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XoaHr Kao 3yHr, XoaaHeU <I>., HHwaK Jl. 10- 12316 

CucTeMa Ha nHHHH c 38M TPA-70 a crannapre KA.MAK 

anH H3MepeHHH llHH8MHqeCKHX llOTCpb B CBepxnpOBO!lHillHX 

M8I'HHT8X H Ka6enHX 

OnHCJ,JBaercH CHCTeMa anH H3MepeHHH norepb 3HeprHH a HMnynbCHbiX 

CBepxnpOBOilHillHX M8I'IIHT8X H KOpOTKHX 06pa3U8X CBCpXllpOBO!lHillHX Kafieneli. 

norepH 311CprHH n KOpOTKHX o6pa3U8X H3MCpHIOTCH no KanopHMCTpHqeCKOMY 

MCTO!ly, a norepH 3HeprHH n M8I'IIHTC - C llOMOillbiO Jllf<OynbMerpa C llBOHHOH 

HHrerpauHeli. 

CurreMa pa6oraer na nHHitu c 3BM TPA-70. UH~JpoaaH 3neKrpoHnaH 

annaparypa, o6ecnequaaJOUJaH H3MepeHHH napaMeTpOB MaPHHTHoro UHKna, 

BJ,monHena a craH!lapre KAMAK H caSJ3aHa c 3BM TPA -70 qepea cneuHanH-

3HpOB811HJ,, H KOHTponnep KpCiiTa. 

Pa6ora BhinOnHena a Jla6oparopHH BbiCOKHX 3HeprHli 011HI1. 

npenpHRT 061.eli11HeHHOI'O HHCTHTYT8 IIJlepHbiX HCcneliOB8HHA • .Qy6H8 1979 

BBE,4EHHE 

llpH pa3pa60TKe H peanHJaUHH npoeKTOB CBepxnpOBO.Il.IIIUHX 

CHHXpOTpOHOB He06XO,IlHMO npOBO,IlHTb HCn~TaHHJI 6onbWOrO KOnH

qeCTBa KOpOTKHX o6pa3UOB CBepxnpOBO.Il.llillHX Ka6enea H HMnynbc

H~X CBepxnpOBO.Il.llillHX MarHHTOB. 0.IlHHM H3 OCHOBH~X napaMeTpOB, 

onpe.nenJIIOillHX xaqecTBO MarHHTa, JIBn.lleTCJI BenHqHHa ,IlHHaMHqec

KHX TennoB~,IleneHHH npH ero UHKnHqeCKOH pa6oTe. )l;o H3rOTOBne

HHJI MarHHTa 3TY BenHqHHY MO)I(HO OUeHHTb no pe3yJ1bTaTaM H3Me

peHHJI noTepb 3HeprHH B xopoTKHx o6paJuax xa6en.11. Hcn~TaHHe 

MarHHTOB n03BOn.lleT B~JIBHTb .neliJeKT~, B03HHKWHe B npouecce HX 

H3rOTOBneHHJI, H onpe.nenHTb CYMMapl.J~e noTepH 3HeprHH. 

B HaCTOBweH pa6oTe npHBO,IlHTCB onHCaHHe CHCTeM~, KOTOpa.ll 

o6ecnequaaeT HJMepeHH.II noTepL 3HeprHH H pa6oTaeT Ha nHHHH 

C 3BMTPA-70. ,ll;n.11 H3MepeHHH noTepb 3HeprHH B KOPOTKHX o6pa3-

uax HCnOnL3yeTCB KanopHMeTpHqecKHH MeTO,Il: o6pa3eU 6e3 TOKa 

HaXO,IlHTCJI B KanopHMeTpe, noMeweHHOM BO BHeWHee nynLCHPYIOwee 

MarHHTHOe none. lloTepH 3HeprHH onpe.nen.IIIOTCJI no KOnHqeCTBY 
I 1/ 

ucnapuawerocx H3 KanopHMeTpa raJa renu.11' · lloTepH 3HeprHH 

B MarHHTe H3Mep.1110TCJI C nOMOillbiO ,Il)I(OynLMeTpa C .IlBOHHOH 

HHTerpauuea. HanpJI)I(eHHe, CHHMaeMoe c a~xo.na ,Il)I(OynLMeTpa, 

nponopuHoHanLHO noTepJIM 3HeprHH B MarHHTe. 

