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ilByxMe TpOBbiH H3oxpoHHhiH UHKiloTpoH OYI.HYI ( Y-200) rrpeaHa3Ha'IeH 

LtllH yCKOpeHHH TH>K8/lb!X HOHOB C OTH0Ill8HH8M ~ 2 2,8 HB <jlHKCHpOBBHHOM 

ypOBHe MarHHTHOrO IIOilH / 1/ 

YcKOpHTenh coanaH B peaynh T aTe peKOHCTPYKUHH cyllleCTBOBBBillero B 

na6opaTOpHH IIOilYTOpaMeTpOBOrO UHKilOTpOHB TH>K8/lhlX HOHOB (Y-150) /2/ . 

nocne 3BM8Hbl KOHH'l8CKHX IIO/liOCHb!X HBKOH8'lHHKOB lll'!llHHnpH'leCKHMH nHaMeT-

poM 200 CM KOHe'!Hbiii panHyc yBe llH'lHilCH c 67 no 90 eM. EnaronapH yMeHb-

lli8HHIO CpenHerO B03nylliHOrO 3830pa no 100MM 0 C61lH>K 8 HHIO OCHOBHb!X KBTy-

12% ynallOCb IIOnHHTb MarHHTHOe IIO/le no 20 K9 6e3 H3M8H8HHH BMIIep- BHT-

KOB B036y>KneHHH 9/leKTpOMarHHTB. B HTOre 3 HeprHH HOHOB B03p0Cila C 6 3 

z2 
no 1 56 - A- (MaB), T.e . IIO'lTH B 2,5 paaa. 

B HBCT0Hll!8H pa60Te OIIHCBHhl peayllhTBThl <jlopMHpOBBHHH MarHHTHOrO 

nonH UHKilOTpoHa Y-200 . 

K oHcrpyKTHBHbie 3neMeHTbi 

liHKilOTpOH Y -200 Bb!IIOilHeH HB 6a3e 31l8KTpOMarHHT B Cn-72A. n omoc 

3/l8KTpOMBrHHTB C06paH H3 lli8CTH LtHCKOB nHBMeTpOM 200 CM H TOillllHHOH 

90 MM , CKpenneHH b iX BOChMhiO lliiiHilbKa MH M48 . Kp bi ll!KH BBKYYMHOH KaMe-

phi , HBilH!Oll!H8CH O/lHOBp8M8HHO 'l8CTb!O IIOiliOCa , H3rOTOB/l8Hbl H3 CII8UHBilb-

HbiX CTa nhHbiX noKoBoK MapKii CT -3; conep>KaHHe npHMecei1 B MeTanne Kpbi-
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llleK cnenyJOJllee: yrnepon - 0, 12%; KpeMHHH - 0,07%; MapraHeu - 0,25t-0,5%; 

<jlocqJOp - 0,08%; cepa - 0,07%, Ha KpbiillKax KaMepbi 6onTaMH M24 yKperwe

Hhi JlOII01lHHT91lbHhle JlBYXMeTpOBbie JlHCKH TOlllllHHOH 42 MM, 

Me)KJlY KpbiillKOH H · rronJOCOM ycTaHoBneHbi perynHpyJOIUHe cTanbHhie nnac

THHhi TOlllllHHOH 3 MM 1 'ITO II03B01ISI9T JOCTHpOB8Tb 3830p M9)KJlY KpbllllK8MH 

C TO'IHOCTbJO : 0,05 MM nyTeM TlU8T91lbHOI'O IIOJl60pa TOlllUHHbl perynHpOBO'I

HbiX rrnacTHH. KpbiWKa KpenHTCSI K rron10cy JlBeHaJlltaTbJO 6onTaMH M36, Bepx

HHH II01IJOC IIpHKpenneH K S!pMy '19TblpbMSI WIIH1lbK8MH M72, HH)KHHH - WeCTbJO 

6onTaMH M36, 

B CBSI3H c Mano:H Be1IH'IHHOH B03JlYWHoro 3a3opa o'leBHJlHa Heo6xonH

MOCTb HCII01lb30B8HHSI JlY8HTOB 1 IIOMeiUeHHbiX B Jl01lHHbl, B 3TOM C1ly'lae Bbl-

6op TpexceKTOpHOI'O B8pH8HT8 M8I'HHTHOH CTpyKTypbl Bll9'19T 38 co6oii IIpH-

M9H9HHe Tpex JlYBHTOB, 'ITO 0Cll0)KHSI9T pa3MellleHH9 B M8I'HHTHOM 3830pe 

pa31IH'IHOI'O p0Jl8 rrpo6HHKOB H CHCT9Mbl BbiB0Jl8, J.1CII01lb30B8HHe )K9 M9HbWe

ro 'IHC1la JlYBHTOB BHOCHT HeCHMMeTpHIO B YCKOpeHHe HOHOB, 

npHHSIT8SI HaMH M8I'HHTH8SI CTpyKTypa C '19TblpbMSI CeKTOpaMH H JlBYMSI 

JlY8HT8MH 1 ycTaHOB1l9HHbiMH B IIpOTHBOII01l0)KHbiX Jl01IHH8X1 OK83biB89TC51 rrpeJl

