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lloal!pOBKa penSITIIBIICTCKIIX Sinep !Ia llBYXMeTpOBYID rrporral!OBYID 
KaMepy 

Ormca11 npoTSI)!(eH!IbiH I!Mrrym,cl!bifl 6ea)!(eneaHbiH Mai'HHT nnSI noa11pOBKII 
penSITIIBIICTCKIIX SIAep, llllYmiiX ITO Kallany Ha llBYXMeTpOByiD ITpOITal!OByiD Ka
Mepy. OepenHIIH ~pOHT !!apaCTaHIIS! M8I'HIITHOI'O ITOnSI t~p = 1 MKC, lln!!Tenb
l!OCTb crona rronSI - no 5 &'c• MaKCI!ManbHaSI orKnol!SIIDmaSI crroco6HoCTb 
MarHI!Ta Hmax: f = 1,7•10 3 • CM, 

Pa6ora BbiiTOnHeHa B na6opaTOPIIII Bb!COKIIX 9!1eprHH OHHH. 

Coo6~eHHe 06beAHHeHHOrO HHCTHTyTa HAepHhlX HCC~eAOBaHHK 

,[(y6Ha 1976 

C) 1976 061>eOUHeHHWU UHC•u•y• .ROepHWXUCCAe006QHUU)ly6Ha 

,lJ;03HpOBKa OTPHUaTenhHhiX IIHOHOB e HMIIynheOM 
40 F3B/c llfci>B31 Ha ~BYXMeTpOBYIO rrporraHOBYIO KaMepy 
rrpoH3BO~Hnaeb KHKep- MarHHTOM I 1/. 3a~aqa ~o3HpOBKH pe
miTHBHeTeKHX H~ep, IIOny"'eHHhiX Ha eHHXpo$a30TpOHe JIB3 
Olf..Silf, oTnuqaeTeg TeM, qTo aKTHBHaH o6naeTh MarHHTHoro 
rrong ~omtma 6LITh eoepe~oToqeHa B BaKyyMe. 3To o6eTog
TenLeTBO rrpe~bjJ:BHnO HOBble Tpe6oBaHHH K KOHeTpyKUHH 
MarHHTa H e~enano HeB03MO:>KHLIM IlpHMeHeHHe MarHHTa 
eTapOH KOHeTpyKUHH/1/ • KpoMe TOrO, yenOBHg pa3MeJ:UeHHH 
o6opy~oBaHHjJ: Ha KaHane eHHXpo$a30TpOHa H pe:>KHM BhiBO~a 
rryqKa OTnHqaiOTeg OT yenOBHH Ha KaHane IIpH 3HeprHH 
yeKOPHTeng 76 F3B lfci>B3 ICeprryxoBI. Bee 3TO B eyMMe 
orrpe~enHnO Tpe6oBaHHH, rrpe~bgBngeMLie KaK K KOHeTpyKUHH 
MarHHTa, TaK H K ero 3neKTPH"'eeKHM rrapaMeTpaM. Tpe-
6oBaHug K xapaKTepHeTHKe MarHHTa H eHeTeMaM IIHTaHHg: 
tcpp_:; 15 MKC, MHHHManhHhiH yron OTKnOHeHHjJ: OT rrepBo
HaqanbHOH TpaeKTOpHH o= 3 Mpao Ha 6a3e B = 10 M. llpH 
yenoBHH rronHoro rrornoiUeHug a -qaeTHU KonnHMaTopoM 
I puc. II BenuquHa MarHHTHoro rrong ~on:>KHa rro~~ep:>KHBaTL
eg Ha 3a~aHHOM ypoBHe B TeqeHHe T= 5 MC, r~e ~orryeTH

