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1. B ceepxnpoBOAHlii~X o6MOTKax BHewH~M noKanbHbiM ~CT04H~KOM 
Tenna, BbiAeilHIOlii~M B ~MnyilbCe 3Hepr~IO Q, MO>KHO Bbi3BaTb o6pa30Ba
H~e orpaH~4eHHOH HOpMailbHOH 30Hbl /0H3/. 3Ta 30Ha MO>KeT CYllleCT
BOBaTb KaK np~ nOCTOHHHOM, TaK ~ np~ ~MnynbCHOM TOKe I(t). Ce4e
H~e ceepxnpoBOAHllleH 4acT~ Ka6enH no3BOnHeT nponycKaTb TpaHcnopT
HbiH TOK, np~ 3TOM He npo~CXOA~T nepeXOAa o6MOTK~ MarH~Ta 
B HOpMailbHOe COCTOHH~e. PacnpocTpaHeH~e HOpManbHOH 30Hbl np~ Ha
rpeee nnOTHOH 06MOTK~ ~3 MHOrO>K~IlbHOrO HeTpaHCnOH~ OBaHHOrO 
Ka6enH np~ I(t) = const TeopeT~4ecK~ paccMoTpeHo e pa6oTax I 1-3 1. 

PacnpocTpaHeH~e OH3 np~ nocTOHHHOM ~ ~MnynbcHOM TOKax cy
llleCTBeHHO pa311~4aeTcH, np~4eM rpaH~~a A~HaM~4ecKOH ycT0~4~eocT~ 

MarH~Ta /rAY/ CBH3aHa C C~HXPOH~3a~~e~ TOKa l(t) ~ o6pa30BaH
HOro eHewH~M ~CT04H~KOM Tenna TeMnepaTypHoro nonA: 

T(r, t) = T0 + 1'1 T(r, t), 

3AeCb 1'1 T(r, t) - ~3MeHeH~e TeMnepaTypbl /neperpee/ o6MOTK~ e T04Ke 
c KOOPA~HaTo~ r, a T0 - TeMnepaTypa >K~AKoro ren~R. 3Kcnep~MeH
Tbl no Harpeey / 4-6 / ~ o6J1y4eH~IO / 7 ,IJ/ 06MOTOK ~3 TpaHC OH~POBaHHOrO 
Ka6enR yKa3b1BaiOT Ha cyllleCTeoeaH~e OH3 e AOBOilbHo w ~poKo~ o6na
cT~ 3Ha4eH~~ Q: Qmin (l):;Q(I) < Qm~/I). 3TO CBR3aHO, no-B~A~MOMy, 

CO CI1€AYIOLII~M~ np~4~HaM~: 

a/ TOK nepepacnpeAenHeTCH 4epe3 TOKOBBOAbl, a Ta K>Ke BHyTp~ 
Ka6enH; 

6/ KOHTaKTHble TennoconpoT~eneH~H Me>KAY HarpeeaT e neM ~ OTAenb
HbiM~ m~naM~ Ka6enH pa311~4Hbl, ~ TaK KaK nonepe4HaR TennonpoBOA
HOCTb 3Ha4~Te11bHO M€HbWe nPOAOilbHO~, TO He~AeHT~4HOCTb Harpeea 
>K~Il COXpaHHeTCH B Te4eH~e HeKOTOporo epeMeH~; np~ 3 TOM ~X TOKO
HeCYlll~e CnOC06HOCT~, 3aB~CHlll~e OT TeMnepaTypbl ~ ~a PH>KeHHOCT~ 
MarH~THoro nonH, OTI1~4aiOTCH APYr oT APYra. 

Ecn~ e OH3, o6pa3oeaewe~cH np~ ~MnyilbCHOM Harpe e o6MOTK~, 

He Te4eT TpaHcnopTHbl~ TOK l(t), TO 3TO OTpa3~TCR Ha none B anep
Type MarH~Ta, nocKonbKY nepepacnpeAeneH~e ToKa no ce4eH~IO Ka6enH 
aAeKBaTHO ~3MeHeH~IO pa3MepoB B~TKOB 06MOTK~ / 9/ . 

2. none norpy>KeHHoro e >K~AK~~ ren~~ A~nonbHoro arH~Ta T~na 

"oKoHHaH paMa" l 10 <nonepe4HOe ce4eH~e KOToporo noKa 3 aHo Ha p~c.1, 
~OPM~pyeTCH Cn o6MOTKOi1' ~ >Ke11e3HbiM HPMOM, CH~>KaiOlll~ BABOe 4~C
Il0 aMnepB~TKOB, Heo6XOA~MOe AnH nony4eH~H 3aAaHHO~ HanpH>KeHHO
CT~. noKailbHbl~ Harpee o6MOTK~, ~3rOToeneHHo~ ~3 nno cKoro TpaHc
noH~poeaHHoro /war 22 MM/ Ka6enH, COA€P>Ka111ero 15 C npoeonoK 
T~na HT-50, Ka>KAaH ~3 KOTOPbiX cocTo~T ~3 1045 Nb- · ~.e~ ~~te,!f"' "'·· · 
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Pnc.l. Pacnono~eHne HarpeBaTe
neR, TepMOMeTpOB H HHgyKQHOHHOro 
gaTY:HKa B ManmTe: I - ~ene3HbiH 

6aHga~ HpMa; 2 - CTeKflOTeKCTO
nHTOBaH nnaTa /pa3Mephl B MM/ 
c HarpeBaTenHMH HI, H2 n H3 
n TepMoMeTpaMn ABI H AB2; 3 -
CBepxnpOBOgH~aH 06MOTKa; 4 -
rrpocTpaHcTBO B MarHHTe, garron
HeHHoe ~gKHM renneM; 5 - HH
gyKQHOHHblli gaTY:HK MarHHTHOrO TIOflH. 

