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AneHHUKHA lO.r. H llP· P9 - 10091 

Mal"'HHTHoe none uaoxpoHHOI"'O UHKnoTpoaa Y-120M 

HanoJKeHbl OCHOBHbie peaynbTSTbl pa60T no <fK>pMHpOBSHHIO MSI"'HHTHOI"'O 
nonH H3oxpoHHOI"'O UHKnoTpoaa Y-120M. 3anycK ycKopeTenH aa ABYX pelKHMax 
pa6oTbi E P = 40 MaB, E p = 30 MaB noKaaan, 'ITO cljlopMHpoaaaaoe none 
YllOBneTBOpHeT Tpe60B8HHHM anH ll8HHOI"'O YCKOpHTenH, 

Pa6oTa BbinOnaeHa B na6opaTOpHH HaepHbiX npo6neM OH.HH. 

Coo6~eHKe 06beAKHeHHOrO KHCTKTyTa HAepH~X KCCAeAOBaHKA 

,ll,y6Ha 1976 

Alenitsky Yu.G. et al. 

The Magnetic Field of the Isochronous 
Cyclotron Y-120M 

P9 - 10091 

The main results of the works on formation of the 
magnetic field of the isochronous cyclotron Y-120M are 
presented. Starting-up of the accelerator in two regi
mes, Ep= 40 MeV, EP= 30 MeV, has shown that the field 
formed satisfies the requirements for the given accele-
rater. 

The investigation has been performed at the 
Laboratory of the Nuclear Problems, JINR. 

Communication of the Joint Institute for Nuclear Research 

Dubna 1976 

C) 1976 06t.eOUHeHHWfl UHc•u•y• Al>epHWX UCCIIel>oeaHUU ,J:fy6Ha 

lfloxpoHHbiH D;HKnOTpOH Y -120M C03,D,aH Ha 6a3e 3neKT

poMarHHTa KnaccH'IeCKoro D;HKnoTpoHa Y-120. Bb16op na

paMeTpoa <l!eppoMarHHTHbiX H TOKOBbiX 3neMeHTOB MarHHT

HOB CHCTeMbl D;HKnoTpoHa I puc. 11 paccMoTpeH B pa6o

Tax /I-4/. 
B HaCTOH~eii CTaTbe npHBO,D,HTCH OCHOBHble pe3ynbTa

Tbl pa60T no <l!opMHpOBaHHIO H aHanH3Y MarHHTHOrO nonH 

yCKOPHTenH ,D,nH Tpex ypOBHeB B036y~eHHH OCHOBHOH o6-

MOTKH 3neKTpoMarHHTa Io = 610, 350, 175 A, cooTBeT

cTayro~Hx nony'leHHIO MaKCHManbHOH 3HeprHH npOTOHOB 

Ek= 39,9; 30,0; 13,0 M3B Ha KOHe'IHOM pa,D,Hyce rk = ql CM. 

B oTnH'IHe oT D;HKnoTpoHa Y-120, B MarHHTHYIO CHCTeMy 

Y -120M BBe,D,eHbl CeMb OCHOBHbiX 3neMeHTOB, napaMeTpbl 

KOTOpbiX npHBe,D,eHbl HH>Ke. 

IIAPAMETP.bl MATHHTHOif CHCTEM.bl Y-120M 

I. l..(eHmpaAbHaJI ~acmb cnupaAbHblX WUMM M =/2-7-30/ eM 

BHeWHHH rpaHHD;a - r I cMI = 18157,3 c/J 0 
, BHyTpeHHHH -

r I cMI = 18157,3 [¢0
- a ( r)] , r,D,e 

a (r) = f. a r k , 
k=-I k 

ao= 31,06238; a I= 2,20383; a2= -4,20113; a3 = 4,50826; 
a

4
= -2,14040; as= 0,53621; a6= -0,06879; a 7= 0,00368; 

a_I= 8,8; a - yrnoaaH npoTH>KeHHOCTb, zpao, r .10 - Te-

KY~Hii pa.D.HYC, eM. 3 2 
Ilpo<l!Hnb cnHpanbHbiX WHMM h

1 2
(r) =a(r-r0) +b(r-r 0)+C(r-r 0)-Ki, 

r,D,e h I 
2 

- paCCTOHHHe OT cpe,D,HeA nnoCKOCTH .D.O HH>KHeii H 

BepXHe'ii nnOCKOCTeH WHMM, a K03<ll<ilHUHeHTbl a, b, C, d , r O• 

3 



npuBe,neHbl B ma6A. 1 ,2. reoMeTpHJI pa.nuanLHhiX na30B 
B cnupaJILHhiX WHMMax npuBe,neHa B ma6A. 3, r.ne ~r=r 2 -r 1 -

pa,nuaJILHaJI WHpHHa na3a, h - paCCTOJIHHe OT cpe,nHeii 
llJIOCKOCTH ,no ,nHa na3a. 

