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BBE,IJ:EHME 

Pa6oTa BbIIlOJIHeHa B COOTBeTCTBHH C nporpaMMOH C03,n;amm HYKJIOTpo
Ha 11 1 

- caepxnpoao,rr;muero ycKopurnm1 pemITHBHCTCKHX a,n;ep, coopy)ICae
Moro B Jia6opaTopuu BbICOKHx :mepruii OMHM. 

QeJiblO ·. pa60Tbl .fIBJIHJIOCb nony'leHUe 3KCnepuMeHTaJibHblX ,ll;aHHbIX, 
Heo6xo,n;uMbIX ,n;na pac1JeTHoro aHaJIH3a u nocne,n;yRI.Qero Bh16opa pe)ICUMa 
OXJla)IC,D;eHHH H OTOrpeBa MarHHTHOH CHCTeMbI 12 I ycKopUTeJIH. Macca ,n;u
IlOJibHOro MarHHTa ~ 500 Kr; ,D;JIHHa Tpy61JaToro Ka6ena o6MOTKH ~ 65 M; 
,n;uaMeTp ero KaHana ,n;na npoKa'IKH renua - 4 MM. KoHcTpyK.QHH npoTo
THnHoro Marmna HYKJIOTpoHa onucaHa B 13 1• 

CXEMA 3KCilEPMMEHTAJihH00 YCTAHOBKM 

Oxna)IC,ll;eHue MarHHTOB OT KOMHaTHOH ,rr;o renueaoii TeMnepazyphI ocy
I.QecmmieTcH c noMOI.QbIO caTennurnoro renueaoro pecppu)ICepaTopa 1~ ' 5 1 

,n;pocceJibHoro Tuna. IlpOBO,ll;HJIHCb uccne,n;oBaHHH O,ll;HHO'IHbIX MarHHTOB, 
ueno'IKH H3 ,n;ayx H 'leTbipex ,ll;HilOJlbHhIX MarHHTOB HYKJIOTpOHa. CxeMa 

. 3KcnepuMeHTaJibHOH ycTaHOBKH, npuae,n;eHHaH Ha puc.1, BKJIIO'laeT COOT
BeTCTBeHHO o,n;uH, ,n;aa unu 1JeTL1pe MarHHTa. renHH ,n;na oxn~eHHa MarHH
Toa HanpaanaeTcH H3 pe<ppu)ICeparnpa B KpuocTaT 1, npoxo.n;HT Tennoo6MeH
HHK 2 u noczynaeT a IlHTalOI.QHH KOJIJieKTop 3, K KOTopoMy napanneJibHO 
no,n;KJI roieHbl MarHHTbl. B Ka)IC,ll;OM MarHHTe reJIHH H3 IlHTaIOI.Qero KOJIJieK
Topa nocne,n;oaaTeJibHO npoxo.n;HT o6MoTey 4, Tennoo6MeHHHK · Konneicro
pa 5, Tpy6Ky 6 ,ll;JIH OXJI~eHHH HpMa u c6pachmaeTC.fI a OTBO,n;HI.QHH KOJI
JieKTOp 7. IloTOK renua nocne OTBO,n;HI.Qero KOJIJieKTopa BhIBO,ll;HTC.fI H3 
KpHOCTaTa, OTOrpeaaeTC.fI " noCTynaeT Ha H3MepeHue B ra30Bblli C'leT'IHK 9. 
MaKcnMaJibHaH onm6Ka B onpe,n;eneHHH Maccoaoro ~cxo,n;a He npeab1waeT 
± 3%. TeMnepazypa IlOTOKa reJIUH B TO'IKax~ ~ li3MepaeTCH C IlOM0-
1.QblO TepMoMeTpOB conpoTHBJieHHH TB0 16 • BeHTHJib Bl cJiy)ICUT ,n;na 
perynupOBaHHH IlOTOKa renHH, no,n;aaaeMoro Ha OXJI~eHUe TOKOBBO
,ll;OB 10. Tennoo6MeHHHK 2 npe,n;Ha3Ha'leH ,n;na nony'leHHH, a Tennoo6MeHHH
KH 5 - ,ll;JIH no,rr;,n;ep)ICaHlm a IlHTaIOI.QeM KOJIJieKTope renHH a COCTOHHHH, He 
,n;orpeTOM ,n;o KHneHHH, 'ITO Heo6xo,n;HMO AJIH 06ecne1JeHHH paBHOMepHoro 
pacnpe,n;eneHH.fI DOTO Ka no MarHHTaM B pa601JUX ycJIOBHHX. B KOH.Qe· npouec
ca OXJia)IC,ll;eHUH qepe3 BeHTHJlb B2 IlOTOK renua H3 OTBO,n;HI.Qero KOJIJieKTopa 
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Puc.I. CxeMa 3KCnepUMeHT(JJlbHOU ycTaH08KU. 1 - eaKyyMHblU KOJICYX KpUOCTaT{J; 