Ho~ MaTp~4e /Ko3$¢~4~eHT 3anon
HeH~R 0,47/, np0~3SOA~TCR np~
KneeHHWM~ 3nOKC~AHWM KneeM He
nocpeACTSeHHO K 06MOTKe nnOCK~M~ 

HarpesaTenRM~ /H1, H2 ~ H3/ ~ no
Me~eHHWM S nnoCKOCT~ pa3beMa 
MarH~Ta HenocpeACTSeHHO S o6MOT
KY no see~ ee An~He npoTRMeHHWM 
HarpesaTeneM /H4/. Bee Harpesa-
Ten~, SWnonHeHHWe ~3 KOHCTaHTa
HOSWX C wenKOSO~ ~30nR4~e~ npo

SOflOK A~aMeTpoM 0,35 ~ 0,5 MM, ~Men~ conpoT~sneH~e oKono 1,3 OM. 
T ......... ,..,,....,...._,T\fl""\l...JliO .... ...,.AOr"'OWLACJ nnf"'\cf"'"\nLAnLAra.. r nf"'\Mf""\lllhV\ nniAio(nPP~~hl)( I<" nn-
M;TK~r;r~~bHWX Tep~oMeTpo~ /A52, A53, A54 ~ TBO/ ~ repMoMeTpa 
/A51/, OTAeneHHoro oT o6MoTK~ HarpesaTeneM H1 ~ nonHOCTb~ ~3on~
posaHHoro oT KOHTaKTa c ren~eM. TepMoMeTpw ~ HarpesaTen~ co 
SCeX CTOPOH 1 He ~Me~~~X KOHTaKTOS C 06MOTKO~, ~30n~posaHW 
CTeKnOTeKCTOfl~TOM OT M~AKOrO ren~A, 3anonHR~~ero see CS060AHOe 
npocTpaHCTSO S MarH~Te. 

Ha p~c.2 noKa3aHo pacnonoMeH~e HarpesaTenR H4 /6/ ~ TepMo
MeTpos A54 /12/ ~ TBO /9/ oTHoc~TenbHO o6MOTK~ MarH~Ta. 3T~ 
TepMOMeTpW, H30fl~posaHHWe OT ren~A /8/ ~ APMa MarH~Ta /1/cTeKno
TeKCTOfl~TOM /11/, np~Kne~san~Cb KneeM 5$-4 /10/ K OCS060MAeHHWM 
OT nascaHOSO~ ~30flA4~~ /4/ ~ CTeKnoneHTW /3/ TOP4aM S~TKa o6-
MOTK~. K nosepXHOCT~ 3TOro B~TKa np~Kne~sanaCb 3nOKC~AHWM KneeM 
/2/ CTeKflOTeKCTOn~TOSaR nnaCT~Ha C na30M 1 B KOTOpOM no see~ 
An~He 06MOTK~ MarH~Ta ynoMeHW OTACnbHaR en nposonoKa HT-50 /5/ 
~ HarpesaTenb H4, ~3on~posaHHW~ naKOM ~ wenKoso~ onneTKO~ /7/. 
Ton~~Ha 3Tof:i nnacT~Hbl c 3aAenaHHbiM s HeH csepxnposOAH~KOM ~ Ha
rpesaTeneM H4 pasHa Ton~~He s~TKa o6MOTKH. 

3Kcnep~MeHTanbHW~ MarH~T c pa3Me~eHHWM s HeM HHAYK4~0HHWM 
AaT4~KOM MarH~THOrO nonA /HK/ HaXOA~flCA S 3anonHeHHOM *~AK~M 
ren~eM Kp~OCTaTe /K/, S KOTOPOM C nOMO~b~ ypOBHeMepa /Yr/ KOHT
pon~poBanCR ypoBeHb ren~A /eM. p~c.3/. HHAYK4~0HHW~ AaT4~K Mar
H~THoro nonA npeACTaSnAeT C060H KOHCTPYK4~m ~3 HeCKOnbK~X nnoc-
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Pnc.2. Pacnono•eHne B MarHHTe 
HarpeBaTenH H4, TepMoMeTpoB AE4, 
TBO H OTgenbHoro KOMIT03HTHoro 
nposogHHKa HT-50 /o6o3Ha<reHHH 
CM. B TeKCTe/. 

Pnc.3. BnoK-cxeMa H3MepeHn~. 

W.ll 

K~X MHOrOS~TKOSWX KaTyWeK, pa3Me~eHHWX Ha KapKace ~3 CTeKno
TeKCTOn~Ta. nosopoTW AaT4~Ka S nay3ax MeMAY ~MnynbCaMH TOKa 
s o6MOTKe MarHHTa ocy~ecTBnA~TCA warOSbiM ASHraTeneM /WA/. Ben~-
4~Ha wara !'l.(J =go. Ocb spa~eH~A AaT4~Ka cosMe~eHa c reoMeTp~4e
cKo~ ocb~ MarH~Ta. An~Ha AaT4~Ka npeawwaeT An~Hy MarH~Ta, 4TO 
n03SOflAeT ~3MePATb ~HTerpanbHOe 3Ha4eH~e nonA. np~ ~3MepeH~~ 

HeOAHOPOAHOCT~ nonA KaTyWK~ SKn~4a~TCA TaK, 4T06bi nOAaB~Tb 4yB-
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CTB~TenbHOCTb A3T4~Ka K A~nOnbHO~ COCTaBnB~~e~ ~ ~MeTb OTHOC~

TenbHO paBHOMepHy~ 4YBCTB~TenbHOCTb K B~CW~M rapMOH~KaM. C~rHa

nbl C A3T4~Ka np~ OTcne)t{~BaH~~ YPOBHe~ TOKa C waroM 0,1 I max 

~HTerp~posan~cb, yc~n~san~cb ~ KOA~posan~cb c noMO~b~ aHanoro-
4~¢posoro npeo6pa3osaTenA /AUil/. AHanor~4H~~ AUil ~cnonb3osancA 
AnB ~3MepeH~A HanpA)t{eH~B Ha MaCnRHOM WYHTe (RW) B 4en~ n~Ta
H~B 06MOTK~ MarH~Ta. 

