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AneHiillKHil !O.f., 3annaTiiH H.Jl., Mopo30B H.A. P9 - 10090 

LlonyCKii Ha 3nBMBHTbl MarHiiTHOH CliCTBMbl 1i30XpOHHOrO 
Uf!KnoTpoHa Y-120M 

CornacHo Tpe6oBaHiiHM K ToqHoCTii ¢opMfiPOBaHHH MarHHTHoro nonH 
f!3oxpoHHoro UfiKnoTpoHa Y-120M, HailneHw norrycKH Ha 3nBMBHThl 
MarHHTHOH CliCTBMhl !lliKnOTpOHa 1i MOHTa* KaMBphl yCKOpliTBnH B 3a3ope 

3nBKTpOMarHf!Ta, 

Pa6oTa BbmonHeHa B Jla6opaTOplifl HnepHbiX npo6neM 011.HI1. 

Co06lll8HHe 06be}:IHH8HHOf'O HHCTHTyTa ll}:l8pHblX HCCJie}:IOBaHHH 

,ll;y6Ha 1976 

Alenitsky Yu.G., Zaplatin N.L., 
Morozov N.A. 

P9 - 10090 

Tolerance for the Elements of the Magnetic 
System of the Isochronous Cyclotron Y-120M 

In conformity with the requirements for the accuracy 
of formation of the magnetic field of the isochronous eye 
lotron Y-120M there was found the tolerance for the ele
ments of the magnetic system as will as for assembling 
of the chamber of the accelerator in the electromagnet 
gap. 

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

Communication of the Joint Institute for Nuclear Research 

Dubna 1976 

<0 1976 06l>e~UHeHHI>IU UHCJfUIIIYJf JIOepHI>IX UCCAe~06QHUU ,lly6Ha 

)J,onyCKH Ha 3lleMeHThl MarHHTHOH CHCTeMhl, onpe,LJ,e

nHeMLie Tpe6oBaHHHMH K TO'IHOCTH 4JopMHpOBaHHH MarHHT

HOrO llOllH YCKOpHTenH, o6cy>K,LJ,anHCh BO MHOrHX pa6o
Tax II ,2/. 

)J,nH H30XpOHHOrO IJ,HKllOTpOHa Y- 120M OHH CBO,LJ,HTCH 

K cne,LJ,yiOIIJ,HM: 

1. OrpaHH'IHBaxcL ,LJ,onycTHMhiM 4Ja30BLIM C,LJ,BHroM ny'IKa 

!\ ¢ = ±5 ° H nonarax ,LJ,nHHY sonHLI c<lJopMHposaHHoro nonx 

OTHOCHTenhHO H30XpOHHOrO 3aKOHa paBHOH 3a3opy Me>K,LJ,Y 

cnHpanLHLIMH lliHMMaMH 2 h 1 = 10 eM, nony'IHM i\llj H" = 
= /2:-5/.Io-·t / 3 -'. 

2. ,[J,onycK Ha rpa.D,HeHT cpe.D,Hero MarHHTHoro nonx 

onpe.D,enxeTCH ,LJ,OllYCTHMhiM OTKllOHeHHeM 'laCTOThl CB060,LJ,

HhiX aKCHanhHhiX KOne6aHHH OT 3a,LJ,aHHOrO 3aKOHa. )J,nx 

Y-120M i\Q, /Q, ,Q,l, 'ITO COOTBeTCTByeT !\ (dHz/dr) 
= /2-10/ 3/CM ,LJ,llH HHTepBana pa.D,HYCOB i\r = /10-51/ CM. 

3. )J,onyCTHMaH BenH'IHHa aMllllHTY,LJ,hl nepBOH rapMOHHKH 

aKcHanLHOH cocTaBnHJOIIJ,eB: nonx BLI6paHa H, 1 = /2-':- 7 I 3. 
0Ha onpe,LJ,enxnach H3 aHanH3a HenHHeHHoro pa,LJ,HanLHoro 

