
( 

A fi a 
s ' ,,_:;.. 9 

I 

T-19 I . 1 ~ o 

tl. d 

)\1 m .m F 1 ~ 

q ( rl-1 

I .Ib r t 

197 



P9 - 12463 

HJ1.TapaHTHH 

PACCMOTPEHl1E BO BTOPOM llPl1BJil1»:EHl1l1 

,ll,Bl1)1(EHl1H 3APH)I(EHHbiX qACTl1U 

B KPAEBOM llOJIE ,ll,l1llOJibHOrO MArl-ll1TA 

HanpaeAeHo e "International Journal of Mass Spectrometry 

and Ion Physics" 



TapaHTHH H.l1. 

PaccMOTpeHHe eo BTOPOM npH6nH*eHHH ABH*eHHR 
aapR*eHH~x 4aCTH4 B KpaeeoM none AHnonbHOro 
MarHHTa 

P9 - 12463 

PaccMOTpeH~ c T04HOCTb~ AO BToporo nopRAKa Man~x eenH4HH paAHanb 
HOe H aKCHanbHOe ABH*eHHR 3apR*eHH~X 4aCTH4 B KpaeBOM none AHnOnbHOrO 
MarHHTa C AOCTaT04HO O~HMH napaMeTpaMH, a HMeHHO: AHnOnbH~H MarHHT 
HMe~T HeOAHOPOAHOe none, HaKnOHH~e BXOAHY~ H B~XOAHY~ rpaHH4~ B ~op­
Me KPHBOH "eToporo nopRAKa, o6nacTb Kpaeeoro nonR nepeMeHHOH WHPHH~. 
OpH paccMoTpeHHH Hcnonb30BaHo HOBoe onpeAeneHHe a~eKTHBHOH rpaHH4~ 
peanbHOro Kpaeeoro nonR AHnOnbHOro MarHHTa. nony4eHO 6onee nonHoe 
npeACTaeneHHe 0 BnHRHHH KpaeBOrO nOnR Ha ABH*eHHe 3apR*eHH~X 4aCTH4, 
B 4aCTHOCTH, noKa3aHa Ba*HOCTb y4eTa BO BTOpOM npH6nH*eHHH HeKOTOp~X 
4neHOB, ~pManbHO OTHOCR~HXCR K CneAY~HM npH6nH*eHHRM. 

PeaynbTaT~ npeAcTaeneH~ B YA06HOM AnR npaKTH4ecKoro Hcnonbaoaa­
HHR BHJle. 

Pa6oTa B~nonHeHa B na6opaTOpHH RAePH~X peaK4HH 011RI1. 

npenpHHr 061>ellHHeHHOro HHCrHryra ll.llepHblX HCCneJlOB8HHII. Dy6Ha 1979 

Tarantin N.l. 

A ' S~c~ild o"raer Approximation of Particle Motion 
in the Fringing Field of a Dipole Magnet 

P9 - 12463 

The radial and axial motion of charged particles in the fringing 
field of an arbitrary dipole magnet has been considered with an 
accuracy of the second order of small quantities. The dipole magnet 
has an unhomogeneous field and oblique entrance and exit boundaries 
in the form of second order curves. The region of the fringing field 
has a vari~ble, width;. , A new definition of the effective boundary of 
the real · frf~iing fi~ld of the dipole magnet is used : A better 
understanding of the influence of the fringing magnetic field on the 
motion of charged particles in the pole gap of the dipole magnet has 
been obtained. In particular, it is shown that it is important to 
take into account, in the second approximation, some terms related 
formally to the next approximations. The results are presented in 
a form convenient for practical calculations. 

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

Preprint of the Joint Institute for Nuclear Research. Dubno 1979 

BBB,l{BHHB 

Kpaeaoe none B OICpeCTHOCTH BXO.D;HOA H BbiXO.D;HOA rpaHHU 

.D;HnOnhHOrO MarHHTa OICa3biBaeT CYIJ.leCTBeHHOe BnHJIHHe Ha .D;BH)Ke­

HHe 3apJI)KeHHbiX 'laCTHU, H ero .n;eACTBHe )l;OJI)KHO TIJ.laTenhHO Y'IH­

TbiBaThCJI npH C03.D;aHHB npeUH3HOHHbiX MarHHTHbiX a&anH3aTOpOB. 

BnHRHHe ICpaeaoro non11 .n;&non~>Horo MarH&Ta Ha .D;BH)KeHHe 'laCTHU 

HeO.D;HOICpaTHO paCCMaTpHBanOCh /CM. pa60Tbl /1· 12/,a TaJC)Ke CCblnKH 

B HeKOTOp:WX 83 HHX Ha npe.n;weCTBYIOIJ.lHe pa60Tbl Tex )ICe aBTOpOB/. 