OIIHCAHHE CHCTEMbl 

linox-cxeMa CHCTeM~ npe.ncTaaneHa Ha puc. I. llpH H3MepeHHH 

KOpOTKHX o6pa3UOB Ka6enx /CM. puc. fa/ HCTOqHHK TOKa 2, 
'2' ynpaBn.lleMhlH nporpaMMaTOpOM f , 3anHThlBaeT CBepxnpoBO.IlJIIUHH 

,IlHnOnb 3, KOTOp~H C03,IlaeT HenpephlBHO nynLCHPYJOwee none. 
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a) Puc.l. EiAoK- cxeMa cucmeM&I. 

TPA-70 

a) 
. -

8-CEQ.P,--3~ I I -' ' [!J 
~ 

L._.__ 

T PA-70 

BHyTpH .D.HllOJI.Il noMei.QeH KanopHMeTp e o6paJUOM . .Henap.lliOI.QHHe.ll 

HJ KanopHMeTpa raJ noeTynaeT B raJroJib.D.ep Sa, H ero o6"beM 

perHeTpHpyeTe.ll 6JIOKOM 6. JTOT 6JIOK BblllOJIHeH Ha «iJOTO,!l.HO,!l.aX 

H Bblpa6aTblBaeT eHrHaJibl CTAPT H CTOTI npH npoxo)l(,ll;eHHH 

KOJioKona raJroJib.D.epa qepeJ MeTKH, onpe.D.eJI.IliOI.QHe o6"beM B O.D.HH 

JIHTp. TeMnepaTypa BXO.D.HI.Qero B raJroJib.D.ep raJa HJMepHeTe.ll 

,!l.HO,!l.HblM ,!l.a T'IHKOM 7. Hanp.ll)f(eHHe, eHHMaeMOe e 3TOrO ,!l.a T'IHKa, 

nponopUBOHaJibHO JHa'!eHHIO TeMnepaTypbl H llO,!l.aeTe.ll Ha BXO.D. 

uu«lJposoro BOJibTMeTpa 8, r.D.e npeo6paJyeTe.ll B UH«iJposoii KO.D.. 

Ko3«P«iJBuBeHT npeo6paJosaHH.Il paseH 10 MB/zpao. 

llpH HellblTaHHB MarHHTOB /eM. puc. 16/ HeTO'IHBK TOKa 2 

JallBTblBaeT HJMep.lleMblH MarHHT 3. lloTepB 3HeprHB B MarHHTe 

perBeTpHpyiOTeH ,!l.)f(OYJibMeTpoM 56. Hanp.ll)f(eHHe e BblXO.D.a,!l.)f(oynb

MeTpa e Ko3«P«iJBuHeHTOM npeo6paJosaHH.Il 10 MB/J(x no.D.aeTe.ll 

Ha BXO.D. UH«iJpoBOrO BOJlbTMeTpa 8. 