4 

Taflrrpne I 

KoaixfmnleHTH JUDI h1 ( Z 

A 'Z(cM) 2-4 

a I,I458·Icr2 

4-8 

0 

B 0 3, 4375.rar2 

8-IO 

0 

0 
c -!,375 -4,5625·Iar1 o 
d 4,283 5,65 4,! 
'Zo 4 0 0 

Ta6mma 2 

KCI~mnmHTY JUDI h2 ( Z 

A 'Z (CM) 2-3 3-5 5-2! 

a 0 -I , 9063 • I0-2 0 

B 0 1,0063•!0-I 0 

I0-2! 2!-30 

-3,7566·rcr4 -2,2539·Iar4 

I,0744·Icr2 -8,2644•Iar3 

0 0 

4,! 5,6 
IO 32 

2!-25 25-30 

I, 7969·!0""3 0 

-I,3437•Icr2 0 
c 0 0 I, 9375•Icri 0 0 
d 7,3 7,3 6,6 II II 

'Zo 0 3 0 25 0 

T&mma 3 

-
.15 nasa I 2 3 4 5 6 7 

'lJ 5,0 8,5 II,5 !4,0 !6,5 !9,0 2!,5 
'[2 6,0 9,5 !2,5 !5,0 !7,5 20,0 22,5 
h 5,7 5,85 6,0 6,4 6,8 7,4 7,8 

I I. CpecJHJIJI "'acmb cnupaAbHbiX IUUMM M = /30-54/ eM 

BHeWHJIJI rpaHuua: pa,nuyc xpHBH3Hbl R = 41,73 eM, 
UeHTp KpHBH3HLI X = -17,22 CM, y = -9,33 CM. 

BHyTpeHHJIJI rpaHuua: pa.nuyc KPHBH3HLI R = 37,49 eM, 
UeHTp KpHBH3HLI X = -8,1 CM, y = -13,87 CM. 

fipo<}lHJIL WHMM: hI = 5,6 CM, h 2 = 11,0 CM. 

III. KoHe"'Ha.R "'acmb cnupaAbHbiX IUUMM M=/54- 60/ eM 

BHeWHJIJI rpaHuua: npJIMaJI JIHHBJI, coe,nHHJIIOUlaB TO'IKH 
(x,y):/-52,31; 13,39/; /-59,98; 1,57/. BHyTpeBHJIJI rpauuua: 
npBMaJI ¢ = 3,963 pao. 

llpo<}lHJIL WHMM: h 1 = 4~7 + k /2-56/, r,ne k :0 ,nJIJI 
M = /54-56/ CM, k=l ,nJIJI ~ r = /56-60/ CM, h 2 = 10,7 CM. 

IV. CeKmopHbae IUUMMbl ~r =/49-56/cM.EoxoBwenoBepx
HOCTH orpaHB'IeH.bl CllBpaJILHLIMH WHMMaMB, hI = 8 CM, 
h2= 10 CM. 

V. l..(eHmpaAbHble cmaAbHble l#UAUHOpbl ~ r = /0,7-2/ CM, 
hl = /4,9-4,3/ CM,h2 = /6,4-7,3/ CM. 

VI. TOK06ble o6MOIIIKU. reoMeTpH'IeCKBe pa3Mepw KOH
ueHTPB'IeCKHX 06MOTOK npHBe,neH.bl B ma6A. 4. rapMOHB
'IeCKBe 06MOTKB COCTOJIT H3 'leT.blpeX CeKTOpH.biX KaTyweK 
R1= 8 CM, ~ = 15 CM, h = 4,7 CM, a = 5.2' /yrJIOBaJI npo
TJI:>KeHHOCTL KaTywKB/ I max= 300 A. 