HCT04H~K TaKa /HT/, n~TaBW~~ o6MOTKY MarH~Ta /OM/ nocTOBH
H~M ~n~ ~MnynbCH~M TOKOM TpeyronbHO~ lj)OpM~, nOAaBan CT3pTOB~e 

~MnynbC~ AnA 3anycKa C~CTeM~ MarH~TH~X ~3MepeH~~ /CMH/ ~ reHe
paTopa KopoTK~x IAn~TenbHOCTb~ rM = 0,5 Me/ ~Mnynbcos TaKa s OA
HOM ~3 HarpesaTene~. ilepeXOA MarH~Ta B HOPManbHOe COCTOAH~e 
¢~Kc~posancR AaT4~KoM nepexoAa /All/, 3anycKasw~M c~cTeMy asap~~
Horo oTKn~4eH~R MarH~Ta. CTapTos~e ~Mnynbc~ 4epe3 ocna6~Tenb 
/OC1/ ~ 6~cTp~~ yc~n~Tenb /6Y1/ nocTynan~ nocne 3aAeP)t{K~ Ha 
OAHOB~6paTopax /OA1 ~ OA2/ Ha speMA r 3 4epe3 sTopo~ 6~cTpbl~ 
yc~n~Tenb /6Y2/ s 6noK 3anycKa reHepaTopa /63r/, KoTop~~ sKn~-
4an reHepaTop ;r;, pacnono)t{eHH~~ HenocpeACTBeHHO y Kp~ocTaTa. 
HanpA)t{eH~e Ha pa3PAAHO~ eMKOCT~ reHepaTopa, n~Taswero KaKo~
n~6o /no Bbl6opy/ HarpesaTenb /H/, KOHTpon~posanocb c noMo~b~ 
4~¢posoro BOnbTMeTpa /UB/. 3aAep)t{aHHble CTapTOBble ~MnynbCbl CO 
sToporo 6~cTporo yc~n~TenB nocTynan~ 4epe3 ocna6~Ten~ /OC2 
~ OC3/ Ha caMon~ce4 /C/ ~ wne~¢os~~ oc4~nnorpa¢ /WO/, rAe ~c
nonb3osan~cb s Ka4eCTBe Hyneso~ OTMeTK~ speMeH~ np~ c~HxpoHHO~ 
3an~C~ noKa3aH~~ TepMOMeTpOB /T/. C~rHan~ pa36anaHCa ypaBHOse
WeHHO~ np~ TeMnepaType 4,2 K MOCTOBO~ CXeM~ /M/ per~cTp~posa
n~Cb wne~¢as~M oc4~nnorpa¢oM ~ caMon~c4eM, naAKn~4eHH~M 4epe3 
¢oTo3neKTpaHH~~ yc~n~Tenb /Y/. ¢opMa ~Mnynbca TOKa s Harpesa
Tene ~ era 3aAeP>!<Ka (r

3
) aTHoc~TenbHO Ha4ana ~Mnynbca TaKa 

MarH~Ta KOHTpon~posan~Cb Ha ac4~nnorpa¢ax /CaOTBeTCTBeHHa 02 
~ 01/. 

3Kcnep~MeHTanbH~e nposepK~ noKa3an~, 4To BKn~4eH~e Harpesa
Tene~ He ca3Aasana 3neKTPOMa~H~TH~x noMex AnR CMH. 

llepsaHa4anbHa s anepType MarH~Ta 6~n~ ycTaHasneH~ nnocK~e 
HarpesaTen~ /H1, H2 ~ H3/, ~ ~3MepeH~R 6~n~ s~nanHeH~ TanbKa 
c H~M~ /eM. p~c.4a,5,7a,8/. llepeA cneAY~e~ cep~e~ ~3MepeH~~ 
OA~H B~TOK a6MaTK~ 6~n CHAT, ~ Ha era MeCTe CMOHT~pa8aH npaTR
)t{eHH~~ HarpesaTenb H4 8MecTe c en npo80fl0KO~ HT-50 /eM. p~c.46, 
6,]6,9/. HHAYK4~R (Bo) B 4eHTpe anepTyp~ ~ TaK MarH~Ta (I) C8R-
33H~ caaTHOWeH~eM 

B /T I = { 1 ' 0 51 . I I KA/ 
0 n 1,028-1/KA/ 

ocTa~~McH n~He~H~M Aa 1=1500 A. 

