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06'bE1H1HEHHbll!J vtHCTvtTYT 5UlEPliblX vtcc.nEJ108:\liHt"I 

Jla6oparop1rn BblCOKIIX 3Heprnit 

6. vi. 3aMonOLl'IHKO!I 

0 HEKOTOPblX ¢AKTOPAX, 
orPAHvl4v!BAlOllU1X 3HEPrl-1lO 

756 

vi vlHTEHCvlBHOCTb nYYKA B ¢A30TPOHE 
vi PEJIHTvlBvlCTCKOM UvlKJIOTPOHE 

AoKnaJJ, npe.llCTS!lneHHblA HS COHCK8HH0 y'leHOA cTeneHII 

K8H.llH.ll8T8 ~H3HKO-M8T0M8TH'l0CKHX H8YK no CO!IOXYilHOCTH paOOT 

Ay6aa 1961 ro.ll 
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0 HEKOTOPbIX ct:>AKTOPAX, 
orPAHvl4MBA!OWv!X 3HEPn1lO 

7fj6 

vi v!HTEHCv!BHOCTb flY4KA B ct:>A30TPOHE 
vi PEflHTv!Bv!CTCKOM Uv!KflOTPOHE 

iloKna.a, npe.acTaBneHHhlll Ha COHCK8HHe yqeHoll CTeneHH 

K8H.UH.U8T8, q:JH3HKO_-M8T9M8TH'i0CKHX HayK IIO. COBOKYilHOCTH pa60T 

061.CJIIIHCIU!.hlil MIICTl!T'" 

S.:l'l..;i.m .. u:: 11ccneAom11m'·, 
6~16JU10TEKA 



BB.e,geuH,e 

OTKpblTM0 B,11.B~KcnepoM B 1944 ro.lly npHHUHna 8BTOcjl83MpOBKll npM pe30H8HCH0M 
· . ( I 2) 
ycKopemm 3apS1>K8HHhlX t{8CTH~ 1 CO3ll8JIO WHpOKHe B03MO}«:'aocTK ,ll~H pa3pa60TKlt 

HOBblX THllOB. ycKOpHTeJ'le.a. IlO3BO11SllOW:HX n:ony'll8Tb 6bICTp1,1e 'l{8CTHllbl B paanHttHblX nHa-

1 naa~~ax smeprmr. B nocriellyrowHe ro.abl a paa_HbIX na6opaTopHSIX t'ibmo coopymeHo MHO· 

rO ycKopuTeneA ua BbICOKm~' sueprnH 1 np1,11-1eM ua caMbIX KpynHbl:'(. H3 H~x :.. cnuxpo-
. ' / , 

Q)aaoTpouax - ycK_O.pSllOTCSI npOTOHbl .no H0CKO1lbKHX MHnnuap.noa H .aa:me,' .necstTKOB 

M~nnHapaos sneKTpou-sOnhT. 

Ka>K,llbIA H
0

3 HOBbIX THUOB YCKOpHTeneA (cHHXPOTpol:I, (paaoTpOH, CIIHXpo(paaoTpOH 

H . .np.) HMeeT npeHMywe9Taa nepe.a .npyrHMH THil~MH :e onpe.aeneHHOM .nnanaaoue 

?"~prnH ■- B qacTHOCTH, (paaoTpO~ OK838J.ICH B0Cb.M8 y.a.o6ubn.i' .nnst yc~opeHHSI npOTOHOB, 

. .a.eATpOHOB H a -qaCTHJ.l ll.O' sueprl-rn:, ( KHH8THqeCKoA) B H8CKOJlbKO COTeH Maa 'H 

.o.nst ux HC~OJ1b30B8HHSI B pasuoo6pasHbIX SKcllepRM0HT8X, CBSl38~}ibJX ·c H3Y'l8HH8M 

ssau:MoneActBHR n)'KnoHoa c HyKnouaMu H H,o.paMn, po>K,oeHna: Meaonoa . n HX B38HMo-
. (3) 

.aeAcTBHSI C H.LlpBMH, HyKnOH8MR H M830H8MI! H T.~. 

Pe3xoe YM8HbW0Hne HHT8HCHBHOCTH nyqxoa B (paaoTpOH8X no cpaBH8HHID/C HHT~H

CHBHOCTbID llytlKOB B UHK110Tp'ouax Ha nepaott CTB.O.KH HCCJ'I8~0B8HQ:A B ot5nacTH auepi-HH 

B H8CKOJibKO coTeH' Mas ue H~~no npnuuu:n11aJ1bHoro aH~qeuu~. 'on.naxo a .nanbtieAweM 

oco5y~ B8>KHOCTb npHo6penH sxcnepnMeHTbJ, C88'.38H!lble C Hayqe_H~8M aeCbMa p~.0.KRX 

C05bITHA, H 3K8'dH_T81lb!!O llOBblClUIHCb Tpe6oBl:lH~R It TO'IKOCTH sxcnepHM8KT8JlbHbIX JlBH-' 

HbIX. LlnSJ peweu11st STRx noahlx aa . .o.aii TPe6yeTcR 6onee Bhlcoxas HHTenCHaHocTb ne~

BH'IHoro, ycxo·peHHOro nyqxa •. 
1 
no~TOMY H3Y'l0HH8 ct,aKTOpoa, orp8HH'IHB8JOWHX HHTeH--:__ 

CUBHOCTb lly'IKB B ct>aaoTp(rne, CTano 8KTyanbHhIM It RBHJIOCb . npe.o.MeTOM ps::i:.aa Teepe-

' TIP18CKHX H SKCnepHM8HTB1lbMbIX pa5oT. 

no.opo6Hbl8 T80p0THqecKH8 HCC110.QOB8HHSI ycnosH'1 38XB8T8 HOHOB B ycxopeH_He 

C r1eTOM npOCTP8HCTB8HHOro aaps:r.o.a 6btnH BbIIl01lH8Hbl npli coopy>KeHHH cpa3oTpo~a B 

U EPH 'e ua 600 M, ae 
14/vl3 STHX' Hccne)losauull cne.llyeT,. 'IT0 .llml yi,enH'l8HHR ~wreacMe

uocTH ny"IK8 B C'paaoTpOH8 ueo6xo.o.H~O H3M8HHTb cnoco5 HH)K8KllHll. HeKOTOpbre npe.nno· 

>K8HHbI8 cnvco6bl llH.>K8KUHH 6blnH onpo6oaaHbI Ha ycKOpH1'ene, HO noxa cywecTBeHHbIX 

xl 
; peaynhTBTOB ue nonyqeeo ✓ 

x) 4acTHoe coo6mettHe P.KAnnepa; 
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Ha Ll8liCTBYIOIU0M IU0CTHM8TpoBOM. q,aaoTpoue na6opaTop1m llLl8PHblX npo6neM 

npoao.a11:nHCb HCCne.aoaaHHR C uen~ro, BbUICH0HH51 ycnOBH~ nony11eHHSI _MBKCHMBnhHOii: m-1-

T8HCHBHOCTH ny11K8 ycKopeHHbIX npoTOHOB H BO3MO:>KHOCTH ocyIUeCTB110HltH BbIBO.UB npo-
. , I (5 6) , 

TOHOB H.$ yCKOp~TenSI qepea oOnaCTb, r.ae, n • I _! • OcHOBHble peaynhTBThl STHX 

'uccne.n.oaaaHA: uanarBIOTCSI B HBCTOHIU0M !lOIUIBJJ.e. 

Kap.a.uttanbHb1M pe~enHeM adnaq~- yaenuqeuua HHT0HCHBHOCTJt yc~opennt.fx npoTo

noa c aHeJ]l"'neA: a aecxonbKo coTeH Ms"a HBJUl0TCSI pac~po~TpaueHue unKnOTpoanoro 

M8To.a.a ycxopeHHR Ha sTy o6~acTb anepruH nyTeM HcnOnb3osanHs M8rnuTHoro nonst 

C npOCTpaHCTB8HHOI! aapHaUHE!lt .Hanp11>K8HHOCTH (
7•8•9•101 • npH STOM llOCTOBHCTBO 

qaCTOTbI o0:pal.U8HHSI qacTHU (H, cne.ooaaTenbHO, 8O3MO>KHOCTb HenpepbIBH0f0 ycxope

HHR) .aocTuraeTcH 6naroriaPa cooTeeTcTayrome~y pocTy cpe.a.uero aaaqeaH~ Hanpa>Ke~-

. H0CTH nonH a.aonb paauyca, a npocTpBHCTB8HHBSI ycToil:qH~OCTb .LlBH>K8HHH qaCTHU o6e-
" ' 

cne'IHBB8TCH 3H8KOnepeMeHHblMH; rpa.QH8HT2MH MSrHHTHOro nong Ha 3BMKHyT~A op6u-

, (II 12 13 14) 
Te. TeopeTH11ecKHMH HccnenoaaHHHMH, BbI~onseHHbIMH a Llyt5He • ' • u 

· . (15 16) · 
Xapyanne ,. • • e ·. $KCnepHMeHTBMH ua UHK~oTpoae co cnupaneau.aHoA aapuauH.eii 

MftrHHTHOro nonB C LlllaMeTpOM nonrocOB 1200 MM, nOcTp08HHOM B na6opaTOpHH BLlep-
(17 18) . · 

HblX npolSneM 1 
1 IlOK838H8 T8XHHqecK8SI, B03MO~HOCTb C03.0.BHHSI UHKnOTj.loHa Ha 

sueprHIO<JIPOTOh-'B 600:-700 Mss C llHT8HCHBHOCTblO nyqga npoTOHOB B H8CKO/lbKO COT8H 

MH1tpoa,mep, T,e, npHMepuo B 1000 p83 6onblllell, '10M LlOCTHraeTCll Ha C0BP':M8HHblX 

q,a30TpOHaX npH Ta~oll SHeprllHo 

H9KOTOpbI8 orpaHHlf8HHSI npHHUHllHBnbHoro H T~XHH118CKOrO ?t,BPBKTepa, onpe.aens:10-, 
IUH8 SHeprHJO H HHT0HCHBHOCTb B TBKVM UHKnOTpoue, paCCMaTpHB4IOTCH BO BTopoa qacTH 

.aoua.aa. 

