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3annaTKH H .ll., CaMCOI:OB E .B., YecHOI' i\.<1>. 9 - 11533 

MonenupoaaHKe ceKTOpHr~o 311BKTpoMnruuTa cynepUHKnoTpoua 

({'.1 I: 15) 

Pa6oTa nocBHWeHa coaaaHIIID MarHHTliOfi CiiCTCMJ,J cynepUHKnorpoua. 

npB/lHB3H8'!eHHOf'O lli1H ycKOpelli!H npOTOI!OB /10 800 J\\38 C lll!TBHCIIBHOCTbiO 

ny'-!Ka 10-100 MA. OpuaeneHbl p<'3YilbTaTLl 3KCllB[H!MeHTal1bHb!X KccnenoaaHKil 

Moneml ceKTOpHoro MBf'H!ITB cyrwpU!!KilOTpOHn B MacwTa6e I: 15. ,\\ar-HnT

HND H3MepeHnR npoaon11nncb naT'-IIIKOM Xonna c TO'-IHOCTbiO 1%. OnpeneneHw 

pa3M9pbl MarHifTOnpOBO.!l& H IIOII!0C6 l\.tarHHT8 1 HCClleOOB8H 34"1¢CKT lliU:MM, 

yKpenneHHbiX Ha 60KOBblX noBepXHOCTSlX nOlllOC8, OllClleHbl tflaKTOphl 1 BllHSIJOlllH9 

HB cjJoKyCupy!Olll!IB CBOflCTBB M8f'HIITHOH C!ICTBMhl cynepU!!K110TpOHB. lfa OCHQ

B3HIHt nonyqeHHLIX pe3ynhT8TOB pa3pa.6ll TbiB89TCSI MOJlPllb Mar!UtTa B M8ClllT8-

6e I :5. 

Pa6ora Bbi!IOI1HBHa a lla6oparopnu rulBpHLIX HJ?06neM OHHll. 

Coo6weHHe 06benf!HeHHoro HHCT~TyTa Sl::tepllbiX KCCIIenoaaHHH. !ly6Ha 1978 

Zaplntin N.L., Samsonov E.V., Chesnov i'\,F'. 9- 11533 

Mcxlelling of Sector :\1agnet of Supercyclotron 

(Scale 1:15) 

The investigation is related to the problem of creating the 
nvtgnotic system of the supercyclotron which nil! accel<:>rate pr·otons 
up to an energy of 800 :\leV with the intensity 10-100 mA. The ex
perinv?ntal results obtained 1vith the model of 3ector rncte>.net in 
n scale 1:1.5 an~:- presented. Th0 mn..gnetic: mc•a?,urenu:~nts \vere 
performed by the Hall probe ·,dtl1 the accur·acy of about 1 percent. 
The dimensions of the magnet yoke and pole were defined, the 
effect of shimmes placed on lateral sides of a pole is inv<?stigated. 
The factors effecting focusing JXOperties of the supercyclotron m.:tg
netic system are evaluated. On the base of obtained results the 
magnet model in the scale 1:15 is designed. 

The investigation has been performed at the Labor·atory 

of Nuclear Problems, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

© 1978 06be,ilHHeHHbl/l IIHCTHTYT JlllepHblX HCCne,aOBBHHJI Jly6HB 

BBEI{EHHE 

B Jla6opaTopuu B.IJ.epuwx npo6neM OMRM pa3oa6aTwaa-
v 1 r.21 

eTCJI HOBblH THO ycKOPHTenJI - cynepUHKnOTpOH ' • npe)J.-
ua3uaqeuuwii .IJ.nB ycxopeHHJI npoTOHOB .IJ.O 3Hepruu 800 M:JB 
c HHTeucuauocTLIO nyqxa 10-100 MA. 

Ou cocTOHT H3 nuueiiuoro ycxopuTenB - HH)f(eKTopa 
ua 3uepru10 npoTouoa 50 M:JB u xonLueaoro u3oxpouuoro 
UHKnOTpOHa C )f(eCTKOH <IJoxycupOBKOH. MarHHTHaJI CHCTeMa 
UHKnOTpOHa CO)J.ep)f(HT BOCeMb CeKTOpHbiX C - o6pa3HblX 
3neKTpOMarHHTOB CO CDHpanhHblMH DOniOCHhlMH HaKouequu
KaMH. B qeTwpex npoMe)f(yTKax Me)I(.IJ.Y MaruuTaMu pacno
naraiOTCB Bq -pe3oHaTopw, Illupuua KoTopLIX a cpe.IJ.Heii 
nnoCKOCTH COCTaBnJieT- 60 CM. 

Bwcoxue Tpe6oaauuB, npe.IJ.bBBnBeMLie K DO.IJ..IJ.ep)f(aHHIO 
H30XpOHH3Ma H <IJoKyCHpOBKH nyqKa, BMeCTe C orpauuqe
HHJIMH, KOTOpble HaKna)l.blBaiOTCJI Ha npoMe)f(yTKH )J.nJI yc
KOpBIO}UeH CHCTeMbl, Bhl3hiBaiOT He06XO)J.HMOCTh nocne)J.O
BaTenhHOrO MO)J.enupoBaHHJI MarHHTHOH CHCTeMbl )J.nH H3y
qeHHJI nonHOMaCillTa6HOH KOHCTPYKUHH YCKOpHTeml. 

