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AHHIUeHKO H .r. II llp. 8 - 12185 

3BBKY8lll!SI 3Hepr1111 113 Kpll0CTBTll'leCKII He CTa611n1131!p0B8HllblX. 
CBepxnpoB0llSlmHX MarHIIT0B 

IlpellCTBBneHbl pac'!eTHbl8 H 3KCnepHM8HTanbHbl8 pe3ynbT8Tbl 11ccne110-
B8HHSI pa60Tbl na6oparopHoro conenou11a (0,15 KA; 8 T; 50 Kil»<) ao 

BpeMSI 3BaKyauu11 3Heprnu. O6MOTK8 coneHOllllB, BbmonneHHBSI 113 BHyTpeHHe-

CTa6unu3upoaaHHOro np0B0llHHKa,. He nMeeT Kananoa 11nsi }l(HllKoro Pen11si. 
HcnOllb30B8Hbl pa3nl!'IHbie K0MMYTBT0pbl TOKa II noPnonnenu 3anace11Hoii 

B coneH0Hlle 3Hepruu. IlOK838HO, '!TO a¢qleKTHBHOCTb 3BaKyau1111 anepr'HII 
B 11yroPacuTenbHy10 peweTKy aaToMaTa rawe111111 nonsi ua 5-25% Bbirue, 

a MaKCHM8nbHaSI TeMnepaTypa B o6MOTKe cyIuecTBeHH0 IIU}Ke, '!eM npu 

ucnonb30B8HHH 0MU'leCK0l'0 conp0THBnenuH. Pac'!eTbl .fibinll npoBellellbl ua 
3BM MeT0llOM TennoBbJX·.6ana11coa .. 3Kcnep1tMeHTanbllbie pe3ynbT8TLI nony

'!eHbl MeT0ll0M ocuunn0Ppaqiupoaa111111 nepexo1111bIX npoueccoa. 

Pa6ora Bhmonueaa B na6oparop1111 BbICOK11x 311epP11ii OH5HI. 

Coo6meaue O6bellnHennoro IIHCTnTyTa si11epHbIX 11ccne11oaa1111ii. Ily6na 1979 

Anishchenko N.G. et a 1. 8 - 12185 
Energy Evacuation from Cryostatically Nonstabilized 
·superconducting Magnets 

The calculation and experimental results investigation of a 
laboratory solenoid (0.15 kA; BT; 50 kJ) during energy evacuation 
are presented. The coil winding made of internal stabilized conduc
tor has no channels for liquid helium. Various current switches and 
absorbers of energy are used. It is shown that the efficiency of 
energy evacuation in automatic machine of field quench is by 
5-25% more and maximum temperature in the winding is essenti
ally less, than in ohmic resistance. The calculations were perfor
med by a thermal balance method. The experimental results were 
obtained by the oscillographing transition processes, 

The investigation has been performed at the Labor;atory of 
High Energies, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1979 
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B HaCTOJUl~eii: pa6oie paccMaTpHBalOTCJI BHyTpeHHeCTa6H
IlH3Hpoaairnhle MarHHThl C o6MOTKaMH 6e3 KaHanoB .Z.IlJI 
:>KHAK0ro renHH, T.e. He HMeIOUlHe KpHocTaTHtJecKoii cTa6Hirn-
3aUHH. Ilo.z.o6Hble o6MOTKH HHor.z.a 'Ha3blBalOT TaIOKe "mioT
HhIMH" /1/; npouecc HX _ nepexo.z.a B H0pManbH0e C0CT0.HHHe 
HMeeT CB0H oco6eHHOCTH. 

Oco6eHHoc111u nepexo0HblX npot1eccoe npu 3ea1<yat1uu 
.JHepzuu ceepxnpoeo0RU#UX MazHumoe /CIIM/ 
u pa3H06U0H0C1/IU 3AeMeH1/106 yc111poiic111e ux 3UU#U111bl 

lionLWHHCTBO aaapHii CIIM cBH3aHo c nepexo.z.oM qacTH 
caepxnp0B0AHHKa B H0pManLH0e C0CT0JIHHe. qpe3MepHoe yee
nH'leHHe TeMnepaTyphl 0TAeilbHhIX y'laCTK0B o6MOTOK MarHH
T0B,B oco6eHHOCTH "nnoTHhIX"' a TaIOKe 6onLWHe 3IleKTPH'leC -
KHe HanputceHHJI B HHX - 0CH0BHaJI onacH0CTb npu TaKHX 
nepexo.z.ax. O.Z.HH H:i cnoco6oa H36e:>KaTb HnH yMeHLWHTb 
o6~eM noape*AeHHH npu aeapnHx 3aKnrotJaeTcH B o6ecneqe
HHH 31}xlieKTHBHoii * 3BaKyauuu 3anaceHHoii B CIIM 3Hepruu 
B ee nornoTHTenu. 

Ilpouecc CHH:>KeHHJI TpaHcnopTHoro T0Ka npu aeapHHHoii: 
3BaKyauuH 3HeprHH conpoeo:>K.z.aeTCJI cne.z.yrolllHMH J1BneHHJ1-
MH B o6MOTKe MarHHTa. HopManLHaJI 30Ha, noHBHBWaJICJI 
B OAHOH HnH cpa3y HeCK0ilbKHX T0'IKax o6MOTKH, pacnpocTpa-

* 34><lleKTHBHOCTb 3BaKyauuu 3HeprHH (77) - 0TH0WeHHe 
.z.onH 3HeprHH, BblBe.Z.eHHOH H3 MarHHTa, K nonHOH 3HeprHH, 
3anaceuHoii a HeM. 
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HJleTCJI B,llOilb npoBO,llHHKa co CKOPOCTblO B HeCKOilbKO .nec.11T

KOB MeTpOB B ceKyH,nylUH 6onee /.31.PacnpocTpaHeHHe Hop

ManLHOii: 30Hbl B "nnOTHOH" 06MOTKe CIJM HOCHT TpexMepHblH 

xapaKTep. 