pe3oHaHca 'leTsepToro nopH.D,Ka Qr = ~ = 1 B u.eHTpanL

HOH o6nacTH !l r = /0"""20/ eM H ,LJ,onycTHMhiM cMeii.I,eHHeM 

IJ,eHTpa op6HThl OTHOCHTenhHO reoMeTpH'IeCKOrO IJ,eHTpa yc

KOpHTenx B 30He KOHe'IHhiX pa.D,HYCOB t\r = /45-52/ CM, 

HaH,LJ,eHHOro H3 aHanH3a 3~eKTHBHOCTH CHCTeMhl BhiBO,LJ,a 

nyqKa H3 U.HKnoTpoHa/4{ B ocTanLHOH 30He Hzl MO>KeT 6h1Th 

ysenH'IeHo ,LJ,O Hz! = /4-14/ 3. 
4. Manax anepTypa ,LJ,yaHTa d = 16 MM o6yGnosuna 

>KeCTKHH ,LJ,OllYCK Ha BellH'IHHY cpe,LJ,HeH COCTaBnHIOIIJ,eH pa

,LJ,HallhHOH KOMnoHeHThl nonx. Ecnu npHHHTh BhiCOTY ny'IKa 
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:'lz= 5 MM H npe~nonO:>KHTh, '-ITO TO'-IHOCTh H3rOTOBneHHH 

H lOCTHpOBKH ~yaHTa COCTaBHT - ±/1-7-2/ MM, TO MaKCH

ManhHhlH OTXO~ ny'-IKa OT cpe~Hei nnOCKOCTH YCKOpHTenH 

He ~On:>KeH npeBbiiiiaTh ±/2-7- 3/ MM, '-ITO COOTBeTCTByeT 

H r = /2-'-10/ 3. 
BenH'-IHHhl ~onycKoB, npnae~eHHbie B nn. 2,3,4, OTHo

CHTCH K HH:>KHeMy ~Hana30HY Cpe~Hero MarHHTHOrO nonH 

Hz = 10 K3. ll3 cpaBHeHHH ~onycTHMhiX B03MymeHHi 

MarHHTHoro nonH ~nH Tpex pe:>KHMOB pa60Thi I ma6A. 1/ 
BH~Ho, '-ITO Han6onee :>KeCTKHi ~onycK Ha aenH'-IHHhi Hr H 

:'l(dH/dr) COOTBeTCTByeT 10 = 610 A, aHa Hzl -1 o = 
= 175 A. 

Hn:>Ke npnao~HTCH pacl.JeTHhie H 3KcnepnMeHTanhHhie 

oueHKH B03MYI.l\eHHi MarHHTHoro nonH, o6ycnoaneHHhie Han-

6onee xapaKTepHhlMH OTKnOHeHHHMH OT 3a~aHHhlX napa

MeTpOB npH H3rOTOBneHHH MarHHTHOH CHCTeMhl IIHKnOTpOHa. 

l. Cpe~Hee MarHHTHOe none 

a/ OIIIH6Ka B H3rOTOBneHHH npo<i>HnH CnHpanhHhiX IIIHMM 
h 1 (r) ~nH Y-120M COCTaBnHeT BenH'-IHHY \hI = ±0,1 MM. 

Ta6mma 1 

flonyCKH Ha B03MYW8HHH MarHHTHOrO UOUH 

r (eM) 10 20 30 40 50 

< Ll ( ~~ ) (3 I CM) 0,9 2,5 4,3 4,9 4,7 
0 
,...; 

H zl ( 3 ) 4,2 14,4 20,9 30,1 17,5 '-0 
u 
0 H ( 3 ) 0,9 2,5 4,3 4,9 4,8 - r 

-
< Ll ( ~~ ) ( 3 I eM ) 1,4 3,6 6,5 7,8 8,6 
0 
lr\ 

H zl (3) 3,2 10,9 15,5 22,6 11 '7 ~ 
II 
0 H ( 3) 1,4 3,6 6,4 7,8 8,7 r -

< Ll(dH/dr) ( 3 /eM) 1,7 4,9 7,8 8,6 9,8 
lr\ 
1'--

H zl ( 3 ) 1,9 6,0 7,8 10,4 3,8 ,....; 

II 
0 H ( 3 ) 1,7 4,9 7,8 8,6 9,9 - r 
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BoJMymeHHH MarHHTHoro nonH MO:>KHO oueHHTh no <l>opMyne, 

OnHChiBaiOI.l\ei MarHHTHOe none TOHKOH, B aKCHanhHOM Ha

npaaneHHH, KOnhueaoi IIIHMMhi ( ;\ h /,: h ) B npe~nono:>KeHHH 

paBHOMepHOrO HaMarHH'-IHBaHHH 5. 

