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l13y4eHI1e YCI10811H o6pa3o8aHI1.R 11 pa3811TI1.R HOpMa!lbHOH 30Hbl /H3/ 
11MeeT 8amHoe npaKTI14ecKoe 3Ha4eHI1e, 8 4aCTHOCTI1 Ail.R o6ecne4eHI1.R 

COXpaHHOCTI1 C8epxnp080A.R~I1X /en/ o6MOTOK MarHI1T08 C 60ilbWOH aa

naceHHOH 3Heprl1eH. 

np11 IlOKailbHOM 11Mny!lbCHOM Harpe8e 8WWe Kp11TI14eCKOH TeMnepaTy

pbl 8 06MOTKe en MarHI1Ta C 113MeH.R10~11MC.R 80 8peMeHI1 TpaHCnOpTHWM 
TOKOM I ( t) 11HI1~1111pyeTC.R H3 AI111HOH f ( t). npl1 3TOM Ha 811TKax 

no.R8Il.ReTC.R Hanp.RmeHI1e U(t)=pfi/S 11 803HI1KaeT A*OYile8o Tenno-

. 8b1Ae!leHI1e MOWHOCTbiO W (t) =pUS. I 2 I p - YAeilbHoe conpoTI18IleHI1e, 
S - nonepe4Hoe ce4eHI1e Ka6en.R/. 

npo~ecc pacnpocTpaHeHI1.R H3 8 OAHOMepHOM npl16!111meHI111 Onl1cbl-
8aeTC.R ypa8H€HI1eM Tennonp080AHOCTI1: 

aT a aT w n 
y c -- = -- (.1--) + ---- q. at ax ax Sf S 

/1/ 

rAe y ' c 'A 11 n - nilOTHOCTb' YAeilbHa.R TennoeMKOCTb' K03<1l<!>H~HeHT 
Tennonpo80AHC•CTI1 11 nepi1MeTp Tenno8oro 83ai1MOAel1cT811.R Ka6en.R, 

q- n!lOTHOCTI Ten!l080ro nOTOKa Ha eA11HI1~Y no8epXHOCTI1. 

I13MeHeHHe 80 8peMeHI1 pa3Mepo8 H3 6yAeT 3a8HCeTb OT COOTHQ

WeHH.R MemAY OMH4eCKHM Harpe80M 11 Ten!lOM, OT80AHMbiM OT H3. AHa!ll-13 
ony6!111K08aHHIIX AaHHbiX /1, 2/ nOKa3ai1, 4TO CKOPOCTb pacnpOCTpaHe

HH.R H3 8 06MCITKe MarHHTa 8 3Ha4HTe!lbHOH CTeneHH onpeAe!l.ReTC.R 

npi1CYTCT8HeM orpaHH4eHHOrO KOI1H4eCT8a m11AKOrO rei111.R 8 o6oeMe 

Ka6enA. TaK, np11 H3MeHeHI111 o6oeMa, 3aHI1MaeMoro m11AK11M ren11eM 

8 Ka6ene A11nOilbHOro MarH11Ta YCKOPI1Te!l.R 1111aa6enna 11
, OT 0 AO 5% 

cKopocTb pacrrpocTpaHeHI1.R H3 yMeHbwanacb 8 4 .;- 6 pa3 /1/. B /2/ 
OTMe4aeTc.R, 'ITO oco6eHHOCTI1 npo~ecca pacnpocTpaHeHI1.R H3 8 o6MoT

Ke MarHI1Ta nrna 110KOHHa.R paMa 11 C8.R3aHbl C Ha!lH411eM 8 HeH rei111.R. 

eooTHoweHrre /1 I .R8Il.ReTc.R OCH080H H38eCTHblx pac4eTHblx MOAe

nel1 Ail.R OnP~Ie!leHI1.R CKOPOCTI1 pacnpocTpaHeHI1.R H3,8 KOTOPWX 
3Ha4HTe!lbHYIO TPYAHOCTb npeACTa8Jl.ReT on11caH11e TennoOTAa411 8 ~e