VII. Omeepcmu.R: B noJIIOCHwx HaKoHe'IHHKax 6 3 eM, h1 = 
= 11 CM, h 2 = 16,7 CM, B llOJIIOCaX B JipMaX MarHHTa 
o/6-7-7/ CM- CKB03H.ble. 

XAPAKTBPHCTHKH MATHHTHOTO IIOJI.R 

Ha cxeMaTB'IeCKOM pa3pe3e MarHBTHOB CBCTeMLI/ puc.2/ 
UB<}lpaMH 1 ,2,8,13,14 OTMe'leH.bl HOBble 3JieMeHTLI BJIB 3Jie
MeHTbl, napaMeTp.bi KOTOpLIX H3MeHeHLI B npouecce TOH-

5 



Ta6JIB[la 4 • Ilai!!!!elJ!! KO!!S8HIJ!IA8CKHX OOMOTOK • 

... I 2 3 4 5 6 7 8 9 UD 

~CliO 5 5 5 4 3 3 3 3 2 Bll'l'KOB 

R (MM) 55 90 !20 !45 !95 243 27'7 3!3 337 
h(MM) 75 76 80 00 8? 47,5 47,5 47,5 47,5 
~) 300 500 600 300 600 500 280 500 3CO 

... IO II !2 !3 !4 !5 !6 !7 !8 lUI 

'Ill CliO 
BB'l'KOB 2 2 2 2 3 3 4 4 4 

R (MM)357 385 4Cli 425 457 479 497 5!5 533 
h (MM)47,5 47,5 47,5 47,5 47,5 47,5 49,5 49,5 49,5 
~A )500 300 350 350 260 400 400 400 4CO 

a/ 

6 

6/ 

e/ 
~ 

~ Puc. 1. MazHUIIIHaJI cucmeMa f#UKAOlllpoHa. a/ IloAKJCHorl 
., HaKOHe'lHUK C CUCllleMOU cnupaAbHblX U ceKIIIOpHblX UlUMM, 

nJIIIbKJ ijeHllfpaAbHblMU KOHf#eHllfpu'leCKUMU u oOHorl zapMoHu
'leCKOrl o6M0111KaMU. 6/ J1AaKUp06Ka KaMepbl C 13-KJKOHijeH
lllpU'leCKUMU o6M0111KaMu. e/ HuJICHUrl noAKJC MaZHUIIIHOrl 

cucllleMbl e c6ope. 
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10 9 8 ,, 6 /5 4 3 2 1 

~ ~ij -
----!-- "" 

Puc. 2. CxeMamu<~ecKuu pa3pe3 MazHumHou cucmeMbl. 

KOro WHMMHpOBaHHJI non.JI. 3TH H3MeHeHH.JI n03BOnHnH o6ec
ne'IHTL: 

a/ Bo3MO~HOCTL aKcHanLao:i HH~eKUHH 'lepe3 OTBep

CTHe P 30 MM B KpbiWKe KaMepbl H 6 60-70 MM B non10ce 

H JipMe 3neKTpoMarHHTa. Bo3MYIUeHH.JI cpe,IJ;aero nonJI B 

ueaTpe ycKopHTenJI npH 3TOM cocTasnJIIOT 30 A aa Bblco

KOM H 15 3 Ha HH3KOM YPOBHJIX nonJI. 

6/ CHH~eHHe noTpe6n.JieMo:i MOIQHOCTH KoaueaTpH

'IeCKHX 06MOTOK 3a C'leT H3MeHeHHJI KOH!llHrypaUHH nonJI, 

yMeHLWeHHe aMnnHTY,IJ;bl 4-o:i rapMOHHKH, a cne,IJ;OBaTenL

HO, H 3Ha'leHHJI 'laCTOTbl CB060,IJ;HbiX aKCHanLHbiX KOne6a

HHH Q ,~~;n.JI HH3Koro ypoBHJI nonJI nyTeM H3MeHeHHJI napa-z 
MeTpOB h I H h2 KOHe'IHOH 'laCTH CnHpanLHbiX WHMM. 

s/ H3MeHeHHe xapaKTepa pacnpe,~~;eneHHJI cpe,~~;aero Mar

HHTHoro nonJI B ueaTpanLHo:i o6nacTH TaK, 'ITO npH nocne

,IJ;YIOIQeM !llopMHpOBaHHH H30XpOHHOrO nonJI C nOMOIQLIO KOH

UeHTpH'IeCKHX 06MOTOK 6blnH nony'leHbl MeHLWHe OTKnOHe

HHJI nonJI OT Tpe6yeMbiX 3aBHCHMOCTe:i. 