1 () r h H2 
= 4 rr M ;\ h- - lH - , --) ! 

R dH R R n 1 

H z /1/ 

r~e M - HaMarHH'-IeHHOCTh <l>eppoMarHeTHKa,:\h , h - BhiCOTa 

KOnhiieBOH lllHMMhl H ee paCCTOHHHe OT cpe~Hei nnOCKOCTH. 

0- Ta6ynnpoaaHHaH <l>YHKIIHH 
1

5 , R 
1

, R 
2 

- BHyTpeHHHi H 

BHeiiiHHH pa~HyChl KOnhiieBOH IIIHMMbl. 

IIonaraH 4rr ~ = 20 000 rc H npHHHMaH A R"" R 2- R I = 
2 CM, Hai~eM Hz= 10 3. 

6/ Ilo TexHonorn'-leCKHM coo6pa:>KeHHHM cnnpanhHhie 

IIIHMMbl Y -120M BhlllOnHeHbl H3 Tpex qaCTei. CTbiKOBKa 

3THX qacTeif ocymecTBnHeTCH Ha pa~nycax r = 30 eM H 

r = 54 CM. 

OueHKa B03MymeHHH H3- Ja HeH36e:>KHhlX 3a3opoa a Me

cTax CThiKOB npoao~nnach no <l>opMyne ~nH pac'-leTa Mar

HHTHoro nonH TOHKOH, B pa~nanhHOM HanpaaneHHH, KOnh-
~ 5 

IIeBOH IIIHMMhl · . 

h hl 
H = 8 MAR ------ I . 

z ( R-r)2 +h2 h 2 
/2/ 

Han6onhiiiYIO onacHOCTh npe~cTaBnHeT 3a3op Me:>K~Y 
conpHKaCaiOI.l\HMHCH IIHnHH~pH'-IeCKHMH noaepXHOCTHMH '-laC

Teif cnnpanhHhiX IIIHMM Ha r = 30 eM, r~e ~nH A R= 0,05 eM 
H BhiCOThl CnHpanhHhlX IIIHMM h 2 -h I = /11-5,6/ = 5,4 CM 

B03MymeHne cocTaBHT Hz= 15 3. 
a/ IInaKnpoBKa KaMephi HBnHeTCH HeCYI.l\HM 3neMeHTOM 

CHCTeMbl TOKOBhiX 06MOTOK, pacnono:>KeHHhiX CO CTOPOHbl 

Me~HaHHOH nnOCKOCTH YCKOpHTenH H pa3~enOM Me:>K~y <l>op

BaKYYMHhiM H BhiCOKOBaKyyMHhlM 06'beMaMH KaMepbi. )J,nH 

o6ecneqeHHH Heo6xo~HMOH :>KecTKOCTH KpenneHHe nnaKHpoa

KH K CHCTeMe OCyll\eCTBnHeTCH BHHTaMH M6, pacnono:>KeH

HhlMH Ha pa~Hycax R= 21 ,5; 29,5; 37 ,0; 44,0 CM. 

llcnonh3YH Bhipa:>KeHHe /6! 

H ,_l_MS !h [ Q' ( z rrrRy'rR 1 - -Y. xl)]-h2[-Q:y,(x2 )]!, /3/ 
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r~e Q:~ - npOH3BO~HaH c~epH1..feCKOH ~YHKUHH lle~aH~pa 
OT apryMeHTa 

h1 2 +r2 + R2 
X ~-~------

1,2 2rR 

HaH~eM, 1..fTO ~nH 1..feThipex nap pe3h60BhiX OTBepcTHH M6 

/S = 0,38 CM2j B cnHpanhHhiX IUHMMaX l~h == h 2 - h l = 
7,0-5,6 = 1,4 CM Ha pa~Hyce yCTaHOBKH UHnHH~pOB 

kR = 29,5 CM B03MyiUeHHe cpe~Hero nonH COCTaBHT L\Hz = 
= 8 3. 0TMeTHM, 1..fTO llpOTH~eHHOCTh :noro B03MYIUeHHH 

Mana H IUHMMHpOBaHHe ero C nOMOIUhJO CHCTeMhi TOKOBhiX 

06MOTOK noTpe6oBano 6bl ~OnOnHHTenhHOH MOIUHOCTH nH

TaHHH. Il03TOMY ~nH ycTpaHeHHH 3THX B03MYIUeHHH Kpe

ne)KHhie BHHThi fihiJIH BhinOnHeHhi COCTaBHhiMH H3 MarHHT

Horo /CT-3/ H HeMarHHTHoro /Hep~aBeJOman cTanh/ Ma

TepHanoB. 

