
f5(:l, .. :. 
M ' .-· ~ . .• " ,..., 
~ 

- OC\ ~ .. ... •• ..~ ... 

OfibBAMHBHHbiM 
MHCTMTYT 
RABPHbiX 

MCC.ftBAOBaHMM 

iAYfiHa 

8-83-45 

B . H.~a~KOB, n .H.3au~eB , E.~.KRe~eHKO, 

C.B.MyHTHH , ID .A.lliHlliOB 

HHEPUHOHH~E XAPAKTEPHCTHKH 
KPHOrEHH~X TEPMO~ATqHKOB-~03HMETPOB 

HanpaeneHo e ~ypHan 
11nplo160pbl 1-1 TeXHYIKa 3KCneplo1MeHTa 11 

1983' 



0co6eHHOCTb CBepxnpOBOA~~HX YCKOPHTene~ 3aKn~4aeTC~ B TOM, 
4TO OTHOCHTenbHO He6onbWHe paAHa~HOHH~e Harpy3KH OT nOTepb 4ac
TH~ CnOC06H~ C03AaTb ycnOBH~ An~ B03HHKHOBeHH~ orpaHH4eHH~X Hop
ManbH~X 30H B ceepxnpOBOA~~HX o6MOTKax /CnO/ 6e3 nepeXOAa HX 
B HOpManbHOe COCTO~HHe. PacnpocTpaHeHHe HOpManbHO~ 30H~ no CnO 
3a BpeM~ ~HKna ycKopeHH~ HnH B~BOAa ny4Ka MO~eT npHBeCTH nH60 
K HeAonyCTHMOMY H3MeHeHH~ xapaKTepHCTHK MarHHTHOrO nonA H AHHa
MHKH 4aCTH~/l/, nH60 K nepeXOAY CnQ S HOpManbHOe COCTO~HHe/ 2/. 
BamHy~ ponb npH 3TOM Hrpa~T KaK a6con~TH~e eenH4HH~, TaK H npocT
paHcTaeHHo-apeMeHH~e pacnpeAeneHH~ norn~eHHO~ 3HeprHH /A03~/ 
a cno. 

Ao HacTo~~ero epeMeHH a pa6oTax, noce~~eHH~x npo6neMe cTa6Hnb
HocTH CBepxnpOBOA~~HX MarHHTOB npH o6ny4eHHH, HH~OpMa~H~ 0 npOCT
paHCTBeHH~X pacnpeAeneHH~X norno~eHHO~ A03~ B cno 6~na nony4eHa 
nHWb paC4eTH~~3~~1eM, npH4eM 3aBHCHMOCTb OT BpeMeHH BOO~e He 
HccneAoeanacb · KpHTepHeM npaaHnbHOCTH pac4eToe RBn~eTc~ cpae
HeHHe C COOTBeTCTBY~HMH 3KCnepHMeHTanbH~MH pe3ynbTaTaMH, n03TOMY 
pa3pa60TKa MeTOAHK H3MepeHH~ A03HOrO non~ B caepxnpoBOAA~HX Mar
HHTaX, B~6op H H3y4eHHe xapaKTepHCTHK AaT4HKOB-A03HMeTpOB npeA
CTaBnAeTC~ aecbMa aKTvanbH~M. 

H3MepeHH~ npocTpaHCTBeHHo-epeMeHH~x pacnpeAeneHH~ M~HOCTH 

A03~ B CnO /HnH B6nH3H CnO/ n03BOnHnH 6~ rny6me H3Y4HTb 3aKOHO
MepHOCTH HX ~OPMHPOBaHH~, anpo6HpOBaTb pac4eTHble KOA~ H pa3pa6o
TaTb An~ npoeKTHpyeM~X YCKOPHTeneH CHCTeM~ KOHTpon~ paAHa~HOHH~X 
Harpy30K. TaKHe CHCTeM~ AOnmH~ H3Mep~Tb norn~eHH~e A03~ B CnO 
a nocneAOBaTenbH~x epeMeHH~x HHTepeanax ~t a Te4eHHe ecero ~HK
na YCKopeHH~. AnHTenbHOCTb BpeMeHH~X HHTepeanoB B 3aBHCHMOCTH OT 
pewaeM~X 3aAa4 MO~eT H3MeH~TbC~ B WHPOKHX npeAenax OT COTeH 
MHKPOCeKYHA /xapaKTepHoe BpeM~ pa3BHTH~ CHnbHbiX pe3oHaHCOB/ AO 
HecKonbKHX ceKyHA /xapaKTepHoe apeM~ B~BOAa ny4Ka/. B OTAenbH~x 
cny4a~x MomeT noTpe6oeaTbC~ H3MepeHHe norno~eHHOH A03~ 3a 6onee 
KOpOTKOe BpeM~ /-1 MKC/, HanpHMep, npH HH~eK~HH. 

