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no cpaBHeHHIO C 11 Ten!lb1M11 MarHHTOM, HMe~HM TaKyiO >Ke anepTypy. 
KpoMe TOro, AIIR MarHHTa C >Ke!le3Hb1M RpMOM H ceepxnpOBOAR~eH 06MoT
KOH no CpaBHeHHIO C 11TenilbiM11 MarHHTOM TpefiyeTCR CHCTeMa 3IleKTpo
nHTaHHR MeHbWeH M~HOCTH H3-3a OTCYTCTBHR B HeM aKTHBHOrO 3IleKT
poconpOTHBileHHR H fionee HH3KOrO HHAYKTHBHOrO conpOTHBileHHR. AJlR 

MarHHTOB H3 Tpy64aToro CBepxnpOBOAR~ero Ka6enR HaAOfiHOCTb B re
IlHeBOM COCYAe KpHOCTaTa OTnaAaeT. 3To OfiCTORTe!lbCTBO cy~eCTBeH
HO ynp~aeT KOHCTPYK~HIO KPHOCTaTa H o6ner4aeT AOCTyn K MarHHT
HOH CHCTeMe YCKOPHTeiiR, yMeHbWaeT KOIIH4eCTBO re!IHR B CHCTeMe H 
noeblwaeT KpHoreHHYIO 6e3onacHOCTb. KpoMe Toro, pe3KO CHH>KaiOTCR 
Tpe6oeaHHR K · KOHCTPYK~HH BaKYYMHOH KaMepbl yCKOpHTeiiR, eCIIH Ha
a26HOCTb B HeH He OTnaAeT H3-3a Ha!IH4HR KpHOreHHOH OTKa4KH. Ta
KHe MarHHTbl HMeiOT BbiCOKYIO MeXaHH4eCKYIO H 3IleKTpH4eCKYIO npo4-
HOCTb. 

AnR OTpafiOTKH TeXHOIIOrHH H3rOTOBileHHR MarHHTOB H3 Tpy64aToro 
ceepxnpOBOAHHKa, O~eHKH 3aTpaT Ha HX npOH3BOACTBO, a TaK>Ke nony-
4eHHR 3KcnepHMeHTa!lbHbiX xapaKTepHCTHK fibiil C03AaH nOIIHOMaCWTafi
HbiH /f = 1,5 M/ AHnOilbHbiH MarHHT H npoBeAeHbl ero HCnbiTaHHR. 

MArHHT 

MarHHT /p~-tc. 1 I cocTOHT H3 ABYX CHMMeTpH4HbJX 4acTeH AIIHHOH 
1,5 M H HMeeT anepTypy 90x42 MM2. Pa3Mepbl >Keile3HOrO RPMa /4/-
1400x256x166 MM3. nonyRpMa H3rOTOBileHbl H3 IIHCTOB TpaHC$OpMaTop
HOH CTaiiH TOII~HHOH 0,5 MM, ceapeHHbiX C ABYMR CTailbHbiMH yronKaMH 
TOII~HHO~ 8 MM H TOp~eBbiMH IlHCTOBbiMH HaKilaAKaMH TOII~HHO~ jQ MM. 
AeyxcnoHHaR ceAnoo6pa3HaR o6MOTKa /8/ COAeP>KHT ABeHaA~aTb BHT
Koe, oHa BblnonHeHa H3 Tpy64aToro ceepxnpoBOAR~ero Ka6enR, KOTo
PbiH H3rOTOBileH nyTeM HaBHBKH 31-ro ceepxnpOBOAR~ero npOBOAa AHa
MeTpOM 0,5 MM Ha MeilbXHOPOBYIO TpyfiKy AHaMeTpOM 5x0,5 MM CnH
pa!lbHO c waroM 47 MM.npoeoA coAeP~HT 1045 NbTi-eonoKoH AHaMeT
poM 10 MKM B MeAHO~ MaTpH~e. BHTKOBaR H30IIR~HR COCTO~T H3 4eTbl
pex cnoee MaHnapoeo~ neHTbl Ton~HHOH 0,02 MM H ABYX cnoee cTeKno
neHTbl TOII~HHOH 0,08 MM, nponHTaHHO~ 3nOKCHAHbiM KOMnayHAOM. B AaH
HOM 3KCnepHMeHTa!lbHOM eapHaHTe MarHHTa npeAYCMOTpeHa B03MO>KHOCTb 
AeMOHTa>Ka OfiMOTKH. no3TOMY nocne ycTaHOBKH nonyofiMOTOK B RpMO OHH 
$HKCHPYIOTCR C nOM~biO fiOIITOB /3/. 4eTblpe CTailbHbiX fiOIITa AHaMeT
pOM 8 MM, YCTaHOB!leHHble 4epe3 Ka>KAble 300 MM no AIIHHe MarHHTa, 
noATRrHBaiOT p6MOTKY K >Ke!le3y. 