4 

B o6oux eny'la.llx HJMepeHHe npoHJBO.D.HTe.ll e noMOI.QbiOUH«iJpoooii 
u I 4/ u 

3JieKTpOHHOH annapaTypbl • KOTOpa.ll paJMei.QaeTe.ll B O,!l.HOM KpeHTe 

KAMAK H eo.11JaHa e 3BM TPA-70 qepeJ eneuHaJIHJHpooaHHbiii 

KoHTponnep KpeiiTa KK
51 

Mo.D.yJib KAMAK 4 npe.D.HaJHa'!eH .D.JI.Il 

«lJopMHpooaHH.Il eHrHaJIOB HAqAJIO, CEPE)l..HHA HKOHEU.HMnynbea 

TOKa /eM. puc. 2aj H JallOMHHaHH.Il eOOTBeTeTBYIOI.QHX eoeTO.IlHHH, 

KOTOpble onpe.D.eJI.IliOT MOMeHTbl HJMepeHHii. C'leT'IHKH Cl H C2 

HellOJibJYIOTeH ,!l.JIH npeo6paJoBaHH.Il HHTepoaJIOB BpeMeHH B UH«iJpoBOH 

KOt-EU 

ell 

CTAPT 

cron 

--f\-1\-... -f\-1\-... -f\-f\-
~-·- •-'- It-
1 .1 1 I T 1l ..... : Jll ~ a ~. . . I ~ 
I I 
I I 

lJ : 
: ~ 
I ~ I 

Puc.2. BpeMeHHaR 

ouazpaMMa pa6om&l 

CUC171€Mbl. 

KO.D. enoeo6oM nepee'leTa HMllYJibeoo onopHoii qaeTOTbi, noeTynaiO

I.QHX HJ reHepaTopa TaKTOBbiX HMllYJibeOB rT.H. C'leT'IHK C2 Henonb

JyeTeH ,!l.Jl.ll HJMepeHHH BpeMeHH JallOJIHeHHH raJrOJib,!l.epa O,!l.HHM 

JIHTpoM raJa reJIHH, a Cl - .D.JIH HJMepeHH.Il speMeHH HapaeTaHH.Il, 

BpeMeHH ena,!l.a TOKa B MarHHTe H ,!l.JIHTeJibHOeTH nayJbl Me)f(,!l.y 

HMnynbeaMH TOKa. AHanoro- uu«lJpoooii npeo6paJoBa TeJib AU.TI 
6 

onpe,!l.eJI.IleT MaKeHMaJibHOe Hanp.ll)f(eHHe Ha IIlYHTe B TOKOBOH uenH 

MarHHTa. llapanneJibHbiH BXO.D.HOH perueTp TIB P HenoJihJyeTe.ll 

o Ka'leeToe HHTep«lJeiiea Me)f(.D.Y MarueTpanbiO KAMAK H uu«lJpoBbiM 

BOJlbTMeTpOM. 
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O.n;HHM HJ napaMeTpoB, nonyqaeMbiX noene o6pa6oTKH peJyJib· 

TaTOB HJMepeHH.II Ha 3BM, .IIBJI.IICTe.H BCJIH'IHHa llOTCpb 3HeprHH 

B O,IIHOM IJ;HKJIC HJMepeHH.II npH Ja,n;aHHblX JHa'leHH.IIX aMITJIHTY.IIbl 

MarHHTHOrO llOJI.II H eKOpOeTH ero HJMCHCHH.II. BOJMO)KHOC llO,IIKJllO· 

'ICHHC rpariJonoeTpOHTCJI.II K eHeTeMe ITOJBOJIHT llOJiy'laTb peJyJibTa· 

Tbl B BH,IIe JaBHeHMOeTH llOTCpb 3HeprHH OT aMITJIHTY.IIbl H eKOpOeTH 

HJMCHCHH.II MarHHTHOrO ITOJI.II H Bbl,IICJl.IITb HJ 06IIJ;HX llOTCpb rHeTe • 

pe JHeHbiC ITOTepH B eBepxnpOBO,IIHHKe. 

PAEOTA CHCTEMbl 

BpeMCHHa.H ,IIHarpaMMa pa60Tbl eHeTCMbl npe.n;eTaBJICHa Ha 

puc. 2. napaMeTpbl MarHHTHOro ITOJI.II H llOTCpH 3HeprHH B MarHHTe 

Onpe,n;en.HIOTe.H B TC'ICHHC O,IIHOrO IJ;HKna HJMepeHHH, KOTOpbiH Ha'IH· 

HaeTe.H B MOMCHT BOJHHKHOBCHH.II HMITYJibea TOKa B MarHHTe H Ja· 

KaH'IHBaeTe.ll B MOMCHT ITO.IIBJICHHH ene,n;yiOIIJ;ero HMITynbea TOKa 

/eM. puc. 2aj. npH HJMCpCHHH KOpOTKHX 06paJIJ;OB, Kor,n;a MarHHT 

pa6oTaeT B HCITpepbiBHOM pC>KHMC, IJ;HKJlbl HJMCpCHHH llOBTOp.IIIOTe.H 

.n;o Tex nop, noKa o6beM raJa B raJronb.n;epe He .n;oeTHrHeT o.n;Horo 

nHTpa /eM. puc. 26/. 

