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AHHOT,aUHSJ 

Vf3naraeTcSJ M9TO.O. cpOpMHpOBaHHSJ nepHO.l].H'I9CKHX M8t"HHTHbiX noneA .anSI 

ycKop:e:Teneft c npocTpaHCTBeHHOft Bap:e:auHeft. B npe.a.noilo::lKeHHH paBHOMepuoro 

H8M8t"HH'IHBaHHSJ Bbi'IHCn9Hbl COCTaBnstiOIUHe HanpH::lK9HHOCTH MBt"HHTHOt"O nOnS! 

CHCT9Mbl KpHBOnHHeftHbiX lllHMMo TipHB9.0.9Hbl pacqeTHbl9 H 8KCiiepHMeHTanbHbl9 

3Ha'I9HHSI aMnnHTY.Llbl H cpa3bl OCHOBHOft rapMOHHKH MB.t"HHTHOt"O nonS! CHCT9Mbi 

TOHKHX IUHMM npSIMOyronbHOt"O ceqeHHst, H30I"HyTbiX no cnHpanHM ApXHMe.a.a. 
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B nocne.uHne I"O.llbi ·lliHpoxoe pacnpocTpaueune nony'IHIIH npe.uno:»<:eHHH o6 

HCnOllb30BaHHH B UHKIIH'IeCKHX YCKOpHTeliHX aapH:»<:eHHbiX 'laCTHU Mai"HHTHOI"O IIOIIH
1 

HanpH:»<:eHHOCTb KOTOpOI"O H3MeHHeTcH nepHO.llH'IeCKH He TOllbKO no a3HMyTy
1 

HO 

/1-5/ . . 
H IIO pa.unycy • llnH YCKOpHTeneii STOI"O. THna He06XO.llHMhiii 3aKOH H3MeHeHHH !, 

M_ai"HHTHOI"O pOliS! B Me.UHaHHOii nJIOCKOCTH MO:>KHO IIpeacTaBHTr; Clle.llyiOIUHM o6pa-

30M! 

/1/ 

r.ue H ('.) - axcnanbHO-cHMMeTpH'IHoe /cpe.uuee/ MarHHTHoe none; l (!.) - rny-

6nua Bapnaunn, o6ecrre'IHBazomaH npoc:paHCTBeHHYIO ycTOii'IHBOCTb .usn:»<:eHHS! 'lac-

B HacToHmee BpeMH nasecTHhi .usa MeTo.o a cpopMHpoBaHHH MarHHTHhiX nonei!:, 

aa.uaHHbiX B MeD.HaHHOii nliOCKOCTH B cpOpMe /1 I • 

nepBbiii MeTO.ll OIIpe.ueneHHH He06XO.llHMOii KOHqmrypaUHH IIOIIIOCHhiX HaKOHeq

HHKOB COCTOHT B npH!laHHH HM cpopMbi O!lHOi!: H3 SKBHnOTeHUHallbHbiX nosepXHOCTeH
1 

onpe.u enHeMbiX H3 pelll eHHH TpexMepHoro ypaBH eunn nannaca npn aa.u aHH hiX rpa-

, 16-81 
HH'IHbiX YCIIOBHHX B Me.uHaHHOi!: nliOCKOCTH • K He.llOCTaTKaM STOI"O MeTO.lla 

cne.uyeT OTHeCTH! 

1/ HapyllleHHe npH 60llblliHX HH.llYKUHHX SKBHnOTeHuHallbHOCTH nOIIIOCHhiX 

H aKOHe'IHHKOB na-aa IIOSIBlleHHH OT .ll enbH biX o6nacTeii HaCbiiUeHHH; 

2/ HeB03MO:>KHOCTb aHaliHTH'IeCKOI"O. paC'IeTa KpaeBOI"O scpcpeKTa Mai"HHTHOI"O 

nOIISl1 BCer.ua CyiUeCTBYIOIUero B Mai"HHTHbiX CHCTeMaX YCKOpHTeneii; 

3/ TPY.llHOCTb npaKTH'Iecxoii peannaaunn penbecpuoro npocpnnH rronzocHhlX 

HaKOHe'IHHKOBo 

BTopoii MeTo.u, paapa6oTaHHhli!: B na6opaTopnn n.uepHhlX npo6neM 06~e.un

HeHHOI"O HHCTHTyTa a.uepHhiX nccne.uoeauna, 6aanpyeTcH Ha paa.ueneHHH nonsr, aa

naHHoro Bbipa)K eHHeM 11 I Ha .llBe 'laCTH 1 H 1 COOTBeTCTBeHHO- STOMy
1 

cpOpMHpOBa

HHe Mai"HHTHOI"O nOIISI pacrra.uaeTCSI Ha .llBe IIpaKTH'IeCKH CaMOCTOHTellbHhle 

aa.uaqn: nepeaH aanatJ:a cocTOHT B coa.uaHHH sapnaunn nonH H {'~) t.('z.) Cos[~l!)-N'I9], 
a BTopan BKIIIO'IaeT B ce6H cpopMHpOBaHHe Cp9.UH9I"O Mai"HHTHOI"O IIOIIH H lt.) 