2 - Tewwo6MeHHUK; 3 - KOJl/leKTOP nuTOIOUJUU; 4 - 06MOTKa; 5 - TeM006MeHHUK 

KO/llleKTOpa; 6 - Tpy6Ka 0/IR OX/lfJJICOemm RpMa MOZHUTa; 7 - K0/1/leK~OTBOORUJUU; 

8 - 3KpaH 030THblU; 9 - ClJeT'IUK Z0308blU; 10 - TOK08800bl. 0- ®- MecTa yc

T{Jll08KU OOT'IUK08 TeMneparypbl. 

MO)KeT 6bITL HanpaaneH B peq:>pH)KepaTop. MarHHThl OKpy)KeHbl TeIIJIOBhIM 
3KpaHOM 8, OXJIIDK,D;aeMhIM )KffnKHM a30TOM. K H30JIHUHOHHOMY BaKyyM-' 
HOMY o6'beMy KO~xa 1 nonKmo11eH nucpcpy3HOHHhIH BaKyyMHhIH arperaT. 

PE3YJihTATbl HCCJIE,[{OBAHIDI 

Pe3yJILTaThI sKcnepuMeHTaJILHoro uccnenoBaHHH npouecca oxnIDK,D;eHnH 
onHHO'IHhlX nunom,HhIX MarHHTOB nyKJioTpOHa npnBeneHhl Ha puc.2. 

CaTeJIJIHTHhrn renneBhIH pecppu)KepaTop OXJIIDK,D;aJICH no TeMnepaTyphI 
~ 90 K c noMOIULIO noTOKa C)KaToro renHH, OXJIIDK,D;eHHOro B BaHHe c )Kffn
KHM a3oToM. IlocnenyIOIUee OXJIIDK,D;eHne pecppu)KepaTopa ocymecrBJIHJIOCL 
)KffnKHM renueM. OxnIDK,D;eHHe MarIWTOB ( CM. puc.2a u 2B) npoBonHJioCL 
COBMeCTHO C OXJIIDK,!l;eHHeM peq>pff)KepaTopa. OxnIDK,D;eHne MarHHTa B 3Kcne-
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pnMeHTe (CM. puc.26) Ha'IHHaJIOCL nocne nocTH)KeHHH B TO'IKe Q)peq>pH)Ke
paTopa a30THOH TeMnepaTyphI, a e sKcnepnMeHTe ( CM. puc.2r) - nocne no
CTH)KeHHH B TOtIKeG)renueeou TeMnepaTyphI. 

B uccnenoeauuHx (puc.2a u puc.2..§.l nnTaIOIUH. u KonneKTop c ero TeIIJio
o6MeHHHKOM OTCYTCTBOBaJI u TO'IKH ~ u ®· a TaK)Ke © u © coenana
JIH (CM. puc.1). HoMepa KpHBhIX Ha ecex pucyHKax COOTBeTCTBYIOT HOMe
paM TO'leK Ha pHC.1. BeJIH'IHHhl ID, npueeneHHbie ~a pHCyHKaX, COOTBeTCTBY·. 
roT cpenHeMy 3ua11eHn10 Maccoeoro pacxona rennH, npoxonHmero 11epe3 
MarHHThl, a V - KOJIH'leCTBY )KffnKoro reJIHH, 3aTpa11eHHOMY Ha OXJIIDK,D;e
HHe MarHHTOB. 