Ha&6onee .n;eTanJ.Ho 3TO paccMoTpeHHe 6~a~no npoae.n;e&o a pa6oTe 18/ 

.D;nJI O.D;HOpO.D;HOrO MarHHTHOrO nonJI H B pa6oTe 1111 .n;nJI HeO.D;HOpO.D;­

&oro. 061J.lHe pe3ynJ.TaTbl 3THX .n;ayx pa6oT He coana.n;aJOT .n;pyr 

c .n;pyroM, HO a pa6oTel111 oTMe'laeTCR, 'ITO cornac&e pe3yn~>TaToa 
pa60Tbl/1 1/ &MeeT MeCTO C "&cnpaaneHHbiMH Bblpa)KeHHJIMH pa6o­

Tbl/8/~, 

B HaCTOJIIl.leA CTaTJ.e npOBO.D;HTCJI HOBOe paCCMOTpeHHe BO BTO­

pOM np&6nH)KeHHH pa.n;&anJ.HOrO H aiccaanJ.HOrO .D;BB)KeHBB 3apJI)KeH­

H:WX 'laCTBU B KpaeBOM none .D;BnOnhHOrO MarHBTa. 3TO paCCMOTpe­

H&e Be.D;eTCJI BHbiM CnOC060M, 'leM apa6oTaX /8,1!/, B.n;JJJI.D;BnOnhHO­

ro :w:araaTa c &eciConJ.KO 6onee o61J.lHMB, 'leMa pa6oTe 11 11,napaMeT­

pa:w:a. ~accwaTpasaeTc• .nsnonJ.HhiA MarHBT c &eo.naopo.n;HhiM no 

pa.n;aycy aiCCBanJ.RO- CHMMeTpH'IHbiM OCHOBRbiM non eM. HaKnOHHble 

BXO.D;Ra.. B BbiXO.n;Ra .. rpaHBUbl MarHBTa BMeJOT ciJopMy CaMoA 061l.leA 

ICpBBOA BTOporo nop•.n;Ka C B3MeRJIIOil.leAcR KPBBB3HOA. Wap&Ha 

o6naCTB ICpaeBOrO non• npOB3BOnhHO MeRJieTCJI B.D;Onh rpaHBUbl 

noJJJOca MaraaTa, a aa xapaKTep pacnpe.n;eneHBJI ICpaeaoro non• 

HaKna.D;biBaiOTC .. TOnhKO O'leBH.D;Hble ciJB3B'IeCICBe Tpe6oBaHBJI. 

0pa paCCMOTpeHBB BCnOnh3yeTCJI HOBOe onpe.n;eneHBe 3cllciJeKTHB­

HOA rpaHBUbl peanJ.aoro non• .nsnonJ.Roro Mar&&Ta. 
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2. KPAEBOE HOJIE ,aHIIOJihHOTO MATHHTA 

PaccMa TPH8aeMaJI o6nacn. ~8JDKeHHJI 3apJI:lKeaaoA: 'laCTH~w 

8 OKpeCTHOCTH 8XO~HOH rpaHH~bl ~HUOJibHOrO MarHHTa npe~CTa8Jie­

Ha Ha puc. J. TaM :lKe UOKa3aHW HCUOJib3yeMble CHCTeMW KOOp~HHaT 

H TpaeKTOpHJI 'laCTH~hl 8 pa~HaJibHOM H aKCHaJibHOM Ce'leHHJIX. 

llOJIO:lKHTeJibHble Hanpa8JieHHJI OTC'IeTa 8eJIH'IHH yKa3aHW CTpenKaMH. 

34MtleKTH8HaJI rpaHH~a pean~>Horo MarHHTHoro non.11 onpe~eneaa 

COOTHOWeHHeM 

<Pn (p) B z ( P~-~~~2- d ¢. 
</> (p)=<f>n(p)-,~.{) (1~-;1 p)Bo b "'I p 

/1/ 

r~e </> b (p) - ypa8HeHHe 34MtleKTH8HOH rpaHH~hl 8 OCH08HOH CHC­

TeMe xoop~HHa T c ocbiO 8 TO 'IKe 0 1 , p = (r- R0 ) I R 0 - OTHOCH­

TeJibHOe OTKJIOHeHHe pa~HaJibHOB KOOp~HHaTbl r OT OnTH'IeCKOB 

oc& MarH&Ta r = R 
0 

, p << 1; , B z (p, <f>, O) - peanJ.Hoe xpae8oe 

none 8 Me~HaHHOH nJIOCKOCTH (z = 0) ~HnOJibHOrO MarHHTa, 

(1 + a1 p) B O - OCH08HOe none 8 nJIOCKOCTH Z =Q Me:lKnO­

JIIOCHOrO 3a3opa MarHHTa, 83JITOe 6e3 H36blTO'IHOH TO'IHOCTH ~JIJI 

8TOporo npH61IH:lKeHHJI, </>I (p) H </> II (p) - Ha'laJibHaJI H KOHe'I­

HaJI yrno8we xoop~HHaTw o6nacTH xpae8oro non.11, onpe~enJieMwe 

ycno8HJIMB B z (p, ¢I , 0) = 0 H B z (p, ¢11' 0) = ( 1 + a1 p)B0, 

m
0
v 

0
c 

B = · ------- - - · m V e - Macca CKOpOCTb H 3ap.11" r1Ia8HOB'Iac-
0 eoR 0 ' o • o • o • ... 