8 nepBaM cny4ae, 
sa BTOpaM /co CHRTWM 8~TKaM/, 

MeTOAV1Ka V13MepeH~H HeaAHOPOAHocreili nanH 3aKn~4aeTcH 8 per~cT
pa4V1~ CHrHana C ~HAYK4HaHHOrO AaT4V1Ka Ba 8peMR n~HeHHOrO Hapa
CTaHHR TOKa o6MaTKH npH 3aAaHH~X yrnax 8 OpV1eHTa4HV1 AaT4~Ka 
aTHOCHTenbHO MeAHaHHOH nnacKaCTH MarH~1Ta/ll/. rapMOH~4eCKHI1 aHanH3 

c~rHana c y4eToM reaMeTp~4eCK~x pa3Mepas no3BOnAeT npeACTaB~Tb 
none B anepType s B~Ae MynbT~nonbHbiX cocTaBnH~~~x: 

00 (X) . 1 
J Bedz = ~ (r/Ra)n- (cncosn8-dnsinn8) 

•oc n=l 

1 (r 1 R > )n-l b ( a ) ~ n cos n v + a n , 
n =I /1/ 

J Br dz 
"" n-1 
~ (r/R,) (cnsinn8+dncosn8) 

n= 1 

rAe Br - paA~anbHaR cocTasnH~~aH MarH~THoro nonA; Be - a3~My
TanbHaA cocTaBnH~~aA MarH~THoro nonA; r, e, z - 4~n~HAP~4ecK~e 

KOOPA~H3Tbl /ocb Z COBMe~eHa B OCb~ MarH~Ta/; Ra - P3A~YC none3-
HOili anepTypbl MarH~Ta; dn, en, bn ~an- Ka3¢¢~4V1eHTbl, xapaK
Tep~3YD~~e MynbTV1nOnbH~e CaCTaBnA~~~e M3rHV1THOro nonA. 

0THoc~TenbHble ~3MeHeHY1A sepT~KanbHaill Bv (x, y, z) 1.1 rapv,3oH-
TanbHaili Bx (X, y, Z) COCTaBnR~~~X MarHV1THOrO nonH B MeAV13HHaili 
nnocKaCT~ MarHV1Ta MaryT 6~Tb npeACTaBneH~ B B~Ae 

ABy = fBv(x,O,z)dz --1 By(O,O,z)dz 

B 
[ B(O,O,z)dz 

121 

f B(O,O, z)dz 

rAe X, Y, Z - AeKapTOBbl KaapA~HaTbl. 

C6op ~ o6pa6oTKa AaHH~x ocy~ecTsnAn~cb Ha nHH~~ c 3BM 
"HERA 60-30 11

, no3BOnABWeill nany4aTb AaHHble B lj)apMe /1/ ~ npeA
CTasnATb V1X s lj)apMe /2/. YposeHb wyMos, reMnepaTypH~ill 111 speMeH
HOili gpeil!¢ 3neKTpOHHO!Ii annapaTypbl, AOnyCKV! Ha reaMeTp~4eCKV1e pa3-
Mep~ A3T4~Ka ~ T04HOCTb V!3MepeHV!R TOK3 B MarHV!Te o6ecne4V!Ba~T 

B03MQ)t{HQCTb V!3MepeH~R HeOAHOPOAHOCTV! nOnA MarH~Ta C T04HOCTb~ 
-1 o-4 Ha P3AV1YCe, pasHOM Ra. 

TeMneparypH~e Y13MepeHV1A 111 onpeAeneHV!e rpaH~4~ ycTo~4~BOCTV! 
MarH~Ta np111 pa6oTe c n~6~M 1113 yKa3aHH~x rlarpesaTeneill npoBOAV!
nY~cb, KOrAa B 06MOTKY MarHV!Ta nOAaBancA V!DV! nocTORHH~ili, V!nV! nM
HeiiiHO V13MeHA~~V1!1iCA V1MnynbCH~~~~ TOK TpeyronbHO~ lj)OpM~ /CM.pV1c.56/ 

- AnV!TenbHOCTb ~MnYflbC3 TOKa; 
5 



r 1 - BpeM~ HapacTaH~~ TOKa OT HYD~ AO MdKC~MdnbHOrO 3Ha~eH~~ 1r )· - AD~TenbHOCTb nay3~ Me*AY ~MnynbcaM~. B nocneAHeM ( max • 'n 
cny~ae OAHOBPeMeHHO c TeMnepaTypH~M~ nposoA~n~cb ~3MepeH~~ 

HCOAHOPOAHOCT~ MarH~THOrO non~ B anepType. 

3. lpaH~4~ yCTO~~~BOCT~ MarH~Ta, ~3MepeHH~e B pe*~MaX no
CTO~HHOro ~ ~MnynbCHOrO TOKa 06MOTK~, np~ pa60Te C DOKanbH~M 
/H1/ ~ npOT~*eHH~M /H4/ HarpeBaTeDRM~ noKa3aH~ COOTBeTCTBeHHO 
Ha p~c.4a ~ 6. 3T~ rpaH~4bl onpeAenRn~cb no sen~~~He AOnycT~Moro 
3Ha~eH~R 3HeproB~AeneH~R Q /eMy cooTBeTcTBOBana sen~~~Ha nepe

rpesa ~Tmnx TepMoMeTpos A51 ~ TBO/, B~we KOToporo np~ onpeAeneH
HOM 3Ha~eH~~ nOAKPv1T~~HOCT~ r1 =III c I I c - KP~T~~ecK~~ TOK Mar
H~Ta ADR TeMnepaTypbl T0 = 4, 2 K ~ Q = 0/ MarH~T nepeXOA~T s Hop
ManbHoe COCTORH~e. 