B )J.auuoii pa6oTe npuBe.IJ.eHLI pe3ynLTaTLI <IJopMuposaHHH 
MarHHTHoro nonH MO.IJ.enu ceKTopuoro JneKTpoMarHHTa 
cynepUHKnOTpoua C KOJ<IJ<IJHU.HeHTOM DO)J.06HJI 1:15. 

llpe.IJ.BapuTenbHbte napaMeTpbt MaruuTa cynepu.uKnoTpo
ua 6wnu npuBe.IJ.eHhi B pa6oTax ·:: ·81

. r)J.e Kou<IJurypauuB 
6oKoawx noaepxuocTeii nonmca 6wna aw6paua TaKoii, qTo 
cpe.IJ.HJIJI nuuuH onucbtsanacb )J.yraMH oxpy)I(HOCTeii, a yrno
BaJI DpOT Jl)l(eHHOCT b y llOBJle T BOp Hila ypaBHeHHIO: 

l'. ¢ = Ar 2 1 Br , D . /1/ 
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r)l.e A , B , D- nocTOHHHbie Ko3<lJ4>Hu;HeHTbi. ,ll;anbHeilmee 

nony'leHHe Heo6xo)l.HMbiX xapaKTepHCTHK non.a: o6ecne'IHBa

nocb npo4JunupoBaHHeM Me)l(nomocHoro 3a3opa. 

llpe)l.CTaBn.a:eT HHTepec )l.pyrOH llO)l.XO)l. K 4JopMHpOBaHHlO 

Tpe6yeMoro MarHHTHOrO non.a: C llOMOII.J;blO CeKTOpHbiX Mar

HHTOB CO cne)l.yiOII.J;eH reoMeTpHeH: 

a/ 60KOBbie rpaHHI.J;bl llOniOCa OllHCbiBalOTCH )l.yraMH 

OKpy)I(HOCTeH; 

6/ Me)l(llOnlOCHOH 3a30p - nnOCKHH. 

Y.IJ.oBneTBopeHHe 3THX .IJ.BYX Tpe6oBaHHH 3Ha'IHTenbHO 

llOBbiiiiaeT TeXHOnOrH'IHOCTb H3rOTOBneHHH llOniOCOB MarHH

Ta H o6nerqaeT nony'leHHe He06XO)l.HMOH TO'IHOCTH 4JopMH

pOBaHHH llOnH. 

KpoMe HCCne)l.OBaHHH 3THX B03MO)I(HOCTeH, MO)l.enHpOBa

HHe npOBO)l.HnOCb C u;enbiO: 

1/ onpe)l.eneHHH pa3MepOB MarHHTOllpOBO)l.a H Tpe6ye

MOrO ypOBHH B036y)l()l.eHHH B 06MOTKaX MarHHTa; 

2/ Bbi60pa nonO)I(eHHH 06MOTKH B036y)l()l.eHHH; 

3/ H3y'leHHH B03MO)I(HOCTH IIIHMMHpOBaHHH non.a: C no

MOIUblO 4JeppOMarHHTHbiX HaKna)l.OK Ha 60KOBbiX llOBepx

HOCTHX llOniOCa. 

1. OIIHCAHHE MOAEJIH 

reoMeTpHH H3rOTOBneHHOH MO)l.enH MarHHTa llOKa3aHa 

Ha puc. 1. 0Ha COCTOHT H3 BepxHero H HH)I(Hero HpM Mar

HHTa, CTOHKH, llOniOCHbiX HaKna)l.OK H 06MOTKH B036y)l()l.eHHH. 

JlpMa MarHHTa Ha6paHbl H3 nHCTOBOH CTanH TOniUHHOH 

0, 78 CM. liOKOBble CTOpOHbl llOniOCHbiX HaKna)l.OK Bblllon

HeHbl no )l.yraM oKpy)I(HOcTeil. MarHHTHbie xapaKTepHCTHKH 

MaTepHana MO)l.eneH MarHHTa )l.On)I(Hbl y'IHTbiBaTbCH npH 

H3rOTOBneHHH nOnHOMaCIIITa6HOrO MarHHTa YCKOpHTenH. 

C 3TOH u;enbiO 6bmH H3MepeHbi 3aBHCHMOCTH B(H) H 11 (H) 
)l.nH CTanH MO)l.enH MarHHTa, KOTOpbie llOKa3aHbl Ha pUC. 2. 
Ha puc. 3 npHBe.IJ.eHbl rpacPHKH 3aBHCHMOCTeil yrnoBoil 

llpOT.H)I(eHHOCTH H yrna CllHpanbHOCTH )l.nH KOHcPHrypai.J;HH 

llOniOCa, HaH)l.eHHbiX B 
12 ,a 

1 
H )l.nH OllHCbiBaeMOH MO)l.enH 

MarHHTa. BH.IJ.HO, 'ITO MaKCHManbHa.a: pa3HOCTb yrnoBbiX 

npOT.H)I(eHHOCTeH .IJ.BYX BapHaHTOB llOniOCa He npeBbiiiiaeT 
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Puc. 1. MooeAb ceKmopHozo MazHuma cynepf#UKAompoHa. 
nepeoHat~aAbHaJI zeoMempuJI JlpMa, --- - 6bJ-

6paHHaJI zeoMempuR JlpMa. 

JliBCKrC) 
2000 20 

1500 

B 

JL 
0 

20 40 60 80 100 120 HC3) 
Puc. 2. H3MepeHHble Ma2HU111Hble xapaKmepucmuKu 
MOOeAu MazHuma. 

cmaAu 

5 



L1fHpl 
2 

I 

80 
I 

15 
I 

60 
I 

10 
I 

'-iO 
I 

5 
I 

20 
I 

0 
10 I 

I I I 
15 ZH 20 25 30 35 '-iO ZK'15 ZCCM) 

Puc. 3. 3aeucuMocmb yzAoeou npom~xeHHocmu \¢ u yzAa 
cnupaAbHocmu !1· --:-~--- OA~ onucbJeaeMou MOOeAu, 
---- HauOeHHble e !.~. 