TH~bl, C - CKOpOCTb C8eTa B 8aKyyMe. 

Taxoe onpe~eneHHe 34MtleKTH8HOB rpaHH~bl y~o6Ho TeM, 'ITO oao 

OT8e'laeT MeTO~HKe H3MepeHHJI TOUOrpa41HH pa~HaJibHO-HeO~HOpo~­

HOrO H aKCHaJibHO- CHMMeTpH'IHOrO OCH08HOrO MarHHTHOrO nOJIJI 

8~01Ib KOH~eHTpH'IeCKHX OKPY:lKHOCTeii C nOCTOJIHHWM 3Ha'leHHeM 

MarHHTHOrO nOJIJI . 3To onpe~eneHHe He Tpe6yeT 8Be~eHHJI KaKHX­

JIH60 CUe~HaJibHWX ~onymeHHH 0 xapaKTepe H3MeHeHHJI OCH08HOrO 

HeO~HOpO~HOrO MarHHTHOrO nOJIJI npH npH6JIH:lKeHHH K KpaiO MarHH­

Ta, H 3THM OTJIH'IaeTCJI OT onpe~eJieHHJI rpaHH~bl H~eaJibHOrO no­

JIJI, ~aH&oro 8 pa6oTe Ill / . 

34MtleKTH8HaJI rpaHH~a, onpe~eJIJieMaJI CJIO:lKHblMH 3aKOHaMH 

HacwmeHHJI UOJIIOCHblX HaKOHe'IHHK08 MarHHTa, MO:lKeT HMeTb nepe­

MeHHYJO KPH8H3HY H 8 o6meM cnyqae 80 8TOpOM npH6JIH:lKeHHH 

4 

'P,(J'} 

fi{R} . ijt4) 'PIP.) fPI(PJ tp 

Puc.l . l(uAuHi}put~ecKue cuc•eMI>r Koopi}uHa• (r, ¢. z) u ( r, (}, z) 
u •paeK•opuu 3apJIJtteHHOiJ t~ac•ulll>l 8 Kpae8oM noAe 8xoi}HoiJ zpaHu-
111>1 i}unOAI>HOZO MQZHu•a 8 pai}uaAI>HOM U QKCUQAI>HOM Ce'leHUJIX. 

peaAI>HQJf •paeK•OPUJf t~ac•UIII>I, -- - --- - yc-
A08HQJI •paeK•opUJf t~ac•Ufll>l, - · - · - · - · - - on•ut~eCKQJf OCI> 
i}unoAI>Hozo MazHu•a c noclioJIHHWM pai}uycoM KPU8U3HI>r R 0• 

OUHCWBaTbCJI KpH80B BTOporo nop.II~Ka, ypaBHeHHe KOTOpOB 80 

BCUOMOraTeJibHOB CHCTeMe KOOp~HHaT C OCbiO B TO'IKe 0 2 eCTb 

2 
T = · k(} 0 

/2/ 

r~e 

r = (r - R b)/R0 , r « 1, (} « 1. · 

5 



B 'laCTHLlX cny'la.Rx 3TO MOlKeT 6wTh up.aMa.R I R b z - oo BJIH 

k z Rb /2R 0 , OKPYlKHOCTh /k =0/ c pa,~~;aycoM Rb, KoTopwA 

C'IBTaeTC.R DOnOlKBTenhHLlM DpB BhiDyKnOB DO OTHOWeHB10 K ,D;BDOnJ.· 

HOMY MarHBTY rpaHane, :1nnauc (0 < k < 0,25) uapa6ona I k = 

0,25/, rBDep6ona (k > 0,25) C f!loKyCOM B TO'IKe 0 2 , B CHOBa 

3nnBDC ( k < 0) , HO ylKe C ManoR OCbiO, DpOXO,D;.RJQeB 'lepe3 TO'IKY 
02 . . 

B OCHOBHOH CBCTeMe KOOp,D;BBaT KpBBa.R /2/ ODBCLlBaeTC.R 

C TO'IHOCTbiO BDnOTb ,11;0 'lneHOB p2 cne,D;YJOIQeB f!lopMynoA: 

( ) 2 1 [ Ro Ro) 2 2 ¢ p = f p+f p = tp +-- -- ---(1-2k - -- -s(1 + c )]p 
b 1 2 2 c 3 Rb Rb ' /3/ 

r,~~;e 

t = tg l , 

Bxo,D;.a~Qee 

s = sin l, C z -008 £. 
Ro 

B f!lopMyny /3/ swpalKeHHe (1 - 2k ----)I Rb 
Rb 

Dpe,D;CTaBn.ReT 3Ha'leHHe KpBBH3Hhl nHHHB /2/ B TO'IKe T =0 H (} =0. 

fi03TOMy, KaK cne,D;yeT B3 f!lopMynhl /3/, ,D;n.R ODHCaHH.R f!lopMLl 

34»4leKTHBHOB rpaHHULl CaMOB CnOlKHOB f!lopMLl ,D;OCTaTO'IHO B paMKaX 

BTOpOrO DpB6nHlKeHB.R HCDOnh30BaTb pa,D;HyC KpHBH3Hhl rpaHHULl 

R 
R = R /(1- 2k __ Q) B TO'IKe ee nepeCe'leHH.R C ODTH'leCKOB 

b O b R 
b 

OCbiO,D;HDOnbHOrO MarHHTa. 