IIO'ITHTe1lbHee, T8K K8K II03B01l519T 6e3 60nbll1HX H3M9H9HHH COXpaHHTb npe)K

HJOJO pe30H8HCHyJO CHCTeMy: 6aKH 1 WTOKH, llHHHH CB513H, no KOHCTpyKTHBHbiM 

C006!=j8)K9HHSIM rpaHHUbl CeKTOpOB Bbi6paHhl IIpS!MbiMH, 3Ha'leHHe yrnOBOH rrpo

TSI)K9HHOCTH CeKTOpOB a Bhi6paHO paBHblM, 45°, npH 601lblll9H a c 
c 

YM9Hblll89TC51 yrnOB851 IIpOT51)K9HHOCTb JlYBHTOB, '!'ro CHH)K89T 3<jl<jleKTHBHOCTb 

HCII01lb30BaHH 5I YCKOp5110Jl1er~ H8IIp51)K9HH51, rrpH M9HbllleH ac rranaeT BenH-

'IHH8 Cpe·nHero II01l51, a JlllS! OIITHM81lbHOH BepTHK81lbHOH <jloKyCHpOBKH Heo6-

XOJlHMO, 'IT06hi ac ."' 35° (rrpH none B xonMe 25 K3, JlOllHHe - 15 K3), Ta

KHM o6pa30M, Bbi6paHHbiH yron a c =450 S!BllS19TCSI KOMIIpOMHCCHbiM, 

CeKTOpbl H8'1HH8JOTCSI C paJlHyCa R = 5,5 CM H OK8H'IHB8JOTC51 H8 pa-

JlHyCe R = 97,5 CM, 

B IlpHHSITOH KOHCTpyKUHH CeKTOpbl IIOJlHSITbl H8Jl IIOBepXHOCTbJO II01IJOC8 

Ha 14 MM, 'ITO II03B01l519T H8H6onee IIpOCTbiM CIIOC060M YCT8HOBHTb H9IIOC

peJlCTB9HHO Ha II01lJOCe 31leMeHTbi, <jlopMHpy!OillH9 H30XpOHHYIO 38BHCHMOCTb 

cpeJlH9I'O M8I'HHTHOI'O !101151: K01lbU9Bbl9 lllHMMbl H KOppeKTHPY!OillHe KaTylll

KH, KperrneHHe ceKTopa K KpbiillKaM KaMepbr ocymecTBnSieTCSI TpeMSI 6on-
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TBMH M20, 3aaop Me)KAY CeKTOpOM H TIOnJOCOM BbiAep)KHBaeTC51 C TO'IHOCTb!O 

+ 0,05 MM npH TIOMOIUH Kanu6pOB8HHblX npOCTBBOK , 

B b16op napaMerpos MBrHHTHOH crpyxrypbi 

3aaaqa ~OpMHpOB8HH51 MBrHHTHOrO TIOn51 H30XpOHHOrO UHKnOTpOHa 3aK

nJO'IaeTC51 B C03A8HHH non51, o6ecne'IHB8JOIUero yCTOH'IHBOCTb ABH)KeHH51 HOHOB 

B BepTHKanbHOM II paAHBnbHOM HanpasneH~51X H H30XpOHHOCTb yCKOpeHH51, 

K saapaThl qacToT sepTHKanbHhlX u paauanbHhlX 6eTaTpOHHhlX Kone6aHHH 

B cnyqae CeK TOpOB C np51MbiMH rpaHHll8MH npu6nH)KeHHO 38TIHCbiB8JOTC51 B BH-

+ . . . . . 

3 N 2 

v
2

=i+k + ------

271 

F'= -1- f 
2 7T 0 

f II ( r, 0) -II ( r) ]
2 

~naTTep MarHI!THoro non51, N - 'I!lcno ceK Topos, 

cpetmee MarHHTHOe none Ha paa11yce k=-'-
H( rl 

( 1 ) 

2TT 
H ( r ) = - 1- J H ( r, () ) d () 

2 TT 0 

d H ( rl 
d r 1-2~ 

r,o 

IIHAe KC cpeAHero MarHHTHoro n o n51 , F. - KI!H e T!l'IeCKB51 3 Hepr1!51 HOHa, E 0 -

3 Hepr1151 TIOK051, 

Ecn11 BhlTIOnH51eTC51 1!30XpOHHhlA p e)K HM y CKOpe HH51 HOHOB, T O HHAe KC 

k 38BHCH T TOnbKO OT 9 HeprHM, AO KOTOpOA yCKOp5110TC51 IIOHN, B T O Bpe

M51 K~K 3H8'IeHI!51 ~naTTepa onpeaen51JOTC51 napaMeTpBMH MarHMTHOH CTpyKTy

phl II MOryT 6WTb BW'II!CneHN no peaynbTBTaM 1!3Mepe HH51 MarHI!THOrO non51, 
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BenH'lHHB ~nBTTepa, Heo6xoaHM8~ an~ o6ecne'<J.eHH~ ~OKYCHpOBKH HOHOB 

( 11 2 
> 0, 11 2 

> I l , ycKop~eMhiX ao sHeprHH 20 Mss/HyKnoH, aon>KHB 6biTb 
z r 

He MeHee 0,055 . 