0,5 ° B .nuana3oue pa,nuycoB I 16,3 c--43,4/ cM. MaKCHManbHOe 
OTnH'IHe yrnOB cnupanbHOCTeH COCTaBn.ReT- 5° 

06MOTKa B036y)f(,IJ;eHHH 3neKTpOMarHHTa COCTOHT H3 
,IJ;BYX He 3aBHCHMO oxna)f(,IJ;aeMbiX BHTKOB, COe,IJ;HHt!HHbiX no· 
cne.n;oBaTenbHO no TOKY, u ua6paua H3 Me.n;HbiX Tpy6oK 
KBa,npaTHOrO Ce'leHH.R 0,85x0,85 CM C OTBepCTHeM ,IJ;n.R 
oxna)f(.neuuH o 0,5 cM. MaKCHManbHO .nonycTHMbiH ToK, 
no ycnoBH.RM oxna)f(,neuu.R, paBeH 11 KA /nnoTHOCTb TOKa 
no Me.n;u jM= 70 A/MM 1~/. lluTauue o6MOTKH B036y:>K,ne
HH.R ocymeCTBn.ReTCH OT CTaH,napTHOrO BWnpHMHTenH TUna 
BAK-12500-12-4 1 I = 12,5 ~<A; U11 = 12 B/. 

II 

2. CHCTEMA H3MEPEHH.Jl H OEPAEOTKH J{AHHb/X 

113MepeHH.R MarHHTHOrO non.R npOBO,IJ;HnHCb xonnOBCKHM 
MarHHTOMeTpOM B cpe,n;HeH nnOCKOCTH 3a3opa C nOMOIIJ,biO 
,IJ;aT'IHKa, ycTaHOBneHHOrO Ha WTaHry, KOTOpa.R nepeMema· 

6 

nacb B a3HMyTanbHOM yr ne 55 "c war oM 0,5 "'. P a.nuanbHbiH 
War H3MeH.RnCH OT 0,5 ,IJ;O 2 CM, B 3aBHCHMOCTH OT o6naCTH 
H3MepeHHH nonH. 

llonuag Tonorpa~H.R MarHHTHoro non.R ceKTopa o6w'IHO 
H3MepgnaCb B -3000 TO'IKaX. fipH 3TOM HH~OpMaiJ,H.R aBTO· 
MaTH'IeCKH npo6uBanacb ua nep~oKapTbi, a 3aTeM o6pa6a
TbiBanacb ua 3BM. 

BBu,ny Toro, 'ITO yrnoBa.R npoTH)f(eHHOCTb non.R MarHHTa 
3Ha'IHTenbHO npeBwwana /BMecTe c nonHMH pacce.RHHH/ 
MaKCHManbHO B03MO)f(HWH yron nepeMemeHHH WTaHrH, npH 
o6pa6oTKe KapTbi nonH ua 3BM npoBo.n;unacb nuue:Hua.R 
annpoKCHMaiJ,HH none:H pacceHHH.R. ~n.R 3Toro K H3Mepeu
HOMY a3HMyTanbHOMY pacnpe,neneHHIO non.R c .n;Byx cTopoH 
.no6aBn.RnHCb nuue:Huo cna,naiOIIJ,He .no uyn.R nonH pacce.RHH.R 
C yrnOBOH npOT.R)f(eHHOCTbiO, paBHOH 60°. 

fipH nonyqeHHH xapaKTepHCTHK MarHHTHOrO non.R Ha 
3BM npoBo,nunacb TaK)f(e pacqeTHa.R cynepno3HIJ,H.R none:H 
8 CeKTOpOB MarHHTHOH CHCTeMW. Bee MarHHTW npH 3TOM 
C'IHTanucb He3aBHCHMbiMH ,npyr oT ,npyra. OueHKH noKa-
3biBaiOT, 'ITO TO'IHOCTb MO,nenHpOBaHH.R /no cpe,n;HeMy no· 
niO/ cocTaBn.Rna - /3- 5/o/o H onpe,nen.Rnacb TO'IHOCTbiO 
xonnoBcKoro MarHHTOMeTpa -1 o/o H cnoco6aMH annpoKCH· 
MaiJ,HH none:H pacce.RHH.R H cynepno3HIJ,HH none:H ceKTOPHbiX 

MarHHTOB. TaKa.R OTHOCHTenbHO HH3Ka.R TO'IHOCTb MO,nenH· 
poBaHH.R, no cpaBHeHHIO C Tpe6yeMOH TO'IHOCTbiO ~OpMHpo
BaHH.R H30XpOHHOrO nong /10-2o/o/, n03BOn.ReT, TeM He 
MeHee, ,II;OCTH'Ib IJ,ene:H MO,IJ;enupoBaHHH, KOTOpbie 6wnH 
OTMe'leHbl BbiWe, H ,naTb HH~OpMaiJ,HIO ,IJ;n.R KOHCTpyHpOBa· 
HH.R cne.n;yiOmux, 6onee KpynHbiX Mo.n;ene:H MarHHTa. 

3. llOJIYCJEHHh/E PE3YJibTATbl 

aj .JlpMO MQ2HUma 

B Bepxueu qacTH puc. 1 WTpuxoBou nuuue:H noKa3aHa 
nepBouaqanbHa.R reoMeTpug .RpMa MarHHTa. BepTHKanbHbie 
pa3Mepbi .RpMa B 3TOH KoudJurypauuu onpe,nen.RnHCb reo
MeTpHeH MO,IJ;enH MarHHTa MOH03HepreTH'IeCKOrO li,HKno· 
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TpOHa /MU/ 14 : H3 ,neTaneH KOTOpOH 6blna H3rOTOBneHa 

OnHCbiBaeMaJI MO,nenb MarHHTa cynepUHKllOTpOHa. 

llocne,nyiOII.(aJI OnTHMH3aUHJI KOH!l>HrypaUHH MarHHTO

npoao,na 6blna npoae,neHa nocne H3MepeHH.Il HecKonLKHX 

KapT non.11 npH nocTeneHHOM HapamHBaHHH HpMa MarHHTa 

H npH pa3HbiX TOKaX B036y)l(,neHHJI. Heo6XO,IJ;HMbie H3MeHe

HHJI reoMeTpHH .llpMa onpe,nen.llnHCb C nOMOJUblO 'IHCneHHbiX 

pac'leToB Ha 3BM no nporpaMMe TRIMD /;,; H H3MepeHHH 

pacnpe,neneHHJI MarHHTHbiX nOTOKOB, C uenhlO BbiJIBlleHHJI 

o6nacTeB: HacblmeHH.Il )l(ene Ja MarHHTonpoao,na. 