B .O.OKJJBJl BKnlOlf8Hbl OCHOBHb10 peaynbTBTbI pa6oT, BblilOnHeHHbIX H ony6nHKOB8H-

( I 7 18 23 26 33 34) . 
HhlX a 1955-1961 r.r. • '. ' ' • COBM8CTHO c COTpy.ctHHKBMH OTn,ena- ycKopu-

Tenett. naoo,pD.TOpHH Rll.8pHblX npolSneM, KOTOpbIM BBTOp Bbipa:»<aeT CBOIO rny6oxyro Ona

. ro.o.apHOCTb. 

I. cflaaoTpOH na6opaTopaH snepHblX npo('ineM Ha 680 Msa 

11a q>aKTOpos, orpaHH'IHBalOIUHX B q>830TpOH0 npeL18/lbHbllt paLlHYC yCKopeHHll H 

HHT8HCHBHOCTb, paccM'aTpHBBIOTCH: 

a) HapyweHH8 npocTp8HCTB8HH
0

0A yCTOJ:illH50CTH B 30H8X p830H8HCOB. 

.'\ 

iJ 

' 

j 
/1 

/ ': ~ ( 

r 

1..-

'; 
l 

\; 

) 
. l 

l\ 

j 
! 

) 

~-

5 

B npouecce ycKopeHHB·s· ct,aaoTpoue qacTOTa ceo6o.aHbIX aepTHKanhHhIX Kone6aauit 

HOHOB MO>K.eT, B0~6we rosopR. H3MeHSITbCSI OT o. -o .no Q. -1. a qaCTOTB pa.au-

8.l]bHbIX Kone5aHHA: ... OT Qr .. 1 .ao Qr - O; npu 8TOM M8)KllY qacTOTOI<? o6pameHHSI 

noHa H qacTOT8MH ceo6o.aHhIX KOne5aHH8: Qz .u Q, HB p63llHIIHhlX pa.n11ycax 

ycxopeHHR B03MOmHhI COOTHOW8HHSl1 npu KOTOpblX B03HHK88T pe3~H8HCH08 B38HMo.aea:

CTBH0 Kone6a~ma: HllH HX aoa6y>KLI8HH8 COOTBeTCTBYIOutea: rapMOHH.KOA B CTpyKType 

M8rHHTHOrO nonSI. DpH H0KOTOpbIX ycnOBHHX TOT HnH HHOA pe30H8HC MQ)K8T npusecTH K 

qacT1111uoa: HriH nonaoa noTepe nyqxa Ha-aa ao3pacTa_H~S1 aMnnuTy.abI cao60.nHb1X Kone5a-

Hnll. 
'-

6) J;leq,oKycHpyrowee L18llCTBH8 npocTpaHCTaeu~oro aapl!Lla ycKopsieMs1x· HOHOB; 

BepTHKMbHBSI cocTaF;nsn~wlls: aanpst>KeHHOCTH sneKTpH'lecxoro non.a ny11xa ycxops10-

MblX uoaoa aanpaaneaa OT cpe.aaeA nnocKOCTH aaaopa. B npe.aene npn HeKoTopoa 
, I 

·nnoTHOCTH sapsi.aa a nr1K8 ,aeq:loxycupyrowB.a cu:na cTaHosliTcsi. paauoit' no B8nnqeHe 

MBrHHTHO:A (poxycHpyroweA cune H sepTHK8JlbH8H ycTOtt'UfBOC'rb HapywaeTCSle XoTSI 

t:pasoTpOHHhlil npHHU~Il ycK~peHHH H KOHCTpyKTHBHble paaMepb1 ycKOpHTenbHOA K8M8Pbl 

.o.onycxaIOT OTHOCHTenbHO 60J1bWOA: o6'beM' ycxopS18MOro crycTK8 HOHOB, cna6aR M8rHH ~ 

H8SI qloKycupoBKB B 9aqane ycKopeHHR npHBO,QHT K'TOMY 1 ·qTO orpaHHqeHHSI npOCTpaa

CTB9HHblM 36pRllOM npOSIBJISUOTCSI npH TOKe· B cpaaoTpoue S H8CKOJlbKO MHKpOaMnep. 

B) 3q,q,8KTHBHOCTb aaxaaTa. 

3¢,cpeKTHBHOCTb saxsaTa, TO 8CTb OTHOW8HH8 ape~eHH, B Teqeuae K(?7oporo H3 

HOHHOro HCTO'IHHKB H3B118K810TCst HO.Hhl, ycxopS18Mbl8 B .aanbHeiiweM .ao KOH811HOro pa.any

ca, K nonuoA: .anHT81IbHOCTH BblCOKO'll8CTOTHOrO llHKJla, onpen,engeT cpe~HHli TOK HOHOB 

a (paaoTpoue. TaK K8K a (paaoTpOHax Ha 6onhWH8 suepran HapywaeTCR npe.nnonO:meHH8 

o weneaoM uat5ope auepr:nn B o6nacTH nepsoro tpa3osoro xon~6aHHst, onTHManbttble 
. . ( 19) 

ycnOBHH 38XB8T8 MOryT cyweCTB0HHO OTmllfBTbCSI OT. npeJICK83hI888MblX Teopuea: • 

§ 1. Pe30HBHCHbie orpernuqeansi s cpa30TpOae 

B CT8UHOH8pHOM 8KCH8JlhHO CHMM8TpH'IHOM M8.rHHTHOM none npOCTp8HCTB0HH8SI 

ycToilqnaoCTb LJ.BH>K9HHH 3apa:>KeHHOA '18CTHUbI C HMnynbCOM 

o6e~nequa·aeTCH npu ycnOaaH: 

o<·nc-·B.;..!!!!...<1 
11 dr 

mv• ..!LH(R). R 
C . 

(I) 
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rJle 

• 
ll=ll(r} - ttanpR.>KeHHOCTb MarHHTHoro nonsr B cpe.otteA nnocxoCTH aasopa; 

V e - Macca. CKOpOCTh H aapsn 'IBCTHUbl. np11 3TOM 11:BCTHIIB coaepwaeT 

OKO.J'.10 3BMK.llYTOli op6HTLI B BHJle 0Kpy.>K80CTH pa.nHyca R c U0HTp0M B Haqane 

KOOpJlHHaT ( r 

C 'lliCTOT.SMH 

COOTB8TCTB8HHO. 

• z • (j 

Q, -.rr=-11 
CBO6O1lHbie paJJ,HanbHble H aepTHKanbHbI0 Kone68HHSI 

H Qz•.,/'n H &MllnHTy.llBMH br H bz, 

B'>3MO}KHOCTb BhIJl,eneHHH B CHCTeMe co6CTB0HHbIX Cf8CTOT H HHBBpHBHTHOCTb senH

q1rn · b: Q, !I H b! Oz H ' · 110:aao1rneT 11onaocTb10 pewH'!'b aonpoc 

0 npocTpaHCTB8HHOA: ·YCTOA:'IHBOCTH i:teH>K0HHH HOHOB B TBKOM none, 38 HCKnl01I0HH0M 

o6nacTell pe:aoHaHCHOro ao:a6y>K.Jl8HHH Kone6aHHll rapM0B11KaMH a cTpyKType MIU'HHTHOro 

non.sr a oC5nacTeA: peaoaaHcHoro aaaHMo.aeAcTaaa MB>K.ll.Y aepTHKBJJbHLIMH H pa.1:1HruthHbI_

MR KOll86~HHSIMHe 

3saqe~HB co6cTB8HHWX q8CTOT 8 p030HBHCHblX o6nacTax· 6yJJ.yT Man~ oTnH~BTbCB 

OT Bblq:HcneHHbIX Ha OCHOB8.HHH naaeAuoa TeOpHH, llO9TOMf .llnH Hax.O~ll8HHB 9THX o6na

CTel: B03MO»cHO HCnonb308&Tb COOTHOlUe~Re: 

p .fT=n * •vn• * ,', (2) 

p ••• - uen&1e •rncna1 - HOMep rapMOHl!KH 11 83HMyT811bHOA CTpyKTY-

pe MarHHTuoro nona. 

'3Ha'leaiu, n • COOT80TCT~Yl01UR8 803MO>KHblM p830H8HCHblM oGnaCTHM B 

ct>a:aoTpoae, 11p~B8Jl8Hbl B T86JIHD8 I, 

Ta'61iHua 

1-0 ,_ 1 

~ I 2 3 0 I 2 3 

0 0 3/4 8/9 

I 1/2 4/5 9/10 I J~O 9/25 

2 1/5 1/2 1/4 16/25 

3 1/10 1/9 

\ 

I 
l 
l 
i 
l 

! 
~ 

' f 
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Tax KOK B cf>a30TpOH8 ycxopeHH~ uaqHH88TCB C •0, r.ae ft •0, H HB 

oJnbWHX pa.o.Hycax 39aq~HH8 ti aoapacTaeT1 npen.enbHbdl pa.auyc ycxopeHHH MO-

)I{8T 6h1Tb orpauuqeu nepBblM CHllbHblM pe3OHBHCOM. 