OpeaBapHTenbHhle SKCnepHMeHThl, nposeaeHHhle H8 CTeHae MBI'HHTHhlX 

H3MepeHHH, n03BOnHnH onpeaenHTb OCHOBHhie reoMeTpH'leCKHe p83Mepbl B03-

ayiiiHOI'O 3830p8 Y - 200. 0pH S TOM HCCneaOBBnOCb BnH~HHe I'eOMeTpHH 3830-

pa H8 BenH'<J.HHy ~naTTepa . 0pH nOCTO~HHOM B03ayiiiHOM 3830pe, paBHOM 94 MM
1 

H3MeHHn8Cb TOniiiHH8 CeKTOpa H onpeaengnacb B8pH8UHH M8I'HHTHOI'O nonH 

fH 
H X - H g 

H -t II 
X g 

a -a 
an~ Bhl6p8HHOH I'eOMeTpH'leCKOH "sapH8UHH" 

!: X 

a +a , rae H x' H g ' 

ax , a !: - M8I'HHTHOe none H 3830p B XOnMe H 
g X 

AOnHHe, COOTB8TCTBeHHO. 

8 h inO HaliaeHO, 'ITO npH H = 19,5 KS H f r = 0,428 3H8'leHH8 B8pHa-

UHH non~ yaosneTBop~eT ycnoBH~M ~oKycHpOBKH, T . K. paBHO 0,25 . BenH'lHHhi 

B03ayiiiHhiX 3830pOB B aonHHe 0 
X 

H XOnMe a 
g aon>K Hbl 6hiTb paBHbl 150 

H 60 MM COOTBeTCTBeHHO, BbiCOT8 CeKTOpa Bbi6p8H8 p8B HOH 46 MM, nOSTOMy 

3830p B XOnM e COCTaBnHeT 30 MM (c y'leTOM 3830pa 14 MM Me>Kay CeKTO

pOM H Kp b! IIIKOH K8Mepbl). 

nn~ YCKOpeHHH HOHOB ao SHepi'HH 20 Mss/HyKnOH ( k"" 0 ,045) 3H8'<J.e-

HHe paaHanbHOf'O I'p8AHeHT8 cpeaHei'O M8f'HHTHOI'O non~ npH COXpa HeHHH yc

ROBH H YCTOH'<J.HBOCTH 8KCH8RbHhlX H paaHaRbHhlX KOne6aHHH AOn>KHO ne>KBTb 

d H ( r l 
B npeaena x 0 < < 12 s/CM 1 8 an~ B b!ITORHeHH~ ycnOBH~ H30XpOHHO-

d r 
dH ( r l 

I'O ycKopeHH~ HOHOB ao TOM >Ke SHepi'HH B8RH'<J.HH8 
d r 

aon>KHB 6biTb 

pasHa 9,3 s/cM s6nH3H KOHe'l.Horo paaHyca, 'ITO B uenoM Hanarae T >KeCTKHe 

Tpe60B8 HHH H8 TO'lHOCTb ~OpMHpOBBHHH H H3 MepeHHR M8I'HHTHOI'O nong. 

H3MepeHue Mar HurHoro nonH 

0pH ~Op MHpOBBHHH M8f'HHTHOI'O non~ CTBBHnBCb 38Jl8'l8 nony'l e HIISl Hy>K

HOH KOH<jJHryp a UHH C noMOIIIb!O TOnbKO >Kene3HbtX MBCC. B 3 TOM cny'lae cpen 

Hee M8I'HHTHOe none AOn>KHO 6b!Tb BbinOnHe HO C B b !COKOil TO~lHOCTb!O. 
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TaK KaK npH6nH•eHHe ' K HY*HOMY pacnpeueneHH~ ocymecTenHeTcR ny