CyMMapHbiH nOTOK B,IJ;Ollb MarHHTHOH uenH 6bln H3MepeH 

B pe)I(HMe BKlllO'IeHHJI H BbiKniO'IeHHJI TOKa B 06MOTKe B03-

6y:>K,neHHJI C nOMOII.(biO MHllllHBe6epMeTpa M 19 H H3MepH

TenhHbiX KaTyWeK, pacnOllO)I(eHHbiX TalC, KaK noKa3aHO Ha 

puc. 4. 
llonHbiH nOTOK, H3Mep.lleMbiH npH6opoM, paBeH: 

k 1> .. - J u (t) dt . 
wk 

/2/ 

cp(M80) 

60 B 

50 

40 

cp 
30 ' 6 10 2'o 30 ~'o s'o !ccM> 

Puc. 4. PacnpeoeAeHue nomoKa eooAb MaZHU111HOu ijenu 
MQZHU1110nj. "'!3000. 
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r.ne 

k-
RK +R +R 11 lll 

Rlll 
R~ - ,no6aBO'IHOe corrpoTHBneHHe, RK - corrpoTHBneHHt 

H3MepHTenLHOH KaTyWKH, Rlll - conpoTHBneHHe wyHTa, 

W K - Hanp.ll)l(eHHe, CHHMaeMOe C WYHTa, U (t) · 'IHCJIO BHT

KOB H3MepHTeJibHOH KaTyWKH. 

113MepeHHJI KpHBOH HaMarHH'IeHHJI H MarHHTHbiX nOTOKOB 

B MarHHTe C .llpMOM, OTMe'leHHbiM Ha pUC. 1 WTpHXOBOH 

JIHHHeH, noKa3aJIH, 'ITO MarHHTOnpOBO,IJ; o6na,naeT OTHOCH

TeJibHO 60JibWHM MarHHTHbiM COnpOTHBJieHHeM. llpH TOKe 

Bo36y)l(,neHH.Il In = 7500 A conpoTHBJieHHe MarHHTonpoao

,na COCTaBJIJIJIO 50- 600/o OT o6mero conpOTHBJieHHJI MarHHT

HOB uenH. llOTOKH pacce.IIHHJI BOKpyr o6MOTKH COCTaBJIJIJIH 

- 200/o OT none3Horo noToKa, npoxo.rv1mero 'lepe3 cpe,nHIOIO 

nJIOCKOCTb MarHHTa. IlpH yBeJIH'IeHHH TOKa B036y)l(,neHH.Il OT 

1
11 

= 7000 ,no I 13 = 9000 A Ha6nro,nanoch yMeHbWeHHe 

cpe,nHero nonH B(r) Ha pa,nuycax, MeHbWHX 21 CM, H poeT 

!l>naTTepa BO BCeM ,IJ;Hana30He pa,nHyCOB, 'ITO 06bJICH.IleTC.Il 

HaJIH'IHeM JIOKaJibHbiX 06JiaCTeH HaCbJII.(eHH.Il H OTHOCHTeJib

HbiM yaenH'IeHHeM noneB: pacce.IIHH.Il. 

OueHO'IHbJe pac'leTbi, npoae,neHHbie no nporpaMMe 

TRIMD ,nnH ,nByMepHOH KOH!l>HrypauHH, rroKa3aJIH, 'ITO 

B o6nacTH HpMa, o6o3Ha'leHHOH WTPHXOBKOH Ha puc. 1, 
HMeeT MeCTO HaCbJII.(eHHe )l(eJie3a MarHHTa / B = 20-23 KTc, 
fL = 60-15/. reoMeTpH'IeCKHe pa3Mepbl HpMa MarHHTa 

6biJIH onpe,neneHbi nocne BbiiTOJIHeHH.Il ,nayx Tpe6oaaHHH: 

1/ ,IJ;OCTH)I(eHHe Heo6XO,IJ;HMOrO ypOBHH cpe,nHero nOJIJI 

BO BCeM ,IJ;Hana30He pa,nHyCOB npH npHeMJieMOM TOKe B03-

6y)l(,ne HH.Il I 18 = 7 500 A/; 
2/ 3Ha'leHHe cpe,nHeH HH,IJ;YKUHH B ce'leHHHX HpMa He 

,noJI)I(HO npeBbJlllaTb BeJIH'IHHbi 16-17 KFc. 
BLI6paHHaH KoH!l>HrypaUH.Il MarHHTonpoBo,na rroKa3aHa 

sa puc. 1 cnnolllHOH JIHHHeli. B ma6A. 1 npHBe.neHbi 3Ha'le

HHJI MarHHTHbiX nOTOKOB B 14 Ce'leHHHX H COOTBeTCTBYlOII.(He 

HM cpe,!l,HHe HH.UYKUHH. 

113 Ta6JIHUW BH,!l,HO, 'ITO ,!l,JI.Il BW6paHHOH KOH!l>HrypaUHH 

.llpMa, HeCMOTpH Ha OTHOCHTeJibiiO HH3KHH vpoBeHb nOJIJI 

B 3a3ope /14-18/ KTC, llOJIIOCa MarHHTa HaXO,IJ;JITCH B co-
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CTO.RHHH, 6nHJKOM K HaChiJ..QeHmo I ceq. 9- 141, 'ITO .RBn.R

eTCH cne,lJ.CTBHeM JHa'IHTenhHhlX DOTOKOB pacce.RHH.R. 

Ha puc. 5 npHBe)J.eHhi KPHBhie HaMarHH'iHBaHH.R .IJ.n.R Ha

qanhHoro lwTpHXOBhie nHHHHI H Bhi6paHHoro I cnnowHhie 

nHHHHI BapHaHTOB .RpMa MarHHTonpoBO.IJ.a. Ih rpa$HKOB 

BH.IJ.HO, 'ITO npu TOKe B036Y*.IJ.eHH.R I B = 7500 A .IJ.06aBKa 

)!(eneJa DpHBena K yMeHhWeHHID CODpOTHBneHH.R MarHHTO

npOBO,lJ.a Ha 5-IO<fo, npH o6weM DO.IJ.'heMe non.11 B Ja3ope 

Ha 20<fo. 