Y11aCTKH o6MOTKH C HOpManbHOH 30HOH HarpeBaIOTCJI 

TpaHcnopTHLIM TOKOM, KOTOpblii nocne no,nKillO'leHH.11 norno

THTen.11 Ha'IHHaeT 6LICTPO yMeHbUiaTbC.11. Ilo.n B03,lleHCTBHeM 

COOTBeTCTBYIOU\ero H3MeHeHHJI MarHHTHOro non.II B npoao.n

HHKe B03HHKalOT noTepH - BHxpeaLie H rHcTepe3HCHLie, 'ITO 

npHBO,llHT K .nononHHTenLHOMY Harpeay ace ii o6MOTKH •. B p.11,ne 

cny11aea, HanpHMep, .nn.11 CIIM nocTO.IIHHoro TOKa, He cHa6-

)KeHHLIX cneuHanLHLIMH KaHanaMH oxn.a)K,neHH.11, Harpea 06-

MOTKH npH 6blCTpoii 3BaKyal{HH 3HeprHH MO)KHO C'IHTaTb 

a,nHa6aTH'leCKHM. B HeKOTOJ)blX MeCTax o6MOTKH TaKoii Har

pea MO)KeT npHaecTH K npeBLIUieHHIO TeMnepaTypbl nepexo,na 

caepxnpOBO,llHHKa B HOpManbHOe COCTOJIHHe, 'ITO Bbl30BeT 

no.11aneHHe HOBblX HOpManbHLIX 30H, B KOTOpblX TpaHcnopTHblH 

TOK C03,naeT ,nononHHTenbHble noTepH. B03HHKaeT 3a,na11a 

onpe,neneHH.11 onTHManbHOH CKOPOCTH CHH)KeHH.11 TpaHcnopTHo

ro TOKa - C TO'IKH 3peHHJI MaKCHMailbHOH 3dxpeKTHBHOCTH 

3BaKyal{HH.' 

3dxpeKTHBHOCTb 3BaKyal{HH 3aBHCHT OT MHOrHX cpa.KTO

poa: KOHCTPYKUHH npoBO,llHHKa H H30Il.lll{HH, cnoco6a oxna)K

,neHHJI o6MOTKH, 6nH30CTH Ha11anbHOro TOKa MarHHTa K KpH

TH'leCKOMY, Hanp.ll)KeHHJI * Ha KOHl{ax o6MOTKH a npouecce 

3BaKyal{HH, aenH'IHHLI apeMeHH IlOilHOH KOMMyTal{HH TOKa ** 
(t n.KOM. ) H xapaKTepa CHH)KeHH.11 TpaHcnopTHoro TOKa. Bee 

3TO BilHJleT Ha BenH'IHHY CKOpOCTH pacnpocTpaHeHHJI HOpManb -

HOH 30Hbl no o6MOTKe, a xapaKTep CHH)KeHHJI TOKa onpe.ne

n.11eTCJI THnOM HCnoni.3yeMoro norJIOTHTen.11 3HeprHH. 

IIo.n .neiiCTBHeM TpaHcnopTHOro TOKa HaH6onee HarpeTblMH 

/.no TeMnepaTypbl TMaKC. / OKa3blBaIOTC.JI Te y11aCTKH o6MOTKH, 

B KOTOpbIX nepBOHa11anbHO 3apo,nHnacb HOpManbHa.11 30Ha. 

Ha aenH'IHHY T MaKC. BilHJIIOT, B OCHOBHOM, ycnOBHJI oxna)K-

,neHHJI o6MOTKH )KH,llKHM renHeM, aenH'IHHa t 1 ' xapaK-n.Km-,. 
Tep H CKOpOCTb CHH)KeHHJI TpaHCilOPTHoro TOKa. BenH'IHHa 

* MaKCHManbHOe 3Ha'leHHe HanpJl)KeHHJI Ha KOHl{ax o6MOT
KH MarHHTa npH 3BaKya~HH o603Ha'IHM u3B.MaKC • 

** BpeMeHeM nonHOH KOMMyTal{HH TOKa (tn.KoMJ ycTpoiicT
Ba 3BaKyal{HH C'IHTaeTCJI apeMJI C MOMeHTa no.11aneHHJI Hop
ManbHOH 30Hbl .no nonHoro nepeKnro11eHH.11 TOKa a uenb norno
THTen.11 3HeprHH. 
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.nonyCTHMOH TMaKC. MO)KeT 6LITL IlpHHJITa Heo,nHHaKOBOii: 

,nJIJI pa3nH'IHblX MarHHTOB. TaK, HanpHMep, H3 YCJIOBHH cox-. 

paHeHH.11 CBOHCTB. 3IleKTPH'leCKOH H30IlJll{HH C Hcnonb30BaHHeM 

naacaHoaoii nneHKH MO)KHO npHHJITL TMaKc • .:: 400 K. TaKoe 

3Ha'leHHe TMaKC. npHHJITO TaK)Ke ,llilJI CIIM C KOCB.eHHLIM 

KPHOCTaTHPOBaHHeM, pa3pa6aTblBaeMblX B JloypeHCOBCKOH 

na6opaTopuu B EepKnH 12,41. B ,npyrux cny11aJ1x, ucxo,nJI, 

HanpHMep, H3 Heo6XO,llHMOCTH 06ecne11HTL MHHHManbHble TeM

nepaTypHble .neqiopMal{HH a o6MOTKe, MO)KHO npHHJITb T MaK~== 
100 K: npH TaKOM Harpeae pa3HHl{a B HHTerpaJibHblX TepMH~ 

11ecKHX yca,nKax MaTepHanoa o6MOTKH ell\e HeaenHKa. 

