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> 11 2/ /3/ 
TeopeTii"IecKn:e ' n: sKcnepn:MeRTaJibRbre n:ccneJJ.oBaRn:SI noKa-

aann, 'ITO 3aKOR H3MCHeRHSI TOKa ny'IKa YCKOpeRRbiX IIpOTOHOB C RanpmKe

HHeM 6nH30K K KB8Jlp8TH'IH.OMy, B pa6oTe llaHIInOB8 B,Y!, H Jlp./4/ JlnSI CHIIXpo

UHKnOTpOH8 OY!.fll1 6brna npon:aneJJ.eRa oueRKa npeJJ.enbRoro TOKa, yJJ.eplliHBae

Moro COBOKYniiOCTblO tPOKYCHpyiOIUHX cn:n B KORUe BpeMeRH 38XBaTa, 

nocKOnbKY yJJ.eplliHBaeMb!ll B KOHUe BpeMeRl[ 3aXBaTa TOK aa"BHCHT OT 

. tPOpMbl nyq~a, HRTepeCHO ycTaHOBHTb, · KaK 

nH'IeRHeM YCKOpSIIOIUero RaiipSillieHHSI. U yc 

H3MeHSieTCSI ¢opMa IIy'IKa C yBe-
. F 

npn: ....!JL= const 
Uyc 

( F . . M - 'I8CTOT8 

.MOJlynsrun:n:), a TaKllie c y5enH'IeRHeM crraJJ.a Maran: THoro 

·HHSI Mai'HHTHOfi tPOKYCHJtoBKH), 

nong (JJ.nSI ynyqrue-

Pac'I~T paJJ.n:anbRo-¢aaonoro JlBHllieHHSI rrpoTOHOB JJ.nSI RaXOlliJJ.eRn:SI aanH

CHMOCTn: tiJopMbl IIY'IKa .. OT napaMeTpOB YCKOpeHHSI npOH3BOJJ.HnCSI Ha 3BM HH

Tei'pHpOB8HHeM JJ.n:¢¢epeRUn:anbRb!X ypaBHeRn:fi JJ.Bll:)!(eRHSI 'I8CTHU B ·Mai'RHT

HOM H sneKTpn:'IeCKOM nonSIX UeRTpanbHOH o6naCTH CHHXpOUHKnOTpORa/5,6/, 

TaK KaK paJJ.HanbRbie pa3Mephr ny'IKa onpeJJ.enSIIOTCSI He Toni>Ko paJJ.n:anbRO

cpaaoBbrMn: HO H paJJ.n:anbHb!MH 6eTaTpOUHb!MH KOne6aHHSIMH; B03-

- ·HHK8IOIUHMH B .none IIOCTOSIHHOI'O OTpHUaTenbHOI'O CMeiUeHHsi Ha JJ.yaR:re E 
0 

:ro ¢opMyna JJ.nSI sneKTpn:'IecKoro nong JJ.yaRTa E·r 6brna onpeJJ.eneH:a B Bn:JJ.e 

D.2 
Er .. ---'----- [ E 0 + E cos ( l + L\ ) , (l- y cu 

0 
t) cu 

0 
t ], 

D 2 2 2 + y TT_ 

(1) 

rJJ.e cu o - Kpy:ronag qac:ro:ra o6parueRn:SI npo:roRon B ueRTpe, D - anep:rypa .. 
JlyaHTa, E .. ~ , E = U OM , L\= cuaaq- cuo cuHa'I Ha'IaJ!bRaSI qac-

. D c D . cu
0 

TOTa renepaTopa), y=·--1- • ~ . xapaKTep}layeT RaKnOR 'IaCTOTROii 
2 (L)~ • dt 

nporpaMMbi, U CM- aanpg)!(eRn:e CMerueHn:SI. 

s 
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I 

flP.R Bhi'IRCneHRSIX Ha II9'18Tb Bh!Jl~BanRCb 3H8'19HIUI r max R r min 

Ha OJlHOM o5opoTe R <jlasa ROHa no OTHOIIIeHRIO K <jlase B,'l, nonll, Ha pRe; 1 

noKasaaa- oaaa H3 paaHanbHhiX TpaeKTOpHfi. Kone5aHRS1 9KCUeHTpUCHTeTa op5HT 

xapaKTeprrsyiOT nepHOJl npeueccHR, o5ycnoBneaaofi cMemeHHeM H cnaa OM 

MarHRTHoro nonll. BenR'IRHa nepROJla npeueccnR, onpeaeneaHall us pHc. 1 

T np"" 22 MKCeK), xopowo cornacyeTCil c Bhi'IIicneaaoii no <jlopM:yne/7 I 

T 
np =--~---, 

(1) ( 1- v'r::;) 

rae n - K09<jl<jJHUR9HT H90JlHOp0JlHOCTR MarHJi:THOrO nong ( n 

a W - KpyroBall 'laCTOT8 o5paiUeHHll, --

(2) 