Il11H. 11CnOilb3<>8aHHe H38eCTHbiX $OPMYI1, Oni1Cbl8a~11X CTa~I10HapHyiO 

Ten!lOOTAa4y, KaK npa811IlO, npi180AHT K CI1IlbHOMY paccOr!laC08aHHIO 

peaynbTaTo8 l>ac4eTo8 c 3KcnepHMeHTailbHWM11 AaHHbiMH. 3To C8.R3aHo 

C TeM, 4TO H'!CTa~HOHapHa.R Ten!lOOTAa4a np"i AOCTaT04HO Ma!lbiX 

oTpe3Kax epe1~eHH c MOMeHTa Ha4ana npo~ecca MomeT npe8biWaTb 
CTa~HOHapHyl') TennOOTAa4y 8 HeCKOilbKO pa3 11 yMeHbWaTb TeM CaMbiM 

CKOPOCTb pacnpOCTpaHeH"i.R H3.no3TOMY AOCTOBepHbiH pac4eT CKOPOCTH 

pacnpocTpaHeiH.R H3 8 o6MOTKe MarH"1Ta HeB03MomeH 6ea KoppeKTHoro 

onr-~caH"i.R Hecra~"iOHapHoH TennoOTAa411, a TaKme npo~eccoe "1cnape
H"1.R re!l11.R 11 neperpeea era napa. 

B HacTo.R~eH pa6oTe paccMaTPHBaiOTC.R pe3yilbTaTw "1ccneAOBaH"1.R 
no8eAeH"1.R H3 B o6MOTKe en A"1nOil.R T"ina 110KOHHa.R paMa 11 /S,6 / npH 

IlOKailbHOM HMnYilbCHOM Harpeee Ka6en.R. 

Onl1eAHI1E 3KenEPI1HEHTA 

HopMa!lbHaA 30Ha e o6MOTKe MarHHTa 803HHKana 8 peayilbTaTe no
Ka!lbHoro HMnyilbCHOrO Harpe8a AilHTeilbHOCTbiO -0,5 MC, KOTOpbiH 
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C03AaBaJl'CR C nm~OIIIbiO 3IleKTPVI4eCKVIX HarpeeaTenel:i /a/, V13rOTOBileH
H~X Vl3 KOHCTaHTaHoeo~ npoeOilOKVI, HarpeeaTeilb H4 AilVIHOI:i 0,48 M 
/npOTRmeHH~I:i HarpeeaTeJlb/ noMe~aJlCR MemAY BVITKaMVI 06MOTKVI, 
BTopol:i HarpeeaTeJlb pa3MepaMVI 3x6 MM 2 /KOPOTKVII:i HarpeeaTeJlb/ 
npVIKJleVIBailCR K o6MOTKe CO CTOPOH~ anepTyp~. HarpeBaTeJlVI 6~JlVI 
TenJlOVI30IlVIpOBaH~ OT reilVIR, 

BV~TOK Ka6enR, pacnono~eHH~I:i HenocpeACTBeHHo noA HarpeeaTeneM, 
0603Ha4VIM 4epe3 n1, a ABa BVITKa, npVIM~Ka~VIe K KOPOTKOMY Ha
rpeeaTeJliO, - 4epe3 n5 VI n6.B V13MepeHVIRX C npOTRmeHH~M Harpeea
TeJleM TeMnepaTypa 06MOTKVI KOHTPOilVIPOBaJlaCb C nOMOIJibiO yrOilbH~X 
TepMOMeTpoe TBO VI A64, nPVIKileeHH~X K BVITKY n1. TeMnepaTypa 
BVITKOB n5 VI nG KOHTPOilVIPOBaJlaCb TepMOMeTPOM A61, pacnonomeHH~M 
3a HarpeeaTeJleM H1/31. K KOH~aM BVITKOB n1' n5 VI n6 nJ)V~naRH~ 
nap~ noTeH4VIaJlbH~X B~BOAOR, 

3anVICVI VI3MeHeHVIR TeMnepaTyp~ ~T(t) VI B03HVIKa~ero Ha KamAOM 
Vl3 BVITKOB HanpRmeHVIR U(t) CVIHXPOHVI3VIPOBaH~. 3KcnepV~MeHT~ npo
BOAVIIlVICb npVI noCTORHHOM TpaHCnOpTHOM TOKe B MarHVITe I /KpVITVI-
4eCKVII1 TOK MarHVITa paBeH 2000 A/ VI pa3JlVI4H~X BeJlV14VIHaX Tenno
BOrO VIMnyJlbCa Q, MemAy nOCJleAOBaTeJlbH~MVI VIMnYJlbCaMVI TenJl08~
AeJleHVIR B~AepmV18aJlVICb naya~, AOCTaT04H~e AilR nOilHOrO OCT~BaHVIR 
06MOTKVI. 