TeM H3MepeHHH H nocneuy~UleH KOppeKUHH nOJIH0 TO 06'beM M8I'HHTHbiX H3Me

peHHH UOBOnbHO BbiCOK. 009TOMY He06XOUHMO HCnOnb30B8HHe TO'iHOH H 6b!CT

poueHCTBY~llieH MeTOUHKH H3MepeHHH, 

Paapa6oTaHH8H B na6opaTOpHH nonyaBTOM8TH'ieCKaH MeTOUHKa H3Mepe-

HHH Mai'HHTHOI'O nonR OTBe'iaeT T8KH M Tpe60B8HHHM 
131 , 0Ha n03BOnHeT H3-

MepRTb cpeuHee MarHHTHoe none c TO'iHOCTb~ : I a Ha ypoBHe 

CKopocTb H3MepeHHR npH 9TOM paaaa 2,5 ceK Ha TO'iKy, 

H = 20 K9, 

MarHHTHoe none H3MepHnocb c noMOlllb~ naT'iHKa Xonna, pacnono•eH-

Horo Ha H3MepHTenbHOH mTaHre. KoHCTPYKUHH wTaHI'H a6ecne'iHBaeT ycTa

HOBKY A8T'iHK8 no pa,nHycy C lli8I'OM (I0,0 t-20,0)! O,I MM H 8BTOM8TH'ieC

KOe H3MepeHHe non 51 B TO'iKaX, OTCTOHlllHX no 83HMYTY Ha ( I,875! 0,003) O • 

HaMepeHHe nonR ocymecTBnRnocb B uayx HanpaaneHHHX no a3HMYTY (no H 

npOTHB 'i8COBOH CTpenKH), 

C uenb~ BbiHCHeHHH nOBTOpHeMOCTH peaynbT8TOB H3MepeHHH npOBOUH

nHCb KOHTpOnbHbie OnbiTbi, KOTOpbie noKa3anH , 'iTO HaH60nbwee OTnH'iHe H3-

MepeHHbiX 3H8'leHHH nonR ITpHXO,QHTCH Ha TO'iKH H8H60nblliei'O rpa,nHeHTa, 3TO 

06'bHCHReTCR TeM, 'ITO UH<j>pOBOH BOnbTMeTp, H3MepR!OlllHH 9 ,,Q, C , Xonna, HMe

eT KOHe'iHOe BpeMH cpa6aTWB8HHH, 0wH6Ka B Onpe,neJieHHH CpeAHei'O nOJIH 

H8 A8HHOM pa,nHyCe npH 9TOM He npeBbllli8eT ± 0,5 9 1 T,K, norpelliHOCTH H3-

MepeHHH nOJIH B UBYX TO'iK8X Ha H60Jiblliei'O rpaAHeHT8 (npH H3MepeHHH Ha 

9JieMeHTe nepHOAH'iHOCTH) HMe~T pa3HWe 3H8KH H3-38 pa3HOI'O HanpaeneHHH 

rpanHeHTa, 

PeaynbTaTbi KOHTponbHbiX on bi TOB npHBeneHbi B Ta6nHue I, rue B nep

BOH KOJIOHKe A8Hbl HOMepa TO'leK ITO 83HMYTY, B Cne,ny~lllHX - none B TO'i-

... ... 
K8X H3MepeHHR, npH'ieM H H H - 3H8'leHHH noneH ITpH UBH*eHHH U8T'iHK8 

B paaHwx HanpaaneHHHX. PeaynbTaTw H3MepeHHH npHBeUeHw unR pauHyca 

R = 80 CM, 

Pe3ynbTaTbi ljJopMupoBaHHH MarHHTHoro nonH 

B H30XpOHHOM UHKJIOTpOHe 38BHCHMOCTb Cpe,nHero nonR OT p8UHYC8 OIT

pe,nenReTCH BWpaMeHHeM: 
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H (r l = H0 113 

I +U ( r) 

w 2 
1-l - 0 r[l+a(rl]l (2) 

c 

r.o.e H 0 -none B u eHTpe , 
Z e H o 

- yrJIOBBSI "'BCTOTB OOpameHHSI wo 
Am c 

HOHOB, 

a (r l ( 
, r dE ) 
F +--- ' 

(l-l.:l(N 2 -l) 2 dr 

N - "l:ncno ceKTopoa, c - CKOpOCTb CBeTa. 

00JJ.beM CpeJJ.Hero M8rHHTHOr O nOJIP no p8JJ.HYCY OCyllleCTBJISieTCSI KOJlb 

UeBblMH )!{eJie3HblMH ll!HMMBMH. 0KOH"' a T eJibHbie p83Mepbl UIHMM yCTaHaBnH

BamtCh 9KCnepHMeHT8nhHO npH nOMOlllH Haoopa KOJibUeBLIX UJHMM TOJilllHHOM 

1 MM c pa3HbJMH paJJ.HBJihHbiMH paaMepaMH. O pneHTHpOBO"l:HaSI BbiCOT a ll!HMM 

onpe.o.enSinacb pac"l:eTHhlM nyTeM. P acc"l:HThiBanacb II COCTaBJISIIOlllaSI Han-
7, 

pSI)!{eHHOCTH MBrHHTHOrO nOJISI O T nap KOJihUeBhiX !J!HMM KOHe"'HOM BLICOT LI 

c nocne.o.ymmeM c ynepnoanuHeM nx noneM 14 1. 
H a pH C. 1 H300p8)!{CH8 9KCnepHMOHTaJibH8SI KpHB8SI BKII8JJ.8 KOJibUeBOM 

lllHMMLI B Cpe,'lHee none H e ro OCHOBHb!O reOMCTpH"'CCKHe pa3MCphl . Kpy>K 

K8MH OTMe"l:eHbl paC'ICTHble 3H8"'eHH SI nOJISI OT l!lHMMbl o K aK BHJJ.Il0 0 COBna.o.e

HHe aKc nepHMeHTa c pac"'eTOM n e>K HT B npe.o.enax 10%. Ha TOM *C pncyHKe 

nOK838Hbl OTJJ.CnbHO none B XOIIMe II JJ.OnHHe OT KOnbUCBOH l!lHMMLI, H3MCpCH

HOe 9KCnepHMeHT8nbHO ( l!lTpHXOBaSI nHHHSI - BKJia!l UlHMMLI B CpC!lHCe none) o 

B KnaA UJHMMbi B xonMe Meiibl!le , "' eM B AOJIHHe , 'ITO oobSICHSieTCSI 3KpaHHpylo

lllHM BIIHSIHHeM CeKTOpB. 3TH paC"'eTW H 9KCnepHMeHThl n03BOnHnH c ¢opMH

p OBa T b cpe.o.Hee none c o TJIH'meM oT H3oxpoH uoro B 50 +- 200 a . Eonee TO'I

HaSI KOppeKUHSI nonSI KOJibUeBbiMH lllHMM8MH OK83b!BaeTCSI 38Tpy!lHHTenhHOM 

H3-38 Bb!C OKOH T O"'HOCTH , C KOTOpOH T peoyeTCSI no.o.oopaTb H H3rOT8B1lHB8Tb 

CTyneHH ll!HMMbl , n03TOMY .o.anbHCMIJiaSI JJ.OBOJJ.K8 cpeAHCrO llOJISI OCyll!OC'I'BIISI