TpaHcnopTHblH TOK, noMHMO Harpeaa, C03,naeT na,neHHe 

HanpJI)KeHHJI Ha y11acTKax. <h6MOTKH C HOpMailbHOH ·30HOH. 

IlpH He3dxpeKTHBHOH /HanpHMep, npu T/ < 0,5/ 3BaKyal{HH 

MaKCHMailbHOe 3Ha'leHHe HanpJI)KeHHJI Ha y11acTKe C Hop

Ma~bHOH 30HOH OKa3blBaeTCJI BbIUie, 'leM U ·m.MaK<.:. Ha 

BblBO,nax MarHHTa ,'5/. Oco6eHHO BeilHKO BHyTpeHHee HanpJI)Ke

HHe· a "nnOTHbIX" o6MOTKax. 

TaKHM o6pa3oM, pa6oTy ycTpoiicTB 3BaKyauuu :1uepruu 

H3 CIIM MO)KHO oxapaKTepH30BaTL HeCKO.IlbKHMH noKa3aTeng

MH. O,nHa rpynna 3THX noKa3aTeneii - TeXHH'leCKHe napaMeT

PLI YCTPOHCTB: 'IYBCT~HTeJibHOCTb ,naT'IHKa nepexo,na o6MOTKH 

B ~OpMailbHOe COCTOJIHHe; t I .KOM. ; HanpJI)KeHne 3BaKya

l{HH /a TOM 11ncne U :m.MaKc. /. )],pyraJI rpynna noKa3aTeneii 

oTpa)KaeT n<!a.e,neune o6MOTKu· CIIM npu 3BaKyaunn: MaKcu

MaJILHoe 3Ha11eHne HanpJI)KeHHJI Ha y11aCTKe. C HOpMaJibHOH 

30Hoii; T MaKl:.; T/; BeJIH'IHHa MexaHH'leCKHX HanpJI)KeHHH 

BHYTPH 06MOTKH H B HeKOTOpbIX 3IleMeHTax KOHCTPYKUHH 

MarHHTHOH CHCTeMbl. 

JI106oe ycTpoiicTao 3all\HTbl CIIM c 3BaKyauHeii 3Heprnu 

COCTOHT H3: 1/ ,naT'IHKOB aaapHHHLIX CHTyaunii, B TOM 'IHcne 

,naT'IHKa nepexo,na o6MOTKH B·HOpManLHOe COCTOJIHHe, c COOT

BeTCTBYIOIUeii 3neKTpOHHOH cxeMoii 161: 2/ KOMMyTaTopa TOKa 

/KT/ n 1 ; 3/ nornoTnTenH :1uepruu. 

CYU\eCTByeT HeCKOilbKO pa3IlH'IHLIX MeTO,llOB H cxeM o6ua

py)KeHHJI uopManLnoii 30HLI. Hau6onee pacnpocTpaueua 

cxeMa "MOCTHKa" 113 •9 ,, 6blCTpo,neiicTBHe KOTOpoii npu Hcnonb-

30BaHHH 3IleKTpOHHKH anonue ,llOCTaTO'IHO. Ilpe,nilO)KeHbl H 

,npyrHe cnoco6LI ,neTeKl{HH: HanpnMep, OCHOBaHHble Ha H3Me -

peHHH HanpJI)KeHHJI Ha BLIBO,nax .MarHHTa HilH Ha OT,nenLHblX 

y11aCTKax ero o6MOTKH 1101, ucnonb30BaHHH caepxnpoBO,llJlll{ero 

,naT'IHKa
1111

,aKyCTH'lecKoro :idxpeKTa B KPHOCTaTe c )KH,llKHM 

5 



renneM 112/ n AP· AKycTnqecKHH cnoco6 B nocneAHHe rOAhl 
HHTeHCHBHO nccneAyeTCH, OCTanhHhle )Ke /KpoMe cxeMbl 
"MOCTHKa "/ He BhllliflH 3a paMKH 3KCnepHMeHTanLHoro onpo-
6oBaHHH. 

Bb16op qyBCTBHTenhHOCTH AaTqHKa nepeXOAa o6MOTKH 
B HOpManhHOe COCTOHHHe H AODYCTHMOH BennqHHhl tn.KOM. 

B 3HaqnTenhHOH CTeneHH onpeA~nHeTCH CKOpOCTblO pacnpo
CTpaHeHHH HOpManbHOH 30Hhl B 06-LeMe o6MOTKH cnM. 

KoMMyTa:UHH TOKa B ycTpOHCTBax 3BaKya:unn 3HeprHH 
H3 CIIM qame Bcero ocyIUeCTBnHeTCH 3neKTpoMexaHnqecKn
MH BhlKnroqaTenHMH C 06blqHhlM 3neKTpOMarHHTHhIM npHBo
AOM. Co6CTBeHHOe BpeMH OTKnroqeHHH 3THX KT 06hlqHO 
O,1-;-O,15 c IB, 131. B pHAe cnyqaeB TaKoe 6LICTPOAeilcTBHe 
HeAOCTaToqHO. Cyi:uecTBYIOT H 6bICTPOAeiicTBYIOIUHe 3neKTpo
MexaHnqecKHe KOMMyTaTOPhl, CHa6)KeHHhle, HanpHMep, HH
AYK:UHOHHO-AHHaMnqecKHM npHBOAOM KOHTaKTOB. TaKHM npn
BOAOM 1141 CHa6)KeH 0AHH H3 aBTOMaTOB rameHHH nonH /Arn;, 
ncnonL3yeMLIH B KpnoreHHOM OTAene JIB3 OlUIH AnH :rnaKya
:UHH 3Heprnn H3 cnM. linaroAapH 3TOMY co6cTBeHHoe BpeMH 
OTKnroqeHHH KOHTaKTOB Arn CHH)KeHO CO 150 MC /3aBOA
CKOH IlPHBOA/ AO 5 MC. 