Mag HeO~HOpO~HOeTb IIOnH 110 ee"'eHHIO OTKnOHjJ:IOJ:UeH eHeTe
Mhl - He xy:>Ke 100/o. CpaBHHTenhHO KopoTKoe BpeMH Hapa
eTaHHg MarHHTHOrO rrong Tpe6yeT MHHHManbHO ~orryeTHMOH 
HH~YKTHBHOeTH 06MOTKH MarHHTa, a 6onbiiiag OTKnOHjJ:IOJ:UaH 
erroeo6HOeTh * 110 5 3·CMI H BpeMg IIO~~ep:>KaHHjJ: IIOnH 
Ha 3a~aHHOM ypOBHe - 3Hal.{HTenhHbiX 3aTpaT 3HeprHH. 
llpH 3a~aHHOH OTKnOHjJ:lOJ:UeH erroeo6HOeTH MarHHTa yBenH
"'eHHe ero ~nHHLI, HeeMOTpg Ha nHHeHHhiH poeT aKTHBHhiX 

"'0TKJIOHBIOIUag erroeo6HOeTh MarHHTa orrpe~engeTeg rrpo
H3Be~eHHeM ero ~nHHhi e Ha BenHl.{HHY e03~aBaeMOrO Mar-
HHTHOrO rrong H . e I 3· CMI. 
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noTepb, CHH)KaeT ueo6xo,nBMble 3aTpaTbl JHepruu. Bcne.n
CTBBe Ha3BaHHblX npuquH ,nJIH ,n03BpOBKB peJIHTBBBCTCKHX 
H,nep npu 06JiyqeHBB BMB ,nByXMeTpOBOH nponaHOBOH Ka
Mepbl 6b1JI pa3pa6oTaH 6e3)KeJie3HblH npOTH)KeHHblH MarHBT, 
pa3MemeHHblH BHYTPB uouonpoBo,na. Benuquua MaruuTuoro 
ITOJIH onpe,neJIHJiaCb B COOTBeTCTBBB C KBHeMaTBKOH ,nBB· 
)Keuus qacTBU B MaruuTe I puc. 11 

R 

h. 
h 

Puc. 1. f - OAUHa MazHuma, B - 6a3a, ¢- yzoA OIIIKAoHeHuJI 
ny-.Ka. 

H 
E· cp 

300· f . z 
222 a, 

r.ne E- :meprus qacTBUbl B 3B, f = 450 eM - .nnuua 
MarHBTa, Z =2 - 3aps,n a -qaCTBUbl, cp= 3 MpaO - yrOJI 
OTKJIOHeHBH nyqKa. 

4 

)l;aHHOe none clJopMHpyeTCH TOKaMB B ,nsyx 3aMKHYTbiX 
Ha KOHUe npOBO,nHHKaX, llOJiyqeHHblX nyTeM pacceqeHBH 
B,nOJib o6pa3yromeii nonoro Me,nuoro uunuu,npa c BHyTpeu
HBM ,nuaMeTpOM 10 eMu Tonmuuoii cTeHKB 0,5 CM I puc.21. 
B.nonb JTHX npoBo,nHBKOB c.nenaHbi KaHaBKB, o6pa3yromue 
JIBHHB pa3HOH npOBO,nBMOCTH. flyTeM Bbl6opa reoMeTpuqe
CKBX pa3MepOB JIBHBH npOBO,nBMOCTB MO)KHO ,no6BTbCH He
o6xo,nuMoii o,nuopo,nuocTu nons BHYTPH OTKnousromero ycT
poiicTsa. Ilpu paBHOMepHoM pacqneueuuu Ka)K_noro nonoro 
nonyuunuu,npa ua 9 qacTeii Benuquua nons H = 222 3 
Ha OCB UBJIBH,npa ,nOCTBraeTCH nponycKaHBeM o6mero TOKa 
lo= 3,57 KA. 0 cTeneuu o.nuopo.nuocTH MarHBTHoro nons 
B anepType MarHBTa MO)KHO cy,nBTb ITO BblqHCJieHHblM 3Ha
qeHHHM: B ToqKax MIx= 4,3 eM; y=O; z=z 0 1 u Nl x = 
=0; y = 4,3 eM, z== z