Hcnonb3YeM~e An~ 3THX ~eneH AaT4HKH AOn~H~ HaAe~Ho pa6oTaTb 
B non~x nepeMeHHOH MarHHTHOH HHAYK~HH I B = 0,1-0,5 Tn; B = 
:1,5-2 Tn/c/ npH TeMnepaTypax 4,2-10 K, o6naAaTb, no B03MOmHo
CTH, MHHHManbH~MH pa3MepaMH, AOCTaT04HOH paAHa~HOHHO~ CTOHKOCTb~ 
H 6~CTPOAeHCTBHeM, noCKOnbKY npaBHnbHa~ HHTepnpeTa~H~ noKa3aHHH 
A03HMeTpa B 3aAaHHOM BpeMeHHOM HHTepeane 3aBHCHT OT ero HHep~HOH
H~X XapaKTepHCTHK. 

HaH6onee npHrOAH~MH ABn~~Tc~ pe3HCTHBH~e AaT4HKH AnneH-6peAnH, 
TBO H AaT4HKH Ha ocHoae cne~HanbHoro MeAHOHHKeneaoro cnnaea 16 - 91 
0HH o6~4HO HCnonb3Y~TC~ KaK TepMOMeTp~, OAHaKO, npHMeH~~ H3BecT-
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PHc.l. TepMo~aTqHKH: I -
TB0-0,125; 2- AnrreH-BpeAnH; 
3 - Me~HOHHKeneBhlft ~aT~K. 

PHc,2. KoHcTpyKqHR Me~HOHHKene
Boro ~aTqHKa •. I - KapKac H3 
Me~HOH OOnbrH, 2 - Me~HOHHKene

BaR nposonoKa, 3 - nonH3THne·- • 
BOBaR H30nRJ.J;HR. 
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ca AaT4HKa, ~T - ero neperpee, o6ycnoeneHH~~ H3ny4eHHeM, HX no
Ka3aHHR MO>KHO HHTepnpeTHPOBaTb B TepMHHaX nornoll\eHHOH B AaT4HKe 
A03~ -D. K CO>KaneHH~, pa3nH4He B MaTepHanax AaT4HKOB H CnO npH
BOAHT K TOMY, 4TO A03a B AaT4HKe MO>KeT Cyll\eCTBeHHO OTnH4aTbCR 
OT A03~ B CnO. 3TO pa3nH4He B A03aX, He CBR3aHHOe C pa3nH4HeM 
B TennoeMKOCTRX, 3aBHCHT OT BHAa H 3HeprHH H3ny4eHHR - 11XOAa 
c >KeCTKOCTb~''. 113y4eHHe ''xoAa c >KeCTKOCTb~'', Heo6XOAHMoe AnR 
HHTepnpeTa~HH nOKa3aHHH AaT4HKOB B TepMHHaX A03~ B CnO, TaK >Ke, 
KaK H H3MepeHHR 3aBHCHMOCTH TennoeMKOCTH AaT4HKOB-A03HMeTpOB OT 
TeMnepaTyp~, RBnReTCR npeAMeTOM OTAenbHOrO HCCneAOBaHHR. 8 Ha
CTORll\eH pa6oTe npHBOARTCR pe3ynbTaT~ H3Y4eHHR HHep~HOHHbiX xa
paKTepHCTHK 3THX AaT4HKOB. 