nepe,n; Ha'laJIOM HJMepeHHH 6JIOKH llpHBO,II.IITe.H B eoeTO.IIHHC 

rOTOllHOeTH. npH ITOHBJICHHH TOKa B MarHHTe Bbipa6aTbiBaeTe.H 

eHrHaJI HAqAJIQ, JanyeKaiOIIJ;HH e'ICT'IHK ,IIJIH HJMCpCHH.II HHTCpBa

JIOB BpCMCHH. Kor,n;a TOK B MarHHTC ,D;OeTHraeT MaKeHMaJibHOrO 

JHa'leHH.H, no.HBJI.HeTe.H eHrHan CEPE)J,l1HA, no KOTopoMy JanyeKa

eTe.H AU.n, onpe.n;en.HIOIIJ;HH JHa'leHHe MaKeHManbHoro Hanp.H>KCHH.II 

U 111 Ha lllYHTC B TOKOBOH IJ;CITH MarHHTa. B 3TOT MOMCHT BpCMCHH 

JHa'leH!e C'ICT'IHKa onpe,n;eJI.IICT BpCMH HapaeTaHH.II TOKa t1 

B MarHHTC. no KOHIJ;y HMllYJibea TOKa B MarHHTC Bbipa6aTb1BaeTe.H 

eHrnan KOHEU.. OH JanyeKaeT u;n$poBoif BOJibTMeTp .n;n.11 HJMepe

HH.II Hanp.H)KCHH.H U, KoTopoe npe,n;eTaBn.HeT eo6oif aHanoroBoe JHa

'ICHHe TCMnepaTypbi raJa llpH HellbiTaHHH KOpOTKHX o6paJIJ;OB, HJIH 

llOTepb 3HeprHH npH HellblTaHHH MarHHTa. no eHrHany KOHEU. 

OllpC,IICJI.IICTe.H BpCM.II ena,n;a TOKa t 2 B MarHHTe. npH llO.IIBJICHHH 

ene.n;yiOmero eHrHana HA qAJIO HJMep.HeTe.H .n;nHTenbHOeTb nayJbi 

t 3 MC)K,IIy HMITyJibeaMH TOKa B MarHHTe. no OKOH'IaHHH IJ;HKJia 

HJMepeHHH 3BM llpOBO,IIHT o6pa6oTKY llOJIY'ICHHbiX .n;aHHblX H neqa

TaeT peJyJibTaTbl Ha TeneTaifne. 

6 

:~ 

') 
·) 

noene 3TOrO eHeTeMa npHBO,IIHTe.ll B eoeTO.IIHHe rOTOBHOeTH 

H O)KH,n;aeT npHxo.n;a eHrHana HA qAJIO .n;nH nyeKa oqepe.n;Horo 

IJ;HKna HJMepeHHH. 

npH HellbiTaHHH KOpOTKHX o6paJIJ;OB eHeTeMa O,IIHOBpCMCHHO 

o6eene'IHBaeT HJMepeHHe llpOMC)KYTKa BpCMCHH r, Ja KOTOpbiH o6bCM 

HenapHIOIIJ;eroe.H HJ KanopHMeTpa raJa B raJronb,n;epe .n;oeTHraeT 

o.n;Horo nHTpa /eM. puc. 26/. CHrHan CTAPT paJpelllaeT, a eHrHan 

CTOn JanpemaeT noeTynneHHe onopHbiX HMnynbeOB HJ rTH 
B e'leT'IHK C2Jlo eHrHany CTOn eHeTeMa JaKaH'IHBaeT TeKyiiJ;HH 

IJ;HKn HJMepeHHH. Co.n;ep)KaHHe C2 onpe.n;enHeT BpeMH r . 