06naCTb Kpaesoro DOn.R MOlKeT HMeTb pa3nH'IHYJO WHPHHY npH 

pa3HhiX P• a BMeHHO, C ,D;OCTaTO'IHOB CTeneHbiO TO'IHOCTH MOlKHO 

f}OnOlKHTb 

cf> u (p) - ¢ r (p) = <1 + gp)(¢2o -¢ to ) , /4/ 

r,~~;e g= const. ¢
10

= ¢
1

(0), ¢ 20 z ¢n (0). 

llp H DOCTOJIHHOH nHHeHHOB WHPHHe o6naCTH Kpaesoro DOnJI, 

H M e JOJQe B MeCTO, HaDpHMep , DpH paBHOMepHOM HaCWJQeHHH DOniOCOB 

M a rHHTa C O,D;HOpO,D;HbiM noneM HnH CDeUHanbHOM WHMMHpOBaHHH 

1 Ro 
g = --- (---- - 1). 

c2 Rb 
M a rHHTHLlMH 31CpaHaMH HeO,D;HOpO,D;HOrO DOnJI , 

Heo6xo,D;HMWe ,D;nJI onpe,~~;eneHHJI TpaeKTOPHH 'laCTHULl r -a.11 H 

¢ · a.11 cocTaBn.IIJOJQHe nonJI, a TaKlKe aKcaan~oua.ll cocTaBnJIJOJQaJI 

6 

BHe Me,D;BaBHOB DnOCKOCTB HaXO,D;.RTC.R 06Ll'IHLIM CDOC060 M B3 ycno" 
BU .rotB =0, div B =0 B Tpe6osaBHB CHMMeTpHH DOn.R 

OTHOCHTenbHO Me,D;BaHHOB DnOCKOCTH 

aBz 1 
B r (p, cf>, (} z t;-aps- 6-t; 

a
3

Bz a
3
Bz a

2
Bz is 

[------ + (1-2p)------+ --- -2----~. 
ap apa¢2 ap 2 a¢ 2 

/Sa/ 

3 3 
aBz 1 3} Bz a Bz 

s ¢ <p. ¢.')='-a;-- s-' ~apia¢-+ -a;-s--), /56/ 

- L 2 

( 
_,.\ 1 2 a Hz a Bz a B z 

Bz p,cf>,. r,,zBz---t; [-- ---+(1-2p)-------+----]+ 
2 ap 2 a¢ 2 ap 

4 4 4 3 3 
1 4aBz aBz aBz aBz aBz 

+ __ , [----- + (1- 4p) - - --- + 2(1-p) -------- 2------ + 2------]. 
24 ap4 a¢4 ap2a¢ 2 apa¢ 2 ap 3 

/Ss/ 

3,~~;ecb t; z 1/R 0 , B z "'Bz (p, cf>, 0); , Br H B z onpe,~~;eneHLl 
C KOHe'IHOB TO'IHOCTbiO ,11;0 Manh!X BenH'IHH B nepBOB CTeneHH, 

a Bcp • ,11;0 ManhiX senH'IHH B HyneBOB CTeneHH BKnJO'IHTenbHO. 3Ta 

TO'IHOCTb ,D;OCTaTO'IHa ,D;n.R onpe,D;eneHH.R KOOp,D;HHaT H yrnoB HaKno· 

Ha TpaeK'I'OpHH 'laCTHUW C TO'IHOCTbiO ,11;0 BTOporo DOp.R,D;Ka :uanwx 

Benli'IHH. K 'IHCny Manwx BenH'IHH 3,D;eCb OTHeCeHW p , t; H ¢20 -cpHi 
MeHbWHe e,D;HHHUW, a TaKlKe 'IHCnOBWe K034»4»HUHeHTW DPH OT6po· 

weuuwx 'lneuax B p.R,D;ax pa3nolKeHHA: /5/, pasuwe 1/1ID, 1/7 ID H 

T .,11;. llpa oueuKe nop.R,D;Ka Manwx senH'IBH y'ITeHo, 'ITO 

n n n 
a Bz 1 a Bz s 
---- - ----------- B ------ - --n------------n- , 
acpn (¢20 -¢ lO)n ap c <¢ 2o - ¢ to ) 

T.e. 'ITO 3TH DpOB3BO,D;HWe .RBn.RIOTCJI CYJQeCTBeHHO 6onbWHMH Be· 

JIH'IHHa M B , o6paTHWMB ManoA: BeJIH'IHHe B CTeneHB n. 