C nOMOIUbiO KOllbUeBbiX lliHMM/9/ • 
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)laHHBSI pa60_Ta nOCBSIUleHa pacqeTy MBrHHTHOrO nonSI KpHBOnliHefiH&IX lllliMMt 

C nOMOUlbiO KOTOpbiX tiJopMHpyeTCSI B MenHaHHOi% nnOCKOCTH HeOOXOnHMbiH 3BKOH 

BaimaUHH. Vfn eSI HCTIOnb30B8HHSI KpHBOmiHeHHbiX lllHMM OCHOBBHB Ha TOM 1 'ITO nnSI 

nByX npSIMOnHHeHHbiX lllHMM, pacnono:lK.eHHblX CHMMeTpH'IHO OTHOCHTenbHO cpen-

HeA nnocKOCTH1 MaKCHMYM H~ COCTaBnSIIOUlei% HanpSI:lK.eHHOCTH MSrHIITHOrO 

nonSI H8XOnHTCSI TO'IHO non HX CepenHHOH 1 a nnSI KOnbUe"'biX lllHMM 9TOT MSKCH

MYM He3H8'1HTenbHO CMemaeTCSI OT OKpy:lKHOCTll CpenHero panHyca lllHMM. noaTo

MY MO:lK.Ho npennonaraTb, 'ITO lllliMMbi npSIMoyronbHoro cet~eHJHI 1 pacnonaraeM&Ie 
. ~00 

no nHHHSIM MSKCHManbuoil: HanpSI:lK eHHOCTll MarHIITHoro nonSI I~= ~ I, 6y ny-r-

B nepBOM npH6nll:lK e1r1111. n aBaTb a Ment~aHH eR· nnocKOCTH aanaHHbiH aaKOH cpaa&I 

B8p118UHH MSrHIITHOrO nonSio 

)lnSI Toro1 'ITOObi eenH'IliHa aMnnliTY n&I BapnaunH Ht"l..) E..C't) ue aaencena 

OT H3MeHeHHSI cpenuero IIOnSI, reoMeTpliSI lllliMM lcoOTHOllleHHe Memny BbiCOTOH II 

lllHpHHOf%1 H BHelllHee H8M8rHH'IHB8IOUlee none nonmu&x 6&ITb B&IopaH&I H3 yc-

nOBIISI onH30CTH MSrHIITHOrO COCTOSIHHSI lllllMM K H8CbiUleHHIOo 

3roT MeTon onpaBnan ce6SI H8 npaKTHKe npll coanaHHil UHKnOTpOH8 C npo-
. 1101 

cTpaHcTBeHHOR eapHau11eA • NiarHIITHoe none aToro UliKnoTpoua 6hlno ccpopMHpo~ 

1111 
B8HO TOHKIIMH CnllpanbHbiMH lllHMM8Mll 1 HaMarHH'IeHHbiMH no HaCbiUl9HliSI • 

1. MarHHTuoe none Kpneonnueii:HbiX ·lllHMM 

B nanbHeRllleM 6yneM npe.z;monaraTb1 'ITO lllHMMbi B aaaope aneKTpOMarun

Ta HaMarHH'IHBaiOTCSI no HaCbiUl9HHSI no HanpaeneHIIIO BepTHKanJ:>HO!i COCTaBnSIIOUleil 

uanpSI:lK.eHHOCTH MarHHTHoro nonSI. B aTOM cnyqae MarHHTHoe none lllHMMbi npo

naeonbHOil KOHcpHrypaUHH MO:lKHO paCC'IHTaTb B npennono:lK.eHHH paBHOMepHoro 

oceeoro HaMarHH'IHaaHHSI na cnenyromnx B&xpameullil: 

H =- ~'-aJ 'P(~,'-%,1), 

"]._ { -' . Jv' 'P t -z.,-¥,1.) = M 'l)~ J, p 
" 

121 

rne 'P - CKanSipHbiil MSrHHTHbiil noT9HUHan; p - pacCTOSIHHe OT TO'IKII 
I , 0 1 I 

Ha6nroneHHSI I '"l., ~~ 'l I no nepeMeHHOil TO'IKH I "l. r .., : 'l I aneMeHTa 

I 

I 
I 
j 

Jl ,-.:-

l 
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o6oeMa cl V' , M = M r: - Ha.Mal:'HIPieHHOCTb o6paaua 'no ocn. ~ , KOTopyro 

Mbr npnHnMaeM paaHoil: npe.uenbHoii: H~Ma.PHn'le~.HocTn Ms /.unf! 6onhlllnHcTaa · 

· M 21ooo ± 5oo lt21
1

• copTOB TeXHR'IeCKOI'O :m:eneaa ~ =:: spcTe.o 
4'IT" 

TA · · ' /13/ 
YJCUOJib3YR RHTel:'paJibHOe npe.oCT8BJI9HHe 

I 

p 

C/0 . . c.o· . . . .. : . 
- L Em c.o~ lnt'f-'f) j e-'1.-z'l ~Jtn ~~<.) Jm l~i) 

0 
/3/ 

MO)KHO HafiTH M6.J:'HRTHbiH UOT9HUHa.JI LlBYX lllliMMt CHMM9Tpll'IHO pacnOJIO)K9HHbiX 

nTHocnTeJibHO ·nnocKocTH :8. =. 0 , a o.6nacTn I Zl .C. h, (<.) a an.ue 

... · . oo · ' G<:l . · ·· ·, · · 

~=-·2M L tm ~.Co)m[~-lf') ~[~Ah\(il e~ht(t~ sh A t:Jm(~"t) Jmt~.t) ~~ d~· 
. m~ -~ · o . . . · 

/4/ 

= 1 npn m = o; npn • rn > 0 . ;'l~h, (!.) 