IlepcneKTHBHhI AnH ncnonL3oBaHHH B ycTpoilcTBax 3BaKya
:UHH 3Heprnn H3 CIIM BaKyyMHLie BhlKnroqaTenn /15,16/, 

B nocneAHHe roAhl B cxeMax 3BaKya:unn 3Heprnn H3 CnM 
Bee qame npnMeHHIOTCH 6e 3AYrOBhle 6bICTPOAeHCTBYIOIUHe 
KT - THpHCTOpHhle /3/ H CBepxnpOBOAHIUHe i51. 3TO Il03BOnHeT 
yMeHblliHTb tn. KOM. AO 0,5 MC /n MeHee/. A co6cTBeH
HOe BpeMH OTKnroqeHHH, HanpnMep, CBepxnpoBOAHIUero BbI
KnroqaTenH, HCilhlTaHHOro npn 200 A n 50 KB, COCTaBnno 
MeHee 10 MKC 1171. 

nornOTHTenHMH 3HeprHH B ycTpOHCTBax 3BaKya:unn MOryT 
cny)KHTb: OMHqeCKHe nnHeHHOe H HenHHeHHOe conpOTHBne
HHH 1101; npeABapHTenhHO 3apH)KeHHhlH KOHAeHCaTop 6onhlliOH 
eMKOCTH; aKKyMynHTOpHaH 6aTapeH, AODYCKaromaH KpaTKO
BpeMeHHOe npoTeKaHHe 6onhlliHX TOKOB; AYroracnTenhHaH 
pemeTKa Arn /7 /. 

l(eAb u MemoouKa 3KcnepuMeHmoe, onucaHue cmeHoa 

U.enL AaHHOH pa6oThl - 3KcnepnMeHTanLnoe onpeAenenne 
3<l>d>eKTHBHOCTH 3BaKya:unn H pacqeT MaKCHManhHOH TeMnepa-
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Typhl "nnoTHoii" ·o6MOTKH BHyTpeHHeCTa6nnH3HPOBaHHOro 
cnM B 3aBHCHMOCTH OT cnoco6a 3anycKa ycTpoiiCTBa 3amn
Thl, BennqHHhl HanpH)KeHHH 3BaKya:unn, THna nornOTHTenH 
3HeprHH H 6hlCTPOAeiicTBHH KOMMyTaTopa TOKa. 

3KcnepnMeHThI npoBeAeHhl Ha na6opaTopHoil cBepxnpo
BOAHIUeil MarHHTHOH CHCTeMe' COAep)KaJUeH coneHOHA C Bbl CO -
Koii OAHOPOAHOCTLIO MarHHTHoro nonH /8 T, 150 A; 50 K,l(r, 
O,8-;-2,3 .10 8 A/M 2; npoBOAHHK HT-5O c K3- 5O<1/o/. lionee 
noApo6no CnM onncan B 151• HeK0TopL1e oco6eHHOCTH coneno
HAa /aAHa6aTnqecKH H3onnpoBaHHhlH OT )KHAKOrO renHH npo
BOAHHK, Hannqne B o6MOTKe HeCKOflhKHX 30H C COCTOHHHeM, 
6nH3KHM K KPHTHqecKOMY' H AP./ 3HaqnTenhHO 3a TPYAHHIOT 
nonyqenne BhlCOKOH 3cpqleKTHI1HOCTH 3BaKya:unn. 

3neKTpnqecKaH cxeMa HCilhlTaTenLHoro cTeHAa npnBeAe
na Ha puc. 1. HcToqnnK nnTaHHH 3 paccqnTaH na 200 A, 
5 B. B cxeMe npeAYCMOTpeHO ABa BHAa nornoTHTeneil: 
1/oMnqecKoe conpoTnBneIrne 5 /0,5+ 6,0 OM/, noAKnroqaeMoe 
K MarHHTY npn 3BaKya:unn C IlOMOU\hlO THPHCTOpHoro BhlKnro
qaTenH 4 /250 A; 1,2 KB; 0,2 Mc/; 2/ AyroracnTenLHaH 
pemeTKa 6, IlOAKfllO'laeMaH npn pa3MbIKaHHH KOHTaKTOB ce -
PHHHOro Arn /1,25 KA; 1,5 KB; 0,8 M,l(JtC/. l13MeHeHHe 