,nn.R YBBf!IHKaUBB HHTerpHpOBaHB.Il npH pemeHBH ypaBHeHHB TpaeJC • 

TOPBB 'la CTBULl swpa3BM Bz(p, cf>, 0) 'lepe3 f!»yHKUB10 pacnpe­

,~~;eneHB.R JCpaeso ro non.R s,~~;onh onTB'le cJCoA: oca ,D;HnonJ.Horo w a rHBTa 

8
0 

b(¢) z Bz (0, cf>, 0), 
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r~e b(¢) y~osneTBOpJieT cne~YJOUUIM O'leBB~HhiM ycnoBBJIM: 

b(¢ 20) = 1. 

n 

b(¢ 10 ) = ~-~(~_!0) -- = -~n b(¢ 20 ) 
d c7> n d-.;-;----- = 0 16/ 

.IUIJI n = 1. 2,3, . ; .. 

H3 3axouowepuocTeit warHBTOCTaTBXH cne~yeT, 'ITO cl>YHXQBB 
pacnpe~ene&BJI xpaesoro 

nomoca B z (p, ¢, 0) 

nOJIJI B pa3JIB'IHhiX MeCTaX rpaHBQhl 

6y~yT B npe~enax paccwaTpasaewoA 

TO'IHOCTB B~eHTB'IHhl, eCJIB BeJIB'IBHY Xpaesoro nOJIJI BhlpalKaTJ. 

B 3Ha'leHBJIX OCHOBHOrO nOJIJI, a yrJIOBYJO XOOp~BHaTy - B e~HBQaX 

yrnosoii wapauw xpaesoro nonJI npa 3a~auuow 3Haqeuaa p. llo3-

TOMy MO:lKHO nOJIO:lKBTh 

B z(p, ¢, 0) = (1 + a1p) B0 b(<l>), 171 
r~e 

<I> = [¢- ci>b(p)]/ (1 + gp) = c7>- fl p- (flg- f2)p 2_ gp¢. /8/ 

CTporaJI cnpase~JIBBOCTJ. cooTuoweHBJI /7 I oqesa~ua B qacTHOM 

cnyqae naueiiuo-ueo~uopo~uoro nonJI a npJIMOJiaueAuoA rpaHBQhl, 

OpToroHaJIJ.HOB X OnTB'IeCXOH OCB MarHBTa, nOCXOJIJ.XY B 3TOM 

cnyqae HB o~uo B3 uanpasneuuA p = -const uuxaxue Bhl~eneuo . 

H3 cooTuoweHBJI 17 I cne~yeT, 'ITO 3cl>cl>eKTHBHaJI rpaHBQa 

c7> b (p) no oTuoweuBIO K rpauaQe xpaesoro non11 ci>n(p) pacno-

naraeTcJI Tax :liCe, xax ¢ 1 (p) no oTuoweHHIO x ¢>r
1
(p) . 

ci>n (p) 

¢b(p)= ci>n (p)- ( !(1+ a
1

p)B0 b(<l>)/ ((1+ a1 p)B ]ld¢= 
ci>r (p) o 

4>20 
ct> n <p > - r < 1 + g p > b < <~> > d <~>. 

4>10 

oTxy~a,cornacuo Ill, 

4> b(p)- ci>n (p) = -( 1 + gp) ci>2o · 

8 

191 

Pacnpe~eneuae ' xpaesoro noJIJI 171 npa pa3JIB'IHhiX 3Ha'leHBJIX 

p noxa3aao &a puc. 2. 

~ 
~ 
-c:i' 
&,.· 

!=l.: ~ 

c-4 

<P,(.p) -ll', (p) 

P<O 

f.O P=O 

9>0 

0 tf'J(p) -cp,(p) lp-fP,(p) 

Puc.2. PacnpeOeAeHue Kpaeeozo noA.R c)unoAI>Hozo MazHu•a npu 
pa3AU'IHI>rx 3Ha'leHUJIX p e coo•ee•c•euu c coo•HorueHueM 
Bz(p,¢,0)=(1+a 1p)B

0
b(<l>), zc)e 

c7>- ci>b (p) 
<1> = ----------, a 1 < 0, g > 0. 

1+gp 

Bxo~.aUUie B cl>opwyJihl 151 qacTuwe npoB3Bo~uwe no p a c7> 

swpa3BM qepe3 nonuwe npoa3Bo~we no <I> cl>YBKQBB 17 I c By:lKHoA 

TO'IHOCThiO C nOMOIQhiO CJie~}'JOIQero pexyppeBTBOrO COOTHOWeHBJI: 

an+ 11)3 dn+mti . 
-------~-- = (-1)n B --------- (r n! 1 +(a - (n + m)g]pl + 

0 1 1 
apn a¢m d<l>n+m 

n-·1 ) + nf 1 (2f 2 p + g<l>) -

9 



r~e 

n+m-1 
n d b n-1 n-2 

- (-1) nB0 -----------If 1 [ac (n + m -1)g] + (n-1)f 1 r 2 1, /10/ 
delln+m-1 

b = b (¢) ; n,m = 0. 1.2.3 •... ·. 