JI 8Cb H3 MeHeHHeM yrJIOBOH llpOTSI>KCHHOCTH CCKTOpa /S/ • 

Ha pwc . 2 rroKa3aHo pacnpe.o.enenHe MarHHTHoro rronSI rro aanMy Ty AnSI 

HeCKOJibKHX paAnycoa. VI3MeHeHHe cpeAHero norrSI 1'\ ii Jia JJ.aHHOM pa.o.nyce 
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R upu H3MeHeHHH a3HMyTal!bHoro pa3Mepa ceKTopa Ha x 

TO'!HOCTbm OrrpenenHe TCH BWP8*eHHeM : 

AH = -
2
--'-(H -H ) 

IT H X • 

C AOCT8TO'!HOH 

(3) 

8 HallleM Clly'!ae 3 TO ABeT OKOIIO 10 3pCTeA HB 1 MM AyrH Ceh.'l' Opa B 

paHOHe KOHC'!HWX paAHYCOB , ~3MeHCHHe BellH'!HHW <jlnaTTe pa rrpH 3 TOM H63H8-

'!H:T e llbHO, 

fl nH H CITpaBileHH H MBl!blX Ollii1:60K fl0115! ( 100 .. 200 3 ) 3TOT MeTOA 6011ee 

aqxpeKTHBeH, '!eM MeTOA lllHMMHpOIHli!HH KOilbUBMH 1 TBK I}BK OH ITOOBOilS!eT 

6b!CTp0 H C Bb!COKOH TO'!HOCTbm paCC'!H:TBTb pa3Mepbl UHIMMHPYIOLUHX 3 11eMeH

TOB , P erynHposaHHe a3HMy·.raflbHOi1 upoTH*CHHOCTH ceKTOpa rrpOH3BOTUWOCb 

rryTeM HCKpHBfleHHSI TOilbKO OAIIOH e ro rpaHHUbl , 

Heo6XOAHMO OTMe 'l'liTb 1 'ITO Oblpa*eHHe (3) XOpOWO BbiiTOliHSIOTC5! H llllii 

HB'!BllbHblX pBAHYCOB 1 I'llO p acnpeAOli8HHe ITOIISI ITO 83HMYTY He C TOllb 6l!H:3KO 

K Tpane uHH. 

HaH6onee Cl!O*HOH oanaqeA B r-raweM cnyqae OK a3an ocL ~opMHpoBaHHe 

110115! B UeHTpBl!bHOi'i 06fiBCTH ycKOpHT8115! 1 rne CTB11KHB8!0TC5! JV~B npOTHBD

pe'!HBbiX Tpe60B1lllH 5!: llllSI p1l31\.!CIUOHHSI H OliHOI'O HCTO'!IIHKB H BblT5!f'HBBmUtero 

311eKTPOA8 Heo6XOil11MO OCT8ElHTb ITl!UCKHH y '!BCTOK , a lll!Sl o6eciTe'-t8HHSl He

o6XOilHMOH BepTHKBl!bHOH <jlOKYCHpODKH rpe6yeTCSl ITOi~'IHTb B03MOM HO 6WC T 

pb!H poe T sel!H'H!Ilb! <jlnarrepa ITO pal-!aycy B ucHrpc. K poMe roro , rpopMwpo-

BBHHe f!OilSl B UeUTpe OCl!O* H5IeTC5I HB HH ' !H CM B ITOil!OCHOM HBKOHO'IHHKe Bep-

THKBilb HOI' O OTBepCTf!5! 1 CI1Yli<D LUOI'O lll15! BJJOAB HCTO'IHf!KB B B£\ KYYMHY!Ci Ka

Mepy UHKI10TpOH8 , 

AHanwrH'!eCKHH p ac '!e T pacnp e.neneH HH MB l ' HHTHoro nonSI a u eH•rpanb

HoA o6nac rH Kpalae 3a rpyilHHTcneH H3-3a 6oJrLworo •mcrra a neMel!TOB , <jlop 

Mupy!OlUHX U e H·rp , llO~ f OMY l.l/15! 6blCTp01'0 OHCC81!11H H3M e fi<J ll11H B f'OOMe'I'pH!O 

UOHTpa 3Ta 0611BCTb 1 /lHB MC '!pOM ~ =200 MM , /lCI1DI1.:.1Cb C'b8 fi. !I!OH , T aK KBK 

C O KTOpbl l!B'JHHBIO'CCSI C paAHyca H ~ 5 ,5 C~ l ('ITO /l<lCT 6bi<.;Tpl ,tii [JOCT <PililT

TCpa ) 1 T O f!Oile B l{ t~I!Tpo OKil3hlB£teTC >I fi!J II :"-.10p!1 0 lli.l 900 3l-JCTOA MOHblliC 1 

'!eM Ha panuyce II = 15 f- 20 CM , eCl! ll B03AY lllll bi~i 3a3op OCT >lBH 'rb pfiB IIb!M 

c penHeMy, B b!paomt BaHue ~Tor0 npooana n pOH3BOilHITOCb yMOHhw•~HHCM oa3o

pa B Uei!T pe JtO 84 M\1 C 110\tO!!Ib!O l t i160p<l T OHK!IX: KOHb U80 bl X l l! H\!~. 1 , 
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H a p11c, 3 rrpHBeLteHhi OCHOBHbie pasMepbi ueHTpanbHOH ceKTOpHo-KOllb