KPHOCTAT 

ropH30HTailbHbiH KPHOCTaT /CM.pHC. 1/ npeACTaB!lReT C060H BaKy
YMHbiH KO>KyX /1/ ~HIIHHAPH4eCKOH $OPMbl C pa3Me~eHHbiM BHYTPH Hero 
MeAHbiM 3KPaHo r.Nan~~'~HM a3oToM. MarHHT ycTaHoe-
neH B KPHOCTa ~ ~H OH onope, patQ~Ilo>KeHHOH no 4eHTpy.Onopa /6/ 

SIAepHbiX HccneAOBc:tHlUI \ 3 I BMBHviOTEKA 
··-··------



PHc.2. MarHHT nocne ycTaHoBKH ~ 
B KpHOCTaT. 

PHc.l. KoMnoHoBKa MarHHTa B KpHO
CTaTe: I - BaKYYMHbtii Ko:acyx, 2 -
3MeeBHK AflH oxn~eHHH HpMa, 3 -
6onT, 4 - ~ene3Hoe HpMo, 5 - Te
nnoBOH KOHTaKT, 6 - onopa MarHH-
Ta, 7 - H30nHpOBQqHaH TIPOKnaAKa, 
8 - CBepxnpOBOAH~afl o6MOTKa, 9 -
onopa a30THoro 3KpaHa, 10 - asoT
Hbrn sKpaH. 

~~~X Tpy6 ~ ~MeeT TennOBO~ KOHTaKT /5/ C a30TH~M 3KpaHOM. 
Ha p~c.2 noKa3aH MarH~T nocne ycTaHOBK~ B KP~OcTaT. 

CXEMA YCTAHOBKH H nEPBWE 3KCnEPHMEHTAnbHWE PE3YnbTAT~ 

CxeMa .Kp~ocTaT~poBaH~fl MarH~Ta npeACTasneHa Ha p~c.3. AnR 
ynpo~eH~R Kp~oreHHoro o6ecne4eH~R np~ ~cnbJTaH~flX MarH~Ta C03AaH 
caTenn~THbJ~ pe!l>P~>KepaTop, pa6oTa~~~ no APOccenbHO~ cxeMe 6e3 
AeTaHAepos. OcHOBH~e napaMeTp~ caTenn~THoro pe!l>p~>KepaTopa: 
m<5 r ·c-1; a"'0,15; o6oeM >K~AKoro ren~R B ren~esoM cocyAe 3_00 n; 
r;Apasn~4ecKoe conpoT~sneH~e o6paTHOMY noToKy np~ m = 5 r c-1 
L'lp ::: 0,02 Mna. 

m~AK~~ ren~~ ~3 nepeoxnaA~TenR /10/ caTenn~THoro pe!l>p~mepa
Topa pa3AenReTCR Ha ABe 4aCT~ ~ nOAaeTCR B nonyo6MOTK~ MarH~Ta. 
npoXOAR KaHanbl nonyo6MOTOK, ren~~ ~3 OAHO$a3HOro COCTORH~R ne- ') 
pexOA~T B ABYX$a3HOe. 4aCTb noTOKa C MaCCOBbiM paCXOAOM ID•C no
cneAOBaTenbHO npOXOA~T nonyo6MOTKY /6/, peryn~py~~~~ BeHT~nb /5/, 
3MeeB~K /4/ AnR oxna>KAeH~R >Kene3Horo RPMa /3/ ~ Aanee nocTyna-
eT Ha oxna>KAeH~e TOKOBBOAOB /2/. ApyraR 4aCTb noToKa c MaccoB~M 
paCXOAOM m·(l-c) npOXOA~T nonyo6MOTKy /7/, peryn~py~~~~ BeH-
T~nb /8/ VI nocne TennooTBOAa OT 11 XOnOAHbiX 11 KOHL.IOB TOKOBBOAOB /2/ 
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PHc.3. CxeMa KpHocTaTHPoBaHHH 
MarHHTa: I - Tennoo6MeHHHK; 2 
TOKOBBo~; 3 - ~eneSHOe HpMo; 
4 - 3MeeBHK AflH oxn~eHHH Hp
Ma; 5,8 - perynHpyw~e BeHTHnH; 
6,7- nonyo6MoTKH; 9- renHeBbrn 
COCYA caTennHTHoro pe~p~epaTo
pa; 10 - nepeoxn~Tenb. 

B03Bpa~aeTCR B ren~eB~~ COCYA /9/ 
caTenn~THoro pe$p~>KepaTopa. B 
ren~es~r, cocyA ~3 Ab~apa c >K~A

K~M ren~eM nocTynaeT noTOK c Mac
coB~M paCXOAOM m·(a +c), Heo6-
XOA~M~~ AnR pa6oT~ caTenn~THoro 

pe!l>p~>KepaTopa. Maccosbl~ pacxoA 
m ~3MepReTCR C nOMO~b~ Wa~6 C 
Kan~6poBaHH~M~ OTBepCT~RM~, yc
TaHOBneHH~X Ha nyT~ nOTOKa C>Ka
TOrO ren~R OT KOMnpeccopa K Te
nnoo6MeHH~Ky /1/ pe!l>p~>KepaTopa. 

Maccos~e pacXOA~ m•c VI m•(l+a) 
~3MepR~TCR C nOM~b~ ra30B~X 
c4eT4~KOB. TeMnepaTypa ~3MepR-

,.......,.,.....,lilt I" ,,,...,....nL LJLIV TOn .. •n-