3. TPAEKTOPJUI 3AP.JDKEHH01t fiACTHI.(lJ B KPAEBOM 
HOJIE HPOH3BOJI.bHOTO ,JUHIOJI.bHOTO MATHHTA 

Pa~Han~>aoe H axcHanJ.aoe ypasHeHHJI ~BIDKeHHJI 3apJI>Keaaoi 

'laCTHilbl B MarHHTHOM none, HMeJO~e 06IQHi BH~: 

.. '2) e( B m(r -r¢ = -0 vzB.p-v.p z~· 

mz e 
= 0- (v.pBr- vr B.p), 

/11/ 

r~e m , v , e - :uacca, cxopocTL H 3ap•~ pacc:uaTpHsae:uoi 'laCTH- • 

llbl, nocne 3aMeHbl npOH3BO~HbiX no BpeMeHH DpOH3BO~HbiMH DO cp 
npeo6pa3YJOTC.B B nepBOM npH6niDKeHHH B cne~YJO~e ypaBHeHH.B 

TpaeiCTOPHH 'laCTHilbl: 

p " = 1 + p + t;'B .p/B 0 - (1 + 2p- 8)Bz /B 0 , 

C' = ( 1 + 2p- 8) B / B 0- p 'B.p l B 0 . /12/ 

r~e 

eB
0 

8 = (R- R J I Ro = A~-+ -~y_ _ _ lle _ , R 
mo vo eo 

mvc 

Llm = m - m
0

, ilv = v-v0 , ile = e- e
0

• 

WTPHXOM o603Ha'leHO ~HcllcllepeHilHPOBaHHe no cp. 
.l{n• peweaH• ypasaeaHi /12/ HcnonJ.3ye:u :ueTo~ nocne~osa­

TenJ.HbiX DpH6niDKeHHi. B HCXO~HOM DpH6niDKeHHH pacxpoe:u 'lneHbl 

10 ' 

/12/ C DOMO~bJO /5/ H /10/ C TO'IHOCTbJO ~0 Mam.IX BenH'IHH 

B aynesoi CTeneaH: 

p "= 1 - b + _ _1 __ (; : _<!=~- ___ L_ (; 4 _c!~~-
2c 2 dell2 24C 4 1 dell 4 ' 

/13/ 

' " = - t ' _<!~ + --~-- ' 3 _<!~~-
1 d<l> 6c 3 1 dells . 

3~eCb H HIDKe HH~eKC DpH KOOp~HHaTe HnH DpOH3BO~HOi yiCa3w­

saeT MeCTO Ha pUC. J, r~e B3.BTbl 3Ha'leHH.B 3THX nepeMeHHbiX . 

IIpoHHTerpHpye:u neBYJO H npaBYJO 'laCTH ypasaeHHJI /13/ no 

cp OT ¢ 1 (p) ~0 cp. ,l{nJI HHTerpHpOBaHHJI Bblpa>KeHHi, 3aBHCJIIQHX 

OT <1> , HCDOnb3yeM CBJ13b Me~y nepeMeHHbiMH cp H <I> H Me~y 

~HcllcllepeanHana:uH d¢ H d<l> , nony'laeMYJO H3 onpe~eneHH.B /8/: 

«¢1)=¢10' <1>(¢2)=¢20 

H c TO'IHOCTbJO ~o :uanwx senH'IHH nepsoro nop11~xa d¢ = d<l>. 

IIocne HHTerpHpOBaHH.B /13/ C y'leTOM ycnoBHi /6/ HMee:u 

C TOi liCe TO'IHOCTbJO 

. <I> 3 
p • = p • + <~> - <~> - r b d<t> + _L , 2_<!~- ___ L , 4 d b 

1 10 ¢
10 

2c 2 1 d<l> 24c4 1 -d4>-3 ' 

/' .- /'. s 3 d
2 

b 
.. - .. 1 - t ' b + - --- ' --- - - -1 SC 3 1 d<l> 2 . 

/14/ 

IIOBTOpHOe HHTerpHpOBaHHe ~aeT C TO'IHOCTLJO ~0 ManbiX BenH ­

'IHH BToporo nop•~xa 

• 1 2 <I> <I> 1 2 
p = p + p <<~>-<~> >+--<<~>-<~> > - r r bd<t>d<t> +----( b-

1 1 10 2 10 ¢ ¢ 2c2 1 
10 10 

1 4 d
2

b 
- --- ' ----- ' 

24c4 1 d<l> 2 

<I> 

' = ' 1 + c 1 <<I> - <~> 10 > - t ' 1 r b dell + --~3, ~ ~~- . 
¢ 10 6C dell 

/15/ 

11 



llpB iP=cp 20 noJJy'faeM BCJCOM:We 3Ha'feHB.B JCOOp,IUIHaT 

' 1 2 ¢20 (/) 1 2 
p =p +p <¢ -cf> >+--<¢ -cf> >- r r bd<Pd<P+---"'1' 