r/ ITonyqeaHe MeHLwero H3MeHeHHJI cpe,~~;aero MarHHT

aoro nonJI aa pa,~~;Hycax /10-25/ CM 3a C'leT HcnonL30BaHHJI 

WHMMHPYIOIQHX 3neMeHTOB B BH,IJ;e npyTKOB P 2 MM, KOTOpble 

8 

Of; 

MOryT pa3Me~Qa TbCJI B na3aX Me~y CnHpanLHbiMH WHMMaMH 

B ,~~;sa cnoJI no BbiCOTe H c waroM no pa,~~;Hycy 5 MM. TaKaJI 

CHCTeMa no3BOnHna CHH3HTL TOKH B 06MOTKaX H!!3 H H!!5 
/puc. 2/ c senH'IHH I = 700 A ,11;0 I = 600 A ,~~;nJI nonyqe

HHJI cpe,~~;aero MarHHTHoro nonJI B 3a,IJ;aHHbiX ,~~;onycKax. 

Ha puc. 3 npe,IJ;CTaBneHbl OCHOBHble xapaKTepHCTHKH 

MarHHTHOrO nonJI UHKnOTpOHa, c!llopMHpOBaHHOrO C no

MOIQLIO !lleppoMarHHTHbiX 3neMeHTOB MarHHTHOH CHCTeMbl. 

H3 KPHBbiX L\H(r) BH,IJ;HO, 'ITO MaKCHManLHbl:i pa36poc cpe,~~;
aero MarHHTHOrO nonJI OTHOCHTenLHO xapaKTepHOH TO'IKH 

f = 16 CM COCTaBnJieT 200 3 B UeHTpe H 1000 3 Ha KO

He'-IHOM pa,~~;Hyce r k = 51 CM. 
XapaKTepHbiM ,~~;nJI 3aBHCHMOCTeii aMnnHTY,IJ;bl H4 (r) H 

OTKnOHeHHJI !lla3bl MaKCHMyMa 4-o:i rapMOHHKH OT nHHHH 

r 
cnHpanH ApxHMe,IJ;a 1'1¢ =¢ - -JIBnJIIOTCJI H3MeaeHHJI B o6-

4 4max4A 

nacTH KOHe'IHbiX pa,~~;Hycos. 3TH H3MeHeHHJI o6ycnosneHbl 

H~p> jll ~<pUO.) 
2000 

---· .... ~ ..... :..-- ., 
.,;,:"' .... , ., 

'-~"' '' .... -·:.-::=:::;:::-"' ,,, / 
.... ·-- ...... '\ "/ _.... ,... ~ ~ 

.,-"'· ....... ..-'~~,..v}· 
/ ,...,.. "'r' 

1/ I 
It 

100Dto.~5 fl It 

-610A 
---350A 

0 

i! 
0.~ j' 

1' 4• 

10 20 

llH8>1 t.H=Rm-H<16> 

1000 

10 20 

-·-·175A 
. .:::::--.=:...:-::::-.... 

30 

:n 40 50 \ZiCM) 

Puc. 3. OcHOBHble xapaKmepucmuKu noAJI, noAy'leHHble c no
MOUibiO fPeppoMaZHU111HbiX 3AeMeH1110B MaZHU111HOU CUCI/IeMbl. 
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CnO~OH KOH~HrypauHeH cnHpanbHhlX H CeKTOPHhlX WHMM, 

o6ecne'IHBaiOwHx MHHHMan&HhlH pa36poc cpe,nHero MarHHT

HOrO nonJI H MaKCHManbHO B03MO)I(HhlH pa,nByC ~OpMHpOBa
HHJI nonJI. Cne,nyeT OTMeTHTb TaK)I(e cy~eCTBeHHO HenH

HeHHYIO 3aBHCHMOCTb aMnnHTYAhl BapHaUHH nonJI OT ypoBHJI 

BHeWHero MarHHTHOrO nonJI B npHHJITOM ,IJ;Hana30He. 