Ha p~c.5a ~ 6a noKa3aH~ xapaKTepH~e speMeHH~e 3aB~C~MOCT~ 
. 1\ T (t) TepMoMeTpos A 51 ~ TBO np~ noAa~e cooTBeTcTBeHHO s Harpe
eaTen~ H1 ~ H4 s MoMeHT speMeH~ t = 0 3neKTP~~ecKoro ~Mnynbca. 
Pa3.n~~~~ '\T(t, I) An~ 3T~x TepMOMeTpos 1~. cooTseTcTBeHHo, Harpe
saTe.ne~/ CB~3aH~ C pa3D~~H~M~ YCDOB~~M~ Tenno06MeHa. np~ onpe-
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B 3aBHC!IMOCTH OT 3Hepnm IIMITyJ1bCHb!X IICTO'Illl!KOB Terrna 
H ITOAKPHTH'IHOCTll ITPll KBil3llilA!la6aTll4eCKOM /uarpeBaTeJ1b 
H 1 I I a/ H KBa3HH30TepMll'lecKoM I HarpesaTe:Jb 114/ I 6/ 
YCJ1ClB!UIX: • , Jl( - ITepeXOAbl Mdi"HHTa B I!OpMilJ1bHOe COCTOH
HHe COOTBeTCTBei!HO ITpH ITOCTOHHHOM l! HMITYJ1bCHOM TOKe; 

0 , Jl - YCT0(!4HBOe CBepxrrpOBOAH!I\ee COCTOHII!le ~ldi"H!lTa 
TaKJKe ITpll ITOCTOHHHOM ll HMITYJ1bCHOM TOKe COOTBeTCTBeHHO; 

A , ~ - rrepeXOAb! ll YCTO(l'IHBb!e COCTOHHilH CIT rrpOBOJ10Kll 
HT-50 npll nocroHHHOM TOKe. To'IKH A, B, C u D -
3Ha'leHH5! Q ll 7J, rrpH KOTOpb!X rrpOBOAHJ1HCb H3Mepei!HH 
HeOAHOPOAHOCTH Mdi"HHTHOI"O ITOJ1H. 

!CC 

·9C 

80 

lQ 
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) 

) 

AerreHHH rpaHH4~ YCTO~~~BOCT~ K neperpesy AOnorrH~TeDbHO BCTpOeH
HO~ nposonoK~ HT-50 /pHc.46/ ~cnorrb30Banc~ HarpesaTerrb H4, a TaK 

KdK OTHOWeH~e TOKa MarH~Ta [ H TOKa B HT-50 [liT paBHO li1
11

T= 15, 

TO en *~n~ Ka6en~ o6MOTK~ ~ HT-50 HaXOA~D~Cb np~ OA~HaKOBO~ 

no,qKpHT~~HoCTH. HHTepsan speMeHH( '¢) c MOMeHTa noAa~~ 3neKT
P~4eCKoro ~Mnynbca s HarpesaTen~ H1 H H4 AO MOMeHTa MaKC~Manb
Horo neperpesa ~Tm:lX TepMOMeTpOB A51 H A54 COCTasn~rr COOTBeTcT

BeHHO -1 H -0,25 c. H3MepeH~e 'rP. AD~ H1 ~ H4 no3sonHrro Ha rpa
H~4~ YCTO~~HBOCT~ MarH~Ta /p~c.4/, H3MepeHH~e np~ noCTO~HHOM 
TOKe, HaHeCT~ TO~K~, norry~eHH~e np~ HMnynbCHOM TOKe B 06MOTKe 
MarHHTa. Xopowee cosnaAeH~e pe3ynbTaTOB ~3MepeH~~ s pa3HbiX pe
*~Max no3BOD~DO AOCTdTO~HO 060CHOBaHHO B~6~paTb serr~~~Hy 3aAeP*
K~ <s) BKn~~eH~~ HarpesaTerre~ 111 /T04K~ A ~ 5 Ha p~c.4a/ ~ H4 
/To~K~ C ~ D Ha p~c. 46/ ~ 3Ha~eHHe Q np~ onpe,qeneH~~ o6nacT~, 
s KoTopo~ no~sneH~e OH3 CKa*eTc~ Ha ~3MeHeHH~ HeOAHOPOAHOCT~ 

MarHHTHoro non~. Ha p~c.4 TaK*e noKa3aHa WKana HanP~*eH~~ 0n . 
COOTBeTCTBY~!I\~X Ha~any Pd3P~Aa eMKOCT~ reHepaTopa, n~Taswero 

HarpesaTen~. 

np~ D~He~HO HapaCTd~!l\eM TOKe 06MOTK~ rpaH~4d A~HdMH~eCKO~ 
YCTO~~HBOCTH MarHHTa onpeAerr~rrdCb no MOMeHTy AOCT~~eH~~ \Tmax 

COOTBeTCTBY~!I\ero 3Ha~eHH~ TOKa Jfi). KpHBa~ 6 Hd p~c.56 noKa-

3~BaeT ILlY MarH~Ta AD~ A~1 ~ H1, ~3MepeHHY~ s 4~Krre co cneAy~-
11\~M~ napaMeTpaM~: I:nax = 1200 A, dl/dt = 800 A/c,rp = 1,5 c, 

'111 = 3 C ~ T II = 9 C. KpHBa~ 6 Hd p~C. 66 COOTBeTCTByeT lAY Mar
H~Ta AD~ TBO H H4, ~3MepeHHO~ s 4~Kne c napaMeTpaM~: I'""' = 
= 1500 A, dl dt = 400 A/c, 'p 3,74 c, 7

111 = 7,48 c ~ ' 11 = 6 c. 
~":l ntAr C:h nnt~ ()--:- 1 ?1 nw n0W:::1~~ur. r"-'4PitiPUlAP t.fnVI~hl)( \T(tJ 

TepMOMeTpa A~l /HarpesaTerrb H1/ OTHOC~TerrbHO r.aY /Kp~Ba~ 6/ np~ 
r 1 = 0 c /Kp~saR 7/ ~ r 1 0,3 c /Kp~sa~ 8/. 