31<CnEPHMEHTAJlbHhiE PE3YJlbTATbl H O!iCY)I(,llEH11E 

Ha PVIC. 1 npeACTa8JleH~ pe3YilbTaT~ 3KcnepV~MeHT08, npo8eAeHH~x 
C KOpOTKVIM Harpe8aTeJleM, noKa3aH~ /CM, PVIC,1a/ KPVI8~e V13MeHeHVIR 
eo soeMP._.LA TPMnP~?,..!'::'~~ ! ~ T ~ ~~ - ~ ( Z)- .;,z) 1 t:IJMUMeTpa 1-\b 1 

AilR pa3JlV14H~x 3Ha4eHV~I1 3HeprV~V~, B~AeileHHol:i a Harpe8aTene,Q. Xa
paKTep VI3MeHeHVIR 3TVIX KPVI8~X BO 8peMeHVI npVI Q >2,09 ,£lm /HaJlVI4VIe 
V~3rV~6a VI ropV~30HTailbHoro Y4aCTKa nocne npoxomAeHV~R MaKCVIMYMa/ 
yKa3~eaeT Ha eo3HVIKH08eHV~e H3. Ha pV~c.16 noKa3aH~ 3a8V~CVIMOCTVI 

HanpRmeHVIR Ha 8VITKaX n5 VI n6 OT 8peMeHVI npVI Q = 2,25 ,£lm VI I = 
= 150 A. HcxoAR Vl3 3Tol1 3a8VICVIMOCTVI MO~Ho o~eHV~Tb 3Ha4eHV~e cKo
pocTV~ pacnpocTpaHeHVIR H3: V "'L T/U ·dU/dt=0,4 M/c /L

8
T-

3 BH. H If 
AilVIHa 8VITKa, U H - HanpRmeHVIe Ha 8VITKe B HOpMaJlbHOM COCTORHVIVI/, 
PaC4eT CKOPOCTVI pacnpocTpaHeHVIR H3 8 o6MOTKe MarHHTa no COOTHo
weHVIIO 

v =-I -v p>.. 
P Syc Tc(B)-4,2 

nony4eHHOMY 8 aAV~a6aTV~4eCKOM npV~6JlV~meHVIVI / 4/, AaeT 3Ha4eHV~e 
Vp = 0,8 M/C, 3To yMeHbWeHVIe CKOpOCTVI, n0-8VIAVIMOMy, C8R3aHO 

/2/ 

C OTTOKOM Tenna OT $POHTa pacnpocTpaHR~el:icR H3 B reJlVII:i, KOTOPbll:i 
HaXOAVITCR a 3a3opax Me>KAY npo80AaMVI a Ka6ene. BpeMR 3ana3A~-
8aHVIR pa38VITVIR H3 8 BVITKe n5 I< 0,5 c/ xapaKTepHO AilR npo~ecca 
pacnpOCTpaHeHVIR TenJla OT BVITKa K 8VITKy. 

HHol:i xapaKTep pa3BVITVIR H3 Ha6JliOAaeTcR 8 VI3MepeHVIRX c npoTR
meHH~M Harpe8aTeJleM /pV~c.2/. nepBOHa4aJlbHO B03HVIKWaR H3 CTa6V~
JlV13VIpyeTCR 8 Te4eHVIe OAHOI:i CeKYHA~ I v3 = 0/, nocne 4ero Ha4VIHaeT 

2 

) 

a a. 
T 

' ns • 7\.z.zs 
v,-" ) '-L I 

t z 3 q t,t 

PHC,), 3aBHCHMOCTH OT speMelm: 
a/ TeMnepaTypbl ~ T TepMoMeTpa AE I 
npH pa3nH'IIIbiX 3Ha'leHH.HX 3Hepi'HH, 
sbi,IlieneHHm1 a HarpesaTene_, Q; 
6/ Hanp.H~eHH.H Ha BHTKaX IT5 H IT6 
npH Q = 2, 25 ,UJK. KopoTKHfi Ha
rpesaTenb, I = 150 A. 

