, a E F- 3Heprn.R <I>epMn. 

3<J><j>eKTHBHbiH noTeHQHan B3aHMO,D,eHCTBH.R 3neKTpOHOB BCer,D,a 

MO')I(HO HanHCaTh B BH,D,e 

~ -+ -+ -+ -+-+ ...... -+-+ 

V a{3y>.. (k, 0 = A (k, f) f afj f y>.. + B(k,f) (uku2 ) a{3 (u2 u k) ·yA + 

_,. .... -+-+ -+-+ ..... ..... ....... .... ..... 
+ C(k, f) (uku

2
)af3 (cr 2 uf )yA + D(k,f) (uf u 2 ) a{3 (~ uk) yA + (2) 

+ E(k,f) (;fu
2

) af3 (cr 
2

; {) yA. + F(k, 6 (u(k f]u 2 )a:f3(cr 2 ;[i~f]) yA.. 
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06o6maR paccy)f()J;eHHR EKIII, Mbi Bbi6HpaeM sei<To p ocHoBHoro 

COCTORHHR B BH,ll;e 

... 1 ... -+-+ ... + ... + ... 
¢ = ll'{u(k) +-[t av(k) +(aka) aw(k)]a (k)aa(- k)! I O> , (3) k J2 a,._, 2 a,._, a ,._, 

r,D;e I 0> - BeKTOp COCTORHHR Bai<yyMa, n ' 0003HallaeT npOH3Be,D;e

HHe, B KOTOpOM BeKTOp k npo6eraeT llOJiynpOCTpaH CTBO ( cpe,D;H 

AByx cpai<Topos c npoTHBonoJIO)f(HbiMH sei<TopaMH it H -k TOJibKO 

O,ll;HH BXO,ll;HT B npoH3Be,D;eHHe ll ') . 
B CHJIY HOpMHpOBaHHR ¢ 

(4) 
... ... ... 

B .D;aJILHeifrneM 6y.D;eM Bbi6HpaTb cpyH~HH u(k), v(k) , w(k) semecT-

BeHHbiMH. 

JlerKO BblliHCJIHTb cpe,D;Hee 3HalleHHe raMHJibTOHHaHa ( 1) B OCHOB

HOM COCTORHHH - ero llOJIHyJO 3HeprH10. Mbi HMeeM 

~ ~ -+-+ -+ -+ -+-+ -+ -+ 
+ I u(k)u(f) [A 0 (k,f)v 0 (k)v 0 (0 +A 1 (k,i)v 1 (k) v 1(f)], (5) 

... .... 

k,f 

r,D;e 
-+ -+ -+ -+ 

v 0 (k) = v (k) • v 1 (k) = kw (k) , (6) 

llonaraR 

nepenHllleM BblpiDKeHHe llOJIHOH 3HeprHH OCHOBHOrO COCTORHHR B BH,D;e 

E = I ~ (k) sin 20... + .!_ I sin 20 ... sin 20 f x 
-+ k 4"k( k 
k • 

... l -+ .... ] x [A (k ) cos cP ... cos cP-+ + A 1 (k, f ) sin cP-+ sin cP-+ • 
o • k e k e 

(9) 

113 BapHaJ.UiOHHOrO npHH~na 

= 0 
(10) 
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Bbffie.D;eM CHCTeMy yprumeHHH )J,]IH 3HepreTHtJecKOH ~eJIH npH Hyne
BOH TeMnepaType 

... 
... ... !:lo<n 

!:l (ib =- ~ Ao(k,f) . .,. 2 A(if)2 1 1/ 2 
0 ... [.; (f) + L1 (. f 

... 
!:l1 (k) = - ~ A (i~ , l) _ !:l1 ( f ) 

-+ 1 ... -----
f [,;(02+!:l(f)2]1/2 

r.o:e 

/:l(k) =[!:lo (k)2+ !:l1(k)2]1 / 2 

npe.o:cTasnneT co6ou 3HepreTHI.IecKyro ~enh, a 

!:l 0 (k) = !:l(k) cos¢k = -7 A 0 (k, l) sin20fcos¢( , 

!:l 1 (k) = !:l(k) sin¢ .. = 
. k 

-+ .. 

~ A 1 (k, £ ) sin 20( sin ¢ f 
f 

(11 a) 

(11 6) 

(12) 

(13 a) 

(13 6) 

HBnHIOTCH ee CHHrneTHOH H TpHnneTHOH KOMDOHeHTaMH COOTBeTCTBeH
HO. JlerKO TaK)Ke DOKa3aTb, tJTO 3HeprHH HH3UlHX B036y)K.D;eHHbiX 
COCTOHHHH C HecnapHBaiO~HMCH 3neKTpOHOM, HMeiOI.UHM HMnynbC 
k, paBHbl 

.. .. -+ 

E(k) =E.+ [ o;(k)2 + .tl (k) 2] 1/ 2 (14) 

3. OliCY)I(UEHHE 

.. YpasHeHHH (11a) H (116) onpe.o:en_fDOT 3Hep_feTHtJecKyro ~enb 
f:l(k) H ee CHHrneTHYIO KOMDOHeHTbl f:l 0(k) H f:l 1 (k). 113 YpaBHeHHH 
(13a) H (136) cne.D;yeT, tJTO TpHnneTHaH (CHHrneTHaH) KOMDOHeHTa 
f:l 1 (k) (f:l 0 (k) ) paBHa Hynro, H D03TOMY M~I HMeeM-.tJHCTO CHHrneT-

HOe (TpunneTHoe) cnapHBaHHe, ecnH A t<k, l) (A 0 ( k.l)) HctJe3aeT 
HnH He npe.o:cTasnHeT co6ou HeKoToporo noTeHQHana npHTH)KeHHH. 
C .D;pyroif CTOpOHbl, ecJIH 

-+-+ .......... 

A 0 (k , 0 = A 1 (k , f ) , 

TO ypasHeHHH (11a) H (116) COBDMaiOT .D:pyr C .D;pyroM, H .HX pewe
HHe o6nan;aeT cne.D;yiOI.UHM CBOHCTBOM 

... -+ 
!:l 0 (k) = 17 !:l1 (k) 
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C npoH3BOnbHOH llOCTOHHHOH ry • 3Ta llOCTOHHHaR onpellenHeT OTHO

CHTenbHbiH Bee CHHrneTHOH H TpHnneTHOH cpa3 B OCHOBHO M COCTOHHHH. 

Tai< I<ai< 3HeprHH OCHOBHOrO H HH3UJHX B036y)!(lleHHbiX ( OllHOI<Ba3H

qacTH'IHbiX) COCTOHHHH He 3aBHCHT OT OTHOUJeHHH ry, TO HMeeTCH Bbl

pO)!(lleHHe 3THX COCTOHHHH, HBnRiomeecH cnellCTBHeM CHMMeTpHH 

Me)!(llY CHHrneTHOH H TpHnneTHOH cpa3aMH I<OHlleHcau;HH Bo3e -

3HHUJTeHHa nap Kynepa. 
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