UOBe_pXHOCTHt Ol:'pa.H~I'IHB8IOillHe UpOTSDKeHHOCTb lllliMM no B9pTHK8JIH
0 

J.1a /4/ CJie.oyeT, 'ITO UOT9HUH6.JI H COCTaBJISliOillH9 HanpR:m:eHHOCTH M8J:'HHTHO

J:'O UOJIR lllHMM 0l:'p8HH'I9HHOti BbiCOTbi onpe.oeJistiOTCSl KaK paaHOCTb COOTB9TCTByro

IllHX B9JIH'IHH LlJIR lllHMM HeorpaHH'I9HHOH BbiCOTbi .c I'p8HliU8MH h; ('t.) H h1.l1..), 

Y'IHTbiBast sTo, a .uanbHefilllHX npeo6paaoaa.HHRX 6y.oeM nona.Pa.Tb h2. ~.co 
nycTb npoeKURR ll1Ht-1M Ha llJIOCKOCTb z = 0 npe.ucTa.BmieT o6nacTb s ~, 'OI'pa

HH'I9HHYIO .uyl:'a.MH oKpy:m:HocTeti :L = R~ n Z. = 1\.'1.. H npoHaBOJihHbiMH KpHBbiMH 

"S-=- ~,l<.) 1 ~ =~2.tz). ToP.oa 

RK ~ 

<p = ~ M [ 7; ~Cos tn(~- ~,lt')~~l.li)J ~in m ~2.ti)~~~tiJ Je~h.ttlhhilm[~<)]m(~i} dA i J·i . 
ll\:0 Rt-~ o 

./5/ 

... 
Bbipa:m:eHHe /5/ U03BOJISleT HafiTH COCT8BJISl!OillHO H81lpR)K9HHOCTH M8I"HHTHOI"O 

nonSJ lllHMM c nponaaonha biMH rpaanuaMn {:)•lt) H ~z.lC.) • O.uaaKo .onsr uenefi 

<iJopMiipOB8HRH :nepHOLl.H'I9CKHX M8I"HHTHhiX llOJ!efi MO)KHO OI"paHH'IHTbCSl CJIY'I89M
1 .. 

KOI"Ll8 9TH rpa.HHUbl HM9IOT 0LlHH8KOBYID <iJopMy , HO CLlBI'I:HyThl OTHOCHT91lbH() LlPYI" 

.upyra .a a yron c:J... • CocTasnstiOmne aanpR)K 9HHOCTH MarHHTHOI"O nonst TaK/IX 

lllliMM MO)KHO npe.oCTaBHTb B BH.Oe: 

H! -LJMt ~" <;in '¥' r Co;, In ( ~-f'(tHT e\Mi!.,n ~ ~ Jm (\'1.)1111(11 !') ~ d} "1.' c! '1.' 
1'!\-.:.o m Rli o 

/6/ 
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. l" ' ~ . 

rh.~· ~M Itm S"•trtt? ~ Cosm(~-~li\1 ~ e.~h.l'i)5hAl J:nt~"l)]ml}.in J~ i J~ I 

hl:O \ll Rtc \) 17 I 

~ t~ ~ 
oM \ c\J c r, • ( -\h,tt) l . . 

H~ =- ·.2_ L S,in"'2. J ;)\nillL~-~llllJe sn~'2J~n(~~))mt~ij~~ 1'qi. 18 1 
(. 11'\::.1 . . ~H 0 

BbipameHHSI 161, /7 I 1 I 81 onpeaenHIOT cocTaanHIOIUHe MSI"HHTHoro nonH Kpu

aonHHeAHbiX IUHMM B ¢opMe pSiaa ¢>ypbe. Hynes oft "'lt9H I tn ": 0 r COOTB9TCTByeT 

cpeaHeMy nonro, a ocTanbHbie qneHbi I 11\ .,.o I onpeaenSIIOT rapMOHHKH M8I"HHT

Horo nonH ABYX KpuaonuHeAHbiX UJHMM. B ¢opMyne 181 cyM~HpoaaHHe Ha"'HHaeTCSI 

c rn = 1 .• TaK Kax cpe.oHee 3H8"19HHe H "i - COCTaamiiOIUeA BO Bcei\ o6naCTH 

H3M9H9HHSI :.6 paBHO Hynro. nerKO BH.ll eTb1 'ITO BblpameHHSI anSI COCTaBnSIIOIUHX 

cpeaHero nonH H~ H 1-h. . C TO"'HOCTbiO ao MHO>KHTenH -f1r onHCbiB8IOT pac-

npeaeneHH9 M8I"HHTHOI"O nonH KOnbU9BbiX o6pa3UOB 1 nony"'SHHbiX Bp8IU9HH9M WHMM 

BOKpyr OCH ~ • B · nnocKOCTH ~ = 0. 

H,Ct.8:o) =-H"l'l~.o) =O. 
1131 

J.1cnonb3YH ¢opMyny 

oo . i: Q ht. + zl."" "tt) · 
~ e~h'Jml}'2.)1tnl~i) d~ = ~{(..(.1 m-Yz.\ 

1 

z:z:z.' 1 

0 

Bblpa>K~HH9 anSI ritl7.1 ~j0) MO>KHO 38nHC8Tb B BHae: 

Hill,~,o) = ·.2.Mo.. i" [-fLQ_, '~)1 h,ti\ di + 
1j z.¥"2.. J d '1. 'It\ I j '[f 

Rt\ 

RK 

8M ~ S\n mt \ f_ 4... Q -' l"')) Co~tnr~-~li)] h,li) d'l' + 'ii i~tz. L m ) l 4'1. tn Y2. . L r \[t . , 
m::.l R1-1 

/91 

rae Gm-Y2.l1) - c¢epH"19CKaH cPYHKUHSI ne>KaH.upa 11-ro poaa OT apryMeHTa 

i 

I 
I 

I 
I 
I 
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Bbipa*eHHe · 191 yao6Ho npeacTaBHTb B cpopMe 

co 

\-hl-z.,~) ==- Hl't) +'L Hmlt)·lo~[m~-~mlt)] ,. 
tn=t 

., 
J . 