,-------------, 

a 

q 5 3 • 
t.c 

PHc.2. 3asHCHMOCTb TeMnepaTypbl 
TepMoMeTpa TBO H Hanp.H~eHH.H Ha 
BHTKaX ITJ H IT2 OT speMeHH npH 
at 1o1 = L., L.) iJ.>K, 6/ (,1 = 4 ,UJK, 
npoT.HJKeHHblfi HarpesaTenb, I =200 A. 

pacnpOCTpaHRTbCR /pVIC.2a/, npVI 3TOM 3Ha4eHVIe CKOPOCTVI V3 pac
npOCTpaHeHVIR H3 V13MeHReTCR OT HYilR AO 0,7 M/C. 3Ha4eHVIe CKOpoc
TVI H3 paCC4VITaHHOe no 8~pameHVIIO /2/, COCTa8JlReT V = 1,1 M/C, 
c y8e~V~4eHV~eM Q 8peMR cy~ecTeo8aHV~R cTa~VIOHapHol:i HS yMeHbWaeTcR 
/pV~c.26/. npV14VIHa o6pa30BaHVIR CTa~VIOHapHOH H3 npVI Harpeee o6-
MOTKVI Harpe8aTeJleM H4 MOrna 3aKJll04aTbCR B CileAYIOU~eM, B Cily4ae 
cocpeAOT04eHHOro VICT04HVIKa Harpeea /H1/ B~AeJlVIBWerOCR KOJlVI4ecT-
8a 3HeprVIVI Q> 2,09 ,£lm 6~110 AOCTaT04HO He TOJlbKO AilR nepeBOAa 
a HOPMailbHOe cocTORHVIe 4aCTVI KafienR noA Harpe8aTeneM, HO VI AilR 
e~KV~naHVIR 8 o6beMe 3Toro y4aCTKa renV~R. HanpoTV~B, nocne B~Aene
HVIR 3HeprVIVI Q = 2, 25 ,ll>K Ha AilVIHe 0, 48 M, nO-BVIAVIMOMY, npoVICXOAVIIl 
nepeXOA 8 HOpMaJlbHOe COCTORHVIe y4aCTKOB Ka6eJlR nOA Harpe8aTeJleM 
cyMMapHol1 AilVIHOH 8,6 CM. Amoyneeo Tennoe~AeJleHV~e 3a OAHY ceKYHAY 
cy~eCTB08aHVIR CTa~VIOHapHOH H3 COOT8eTCTByeT 3HeprVIVI, HeOUXOAVI
MOH AilR V~cnapeHVIR reilV~R, HaXOAR~erocR 8 Ka6ene AilVIHOH -1 M. 
0TMeTVIM, 4TO 3a OAHY CeKYHAY Tenno pacnpOCTpaHReTCR BAOilb K~ 
6eJlR B o6e CTOpOH~ OT HarpeTOrO y4aCTKa Ha paCCTORHVIe 8- Vat= 

0,2 M/a -- K03~VI~VIeHT TeMnepaTyponpOBOAHOCTVI Ka6eJlR/. BMeCTe 
c oTpe3KOM Ka6enR, pacnonomeHH~M noA HarpeeaTeneM, 3TO TaKJKe 
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cocTa8n~eT 8enH4HHY oKono OAHOro MeTpa. Ha npo~ecc HcnapeHH~ 
renH~ 8 OfiDeMe Ka6en~ KaK npH4~HY Cy~eCT808aHH~ CTa~HOHapHO~ 
H3 yKa3bl8ae"i H HanH4He 6nH3Koro K ropH30HTanbHOMY y4aCTKa Ha 
3a8HCHMQCTH 6. T ( t) TepMoMeTpa TBO . /pHc. 2/. 

PHc.3 AeMOHCTpHpyeT 3$$eKT HaKonneHH~ Tenna 8 o6MoTKe, KOrAa 
8peMeHHa~ nay3a Me>KAY nocneA08aTenbHbiMH Tenno8biMH HMnynbcaMH 
6blna yMeHbweHa ',qo 1 + 2 t-iHH. BHAHO, 4TO npH 4acTo no8Top~IO~Hxc~ 
HMnynbcax 3HeprH~, Heo6xoAHMaR An~ o6pa308aHH~ H3, Mo>KeT cy- . 
~eCT8eHHO yMeHbWaTbC~. PoeT Hanp~>KeHH~ Ha 8HTKe nocne ero 
nepeXOAa 8 HOpManbHOe COCTO~HHe /U > 55 MB/ C8~3aH C y8enH4e
HHeM pa3Mepo8 H3 H 803pacraHHeM YAenbHoro conpoTH8neHH~ . Ka6en~ 
8 npo~ecce A>Koyne8a pa3orpe8a. 