. ~J2V. 
Kax ,cnenyeT H3 axcnepHM8HT0B 1 • B 4>aa9TpOH8X BblCOKHX aueprHA npen.enh-

HBB SHeprHB • .0,0 KOTOpoA peanbHO ycxopaIOTCB'qacTHUbl, COOTB0TCTBY0T pan.eycaM, rne 

noxaaaTenb cna.o.a MarHHTHoro nons n neJKHT a npe,aenax 0125 > n > . 0,2. 
. /5 20 22/ 

TeopeTH'lecxue uccne.aoaattHH • • peaouancoe caa:aH npH n •O,I; 0,2; 

0,5; 0,8; 0,9, a T8K>K8 11apaM8TpH'leCKOl"O BO:aiSy>KJleHHJI xone6auHI! 83HMYTOllbHOR aeoJl

HOpDJlHOCTb!O MarHHTHOl"O 1101111 npu ti -0,; .0,25; 0,75 ff _1,0 ll_?Ka3anu, 'ITO pe3ouau-

cu&1e oOnacTH npu 

06naCT5'MH. 

ti • 0,2 H ti -0,25 JIBIIJIIOTCJI ll8pBblMH H8Hi5onee OQ8CHblMH 

On.uaxo HH CBff38HHbl8 xoneGaHHff B 30H8 

Gy»<Ll8HH8 aepTHKBllbHhIX xonet5annR B 3OH8 

n •0,.2, HH napaM8TPH'l~CKO0 eoa

tl •0,25. H8 MOryT npHB8CTH B zteA-

CTBYIOWIIX cf>a:aoTpoHax K nonHOJI noTepe ny'IK8, HanpnMep, WHpHHa 30Hbl p830H8HCa 

11p11 ti •0,25 Jl8>K8 Dpll B811l!'ll!H8 nepaoR rapMOHHKll • I -0,001 06bl'IHO MeHb!Ue 

. JOO ol5opoToa, 

Ot5naCTb ft .. o.~5 OX83bJB88TCSI 3H8'1HT8nhHO 6onee onacHoA, oco6eHH0 LlnR 

6onbWlfX 4:>aaoTpOHOB, ecnH paccMaTpHBSTb CBff38hHbl8 xone6aHHSI, BbJ3bJB80Mbl0 11cxa.m:e• 

HHeM 38MKHyToA op6l!Tbl 83HMyT81lbHOA H80JlH0pOJlHOCTblO B CTpyKType M8rHHTHOro 
/23/ . . 

nonsi 

B 9TOM cnyqoe ypaaHemte nJJR B8PTHKB/lbHbJX xonet5aHHH npe.o.cTBBJJH8TCH B BH .ae: 

z"+~:~+ ~ + ,
1
11[1 + 2(d-n)J cos((H(J ·, I z•O 

.nl(J-tl) 111 • 
(3) 

rne: 

d~½-1!.:• d1!/ I wro Tri"· ,~ n 

H=H(rJ[l +<
1 

cos(6+/J0 ) I 
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il11S1 cpa30TOOHS 01-if!l,1 H8 680 M SB (K8K H LlmI LtpyrHX LtellCTBYIOWHX tp830TpOHOB) 

2 ( d-n) »1 B 30H8 n • 0,25 11 1 cneLtOB8TeJibH01 llOTepg ny'IK8 B 
n• 

nepey10 0"18pe.o,b BbI3bIB88TCSI a(pq:)eKTOM C~Sl3H KOlJ868HHA. 

EcnH cpeJIHHA npupocT aHepruu aa o6opoT a a.oHe pea~lHaaca paae.H 

'IHC~O 060p0TOB V H8 WHpHHe nonocbl a:roro peao.H8HC8 COCT8BHT: 

v=t, J-n,_!___.2E0 + IV 
n eYeP E0 + ~ 

rne E O - 9HeprHH IlOKOst, ~ iV - KHH0TH'lf0CK8H SHeprHst HOHa. 

eV 
cp 1 TO 

(4) 

I-fa ypaaueHHll (3) cneLtyeT, 'ITO 8MllJIHTYL18 KOJieoaHHll yoenH'IHBaeTCll B 2,7 pam 

38 

V = n o5opOTOB, (5) 
• 2rrt

1
/ d-n/ 

Ha puc. 1 npe.QCTBBJ'l0H8 38BHCHMOCTb In b, mu = l (<1 ) nocne 
b. 0 

1 

nBo~o>KJieHHH qepe3 peaoHaac caHan npu n -0,25 LtJIH cneLtyIOWHX napaMeTpos 

tp830TpOH8 Ovl.lll-1: w •680 Mas; eV,,p - 10 K;s; d --10; npH aTOM o. 
Bb16Hpanocb T8KHM, 1lT06hI pOCT aMnnHTY.OhJ nonyttancSI MaKCHMMbHbIM. Ha rpa¢nxe 

coriocTasneHLI KB83HCTBTuqecKoe peweuue ( KPHBSSI a ) 1 JlHHaMu.qecKoe peweuue c 

HCll0Jlb3088HH0M M0TOLta ycpeL1HE!HH8<
24 > (KpHB88 ll ) H pewe1111e C llOMOWbIO 

:,neKTpouuoA MOL1en11py10well ycTSHOBKH 3MY-8 (nyHKTHpuas nuu11,.). 

, yf3 rpa¢HK8 BH,QHO, _'ITO Tpe60B8HHSI K MSrHHTHOMY nomo .Z:tnR npoxO>K.0.8HHR 

STOA peaOHBHCHOA: o6nacTH 6ea cymeCTBeHHbIX IlOTepb OKa3hlaalOTCR oqeHb >K0CTKHMH. 

no STOA npHqHH8 1 • npH -C0Bp~M8HHblX B03MO)KH0CTSIX WHMMHpOBSHHSI MSrHHTHOrO ll0llS1 1 

n • 1 (5,6 ) B peannaauHR npeJlnO>K0HHR o B_h1so.o.e nyqKa _qepea ~6nacTb1 r.o.e 
I 

60n1:'llJRX Q)aaoTpOHBX 15y.n.eT CBSl38Ha c· cepb83HbIMH TPY.llHOCTSIMH, 

PacCMOTp0HH8 p830H8HC08 15onee· BbICOKOI"O nopSl.llKa llOK83b1B80T. 'ITO B aepKMbHO

CHMM0TpH'IHOM (oTHOCHT0nbHO cpe.llH9A nnOCKOCTH aaaopa) MaI"HHTHOM none peaOH8HC 

~ • • 1/_3 H~ nposisnsreTcH, a pe~oHaHcbI, aaqHaasr c o. • 1/4, He onaCHbJ• He Onac

ao T8K)K8 pe30H8HCH08 :aoa6y>K.a.eHH8 eep-rHKanbHblX KOne6aHHA, Bb13blB80M00 BTopoa 

H 6onee BbICOKHMH rapMOHHK8MH B CTpyKType MarHHTHOI"O nonsi. 
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§ 2. OrpaHH'l8HH8 TOKa, HanaraeMoe npocTpBHCTB8HHblM 38pS1Lt0M IlY'IKa 

YcK0pS18MbI8 B {pa30Tp0He. HOHbl ot5paayroT crycTOK, (popMa-.H p83M8pbl KOTOporo 

B nnOCKOCTH ycKopeHHSI Ha M8llhlX pa.auyc8x onpe.ae1tS1IOTCH B OCHOBHOM panHanbao

CJ)aaOBbIMH xone6aHHSIMit: 

= c • j 2 eV0 jcas r/, + r/,sinr/,5 + g, 
p wl Rs(l-n) .":,, E, 

(6) 

r.a.e rjJ _, 4>aaa BbICOx~qacTOTHoro HB0pH)K.8HHSI, npu KOTOpoA: HOH nponeTa~T ycKops:no-

WYJO wenb; 

K•l+_n __ . c• 
1-n -;i 

w= ec.'l 
--E 

E - nonHaB aueprH.R HOHBi ~ - aMnnnTyJla ycKopsnowero aanps:uKeHus; 

A - n~CTOHHH8H HHTerpHpOBBHHH qlaaoaoro ypaBH8HHH. 

l1H,tteKC 

B8CHOMy HOHY • 

"s" Osua11.aeT, 11.TO COOTB~TCTBYIOWHe BenaqHHbJ OTHOCSITCH K p8BHO-

MaKCHM8JlbHO-B03MO.>KHbl8 paaMepbI crycTK8 COOTB8TCTBYIOT cenapaTpHCe peweHIHI 

(paaoaoro ypaaHeHua: 

sinrf,--w. (7) if>+~ 
"E', 

MaKCHMSJibHbIA: aap.H.a I..... , KOTOpbIA: MO>KeT ynep»::HBBThCSI a crycTKe ¢0Kycupy10-

well MBI"HHTHOit CHnoa, npHt5JIH)K0HHO OU8HHB88TCSI H3 Bblp8)K0HHJJ: 

3LteCbl ,'l, Z 

(J"'patpHK 

, pHC. 2). 

:t _ nHAzc 

mu 4,ro,• ( 1 -f3!J( 1 -n) 

j_M, 
rrKs Es 

,f, 

- BblCOTa nrIKa fJ - ;- ; 

,r,- 9-./ cos?,+ r/, sin <f>s + g d r/, 

,f,~,f, <•••~) llpH 1~co•rps+'r/,SalnrpS 

(8) 

npencTaaneH Ha 

Bs1pa;KeH11e ( 8) nony'leHO npH cnellyronrnx ynpowaromHx npe.anonomea:Hstx: 
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r, 

10 

a) npnHuManoCb paaHOMepaoe pacnpez:teneaae aapR.a.a B crycTKei 

6) ynenuqeHHe panuanbaoro paaMepa cryCTKB aa cqeT cao6o.nHwX panHMhHhlX 

Kone6aHHA He yquTblB8110Ch: 

a) .a,eq)oKyCHPYIOlllBH cuna npocTpaacTBeHHoro aapn.a.a onpe.nengnacb npH MaKm1-

MMbHOM aHaqeHHH aepTHKB11bHOA cocTas1u110meA aanpgmeHHOcTH 3118KTPH'lecxoro nonsi 

HS nonepxHOCTH crycTK8 BblCOTOlO !i z • 

J.1a (8) cneAyeT, '{TO orpaHH'l9HH9 TOKa YCKOpaeMb!X HOHOB npocTpSHCTB9HHblM 

aapsrnoM cunbHee npo~rn~s:eTcH Ha MeubWHX paJ1uycax. npu: aTOM 1 onHax.o, u~o6xo.a.uMo 
. . 

yqHThIB8Tb1 IITO H3 npHB&.0.8HH0ro ewwe paccMOTpeHHSI aeo6xo.aHM0 HCKnI0'4HTh o6118CTb 
I 

nepaoro <paaoeoro Kone6aHHSI, MaKCHM81lbHbIA pa,a.uyc KOToporo ue npee1,1waeT 15-20 cM. 