AMnnn:Ty.llbi rapMOHHK npH "t. = 0 o6paruaroTcH B Hynb, a c pocTOM paaHyca 

BoapacTaroT no aaKoHy 

1101 

Ill! 

li21 

1131 

rae ~ ll\~ - KOacpcpHUHeHTblt 3aBHCHIUHe OT HOMepa rapMOHHKH H napaMeTpOB 

lllHMMo 

.IJ.nSI C03.llaHHH BapHaUHH nOliH C aaa aHHOii nepHO.llH'IHOCTbiO He06XO.llHMO 

HcnonoaoBaTb N nap O.llHHaKOBbiX WHMM, C.llBHHYTbiX oTHOCHTenbHO apyr apyra 

Ha ,Yron e - m I e ::;:.. c\... I. Paano:>KeHHe MarHHTHOrO nonH TaKofi CH-. -. N. 
cTeMbi B pH.ll ¢ypbe npH . l, = q 

oO 

\·h.l"t,~:-=. NHt"t) +N '[HmNl'Z.) Cos(~mNl1.)-mN~] 
1141 

1'1\:.\ 
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npu 9TOM B pa31IO:>KeHHH nOliSJ 6y,ayT npHCyTCTBOBaTb TOllbKO rapMOHHKH C nepHo

/.lH"'HOCTbiO, KpaTHoit N • Cne.ayeT OTMeTHTb, 'ITO cpe.aHee none H aMnliHTy .a hi 

rapMOHHK cHcTeMhi H3 N nap o.auHaKOBhiX WHMM B N paa 6onbwe cooTBeT-

cTayroi.UHX aenHtJHH B paanomeHHH nona o.aHoit naphi. Ha npaKTHK~ 9TO n03B011H-

eT onpe,aeliHTb aMnliHTY.Ohl rapMOHHK Mal"HHTHOT'O nOliSJ CliCTeMbl KpHBOliHHeifHhiX 

WHMM H3 9KCnepHMeHTOB, npOBe.aeHHhiX C O,OHHO-tJHbiMli WliMMaMHo 

npH onpa.aeneHHOM Bbi6ope napaMeTpOB CHCT9Mbl WHMM OTKliOHeHHH BapHa

UHH 'nOliSJ OT rapMOHHtJeCKOl"O 3aKOHa MOT'YT 6b!Tb c.aenaHbl He3UatJHTe1!bllbiMH, B 
'ii 

qacTHOCTH, nonaraSJ cl =- N , nonytJHM paanomeHHe TOllbK"> no HetJeTHhiM 

rapMOHHKaM OTHOCHTellbHo N 
c.Q IIHI 

H~t1.,~) -=- N l-\ l.l) + N [(-i) Htzm-l)N(l) Cos[~ttm-I)N(t) -~m-L)N~] 1151 

tn:l 

TaK KaK Hanuque Bbicwux rapMOHHK B aaKoHe MarHHTHoro nonst He HapywaeT 

yCliOBHit yCTOiftJHBOCTH b.BH:>K9HHSI tJaCTHU TO paCCMOTp9HHaSI CHCTeMa KpHBO-

liHH9llHhiX WHMM MO:>KeT 6b!Tb HCn011b30B8Ha ,OliSJ cpOpMHpOBaHHSI Mal"HHTHOT'O nonst1 

aa.naHHoro Bhipa:>KeHHeM /1 I. ]Jm1 cHcTeMH N nap KpHBOliHHeifHbiX WHMM orpa-

HH"'9HHOif BbiCOTbl 2.~("l..):;::. h1.l<.}- h, l"t.) cpe.aHee MarHHTHoe none. aMnnu-

TY.Ohi H cpa3bi rapMOHHK Bhi"'HCliSJIOTCSJ no cpopMynaM 

\-\ llt L~) =. N' ~ ('2., h,) - N \-1 (l, ht.) I 

HK l -z.,2.~) :::: N ~ [ \1~ t~, h,) - \-\~ ll, h~) 2.-t \)-\~ \1.,h,) - \-t ~ \ ,, h1.}11. 1161 

~ t ~-~~ l'l.,h,)-1-\~ l"L,h,) 
~"t-z,l~) =- ?.c. ~ H~ \t,\1,) - \-\~ \1.,h,) 

r.ae Ko:::. m N I m = 1 ,2~3 ••• 1. a 3HatJeHHSJ \-\ L"L,ht) , 
Bbi"'HCliSJIOTCSI ua 111 I H 1131 c aaMeHoR h, Ha ht 

~ . (. 

Hte.l7.,h2.), \-\K\1.,h,_) 

L 
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2. MarHHTHoe none WHMt--1 c rpaHuuefi B cpopMe 

cnHpamr ApxHMena .. 