0 
I H(M) = 216 3, H(N)= 206 3. 

Puc. 2. Y-.acmoK moKoeeoyUjux wuH MazHuma. 
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BenH'IHHa nepu4JepuiiHoro 3Ha'leHH.H non.H oTnuqaeTc.H OT 

npuoceaoro B cpe.D;HeM Ha 70/o. 3ToT noKa3aTenb yMeHbwa

eTC.H, ecnH qepe3 KpaHHHe H cpe,ZJ;HHe llHHHH npOBO.ZJ;HMOCTH 

/Ha puc. 2 noMe'leHw u;u4JpaMH 1; 5; 9/ nponycKaTb noaw

weHHblH TOK no cpaaHeHHIO c JO I 9 , a qepe3 ocTanbHble -

nOHH)KeHHblH. )l.n.H :noro .ZJ;OCTaTO'IHO yBenH'IHTb WHpHHY WHH 

1; 5; 9 B 1,23 pa3a H yMeHbWHTb WHpHHY OCTallbHblX B 

1,1 pa3a, '1To6w npu 3Ha'leHHH 10 = 3,63 KA pac'leTHa.H 

CTeneHb HeO.ZJ;HOpO.D;HOCTH non.H no Ce'leHHIO MarHHTa COCTa

BHna -20/o. 3TOT )Ke 34J4leKT MO)KeT 6b1Tb .ZJ;OCTHrHyT npH 

paBHOMepHOM Ce'leHHH llHHHH npOBO.ZJ;HMOCTH, HO npH YCllOBHH 

pa3.ZJ;ellbHOrO nHTaHH.H HX TOKOM, T.e. Ka)K.IJ;yiO llHHHIO Ha.ZJ;O 

3anHTiaiBaTb TOKOM onpe.D;eneHHOH BellH'IHHbl 

H ( X = 0 . y = 0 . z = z ) = ( 222 + 2) :J 
' ' 0 - ' 

H<x=4,3cM, y=O; z =z
0

> =<222±4)3, 

H<x= 0; y = 4,3cM; z = zo) = ( 222± 4) a. 

Cne.ZJ;yeT 3aMeTHTb, 'ITO B MeeT ax HaMe'leHHoro pacqneHe

HH.H npOBO.ZJ;HHKa pa3pe3a HeT, a CTeHKa nonoro IJ;HllHH.D;pa 

4Jpe3epyeTC.H .ZJ;O TO~Hbl, o6ecne'IHBaiO~eH Heo6XO.ZJ;HMYIO 

npO'IHOCTb TOKOBe.ZJ;y~eii WHHbl. Pe3ynbTaTbl npHBe,ZJ;eHHOrO 

BbiWe pac'leTa MarHHTHOrO non.H COOTBeTCTBYIOT paHee 

npoBe,ZJ;eHHbiM H3MepeHH.HM OTKllOHeHH.H ny'IKa nHOHOB C HM

nynbCOM 40 r3B/c, B DO.D;06HOM MarHHTe ynpo~eHHOH reo

MeTpulf"2/. llpH onpe.D;eneHHH HH.ZJ;YKTHBHOCTH TOKOBe,ZJ;y~eH 
CHCTeMbl 6wn HCnOllb30BaH MeTO.ZJ; paC'IeTa CaMOHH.ZJ;YKIJ;HH 

MHoronposo,ZJ;aoii nuauuf3/. Bbi'IHCneaaoe 3Ha'leaue HH.ZJ;yK

THBHOCTH paBHO L= 2,15 MKrH. 
B CXeMe nHTaHH.H MarHHTa B Ka'leCTBe KlliO'IeH HCnOnb-