ueBOH lllHMMbl, 8 T8K)Ke IIOK838HO OTBepCTI1e IIO.[l HOHHbii1 HCTO'iHHK, 

3KCIIepHMeHTbl, BbliTOllHeHHble H8 CTeH.[le M8f'H11THblX H3MepeHHI1, IIOK8-

38llH, 'iTO OTBepCTHe Ll118MeTpOM (j =45 MM B IIOll!OCHOM H8KOHe'iHHKe BHOCHT 

60llbll1He B03My!lle HH~ B pacrrpeLtelleHHe M8f'HHTHOT"O IIOll~ B UeHTp8llbHOI1 06-

ll8CTH, 

iln~ UeHTpHpOB8HH~ H8'i8llbHhlX op6HT HCTO'iH11K LIOll)KeH 6hlTb CMe!lleH 

H8 paCCTO~HHe IIOP~LIK8 3 CM OT reoMeTpH'ieCKOf'O UeHTpa UHKllOTpOH8 , II08-

TOMY KpOMe CHH)KeH11~ ypOBH~ Cpe.[lHero IIOll~ OTBepCTHe BHOCHT LIOIIOllH11Tellb

Hbie B03My!lleHH~ B BH.[le HH3KHX rapMOHHK, 

flocne 8H8llH38 8THX 8KCIIepHMeHTOB .[lH8MeTp OTBepCTH~ 6b!ll yMeHbllleH 

C 45 .[10 28 MM, 'iTO IIOBlleKllO 38 co6oi1 H3Me HeHHe KOHC T pyKUHH HOHHOT"O 

HCTO'iHHK8, 

Ha pHC, 4 IIOK838HO BllH~HHe OTBepCTHH B IIOll!OCe H8 pacrrpeaelleHHe 

IIOll~ B UeHTpe ( KpHBbie 2 H 3 .[Ill~ OTBepCTHI1 .[lH8Me TpOM 28 H 45 MM, COOT

BeTCTBe HHO). 

KoMIIeHC8UH~ HH3lliHX rap M OHHK, B03HHK8!0lliHX H3- 38 H8ll11'iH~ OTBepCTI1~, 

OCy!lleCTBll~eTC~ LIBYM~ II8p8MH 83HMYT8llbHblX KaTyllleK , p83HeCeHHblX H8 

yroil 90 ° H pacrro.no)KeHHhiX Ha paaHyce R = 2 0 CM, 

H a pHC, 5 npHBeaeHo cpeaHee MarHHTHoe none H ~llaTTep , c!lJopMHpo-

B8HHhle .[Ill~ yCKOpeHH~ HOHOB C p83llH'iHhlM OTHOllleHHeM 
A 
~ 

IIOK838Hhl p8C'ieTHhle 38BHCHMOCTH H H3 ( r l an~ Tex )Ke 

, flyHKTHpOM 

A -
2
- , 0TKllO-

HeHHe peallbHOf'O pacrrpeaeneHH~ IIOll~ OT H30Xp0HHOH 38BHCHMOCTH IIpHBOLIHT 

K CLIBHry ¢asbi B rrpouecce ycKopeHH~ H onpeaen~eTc~ Bbipa)KeHHeM 161 · 

2 11 n P t. s in ( p)"' - -- J t. b ( p ) ( I +a+ p a') p d p , (4) 
f 0 

rae 

f 0 
1 E 

A m 
0 

c 2 

11 E = 4 Z e U 1': s in 
n 17 

Us - Harrp~)KeHHe Ha6op aHeprHH 38 o6opoT , 
8 

H a ayaHT e , n - HOMep r a pMOHHKH yCKOp~!OIIIeT"O HarrpmKeHH~, 

12 



Puc.3. UeHTpanhHBSI ceKTopHO- KOnhueeaSI WHMM&. 

13 



:;: 

0 5 0 2oooo 11 1s zo e 

{9000 

18 500 

H r (:~) 

1 ~ 

PKc.'l. Pacupell&llttlrlle MAI"HH'I'Horo nom1 . B nes'l'paru.aoA o6nac'I'H npe Kane
qaa OTBepCTKA B UO~HOM HAKOH9~BH~e. 1 - 693 OTBepCTHR; 2 -

2 - OTBepcTKB (;l • 28 MM; S - (lj • 45 MM. 



c_ry 

F" 
Qt» 