3- I --9- _ 'JHAl'K 

5 1'i ~ ~ 'lu ~ I llArP u = 

1 

HArR 

1-· I ~, J 7f~ l;:':J I 121 ! I [i~ , 6 7 I · PA3P 

~,,ill~ . I i I I ....LL.. y I . ,-, I 
I 

I 15 

8 ,J-·•--

Puc.I. 1IpuH1JUnuaA&1ta.11 :JAeKmpu'lecKa.11 cxeMa cmeHC)a /0603-
Ha'leHu.11 e meKcme/. 
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aennqnHLI U:m.MaKc."' const npn :maKyaunn Ha Arn oey
meeTanaeTea myHTnpoaaHHeM qaeTH npoMe)KyTKOB pemeTKH 
nepeMLiqKoii 16. MarHHTHLiii pa3pRJJ.HHK 8 orpaHnqnaaeT 
nepeHanpa)KeHHR B exeMe npn o6pLIBe ToKa B pemeTKe 
B KOHUe 3BaKyaunn. ).J;eTeKTop HOpMaJILHOH 30HLI B06MOTKe 
MarHHTa BLinOJIHeH IlO exeMe "MoeTHKa" CO BenOMOraTeJILHOH 
KaTymKoii 11 n JJ,eJIHTeJieM Hanpa)KeHHR 14 /MHOroo6opoTHLIH 
noTeHUHOMeTp 500 OM, 5 Bm/. CnrHanbl c JJ.HaroHann "MOCTH· 
Ka" noJJ,aIOTCR Ha 3JieKTpOHHLiii 6noK 13, rJJ,e noene ycnneunH 
npoH3BOJJ,HTeR HX eeneKUHJI no aMnJIHTyJJ,e H JJ,JIHTeJILHOeTH • 
AJIR OTCTPOHKH OT noMex H eKaqKOB MarHHTHOro noToKa 
a o6MO.TKe. ,UeTeKTOp epa6aTLIBaeT npH npeBLillieHHH onpe
JJ,eJieHHLIX pe·rynnpyeMLIX noporoa B npeJJ,enax 50 -;-100 MB 
H l -;-1O MC. HarpeaaTeJIL 12 / R290K =180 OM/ HaMOTaH 
noaepx OJJ,HOH H3 BHyTpeHHHX eeKUHH MarHHTa. OcTaJILHLie 
no3HUHH ua puc. 1 o603HaqaroT: 1 - KPHOCTaT e BHyTpeHHHM 
JJ,HaMeTpOM 300 MM; 2 - eaepxnpoBOJJ.JllllHH MarHHT; 7, 17 -
nepeMLiqKH JJ,JIJI nOJJ,KJIJOqeuna B exeMy OJJ,Horo H3 JJ.BYX 
nornoTHTeneii 3Heprnn; 9, 10 - H3MepnTeJILHLie myHTLI; 
15 - eaeTonyqeaoii ocunnnorpacl> Tana K-115. 

PaeqeTHOe ~Haqeune HHJJ.YKTHBHOeTH o6MOTKH MarHHTa -
4,8 r. IlorpemuocTL nonyqeuHLIX pe3yJILTaToB a uenoM 
/n3MepeHHR, o6pa6oTKa oeunnnorpaMM/ - ue 6onee ± 3<1/o. 

3anycK yeTpoiicTB 3alllHTLI CilM oeymeeTBJIJ1eTeJ1 OJJ.HHM 
H3 Tpex enoeo6oa: a/ apyqHyro; 6/ aaToMaTnqecKH JJ,eTeKTO· 
poM HOpMaJILHOH 30HLI noene noJJ,aqn HMnynLea B uarpeBaTeJIL, 
BeTpoeHHLIH a o6MOTKY MarHHTa; B/ aBTOMa Tnqe eKH JJ,eTeKTO -
poM HOpMaJILHOH 30HLI npH npeBLillieHHH KPHTHqeeKoro TOKa. 

Pac'-leT!I MaKCUMOAbHOU meMnepamypbi Hazpeea o6MOT!IKU 
npu 3eaKya11uu 3Hepzuu 

Ilpn 3BaKyaumi;x 3Heprnn, KOTOpLIM npeJJ,meeTByeT HJIH 
B TeqeHHe KOTOpLIX npoHCXOJJ,HT nepexoJJ, eaepxnpOBOJJ,HHKa 
a u·opMaJILHOe eoeTORHHe, caMLIMH. uarpeTLIMH TOqKaMH o6MoT • 
KH OKa3LIBaIOTeR Te, B KOTOpLIX nepBOHaqaJILHO nORBHnaeL 
HOpMaJILHaa 30Ha. ,Una TaKHX ToqeK npH aJJ,na6aTHqeeKHX 
yenoBHRX Harpeaa 3JieMeHTapuoro o6'beMa npOBOJJ,HHKa TpaHe -
nopTHLIM TOKOM enpa:aeJJ,nnao ypaaHeHne Tennoaoro 6anaHea: 

m• cp(T)dT= R(T)•i 
2
(t)dt, /1/ 
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i: 

rt 
ii 

.. ~ 
( 

~ fl 
t 

rJJ,e m n R(T)- Mae ca H 3JieKTpnqeeKoe eonpoTHBJieHne 3JieMeH • 
Ta JJ,JIHHLI npoBOJJ,HHKa; C (T) - yJJ,eJILHaR TennoeMKOeTL 
npOBOJJ,HHKa; i (t) - Tpa~cnopTHLIH TOK, HaqnuaJI e MO· 
MeHTa noaaneHHJI HOpMaJILHOH 30HLI B o6MOTKe; T- TeMnepa
Typa npoBOJJ,HHKa; t. - apeMJI. 

Pa3JJ,eJIJl}l nepeMeHHLie B /1/ H HHTerpnpyJI, MO)KH0 
onpeJJ,eJIHTL TeMnepaTypy eaMOH uarpeTOH ToqKH o6MOTKH 
JJ,JIR nro6oro MoMeHTa apeMeHn: 

2 cp(T) 
SY f-----dT -~ 

p(T) 
p2 (t)dt, /2/ 

{;• 

rJJ,e p (T), y H s - eooTBeTCTBeHH0 yJJ,eJILHLie eonpoTHB· 
neHne n aee, a TaK)Ke nnomaJJ.L nonepeqHoro eeqeHHJI npoaoJJ.· 
HHKa. 