2. IlepBaH rapMOHHKa aKCHanhHOH 

COCTaBnHJOIUeH MarHHTHOrO nonH 

MarHHTHOe none CnHpanhHhiX IUHMM MO~eT fihiTh npe~

CTaBneHO B BH~e CYMMhi noneH OT 1..feThipex nap CnHpaneH, 

C~BHHYThiX Ha yron 77/2 

H (r,¢) ,.,H(r)+}.; H [ l cos(!!!!- --m¢-~)2 ], /4/ 
z m= I m k=O N A 2 

r~e Hm- aMnnHTy~a m -H rapMOHHKH nonH onHChiBaeTCH 

Bhipa)KeHHeM 

H "'~ 

mh 
. -- I mh 

stn( m ~)( e NA - iif-2 -e ) , /5/ m m 

N A==l8- napaMeTp cnHpanH, a - yrnOBaH npOTH~eHHOCTh 

CllHpanhHhiX IUHMM. 

IJepByJO rapMOHHKY ITOnH, Bhi3BaHHYJO OIUH6KaMH B H3-

rOTOBneHHH i - ro napaMeTpa /h r h2 ; a ; N A I' MO~HO 
oueHHTh no ~opMyne 

i a 3 R rrk . 
H I = -.- [HI 2 cos ( -- - ¢- - ) ] LH . I 6/ 

z a 1 k=O N A 2 

Ha ocHoBaHHH Tpe6oBaHHH, c~opMynupoBaHHbiX Ha Hzl 

I eM. ma611. 1/, nony1..fHM cne~yJOmae ~onycKH: L\h 
1 
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1 

I 

±0,05 MM, /\a = ± 0,05°; ;\(NA)= ±0,05 MM; ;\& 

±0,18 MM - 3KCUeHTpH1..fHOCTh; :"-.{) = 0,1 MM/M - He

napannenhHOCTh CHCTeMhi CnHpanhHhiX IUHMM. 

)l.onyCK Ha T01..fHOCTh UeHTpOBKH BaKyyMHOH KaMephi 

YCKOpHTenH, Ha KOTOpOH CMOHTHpOBaHhi CTanhHble KphiiUKH 

C CHCTeMOH CllHpanhHhiX IUHMM, OTHOCHTenhHO nonJOCOB 

3neKTpOMarHHTa onpe~enHeTCH H3 3KCnepHMeHTanhHhiX 

~aHHhiX. Ha puc. 1 npe~cTaBneHhi 3aBHCHMOCTH aMnnHTY~hi 

nepBOH rapMOHHKH Hzl OT pa~Hyca ~nH Tpex pe~HMOB 

pa6oThi I I 0= 610, 350, 175 A/ npH ~Byx nono~eHHHX 
KaMephi /:\a k = 3 MM H \a k = 0,3 MM/. BH~Ho, 1..fTO ~nH 
BhinOnHeHHH 3a~aHHhiX ~onyCKOB H zl · 10 3, COOCHOCTh 

KaMephi OTHOCHTenhHO nonJOCOB ~On~Ha fihiTh Bhi~ep~aHa 

C T01..fHOCThiO /\a k ', 0,3 MM. Il03TOMY T01..fHaH YCTaHOBKa 

KaMephi ~On~Ha OCyiUeCTBnHThCH Ha OCHOBaHHH 3KCnepH

MeHTanhHOrO onpe~eneHHH Hz 1 c nocne~yJOmeH perynHpoB-

Hz1(3) 

100 

50 
--,..., ,..., -

- I=610A 0 

350A 
-·-·- 175A 

,...,. _... 