MSKCHMSHbHblA TOK yCKOpR9MblX HOHOB B cpsaOTpoHe j .... 6yneT psseH ({3
3

<<. 1 • 

nr(< 1): 

i., .. =I,. .. F = n~zE0 J 2eV0 ', 1/r• F 
4rre rr K1 E0 

(9) 

rne F - '18CTOT8 MO.aynstuHH. 

8 <pS30TpOH0 nsoopaTOpHH BA0pHblX npooneM HS MMblX psnHYCSX Bb!COTS ny'IKS 

~z• 4 CM. J.1a (9) np11 F • 100 ceK-I, •ln,f, • 0,13, n • 0,006, V •10 KB, 
$ • 

• K 
1 

• 1,4, ,/, • 8,2 TOK npOTOHOB HS pSnllyCe 25 CM COCTSBngeT 3,5 MRKpOBMneps. 

npH 3TllX ycnosHBX HS panHyce 30 CM Obin aaperHCTpHp0B8H TOK B 2.,5 µA 
1261

• 

(npa cymecTBYIOlllHX xsp8KT8PHCTHK8X Bb!COKO'iSCTOTHOA CHCT0Mbl ycKOpHTenR 3TH 

ycnOBHSl H8 BBIIHIOT'CSl, o,aH8KO, onTHMSllbHbIMH ,an.51 ycKopeHHJI .a.o KoHe'IHOro pall.HfCS). 

KaK BHJlHO H3 cpaBH8HHH 8KCn0pHM8HT8BbHbIX .[l8HJ1blX C paC'18THhIMH, M8X8HH3Mbl 

¢>oKycupoeKH- M aax~aTa uoaos e o6nacTH nepaoro qlaaoaoro Kone6auus o6ecne'laaaroT 

HH>K8KUHIO Ha paneyc 25 CM IlO'ITH npenenbHoro TOKa. 

3Ta me senH'IHHB. ToKa 6y.aeT upe.aenbHOA R B cnyqastx uaxonneHHH 3apa.aa Ha 

MMbIX pa.a.Hycax nyTeM npe.o.eapHT01IbHOro CTOX8CTH'18CXOro HIIH UHIUIOTpOHHOrO yCKO

peHH./27•28• 291, s T3K>K8 nyTeM MHOrOKpaTHOro aaxBaT/
41 

B HS'lane KS>Knoro UHKJIS 

q:Ja30TPOHHOro ycxopeHHR, 

I 
\1 

I 

I 

! 
I 
I 
l 
I 

i j 

I 

-~/:;"",.<.,.-~ .. ,-

11 

§ 3. O__§__ O~'I'HMBllbHblX .I£1I~S1~ __ 38X_BaTa 

TeopeTHl.lecKHe pac11eTbl, sblnonHeHHhle B npe.o.non~>Kemt:H 6ecxoHe'IHO yaxon ycxo·· 

PfllOlUe.A: lllenu
119

•
30

~; .0.810T CJJeLIYIOJUee 13bJpa>KeUHe s(pcj:JeKTHBHOCTH aaxaaTa 8 

b ,l)a30Tp0He: 

l!= '!!_j2ei'o w! K 
C:,, "Ea 

L(sinef,,), .{IQ) 

r.ne: l.!Jo - tJA.CTOTa o6pameHHSI HOHOn e ueHTpe ycKopRTeJJH; 

c\ - CKOpOCTb H3MeueHuSt tJSCTOTbl YKopmoLUero Bb{COKOtraCTOTHOro aa

npst>KettHR'i 

T..(sinef>,J= F(sinef>,J1'(•in¢,J; 

F(sin~ J=Jcos,f, -(!L.• <f, )sin¢, 
s s .2 s s 

p ( sinif,SJ- Q)yHKUlUI, Y'iRTbIB8IOlU8SJ_, /l01JJO HOHOB, B03BP8IU8IOutHXC8 H~ nepBoM 

,, cpaaoBOM Kone6aHHH a ueuTp YCKOpHTena:. • , 

'TaK ·KaK B npouecce ycKopeHHSI cpaaonbre Kone6aHHs::r aaTyxaroT, uenecoo6paaHo 

'i8CTOTHyto nporpaMMY Ci.JS (t) ·sb16p8Tb TaKHM ofipaaoM. l{T06bl B COOTB8TCTBHH C 

38TyXBHH8M CflaaoBbtX Konet58HH11 no_ Mepe ,YBenH'i0HHH. 9Heprn:H HOHOB BospacTan~ 

3aaqe~J{e sin cps • 3aTyxaHR0 q)a30BbIX KOne6aal'8 MO>KHO otteHHTb._ HCfi0Jlb3YSI 

HHBapHaHTHOCTb HHTerpana ll.0ACTBHSI npa aaHa6aTHl.10CKRX H3MeH8HRSIX napaMeTpOI\ 

CUCT0M1,J;_ 

•I= .f ~ ¢,def, 

"': Ks 

(II) 

B 3TOM cny'tfaSI qaCTOTS MO.o.ynsiunH F onpe.o.eJJSieTCSI H8'181lbHhlM 3HBqeHH8M 

sin"'· H8'1 (pHc. 3, KpHBSlI a • paCC'il<TSHH3lI nnlI v. • 10 KB H K03(p<pHUH-

0HT8 HCilOJJb30B8HHSI nb1COKOlf8CTOTHOro UHKna 0,35), a aq:lqJeKTH~HOCTb 38XB8T8 OqeHb 

cna6o' aaanCHT OT sin</,., Haq B JlHanaaone osill ¢., Haq 0,2-0,5 ( pHc.3, 

KpliB8H 6 ). 

0JJHBKO B peanbHOM ycKopuTene Ha BblCOKYJO 3Heprmo ( H0CKOJihKO COT8H M~a) 

8(p¢E:KTHBH8Sl WHpHHB ycKopsuome.n: lUenH COH3MepHM8 C MBKCHMl3JihHbJM pa,o.Hy~~M 

11epsoro q:laaosoro KOnet5attaa H npapocT stteprnH noua aa o6opoT a Haqane ycK.Opemrn: 

3H8'1HTenbHO M8HhlUe, 'leM B cny'llae 6eCKOH8'lHO Y3K08 lUenn. TaK KBK npnpOCT 3Hep-

nm .HOH8 38 o6opoT ~E H H3M0H8HH8 'IBCTOTbi:' ero o6pameHHH ~Ci,J CBSI38Hbl 

.--:,1ex<ny co6oH COOTHOW8HHSIM: 
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(12) 

TO MO)KHO Q}Kff.0.STb~~ IITO CKOpoCTb R3M0H8HHSI '118CT0Tbl ycKopsnoruero ~anpsUK8HHS ., .OnSI OllTHMMbHbIX ycnoaH.A 38XB8Ta 6yneT T8M M8HbWe, '18M 6onbWe 6yJieT 

• 
acjJ(p8KTHBH8H WHPHH8 yCKOpllIOUl8ll meru,;: 

3KcnepHM8HT8JlbHO H8 W9CTHM8Tp0BOM 4>a30TpOHe na6opaTOpHH HllepHbIX npo6neM 

BblRCHlWOCb BJIHRHH8 -a4>4>eKTHBHOJI WHpHHbl yCKOplUOUlell Ul8JIK H8. a<t>4>eKTKBHOCTb 38XB8' 

T&, 8 T810K0 ODp9.ll8JISlJIOCb 3H4'110Hl:l8 ru I COOTB0~C~BYlOlll88 OllTHMMbHhIM yClIOBH-

S /26/ 
HM 34XB8T8 HOHOB B ycKOp8HH8 npH 38.llBHHOA reoMeTpHH ycKopsromeA lU8JIH 

AuanR3 38BHCHMOCTJI TOKS rrpOTOHOB OT qacTOTbI Mo.o.ynsntHH Ha MMbIX pa.aHycax 

K Ha KOH8'1.HOM paJlKyce B lll8CTHM8Tpoao'M cJ:iaaoTpoue n0Ka3an. 'ITO .C.JUI nony,10HHSI on-

THMMbHbIX ycnoaHA 38XBST8 neo6xo.oRMO yseJIK'IKTb 3H8'18HK0 ~ <I,s Ha ·aaxaaTe. 

YBeJIR'l8HH8 'ISCTOThI MO.OfJISIUHK He npuso.a.HnO K Il0BblW0HHIO TOKa npOTOHOB Ha KOHeq

HOM pa.nHyce u3-aa Toro, 'ITO o6nacTb (paaoaoA ycToA:q11:.ocTH cy>1;CaeTCS1 a npouecce 

yCKOp0HliR t5bICTpee, 110M saTyxaIOT q)aaoBbl0 x.one6aHHSI. npu6nH>K8HHSI K OllTHM8JibHhlM 

ycnOBHSIM 38XB4T8 npH npe>KH0M 3H8'10HliHH _6),9 B .O.BHHOM cnyqae MO>KHO .O.OCTHr

HYTb )"B8Jllf'l0.HH8M sqxl:>eKTHBHOA WH,pHHbI ycKopsuomed: Ul8JIH, uanpHMep, 38 C'i0T yn.ane

HHSI npoTHBOJlyaHTHOA 3838MJI0HHOA· paMKH. 