BcKrc) 

20 

18 

16 

1~ 

12 

10 

0 2 

Jz="JDCM 
/ 

/~}z=20CM 
I .--
1,.-

,"'I 
,,/'' I 

,/ I 
/ I 

~ 6 

I 
l!Bo35. 

10 !(KA) 

Puc. 5. Kpueble HaMa2HU'leHWi o.1J1 Ha<Ja/lbH020 u 6bl6paH
H020 eapuaHmoe JlpMa Ma2Hunonpoeooa; - --- -~ - O/IJI 
6bl6paHH020, - - c},JJI HQ'JQ,1bH020 . 

6/ Cpe011ee no.H? u '1Jcnonbl ceo6oOHbiX KO/le6aHuu 

AJHM)TanLHoe pac.npe.::~e.leHue MarHHTHoro non11, uJ

MepeHHoe B D.IO(}.;O(. 1U Z · 0 .:::1.111 BbiOpaHHhiX napaMelpOB 

ceKTOpHoro MdfHH- c:: noJ.:a JaHu Ha puc. 6. Ha puc. 7 
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B(Krc>, 

20 Z=:LjOCM 

15 

10 

5 

0 10 60 f 
Puc. 6. A3uMyma.llbHOe pacnpeOe.lleHue no.IIR a Me6uaHHOi1 
n.IIOCKOCmU. 

npHBe.IJ.eHbi pe3ynbTaTbi pacl.JeTa cpe.IJ.Hero non.11 

4JnaTTepa 

-BF -3 2 p,. ___ _ 

32 
l.JaCTOT CB060)1.HbiX KOne6aHHH 

12 

Q2 ,1+n, r 

2 
Q 2 , - n + _B_ F (1 + 2 tg 211) 

z N2-1 

B (r) 

/3/ 

/4/ 

/5/ 
I 

H H30XpOHHOrO MarHHTHOrO TIOnH 

B (r )= ___ B0a 
Wl ____:::::----- ----

,\ v 1 - (-{-~-)2_:-- /6/ 

"" 
r.11.e B 0= 4019,2 rc; :\ = 1 ,0425; a = 1 ,0085; r = 
= 51,95 CM. B Bbipa:>KeHHHX I 4/, /5/ yron cnHpanbHOCTH 

11 H TIOKa3aTenb TIOnH II Bbll.JHCnHnHCb TIO 4JopMynaM 

ac/J 
sinc/J + r -~cos¢ 

8 ar 8 
11 =cb -- arctg( --------------~------- )• 

8 a, 
cos c/J 

8 
- r -a? sin ¢ 8 

/7/ 

B(KICJIOz !}J.Io\Qzf 

10t1,7 Is=7.5KA 2,6 

91-1,6 

St15 

7t1,Lj 

6t1,3 Lj0t1,8 

30+1,6 

Yt1,1~ !l 20t1,lj 

3t1,1 

zl~/, 11~v , , [}.. I 
30 LjQ £1< 

Puc. 7. XapaKmepucmuKu MaZHUmHozo no.IIR MOOe.llu Maz
Huma c 6bJ6paHHoi1 zeoMempueu RpMa. lh - cpeOHee no.11e 
OAR nepaoHa'-IQ.IIbHOU zeoMempuu RpMa. 
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r n ~ -=: --~-------
B (r) 

113 

dB
113 

(r) 

dr 

r,IJ.e c/-> 8 - $a3a BOCbMOH rapMOHHKH nonH. 

/8/ 

KaK BH.IJ.HO H3 pucyuKa, nonyqeuuoe cpe,IJ.Hee none I3 .IJ.nH 
,IJ.Hana30Ha pa,IJ.HyCOB r = 18-46 CM OTnuqaeTCH OT H3o

xpOHHOrO ua ±350 rc, a ua uaqanLHblX pa,IJ.uycax aenu
quua OTKnOHeHHH ,IJ.OCTHraeT ' 750 Fe. qaCTOTa CB060,IJ.HblX 

aKCHanLHbiX Kone6aHHH npH ycnOBHH, 'ITO 3Ha'leHHe ll onpe

,IJ.enHnocL H3 /8/, uaxo,IJ.HTCH B npe,IJ.enax 1,07 s Q ~ < 1, 71 
/Tpe6yeMoe 3Haqeuue Qz = 1 ,4±0,05/. ~ 

An_x auanu3a B03MO:>KHLIX cnoco6oa H3MeHeHHH cpe,IJ.uero 
non X J3 H qacTOTbl aKCHanLHblX KOne6aHHH Q z Ha Haqanb

HLIX u KOHe'IHLIX pa,IJ.uycax 6Lina npoae,IJ.eHa cepux 3Kcnepu
MeHTOB, B KOTOpbiX HCCne,IJ.OBanOCb BnHXHHe na30B CO CTO

pOHbl h 2 nOJIIOCHOrO HaKOHe'IHHKa, 60KOBbiX WHMMHpylOI!(HX 
nnaCTHH, nono:>KeHHH 06MOTKH B036y:>K,IJ.eHHH H H3MeHeHHH 

yrna cnupanLHOCTH ~ llpu 3TOM coxpau_anocb Tpe6oaauue 

nnoCKOrO 3a3opa Me:>K.IJ.Y noniOCaMH H orpaHH'IeHHH 60KOBbiX 

noaepxuocTe:H nomoca ,IJ.yraMH oKpy:>KHOCTe:H. 
Pe3ynLTaTLI $opMHpoaauux cpe,IJ.uero nonH noKa3aHbl 

ua puc. 8. Ilpu Bb16pauuo:H reoMeTpHH na30B c$opMupoaau

uoe cpe,IJ.uee none .IJ.nH acero .IJ.Hana3oua pa6oqux pa,IJ.uycoa 

OTnuqaeTCH OT H30XpOHHOrO Ha aenH'IHHY He 6onee ±65 Fe, 
'ITO HaXO,IJ.HTCX B npe,IJ.enax TO'IHOCTH MO,IJ.enupoBaHHH. _nanL