H3oxpoHHoe cpe,nHee MarHHTHOe none pacC'IHThlBanoc& 

no ~opMyne 

H (r) 
H0 (1 ta) 

= -----~--~--- /11 

vi-[+- 0+a)] 2 

"" 
r.ne H 

0
- none Ha r = 0 , 

Eo 
r -
oo-zeH

0 

2 2 &4 (r) N &4, (r) 
a(r)=- [2- +n+r--l+ 

2(N2_1-n)( 1+ n) 2(N 2-1-n) &4 (r) 

0= 

2 2 &4 (r) N 
+--

4(N2-1-n) 2 

r dH 

fi dr 

H4(r) 
&4 ( r) = H (;). 

,ll;nJI Y-120M y'leT K03~HUHeHTa 8 (r) ,naeT nonpaBKY 

K cpe,nHeMy nomo - 20 3 I puc. 41, npH'IeM H3MeHeHHe 

3HaKa 1\ H = H (a f- 0)- fi (a= 0) B 30He KOHe'IHhlX pa,nHycoB 

o6ycnoaneHO xapaKTepOM 3aBHCHMOCTH npOH3BO,IJ;HOH Ba

pHaUHH 5, ~ ( r) OT pa,nHyca. Pac'leT qacToT o6paweHHJI 

YCKOpeHHhlX 'laCTHU no paBHOBeCH~M op6HTaM, C HCnOnb· 

30BaHHeM nporpaMMhl HHTerpHpOBaHHJI ypaBH
5
eHHH ,IJ;BH)I(eHHJI 

B pean&HOM MarHHTHOM_ none (cYCLOPS/ ), noKa3an, 

'ITO TO'IHOCTb pac'leTa H (r) no I 11 cocTaBnJieT -±1 ,0 3. 

10 

J 

' 

\ 
i 

&1<3> 

2 

10 I 
I 
I 
I 
I 
I 

1! 

0~£_-=--~=----=----~~~r 1.J 20 30 L[) \ \i II! Z(CM) 

-10 

-20 

. I! 
II ,. 

-1-13M3fJ ~ II/ i I· 
---2-30M3b · I! I I! 
-·-3-~0MOO lj If ,. ,, ,, ,. 

" V/ 
v 

Puc. 4. BeAU'iUHa 1\fl(r)=H(afrO)-H(a=O) OAJipeaAbHOZO 
pacnpeOeAeHUJI eapua1.1uu noAJI. 

---Io=175A 
-Io=350A --------,\ 
-·--T =610A -- \ 

"1l ------------

o' 10·~---zo~ ~-- c(CM) 

Puc. 5. 3KcnepuMeHmaAbHOe pacnpeOeAeHue MaZHUmHozo 
nOAJI KOHij€HmpU'i€CKUX 06MOmOK. 
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Ta6JIJI!l8 5. 3Ha'leHI!JI 'l'OI!OB B o6MO'l'KBX .1V1H YCROpeHJIIR 
+2. p , d , He 3 • d.- 'IBCTBil. 

fipo'l'OHH Jlel'rOHH H .. z. 
ti- 'IBC'f!!l!!! 

e3 

~!75 350 6!0 2!0 350 6!0 !75 350 6!0 

I -70 -35 -300 -300 -206 -224 -liS -!96 -226 
2 -500 -500 !04 -500 -500 7I -487 -500 57 
3 -3!3 -!?9 -294 -IOI -ICJZ -!06 -23! -!49 -II5 
4 300 88 75 300 300 -25 300 295 -50 
5 600 600 -335 600 600 4! 600 600 -42 
6 39S 299 IOI 500 406 !59 44S 370 !37 
7 80 242 -69 280 27S 39 IS 2?9 !3 
8 300 404 -S 482 497 I9S 428 450 !42 
9 -6S 39 -226 53 30 -293 -300 50 -29! 

IO !66 283 2!6 86 500 I4I 349 429 6! 
II 94 !94 -300 300 !5! -!56 82 !63 -239 
!2 20 23 -243 !53 305 -ro !05 224 44 
!3 350 322 -350 236 350 -!74 232 350 -350 
!4 !40 II6 -260 260 260 3 2IS 2!7 -II 
IS !52 307 72 3CJZ 400 !53 !77 395 99 
!6 400 !60 -37 264 84 63 400 83 54 
!7 400 -295 -400 400 -!50 -400 4(1) -!97 -400 
IS -362 400 -!73 -252 400 !67 -356 400 65 

qMeB)I2,5 29,6 40,0 S,4 !5,0 20,3 !6,9 40,! 54,4 
/(M!U)I5,I36 22,97! 26,497 S,8I6 II,754 !3,665 !0,256 !5, 7!4 IS,229 
HJR&) 9,9!2 !5,042 !7,352 II,546 !5,394 I7,89S 9,984 !5,296 !7,745 
~K9) !0,044 !5,5!7 IS,09I II,59S !5,5!7 IS,09I !0,044 !5,5!7 IS,09I 