Ha puc. 4 np8.llCT8BJI0H8 38BHCHMOCTb HHT0HCHBHocTH ny'IK8 rrpOTOHOB B (paao

Tp0H8 OT '18CTOThl MODYJIHUHH. HHT8HCHBHOCTb nocne y.oaneHHSI npOTHBd.a.yaHTHOA paMKH 

yeeJIH'lHJ18Cb npHM8pHO Ha 70%, 

Onpe)leneHHe onTHMMbHDrO 3H8'10HHSI Cal. npOH3BO.C.HnOCb nyTeM H3MepeHHSI 

TOKS npOTOHOB H8 MHW0Hb HS p8JlHyce 30 CM. OpH STO~ Cc)s Ha 38X88T8 B WHpO-

KOM .llH8ll830H0 sapbHpOBanOCb H3M8H0HH8M Ha~pSl>K8HHOCTH MBrHH'f}!Oro nonR llo , 

'18CTOT8 MOJlynHIIHH F H 8MllnHTy.oa ycxopsnomero uanpSI>K8HHSI Vo OCT8BMHCb UOCTOSIH .. 

HblMHe 

Pa.a.Rye H3M8p8HHSI 30 CM BbI6paa, 'IT06bI, ao-nepBbIX, HCKnJO'IHTb BJIRSIHH0 H3Me

ueHHSI (paaOBblX yCJIOBHA H ycnOBHtt {poxyi:a1pOBKH _DpH H3M8H8HHH H8llpSI.>K0HHOCTH M8rHHT

HOro nvaa 8 ot5naCTH cpe,llHHX H 1tOH8'1HbIX PBLlHYCDB; H' BO:-BTOpbix. 'ITOtibl Ha MHW0Hb 

ue fiOU8LlEUIH HOHbI, 803Bp81U8IOWH8CSI B nepBOM cf:iaaOBOM Kone6aHHII B II8HTP yCKOpHT0llH. 

I 
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HaMepeHJHI npOH3B0JlHnHCb npH llBYX xapaKTep~CTHKax BblCOKO'l8CTOTHOfl: CHCT8Mbl 

"'s-f(a) ( a - yron noaopoTa poTopa eapuaTopa) 6e; npOTHBOL1yaHTHOA, 

w. Ha aaxeaTe npHae.oeH8: Ha p8MKH. 0.oHa H3 38B~CHMOCTea TOKa np.OTOHOB OT 

'PHC. s. 8 COOTB0TCTBYIOlll8H xapaxTepHCTHK8 CL) •l{a) 
'· s - H~ pu:c.a. B 060HX 

cny'l8SIX COOTBeTc;Tayrowee onTHMyMy 31!.aqeaHe w., npHMepuo B ,.e -paaa M0HbWe, 

qeM n_onyqaromeecSI u~ pac~eToB a npe.Zlnono>KeHHH 6ec~ouequo yaKoff: ycKopsnomea 

- wenH. 

11. Pen~THBKCT~KHA UHKnoTEon 

HMnynbCHLIA J:>0>KHM yc_xopeu~g n ci>aaoTpoue ..orpauu
1
'1uaaeT cpe.Zluua TOK ,YCKOpHe

MblX '18CTHU, npu LlOCTHrHyTbIX B Ll8ACTB)'IOIUHX YCKOpHTensx Ha '400-100 Mae 3H8'1e• 

Hu.Rx 8.MllJIHTYLl ycKOpRIOWero HanpSI>K8HHSl B 10- 15 KB, 3TOT TOK 06bPlHO He npeBbIWaeT 

I • ' 
1 MHKpoaMn~pa, ''ITO 6JIH3lt0 K npeLten&HOMy ;3Haqeumo TOK8 T8:_KH~ ycxopHTeneA:. noBbIW8". 

uue HHTE!HcHaHocT~ nYqKa nyTeM ynenHqeuH8 aMnJIHTY.llhI ycxopmowero nanpSI>KeHua 
I . • 

conpsrmeHo co 3H8'1HTenbHblMH T0XHH'l8CKHMH Tpyn,HOCTHMH. 

OcywecTaneHHe. p0>KJIM8 uenpephlBHOro ycKOp8HHH DpH fiOCTOH~Hoa 'IBCTOTe o6pame

HHH a, cooTBeTCTB8HH0 1 npH 6on_ee ShlCOKoA BMllJJHTy ne ycxopstro~ero HanpsnKeHHst · rioaaO

nHno 15~ cywecTB0HHO llOBhICHTb JIHT8HCHBHOCTb YCKOpsteMox:-o nrrna. 

, / /7/ 
npaM~HSISI MBrHHTHOe none C ~3HMyT~JlbHOA B8pH8UHeff: 

1 
MO>KH,o. cymeCTB8HHO 

IIOBbICHTb rrpe.nenbHYIO SHeprHIO yckopSleMbiX HOHOB. B UHKJJOTpOHe H nonyqHTb nyqKH BbJCO-

. , /31/ ' •. · I · · · '·. 
KOA: HHTSHCHBHOCTH I OJlHSKO nepeKpbITb L1Hana309 SHeprHH COBp8M8HHbJX ¢aa?TPOHOB 

' ' T8KHM cnoco6oM He B03MO>KJiO • 

OpeL1JJOX<:8HHe ucnon&aoBaTb 8 UHKllH'i8CKHX YCKOpHT8nHx, M~rHHTHbie, llOJIR, uanpa-

: >K,8HHOCTb KOTOpblX nepHO,llH1.J8CKH H3M8HSI8TCSI no PBJlHycy H aa~MYTY 

ll=H(r)[I+, ,I (r, ~j] " ( , - rny6nHa eapiiaumi, f(r, 6) 
- nepHO.O.H-

·., 
... 11ec~aH cj)yHKUH~ no 

H 0 co cpeJlHHM 3H8'i8HHe·M, paBHblM Hynro >.'• 0TKpbJB88T, 

B03MO>KHOCTb peaJIH30BQTb UHKJJOTpOHHbIA P8>KHM .anH ycxopeHHH' npOTOHOB JlO SlteprHR .· I , . . .• 

'-' Hecxonhx_o coTeu MsB. Teoi,eTH~e~KHe HCCnf§!LlOBaHHR LlHHBMHKH 1.JBCTHU a TBKKX YcKopu-

, 'T8ll"SIX IIOK83BJIH,. 'ITO STH llOJIH 06naaa10T npeHMYlll8CTB8MH no_ CpBBH8HHIO C MarHHTHblMH 

rrOJIHMH, HM.eIOIUHMH nepHO.llHqecKyIO aapHauuro TOJihKO no aa11MyTy • .UnH ycxopHTensr 

UHKJJOTpouuoro Tuna; 3TH nPenMytuec:raa CBOJl.HTCSI K yaenu11eumo .noCTH>KHMOH auepruu 

ycxopeunwx '18CTHU, a Tax.me K 3Ha'luTenbHOMY YMeHhweuuro Tpe6yeMoil rny5H.HbI aapua-

' UHH uarrpSI.>K8HHOCTH_ M8f'HHTHoro UOJISl. 
I, 
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TaK KSK llpH DHKJIOTPOHHOM YCKOpeHHH 'ISCTOT8 o5pameHHH HOHOB OCTaOTCff ,noCTOSIH. 

HOA:, H,· cne.noBaTenbHO, IlOK838T8nb nonH ff -= ~- :dH .ll.01l>K0H H3M8HSITbCSI 
H dt 

K8K, 
fJ i 

l=tfI • 'ISCTOTa p8,llH8JlbH¥x cno6o.nabIX Kone6aHHti Q, 

H8 MO>Ke.T OCT8B8TbCH IlOCT~SIHHOit npH ,mo6oM THne aap11amrn. noaTOMy npH BbJ5ope 

THna aapuBDHH I ( t, 6 J ".o..ng DHKnoTpoHa Heo6xo.o..HMO pyKOBO.D.CTBOB8TbCH .coo5-

pa>KeHHHMH npOCTOTbI p~amt38UHH MBI'HHTHOro non.s. 

C STOii TO'IKH apeHHH _npe.acTaanHeTCH ~enecoo6paa_HbIM Jl1ISI IIHK/10Tp0H8 BbI5paTh 

MarHHTHOe none cne.a.yromero THna: 

II- 11 0 

V l -· r, I [ 1 + f sin ( t . ~ r- NO)] 
(13) 

r.ae 

nonH, 

211>. pa.QH8nbHbIA: war H N - nepHO.llHt,{HOC~h CTpyKTYPbI MarHHTHOro 

. Ho. - Hanpst>K0HHOCTb MSrHI.fTHOro non.SI B neHTpe; feo =· + 
MarHHTHMe non.SI TSKoro THn~ MoryT OKa3aTbCff y,.no6~bIMII H .nnsi ycKopeHHst 

MHorp38pS1.rlHblX »:OHoa. 

§ 1. _o npepellbHOA 9HeprHH 

.D.nst MarHHTHoro nonsi THna ( 13) ypaBHeHHSI cao6o.n.HhIX Kone6aHJ,dt qaCTHUbl c HM-

ll)'/lbCOM mv = -~ _ [J ( R) · R OTHOCHT0/lbHO 3aMKH:,'TOli OpOHTbl B /IHH,elil!OM llpHOnH • 

:»ceHHH MO:>KHO np8llCT8BHTb B BH.c:te: 

p''+(_a,+2qcos2/;) p=O 

(14) 

z''+·(a - 2q COS 2/;) % a-0 . ' 
r.oe: 

a •· ~I l + n - '
2 

R 
2 ~ 

• ,v2 2>.2 [Ni.(1+n) l 

a =--~In-: 1
2

R 2 

N 2 2>. 2 [N 2-(1 +n)] 

-j 

~--C-- ~-

2, R 
q-~ 

15 

2 . .,,_ .B__ ,V() 
• >. 

p = r - -~ 

npu 

az= :; 

R -o KO:acpcpnuHeHTb( B ypaaH0HHSIX MaTbe (14) panusr a =..1-.::, 
• ,v 2 q.,. 0 , 

T.~. pa6011ag TO'IK8 ,JllIH UHKIIOTpoHa H8XO.ll.HTC_~ B nepnoA 

o6naCTH ycTOil'IHBOCTH H WHPHBa 3TOil o6naCTK npH 

CKQlihKHX npoueHTOB onpe.nenseTCH KaK: 
~ < 1. c TOtJHOCTblO LlO ae-

- ½ q a < a ,: l -· q - 1 q • 
"' , •• "i:;: T. . (15) 

.!lnH aepTKKallhHblX xone6aHHtt ~rpaHHtteHKe uanaraeTCSJ HH:mHea rpauunea, a D.ns 

pa.nnanhHbJX xone6anHa - nepxnea rpauHuea·o5nacTH ycToAtJunoCTx. 