HeHWaX KOppeKUHH OTKnOHeHHX cpe,IJ.Hero MarHHTHOrO nonx 
OT H30XpOHHOrO MO:>KeT 6b1Tb OCyll(eCTBneHa C nOMOI!(blO 

yTO'IHeHHX $opMbl na3oB, 6oKOBLIX WHMMHPYIOI!(HX nnacTHH 
H noniOCHbiX 06MOTOK, aHanorH'IHbiX '7 '_ 

3KcnepHMeHTbl Ha MO,IJ.enH C 60KOBbiMH WHMMHPYlOlllHMH 
nnaCTHHaMH noKa3anH, 'ITO C HX nOMOI!(blO MO:>KHO CKOM

neHCHpOBaTb 3Ha'IHTenbHble B03Myll(eHHX /.IJ.O HeCKOnbKHX 
,IJ.eCXTKOB Fe/ cpe,IJ.Hero nonx. Ha puc. 8 /wTpuxoao:H 
nHHHeH/ npHBe,IJ.eHO pacnpe,IJ.eneHHe nonx OT 60KOBbiX WHMM, 

KOTOpble pacnonaranucL a HHTepaane no r = /20-36/ eM. 
_nnx KOppeKUHH aKCHanLHOH qacTOTbl Q2 Heo6XO,IJ.HMO 

HMeTb B03MO:>KHOCTb BHeceHHX H3MeHeHHH B CTpyKTypy 
MarHHTHOrO nonx, KOTOpbie o6ecne'IHBalOT: 

1/ cMell(eHue Kpuao:H qacTOTLI Qz KaK O.IJ.Horo uenoro 
ao seeM ,IJ.Hana3oHe pa6oqux pa,IJ.uycoa; 

14 

l 

\ 
I 

3o·fo1Ql -~ IZlMM' 

·~ k¥i~~i~f5fj:~~ 
10 +1.6 

1,5 
t 

BfV-1 

1,3 

6H,2 

2_ 

20 
--~ ~-

30 cpeOHRil 
nnOCKOCmb 

t.BUL 
.,·-"""-1"-,--~~ ...... - - - _____ , 

I fllj=B-Bu~ \ 

4()" Z<CMl 

llB(ic) 

200 
100 

{JfMJ 

-100 
-200 

Puc. 8. Pe3y/lb1/lambl 3KcnepuMeumo6 no (JopMupo6auwo 
cpeouezo Mazuumuozo no/I.R c noMOI/lb10 na3o6 co cmopoHbl 
h 2 n0/110CH020 HQKOHe'-IHUKQ U KOppeKijUy_ cpe0HJ~20 noAJI 
6oK06biMU WUMMUPY101#UMU nAacmuuaMu. B u /\ B - cpeo
uee noAe u ezo omKAoueuue om u3oxpouuozo npu KOH(Juzy
paijuu na306, noKQ3QHHOU HQ pucyHKe. /\B

111 
- 6K/IQO 6o

K06b1X WUMM 6 cpeouee no/le. 

2/ BHeceuue noKanbHbiX H3MeHeHHH B $opMy KpHBOH 

lfaCTOTbl Q,~ 
,nnx cnyqax 1/ 6Lino ua:H,IJ.euo, lfTO cyll(ecTayeT B03Mo:>K

uocTL H3Meueuux ypoaux qacTOTLI Qz c noMOI!(blO aepru

KaJibHOro nepeMemeuux o6MOTKH B036y:>K,IJ.euux MarHHTa. 
Ha puc. 9 npuae,IJ.eHLI KpHBLie, xapaKTepu3ylOI!(He H3Meue
uux $naTTepa F H lfaCTOTLI Qz npu yaen-uqeHHH paccToa
uux 06MOTKH ,IJ.O Me,IJ.HaHHOH nJIOCKOCTH. 113 rpa4JHKOB BH..IJ.
HO, 'ITO nO,IJ.'beM 06MOTKH Ha 0,4 CM npHBO,IJ.HT I< yMeHLWe
HHlO Qz Ha BeJIH'IHHY - 0,05 BO BCeM ,IJ.Hana30He pa,UHy-
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Ql F 

1,7 2,2. 

1,6 2,1 

1,5 1,8 

1,l.j 1,6 

1,3 1.~ 

12 1,2. 

1,1 1,0 

101 I ' I I I I I I 
~0 ZK (;(CM) 

~I I I I I I I ~ I • 

Puc. 9. 3aeucuMocmb r,/JAammepa F u t.tacmombl Qz om pa
ouyca OAJf oeyx noAOJICeHUU o6MOmKU 8036yJICOeHUJf. 

coB. Ha6mo,D,aBiueecH npH JTOM H3MeHeHHe cpe,D,Hero nonH 

COCTaBnHnO -1 0/o. 
B nocne,D,yiDll.I,HX JKcnepHMeHTax 6blna paccMoTpeua 

B03MO)I(HOCTh nonyl.JeHHH Tpe6yeMOH BenHl.JHHbl l.JaCTOThl 

aKCHanbHhiX KOne6aHHH 3a Cl.JeT noKallhHhiX H3MeHeHHH 

yrna cnupanhHOCTH fl· )l.nH JToro pacl.JeTHhiM cnoco6oM 

Ha 3BM 6hinH Haii,IJ,eHhl HOBbie KOHTyphl rpaHHI.J, llOlliOCa. 