Ll.ltsl UHKJIOTpOHa C npOCTpaHCTBeHHOH B8pll8UHefi O.[{HHM 113 B03MO)!(Hb!X 

38l<OHOB M8I"HHTHOI"O nom! B Me,a:H8HHOH nnOCKOCTH S!BnSieTCSI cnenyiOIUHfi: 

Hill,~) =-Hll) ( i + tli) Cos [ \ ~ N~]} 
117/ 

rne - pa,a:HanhHh!H war H N - nepHO.llH'IHOCTb cTpyKTypb! nonSI, B 
STOM CJiy'Iae JIHHHH M8KCHM8JlbH,Oil: H·anpS!}KeHHOCTH M8I"HHTHOI"O nonSI HMeiOT rpop

MY cnHpaneii Apx:uMeaa "t. = ~ N~ • LI.nSI C03.ll8HHSI 38Jl8HHOif P.>ap:uaurru non~ 

cHcTeMy _H3 N MO)!{HO Hcnonh30B8Tb 

2..'ii .upyra Ha yron N 
nap WHMM1 f.'L{BHHYThiX OTHOCHTe.l'lbHO Llpyr 

H HMeiOruHx rpaHHUhi B cpopMe cnHpaneii ApxnMeaa. Ecnu 

htll) : h, :. Coh~t TO Cpe,nHee none H 8MnnHTYLlhl I"8pMOHHK M8r'HIITHOI"O ll0.1111 

T8KO:il CHCTeMbl WHMM npii t:_ = 0 onpe.uens!TOTC5:1 II3 Bblpa)!(eHIIH 

Htz) 
/I 8/ 

H~ 
/191 

r.ue I h1 1, 2, 3, 4 ... I,Q=XN- napaMeTp cniipanir. 

Ecnii 
0 TO IIpii 1:... ->c;::) 8MnJIIITY.llbl I"8pMOHUK nonfl 

HI( :::.~tH'")'+ \H~Y· cTpeMHTCH K onpe.ueneHHOMY npeneny. TaK KaK KpHBH3Ha 
" 2.Q'l. -t '2. '1.. 

I"p8HIIU WIIMM l(('t) = (Q; + 'Z,.~)lh_ CTpeMIITCSI. K HyniO npH "2._ ~ 00 , TO npeLtP.I'II,-

Hble 3H8lJeHHH 6y.uyT paBHbl 8MnJIHTY.ll8M 1"'8pMOHHK B p83JIO)!{eHIIII nOIISI 50CKOHO"'l

HOl! CHCTeMh( npHMOJIHHeHHbiX WIIMM C T8KHMH )!{ e reoMeTpH'IeCKIIMH pll3Mepar-.m 

/pHc. 1 I. 
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CocTaansuowy10 MarHHTHoro nonst H~ .llBYX npstMOnHH9tiHhiX WHMM Heorpa-

Hlft19HHOtl: .anHHhtJ pacnonO)K9HHbiX CHMM9TpH'IHO OTHOCHTenbHO nnOCKOCTH ~ = 01 

MO)KHO HaaTH H3 121 B cne.ay!OUI9M BH.ae: 

c. 
~:tl { f VZ! +h.) 

~-h l~,"!) =2M_~ l t~thJ+l':l-\j'}~ 
(l.- h.) 

l"l-h,)'Z.+l':J-Y')t. J c.\y'. 
1201 

Tor .a a M8l'HHTH09 none CHCT9Mhl WHMM1 DOK838HHhiX Ha pHC. 11 38DHW 9TCSI B BH.ll9 

cne.ayJOwero pH.aa: 

S:-tCJO Ill 

H~ l\l,~) = L H~.l~ -tlll~ s' "K). 1211 
S.:-c<J 

Mo>K.Ho noKaaaTb 1 'ITO pH .a 121 I cxo.aHTCst paBHOMepao H a6conJOTH0 1 'ITO noaaonsi

eT ero noqneHHO HH'I'9l'pHpOB8Tb1 a T8K)K9 rpynnHpOB8Tb l\ OT.aenbHbi9 pSlJlbi 1 y.ao6-

Hbte .anst pac'leToa. B cHny aToro 121 I MO)KHO nepenHcaTb cne.ayTOUIHM o6pa3oM: 

h . 1!-h, .L. d I <. 00 i oO .l ~ 
\-h l'l, ~) ::. LM) t~\)', L r~-±h!.. )'+ \'1:'£._,_ ~~·- l1~ ~l' r \~)'+\ 'tf ~ .,1'- ,122/ 

-c.. \ 11 
-cr.> '2:ii ~ 1ii}. 'I - t:r.J 'L.'i\ ~ "' I . 

114 I 
BecKoHe'IHbie pst.Ubi B 1221 MO)l{HO npocyMMHpoaaTb1 nonb3YHCb npeo6paaoaaaHeM . 

5=00 1. 

" z ±h \ \-z ±. h·)\1~ -t- st 111~ L ~}\ \'l'tl ... C):o-QQ 

·h& 'S ~-
..... '1T h \.1-Y' c.h z± ' -to~ --r

~ 

Paanarast nonyqeHHhiA peaynbTaT a pst.a ct>ypbe, aaA.aeM · 

co '- h . 