PaC'IeT Tpe6yeMbiX TOKOB B KOH:UeHTpH'IeCKHX 06MOTKaX 

,nJI.S: 4;lopMHpOBaHH.S: H30XPOHHOrO nOJI.S: BblnOJIH.S:JIC.S: Ha 3BM, 

C HCnOJib30BaHHeM MeTO.IJ;a HaHMeHbWHX KBa,npaTOB. fipH 

3TOM B Ka'l-eCTBe HCXO.IJ;HbiX ,naHHbiX 6paJIHCb: a/ pe3yJib

TaTbl H3MepeHHR nOJI.S: 4;leppoMarHHTHbiX 3JieMeHTOB, npe,n

CTaBJieHHble Ha pUC. 3; 6/ H30XpOHHOe none C'IHTaeTC.S: no 

/1/, r.n:e KOHCTaHTa Ho Bbi6HpaeTc.s: H3 ycnosH.s: paseHCTBa 

non.s: )l(eJie3a - H3oxpoHHOMY Ha pa.n:Hyce r k = 51 c..w; 

B/ Bbi.IJ;eJieHHble BeJIH'IHHbl noJieR 06MOTOK. 

,lJ;JI.S: Bbi.IJ;eJieHH.S: MarHHTHOrO noJI.S: 06MOTOK, napaMeTpbl 

KOTOpbiX npHBe,neHbl B 111a6/l. 4, 6biJIH npoBe,neHbl H3MepeHH11 

12 

19 Tonorpa4;1HR .n:n.s: Ka)l(.n:oro ypoBH.S: non.s: npH MaKCHMaJib

HbiX TOKaX B KaTyWKaX. B 3KCnepHMeHTaX TaK)I(e 6biJIO 

noKa3aHo, 'ITO npH pac'leTax pacnpe.n:eneHH.s: TOKOB B o6-

MOTKax 3aBHCHMOCTb nOJI.S: 06MOTKH OT TOKa B HeR MO)I(eT 

6b1Tb npHHJITa JIHHeRHOR. 

Ha puc. 5 npe.n:cTasneHbl pacnpe.n:eneHH.S: noneR o6Mo

TOK, HOPMHposaHHbiX Ha aMnepBHTKH .n:n.s: I 
0 

= 350 A. 
Ha 3TOM )l(e pHCYHKe npHBe,neHbl KPHBble .nn.s: o6MOTOK n = 
= 1,18 npu I 0 = 610 A H I 0 = 175 A. BH.IJ;Ho, 'ITO non.s: 

06MOTOK cy~eCTBeHHO H3MeH.S:IOTC.S: KaK no BeJIH'IHHe, TaK 

H no xapaKTepy 3aBHCHMOCTH OT pa,nHyCa npH H3MeHeHHH 

ypoBHH nonH. Cne.n:yeT OTMeTHTL, 'ITO pac'leTbl non.s: o6-

MOTKH no 4;lopMyJiaM TOKOBOR neTJIH C y'leTOM OTpa)l(eHHR 

,naiOT OTKJIOHeHH.S:- /10-'-15/o/o no BeJIH'IHHe H- /20-30/o/o -

no rpa,nHeHTy MarHHTHOrO nOJI.S: OT 3KCnepHMeHTaJibHbiX 

3aBHCHMOCTeR. 

Ha puc. 6 npHse,neHa 3aBHCHMOCTb BeJIH'IHHbl non.s: 

,nJI.S: KOH:UeHTpH'IeCKHX 06MOTOK npH C = 0 OT TOKa B036y)l(

,neHH.S: 3JieKTpoMarHHTa I0 . 0TMeTHM, 'ITO yMeHLWeHHe 

Hk /IW c pocTOM I 0 .n:n.s: o6MOTOK n"" ( 6-18), pacnono)l(eHHbiX 

no noBepXHOCTH WHMM, o6yCJIOBJieHO yMeHbWeHHeM Mar

HHTHOR npoHH:uaeMoCTH cnHpaJibHbiX WHMM. O.n:HaKo .nn.s: 

o6MOTOK N!!l-5, pacnono)l(eHHbiX B na3ax cnHpaJibHbiX 

WHMM I puc. 2/, 3TOT 34;l!lleKT ocna6n.s:eTCH H3MeHeHHeM 

3KpaHHPYIO~ero ,neRCTBHJI WHMM. 