IInomanL Me)K,!J;y KpHBhIMH 6 u 3 (CM. puc.2) nponopUHOHaJILHa Tenno
eMKOCTU MarHHTa u npHTOKy (OTTOKY) Tenna K HeMy; OTHOCHTeJILHO 6oJIL
IllaH (no cpaaHeHHIO c TennoeMKOCTLIO o6MOTKH) IIJIOIUanL Me)K,!J;y KpHBbl
MH 3 H 4 yKa3hIBaeT Ha HaJIHtIHe TeIIJioo6MeHa Me)K,!J;y HpMOM H o6MOTKOH 
MarHHTa. IlnomanL !VJ:e)K,!J;y KpHBhIMH 2 u 3, a TaK)Ke 4 u 5 (CM. puc.2B) 
nponopUHOHaJILHa KOJIH'leCTBY Tenna, nepenaHHOMY e TeIIJioo6MeHHHKe 
nnTaromero KOJIJieKTOpa. Ilnoma,o;L, Me)K,!J;y KpHBhIMH 1 u 2 nponopunoHaJIL
Ha TennoeMKOCTH TeIIJioo6MeHHHKa 2 (CM. puc.l) u npHTOKY TeIIJia K CH
q:>OHY H Tem1006MeHHHKy. Ha ~c.26 nyHKTHpHOH JIHHHeu noKa3aHO H3Me
HeHHe TeMnepaTyphI B TO'IKe ® B OTCYTCTBHe IlOTOKa reJIHH 11epe3 MarHHT. 
MarHHT 3a 6 11acoe oxnanHJICH 3a ClleT TeIIJioo6MeHa C a30THhIM 3KpaHOM 
Ha 13 K. TeMnepaTypa 3Kpaua H3MeHHJiac1, OT 290 K e Ha11anLHhIH M0MeHT 
BpeMeHH no ~ 100 K B MOMeHT nona11u nOTOKa reJIHH. Ilpu 3TOM BaKyyM 
B H30JIHUHOHH0M o6'beMe KpnocTaTa 6hm Ha ypoBHe 3 Ila. 

Pe3yJILTaTbl uccnenoBaHHH npouecca OXJia)K,!J;eHHH napbl MarHHTOB npuee
neHhl Ha puc.3. Bonee HH3KHH TeMn oxna)K,!J;eHHH BToporo no xony rennH 
MarHHTa o6'bHCHHeTCH BJIHHHHeM TeIIJioo6MeHHHKa nnTaromero KOJIJieKTopa. 

'HepaaeHCTBO IIJIOIUaneu Me)K,!J;y KpHBhlMH 7 H 3, 8' H 9 Bhl3BaHO, Ha Harn 
B3rJIHn, HaJIH'IHeM TeIIJionpHTOKa K nHTaromeMy KOJIJieKTopy OT HpMa Mar
HHTa. 3To npennono~eHHe nonTBep)K,!J;aeTCH CHJILHblM BJIHHHHeM BeJIH'IHHhl 
BaKyyMa B H30JIHUHH Ha xon KpHBhlX '(cM. puc.3). B MOMeHT BpeMeHH 
T ~ 9 q K H30JIHUHOHHOMY o6'beMy 6bm nonKJirotieH BaKyyMHhIH Hacoc 
H BaKyyM B Ko~xe 6bIJI H3MeHeH C ~4,7 no ~1,4 Ila. 

Ha puc.4 npueeneHbl pe3yJibTaThl 3KCnepnMeHTaJibHOro uccnenoeaHHH 
npouecca OXJIIDK,D;eHHH uenO'IKH H3 tieThipex nunoJILHhIX MarHHTOB. runpaa
JIH'leCKHe 'conpOTHBJieHHH MarHHTOB npu KOMHaTHOH TeMnepaType OTJIH
llaJIHCL Ha BeJIH'IHHY He 6onee 3%. B MOMeHT epeMeHH r = 39 11 ( CM. puc.4a) 
ff' T = 41 q (cM. puc.46) nonaaanocL nHTaHHe Ha 3JieKTpOHarpeeaTeJIH*' 
BCTpOeHHhie B o6MOTKY nepBblX Tpex MarHHTOB. 3To no3BOJIHJIO He no-

* llpeo110J1Ce110 C08MeCTHO C A.A.CMUpH08blM. 
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◄ Puc. 2. 3aBUCUMOCTb TeMneparypbl 

8 TO'IKax 0 - © OT BPf!f"eHU 

0/IR OOUHO'IH020 Ma2HUTa: m -

MaCCOBblfi pacxoo 2ellW!, npoXOOR-

U4e20 'lepe3 Ma2HUT,' V - KO/IU-

1/eCTBO J/CUOK020 2ellW!, nT{Ja'leH-

Hoe Ha ox11aJ1CoeH ue Ma2HUTa,' 