B coeTaanenHoii no /2/ nporpaMM_e JJ.JIR 3BM yJJ,eJILHLie 
TennoeMKOeTL* H conpoTHBJieHHe npOBOJJ,HHKa onpeJJ,eJIJIJOTeJI 
no ypaaHeHHRM: 

C (T) 
p 

a · y · C (Tf + y • C (T) n pn s ps 

a Yn + y s 

1 + a 

p(T) = a/pn + 1/ps 

1 
- p (1 + --) 

n a ' 

rJJ,e: a - eooTHOllieHHe eeqeHHH MeJJ,H H eaepxnpOB0JJ,HHKa 
B npoBOJJ.HHKe; y n H Ys - YJJ.eJILHLie aeea MeJJ,n H eaepxnpo
BOJJ.Hlllero ennaaa HT-5O; c pl1 (T) H cps(T) - yJJ,enL· 
HLie TennoeMK0CTH MeJJ,H H eaepxnpOBOJJ,HHKa; P11 - yJJ,eJILHOe 
eonp0THBneune MeJJ,H MaTPHULI /JJ.JIJI neeneJJ,yeMoro CilM 
npHHRTO p 11 300K / p 114K ::: 100/; p s ·> oo 

yJJ,eJILHoe conpoTHBJieHne . caepxnpoBOJJ.HHKa. 
Ha puc. 2 noKa3aua paeqeTHaa KpHBaH 0(T) JJ,JIJI ne-

eneJJ,yeMoro CilM, npeJJ.CTaBmIromaa eo6oii noJJ,LIHTerpanLHoe 

* IlpHHHMaeTeR JJ,onymeHHe, qyo Tennoo6MeH Me)KJJ.Y MeJJ,LIO 
Ma TPHULI H eaepxnpoB0JJ.RlllHMH )KHJiaMH B npoBOJJ,HHKe HJJ,eaJIL • 
HLIH. 
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Puc.2. Pac<1e1i1Ha.R 3aeucuMocmb meMnepa111ypb1 Hau60,1ee Haz
pemou IIIO'IKU 06MOIIIKU UCCAec)yeM020 M02HUl/la 01/1 ee/lU'IUHbl 

2 T C (T) 
fJ ~ S y ( __ _p ___ ---- dT . 

4K p(T) 

Bblpa)l(eHHe neaoii qacTH ypaBHeHHJI /2/, Bbl'l:HCneHHOe npu 
HH)KHeM npe.u,ene HHTerpana, .u,nJI ynpomeHu,i: npHHJITOM paa
HbIM 4 K /a He TeMnepaType nepexo.u,a .u,annoro yqacTKa 
caepxnpoBO,D,HHKa/. lfcnonLJYB :ny 3aBHCHMOCTL, 3BM onpe
.u.enBeT COOTBeTCTBYJOLQYIO TeMnepaTypy T narpeaa 06MOT· 
KH - no aenuqune, xapaKTepu3y10meii KonuqecTBo BLI,D,enuarne -
rocB B o6MoTKe Tenna, no.u,cqHTLIBaeMoii no npaaoii qacTu 
ypaaneHHB /2/. OTMeTHM, 'l:To aenuquna npaaoii qacTH ypaa
neHHB /2/ ,D,nB pe)KHMOB 3BaKyau;uu na nenuneiinoe conpoTHB· 
neHHe HnH Arn MO)KeT 6blTL B 1,5 pa3a HH)Ke' 'l:eM npu 
3BaKyau;uu Ha OMH'l:eCKOe conpoTHBneHHe -'21• CooTBeTCTBeHHO 
yMeHLillaeTCJI u TeMnepaTypa caMOH HarpeTOH TO'l:KH o6MOTKH. 

CocTaaneHHaB .u,nB 3BM nporpaMMa, aHanorH'l:HaB 
HCilOnL30BaHHOH B /2/, Il03BOnBeT npOBO,D,HTL ,D,Ba BH,D,a pacqe • 
TOD: 1/ npe.u,aapHTenLHYIO ou;eHKY BenH'l:HHLI T MaM·. ,D,nB 
npoeKTHpyeMbIX CnM; 2/ onpe.u,eneHue T MaKc. = f (t) .u.nB 
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3KCnepHMeHTanLHLIX KpHBLIX cna.u,a TOKa, ecnu H3BecTeH 
MOMeHT Ha'l:ana nepexo.u,a o6MOTKH a HOpManLHOe COCTOJIHHe. 
npu BLinonneHHH pac'l:eToB nepaoro BH.D.a npe.u,nonaraeTcB 
nH6o 'l:HCTO 3KcnoHeHIJ;HanLHLIH cna.u, TOKa /3BaKyaIJ;HJI Ha 
conpoTHBneHHe/, nu6o nuHeiiHLIH /Ha Arn, HanpHMep/. 3a-
TeM ou;enuaaeTCJI BilHJIHHe BenH'l:HHbl t,LKOM. H u '.)B,MHKC. 

BLI6panHoro ycTpOHCTBa 3BaKyau;HH Ha TM.-IK('.,.· TaKHM 
o6pa30M MoryT 6LITL onpe.u,eneHLI Tpe6oaaHHB K 6LicTpo.u,eiicT· 
BHIO KT H K BH.D.Y nornoTHTenB 3HeprHH. 3Ta npe.u,aapHTenL
HaB ou;eHKa .u,aeT 3aBLIIlleHHOe 3HatfeHHe TMaKC. ,IlOCKOilLKY 
B pactfeTe He Y'l:HTLIBaeTCJI BilHJIHHe HOpManLHOH JOHLi B 06-
MOTKe Ha <l>opMy KPHBOH TOKa. B peanLHOM pe)l(HMe 3BaKya-
IJ;HH apeMB cnan;a TOKa H, "c:ooTBeTCTBeHHO, BenH'l:HHLI (J 

H T MilKC-. 6y.u,y'.l HeCKOilLKO MeHLille. 