Ha pHc.1 noKa3aH~ pe3HCTop~ AnneH-6PeAnH, TB0-0,125 c HOMH
HanbH~M conpoTHBneHHeM 50 OM H 1 KOM cooTBeTCTBeHHo 1-1 AaT4HK 
H3rOTOBneHH~H HaMH 1-13 MeAHOHHKeneBOH npOBOnOKH/ 9

/ AHaMeTpOM ' 
35 MKM, KOTOpaR HaMaT~Banacb Ha KapKaC 1-13 MeAHOH $OnbrH TOnll\H
HOH 30 MKM. nocne nponHTKH o6MOTKH KneeM 6$-2 AaT4HK noKpbiBancR 
n6nH3THneHOBOH H30nR~HeH TOnll\HHOH -0,5 MM. 3TOT AilT4HK B pa3pe3e 
noKa3aH Ha pHc.2. HoMHHanbHoe conpoTHeneHHe MeAHOHHKeneeoro AaT-
4HKa /MHA/ - 708 OM. Ha pHc.3 npHBeAeH~ H3MepeHH~e HaMH 3aBHcH
MOCTH conpOTHBneHHR OT TeMnepaTypbl. HaH60nbwei1 4YBCTBHTenbHOCTb~ 
o6naAa~T AaT4HKH TBO H AnneH-6PeAnH. XoTR MHA 3Ha4HTenbHO MeHee 
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PHc.3. 3aBHCHMOCTb conpoTHBneHHR 
TepMo~aTqHKOB oT TeMnepaTyphl. I -
TB0-0,125, 2- AnrreH-Bp~H, 3-
Me~HOHHKeneBb~ ~aT~K. 

4YBCTBHTeneH, 4eM nepe~e ABa, OH 
o6naAaeT TeM AOCTOHHCTBOM, 4TO 
MaTepHan, 1-13 KOTOpOrO OH H3rOTOB
neH, 6nH30K no COCTaBy K MaTepHa-
ny 06MOTOK CBepxnpOBOARll\HX MarHH
TOB, 4TO, no-BHAHMOMY, n03BOnHT 
H36e>KaTb 11XOAa C >KeCTKOCTb~11 npH 
HCnOnb30BaHHH ero B Ka4eCTBe A0-
3HMeTpa. 

TpaAH~HOHH~e MeTOAHKH H3MepeHHR 
T,K 

T.ennOBOH HHep~HH AaT4HKOB, OCHOBaH-
H~e Ha nepeHOCe AaT4HKa 1-13 OAHOH 

CPeA~ B APYrY~ / 10,ll(nH60 HarpeeaHHe AaT4HKa HMnynbCOM TOKa 
c nocneAY~lll~-'~M BKn~4eHHeM e H3MepHTenbHY~ ~enb/ 10 • 121 e HaweM cny-
4ae HenpHeMneM~, T.K. OHH paCC4HTaH~ Ha H3MepeHHR XapaKTepH~X 
BpeMeH, 6onee 4eM Ha nOPRAOK npeB~Wa~ll\HX nOCTORHH~e epeMeHH HC
cneAYeM~X AaT4HKOB. no3TOMY B HaWHX H3MepeHHRX ~enb HarpeBaHHR 
AaT4HKa H ~enb H3MepeHHR 6~nH 06DeAHHeH~, 4TO n03BOnRnO Ha6n~
AaTb OTKnHK AaT4HKa n~-160 BO epeMR AeHCTBHR Harpeea~lllero HMnynb-
r.~ nLAf\n rn::ao::t'' wa nl"\..-.no ,...~ ................................ _ '"-··--- ... ___ _ 
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COnPOTHBneHHR AaT4HKOB OT TeMnepaTyp~ H epeMeHH npH HarpeeaHHH 
HX HMnynbCaMH TOKa npOBOAHnHCb B napax renHR H HenocpeACTBeHHO 
B >KHAKOM renl1lll. TeMnepaTypa KOHTponHpoeanacb KanH6poeaHHbiM Tep
MOMeTpoM TB0171 ,KoTop~i1 pa3MelllancR e HenocpeAcTeeHHoi1 6nH30CTH oT 
1-'lccneAyeMoro AaT4HKa. Ha4anbHaR TeMnepaTypa ycTaHaBnHeanacb ne
peMell\eHHeM 3THX AaT4HKOB OTHOCHTenbHO ypOBHR >KHAKOro renHR. 11c
cneAye~ble AaT4HKH BKn~4anHCb B nne40 MOCTa nOCTORHHOrO TOKa, Ha 
KOTOP~H nOAaBanHCb OAHH04Hble npRMOyronbHble HMnynbCbl HanpR>KeHHR 
/Hn~ OAHH04H~e na4KH KOPOTKHX HMnynbCOB/. 11ccneAYeM~H AaT4HK 
HarpeeancR npoXOARll\HM 4epe3 Hero HMnynbcoM TOKa, 4To Bbl3b1Bano 
pa36anaHc ypaeHoeeweHHoro MOCTa. CHrHan pa36anaHca ycHnHeancR 
AH$$epeH~HanbH~M ycHnHTeneM nOCTORHHOrO TOKa C ypOBHeM co6cT
BeHH~X WyMOB -10 MKB H perHCTpHpoeanCR 3anOMHHa~ll\HM OC~Hnnorpa
$OM C8-9A. Am~ Toro, 4T06~ yMeHbWHTb norpewHoCTb 3Ha4eHHR TeM
nepaTyp~, npH KOTOPOH npOH3BOAHnHCb H3MepeHHR, aMnnHTYAa Harpe
Ba~ll\ero HMnynbca Bbi6Hpanacb TaKoi1, 4To neperpee AaT4HKa He npe
e~wan 0,1 K, np~-1 aToM THnH4HaR aMnnHTYAa pa36anaHca MOCTa co
CTaBnRna 0,1-1 MB. BcneACTBHe KoHe4Hoi1 TennoeMKOCTH AaT4HKOB 
H TennonepeAa4H OKPY>Ka~ll\eH cpeAe nepeAHHe H 3aAHHe $pOHTbl HMnynb
COB C AaT4HKOB 3aTRrHBanHCb OTHOCHTenbHO npRMOyrOnbHOrO Harpe
aa~ll\ero HMnynbca. XapaKTepH~e HMnynbc~ noKa3aH~ Ha pHc.4. $poHT~ 
HMnYnbcoe annpoKCHMHpoeanHcb Bblpa>KeHHeM BHAa: R= R Texp(-t/f), rAe 
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a/ 