~p - MaKCUMMbHOe 3Ha'leHUe max 
2 

noTepb oaB/leHW! 8 Ma2HUTe, H/M . 
a,6 - nuTalOU4UU K0/1/leKTOp OTCyT-
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Puc.3. 3aBUCUMOCTb. TeMneparypbl 8 TOI/Kax 0 - ® OT BpeMeHu 0/IR 1,/enO'IKU U3 

osyx Ma2HUT08: ~m - cyMMapHblU MaCCOBblU pacxoo 2ellW!, npOXOORU4e20 'lepe3 OBa 

Ma2HUTa; V - KO/IU'leCTBO J/CUOK020 2ellW!, 3aT{Ja~eHHOe Ha OX/laJICOeHue osyx Ma2HUT08,' 

~p max - MaKCUMMbHOe 3Ha'leHue norepb oas11emm s Ma2HUTax, HJ M2
• 
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B 

Puc.4. 3aeucUMOCTb TeMneparypbl e Pa3llU'lHblX TO'lKQX OT epeMenu O.Ml qenO'lKU U3 
'lenipex MQZHUT08. ~m - cyMMapHblU MCCC08blU pacxoo ZetlWI, npOXOOJIUleW 'lepe3 
'lenipe MQZHUTO; V - KO/lU'leCT80 JICUOKOZO ZeJIWI, 3QT{JQ'leHHOe HQ OX/llVICOenue 'leTbl
pex Maznuroe; M max - MaKCUMO/lbHoe 3na11enue noTepb oa8/lenwi e MaznuTax, H/ M2

• 
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Puc.5. I'pa<ftuK oro2pee~ 
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nycnITh )KH,D;I(yIO cpa3y Ha BXO,!l; B YKa3aHHbie MarHHTbl H TeM caMblM ycKO· 

pHTh npou;ecc oxna,K,D;eHHH nocne.ri;Hero no xo,ri;y renHH MarHHTa. Moiu;HOCTh, 

BBe,ri;eHHaH a Ka,K,D;bIH ::ineKTpoHarpeBaTenb, He npeBbIUiana 40 BT. 
Pe3ynhTaTbI Hccne.ri;oBaHHH npou;ecca oTorpeaa O.D;HHOlllloro MarHHTa 

npHBe.ri;eHbI Ha pttc.5. ,[{nH ycKopeHHH oTorpeaa* qepe3 o6MOTKY nponycKan
CH IlOCTOHHHbIH ::ineKTpHqec1mif TOK 35 + 50 A. IlpH 3TOM MaKCHManbHOe 
3HaqeHHe p;,KoyneBa TennOBbI,D;eneHHH B MarHHTe COCTaBHno 750 BT. 

3KcnepHMeHTanhHbie 3HaqeHHH IlOTepb ,D;aaneHHH B MarHHTe B HHTep
Bane TeMnepaTyp 300-20 K c TOqHQCTblO ± 2% OilHCbIBaIOTCH 3aBHCHMOCTblO 

~p = -P + _ lp2 + 6 12.101 4 ·ml ,7 s • Tl ,I 6 H/M2 
o V o , cp • 

r,D;e Po - a6conIOTHOe ,D;aBneHHe B OTBO,!l;HIIl;eM KonneKTOpe, H/M2
; ID -

MaccoBbIH pacxo,D; renHH qepe3 MarHHT, Kr/c; Tep - cpe,D;Hee 3HaqeHHe 

TeMnepaTypbl renHH a o6MOTKe, K. 
MaKCHManbHbie 3HaqeHHH noTepb ,D;aBneHHH B MarHHTaX, H3MepeHHbie 

B Ka,K,D;OM 3KcnepHMeHTe, npHBe,D;eHbl Ha pHc.2-5. 
ABTopbI 6naro,D;apHbI A.M.,[{oHHrHHY, 11.A.Enttceeaoif, H.o.qepHeif, 

IO.C.qypKHHY, a TaK)Ke coTpy,ri;HHKaM rpynn B.B.Kpbmoaa H H.11.BanaH

.D;HKOBa 3a IlOMOIUb B IlO,D;rOTOBKe H npoBe,D;eHHH 3KcnepliMeHTOB. 

* llpea/lOJ/CeHO A.A. CMUPH08b!M. 
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PyKOilHCb nocTynHna B H3,ll;aTenhCKHH OT.n;en 

29 MapTa 1989 ro.n;a. 