H'il~.~) = 4M .~ + ~M L <:,in.~""i .e_:c<-t chK-\ C.O~\<\-
K~' 

/231 

/24/ 

B nnocKOCTH t = 0 aMnnHTY.llbi rapMOHHK nonst a paano)l{eHHH /24/ aanHwyTcSt 

B BH.ll9 c.. ln. 
c_in \(a; -" ')\ 
~ f\ .e, If; 

l-t~ =- & M 
/25/ 
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.[lnSI IUHMM orpaHH'IeHHOH BbiCOTbl 2 ~ BbJpa:m:eHHe npe.aenbHbiX 8MnnHTY.ll MO)KHO 

aanHC8Tb 

1261 

Bbrpa:m:eHHe 1261 Mo:m:eT 6brTh HcnonbaosaHo .anSI npe.usapuTenbHoro Bbr6opa napa

M eTpOB CHCTeMbl CnHpanbHbiX IUHMM. TaK KaK .anSI UHKnOTpOHa C npocTp8HCTBeHHOH 

sapuauHefi Tpe6yeMaSI rny6HHa sapHaUHH nponopuHoHanbHa ~ , noe.acTasnSieT 

oll-1 ~ 
HHTepec Haxom.aeHHSI MBKCHManhHOro 3Ha'IeHHSI -;;rg- B paano>KeHHH nonSI 1241. OrpaHH-

'IHBaSicb ocHOBHofi rapMOHHKofi I K = 1 I .anSI ~ = 0 H cpHKCHpOBBHHbiX h H 

tlJ.!-) 2B 1 nony'IHM1 'ITO M8KCHMBnbHOe 3Ha'IeHHe \ "j..- .llOCTIIraeTCSI npH 

'lt - • 
Q.~ -i 

121 I 

1281 

illHMMbi, napaMeTpbr KOTOpbiX y .llOBneTBOpSI!OT COOTHOIUeHHSIM 127 I 1 1281 

C.=0..1:- 1 TO 1211 8KBIIBaneHTHO 6y.aeM H83brBaTb onTHManhHbiMH. TaK KaK 

\ - <it 
ycnoBHJO a-..- N , To ecTb .anSI onTrrManbHbiX IUHMM paanomeHue nonSI ·6y.aeT 

HMeTb BH.ll 1151. Bbr6op onTHManbHoro aHa'IeHHSI .anSI 38.ll8HHbiX h H L~ 
MO:lKHO npouaso.a:rrTh no KPHBbiM1 npuse.aeHHbiM Ha puc. 2. Ha TOM :m:e pucyHKe 

.U8H8 38BHCHMOCTb pa.UH81tbHOH IUHpHHbl lUHMM 2..c_ OT cornacHo ycnosn:ro 

127/. 

3. Ycnosue HBCbillleHHSI :rr snn:SIHHe nonroCHbiX HaKoHe'IHHKOB 

Ha none IURMM 

np:rr pac'IeTe M8r'Hll:THOr'O nonst Cll:CTeMbl Kpn:sonHHefiHbiX lUHMM npe.anonara-

1t0Cb1 'ITO M8r'HHTHOe COCTOSIHHe liX 6JIH3KO K H8CbiUleHRIO. B 38.ll8HHOM BHeiUHeM 

none 8TO MO:lKeT peanH30B8TbCSI TOnhKO npH onpe.aeneHHOM COOTHOIUeHHH Me:lK.UY 

IUllpHHOA H BbiCOTOA lUHMM. MarHHTHOe CO CTOSIHHe IUHMM H YC1tOBHSI HX H8CbiUleHHSI 

MO:lKHO OnliC8Tb C nOMOUlb!O. M8r'HHTOMeTpH'IeCKOr'O p83M8r'HH'IHB810Ulero cpaKTOpa 

/91 
H uasecTHbiX KpHBbiX HaMarHn:'In:Baun:sr sewecTsa • TaK s .ansr npSIM01tHHefiHofi 
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ill HMMhl HeOrpaHHqeHH Oll .U nHH hi M8rHHTO MeTp 11 qeCK Hll pa3 M8rHHqHB8 IOIUHH cpaKTOp 

/15/ . 
onpe.nenHeTCSI no cpopMyne : 

Nv & 0..1.C. t~ ~ - 2.~ th li + ~~) + 

r.ne 2.c. - TOniUHHa, L ~ - Bh!COT8 illHMMhi, 

'b l.) ~tnl1.+~ ' /29/ 

Ha pHc. 3 npHBe.neHa 38BHCHMOCTb napaMeTpoB TaKoil: illHMMhi OT BHeillHero 

nonH, npH KOTOpOM H8M8rHHqeHHOCTb ee no OCH l_ p8BH8 npe.nenbHOii H8M8rHH-

qeHHOCTH Ms. n: 0,95 t"\!> . .UnSI nocTpoemur aTn:x KpHBhiX 5brna Hcnonb30BaHa 

KpHBaSI HaMarHHqHBaHHH yrnepo.nHcToil: cTanH
1121 

H 3aBHCHMOCTb Nv =t(~rC..) 1 

onpe.nenSieMaH cpopMynoit /29/. Ha OCHOB8HMH aTHX KpHBhlX Bhl5HpaeTCSI COOTHO-

ill 9HHe Me)K,ny Bb!COTOH M illHpHHOfi, npH KOTOpOM M8rHMTHOe COCTOSIHHe illHMMbi 