B/ 

6/ 

PHc. 4. XapaKTepHble lfMITYJibCbi 
~aTqlfKOB! a - HarpeBaHHe O~lf
HQqHbJM rrpHMOyrOJibHbJM lfMITYJibCOM, 
6 - HarpeBaHlfe rraqKOH 11pf!MO
yrOJibHbiX lfMI1YJibCOB, B - «i>pOHT 
OCTbJBaHlffl ~aTqlfKa. 

RT - Ha4anbHoe conpoT~8neH~e TepMoAaT4~Ka np~ $~Kc~po8aHHO~ 
TeMnepaType T , T - nocTORHHaR 8peMeH~ ycTaHo8neH~R pa8H08ec
HO~ TeMnepaTypbl TepMOAaT4~Ka. 3Ty 8en~4~Hy 06bi4HO np~H~MaiOT 3a 
xapaKTep~CT~Ky ~Hep4~0HHOCT~ AaT4~Ka. nocTORHHaR Harpe8aH~R TH 

onpeAenRnacb no TpeM T04KaM nepeAHero $poHTa ~Mnynbca AaT4~Ka 

u3 - ui 
8 COOT8eTCT8~~ C $OpMyno~: TH =~t/en AHanor~4HbiM o6pa-

Uz - u3 
30M no 3aAHeMy $POHTY ~1Mnynbca AaT4~K08, o6naAaiOlJ.I~X 6onbwe~ 4y8-
CT8~TenbHOCTbiO /AnneH-5peAn~, TBO/, onpeAenRnacb nocToRHHaR oc
T~8aH~R - TO C TeM n~Wb paan~4~eM, 4TO 8 3TOM cny4ae Ha MOCT 
noAa8an~cb Harpe8a10111~e npRMoyro~bH~e ~Mnynbc~ c HeKoTopo~ no
CTORHHO~ COCTa8nRIOlJ.Ie~, He06XOA~MO~ AnR Ha6niOAeH~R 3aAHero $poH
Ta ~Mnynbca paa6anaHca MOCTa. Ben~4~Ha nOCTORHHO~ COCTa8nRIOlJ.Ie~ 