Pe3yJILTaTbl !llopMHposaHH.s: H3oxpoHHoro cpe.n:Hero no

JIH C llOMO~biO TOKOBbiX 06MOTOK npe,ncTaBJieHbl Ha puc. 7. 
MaKCHMaJibHble OTKJIOHeHH.S: nOJIJI OT Tpe6yeMbiX 3aBHCHMO

CTeR B :UeHTpaJibHOR 06JiaCTH C < 4 CM COCTaBJI.S:IOT - ±30 3, 
a B .IJ;Hana30He pa,nHyCOB L\ C = /4-51/ CM He npeBbiWaiOT 

-±6 3. 
fiOCTO.S:HHble COCTaBJI.S:IO~He OTKJIOHeHHR o6yCJIOBJieHbl 

H3MeHeHHeM ypoBH.S: non.s: ( L\ H /H = ± 2.10·4 ) npH npose.n:eHHH 

.ll:BYX cepHR H3MepeHHR no Bbi.IJ;eJieHHIO TOnorpa!llHR MarHHT

HOrO llOJI.S:. COOTBeT.CTBYIO~He 3Ha'leHH.S: TOKOB B KOH:UeH

TPH'IeCKHX o6MOTKax npHBe,neHbl B ma6A. 5. B TOR )l(e Ta6-

JIH:Ue ,naHbl 3Ha'leHH.S: TOKOB B 06MOTKaX .ll:JIJI !llopMHpOBaHH.S: 

cpe.n:Hero non.s: npH ycKopeHHH d , Hei H a -qacTH:U. 

AHaJIH3 c!llopMHpoBaHHbiX MarHHTHbiX noneR :UHKJIOTpo

Ha npHBO.Il:HJIC.S: Ha OCHOBaHHH paC'IeTOB ,nll'ilaMH'IeCKHX 

xapaKTepHCTHK ycKop.s:eMbiX 'laCTH:U. Pac'leTbl lila3oBoro 
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Puc. 6. MazHumHoe no11e KOHf#eHmpu'leCKUX o6MomoK npu 
r= 0. 
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Puc. 7. OmKIIoHeHue crjJopMupoeaHHozo c noMOUibiO cucmeMbJ 
18 nap KOHf#eHmpu'lecKux o6MomoK cpeOHezo no11~ om u3o
xpoHHozo. 
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pe)I(HMa pa60Tbl YCKOpHTemi DOKa3aJIH, 'ITO CMe~eHHe dla3bl 

DY'IKa OTHOCHTeJibHO YCKOP1UO~ero HanpJI)I(eHH.II He npeBbl

waeT ±5? Ha puc. 8 H 9 npe.u;cTaBneHbl rpad~HKH 3aBHCHMo

CTeB: \faCTOT CB060.IJ;HbiX KOJie6aHHH OT pa.u;Hyca, paCC\fHTaH

HbiX no dlopMynaM: 

Q 2 (r) = 
&2N2 2&2N2 &2r2A'2 

N 2N N 'f'N 
-n + ---- + :;-;::y-:-- + + 

2(N 2-1-o) (4N -1-n) 2(N 2 -1-o) z 

c-2 2,/..'2 
{92Nr 'f' 2N 

+ 2 
2(4N -1-o ) 

2 , c-2 2 ,2 
&Nr 2¢ 2 {92N r ¢ 2N 

+ N + -+ 
2N

2 
8N 2 

( c-, )2 C' C', C' E." 2 {9N r {9 N {9 N r 2 {9 N"'N r 
+ -- - -----{1+0+0 -d)- , 

2N2 (N ~1-o)(1+ o) 2(N2-1-o) 

/2/ 

2 
2 &N 

Qr2(r)= O+o) [1 +23NJ&N r¢N)] + 2(N2-4-4o) x 

X [ 2- N 2 & N ] 2 0, 7 &~ 
2 + r -- +O + + 

2(N -1-o) & N N 2_1-o 

c-, )2 C' c-, 2 
+ (<9Nr + ~-, /3/ 

2N2 2(N 2-1-o) 

r.u;e d= _!_ r
2 

d
2
H 

2 A dr 2 

rapMOHHKH. 