3BM o6pa6aTbiBaeT nony'leHHbie .n;aHHbie H ne'laTaeT Ha TeneTaif

ne ene.n;yiOIIJ;He napaMeTpbi: 

a/ llpH HellbiTaHHH KOpOTKHX o6paJIJ;OB 

c;t1+t2 

t p ~ t 3 

ulll 
Bm~klR-

f3 e 
Bm 

t 1 

B ~ _ _!3~ 
t •) . ~ B • 

B -, _ t + B_ 
-~ 

T ~ k2 U 

k t p- 3 (" ' t 
- T .. i ---~-1~ 

t c 

- ,IIJIHTCJlbHOeTb 

B MarHHTe; 

HMITYJibea TOKa 

• ,IIJIHTCJlbHOeTb nayJbl MC>K.IIY HM· 

nynheaMH TOKa; 

- MaKeHMaJibHOC MarHHTHOC ITOJIC,r,n;e 

k( ITOeTOHHHaH MarHHTa, TJ tr~ MaK

eHMaJibHOC HallpH)KCHHC Ha lllYHTC, 

R- eonpoTHBJICHHe lllYHTa; 

- epe,D;HIOIO eKOpOeTb HapaeTaHHH 

MarHHTHoro non11; 

- epC,IIHIOIO eKOpoeTb ena,n;a MarHHT· 

Horo non.11; 

- epe,D;HIOIO eKOpOeTb HJMCHCHHH Mar

HHTHOrO llOJIH; 

- TeMnepaTypy raJa na Bxo.n;e raJ

ronb.n;epa, r.n;e k 2 - K03$$Hu;HeHT 

npeo6paJOBaHHH HallpH>KCHHH B 

TeMnepaTypy /10 MB/zpao.j; 
• Bbi,IICJIHCMYIO MOIIJ;HOeTb B o6paJIJ;e, 

P2 
r,n;e k 3 ~Ap0 rT 1 -p--- Po•ITJIOTHOeTb 

1 
raJoo6paJHoro renHH npH Hop-

MaJibHbiX 

TennoTa 

yeJIOBHHX, r • eKpbiTaH 

HenaneHH.H npH pa6o'IHX 

yenoBHHX B KanopHMeTpe, p 1 H T 1 -

HOpMaJibHblC ,n;aBJICHHH H TCMITepa-
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W -c P •t 
1 c 

Typa, p
2 

- .uaoneHHe raJa o raJ

roJib,llepe, A- nonpaoKa xono.uHoro 

raJa, OCTaiOIUeroCJI B KaJIOpHMeT

pe H He nona.ua10mero B raJroJib

.uep; 

- noTepH JHeprHH B o6paJ~e Ja O.UHH 

~HKJI; 

6/ npH HCllbiTaHHH MarHHTa 

Bill; B t- ; B_ : a - napaMeTpbl MarHHTHOro llOJIJI; 

W 
1 

=k
4 

U - llOTepH 3HeprHH B MarHHTe Ja O.UHH 

~HKJI, r_ue k 4 - K03$$H~HeHT npeo6-

paJOBaHHJI Hallpll~eHHJI B llOTepH 

JHeprHH I 10 MB/ j{JIC/. 