8~6~panacb TaKa~, 4To6~ npoxoARlll~~ np~ 3TOM 4epea AaT4~K ~3Me
P~TenbH~~ TOK /-20 MKA/ He 8~3~8an 3aMeTHOrO paaorpe8a. np~ on
peAeneH~~ nocTORHHO~ ocT~BaH~R MHA, ~Me10111ero ManyiO 4YBCTB~Tenb-
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PHc. 5. 3aBHClfMOCTb rrocToHHHbiX 
HarpeBaHlfH OT TeMrrepaTypbJ: 
e - TB0-0, 125, D - ArrJieu
Bpe~lf, ~ - Me~HOHHKeJieBbrn 
~aTqlfK. 
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PHc. 6. 3aBlfClfMOC'!'h ncH''l'I'«HT-fT.,tv 

OCTbJBaHlffl OT TeMrrepaTypbl • e -
TB0-0,125- HarpeBaHHe o~H
HoqHbJM rrpHMOyrOJibHbJM lfMI1YJib
COM, 0- TB0-0,125- Harpe
BaHHe rraqKOII rrp.HMOyrOJibHbiX 
lfMI1YJibCOB, D - AAJieH-Bpe~lf, 

~ - Me~HOHlfKeJieBbiH ~aTqlfK. 

HOCTb, MeTOA~Ka, on~caHHaR B~We, Henp~rOAHa, T.K. AnR nony4eH~R 
AOCTaT04HO 6onbwo~ AnR HaAemH~x ~3MepeH~~ aMnn~TYA~ /-1 MB/ c~r
Hana paa6anaHca MOCTa Tpe6yeTcR TaKoe ysen~4eH~e nocTORHHo~ 
COCTa8nRIOlJ.Ie~ HanpRmeH~R, noAa8aeMOrO Ha MOCT, KOTopoe np~BOA~T 
K aaMeTHOMY pa~orpesy AaT4~Ka. B 3TOM cny4ae Ha MOCT noAasan~cb 
OA~H04H~e na4K~ ~Mnynbcos ~ ~sMepRnocb yMeHbWeH~e aMnn~TYA~ c~r

Hana paa6anaHca MOCTa ~U 3a 8peMR ~t MemAY ABYMR COCeAH~M~ 
~MnynbCaM~ 8 na4Ke. nocTORHHaR OCTbiBaH~R TO HaXOA~nacb ~3 Bbl
pameH~R: r0 =~t/en(l-~U/U0 ). 

3aB~C~MOCTb nOCTORHH~X Harpe8aH~R ~ OCT~BaH~R AnR 8CeX Tpex 
AaT4~K08 noKaaaHa Ha p~c.S ~ 6. Ha~6onbW~M 6~CTPOAe~cTs~eM o6-
ndAaeT TBO, y KOToporo TH He npes~waeT 10 Me, a T0 - 8 Me a A~a
naaoHe 4,2-10 K. Ha 3TOM AaT4~Ke 6~no npoBeAeHo cpasHeH~e ABYX 
MeTOAHK onpeAeneHHR T 0 .PeaynbTaT~ cpasHeHHR npHBeAeH~ Ha p~c.6. 
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PaCXOmAeHHR B 3Ha4eHHRX r 0 He npeBOCXOART 20% BO BCeM HHTepea
ne TeMneparyp. 3To pacxomAeHHe o6ycnoeneHo, no-eHAHMOMY, HeKoTo
P~M paaorpeeaHHeM AaT4HKa npH nponycKaHHH 4epea Hero nocTORHHoro 
H3MepHTenbHOrO TOKa B cny4ae H3MepeHHR ro no 3aAHeMy ~POHTY OAH
H04HOrO HMnynbca. 

OnpeAeneH~ nocToRHH~e HarpeeaHHR H ocT~BaHHR rpex THnoe AaT-
4HKoe, n03BOnR~He CAenaTb OTHOCHTenbHY~ O~eHKY 6~CTPOAe~CTBHR 
A03HMeTPOB, KOTOp~e MOryT 6~Tb H3rOTOBneH~ Ha OCHOBe 3THX TepMo
AaT4HKOB. AaHHaR MeTOAHKa noaeonReT onpeAenHTb 6~CTPOAe~cTe~e 
repMo~aT4HKoB-A03HMeTpoe B peanbH~x Tennoe~x ycnoBHRX ceepxnpo
BOARillei1 06MOTKH. 

Aerop~ e~pama~T 6naroAaPHOCTb B.A.4epeHKOBY H B.H.HeaHOBY aa 
noneaH~e o6cymAeHHR H HHTepec K pa6ore. 
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PyKonHcb nocrynHna e H3AaTenbCKHi1 OTAen 
31 RHBapR 1983 roAa. 