"'0,35.10-2), 

TipH napaMeTpaX, COOTBeTCTByiOIURX ·pa5o'!eMy pemHMy CRHXpOUHKnOTpO-

Ha 011HI1 ( uyc = 18 KB, u CM= -2 KB, E = 1,13 KBICM, _Eo=- 0,13 KBICM, 

-6 -5 2) --y = 0,5,10 R h = 4,10 1/cM , npouecc <jlopMHpoBaHRll ny'IKa B Te'le-

. HHe BpeMeHR SaXBaTa npR 'H3MeHeHRH Ha'lanbHhiX <jlas B JlHanasofie ±. 90° Ji3Q-

5pameH Ha pHC, 2, ·J1s pHCYHKa· BHJlH01 'ITO B cnyqae H90JlHOp0JlHOrO aneKTpH

'19CKOrO rrong He npOHCXOJlHT nonHOll <jlaSRpOBKR K HyneBOll <jla3e 1 KaK.9TO 

. 5hinO paHee noKaSaa:> BOMOM H <IJOnJlR Jlnll OJlHOpOJlHOrO nom/8/ 1 XOTll 38 
• ' 0 

50..;100 o50pOTOB JlRanaSOH 38XBa'leHHhiX <jlas cymaeTCll npRMepHO JlO 20-30 , ' 

11HTepBan !Ia'lanbHhiX <jlas (-60of75°) orpaHH'IeH .~osBpameHHeM 'laCTHU K ueHT

PY H BhmaaeHHeM HX H3 o5nacTH <jlasoBofi ycTofi'IHBOCTH, 

EcnR HMeeTCR nocTaTO'I!Ioe KonR'IeCTBO panHanbHhiX H <jlasOBhiX TpaeK

TOpHii1. TO MO)KHO onpenenHTb, KaK R3M91Ill9TCll <jlopMa IIY'IK8 B npouecce · 

ycKopeHHR. Ha pHc, 3 noKasaaa <jlopMa ny'!Ka nmr '19Thipex MOMeHTOB BpeMe:

HH Ha Ha'lanbHOM 9Tane ycKopeliRll, <IJopMa IIY'IKa Jl8H8 B MOM9HT1 KOr)la 

HanpRmeHRe aa nyaaTe (Ha pRe. 3 nyaHT npennonaraeTCll pacnonomeHHhlM 

BhiWe ropRSOHTanbHoii ocR) MaKCRManbHO :n: nonom:n:TenbHO, HanpaBnea:n:e' 

BpaiU¢Hlill ny'!Ka _ IIOKa38HO CTpenKOll, llH<jlpaMH OTM9'19Hhl rpyniihi '!aCTHU1 

_ CTapTyiOIUHX C HHTepBanOM 32 o5opoTa (200 pan) JlO H8'!ana 3aXBaT8 (-2of0) 1 

B Te'leHHe BpeMeH:H SaXBaTa. (1 of 25) H nocne OKOH'Iaii:Hll 38XB8Ta (26of29 U 

T.il~) • 

- J1sMeHeHHe <jlopMhl. ny'IK8 B SaBHC:HMOCTH OT yCKOplliOIUero HanpgmeHRSI, . ,. - . ,.. . . . . ,· ... ./ .. " 

HSyqanOCb npR ycnOBHH nOCTOllHCTBa OTHOIII9HHSI y/c (npH 9TOM 38BHCHMOCTb -

cos¢ oT pan:n:yca ne MeHReTcg), PaccMaTpHsanHCb JlBa oT.IioweH:Hil y/E : 
s 
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Pnc. 1. PaJ:tnallhHbie TpaeKTOpHH J:tnll y = O,f;i•to-
6

, E = 1,13 KB/cM; 
Uyc = 18 KB;. 1 - 6ea CMemeHHll aa J:tyaHTe, Eo= 0 ; 2 - cMemeane Ha J:tyaa-
Te Uctl' -2 KB0 Eo": -0,13 KBfcM; 3- SKC!leHTpHCHTeT op6HT0 .Tnp -22MKCeK. 
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4o 6-----, so 60 flitt:tr? 
1 9 /0 f/•/Qf.).'fj; 