3KcnepuMeHmaAbHble pe3yAbmamb1 u ux o6cyxoeHue 

Bcero npoae.u,eno CBblille 80 JBaKyau;Hii Ha conpoTHBne
HHe H 6onee 40 - Ha Arn. HatfanLHLIH TOK MarHHTa (JM0 ) 
MeHBilCJI OT 40 A ,D,O KpHTH'l:eCKOr0 (~C) IlpH U3B.MaKC. = 
12~-750 B. HeKOTOpLie pe3yilLTaTbl o6pa60TKH nonyqeHHLIX 
OCIJ;HnnorpaMM npHBe,D,eHbl Ha puc. 3 H 4. CpaBHeHHe COOT· 
BeTCTBYIOLQHX pe)KHMOB 3BaKyau;HH Ha Arn H conpoTHBneHHe 
noKalblBaeT; 'l:TO npHMeHeHHe Arn B .u,aHHLIX 3KCnepHMeH • 
Tax He npHBO,D,HilO K yaenHtfeHHIO CKOPOCTH pacnpocTpaHeHHJI 
H0pManLHOH 30Hbl no o6MOTKe /puc. 3/. A 3a cqeT coKpame
HHB apeMeHH npoTeKaHHB TpaHcnopTHoro ToKa qepel yqacT· 
KH C HOpManLHOH 30HOH npH 3BaKyau;HBX Ha Arn BHYTPH 
o6MOTKH BLI,D,enJieTCJI MeHLillaB ,D,OilJI 3HeprHH. CooTBeTCTBeH· 
HO yaenH'l:HBaeTCJI 3<l><l>eKTHBHOCTL 3BaKyau;HH / puc. 4/: npH 
PY'IHOM JanycKe ycTpOHCTB 3aW:HTbl H HatfanLHblX TOKax 12OA 
J<l><l>eKTHBHocTL 3aaKyau;HH Ha Arn /KpHnaB 1/ Ha 1 o- 250/o 
Bblille, 'l:eM Ha conpOTHBileHHe /KpHBaB 2/; npH aBTOMaTH· 
tfeCKOM JanycKe nocne no.u,atfH HMnyn_Lca B HarpeaaTenL 
H HaqanLHblX TOKax 120 A J<l><l>eKTBBHOCTL 3BaKyau;HH Ha 
Arn /KpHBaB 3/ Ha 8-1O0/o Bblille, tfeM Ha conpOTHBneHHe 
/KpHBaJI -- 4/; B pe)KHMax aBTOMaTHtfeCKOrO 3anycKa npH 
,D,OCTH)l(eHHH KpHTHtfeCKHX TOKOB ·3<1><l>eKTHBHOCTL npH 3Ba· 
KyaIJ;HH Ha Arn /KpHBaB 5/ Ha 5· 1O0/o Bblille, 'l:eM Ha COilpO· 
THBileHHe /KpHBaB 6/. 
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Puc.3. 3a6UCUMOC11lb 0111 apeMeHU conpomuaAeHUJI HOpMaAb
HOU 30Hbl 6 06M01111<e UCCAeoyeMOZO COAeHOUOa 6 pa3AU'lHblX 
peJICUMax 3aaKya1.1uu. 1,2 - .J Mo =120 A, PY'lHOil 3anycK; 
3,4 - JMo =120 A, aa1110Ma11lU'leCKUU 3anycK, Hazpea MaZHUma; 
5,6 - JMC'' aa1110Ma11lU'leCKUU 3anycK. IlyHK11lUPHble KPU6ble -
36aKya1.1uJ1 Ha AI'II, cnAOIUHble - Ha conpomuaAeHue. 

liLICTpo.n.eiicTBHe KT H xapaKTep cna.n.a TOKa TaK>Ke 
enH.HIOT Ha eenH'IHHY T MaKl'. • TaK, HanpuMep, B ycnoeu.ax 
O.D,HHaKOBoro 6LICTpO,l.\~HCTBH.H KT e pe:>KHMax c JJ.OCTH:>KeHHeM 
JMl? /npH u '.JB.MaK<'. ·= 500 B/ npH 3BaKyaUHH Ha conpOTHB
neHHe pacqeTHOe 3Ha'leHHe TMaK('.. COCTaBHno 76 K, a Ha 
Arn - 62 K. Ha puc. 5 npe.n.cTaeneHLI pe3ynLTaTLI pac'leToB 
3aBHCHMOCTeii T MaKI'. OT eenH'IHH t 11.KOM. H U ')11.MHK(" • 

.D,Il.H 'IHCTO 3KCUOHeHl~HanLHOro H IlHHeiiHoro xapaKTepoB CHH
:>KeHH.H TOKa co 3Ha'leHH.H JMO. paBHOrO 120 A. no 3THM 
npe.n.eapaTenLHLIM oueHKaM .n.n.a accne.n.yeMoro CnM :ripu 

u 13 • :S 300 B H 'f ·1aK<" <_;_ 400 K 3BaKyauu.a 
3 .MaKC. " • 

Ha conpoTHBneHHe .n.onyCTHMa TOilhKO npH t n.KOM. ~ 20 MC. 

npa .3BaKyaUHH Ha Arn 3TH :>Ke ycnOBH.H co6nIO.D,aIOTC.H B cny_. 
qae t II.KoM. :::: 320 MC. BnH.HHHe 6LICTpo.n.eiicTBH.H KT 
B .D,aHHOM cnyqae MO:>KHO oueHHTh, HanpHMep, TaK: npH 3BaKya
UHH Ha conpoTHBneHHe B pe:>KHMax C U38, MaKc. =400 B 
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UNOKC,B 
Puc.4. 3aaUCUMOC11lb 3()()eK11lU6HOC11lU 36aKya1.1uu 
MaAbHOZO HanpJ1J1CeHUJI Ha KOHi.iax o6M0111KU OAJI 
nozAomumeAeil 3Hepzuu. /o6o3Ha'leHUJI me J1Ce, 

puc. 3/. 