HET nH OPOBEnOB B BAWEA BHBnHOTEKE? 
8bl MOJKeTe DO.IY'IMTb DO DO'ITe nepe'IMC.IeHHble HMJKe KHMrM, 

eC.IM OHM He 6bl.iM 38K838Hbl paHee. 
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H3A8T8RbCKHH OTnen 06~e~HH8HHOrO HHCTHTYT8 R~epHbiX Hccne~OB8HHA 



TEMATWIECKHE KATErOPMH fiYBJIHKAUHA 
OB'hE.lUfHEHHOrO MHC111TYTA H,llEPHYX 

MCCJIE.llOBAHHA 

HHJleKC TeM8'l'Ua 

1, 3tccnepMMeHT&nbHI~ ~SMKa BWCOKMX 3HeprM~ 

2. TeopeTM~eCK8ft ~3MK8 IWCOKMX 3HeprM~ 

3. 3tccnepMM8HTinbHift H8ATpoHHaft ~3MKa 

4. TeopeTM~ectca~ ~SMKI HMSKMX 3HeprM~ 

s. HaTeMITMKa 

6, ~A8PH8~ cneKTpOCKOnM~ M P8AMOXMMM~ 
• 

7, tMIMKI T~*enWX MOHOI 

8. KPMOreHMKI 

9. Yctcop~ 
-------10. AaTOMaTMII~Mft o8pa6DTKM 3KcnepMMeHTanbHWX 

AIHHWX 

11. Bw~cnMTenbHa~ MaTeMITMKI M TeXHMKa 

12. XMMMft 

13. TexHMtca ~~M~ectcoro atccnepMMeHTa 

14. MccneAOIIHM~ TI8PAWX Ten M *MAKOCTe~ 
~A8PHWMM MeTOAIMM 

15. 3tccM8PMMeHT&nbHI~ ~SMKI ~A8PHWX peatc~M~ 
npM HMIKMX 3HeprMftX 

16. aoaMMeTPM~ M ~IMKI II~TW 

17. TeopM~ ICOHAeHcMpoaaHHoro cocToftHMft 

18. McnonbaoaaHMe DeaynbTITOa M MeTOAOB 
.YHAIM8HT&nbHWX ~~M~ICKMX MCCn8AO&aHMA 
I CMe*HWX o8nacT"X HIYKM M T8XHMKM 

19, 6M~M3MK8 .. 

~a~KOB B.H. H AP· 8-83-45 
HHep~HOHHbie xapaKTepHCTHKH KpHoreHHDIX TepMoAaT'l:HKOB
A03HMeTpOB 

H3MepeHbl IIOCTORHHbie BpeMeHH HarpeBaHHR H OCTbiBaHHR pe3H
CTHBHbiX KpHoreHHbiX TepMOAaT'IHKOB AnneH-BpeAJIH, TBO /7 I H 
TepMOAaT'l:HKa Ha OCHOBe CUITaBa Cu-Ni B AHaiia30He TeMIIepaTyp 
4,2-10 K, IIp~Ha3Ha'l:eHHb!X AJIR HCIIOJib30BaHHR B Ka'leCTBj, f03H
MeTpOB, ~R MeHee HHep~HOHHoro TepMoAaT'l:HKa TB0-0,125 6 

3Ha'l:eHHe IIOCTORHHOH HarpeBaHHR He IIpeBbOOaeT )0 MC, a IIO
CTORHHOH OCTbiBaHHR - 8 MC IIpH TeMnepaType ) 0 K, 

Pa6oTa BbiiiOJIHeHa B J1a6opaTOPHH BbiCOKHX 3HeprHH OlUIH. 
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Datskov V.I. et al. 8-83-45 
Inertial Characteristics of Cryogenic Temperature Sensors 

Time constants of heating and cooling of resiste7ce 
cryogenics temperature sensors "Allan-Bradley", TVO 17 and of 
a temperature sensor manufactured of Cu-Ni are measured 
in 4.2-10 K temperature range. These are intended for use 
as disometers. For a less inertial temperature sensor -
TV0-0,125 the value of time constant of heating does not 
exceed 10 ms, and time constant of cooling - 8 ms at 10 K 
temperature. 

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