PHc, 2. PanHanbH&Ie H ljlaaoa&Ie TpaeKTopHH nm1 Uyca 18 KB, U0Ma -2 KB1 
·y = 0,5,10-6, b = 4,10-5 1/c~, t _; 32 MKCeK, 

• aax 
6 



Pnc, 3, !1aMelleHHe ¢opMbl ny'lKa s Ha'lallbHDiii nepHOil ycKopeHHII npa 
Uyc ~ 18 KB 1 U0~ -2 KB1 y = 0,5,10-6, b a 4,10-5 1/c~: a)t-6 MKC6K OT 
Ha'lana aaxsaTa; o) t = 17 MKCeK ,.. cepellBHa speMeHII aaxsaTa; s) t = 30 MJ:ceK -
KOHeu speMeHII > 3aXBaTa; r) , a 73 MKCeK. Ua¢paMB yKaaaHbl rpynnol 'lac-
TIIU, cTapTyiOIUHX c IIHTepsanoM 200 pall (32 ooopoTa) 110 Ha'lana speMeHB · 
aaxsaTa (-2 ~ 0), s Te'leHIIe,speMeHB aaxsaTa (I~ 25) 11 nocne OKOH'la-
HIIB speMeHB aaxsaTa (26 ~ 29· II T,Jl,), KpeCTBKBMB OTM6'16Hbl 'laCTIIUhl1 

H8'111ij8101UII6 'ycKopeHBe C M6HbWIIMII <!JaaaMB, 

7 



. -6 
cooTBeTCTBYIOI!lee pa6o'IHM ycnoBIHIM y IE = 0,445.10 H npn s.nsoe· 6onbrueM 

HaKnoHe 'iSCTOTHOH nporpaM~bl y IE = '0,89.10-6·. npn aTHX .nsyx OT.HOWeHHSIX 

·Y IE paccMaTpnsanacb aaBHCHMOCTb «P?PMbi ny'iKa oT cna.na MarHHTHoro nonSI 

,nng HecKOnbKHX aHa'ieHHH Koa«P«PnuneHTOB napa6ofiH'ieCKoro cna.na MarHHTHoro 

nonS! h Ha pa,nnycax AO 10 CM C COOTBeTCTBYIOlllHMH nnHeHHbiMH 3aKOH8MH 

naMeHeHHSI MarHHTHoro nonSI Ha 6onbrunx pa.nnycax/6/, 

3Ha'ieHHSI napaMeTpOB 1 B 38BHCHMOCTH OT KOTOpbiX onpe,nenSinOCb H3Me-

H9HH9 «PopMbi ny'iKa, · npnse.neHbi B Ta6nnue 1. 

Ta6nuua 1 

~l~ ij[KBJ £ (KB/CII] y .rob _ · -h .IO?[I/cu'] 
nn '/C . 

'· 

I !8 I,H 0,50 I,OO · 4 6 8 

2 25 . I,56 0,70 !,39 4 - -
3 30 I,88 0,88 I,67 4 - -

' 
4 36 2,25 I,OO 2,00 4 6 8 

B Ta6nnue 2 . npnse.neHhi panean&Hbte H yrnosbte paaMepbi ny'IKS nmr 

3-x cny'iaes: B KoHue speMeHH aaxsaTa, npn P = 10 CM ( R 1 onpe.ne- · · min m n 

nsreTcSI no HH:>KHefi orn6aromefi pannanbHhrX Kone6aHnfi, eM. pnc. 2) n npn 

R min = 30 CM, 
l13 Ta6nHUbi BHAH01 'iTO pa,nnanbHbl9 p83Mepbl ny'iK8 B03p8CT810T ~ yse-

nH'i9HH9M ycKOpSI!Olllero HanpSI:>K9HHSI1 'ITO npHBOAHT K ysenH'l9HHIO 06'beMa 

ny'iK8
1 

a npOTSI:>K9HHOCTb ny'iKa no 83HMYTY nO'iTH He MeHSieTCSI1 ,TaK K8K npli 

coxpaHeHHH nocTOSIHHhi~ OTHorueHHSI ·y IE ilo'iTH He MeHSieTcSI «Paaosoe ABH-· 

iKeHHe. YsenH'ieHHe cna.na MarHHTHoro nonS! npHBOA.HT K. yMeHbweHHIO pa.nHanb· 

HhiX. paaMepoB if soapacTaHHIO npoTSIR(eHHOCTH ny"<JKa no aanMyTy, B peaynb

TaTe "<Jere o6'heM, a~HHMaeMbiil ny'IKOM, c pocTOM h yMeHbruaeTCSI, YsenH'I~

Hne y ( npOH3BOAHOfi 'ISCTOTHOfi nporpaMMbi) BO BC9X cny'laSIX npHBOAHT K 

yMeHbllieHHIO pa3Mepos ny"<JKa, T,K, npH aTOM soapacraeT ·cos ¢s H, cne.no

BaTen&HO; yMeHbruaeTcsl aMnnn.l-yna pann~n&Ho-lj;laaoBbiX Kone6aanii. 
I . . 