Ha OCHOBaHHH peJyJibTaTOB HJMepeHHH MO~HO llOCTpOHTb rpa$H

KH JaBHCHMOCTH llOTepb 3HeprHH B CBepxnpOBO.UHHKaX OT cpe_uHeH 

CKOpOCTH HJMeHeHHJI MarHHTHOrO llOJIJI .UJIJI pa3HbiX JHa'leHHH ero 

aMnJIHTYJlbl. Ha puc. 3 noKaJaHa TaKaJI JaBHCHMOCTb .UJIJI aMnJIHTY.U 

I 

0,9 T Ha 1 CM:3 nnocKoro Ka6eJIJI. Ka6eJib ce'leHHeM 9,9xl,7 cM
2 

COCTOHT HJ 23 npOBOJIOK .UHaMeTpOM 0,85 MM. IloTepH HJMepJIIOTCJI 

.uJIJI .UBYX OpHeHTa~HH llJIOCKOH CTOpOHbl Ka6eJIJI OTHOCHTeJibHO HanpaB

JieHHJI MarHHTHOrO llOJIJI, a Ta~e .UJIJI OT.UeJibHOH npOBOJIOKH .UHaMeT

poM 0,85 MM . 

Ha puc. 4 npe.ucTaBJieHa JaBHCHMOCTb noTepb JHeprHH B MarHH

Te OT CKOpOCTH HJMeHeHHJI MarHHTHOrO llOJIJI .UJIJI paJHbiX JHa'leHHH 

aMTIJIHTY.Ubi. IloTepH HJMeplllOTCJI B HMllYJibCHOM CBepxnpOBO.UJilUeM 

.uunone c anepTypoii 9 CM. 

::J 

' ~ -· 
~ 400 

Puc.4. 3aaucuMocmb ae

/lu~uHbl nomepb 3Hepzuu 

a MazHumax om cpecmeii 

CKOpocmu U3MeHeHU.JI MQ2-

HUmH020 n0/1.11. 

200 
1 

Puc.3. 3aaucuMocmb ae11u- 2 00 
~ I I j Bl '""w no•ep• >nepzuu 
~ 8 6 KOpOIIlKUX o6pa3ijQX om 

~ ~ ._'' ~ cpei>ueU CKOpoc•u U3MZUe-
l( +-" HU.JI MQ2HUmH020 nOA.JI. 

=1 
~ 

~I I / I 0 . 0 0,2 0,4 0,6 0,8 
• 

100 ~ I 4 
/ 8 I TIc 

SOFJ E 
-+ Bl- 0 gT l . 
• Bll ~a·. OT J ~:lotno 
.,s~o.91', t 
6 B ~ 1T J np:: or:•l I 

0 1 2 3 

5.T c 

8 

~ 

I 

I -
3AKJI/OflEHHE 

OnHcaHHaJI cHcTeMa noJBOJIJieT ocymecTBJIJITb 6blcTpyiO .uuar

HOCTHKY CBOHCTB CBepxnpOBO.UlllUHX Ka6eJieH H HMllYJibCHbiX CBepx

llpOBO.UJilUHX MarHHTOB C TO'IKH JpeHHJI .UHHaMH'IeCKHX llOTepb 3Hep-
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rBB. PelyJibTaTbl B3MepeHBB ,IJ;aiOT OTBeTbl Ha BOllpOCbl, ro.IJ;eH JIB 

,IJ;aHHbiB Ka6eJib K npBMeHeHBIO B MarHBTaX UBKJIB'IeCKBX YCKOpB· 

TeJieB, He HapyWeH JIB TeXHOJIOrB'IeCKBB pe:lKBM npB ero BlrOTOBJie· 

HBB, BMeiOTCR JIB ,D;e<iJeKTbl, B03HBKWBe B npouecce HaMOTKB MarHB" 

Ta. 

B JaKJito'leHBe aBTOpbi Bblpa:lKatoT 6Jiaro.D;apuocTb A.r .3eJib.D;OBB· 

qy, E.H . .[I.bR'IKOBy, H.<I>.KoJinaxoBy B B.A.CMBPHOBY Ja nocToRHHbiB 

BHTepec K pa6oTe B ueHHble COBeTbl, a TaK:lKe B.M • .[I.po6BHy, lf.C.Xy· 

xapeBoi, II.H.HBKBTaeBy B Hryeu BbeT 3yury Ja noMOIUb npB coJ.IJ;a· 

HBB B HaJia,IJ;Ke CBCTeMbl. 
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