~~~~a; ~;~~~~~s~~~~~ rso/87,-
ycTaHosneHH~x B noToKe ren~R. 

Kp~ocTaT~posaH~e nonyo6MoTOK 
ocy~eCTBnRnocb noTOKOM ABYX$a3-

Horo ren~R co cneAY~~M~ napaMeTpaM~: Maccosoe napocoAep>KaH~e -
0+1; YAenbH~~ Maccos~A pacxoA- 12+260 Kr·M-2·c-l; MaKc~ManbHaR 
TeMnepaTypa - 4,5+5 K. Kp~T~4ecK~~ TOK s MarH~Te np~ TeMnepaTy
pe 4, 5 K - 6 KA. np~ 3TOM MarH~THoe none B 4eHTpe anepTypbl A~
nonR cocTasnRno 2 T. 

rapMOH~4eCK~~ aHan~3 MarH~THOrO nonR npOBOA~nCR C nOMO~b~ 
nnOCK~X ~HAYKL.I~OHH~X KaTyWeK, Bpa~a~~~XCR B anepType MarH~Ta. 
HHTerpanbHaR OTHOC~TenbHaR HeOAHOPOAHOCTb MarH~THOrO nonR B anep-

Type Ha yposHe 2 T cocTas~na liB= 4·1o-4 Ha paA~yce 20 MM. 
Bo 

TennoB~AeneH~R B MarH~Te onpeAenRn~cb no ypasHeH~~ 3HepreT~-
4ecKoro 6anaHca. AnR 3Toro noToK~ no nonyo6MOTKaM peryn~posan~cb 
TaK~M o6pa3oM, 4To6~ s MecTax onpeAeneHVIR 3HTanbnVIVI ren~A 6~n 
8 OAHO$a3HOM COCTORH~~ />K~AKOM ~nVI ra3oo6pa3HOM/. CTaT~4eCK~A 
Tennonp~TOK K MarHVITy, BKn~4aR TennonpVITOK no onope, COCTaB~n 
3, 3 BT. TennonpVITOK K Ka>!<AOMY Vl3 perynVIpy~U1VIX BeHTVIne~ - 0, 8 BT. 

MarHVIT B036Y>KAanCR Henpep~BH~M~ VIMnynbCaMVI TOKa, VIMeBWVIMVI 
$OPMY pasHo6eApeHH~x TpeyronbHVIKOB. AVIHaMVI4ecK~e TennoB~AeneHVIR 
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B MarH~Te np~ CKOPOCT~ ~3MeHeH~R nonR B = 5 T c-1 COCTaB~n~ 
- 30 8T. 0Kono nonoB~H~ A~HaM~4eCK~x TennoB~AeneH~H np~XOA~nocb 
Ha ~ene3o. Op~ 3TOM AnR ycKop~TenR, pa6oTa~~ero co cKopocTb~ ~3-
MeHeH~R nonR 4 T c-1 ~ 4aCTOTOH noBTopeH~R ~~KnoB ycKopeH~R 
0,2 r~, CYMMapH~H Tennonp~TOK . K ren~~ COCTaB~T- 5 8T Ha 1 M 
An~H~ MarH~THOH AOPO~K~. HaMe4eH~ nyT~ cH~~eH~R A~HaM~4eCK~x Te
nnoB~AeneH~H, B nepBy~ 04epeAb 3a C4eT cH~~eH~R TennoB~AeneH~H 
B ~ene3HOM RpMe. 3TO n03BOn~T np~ TOM ~e CYMMapHOM Tennonp~TOKe 
K ren~~ noB~C~Tb 4aCTOTY nOBTopeH~R ~~KnOB YCKopeH~R. 

OoTep~ AaBneH~R B nonyo6MoTKe MarH~Ta, ~3MepeHH~e np~ YAenb
HOM MaCCOBOM paCXOAe 38 Kr M-2.c-1,cpeAHeM AaBneH~~ B KaHane 
0,16 Mna ~ ~3MeHeH~~ napocoAep~aH~R ren~eBOH cMec~ np~ ~MnynbCHOM 

pe~~Me pafioT~ OT 0 Ha BXOAe AO 1 Ha B~XOAe, COCTaB~n~ 6 K0a. 
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