~[t~M~,.- LIQK =0.3MM 
,..., ~ ,..., -·-,..., .-;._-,., -·==- ·-· ·-· -· --·-....:.-:=...-----· ---· 

o~~----~----~--
30 ~0 50 c(CM) 

Puc. 1. 3aeucuMocJib nepeou zapMoHuKu aKcuaAbHou cocmae
AJI101J4eu noAJI o• paouyca npu oeyx .:JKct~enmpU'lHbrx noAoxe
HUJIX KaMepbl OJIHOCUJieAbHO nOA10COB .:JAeKIIpOMQZHUJIQ. 
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KOH ee nono:>KeHHH B COOTBeTCTBHH C aMnnHTY,D,OH H !lJa30H 

nepBOH rapMOHHKH nonH. 

Ha puc. 2 npuae,D,eHbi 3aBHCHMOCTH Hz 1 ( r) ,D,nx Tpex 

pe:>KHMOB pa6oTbi ycKopHTenx. BH.D.HO, 'ITO ,D,nH KPHBOH 1 
H 2 aenH'IHHbl nepBOH rapMOHHKH MeHbUie ,D,OnyCKOB, ,D,nH 

KpHBOH 3 COOTBeTCTBYIOI.l\ee CMemeHHe I.J,eHTpa op6HT Ha 

KOHe'IHbiX pa,D,HyCaX COCTaBHT -2 CM, 'ITO MO:>KeT noTpe6o

BaTb ,D,OnonHHTenbHOH OnTHMH3al.I,HH napaMeTpOB BhlBO,ll,HOH 

CHCTeMbl. 

Hzi3) 

20 1-I =610A 0 
2--- 350A 

10 

.,.-·--·, ....... \ 
/ . 

//./_......-/ 

-·-·- ...... ,.. . .......... ___ -·-·"' 
....... _:. ..... ---, 

.~""' 

3-·-·- 175A 

10 20 30 ~0 so c(( 
Puc. 2. 3aeucuMocmb nepeou 2apMOHUKU aKcuaAbHOU co
cmaeAR101JieU noAR oAR mpex ypoeueu c¢opMupoeaHH020 
cpeoHe20 MQ2HUmH020 nOAJI. 

3. Cpe,D,HHH pa,D,uanbnax cocTasnxromax 

MarHHTHoro nonx 

l13MepeHHe rOpH30HTanbHhlX COCTaBnHIOmHX nonH l.I,HK

noTpOHa BblllOnHHnOCb XOnnOBCKHM MarHHTOMeTpOM, pa3-

pa6oTaHHhlM s OHY JUIII 7 · . )J.aT'IHK Xonna no,D,aernusaeT

CH Ha HHTH, npH 3TOM H3MepHeTCH ropH30HTanbHaH KOM

noHeHTa MarHHTHOrO nOnH. 0UIH6Ka, B03HHKaiOI.l\aH 3a Cl.JeT 

HeTO'IHOCTH BepTHKanbHOH opHeHTal.I,HH ,D,aT'IHKa, HCKniOl.fa

eTCH nyTeM Bbi'IHTaHHH pe3ynbTaTOB H3MepeHHH B HCXO)l,HOM 

nono:>KeHHH ,D,aT'IHKa H noaepHyTOM Ha 180°. O,D,HaKo B cny

qae OTCYTCTBHH ropH30HTanbHOCTH cpe,D,HeH nnOCKOCTH Mar-

8 

HHTHOH CHCTeMbl B03HHKaeT nepBaH rapMOHHKa pa,D,HanbHOH 

COCTaBnHromeif C aMnnHTY,D,OH 

\H rl Hz s1n a, /7/ 

r,D,e a - yron HaKnOHa cpe,D,HeH nnOCKOCTH OTHOCHTenbHO 

ropH30HTa. l13MepeHHH H.(()) na pa,D,uyce r -=0 noKa3aHbi 

na pUC. 3, 83 KOTOpbiX BH,ll,HO, 'ITO pa,D,HanbHaH COCTaBnHIO

maH o6ycnosneHa Heropu3onTanbHOCThiO cpe,D,Heil nnoTHo

CTH BCeH MarHHTHOH CHCTeMbl B I.J,enOM - 3 MM/M/ KpHBaH 1/ 

H 0,3 MM/M /Kpusax 3/. KoMneHcauux H rl 3a Cl.feT roc

THpOBKH nHUib BaKyyMHOH KaMepbl He 3$$eKTHBHa /KpHBaH 2/. 