2 1 1 20 10 2 20 10 cp cp 2c" 
10 10 

'2 = '1 + "1 (¢20- cp 10)- t(1¢20" 1161 

B 1161 uap.&.l{y c 161 scnoJJJ.3osauo onpe,l{eneuse 111. 
B CJJe,l{YJ()IQeM npB6JJJI)J(eHBB nOB:WCBM TO'IHOCT.Io y'feTa MaJJ:WX 

BeJJB'fBH Ha O.l{BH nop.&.l{OJC B BCnOJJJ.3yeM Hal.l{eHH:We pemeHB.B 1141 

B 1151: 

p"= 1+p -[1+(2+a )p -o]b+H-~--+t(g-a )- _l_ __ R~-]( 2 + 
1 1 1 2 c a 1 2 ca R 1 

bO 

2 
' db 2 db 1 2 1 ' d b +(' 1-----t( b---+[(----+gt<P)( +---(<P-ep )(' ]------

1 1 diP 1 diP 2 c 2 1 c 2 10 1 1 diP 2 

2 (/) 

- -~- ' 2 _<!_~-- r 
ca 1 diP 2 ¢10 

a d 
2 

b 4 dab 4 5 d \ 
bd<P + (o) ----- + (o) ----+[(o) +(o) ]----- + 

diP 2 d<Pa d<ll4 

4 d
4

b (/) d\ d 2b db 
+ (o) [ --- r b diP + ---- . b + ----- . ----] + 

d<P4 ¢10 d<P a diP 2 d<P 

5 d~ dab 6 db d 4b 
+ (o) ---- · ----- + (o) ---- . ----- , 

diP 2 d<Pa diP diP 4 l17al 

(''=1-t+[ta+t(g-a )---~-Q.--]p +to-p' -(1+g)<P+¢ I(_<!~-+ 
1 aR 1 1 10 1 diP c bO 

s a d a J>. 1 db (/) , db 
+--(-----+a·( b+----( ---- r bd<P-t(<P-¢ )(1----

6C a 1 diP a 1 1 C 2 1 dif) -I.. 10 dif) 
'f'10 

1 + 2 c 2 a db 2 1 + 2 s 2 a dab (/) 
- ----- ' < ---> - -------- , ----- r b d<P + 

6c 4 1 diP 6c4 1 d<Pa --~.. . 'f'10 

2+C 2 5 db d~ 
+ ----( ---- . -----

24c 6 1 d<P d\1> a 

1 7 d\ 2 
---=--( ( ------) + 
144c

6 1 
d<Pa 

11761 

12 

a d~ dab 4 dab 
+ (o) (----- + <P-----) + (o) ----, 

diP 2 diP a d<Pa 

' (/) 1 2 db 
dcf> = [ 1 + g p + t (p + <P - cf> - r b d<P + ---- , ---- -

1 1 10 cp 10 2C 2 1 dif) 

1 4 dab 
-------' ------]diP. 

24C 4 1 diP a 
1181 

B ypaBHeHB.BX 1111 CBMBOJJaMB (0)
0

, n =3, 4, 5, 6 0603Ha'feH:W 

nocTO.&HH:we . Man:we seJJB'fBHW n -ro nop.&.l{Ka, CTo.&mse nepe.l{ 

cPYHKQB.BMB, BHTerpaJJ:W OT JCOTOp:WX no (/) OT cp 10 .1{0 cp 20 3aBe,l{O· 

MO paBH:W HYJUO B CBJJY YCJJOBBI 161. 
HHTerpsposause ypasueusii I 17 I c npBMeHeHBeM coOTHomeHB.& 

1181 B BHTerpBpOBaHB.B no 'faCT.BM .l{aeT C TO'IHOCTJ.JO ,1{0 MaJJ:WX 

seJJB'fBH BToporo nop.&.l{Ka 

p~= ( 1 - t¢10 )p~- cp 10- [( 1+a1)¢2o + ( 1+g)¢10 ]p1 + ocp 20 +{-tcf>:o + 

s (1 + s 2) Ro ] 2 2 )' )'' 
+ [--------- ta 1 - ----------- ( 1- t ., 1"- 1' 

a 3 R 2c 2c bO 

R 
('=(1+t.P )('+1-t+[ta -ta 1 -----~---]p 1 +to + 

2 10 1 a R 
c bO 

cp ' 
2 20 cp 10 p 1 

1 + s (-t.. r b2 ""') + ----- + a -I.. - -----1 )' 1 -+ ------- 'f' 20 - . U'i' 2 1 'f' 20 2 1, 

c 2 cp 10 c c 

2 <P2o cf>2o 
2 ( 1 + s ) a db 2 3 + 2 s 2 5 - -------- ' I < ----> d<P - -------- ' r 4 1 ...... 6 1...~.: 

3c .P10 u... 24c 'f' 10 

1 7 <P 20 dab 2 
- ------ ' f (----) diP. 