HaXO)I(,IJ,eHHe HOBhiX ueuTpoB H pa,D,uycoB oKpy)I(HOCTeii, 

KOTOpbie OllHChiBaiOT 60KOBhie rpaHHl.l,hl ITOniOCa, npOBO,!J,H" 

llOCh llpH ycnOBHH COXpaHeHHH yrnOBOH llpOTH)I(eHHOCTH 

non10ca H H3MeHeHHH yrna cnupanhHOCTH TaKHM o6pa30M, 

1.JT06hi qacToTa aKcuanhHhiX Kone6auuii ne)l(ana B npe,D,enax 

1,35-1 ,45. Pe JynhTaThi pacl.JeToB npe,D,cTaBneHhi ua puc.l 0, 
H3 KOTOpOrO BH,IJ,HO, 'ITO HOBhiM rpaHHI.J,aM nomoca COOTBeT

CTByeT qacToTa Q 2 B ,IJ,Hana3oHe 1,52-1 ,42. YMeHhilleHHH 

16 

Ql 

1,5 

1,~ 

1,3 

1,2. 

1,1 

1,0 0 10 20 

~-:-,;-~ 
H06tx.U nO/II{}C .....;: 

" 
30 LtD 50 Z(CM> 

Puc. 10. 3aeUCUMOCmb t.tacmombl Qz om paouyca OAJf oeyx 
KOHr,/Juzypaijuii noA10Ca. -- - cmapblii noA10C /:JKcnepu
MeHm/, --- - H08biU noA10C /pact.tem/, x-x- x - H08blii 
noA10C /:JKcnepuMeHm/. 

ypoBHJI l.JaCTOTbl MO)I(HO ,IJ,06HThCJI, KaK OTMel.JeHO Bblille, 

llO,IJ,'heMOM 06MOTKH B036y)I(,IJ,eHHJI.)l.llJI npoBepKH paCl.JeTHblX 

npe,D,nono)l(eHHii 6bln npoBe,IJ,eH JKcnepuMeHT c uoBoii reo

MeTpHeii llOlliOCa, KOTOpaJI COOTBeTCTBOBa]la paCl.JeTHOH 

B HHTepBane pa,D,HyCOB r = 30-46,7 CM. PeJynhTaTbl ,IJ,aH

HOrO JKCITepHMeHTa llOKaJanH, 'ITO nonyl.JeHHaH l.JaCTOTa 

aKCHallhHblX CB060,D,Hb1X KOne6aHHH OTllHl.JaeTCJI OT pac

l.JeTHOH Ha MaKCHMallhHYIO BellHl.JHHY -0,05 H HaXO,D,HTCJI 

B Tpe6yeMoM ,IJ,HanaJoHe. 

e/ PaouaAbHaJf npomJfJICeHHocmb noAJOca 

)l.nH BblHCHeHHJI B03MO)I(HOCTH yMeHhWeHHJI ra6apHTOB 

MarHHTa c uenhiD 6onee cBo6o,IJ,noro pa3Mell.l,eHHJI BbiCOKo-
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'laCTOTHOH CHCTeMbl H OTBe.LJ.eHHH MeCTa llO.LJ. pacnopHbie 

ycTpOHCTBa, BOCllpHHHMalOII.\He BeCOBbie H MarHHTHbie ycu

ilHH, pa.LJ.HanbHa.R npOT.R)KeHHOCTb llOillOCHOH HaKna.LJ.KH 

1 puc. 8/ 6blna yMeHbUJeua ua 10 MM co cTopoHbi uaqanb

uoro H KOHe'IHOrO pa.LJ.HYCOB. B pe3ynbTaTe 3TOrO H3MeHe

HHH npoH30UJno nepepacnpe.LJ.eneuue MarHHTHoro noToKa, 

ll03BOilHBUJee yMeHbllJHTb TOK B036y)K.LJ.eHHH C 7500 .!1.0 

7000 A .LJ.nH co3.LJ.aHHH Tpe6yeMoro ypoau.a cpe.LJ.Hero non.a. 

OcHOBHble xapaKTepucTHKH MarHHTHoro non.a, H3MepeHHble 

npu TOKe 6900 A, noKa3aHbi ua puc. 11, H3 KOToporo BH.LJ.

HO, 'ITO yMeHbUJeHHe pa.LJ.HanbHOH llpOTH)KCHHOCTH llOniOCHOH 

uaKna.LJ.KH ue npuaeno K YXY.LJ.UieHHIO aKcuanbHOH clJoKycupoa

KH u cy~ecTaeuuoMy H3MeHeHHIO clJopMbi KPHBOH cpe.LJ.Hero 

napaMeTphl eeKTOpa 

MarHHTHOti eH:eTeMbl 

Ta6Aut~a 2 

eynepUHKJIOTpoHa M 1 : 15 

llH:aMeTp M8f'HI:IT8 no 5IpMy (eM) 125,0 

Bbieora Maf'HHTa (eM) 42 

Bee MarHHTa ( T) 0,165 

Ha'laJibHbiti paa1:1ye nomoea (eM) 14 

K OHe'IHbiti paa1:1ye nomoea (eM) 46,7 

3asop (eM) 0,6 

Paeero>IHHe or ueHrpa o6MOTKH 
JlO M8Jli:I8HHOH nnoeKOeTH (eM) 3,1 

PasMephl nonepeqHoro eeqeHH>I 

06MOTKI:I (eM) 0,85x2 ,6 

ToK Bos6y)KJlBHH>I oaHoro 
nomoea ( KA) 7,0 

2 
nnoTHOeTb TOKa no Melli:! (A/MM ) 45 

MoiUHoerb nH:TaHH>I (KBr) 16,7 
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Puc. 12. MooeAb MazHuma 8 Macwma6e 1:5 /npoeKm/. 

20 

nonH. ll3Meneuue cpe~uero nong B o6nacTH uaqanLHWX 
pa~uycoB I r = 14-22 cMI o6ycnoBneuo TeM, qyo 3~ech 
a3HMyTallbHaH npOTH~eHHOCTh llOITffiCa MeHbllie pacqeTHOH 
ua Benuquuy - 1 °. 