Q06 

Q05 

QO<o 

Q03 

H[3] 
20fXJO 

19750 

19500 

I 
~ 

~ ---=-~---~--
v - ·- ·--·-- - ·- ·- --

--------
----

~ 

-------------

2 

~~~--~--~------~------~------~----------~----------~-----
10 20 30 /H) 50 60 70 80 

PHc.5, 3aBHCHMOCTb cpe11Hero MarHHTHoro ITOI1.11 H !jJI1aTTepa 1111.11 pa311H'IHh iX 

HOHOB, KpHBbie 1,2,3 1111.11 HOHOB C OTHOWeHHeM + =· 2,8; 3,2; 4, 
COOTBeTCTBeHHO, 

g; R(;ff] 



~ b ( p) 
~ H ( p) 

Ho 

~ H ( p ) = H H
3 

( p ) - H p ( p ) 

w 
p =- R. 

c 

A 
VI OHhl C OTHOIIIeHHeM £ B AH8II830He 2,8 f- 4,2 1 YCKOpeHHhi e Ha II 

rapMOHHKe B biCOKO'laCTOTHOI'O H81IpHlK eHH51 IIpH U & = 75 KB, COBepruaJO T OKo-

JIO 270 060pOTOB, ECJIH orpaHH'lHTb CABHI' <jla3bl HOHa, Bbi3B8HHbiH He CTa6HJib-

HOCTb!O MBI'HHTHOI'O IIOJISI H 'l8CT0Tbl yCKOp5110lllei'O Haiip51lKeHH51, 3Ha'leHHeM 

~ s in cp ( r ) :::. 0, l , TO TO'lHOCTb IIOA.neplK8HH51 3THX BeJIH'lHH AOJllK Ha 6biTb 

He XylKe 5•10-5, 'ITO IIpH ypOBHe cpe,nHero IIOJISI 20 K3 COCT8BJI51e T ~ 1 3 , 

B pa6o'leM .nHarra30He rroneii 3aBHCHMOCTb BeJIH'lHHhi IIOJIH oT H3 M eHe 

HHH TOKB M8I'HHTa COCT8BJI51eT 3 3 / a~ II03TOMY CTa6HJibHOCTb TOKB B I'JIBB 

HOH 06MOTKe B030YlKAeHH51 AOJilKH8 Oh!Tb He XylKe 3 ·1_D-4, 3To II03BOJI51e T 

HCIIOJib30BaTb CTaH.napTHYJO CTOHKY CTa6HJIH38UHH TOKa BT-4.r ---
Cl>a30BOe ABHlKeHHe HOHOB, Bbi3B8HHOe OTKJIOHeHHeM peaJibHOI'O IIOJISI OT 

A 
H3oxpoHHoro, AJIH 3-x 'laCTHU c Z = 2,8; 3,2; 4 rroKa3aHo Ha pHc. 6. Ha-

'lBJibHoe 3Ha'leHHe <jla3hi Bhi6paHO paBHhiMH 0°. Ha KOHe'lHhiX pa.nHycax <jla3a 

HOHa 6JIH3Ka K HYJIJ0 1 'ITO Cy!lleCTBeHHO AJISI B b iBOAa 'l8CTHU H3 UHKJIOTpOHa, 

T.K. Haoop 3Hepi'HH HOHOM B 3TOM CJiy'lae MBKCHMaJieH, 

BJ>Ipa)l(eHHe (2) MO)I(HO rrpHoJIH)I(eHHO rrpe.ncTaBHTb B BH.n e : 

I f3 2 H H
3 

( r ) "' H 0 + z ( r ) H 0 = H 0 + /'J. H ( r ) • (5) 

Yl3 pHC, 5 BHAHO, 'ITO IIpH H3MeHeHHH TOKa B K8TYIIIK8X B036ylKAeHH51 

3JieKTpOM8I'HHT8 H3MeHeHHe IIOJISI B UeHTpe H Ha Kpa!O pa3JIH'lHO, nocne,nHee 

06CT051TeJibCTBO .naeT B03MOlKHOCTb yCKOp51Tb HOHhl B IIIHpOKOM AH8II830He 

A -z- 6e3 rrpHMeHeHHH KOppeKTHPYJOlllHX KaTyrueK. TaK, HaiipHMep, rrpH 3Ha-

'leHHH IIOJISI B UeHTpe H 0 = 19880 3 1 ~ H = 240 3 1 a npH H 0 = 19330 81 

~ H = 346 3 1 'ITO II03BOJI51eT B rrepBOM CJiy'lae yCKOp51Tb HOHbl AO 3Hepi'HH 

12 M3BIHyKJIOH, a BO BTopoM - .no 18 M3B/HyKnoH, 

Y:acToTHhiH .nHarra3oH reHepaTopa f = 14,2 f- 21,8 Mru rro3BOJIHeT 

YCK0p51Tb HOHhl C ~ > 4,2 1 HCIIOJlb3YSI Ill ~ VI rapMOHHKH BhiCOKO'laCTOT-

16 
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HOPO HanpH*eHHH, HO H30XpOHHOCTb ycKopeHHH AOIT*HB o6ecneqHB8TbCH B 

aTOM cnyqae KoppeKTHpyJOIUHMH KaTymKaMH, Pe3ynbTaThi pacqeToB qacToT 

paAH8flbHbiX 1/ H 8KCH8ITbHbiX 1/ r z KOne6aHHH B 38BHCHMOCTH OT paAHyca, 

BhlnOnHeHHhlX no 8H8ITHTHqecKHM Bhlpa*eHHHM /7/ AITH cnyqag BhlUieyKa3aH

HhiX noneu, np!1BeAeHbl H8 pHC, 7, 06pa60TK8 BCeX U8HHhlX M8PHHTHblX H3Me

peHHH 1i pacqeTbl napaMeTpOB op6HT npOH3BOAHnHCb H8 aneKTpOHHO-BbiqHC

nHTenbHhlX MaUIHHax THna "MHHCK-22", "E3C M-4" 11: "M-20 ", 

ITpH !jlopMHpOB8HHI1 npOH3BOAHnHCb T8K*e H3MepeHHH, CBH38HHhie C on

peneneHHeM sKnana ceKTopos s cpe nHee none npH pa3nHqHbiX HX nono*eHH

HX OTHOC!1TenbHO nosepXHOCTH nOITJOC8, 

Ha p11:c, 8 noKa3aHo pacnpeneneHHe MarHHTHoro nonH no pan11:ycy AITH 

"ronhiX" nonJOCOB npH TpeX 3HaqeHHHX TOK8 B036Y*AeHHH M8PHHTa H B03-

AYUIHOM 3a3ope, paBHOM 150 MM . BKnan ceKTopos B MarHHTHoe none anH 