5y,neT 5nH3KHM K H8CbiiUeHHIO, 

npH pacqeTe M8rHHTHOrO nonH illHMM' noMeiUeHHb!X B 3830p aneKTpOM8rHHT/l. 0 

HeO~XO.UHMO yqHTbiB8Tb BnHHHHe noniOCHbiX H8KOHeqHHKOB Hll. none illHMM, HaHfionee 

npOCTO aTO MO)KHO npOH3BeCTH, ecnH cqHT/l.Tb noniOCHbJ(?' H8KOHeqHMKH nnOCKHMH H 

Oe3rpaHHqHhiMH noBepXHOCTSIMH, a MarHHTHYIO npOHHU89MOCTb HX nOCTOHHHOH, 

B aTOM cnyqae pe3ynbTHpyiOU.lee MarHHTHoe none 6y.neT BKnJOqaTb B ce6H .nonon

HHTenbHO nonsr OT .UBYX 6eCKOHeqHh!X CHCTeM :.=tepKanbHO OTpa)KeHHbiX WMMM. npn 

aTOM H8M8rHHqeHHOCTb 3epK81tbHO OTp8)K9HHhiX WMMM onpe.nensreTCH B!>qJa)KeHH9M 

/9/ 
l\l) p.-!. )t\ 

M otnr =- M ·l J+i 
/30/ 

r.ne )J. M8rHMTH8SI npOHMQil.eMOCTb noniOCHhlX Hll.KOHeUHMKOB; n - HOMep 

0Tpll.)K9HHH, 

.!J.nH CHCTeMbl WHMM C rpaHHUeii B ~opMe cnHpanH ApXHMena BnMHHHe 

noniOCHhiX Hll.KOHeqHHKOB MO)KHO oneHHTb H3 8HanM38 H3MeHeHHH npe.nenbHb1X 

ll.Mnnn:Ty.n /26/ npn: yqeTe OTpan<.eHHfi. npon:3BO.UH CYMMHpOB8HHe H~ - ~OCTaB
ltSI!OIUeii MarHHTHOrO nonsr CUCT8Mbl np!'!MOnn:HeHHblX illHMM /pHC, 1 f H HX OTpll.)Ke

HHii, Haii.neM Rb!p8)KeHHH npe,nenbHbiX 8Mn11HTY.U B cne.nyiOIUeM BH,ne: 
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'I /31 I 

rne 

K cpop"'.ie 

/'3? I 

Vf3 /32/ BH.llH0 1 'ITO BJIHHHHe nepeoro 0Tpa>K9HHH CBO.llHTCH K YB9JlH'l9HHIO BhiCOTbl 

WHMMbl B .1lB8 paaa, a BKJl8.1l BCeX nOCJl9.1lYIOW:HX: OTp8>K9HHti npH hi'\ >2.~ .o;aeT 

yeemi'!9Hlfe OCHOBHOti rapMOHHKH /K =1/ M~Hee "19M Ha 2%. 

4. ToHKHe WHMMbi 

¢OpMHpOB8HH9 M8I'HHTHhlX noneA C rny6HHOti BapH8UHH B HeCKOJlhKO npoueH

TOB MO:>KeT OhTTh OCylll 9CTBJI9HO C nOMOIJlhiO KpHBOJIHHetiHbiX WHMM
1 

TOJlllll'iH8 KOTO

pbiX, OTC"'HTaHHast no HOpMaJIH K OC9BOA JlHHHH, nOCTOSIHH8 .H Mana UO Cp8BH9HHIO 

c .llpyrHMH reoMeTplPiecKUMH paaMepal\m. TaKne WHMMbi 6y.aeM H83hTBaT& TOHKHMH. 

B aTOM cnyqae aneMeHT nnoma.llH B /4/ MO:>KHO npe.llcTaBHTh KaK 

/33/ 

- TOJllUHHa, - ypaBH9HHe oceeoA JIHHHH WHMMhl. 

}l.itst CHCTeMbi nap TO!iKHX lllHMM1 C.llBHHYTbiX OTHOCHT9JlhHO .o;pyr .LJ.pyra 
2.\\ 

Ha yrrm N , KOMUOH9HTbi ¢yp&e M8I'HHTHOI'O nOJIH B UJIOCKOCTH Cl'lMMeTpHH 

I Z. = 01 MO>KHO npe.llCTaDHTb B BM.lle: 

\-h. ~1.) /34/ 
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'l_ 1 {cl"2o)'2.r. J Q• ~ 1 J I "lo~lS) -t JW l-h K-y2.l~)J Co~K~ q~ 
(_; l ~I) 

1. • fc\Z.:,\t.[ I :1 C· ' J ·' 'Zal~) -+\W} _ sL QK-Y2.(¥-)J )\n Rl! ctt8 7 

. ·'"2_~ l ~') d)(. 

/35/ 

r .ll e 'J.. -::. h , -+ <.. 2.. -+ '2.~ l ~ • ) 
2.. "2. 'io l 'SI) , a ~H H ~\(. yrnOBbie KOOpAHH8Tbi HB'Iana 

H KOHUa illRMMbi, JJ.nst CHCT9Mbi TOHKHX illHMM1 H30r'HYTbiX no CnHpanH ApXHM9.ll8 

1.o-::::. 0. '8 , npe.aenhHbie 8MnnHTYAbi rapMOHHK M8r'HHTH0r'O nonsi OnHCbiBSIOTCSl 

Bblp8)K9HH9M 

~ \,,. . 2.~ 
H K =- 4 M ; t \(~ ( 1- e.\< ~ ) ) 

/36/ 

KOTOpoe HBnsteTCSl '18CTHbiM cnyqaeM cpOpMynbi /26/ • 

JJ.nst cpop~HpOB8HHS1 M8r'HHTHO~O nonst UHKnOTpOHa C n~OCTpaHCTB9HHOA ~apn:a

un:eR,. paapa6oTaHH,Or'O H aany.IUeHHOro B na6opaTOpHH SlA9pHbiX npo6neM 06'b9AHH9H~,;, 
. /10/ . . . . 