Ha ocnoBaHHH npoBe~eHHLix pacqeTHLIX H 3KcnepuMeu
TanLHLIX uccne~oBaHHH 6LmH BLI6pauw napaMeTphi ceK
Topuoro MarnHTa cynepu.uKnoTpoua, KOTOPLie npHBe~eHLI 

B ma611. 2. 

4. 3AKJI/Ol.JEHHE 

3KcnepHMeHTallbHWe HCClle~OBaHHH Ha MO~ellH ll03BO
llHllH Bhi6paTb OCHOBHhie napaMeTpbl MarHHTa I.J.HKllOTpOHa 
H KaqJ!CTBeHHO OU.eHHTh liJaKTOphl, BllHHIOII.J.He Ha Cpe,LI.Hee 
none B H qacTOTY aKCHallbHWX KOne6aHHH Q z BO BCeM 
~uana3oue pa6oqux pa~uycoB ycKopeHHH. 

B uacTOHII.J.ee BpeMH Be~yTcH KOHCTPYKTopcKHe pa3-
pa60TKH MO~enH MarHHTHOH CHCTeMbl cynepi.J.HKllOTpoua B 
MacmTa6e 1:5 I puc. 121, ua KOTopou 6y~yT oKonqayenLHO 
onpe~eneuw KOHTypw nonroca, 3a3opa H BLI6paHLI napa
MeTphi H KOHCTPYKU.HH 3neMeHTOB TOHKOH KoppeKU.HH nonH. 

ABTOPLI Bwpa~aroT 6naro~apuocTL E.,lJ..ropo~uuqeBy 

u n.n.raBpumy 3a co3~auue u o6ecneqeuue pa6oTLI anna
paTypLI, ll03BOllHIOII.J.eH perHCTpHpOBaTb HHliJopMai.J.HIO C U.HliJ
pOBOrO BOllhTMeTpa Ha nepliJoKapTbl C llOMOII.J.hiO nepllJopa TO
pa "ApHTMa-130" . 
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PyKonuc& nocmynuAa e u3oameA&cKuu omoeA 
24 anpeAJI 1978 zooa. 

HeT ~H rrpo6e~oB B BarneH 6H6~HoTeKe? 
8hl MOlKeTe llOJIY'IHTb llO ll0'1T8 nepe'IHCJI8HHbl8 HHlK8 KHHPH, 

ecJIH onH ne 6blJIH 3aKa3aHhl panee. 

P1,2-7642 

)1.3-7991 

)1.1,2-8405 

p 1,2-8529 

)1.6-8846 

)1.13-9164 

)1.1,2-9224 

)1.13-9287 

)1.7 - 9734 

)1.2 - 9788 

)1.-9920 

)1.9-10500 

)1.2·10533 

Tpy.D.hl MelK)I.yaapo)I.Hoii WKOJILI Mono
.llbiX y':leHbiX no 4JH3HKe BbiCOKHX JHep· 
raii. roMenh, 1973. 623 cTp. 

Tpy.llbl 1I MelK.li.YHapO.li.HOH WKOJibl no 
aeiiTpoaaoii 4Ja3HKe. AnywTa, 1974. 552 cTp. 

Tpy.llbl IV MelK.llyHapo.li.HOro caMno-
JHyMa no 4JH3HKe BbiCOKHX 3Hepraii 
H JJieMeHTapHbiX ':lacTHU. Bapaa, 1974. 376 cTp 

Tpy.llbl MelK.li.YHapo.li.HOii WKOJibl· ce-
MHHapa MOJIO.llbiX y':leHbiX. AKTyaJib-
Hble npo6JieMbl 4JHJHKH JJieMeHTapHbiX 
':laCTHU. Co':IH, 1974. 582 cTp. 

XIV coaemaaae no ll.llepaoii cneKTpo-
cKonaa a Teopaa ll.llpa. )J.y6aa, 1975. 180 cTp. 

MelK.li.YHapo.li.HOe cooemaaae no MeTo-
.li.HKe npoBOJIO':IHblX KaMep. )J.y6Ha, 1975. 344 CTp. 

IV MelK.li.YHapo.li.Hblii ceMHHap no npo-
6neMaM 4JHJHKH BbiCOKHX JHepraii.. )J.y6· 
aa, 1975. 307 cTp. 

7 p. 15 K. 

2 p. 50 K. 

2 p. 05 K. 

2 p. 60 K. 

l p. 90 K. 

4 p. 20 K • 

3 p. 60 K. 

Tpy.llhl VIII MelK.li.YHapo.li.HOro caMnoJHyMa 
no ll.llepHOH JJieKTpOHHKe. )J.y6Ha, 1975 469 CTp. 5 p. 00 K. 

MeJK.llyHapO.li.Hall WKOJia • CeMHHap no 
BJaHMO.lleHCTBHIO TlllKeJibiX HOHOB C ll.ll· 
paMH H CHHTeJY HOBbiX JJieMeHTOB 
I.LJ.y6aa, 1975 r.l 298 CTp. 3 p. 00 K· 

HenoKanhHble, aenaaeiiable H He peaop-
MapyeMble Teopaa nonll I Anyon a, 1976 r .1 390 cTp. 2 p. 40 K. 

Tpy.llbl MelK.llyHapo.li.HOii Koa4Jepeauaa 
no aJ6paHHbiM aonpocaM cTpyKTYPbl 
ll.li.Pa I )J.y6aa, 1976 r.l 452 cTp. 

TpyJJ.bl II CaMnOJHyMa no KoJIJieKTHB· 
HbiM MeTO.llaM yCKOpeHHll. )J.y6Ha, 1976. 292 CTp. 

TpyJJ.hl X MelK.llyHapo.li.Hoii WKOJILI 
MOJIOJI.LIX y':leHLIX no 4JH3BKe BLICOKHX 
Jaepraii. J>aKy, 1976. 560 cTp. 

3 p. 50 K· 

2 p. 50 K. 

3 p. 50 K, 