pa3miqHbiX p8LlliYCOB nOK838H Ha p!iC, 9 ( nOAHS1Tble CeKTOpa + UeHTp8nbH8H 

C e KTOpHO-KOnbUeBaH UIHMMa), 

B TOM cnyqae , Korna ceKTophi onymeHbi Ha nosepxHOCTb non10ca, BKnan 

HX B CpeAHee none HeCKOnbKO MeHbUie, qTo BHAHO 11:3 p!iC, 10, rae f'1 H = 

H onym. H nonH •• 3HaqeHHH ¢naTTepa np11: nsyx pa3nHqHhiX nono*e-

HHHX CeKTOpOB T8K*e pa3rrliqHhl, qTO nOK838HO H8 pHC, 11 (KpHBhle 1,2 -

CeKTOpbl nOUIHITbl j 3,4 - C e KTOpbl onymeHbi), 3TOT ::.!jl!jleKT 06'bS1CHS1eTCH pa3-

nHqHbiM pacnpeneneHHeM nonH s xonMe H nonHHe nnH aTHX nsyx c nyqaes 

(pHC, 12), ITpH :3TOM BITHRH!1e CeKTOpOB H8 senHqHHY nonA B UeHTpe T8K*e 

pa3nHqHo, 

3 a K n w q e H H e 

Pe3ynbT8TOM pa6oT no rpopMuposaHHIO MaPHHTHoro nonH ABYXMeTposo

ro H30XpOHHOro UHKITOTpOH8 HBHITOCb C03U8HHe MarHHTHOH CTpyKTypw, o6ec

neqHB8JOIUet'I yC TOHqHBOe H H30XpOHIIOe yCKOpeHHe HOHOB, 8hi6paHH8H M8P

HHTH8H CHCTeMa 06II8A8CT 6onbUIOt'J 3KOHOMHqHOCTbi0 0 T8K K8K npH OTHOCH

TenbHO He60nblliOM ysenHqef!Hii TOK8 B OCHOBHbiX K8TYUIK8X B036y>~<UeHHS1 no-

nyqeHo cpennee MarHHTHoe none 20 K 3 , Y CKOpenue HOHOB B IlH!pOKOM UH8-

na30He H3MeHe HH51 A 
-z 

KOppeKTHpy!OIUHe K8TYUIKH. 

B03MO*HO OCyUieCTBHTb, npHMeHHH M8ITOMOlUHhie 

18 
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TlliJI!Ul I. 

11!11! 
71 H H f1 H roqes 

I I5820 15822 I5820 15822 15822 
2 I58B I58I7 I58B I5812 15814 
3 I5789 I5788 15792 15791 15789 
4 15733 15732 I5734 15734 15733 
5 15648 I 56 52 16652 15654 15650 
6 15550 15552 15553 15552 15552 
7 I5436 15427 15436 I5438 15436 
8 15289 15292 15289 15294 I5289 
9 I5079 I5002 I5079 I5079 15000 

IO I4797 I4802 I4798 I4799 14796 
II 14864 I4869 I4858 I11868 H864 
12 19600 I9598 I9603 I9604 I959I 
B 24968 24979 24969 24975 24969 
I4 2555I 25568 25552 25570 25554 
I5 25459 25465 25460 25468 25460 
I6 25358 25359 25358 2536I 25359 
I? 25I5I 25I5I 25H8 25I53 25150 
IS 25035 25035 25036 25035 25034 
I9 24938 24938 24939 24939 24934 

20 24826 2482I 24830 24827 24827 
2I 24745 24744 24745 24746 24743 
22 24728 24728 24731 24728 24727 
23 24685 24087 24685 24685 24684 
24 24699 24698 24700 24698 24696 
25 24715 24717- 24716 24718 24716 
26 24755 24756 24754 24758 24754 
27 24769 24771 24770 24772 24769 
28 24896 24897 24897 24899 24898 
29 250I8 250I8 25019 250I9 25020 
30 25I60 25I60 25I56 25160 25156 

31 25330 253.Su <5328 25329 25329 
32 25467 25466 25~7 25468 25468 

33 25446 25441 25446 25442 25447 

34 25025 25022 25031 25019 25030 

35 20505 20496 20500 20489 20494 

36 15076 1506I 15076 15056 I5076 

37 14839 14832 I4840 14833 14840 

38 15109 15106 15108 I5102 I5100 

39 I533I I5332 15332 I5332 1533I 

40 15498 15501 15498 15501 15499 

41 15622 15623 15621 15622 15621 

42 15700 15710 15710 I57IO 15708 

43 15775 15776 15775 15775 15774 

44 15821 15821 15821 15822 15820 

45 15856 15855 15854 15857 15853 

46 15!!78 15881 15880 15881 15878 

47 15893 15893 15892 15892 I5892 

48 15898 15899 15899 15899 15900 

Hcp 20061,2 20061,8 20062,0 20061!,0 20061,2 
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PHc.t2. PacnpeaeneHHe MarHKTHoro nonsr e xonMe (KpHBhie 1', 2', 3') H 
JlOnHHe ( 1,2 ,3), I M = 1200 a, 3aBHCHMOCTH 1,1' OTHOCSITCQ K cny

"1.8 10 , xor.a.a ceKTOpb! ne>KaT Ha nonK)ce; 2,2' - ceKTOphl no.a,HstTbl 

HBJl riOniOCBMH; 3,3' - pa60'1Hfi 88pH8HT (n O£lHSIT bl9 CeKTOpbl + K01lh

UeB8SI WHMMa) . 