3THMH ycnoaHSIMH onpeD.enaeTcH npen:enbHoe auaqeHHe noKaaaTeng Maruu1Horo 

nong n npe.ll • .onsi paana1!Hb1x N' 1H1 cnen:onaTen.uo, n.Pe.nenbaaa sueprRsi,, xoTopan 

Morna 6bI 6bITb nonyiieaa a UHIOIOTpo~e (pHc.7, ,KPHBBH_ a ). 

0.llH8KO .onD: paCCM..lTpHBaeMoro llHKnOTpOHa, KaK H .o.na n:pyrHX ycxopHTenea, e 

'KOTOPbIX co6cTaeanbre llac;:TOTbl xone6auaa HOHoB H3Me~si10TCa a nponecce ycxopeHusi, 

npen:enbHag sueprHSI MO)f{eT OI""p~HlllJ:HTbCSI He o6naCTblO ycToti11HBOCTH, a pe30H8HCHbIMH 

aua~eHHBMH 11:aCT0T cB-::,6011HbIX K0ne6aHHA. 

C ll0CT8TO'IH01f TO'IHOCThlO "18CTOT.bl cao6o.o.HblX KOne6aHHii onpe.a.ensnoTC.9 Bhlp8)1Ce-
HHHMH: 

Q =vi-:;:-;-+ i 1< .tlLJ' 
' 4 -, N• >.N 

a = 'r, n ,• .: V1 - --n 
• NA 

(16) 

TBKHM ·o6paaoM, Ha'lanhHbI0 3H8118HHS1 qa~TOT caot5o.nHhIX KOneOaaull B UHKJtoTpOH8 

pasHbl Q, • l H Q • • o •. B nponecce ycxopeHHH STH l{SCTOTbI yz,enH1lHB810TCSI. 

Bb16opOM 38KOH8 pocTa 8MTTJlHTY.0.bI aapuauHH • ( t) OT pa.a11yca M0)KB0~ 

H8'1HH8Sl C aexoToporo pa.aHyca, no.a.nep>KH.BBTb '18CTOTY B8pTHK8JlbHblX KOne6aH1dl Q 
. z 

nocTORHHOA H1 cne.aoaaTenbHo, acxn~qHTh.nPoxo>KaeHHe 'lepea o6nacTH pe30HaHcHoro 

BOaOy>K.O,eHHSI 9THX .Kone6aHHA l KpOMe peaoaaHCOB CBSJ3H C P8JlH8nhHbIMH xoneOaHKSIMH'. 
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1, 

llii,,.! 

IG 

nuuellnoe peaouaucttoe noa6y :.>K.neuHe panHanhHbIX Kone6auaH B03MO)KHO a aouax 

ll • I, Q, =- 1,5 1 Q, q 2 H T • .n.; npH STOM ycnOBHH, ueo6xo.oaMbte .nnsr npo-

xom.neHHH 30HLI Q, - 2, npaKTUKt:eCKH 1-1eocy1UeCTBHMbl. 

Ha pnc. 7 (KpHBBSI 6 )nOK838Ha .llOCTH )H:HMBSI B UHKnOTpoue 3Heprust npOTOHOB, 

orpauHq8HH8Sl nnHeitHhJM pe3OH8HCO_M npa Q, -2. 

Ha.rtH'IHe B 83HMyTaJibHOii CTpyxType MarHHTHOro fiO1JSI N -oli rapMoHHKH 

(ocuoaua11 rapM~HHKa, 06ecnequna10wn11 cpoKycupoBKyl c 6onbwoa aMnnnTy110A ( t 

npHBO.llHT K TOMY, IITO npH COOTHOWeHJUI'. '18CTOT, y.aoaneTaopsuownx ycnoamo 

P 0, • • Q, * N p H S - U011bl0 'IKCJIB) 

BO3MO>KHO Henuueauoe B036y>K.llOHHe pa,OH8JlhHblX KOne6aHHA ( s, •O), a T8KJ'K0 peao

H8HCHO0 B38HMO.a.eHcTane Me*JlY aepTHKBJibHblMH H pa.nHaJibHhIMH Kone6aHHSIMH 

p ,,, 0 • ,, 0' ), 

YcTBHOaneno 
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, 'ITO a MaruuTuo.A: CHCTeMe paccMaTpneaeMoro Tuna peaoHaHcht 

4-ro nop.8.0KS H HHa<:e SIB1UUOTC:SJ HenpOXO.OHMbJMH H HanaraIOT .ll0Il011HHTenhHbl8 orpaHu-

qeHHSI ua .llOCTH)KHMyJO B UHK110TpOHe aueprHio ( KpHB8H B H8 pllC~ 7 ), 
l 

B UHKnoTpone Ha aHeprHIO a·aecKonhK.o coTeH Man uenecoo6paaHo eapnauu10 

MBrHHTHoro non.H coa.aaeaTb meneaHbIMH WHMM8MH npsi:MoyronLHoro ceqemu1 1 uar~yTblMH 

no cnupaJHIM r = N >,. 0 H ycTaHoBn0HH.bIMH H,a BHyTpeHHHX noaepxHOCTHX IlO'lIOCHbJ;( 

H8KOH0lfHHKOB CHMMeTpH'IHO OTHOCHT01IhHO cpe.nHeA nnoCK?CTlf aa3~pa. 

B 3TOM cnyq:ae 8Mil11HTy.aa B8pH8llHH !IN•' :1 38BHCHT (npH n.ocTaToqeo 

6on1:>WHX ana11eHHHX , ) OT A t BhlCOTa 383opa M9>K!lf WH.MMaMH h H cpen.ttero 

3H8'10HH.R HanpSl>K9HHOCTH IlOJUI H(r J • YMeHbW0HHe BbICOThI aaaopa M0>KllY WHM-

MBMH .npaBOJllfT K ysen»'lettmo aMII.n:HTY.O.bI aap11aunH. no ycnonHstM pacnOno>1<eHH11 ny-

BHTa B 383Qpe H o6ecnel.feH~SI Heo6xo.ctHMOit aneKTpIPI.eCKOjl npollHOCTH· h He MO>KeT 

6b1Tb M8HbW0 15 CM. 3aaHCllMOCTb BMfi11HTYllhl ·!IN· OT 11 B H8KOTOpOM .an:anaaoHe 

II. cna6a11, 3BBHCHMOCTb >KB OT >. HM99T MllKCllMYM ( ~- , max npH >. - 4-
Ha Bblp8>K0HHSI nnn: qacTOThl ae-pTHKaJlbHbJX KOneOaHuA ( 16) BblT8KaeT nnn: KOHOttaoro 

paa11yca ycKopennR ,,, 

npe.a.enbuoro pe*HMll 

onpe.a,enettHag cast3b M0*llY N 

Q • 0 HM08T BH.ll: . 
j ( .!!x._ J 

11 - _>. ~ .. -
• eN 

H H
11 

, KOTopasi ·.a.nst 

(17) 

( 
l 

l 
·1 
,I,:'.':· 

' ' ,i.1 

,( ~} 

·'i, 

,·I mi 

J 

', Ji, 
., 

.i',.,, 

~ 

~ 
I:) 

"-..: 

17 

vlcxo.o.si H3 sToro, .ll11R paanaqahlx aHaqenu:fi KOHeqHoro pa.a.nyca 'K ( u, cne..:toBaTenh

Ho, paanH'IHbIX llH8M9TpOB nomocoa MBrHnTa) MO)KHO onpe,!lenJ,ITb ,llOCTUiV.HMy10 3Hep-

rHlO (KpHBbJe Jl Ha p1w. 7). Y'UITl:,IB8_.J10Cb, 11.TO Ill(. np.:.iKTHqeCKH He ~o>KeT 6LITh 
11 

6onbW0 17000 3pcTe11, a ( ~ J malt npHHRTO paBHblM 500 $pcTe11 ICM, 

J.13 .apyrHX orpBHH'IHB-B~lllHX cj:,aKTOpc,t Heo6xoaHMO OTM8TffTb ¢,aaOBbJii CllBHr, 

06ycnoBJIBHHbIA: HeTOqHOCTMO Bblnonueuust 3BKOH8 H3MeH0HHR cpenueil HanpSl:>K0HHOCTH , 

HS 38MKHyTblX op6HT8X 1-f HecTa6HnhHOCTbIO MarHHTHoro JJOJlSI BO Bp8M0HH. B npOTOHHOM 

TlHKJ'JOTPOHe ua 3H8pl"'HIO B H0CKOJlbKO COT0H Mss Tpe~oaaHHSI K TOlfHOCTH WHMMHpOBBHHff 

ff CTdQHJ1Haau1rn M8THHTHoro nonJI OKB3b1B8IOTCSI O'18Hb )KE'C.TKMMH {,aonycK M8HbW8 

I0-
4

) ·, H 11n,r o5ecneqeHHR y;cToiiquao~ paooTbt ycKopnTeJf,r MoryT Tpe6oaaTbC!I cne11K

anba1:.1e pa.OHOT0XHH'10CKH8 CHCT8Mbl1 cnensuuae 3a cpa30A 8bJCOKO"'l:BCTOTHOro aanpe>Ke

HHSI B MOM8HT nponeTa nyqKQM ycKbp.RlOlll0ro npoMemyTK8 R KOpp8KTHPYIOlllH8 MBrmn-

uoe none. 