B Ta6nmie T8IOKe A8Hbl 3H8'19HHSI BpeMeHH 38XB8T8 t H aq,q,eKTHB-.. aax · 

HOCTH aaxsaTa t= t aax.' F M • XoTSI c ysenH"<JeHHeM y~KopSIIOlllero HanpSiiKeHHSI 

H npOH3BOAHOfi 'ISCTOTHOfi nporpaMMbl (qaCTOTbl Mo,nynSIUHH) BpeMSI ycKo

peHHSI yMeHbruaeTCSI, slj;l«PeKTHBHOCTb 38XB8T8 B03paCTaeT H3-38 ysenH'l9IlHSI 

.'iHcna UHKnos ycKopeHHSI F M • 8 

... 



Ta6.7ntna 2 

E 't.to6 · R,.,,, = I tl1 Rm;.,= fOcM R,.,;.,=30c,., R etz 
},.fl e·fO 

Nil r·to6 t JCIIC . t 1tlK R"'Q" 2Cfo t R'"llll 2Cfa R 2~ d"t 
!l6 E ,., .. ll 

n;n· CM I If,:::. 0 tp,:F 0. f/J,.=O _£!:1_ c;;; a 'CMl: MRCeX MKCeH CM pag. MKCeJ< CM pa9. c,.., pag. /'1KCel( 

I 1,I3 o;5o 25 32 19,5 3,7 73 29,5 3,! 43 2,5 0;30 . 0,33 
2 1,56 0,70 

. 
23 30 :21 3,7 48 29,5 3,4 44 2,6 0,38 0,40 

3 1,88 0,87 0,445 21 27 21;5 3,7 41 30 3,4 43 2,8 0,42 ·o,5o 
4 2.25 IOO i 2! 27 22 3 .. 6 38 32 3.4 43 2.5 Q~5o 0~55 

CD 
5 1,13 1,00 18 23 17,5 2,9 38 25 2,5 41 2,5 0,43 0,57 
6 !,56 1,39 4 IS 20 18,5 2,8 24 24 2,9 41 2,5 0,50 0,65 
7 :r.sa 1,67 0,89 !4 !8 19,2 2,9 2! 25 3,0 42 2,7 0,56 0,80 
8 2.25 2.00 14 18 20 2.9 19 25 3,0 42 2,7 0~,67 0,87 
9 1,13 0,50 28 36 !8 4,0 80 25 3.,4 40 2,7 0,34 0,24 
IO 2.25 I.OO 0,445 23 30 21.2 ·. 4.1 44 27 3.6 41 3 0 0~55 0,40 6 
II 1,13 1,00 0,89 !9 25 !6,5 3,3 42 23 3,4 40 2,8 0,46 0,44 
I? 2.25 2.00 !5 20 !9.4 3.4 27 26 3.0 40 2.9 0.72 0.74 
!3 1,13 0,50 0,44c 3! 40 !7 4,! 88 24 3,6 38 2,6 0,37 0,20 
14 2,25 . ~,oo 23 30 20 4,2 51 27 3,~ 40 3,3 0,55 0,34 
15 !,13 . I,OO 

a· 
!9 25 !5,7 3,5 46 22 3,3 39 2,9 0,46 0,36 0,89 

16 2~25 2~00 15 20 18.5 3.3 29 .Q__ L_3_._~ _4P 3,1 - 0,72 0,60 



. PoeT enaJla Mai'HHTHOI'o non.11 npHBOilHT K yaenH'ieHHIO H apeMeHH saxaa

Ta, H a~~eKTHBHOCTH. 0JlHaKo npn h = B.to-5 1/eM2 yaenH'IeHHe a~~eKTHB

HOeTH npeKpamaeTC.Il n )lanbHefiruee yaenH'ieHne enalla MomeT npHaeeTH K po

eTy TOKa 'TonbKO H3-3a yaenH'I.eHH.Il Mai'HHTHofi ~OKYCHpOBKH. Ha pRe. 4 no

KaaaHa 38BH,eHMOeTb apeMeHH 38XBaTa. ( npH cp Ha'l = 0) H 9~~eKTHBHOeTH 38XB81'8 

oT ycKop.lliOruei'o Hanp.llmeHH.Il npn nponopunoHanbHOM yaenn'leHHH 'iaCTOTbi 

MOJlyn.11IIHH Jln.ll llBYX • 3Ha'ieHnit Ha'ianbHofi npoH3BOJlimfi '!aeTOTHOfi.npo~paMMbi 