3YIOTC.H naBHHHble THpHCTOpbl, KOTOpble KOMMYTHPYIOT eM

KOCTH C2 7C4 H HrHHTpOHHblH pa3p.H.ZJ;HHK .D;ll.H eMKOCTH C 1 

I puc. 3/. llacTb cxeMbl, B KOTopyiO BXO.ZJ;HT "C{'u "L "TOKO

Be.ZJ;y~eH CHCTeMbl, o6pa3yeT KOHTyp C Manoii nOCTO.HHHOH 

BpeMeHH r . llpH pa3p.H.D;e C1 OCy~eCTBll.HeTC.H 4JopMHpOBa

HHe nepe.D;Hero 4JpoHTa HMnynbca /puc. 4/. EMKOCTHC
2 

-:-c
4 

JIBll.HIOTC.H OCHOBHbiMH 3lleMeHTaMH, C nOMO~biO KOTOpbiX 

6 

I 

' 

\ 
I 

Puc. 3. llpuHt~unuaAt.HaJI 
nWIIOHUJI MOZHUIIIO. 

C...~. H .. 

Cu~,H!> 

Cu~Hz 

c .• ~H· 

a 

Puc. 4. 0Cf.IUAAozpaMMa UMnyAt.ca pa3p.11oa C1 . ,aAumeAt.
HOCIIIb pa3eep1/IKU - 10 MKC/CM. 
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Puc. 5. 0CI.IWl/IOZpaMMU UMny/lbCa TIIOKU 8 KUKep- MUZHUTile. 
,l(AUTile/lbHOCTilb pa3eep111KU - 1 MC/CM. 

ciJopMHpyeTcH nnaTo HMnynLca. Pa3pH.IJ. C 2 Ha"'HHaeTcH c 

MOMeHTa ,Il.OCTH~eHHH MaKCHMallhHOrO pa3pH,IJ.HOrO TOKa B 

c . BKlliO"'eHHe eMKOCTeH c3 H c4 npoHCXO,Il.HT c Ja,IJ.ep~KOH, 
KuTopaH o6ecne"'HBaeT He05XO,Il.HMYIO ciJopMy H ,Il.llHTellhHOCTh 

HMllYllhCa TOKa B MarHHTe /4/. 

Ha,IJ.O OTMeTHTh, "'TO MarHHT H CXeMa ITHTaHHH ll03BOllH

lOT llOllY"'HTh yron OTKllOHeHHH ,Il.llH a- "'aCTHU npH 3HeprHH 

20 T3B .IJ.O 5 Mpao, c clJpoHTOM HapacTaHHH MarHHTHoro 

nonH tcpp ""1 MKC. MaKCHManLHaH OTKllOHHIOIUaH cnoco6-

HOCTh MarHHTa Hmax"£ = 1,7.105 3·cM. Ha puc. 5noKa-

3aHa oc:u;HnnorpaMMa HMnynLca TOKa B MarHHTe. 

MarHHT pa6oTan Ha KaHane penHTHBHCTCKHX H.IJ.ep He

npephiBHO B Te"'eHHe 10 cy111. H o6ecne"'HBall C BhlCOKOH 

H36HpaTellhHOCThlO ,Il.03HpOBKY Ja,IJ.aHHOrO "'HClla ,IJ.eHTOHOB 

Ha .IJ.BYXMeTpOBYIO nponaHOBYIO KaMepy. 0TKllOHeHHH OT 3a

,IJ.aHHOrO "'HClla 3 HllH 4 qaCTH:Uhl B CTOpOHY 60llhiiiOrO 3Ha

"'eHHH Ha 1 HllH 2 "'aCTH:Uhl COCTaBllHIOT MeHee 30/o. 

B JaKniO"'eHHe aBTOphi Bhipa~aiOT 6naro,IJ.apHOCTh 

M.M.ConoaLeBy Ja nocToHHHoe BHHMaHHe K pa6oTe, 

3.<1>.1ioraTenro H B.M.)J.opo~KHHY Ja HJroToaneHHe H Ha

na.IJ.KY cxeM nHTaHHH MarHHTa, P.B.TennHKOBy, li.r.Kyp

raHoBy, T.AxMe,IJ.oay - Ja pa3pa6oTKY KOHCTPYKUHH Mar

HHTa. 
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