§ 2 . . o npe11en~~A_ HHT8HCHBHOCTH 

8 penstTHBHCTCKOM UHK11:OTpoue ycxops!eMbJe qacTHUbl aaHHMBIOT B yCKOpHT0JlbHOA 

KaMepe npocTp8HCTBO, pa3Mepu KOTOporo no "3llMYTY ( r \8 ) H pa11Hycy ( Q - '• ) 

3Hft'lHT81lhHO 60J1hW0 B8pTHK8:tbHOro paaMepa ,\ % (11cKJ110'1:aS1 U0HTpanbHflO ot5nacTb). 

Ecim ·npl-lHSITb I EJTO Il1IOTHOCTb ycKOpH0MbIX HOHOB H3M9HSl0TCa TO.llbKO IIO pa.nuycy, TO 

· npu: ToKe nyqxa 
/251 

pa.crnyca , : 

nonyqaeTCS1 cnenyrowaH 38BHCHMOCTb Il110THOCTH 3apsi.Q.a ~ 

u(r) • i ( J,,_). ( £/ . ., v... e0 

2 .. 
~OA,rr,!o, 

OT 

(18) 

0THOCHTe1IhHOe H3MeaenHe ,nnoTHOCTH aap11.aa ua .anuae 1 paanoA anepType .ayaHTa, 

He npeBhIW88T HecKOllbKHX npoueHTOB1 IIOSTOMY C LlOCTaTO'IHOA TO'IHOCThlO B0pTHK8~bHYIO 

COCTBBJl.RIOlllYJO 3118KTPHlf8CKOro 11011st . 0. MO>KHO onpe.aenHTb no (popMyne: 

&, ~ 411 "'''" 
(19) 

a .aHanaaoHe - -... ,:: 2, ~-
2 2 

• a cnny, .aeilcTayrowy10 Ha oT.nenhHYIO 

'18CTHUY STOro nyqKa C aapstnoM e , no ct>0pMy11e:, 

F, ·~ t11a(r) z e( J -;32 ) • 

OhepirMeHH.Htt imcnw~ , 
1 ,m,~:.J,111::l: UCCJlt.t\OCP'··: 

L- 6~l&JWJOT~I 

(:.ol 

''o\', 
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non.. aeitcTSH8M npocTp~HCTB8HH~ro aapsz.o.a 'IIBCTOTa aepTHKanbHblX KOnet:;aauil 

H3MeHHTCSI H_a BeJIH~HHy: 

\oz= Oz-/:,; 4rroe ( 1 - ,'J '), 
'ff0 2 

(21) 

ecm~ Q=. ;--:. qacTOTa B8PTffK8JtbHbIX. KOne6aHHA, o6ycnoaneH~811 TOJJbKO M8rHHTHO8 cf:ioxy• 

cupyrourni! CHnoli. 

Ope.oenbHhltt TOK yCKOPHT8nS1,- orpaHH"I8HHbJJ1 npocTpaHCTB8HHMM 38pS1.00M nyqKa, 

ITOllY,<HTCH npH \ ') Z = Qz H 6y.ll8T paB8H! 

Q: ,\0 \z"' j ma.-= 
8'1T· e 

eVcp. 

KaK cne.llyeT H3 q,opMyns, _(22), npe,ll8llbHhlll TOK npH_ 

OT pa..aHyca M, cnenoaaTen1;,1w, OT saeprua. 

(22) 

'J z = cons/ He 38BHCHT 

6 . -1 HanpHMep, npH Q z •0,10, ·\Ii •0,5 pa.ll, ,'i z • 1 CM, '" •82•10 ceK , 

eVcp • 200 Kaa, npe.oeJibHbIJt. TOK COCTBBHT. j -.m~ • J,2 :n-1. • 

~BK OT~8_'18JlOCh paaee, B p8JIHTKBHCTCKOM U~KJIOTpoue B U8HTpe Qz -o H B03-

pacTaeT ilO npHHRTOro IlOCTOSIHHoro auaqeHHR TOJlbKO Ha pan.ayce B H0CKOJlbkO Jl8CHTKOB - . . 

C8~THM8Tpos. ,~.O.HBK~ Ha Manwx, paaKycax (poxyc~p~axa BbI.COK0'18C~OTHblM fCK9PSIIOllIHM 

noneM. oOecneqHBaeT, Kax noxaahIBaeT OffblT pa6oTbl UHKnoTpoHoa, B03MO>KHOCTb nonyqe-' - . 
· HKSI TOKa YCKopemn.1x KOHO!I ~ ~0?KOJJbKO MHnnHSMnep, 

113M9H8HHe 'ISCTOTbI B9pTHK8JJbHblX KOJ19~BHHA, BhI3bIBB8M00 Ot5'b8MHbIM aaps.aoM 

nyiixa, Heo5xoJJ.HMO YlfKThlBBTb npu p8CCMOTf)eHHH pe3QHBHCHblX ycnoaua. 

§ 3. ·_11HK1DTpou .0.JlSI MHoroaapsr.OHblX HOHOB 

Ltnsz aKcnepHMeHTOB no B38flMO.nelicTamo' MHoroaapsillHbIX UOHOB C B0W8CTBOM Ha 

C0Bp9M8HHOM 3Tane Tpe6yIOTCH IlY'IKH HOHOB C HMilfllbCOM no 2.0. 106 apcTeJl.CM H UH-. . 
T8HCl{BHOCTblO .ao H8CK0nbKKX .ll9CSITKOB MHKpoaMnep,, 0.o.HHM H3 M8TQJJ.OB nonyiwmui 

TBKHX ny'IIKOB sianHeTc~ ycKopeHHe Mnoroa'apsr.o.uwx Honas a UHKJJOTpone, UHKJJOTpou c 

83HMyTMhHO-cHMMeTpH.:HDIM MaranTHI,IM nonaM ll03BOJJSl0T nonyq~Tb HeoOxo.oHMble TOKH 

YCKOpellHbIX HOHOB, OJlHQKO; .llOCTH>K0HKe aueprHR: , COOTB0TCTBYIOlllHX HMilfJJbCy 
6 . . . . 

2• 10 spcTe.n.cM, CBSJ38.HO C 60llbWHMH TexaHqecKHMH TPYllHOCTSlMH H;3-aa H8o6xO.llHMOCTH 

npHM9H51Tb qpeaMepHO BbJCOKOe YCKOpsroruee Hanpg.>1(eHne. 
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3TH TPYJIHOCTH B 3H8'llHTenbHOit CTeneHH MO>KHO ycTpaHHTb, npHM0HHB B UHKJJOTpOm? 

.nna: Muoroaaps:1.aHhIX HOHOB. MBrHHTHOe none THna ( 13). Ecnu: pOCT cpe.o.Hero- 3H8t{0HHSI 

HanpSI>KeHHOCTH MBrHHTHoro IlOJlSI BJlOJlb pa.nHyca COOTB0TCTByeT pocTy aueprwH. HOHB 

• z 
J C .tl8HHbIM OTHOW0HH0M aapsi.aa K Macce e I = T ( Z i - 3Bps:n, A; -

I 
MBCCOBOe tJHCJlO HOH8) I TO ycKOpHIOIUee H8IlpSl)K0HH8 Mo}KeT 6hITb JlOCTBTOtJHO MMbIM 

H MHHHMBJlbHBSI ,aMnnHTy.oa onpe.aenSieTCSl TO'llHOCTblO BblIIOJ1HeHH8 38KOH8 03M8H0~HSI 

IlOIISI (e'cna He yqHTbl58Th ·scptjJeKTOB nepeaapSIJlKH H 'paccesrn1rn: Ha raae). B TBK~M 

MarHHTHOM none Bb3MOJKHO ·ycxopSITb HOHhl H C .llpyrHM OTHOW01Ul0M + , HO B 

aToM cnyqae noTpe6yeTcsi 6on_ee BhICOKoe ycKopsno~ee Hanpsi>K.eune, tt:eM npH ycKopea~H 

HOHOB t =~. 
'~, A1 

MHHHM81lbH8SI BMilJlHTY.£18 ~yCKOpgIOI.ll;ero Hanpsi>K.emu1, o6ecnet:JHBB.lOLUaf! ycxopeHHe 

'.no KOHeqHoro pa.a.Hye a BCex HOH OB, OTHOWeHHe sapsi:.oa K Macce .a.nsr KOTOpbIX HBXO..QHT-

r CSI B HHTepBaJie e I ~,; ~ e I fl011ytl80TCH IlpH CJle.QyIOWHX yClIOBH-
) 

1331 
m n , maii 

~ SIX : 

a) 3aKOH pOCTB cpe.aaero 3H81:J9llH8 HBllpSl>K0HHOCTH MarHHTHOr"O IlOJISI Bbl6paH TBK, 

qTQ OH SlBJIH9TCSI pe30H8HCHl:>IM .lllIH 'c"" + t KOTOpoe oripe.nensieTCSI paseHCTBOM 
C 

e =ve' -,'" -c m•• "ma11: ,; min 
+,; 2 

min 
(23) 

6) npnMeH80TCH, KBK H B o6bPIHOM UHKIIOTpoue, IlO.llCTpo:fiKa M8f'HUTHoro.,nonsr 1J 

c uenbIO yaeml°4eHHH HH~epsB.na H3M~H-eHHB q)aah! .riOHOB a npouecCe ycKoI)eaHsr, 

J\MfiJlHTY JJ.8 yCKOpSllOWero H8IlpSJ>K9HHSJ HB ..ayauTe 

HaXO.llHTCR H3 Bbip8>K0lUISl;: 

~ npH .llBYX nyaHT8X 

rne 

eV 
0 

=-1..1 
4 

"at-e:e,) w: , 1 
E

0
P[(cos q, 0 - cos ,t,,) ½+(co•¢• -cos~J½l • 

1 

W p - KHH8TH1:J8CK8SJ SHeprHSI npoToHa, COOT50TCTBYIOlU8SJ !l r 
K K Eop 

(24) 

sue'"prHR IlOKOSl npOTOHBi 'Po , 'PK .:,. H81:J8JlbH8SI H KOH8'IHBSI (paaa HOHa; ¢ - q,a3a, 
r 

COOTB9TCTBYIOlll8SI TQqKe noaopoTa B q)asOBOM. .llBH:>=K0HHH HOHOB. 