Q 1:: 
jl2 "'· ' >-
j 8 0 

J4 
I 

'<---"""'-~fo-
C)~u 

<5"......; 

{l / 2 .] 9" 5 15 t, c 

20 

16 

0 

0.5 

500 

1.0 1,5 ~ t.c, 

I' _'run:. 1i 
_t,_ 'Cn 

~~·J(_p-
~~/_....,~---. r, t 

ImOJ<=I200A 

'Lp=!Sc~---~ 
1000 1500 l.A 

hk. :J. BpeMe!ll!hJe 3aB!lCHMOCTH H3MeHe!l!lH TeMrrepaTypb! 
TepMoMeTpa AI> I AJJH sap!laHTa H3MepeuHrl c pa6oTaiO!I\llM Harpe
saTeneM HI rrpll IIOCTOHHHOM /a/ H HMTIYJ1bCHOM /6/ TOKe Mar
HHTa: KpllBbie I:_ 5' COOTBeTC TBYIOT rrepexogaM Mal' HilT a, KpHBbJe 
1-5 - OTCYTCTB!lW rrepexo,o;a; 6 - rpaH!lQa AHHaM!l'IeCKOA 
yCTOA'IllBOCTH MarJ!HTa; 7,8 COOTBeTCTByiOT T:3 = 0 C 
11 r.

3 
= 0,25 c npH Q = I ,21 )]JK. 
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Ha p~c. 66 np~ Q = 0, 81 A»< npo~nntOcTp~posaHo noAo6Hoe CMell1e
H~e KP~BbiX ~T(t) AnH TepMoMeTpa TBO /HarpesaTem .. H4/ OTHOC~Tenb
Ho COOTBeTCTBYIOU1e~ rAY /Kp~Bafl 6/ C ~ = 0 /7/, r 3 = 0,5 C /8/ 
~ T:l = 1,2 C /9/. Kp~Bafl 8 1 Ha p~c.66 COOTBeTCTByeT nepexogy 
MarH~Ta B HOpManbHOe COCTOHH~e B MOMeHT t = 0,9 C. B 3TOT MO
MeHT 3aB~c~MOCTb ~T(t) TepMoMeTpa TBO /r.1 = 0,5 c, Q= 1,1 A»</ 
nepeceKaeT rAY. B T a6n~Lle np~BeAeHbl ycnoB~fl ~3MepeH~~ ~ T (t). 
pe3ynbTaT~ KOTop~x noKa3aH~ Ha p~c.5a ~ 6a. 

3aB~C~MOCT~ OT TOKa MarH~Ta rapMOH~4eCK~X K03$$~Ll~eHTOB bo 
~ b 4, ~<aK 11 B03MYU(eHrlbL>< 11 ~MnynbCHbiM HarpeBOM, TaK ~ 11 HeB03MYU1e"H
HbiX11, noKa3aHbl Ha p~C. 7: a - ycnOB~fl Harpt-B<l COOTBeTCTBYIOT Kp~

BO~ 8 Ha p~c.56 ~ T04KaM A /TeMH~e T04K~/ ~ B /TpeyronbH~K~/ Ha 
p~c.4a; 6 - yCnOB~fl Harpesa COOTBeTCTByiOT Kp~BO~ 9 Ha p~c.66 
~ T04Ke C Ha p~c.46. 

Ecn~ 3aAeP»<Ka BKnt04eH~H HarpesaTenH H4 ~ 3Hepr~H ero Tenno
soro ~Mnynbca s~6~pan~cb COOTBeTCTBYtOU1~M~ T04KaM AHa p~c.46, 
TO ecTb H~»<e rpaH~LIW ycT0~4~BOCT~ OTAenbHOro npoBOAH~Ka HT-50, 
TO noseAeH~e rapMOH~4eCK~X K03$$~Ll~eHTOB bn(l) OT BKnt04eH~fl 

HarpesaTenH He 3aB~ceno. 

t\B, 
~ ~(x) B anepType 

3Kcnep~MeHTanbHoro MarH~Ta, ~3MepeHHwe np~ pa6oTatOU1~X ~ B~Knt0-

4eHH~x HarpesaTenHx H1 ~ H4, noKa3aH~ Ha p~c.B ~ 9 cooTBeTCTBeHHO. 

8 

t~- ~--
4' ', 

4~ 
~~-

I 
I 
\ 

a 

4 
J 
t_' 

2_ 

L 

_..\"""...,,--7'_·-~·7. ~) 
;::.;_......_""', // ~ c· 

"/-r~-/7~ 
P~-T"'"=~Q? u 

~~"-.,;..~"'~ccy~~ 

70'" 

Imax=ISOOA 

0 I 

2.4r 
I,B 

; 1,2 

1_ _ ___ L t. c , 

'Lp=3.14c 

I 
0.6~ I/ ~ ! r r\-f\v.d (\-;---__I 
~)L_ -~-----J 
0 500 1000 I. A 

PHc. 6. BpeMel!llbie '3:JRHCHt10CTH .\T TepMoMeTpa TBO npH 

pa6oTe HarpeuaTe:m 114 npH nocTOHHHOM /a/ H HMIJyJ1bCHOH 

/6/ TOKe Mdi'J!UT:J: KpHBb!e 1 '- 5, COOTHeTCTHYIOT nepeXO,Il;aM 

Mai'HHTd 1 1-5 - OTCYTC7UHIO Il~~exoga; 6 - rpaHHQa ,Il;HHaMH

qecKoi'r YC'fOii'liiBOCT!l Mili'I!HT3; ·{pHBbW 7,8 1 9 COOTBeTCT

BYYJT T
1 

= 0;500 H 1200 HC [],Jill Q= 0,81 J\JK; 8'- Q= 
= 1 , 1 0 ~lJK >1 r = ',()() r-.~c / nepe:w,n; ~!Cli'HHTa B HOpMaJibHoe 

'l 
COCTO'·IHJie/. 