C ,D,pyroil cTopoHbi, cymecTBeHnoe anHHHHe Ha aenu

'IHHY cpe,D,HeH COCTaBnHromeif pa,D,HanbHOH KOMnOHeHTbl nOnH 

oKa3biBaeT nono:>Kenue KaMepbi OTHOCHTenbHO cpe,D,neil rrnoc

KOCTH 3a3opa JneKTpoMarHHTa. Ha 3TOM :>Ke pucyHKe no

Ka3aHa 3aBHCHMOCTb li ( ()) ,D,nH r = 40 CM, OTKy,D,a BH,ll,HO, 
r -

'ITO npu ,D,onycTHMOH aenH'IHHe H r 5 3 KaMepa ,D,On:>KHa 

6biTb IOCTHpOBaHa C TO'IHOCTblO ±0,2 MM. 

B pa6oTe B noKa3auo, 'ITO ,D,nH ycKopuTeneil c npo-

CTpaucTseuuoil sapuauueil MarHHTHoro nonx OTKnoneuue 

Me,D,Hannoil nosepxuocTH ( Hr "'0) OT cpe,D,neil nnoCKOCTH 

Bbl3biBaeTCH KaK cpe,D,HeH, TaK H OCHOBHOH rapMOHHKOH 

pa,D,HanbHOH COCTaBnHIOI.l\eH nonH H MO:>KeT 6biTb paCC'IHTaHO 

no !lJopMyne 

r. Hr r .H rN 
z 

H .Q2 
z z 

+-::..--2--2 
H ·Q (N -1-n) z z 

/8/ 

HanH'IHe BTOpOrO l.fneHa B 3TOM Bhlpa:>KeHHH CBH3aHO C OT

KnoueHHeM paaHosecHoil op6HTbi OT OKPY:>KHOCTH pa,D,Hyca r. 
)J.nH onpe,D,eneHHH Me,D,HaHHOH nosepXHOCTH no Bblpa-

:>KeHHIO /8/ Ha ocHosaHHH H3MepeHHH H H H N Heo6xo-r r 
)l,HMO, 'IT06hl nnOCKOCTb H3MepeHHJI C ,ll,OCTaTOqHOH TOl.f-

HOCTblO cosna,D,ana co cpe,D,Heil nnocKOCTbiO. 3aMeTHM, 

'ITO 3neKTPH1.feCKHH ueHTP ,D,aT'IHKa Xonna H3BecTeH c Tol.f

HOCTbiO ±/0,5-7-0, 7 I MM, a reoMeTpsqecKoe nono:>KeHHe 

H3MepHTenbHOH UITaHrH onpe,D,enHeTCH He nyqrne ±0,2 MM. 
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f\C3) 

+100 

0 ~ 'I "> ''-V '\:\~ uvu I ..! 7 ! <:!: 'r ;; =P.t Fi 

-100 

Puc. 3. PaouaAbHaJl cocmaeAJt101J4aJl noAJl. a/ 1,2,3 ·H (¢) 
OAJI r =0 npu pa3AU'lHOil HeZOJ!U3oHmaAbHocmu 3AeMeHmoe 
MaZHUmHoil cucmeMbl; 6/ 4 - H (o) OAJI r = 40 cM, zoe 
o - cMeU~eHue cpeoHeil nAocKocmu KaMepbl omHocumeAbHO 
cpeoHeil nAocKocmu MazHuma. 

p a,IJ.HaJihHaJI COCTaBJIJIIOI.QaJI IIOJIJI B6JIH3H cpe,IJ.HeH IIJIOC

KOCTH (rotH ... 0) MO)KeT 6hiTh 3aiiHCaHa 

H (r ,¢) ,., _?Hz(r.:_tL_. o. (r,¢ ), 
r ar z 

/9/ 

r,IJ.e Oz (r, ¢;) - OTKJIOHeHHe IIJIOCKOCTH H r=0 OT cpe,IJ.HeH. 