BbiBO,llbl 

PHc. 3. BpeMeHHbie saeHCHMOCTH 
HanpH~eHHH Ha BHTKe lli AnH 
cepHH nocneAOBaTenbHh~ Tennoeb~ 
HMnynbCOB, I = I SO A. I..{H<lJpbi 
I + 3 yKa3bJBaiOT Ha nopHAOK cne
AOBaHHH HMnynbCOB. 

1. npo8eAeHO H3MepeHHe CKOPOCTH pacnpOCTpaHeHH~ HOpManbHOH 
30Hbl, 803HHKWeH 8 pe3ynbTaTe noKanbHoro HMnynbcHoro Harpe8a o6-
MOTKH AHnOnbHOrO MarHHTa THna 110KOHHa~ paMa 11

• 

2. CAenaHa nonbiTKa o6D~CHHTb oco6eHHOCTH no8eAeHH~ HopManb
HOH 30Hbl 80 8peMeHH npHCYTCT8HeM orpaHH4eHHoro ~onH4eCT8a >KHA
Koro renH~ 8 3a3opax Me>KAY npo80AaMH Ka6en~. 
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PyKonHcb nocTynHna 8 H3AaTenbCKHH OTAen 
16 HO~OpH 1983 roAa. 

Bac~nea n.r. ~ AP· P9-83-777 
Tennoe~e npo~ecc~ ~ YCT0~4HBOCTb caepxnpoaOAR~ero A~nonR np~ HMnynbCHOM 
Harpeee o6MOTK~. Oco6eHHOCTH pacnpocTpaHeH~R HOPMaflbHO~ 30H~ 

HccneAoBanHcb 3aKOHOMepHocT~ pacnpocTpaHeHHR HOpMaflbHO~ 30H~ a csepx
npoaoAR~eM Ka6ene AHnOflbHOrO MarH~Ta T~na 110KOHHaR paMa 11 npH flOKaflbHOM 
HMnynbcHOM Harpeae o6MOTK~ c noM~b~ 3neKTPH4eCKHX HarpeeaTene~. C~HXPOHHO 
perHCTp~pOBaflHCb HanpR~eH~e Ha nOTeH~~aflbH~X napax ~ TeMnepaTypa 06MOTK~, 
4TO n0380flHflO 06oRCH~Tb ~a3~ POCTa HOPMaflbHO~ 30HW ~X 3aB~C~MOCTb~ 
OT pa3fl~4H~X pe~~MOB TennOOTAa4H B ren~~. npHBeAeHW ~3MepeH~R CKOPOCT~ 
pacnpocTpaHeH~R HOPMaflbHO~ 30H~. Oco6eHHOCTH noaeAeH~R HOPManbHO~ 30H~ 
B o6MOTKe CBepxnpOBOAR~ero A~nOnR onpeAeflR~TCR npHCYTCTBHeM orpaH~4eHHOrO 
Kon~4eCTBa ~~AKOro ren~R a 3a3opax Me~y npoaoAaMH Ka6enR. 

Pa6oTa B~nonHeHa B J1a6opaTOPH~ BbiCOK~X 3Hepr~H 011.11H. 

Vasilev P.G. et al. P9-83-777 
Heat Processes and Stability of a Superconducting Dipole at Pulsed 
Heating of \olinding. Special Properties of Propagation of the Normal Zone 

Regularities of propagation of a normal zone in a superconducting cable 
of a "window frame" type dipole magnet have been studied under local pulsed 
heat supply to a winding by means of electric heaters. The voltage on po
tential pairs and the temperature of the winding are synchronously traced. 
This a 11 o~1s the growth phase of the norma 1 zone to be interpreted as 
a consequence of different modes of heat supply to helium. The speeds of 
propagation of the normal zone have been measured. Special properties of 
the behaviour of the normal zone in the winding of the superconducting dipo
le are determined by a limited amount of liquid helium in the gaps between 
the cable wires. · 

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