Ta6JIHQa 

co liSi 
PeJUIM Hai'QeBa I PelltHM Mai'H:l!:THOrO IIOJIH 

1:j 0 rrepexo.n (+) 
Ill 

~ 

~ ~ Q,.-4~. ij,M ~~· z; 'I((; I,C/C.,A ~,c HaT nape-
A xo.na (-) 

TepMoMeTp AEI, HarpeBaTeJII> HI 
5a I 0,25 - 200 0 - -
5a I' 2,53 - 200 0 - + 

5a 2 1,?4 - 400 0 - -
5a 2' I,96 - 400 0 - + 

5A 3 I,56 - 600 0 - -
5a 3' I,69 - 600 0 - + 

5a 4 I,35 - 800 0 - -
5a 4' 1,44 - 800 0 - + 

5a 5 1,21 - 900 0 - -
5a 5' I,3? - 900 0 - + 

56 6 1,1+2,5 - 1200 800 1,5 -I+ 
56 7 1,21 0 1200 800 1,5 -
56 8 1,21 300 1200 800 I,5 -

TepyoMeTp TBO, HarpeBaTeJll> H4 
6a I 2,02 - !50 0 - -
6a I I 2,12 - !50 0 - + 

6a 2 I,0'7 - 400 0 - -
6a 2' I,IO - 400 0 - + 

6a 3 0,9? 600 0 
6a 3' 1,00 600 0 + 
6a 4 0,?9 800 0 
6a 4' 0,81 800 0 + 
6a 5 0,61 1000 0 
6a 5' 0,62 !000 0 + 
66 6 0,6+2,1 1500 400 3,74 -/+ 
66 ? 0,81 0 1500 400 3,74 
66 8 0,81 500 I500 400 3,74 
66 8 I,IO 500 I500 400 3,74 + 
66 9 0,81 I200 I500 400 3,74 

~B ~B 
Ha p~c.B seJ1~4~Hbl 

__]_ ~ __ x 
~3MePHJ1~Cb np~ cneAYIOU1~X ycnos~-

B B 

HX /T04Ka A Ha p~c.4a/: Imax = 1230 A; r11 T = 2 c; •p = 1 c; 
rn = 11 c; r3 = 0,3 c; Q = 1,49 A)l( /HarpesaTeJlb H1 Bl<nt04eH/; 
Q = 0 /HarpesaTenb s~KJ1~4eH/.Ha p~c.9 Te ~e pacnpeAeneH~H H3-
MepeH~ npH APYr~x ycnoB~HX /T04Ka C Ha p~c.46/: Imax = 1460 A; 
r

11
T = 7,6 c; rp = 3,83 c; rn = 6 c; r 3 = 1,21 c; Q = 0,81 A)l( 

/HarpesaTenb H4 BKnt04eH/; Q = 0 /HarpesaTenb B~Knt04eH/. 
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Pile. 8. Pa).l.uaJibllbie pacnpe).l.e-

neHlifl: a/ ~' (x) 11 6/ ~ 2(x), 

)J..JIH 1 = I U'+'+ A. Ilpl1 BKJ110'-ICIIIIO~I 

I wTpllXOBbre nHHIIH I 11 BbiKJ110'-le H
HOM I cmwwHbJe J1HHHII/ noKanb
HOM HarpeBaTene Ill. 
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-'--
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10 

15 -1,0 IS I\) 0 5 Q Q 5 10 IS l 0 15 -2.15 -2.'0- I,S- ~0 -QI!J 0 015 10 t5 2.0 1.5 

PHc. 9. Pa).l.Ha.J1bHbie pacnpe).l.e!IeHHH: a/ i\BBy (x) li 6/ '\B, -B-(x) 

).l.J1H I = I 308 A npH BKJ110'-leHHOM I mTpHXOBbie nHHHH/ H Bbr
KJ110'leHHOM I cnnomHbre J1liHHH/ npoTHJI(eHHOM HarpeBaTene H4. 

npVI noCTO.RHHOJII BellV14VIHe Q VI yMeHbllieHVIVI r3 , TO eCTb npVI CMe
~eHVIVI B o6nacTb MeHbWeJII nOAKPVITV14HOCTVI, V13MeHeHVI.R HeOAHOPOAHOCTVI 
non.R, B~3BaHH~e VIMnYI1bCH~M HarpeBOM, yMeHbWallVICb VI VIC4e3ai1VI cos
ceM. HanpVIMep, nepeXOA OT YCI10BVIill VI3MepeHVIill, COOTBeTCTBY~VIX 
T04Ke e Ha pv.c.46, K ycnosv..RM, cooTBeTcTBY~~VIM T04KaM D I Q 

0,56 J).>K, r
3 

= 0,5 c; Q = 0,8 J).>K; r 3 = 0,5 c; Q = 1,04 J).>K, 
~B 
--t-(x, I) = 0,25 c/, npVIBOAVII1 K TOMY, 4TO 3aBVICVIMOCTVI 

'l 

"!' (x, I) 

Tene H4. 3TO CB.R3aHo, no-BVIAVIMOMY,C TeM, 4TO npVInera~~VIe K Ha
rpeBaTellm >KVII1~ KOMn03VITHOrO en Ka6en.R, TaK >Ke KaK VI OTAellbH~JII 
en npoBOAHVIK HT-50, B ycnOBVI.RX, COOTBeTCTBY~~VIX T04KaM D, He 

nepeXOAVII1VI B HOpMallbHOe COCTO.RHVIe. 