¢OK~CHpQBK8 HOHOB o6ecneqH~89TCSI 83HMYT81lbHOfi aapuauHeii HanpgmenHOCTH 

MarHHTIIOf'O nons:1, KOTopoe B M0JJ.H8HHOit Il1IOCKOCTH HMe~T au.o.: 

,·,,.., 
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!I=_'.I (I+~f.+~)[1 +,sin(-'--N0) ), 
o Eop . e. 1 ,\ 

(25) 

Heo6xo.a.11MaS1 rlly6HHa BapHBUHH cocTaBnSieT: 

t=.P.-J~. 
, N' 

ell" , ll), ;c (26) 
"op 

HeaHB'iHTenbaoe nepeMemeHne pa6011eA TOlIKH\no o6naCTH ycTOA'iHBOCTH a npouec-

ce ycxopeHHSI noaeonsteT H36emaTh B UHKnOTpOHe MHOr9aapS1Ll.HbIX HOHOB 'pe30H8HCHbI8 

smneHHS1. HenKH8AH08 ·pe30H8HCH08 noa6y)l{.0.8HH8 pan.HanhHblX KO~eoa~K8 B 1teHTpanbl-mA 

06~a
1

cTH ycKopHTena 6y~eT ~axme HCKnJ011eH01 ecnH N H \ ,\ Bbr6paTb T8KHMH1 

'IT06b1 •• H8'i'.&H8SI ? _pB!lHyca, COOTB0TCTBYIOll.l8ro H8CK01lbKHM nepBbJM 06opOTBM HOHa, 

:o6mo.aanocb aepaeeHcTaO 

d:l(r) >~[I (~)-IN+,f,.la_)) 
dr -~~o N•l_,\ lA,~ 

(27) 

rn.e bo . - H8'181IhH8.SI 8MrI1IHTy.aa pan.11anbHbIX KOne6aHH8, lN-t <f>, lN+lt> 
- ¢yHKUHH 5eccens HH~8KCa N-1, H N+,J 1 COOTB8TCTB8HH0e 

\. 

1

npH He6onbWHX 9'H8'-18HHHX B8pMa.nHH HBH6onee uenecoo6paaHo KMeTb B 

ueHTpe p830H8HC BhIW8 4-ro nopH.O.Ka, T.e. 'IHCno CDHpaneB: .o.onmHO 6bJTb II •5-6. 

l;<poMe Tor:-o, aHal!eHue A He ao.inKHO fihlTb MeHbWe Ma~cHMBJJhHO.lt aMnnHTY.O.bl 

pa.o.HMbHbii. Kone6aHHA npH 38ll8HHOM ycxopsuo~eM uanpH>K8HHH Ha .oyaHTax. EcnH ua-

llpsDK8HH8 coCTaana:eT' 100-200 xa, TO .\ LlOll>KHa 6hITb He M_eHee 4-6 cM; 

npu T8KHX ycnOBHRX 88pH8UHR
1 

• 06ecnequsa10wag yCTOAqaBOCTh .0.BH)K8HIUJ, 

6y.o.eT 6riH3K~A. K ,5% M cpaBHHTenbHO nerxo ocywecTsns:reTCSJ:' C llOMOlllblO npSJMOyronb

HhJX )K8Jl83HbIX WHMM 6ea_ KOppeKTHPYIOlllHX TOKOBhIX o6MOTOK Ha BHyTpeHHHX ll0B8!)XHO

CTHX nonIOCHbIX H8KOH0'1HHKOB. 

OpKBHTHPOBO'iHbfe paCqtl''l'bI 

aapa.o.a K M~cce a HHTepeane 

.0.Y8HT8 V 
0 

< 

COCTBBHT 80 KBI 

llOK83bJB8.IOT1 qTo .ong ycxopeHHH HOHOB c. 0THOW8HH8M 

_
1 

_ ~ ~ ~ }_ Tpe6y~M08 HanpH>K8HHe Ha 

7 3 
T.e. 3H8'1HT8JlbHO H,H)Ke, '18M B o6bJ'lHOM UHKn(?T~OHe, 

,-, 

/ 

I 
I 
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n P H n O ,K E H, H E 

J..1cnpaaneHHP. MepH8,!!ljOii nOI~epXHOCTH MarHHTHOI"O nong . 
W8CTHMeTpo5oro ffia30Tp0Ha 

n pH coopym:eHHH wecTHMeTpoaoro (pasoTpoaa nacne c6opKH aneKTpoMarHHTa 

6btnH aaMetteHbl 3HattHTenbHble OTKnOHeHHSI M8JlliaHHOA. noaepxHOCTH M8I"HHTHOI"O nonSI 

OT cpe.oHeA reoMeTpH'18CKOfl: n~oCKOCTH saaopa, KOTOpble HMeJIH HeperynHpHblil xapaKTep. 

3TO 6btn0 BbI3BBHO. TeM, q"('-o CTBnhHbie KpbIWKH (nonIOCHbl0 H8KOHe'1HHKH) 'BbinOJIH9Hbl 

c_aapHbIM~. a Heo6xo.oHMbiit cna.a. MOrHHTHoro nonH no pa.oHycy (popMHpoaancH Ha6opoM 

KOJibU0BblX C8KTopoa, npHKpennJI8MbIX K BHYTP9HHHM noaepxHOCTSIM nomOCHbIX HBKOHeqan-

KOB. 

0TKJIOH8HHe M8.llH8HHOil noaepxHOCTH IlOJISI OT cpe.oHeH IlJIOCKOCTH aaaopa ae.o.eT 

K TOMY' 'ITO. B aepTHKBJihHOM ,OBHJ'K8HHH HOHOB fiOMHMO cao6o,oHbIX KOne6D.HHA. nosransnor

CR H BbJHY)K.µeHHbie Kone6aHHSI: 

rne Z~ =ZM (0,r) 

~ 

Zb=zM+I, 
k=t 

..J!.!.ML sin ( k0 + a ) 
n - k K 

- (pyHKUHSJ, 0nHCbIB810WllSI ·Me.OHBHHYIO nosepxHOCTht 

ZM, ZMK uaK - KO~¢¢HaHeHTbl H, ¢aabl paanO>K8HHH ¢yHKUHH B pen <Pypbe, 

(28) 

Heo6xo.ciHMO 6blno CKOppeKTHpOBBTb Me.O.HBHHYIO noaepXHOCTb T8~HM o6paaoM, 

'IT06bI M8KCHM8JlbHOe .aononHHTenbHOe OTKnoHeHHe HOHOB OT cpenaeit nnoCKOCTH aaaopa, 

6wno Mano no cpaaueHHIO c anepTypo:B .o.yaHTa. 

Ll.ns:r HCnpasneHHSI M9.0.H&HHOA: noaepXHOCTH M8I"HHTHOI"O nonSI Hcnonh30BMHCb 

nea ·cnocoo/
34

•
531

: 

a) nepepacnpeJleneaHe TOKOB B sepxHe.fl: H HH>KHeA KaTywxax .3neKTpoMarHHTa; 

6) nepepacnpe.oeneHHe :tKeneaa Mem.o.y aepxHHM H HH)KHlfM nonroCHbIMH HaKOH0ttHH

KSMH. 3TOT cnoco6 nossons:reT npoHaaeCTK noKanbttoe Hcnpaaneane MBrHHTHOi:t nosepx

HOCTH. 

' nono>K9HH8 Me.aH8HH08 I!OB8pXHOCTH M8I'RHTHOI"O nonst B aaaope onpe,llensmOCb no 

fiOJlO>K8HHIO BHTK8 C TOKOM B MBI"HHTHOM none H C fiOMOlllblO npstMoyronbHOil p8MICH C 

TOKOM. nO,[lB0W9HHOff: Ha rH6KOi:t HHTH TBK, qT06bl IlJIOCKOCTb paMKH 6bma 6nH3Ka }I' 

aepTHKanbHOil. 
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Ec11H nepabll!, cno_coG no3ao11HJ1 onpeaeJIHTb Koscj,cj,uuneHT z· 
M 1 TO DTOphlM 

cnoco6oM, KOTOpbIA 6bln BbI6paH 1{3-3,g BO3MO>KHOCTd 6bICTpoa ero peanHsaµHH, onpe,ae-

nBCb Z -Ko0p.OHH8T8 MellHBHHOR nosepxHOCTH Ha nD60M pa,a.Hyce H aaHMyTe C Toq-

HOCTblO He Xy}Ke !.0,5 CM. 

p.o HCnpaaneHHH MC~HBHHOA nosepxHOCTH MarHHTHoro nonH 3H4qeHHe ZM n.ocTH-

rano 7 cM, a aMrmHTy.oa nepaoa rapMOHHKH ZMl - 10 CM. 

nocne HCnpaane~HSI HSH60nbW80 3HaqeHH8 

nepaoa rapMOHHKH z Ml H8. npeBbIWana 2 CM. 

Z M COCTBBJ'JSUIO CM, a 8MnnHTy;ia 

Ha pHc. 10 npeJJCT3B110HO Il0J10>K0HH0 IlY'IK8 (cepeJJHHa) Ha pa3J1H'IHbIX paanycax, 

onpe.neneHHOe no pa.aHoasTorpa¢aM o6nyqaeMhlx MuweHeA. 
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