HOr'O HHCTHTyTa SlA9pHbiX Hccne.a0B8HHfi 1 6bma HCnOnh30BaHa cn:·cTeM:a· TOH-

KHX cmrpanhHbiX illHMM co cne.nyiOIUHMH napaMeTpai\1u: N . = 4; . h. =4,0' CM; . 

2.~=4,0cM:0 =1,2 CM; u =5,377 CM; RK' =a ~I<. =58,0CM, CxeM8TH'I9CKHfi ,. qep-

Te)K aToR CHCTeMbi illHMM npHae.aeH Ha f.lHC.4. Ha pHc, 5 npe.ncTaaneHa aaBHcu

MOC.Th 8MnnHTY.llbi OCHOBHOii rapMOHHKH M8r'HHTHOr'O nonSl OT pa.nHyca, PacqeT 

8Mnn:lfTYAbi OCHOBHOii rapMOHHKH npOH3BO.llHnCS1 no cpOpMy~aM /35/, TO 9CTh illHMMbi 

C'IHTanHCh HeorpaHH'I9HHbiMH no BbiCOTe, 3KcnepHM9HT8nhHhi9 3H8'19HHS1 nony'I9Hbi 

H3 rapMOHH'I9CKOr'O a~anH38 p83HOCTH M8r'HHTHblX nonefi, H3MepeHHblX B U9HTpanb

HOit nnOCKOCTH 3830pa aneKTpOM8r'HHTa Cn-448 . 6 120 CM, 2 hM = 22 CM C YCTa

HOBneHHOit CHCT9MOil illHMM H 6e3 Hee, Yfa npHBe.aeHHOfi 38BHCHMOCTH BH.llHO, 'ITO 
' '' ' ,. . 

. aMnnHTy.aa aoapacTae1' c yaenH'IeHHeM pa.nn:yca, .nOCTHrast 95% oT npe.nenhHOro aHa ... ... 
qeHHSl H'l Y*e Ha pa.aHyce "'20 eM:, B ~HHTepaane ·pa.nHycoa 25-50 CM aMnnH-

Ty.aa BapH8UHH OCT89TCS1 npaKTH'I9CKH llOCTOSlHHOit H paBHOit npe.nellbHOMY 3H8'19HHIO, 

noKanbHOe yBenH'I9HHe 8MnniiTYAbi Ha KOH8'1HbiX pa.nHyCaX npOHCXOAHT 38 C'f9T 

KpaeBOr'O acpcpeKTa H CBS138HO C H901ITHM8nhHbiM ,Bbi60pOM napaMeTpa 0. . Ha 

I 
I· 

I 

l 
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TOM :>Ke pHCYHKe .ll8Hbl OTKIIOHeHHH ¢83bl M8KCHMYM8 OCHOBHOit rapMOH11KH OT yrna 

CnHpaiiH q = -a. , 3a HCKIIIOqeHiH!M Kp8e8::.IX yqacTKOB Cniip81IbHbiX lllHMM 9TH 

OTKIIOH9HHH He npeBbllll8IOT 0,1 p8,1lll8H8, 

.CoBIIS.IleHIIe. pacqeTHblX II 9Kcnep1IMeHT81IbHbiX 3HaqeHHH 1 YK83biBaeT Ha Boa

MO:>KHOCTb pacqeTa II31IO:>KeHHbiM MeTO,IlOM B8p1I8UIIII MB.r'HIITHOr'O llOIIH C TOqHOCTbiO 

2-3 %.· 

B aaKnroqeuiie aBTOpbi Bbipax{aiOT 6nai'O.IlapHocTh B.n. DMHTpiiencKow.y aa 

llOCTOHHHOe BHHM8HIIe K pa6oTe 1 ueHHbie o6cy:m..aeHIIH II 38MeqaHIIH, 

PyKOlliiCb nocTynuna n II3.1laTenbcKIIA OT.Ilen 19 bcHTH6pH 1959 ro.lla, 

n II T e p a T y p a 

1. D.W. Kerst, K.M. Terwilliger et al. li'ixed field alternating 

gradient accelerator with spirally ridged pole:s Phys .nev. 98, 

115J (1955). 
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:>KeHHbiX qacTIIU-KOIIbUeaotl: cpaaoTpOH, C6opHIIK H eKoTOpbre nonpocbi Teopiiii 

UIIKIIII'iecKIIX ycKopHTeneA!
1 

AH CCCP /1955/. 11 

3. P.D. Dunn, L.B. Mullett, T.G. Pickavance et al. Accelerator 

studies at A.E .R .E., Harwell.CERN Symposium. 1956. 
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PHc. 3. HacbiiUeHHe npstMOnHHeAHoro 6pycKa HeorpaHH'l:9HHOft anHHbi. 
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PHc, 5, a/ 3aaHcHMOCTb aMnnHTY.llbi 4-oa rapMOHHKH MarHHTHoro nonsr 
oT paaHyca 1------ pacqeT, o o o o - sxcnepHMeHT/, 

6/ OTKnoaeHHe !f>aabi 4-oll: rapMoHHKH Mai"HHTHoro nonsr oT cnHpanH 
I ------ pacqeT, x x x x - sxcnepHMeHT/, 
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