4. 3KcnepVIMeHTai1bHO Ha6n~Aai10Cb VI3MeHeHVIe HeOAHOPOAHOCTVI 
nV~HeiiiHo HapacTa~~ero non.R B anepType AV~nonbHoro MarHVITa npVI 
o6pa3oBaHVIVI orpaHV14eHHOill HopMallbHOill 30Hbl noA AeillcTBVIeM noKanb
Horo nOAKPVITV14HOrO Harpesa o6MOTKVI BHeWHVIM VIMnYilbCH~M VICT04HVI-

KOM Tenna. 
no OTKilVIKaM TepMOMeTpOB, KOHTaKTVIPY~~VIX C o6MOTKOJII, MO>KHO 

HaAell<HO onpeAeilVITb I}J.Y MarHVITa, Aa>Ke ecnVI TeMnepaTypbl TepMo-

MeTpOB VI 06MOTKVI 3aMeTHO pa3IlVI4a~TC.R. 
B MarHVITaX, none KOTOPbiX ¢opMV1pyeTC.R B OCHOBHOM csepxnposo-

A.R~eJII o6MOTKOill, o6pa3oBaHVIe OH3 Mo>KeT npVIBeCTVI K 6onee 3Ha4VI-

MarHVITHbiX CVICTeM YCKOPVITeil.R, pa6oTa~~VIX B YCI10BVI.RX nOBbiWeHHOJII 

paAVIa~VIOHHOJII Harpy3KVI/JZI 

ABTOP~ npVIHOC.RT 6onbwy~ 6naroAapHOCTb 3a noAAeP>KKY VI o6cy>K
AeHVIe pa6oTbl A.M.5ai1AVIHY, H.H.CeMeHmWKVIHY, C.A.AsepV14esy, 
n.n.3VIHOBbeBY, H.5.HccVIHCKOMY, B.H.HsaHOBY, B.e.An¢eesy, E.J)..Kne
~eHKO, B.5.XsocTosy, a TaK>Ke 5.J)..3eilbAV14Y, A.E.e~peiii~VIKOBy, 
n.H.HV.KVITaesy VI A.A.A6paMOBY 3a noMO~b npVI VI3MepeHVI.RX. ABTOPbl 
B~pa>Ka~T npV13HaTeilbHOCTb n.H.3aJII~eBY 3a VIAe~ nocTaHOBKVI 3KCne-

pV1MeHTa. 
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PyKon~cb nocTyn~na 

10 ~IOHR 
B ~3AaTenbCK~H OTAen 

1983 roAa. 

BacHnea n.r. H AP· P9-83-394 
H3MepeHHR HeOAHOPOAHOCTH nonR B ycnOBHRX HMnynbCHOrO Harpeaa o6MOTKH 
caepxnpoBOAR~ero MarHHTa 

HccneAOBanHCb H3MeHeHHR HeOAHOPOAHOCTH nonR B anepType MarHHTa THna 
11

0KOHHaR paMa 11 npH nOAKPHTH4eCKOM noKanbHOM HMnynbCHOM Harpeae o6MOTKH, 
KOTOPaR nHTaeTCR HMOynbCHWM TOKOM TpeyronbHOH ~OPMW. H3-3a AHHaMH'leCKOrO 
nonepe4Horo rpaAHeHTa TeMnepaTypw H pacnpocTpaHeHHR orpaHH4eHHOH HOPManbHOH 
30HW 8 yCnOBHRX CHHXPOHH3a~HH Tennoaoro H TOKOBOrO HMnynbCOB B6nH3H rpaHH~W 
AHHaMH4eCKOH yCTOH4HBOCTH 803HHKaeT nepepacnpeAeneHHe TOKa Me*Ay npOBOAaMH 
KOM003HTHOrO Ka6enR. 3TO OpHBOAHT K 3aMeTHOMy H3MeHeHHO rapMOHHK nonR b

1 

A8 !.8
1 H CKa3WBaeTCR Ha PaAHanbHOM pacnpeAeneHHH aenH4HH -ifL(ll) H T<ll),noAo6HWH 

3~eKT B03M~eHHR nonR a anepType peKoMeHAyeTCR Y4HTwaaTb npH npoeKTHPOBKe 
CBepxnpOBOAR~HX MarHHTOB YCKOPHTenR, OC06eHHO npH nOBWWeHHOH paAHa~HOHHOH 
Harpy3Ke. 

Pa6oTa awnonHeHa a fla6opaTOPHH swcoKHX 3HeprHH OHRH. 

Vasilev P.G. et al. P9-83-394 
Field Nonhomogeneity Measurements at Pulsed Power Supply to the Winding 
or a )uperconauct•ng Magnet 

Changes of the field inhomogeneity in the aperture of a superconducting 
magnet dipole "window frame" are observed and investigated at subcritical 
local pulse power supply to the winding. A pulse triangular shape fed cur
rent has been used. Because of the dynamic transverse temperature gradient 
a restricted normal zone may occur. ln the vicinity of the boundary of dyna
mical stability at synchronization of the heat and fed current pulses 
a redistribution of the transport current between the wires 
of the composite cable takes place, resulting in an observable pertur
bation of the field harmonics b; and in a such a way of the magnitudes 
18, t.B 1 

- 8-(11) and-8-(li).Similar effect of the field perturbation is recommended 

to be taken into account when superconducting magnets of the accelerator 
are designed and constructed, in particular, at higher radiation losses. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1983 

nepeBOA O.C.BHHOrpaAOBOH. 