, c/J - 4la3a MaKCHMyMa non.11 N - oB: 
N 
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Oz! 
A 3-I =175A 0 

Q~t ~ 'J 
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11-2-I =350A 0 

Q3t I / r, 

Q2t ~/.~ "'-/ u 

Q1~ /~ 

40 
.k-
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Puc. 8. 3aeucuMocmb tlacmombl aKcuaAbHbiX KOAe6aHuu Q (r) 
om paouyca. z 

Ha 3TOM ~e pucyHKe npuse~eH~ pe3ynLTaT~ pacqeTa 
qacTOT no nporpaMMe CYCLOPS. 0TKnoHeHBe npose
~eHH~x pacqeToB He npes~waeT So/o. Cne~yeT OTMeTBTL, 
qTo ~mi nonyqeHH~X xapaKTepucTBK MarHBTHoro nomi 
Y-120M /puc. 4/ 3HaquTellLH~:ii BKna~ B senuqBHY Qz 
I -40o/o/ B Q /- 15o/o/ Ha KOHeqH~x pa~uycax, paccquT~Bae-

r 
M~x no l}lopMynaM /2/ B /3/, ~aiOT qneH~ c ff," 

N' 

AHallB3 nonyqeHH~x xapaKTepBCTBK Q B Q noKa3~-
u z r 

saeT, qTo npocTpaHCTBeHHaJI ycTouqusocTL ycKopJieM~x 

npoTOHOB 6y~eT o6ecneqeHa so seeM ~uana3oHe pa6oqux 
pa,D;ByCOB 3a BCKnroqeHBeM u;eHTpanLHOH 30H~ r .: 5 CM. 

KaK noKa3aHo B pa6oTe /6/ ,3Ta o6nacTL 6y,IJ;eT npoxo,IJ;BTLCJI 
qaCTHD;aMB npB He3HaqBTellLHOM pOCTe aMnllBTY,IJ; CB06o~
HLIX KOne6aHHH. 
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Puc. 9. 3aeucuMocmb tlacmombl paouaAbHbiX KOAe6aHuu Q (r) 
om paouyca. r 

3AKJIIO qEHHE 

lhno~eHLI OCHOBH~e pe3yllLTaT~ pa60T no l}lopMBpOBa
HBIO MarHBTHOrO nonJI B30XpOHHOro UBKllOTpOHa. 

1. Cl}lopMBpoBaH~ MarHBTH~e nonJI ~nJI ycKopeHBJI npo
TOHOB ,IJ;O 3Hepru:ii 40, 30, 13 M 3B. 

2. PaccqBTaH~ pacnpe~eneHBJI TOKOB B KOHD;eHTpBqec
KBX o6MOTKax, o6ecnequsaiDID;BX ycKopeHue d , He~ , 
B u -qacTBU ~o 3Hepru:ii, 8, 15, 20 M3B; 17, 40, 54 M3B; 
17, 30, 41 M3B cooTBeTCTBeHHo. 

3. ITyTeM HeKOTop~x B3MeHeHB:ii napaMeTpos l}leppo
MarHHTH~x 3lleMeHTOB MarHBTHOH CHCTeM~ nonyqeH~ yc
llOBBJI C03~aHBJI 3a,IJ;aHHWX 3aBBCBMOCTe:ii Cpe~ero nOllJI 
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B Tpe6yeMhiX AOnycKaX AnJI BCeX pe)KHMOB pa60Thl YCKOpH

Temi C fiOMOIUbiO 3annaHHpOBaHHOB CHCTeMhl KOHUeHTpH

'IeCKHX 06MOTOK. 

<I>H3H'IeCKHB 3anyCK /HIOHb 1976 r ./ H HCCJieAOBaHHS 

ABYX pe)KHMOB pa6oThl /E = 40 M3B H Ep= 30 M3B/ noKa-

3anH, 'ITO CcPOPMHpOBaHHOg MarHHTHOe none YAOBJieTBOpseT 

Tpe6oaaHHSM AJIS AaHHoro ycKopHTens. 
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