H Tpex 3Ha'ieHHfi cnalla h • Y'ieT JlHanaaoHa Ha'ianhHbiX ~aa npHBOilHT K yae

nH'ieHHIO apeMeHn aaxaaTa H a~eKTHBHOeTH ~axaaTa B 1,3 paaa~. 
B npnMhrKaiOmefi K uoHHoMy HeTo'IHHKY o6naci'n Jle~oKycHpyiomne eimhr 

npoeTpaHeTB~HHOI'O. '38p.51Jl8 ny_'IKa. MOI'YT -itpeBbllli8Tb ·eOBOKynHoeTb ~OKYCH-
. . 

PYIOlliHX CHn OT ena)la .M8f'HHTH0f'O non.11, CMerueH}J:.Il . .Ha JlyaHTe H )lOnonHH-

TenbHOfi ~OKyeHpOBKH 1 H ny'IOK 6yJle1' paeXOJlHTbe.ll B BepTHKanbHOM Hanpaa

neHHH noKa, npollBHf'a.lleb no paJlHyey, He JlOeTHI'HeT o6naeTn, f'lle yaenH'IH- · 

BaiOruHeeg eHnbi 4>oKyeapOBKH eTaHOBSITe.ll 6onbrue Jle~oKyeHpyiOlliHX eHn, yMeJib

lliaiOruHXC.Il aene)leTBHe noTepb 'iaeTHU H yaenH'ISHH.Il 06'heMa 1 38HHM80MOf'O 

ny'IKOM. L{eM 6hiCTpee ny'iOK JlOCTHf'HOT paJ:inyCOB1 f'Jle ~OKYCHpyiOruHe eHnbi 

npeaoeXOil.llT ne~OKyenpyiOruHe, TOM MOHbllie noTep.lleTC.Il 'iaCTHU aeneJlCTBHe 

aepTHKanbHOf'O paexom)leHH.Il H 6onhriie aaxaaTnTe.ll a JlanbJ!efiruee yeKopeHHe. 

PallH8nbH8.51 eKopoeTb onpeJlengnaeb K8K HaKnOH aepXHefi OI'H6aiOruefi pa)lHanb

HhiX TpaeKTOpHil: (eM. pRe. 2) • flony'iOHHhiO peaynbT8Tbl npHBOJlOHbl B Ta6nH

ue 2. PaJlHanbHa.ll eKopoeTb ny~Ka aoapacTaeT MeHee 'ieM .a JlBa paaa npH 

JlByKpaTHOM yaenH'IOHHH yeKOp.5110lli8f'O Hanp.11meHH.511 a C yaenHqeHHeM ena)la 

Maf'HHTHOI'O non.11 YM8HblliaeTe.51. 0Jl!iaK01 eenH npn .9TOM nponopUHOHanbHO 

yaenH'iHTb HaKnOH 'iaCTOTHOfi XapaKTepneTHKH 1 pa)lHanbH8.51 CKOpOCTb llO'iTH 

He MOHSIOTe.ll. 
' . . 

YaenH'IeHHhre enallhi, cooTaeTCTByiOmHe 3Ha'ieH!HtM h a6nH3H ueHTpa, · 

paBHb;M 6·10-51/c~ H 8• lQ-5 lfcM2, MOmHO o6ecne'iHTb JlO paJlHYCOB 

50-60 CM nyTeM yeTaHOBKH B UeHTpe KOnbU8BbiX lliltMM nnn UltnHHJlpOB /9/ • 
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Puc. 4, 3aBHCHMOCTb s¢¢eKTHBHOCTH aaxaaTa t H apeMeHB aaxaaTa 'aax 
OT ycKopmomer-o HanpmKeHHll H cnaJla Mai'HHTHor-o nonS!, CnnomHI>Ie Kpuab!e 
1,2, H 3 Jlnll y/E"' 0,445,10-6 CM/Ka; nyHKTHpHbl9 KPHBble 4,5 B 6 Jlnll 
y/E "'0,89,10-6 CM/Ka; 1 H 4 AnSI h = 4,10-5 1/cM2 ( • ); 2 H 5 Jlnll 
h"' 6.10-5 1tcM2 (x); 3 H 6 AnSI h .. S.lQ-5 1/c~ (o), 

11 
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