IlpHqeM $yHKIJ,HH Hr ( r' ¢ ) ; Hz ( r' ¢ ) ; oJ r' ¢) MoryT 

6hiTh rrpe,IJ.CTaBJieHhl B BH,IJ.e pJI,IJ.a 

F -= F 0 + ; F Ncos N ( ¢ N - ¢ 0 ) · /10/ 

10 

~ 
I 

Hz(3 
+10 

+5 

-------=.-:..-:-_~=:-._. __ _ v.::---·-·-·-
~.,.,· !; 

:-~::.-·-:-·-·-·-·-·~·-·-·--~·~·-·-·-· 
10 20 30 

·-·-·--·-
40 50 'l(CM) 

Puc. 4. PaouaAbHaJl cocmaeAJl10UiaJl noAJl ~UKAompoHa. 

a/ 1 ,2,3 OAJI nAocKocmu, omcmOJtU~eil om cpeoHeil Ha 
o = 1,5 MM; 6/ 4 - OAJI cpeoHeil nAocKocmu. 

z 

}f3 /9/ H /10/ JierKO IIOJiyqHTh 

H zN ( r) 
0 = -----------------· 

z v'[ dH z!L (r)] 2 +[NH (r) _<.!_<2~1 2 
d r zN d r 

/11/ 

Ha puc. 4 rrpHBe,IJ.eHhi JaBHCHMOCTH H ( r) H H 
4 

(r) ,IJ.JIJI 
r r 

Tpex ypOBHeH HH,IJ.YKIJ,HH li,HKJIOTpOHa Y -120M. lfCIIOJih3YJI 

/11/, HaH,IJ.eM 3 z = 1,2 MM. Pe3yJihTaThl IIOBTOpHoro H3-

MepeHHJI TOIIOrpa$HH pa,IJ.HaJihHOH COCTaBJIJIIOI.QeH IIOJIJI IIpH 

I o= 175 A, CMeiiJ,eHHOH Ha [jz = 0,2 MM, IIOKa3aHhl Ha 3TOM 

*e pHcyHKe. BH.n.Ho, qTo aMIIJIHTy.n.a H d yMeHhWHJiach 

B_ /3-4/ pa3a H COCTaBJIJleT <: 15 3, a cpe,IJ.HJIJI BeJIHqHHa 

H r - COCTaBJIJllOIIJ,eii He rrpeBhiWaeT ,IJ.OIIYCK. Cne.n.yeT OTMe

THTh, qTo IIOJIBJieHHe aMIIJIHTY,IJ.hl Hd B reoMeTpHqecKOH 

cpe,IJ.HeH IIJIOCKOCTH MarHHTHOH CHCTeMhl MO)KeT 6hiTh TaK

)Ke CBJ13aHO C 3KCIJ,eHTpHqHQCThlO H pa3BOpOTOM BepxHero 

H HH)KHero IIOJIIOCHhiX HaKOHeqHHKOB CO CIIHpaJihHhiMH WHM-

11 



MaMH ~pyr OTHOCHTenhHO ~pyra. 3KcnepHMeHTanbHO Haft· 
~eHO, qTO pa3BOpOT HaKOHeqHHKOB Ha \ dJ = ±0,01 paO 
npHBO~HT K Hr.t = 20 3, qTo HBnHeTCH MaKCHManhHO ~o

nycTHMOH BenHqHHOH. 

3aKA10~eHUe 

lboxpoHHbiH UHKnOTpOH Y -120M Janyi.UeH B HIOHe1976 r. 
liccne~osaHHH xapaKTepHCTHK nyqKa npoTOHOB I Ek = 

= 40 M:JB H Ek = 30 M:JB/ noKaJanu: 
1. OTCYTCTBHe noTeph nyqKa no pa~uycy. 
2. BepTHKanhHhlH pa3Mep nyqKa cocTasnseT - 5 MM. 

3. On<noHeHHe nyqKa OT cpe~HeH nnocKOCTH ycKopuTe-

nH He npeshlwaeT ±2 MM. 

4. CMei.UeHHe ueHTpa op6HT HJMeHHeTCH B npe~enax 

/0,5-:-1/ CM. 
llonyqeHHble xapaKTepHCTHKH nyqKa xopowo cornacyroT-

cs C pe3ynhTaTaMH !lJopMHpOBaHHH MarHHTHOrO nons ycKO" 

pHTenH. 
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