0111 MaKCU -
pa3AU'lHblX 

'11110 U Ha 

CHH:>KeHHe tn.KOM. co 150 MC .D.O 0,5 MC /3aMeHa o6LJq
Horo 3IleKTPOMexaHH'leCKOro BblKnIO'laTen.a Ha THpHCTOPHLiii/ 
npHBO.D.HT K yMeHLWeHHIO T MaKc. c 288 .n.o 175 K. 

HeKOTOpble nyTH IlOBLIWeHH.H 6LICTpo.n.eiiCTBH.H KT B ycT
poiiCTBax 3BaKyaUHH Ha OCHOBe .u.yroraCHTeilLHhIX peweTOK 
IlOKa3aHLI B /'7 /: nepcneKTHBHO, HanpHMep, HCilOilb3OBaHHe 
WYHTHpoBaHHhIX nnaBKHM 3IleMeHTOM .u.yroraCHTenLHhIX pe-: 
weTOK B CO'leTaHHH co cBepxnpoBO.D..HIUHMH BhIKnIO'laTen.HMH. 
B cxeMaX 3BaKyauaa C TaKHM KT MO:>KHO .D,OCTHrHyTL t H,KOM. = 
2 MC. 

npuBe.D,eHHble B pa6oTe pe3ynLTaTLI HCCne.n.oBaHHHnony
'leHbl Ha cnM c He6onLwoii 3anaceHHOH 3Heprueii. ,D;n.a 
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Puc.5. BIIUJIHUe epeMeHU nOIIHOU KOMMY111aijUU tfl.KOM. 
U HanpJ1J1CeHUJI u3B.MaKC. Ha MaKCUMa/lbHYIO 1ileMnepa111ypy 
T Hazpeea 06Mo1111<u ucc11eoyeMozo co11eHouoa npu 31<cno11eH-

11ua111>HOM u IIUHeiiHOM cnaoe 11101<a /JM0=120A/. l,2-U3B,MaKC.· 
300 B; 3 - 350 B; 4,5 - 400 B; 6,7 - 500 B; 8,9 - 800 B; 
10,11 - 1000 B; 12-1500B.IlyH1<111up11ble 1<pueble - 3ea1<ya
llUJ1 Ha AI'II, cn110U1Hble - Ha conpo111ue11e11ue. 

BHyTpeHHecTa6HnB3BpoeaHHhlX MarHHTOB C 6onLWHMH 3ana -
ceHHOH 3Heprueii H nnoTHOCTLIO TOKa H,BO3MO)KHO, MeHLWeii 
CKOPOCTLIO pacnpocTpaHeHH11 HOpManLHOH 3OHbl 3<l>4ieKT OT 
CHH:lKeHH11 tfl.KOM. H HCilOilL3OBaHH11 ,nyroraCHTenLHblX 
peweTOK, npHBOA11IUHB K yMeHLWeHHIO T H yeenuqe -. 

6 
MaKC. 

HHIO 71, 6y,neT onee 311aquTenLHhlM. 
IIonyqeHHhlH e KpHoreHHOM OT,nene JIB3 OilblT npHMeHe

HH11 cepHHHhlX aBTOMaTOB raweHH11 non11 .nna 3BaKyal(HH 
3Hepruu H3 CIIM c 3anaceHHhlMH 3HeprHRMH .no 50 1<Ax 
/,naHHa11 pa6oTa/, 0,5 MAJIC /'JI u 6onee 1 MAJIC 1181, a Taic:lKe 
ycTpOHCTBa 3BaKyauuu Ha OCHOBe WYHTHPOBaHHOii,nyroracu
TenLHOH peweTKH /,nng CIIM Ha 0,2 MAx 171 / - noKa3bl
eaeT BLICOKYIO Ha,ne:lKHOCTL H 3<l>4ieKTHBHOCTL BX HCnonL3OBa
HH11 .nn11 3a~Tbl ceepxnpoeo.n11mux MarHHTHblX CHCTeM B 
aeapuiiHLIX ycnoeusx. 
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Bbl600bl 

1. )J.nx BHyTpeHHecTa6unH3HpoeaHHoro ceepxnpoeo.nxme
ro coneHOH,na C a,nua6aTHqecKH H30IlHJ>OBaHHOH ;o6MOTKOH 
H 3anaceHHOH 3Heprueii ,no 50. KAJIC 3Kc11epHMeHTanLHO ycTa
HoeneHo, qTo npH OAHHaKOBblX HaqanLHblX TOKax H MaKCHManL
HhlX HanpJI:lKeHHJIX ,• Ha, KOHl(aX o6MOTKH 3BaKyauHJI Ha ,nyrora
CHTenLHYIO peweTKY aBTOMaTa raweHHJI nomi Ha 5+25'1c, 
3<l>4ieKTHBHee, qeM BblBOA 3HeprHH Ha conpOTHBneHHe. 

2. PacqeTO-M noKa.3aHO, qTo. C<>Kpame11ue epeMeHH non
HOH KOMMyTaUHH TOKa ;•H Hcnoni.3oeaH1ie nornoTHTenJI, 06ec
nequea10mero nuHeiiHhlii cna.n ToKa, npueo,nJIT K cymecTeeH
HOMY IlOHH:lKeHHIO MaKCHManLHOH TeMnepaTyphl Harpeea 06-v ' 
MOTKH ceepxnpoeo,nJimero MarHHTa B npouecce aeapuiiHoii 
3BaKyauHH 3HeprHH H3 Hero. 
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