8 1 a 
144c .P 10 d<l> 

( <!:~-) 2 
diP -

- d<ll2 

l19al 

11961 

3aMeTBM, 'ITO JC03cPcPBQBeHT:W npB BHTerpaJJaX B .l{BYX nOCJJe,l{HBX 

'fJJeuax pemeHB.& I 1961 npB6JJJI)J(eHHW s TOM cM:wcne, 'ITO B HBX 

He npe.l{CTaBJJeH:W BJ<JJa.l{W OT nOCJJe.l{YJOmBX Hey'ITeHH:WX 'IJJeHOB 

B pa3JJOlKeHB.BX lSI. 
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.l(na YTO'IHeHB.II K0 34M)IBUBeHTOB Y'ITeM B / 5/ Bee 'lneBhl Byn eBO­

ro DOp.II~Ka DO OTHOWeHBJO K p , ( B cp 20 -¢10 , Be3aBBCBMO OT 

BenB'IBHhl 'IBCnOBOrO JC034M)IBUBeHTa. Tor~a, BCDOn L 3Y.II ODBCaBHhiH 

Bhlme cnoco6 B ~ononHBTenLBo MeTo~ B~YJCUBB, nony'IBM 

B 

2"+ 1 
( d 

1 
b B =-t B I. p. () ----------, B.A. =- B It, 

r 0 i = 0 1 d<l> 2i + 1 'f' r 

00 d 2i b 
B = B I. q · (('j ------:--- ' 

z oi=o 1 d<l>21 

q i (() = S.=--~~i ' 2i ------
c 2i (2i)l 

r~e 

i 2i+ 1 

(-1) '-----­
pi<()= -~ 2i -z2i+ 1)! 

/20/ 

PemsM s nepsoM nps6nJVKeHBB ypasaeasa /12/, acnonL3Y.II /20/, 
B nocTpoBM ypasueaae BToporo nps6nJVKeaaa, nonaraa ~n• ynpo­

meaaa BhiJCna~OJC p 
1 
= p; · = ( ; · ~ 8 = 0, DOCJCOnLJCy 3aBBCBMOCTL 

OT 3TBX napaMeTpOB DOnHOCTLIO Dpe~CTaBneBa B /196/ B pac­

CMaTp&saeMOM DpB6nJVKeHBB, 

14 

2i+ 1 
00 d b 

)"., d ¢ = -1t . I. pi (( 1) -----2l-;l- + 
., 1=0 d<l> 

+ t 2 ~ 
i= 1 

- t 2 I. 
i=O 

d 2i + 1 b 00 d 2j- 1 b 
p. (( 1) -------- { <l> - ¢ - I. q. (( ) -----------] -

1 2i + 1 10 j =O J 1 2j - 1 
d<l> d<l> 

2i+ 1 

q.(~")~ b 1 ., 1 -------
d<l> 2i+1 

2j-1 
d b 

I. p . (( ) ---------1 d<l> -
j =o J 1 2j- 1 

d<l> 

2i- 1 2 j+ 1 

/21/ 

d b 00 d b 
- { <l> - ¢ - I. q . (( ) ----------] I. p . (( ) --------- d <l> • 

10 i = 0 1 1 d<l> 2i- 1 j = 0 J 
1 d<l> 2j + 1 

llpoBBTerpaposas ypasaease /21/, nonyqsM qacTaoe pemeaae, 

HO B JCOTOpOM DOnBOCTLIO Y'ITeHO BnB.IIHBe BCeX cnaraeMhiX HyneBO­

ro DOp.II~JCa B pa3nOlKeHB.IIX COCTaBn.IIJOIUBX MarHBTHOrO DOn.ll, 

(;(p1=p~=('1=B 
¢10 

0) = (- ---- t)( + 
2 1 

00 

1 + s
2 [ ~" A- - I. 

+ - - ----- "'1 '~"'20 i=O 
c2 

c 

2 2i' 2i+1 ¢20 
____ _l____ f 
c 2i(2i+1)! ¢10 

i 2 
( -~--~-) d<l>]. /22/ 

d<l>1 

B o6my10 r!lopMyny /22/ somns aenonswe aaanor&'IHhle pe3ynLTaThl, 

npe~cTasneaawe B pemeaaax ypasaeaaA axcaanLHoro ~BBlKeHB.II 

B pa60Te 18/ M.ll i =0, 1, 2, 3 ~ B pa60Te 1111 TOnLJCO ~n.11 i =0. 

3aMeTBM, 'ITO B3 r!lopMynhl /22/ cne~yeT HeDpaBOMepHOCTL 3aJCnJO­

'IeHB.II, C~enaHHOrO B pa6oTe /13/ OTHOCBTenLHO O~HOH B3 r!lopMyn 

pa6oThl 141• 

Pe3ynLTaThl npeo6pa3oBaHB.II TpaexTopaa 'laCTBUhl peanLHhiM 

DpOT.IIlKeBHhiM JCpaeBhiM MarHBTHhiM DOneM Y~06Hee Bhlpa3BTL JCaJC 

CTyDeH'IaToe B3MeHeHBe HeJCOTOpOH ycnOBHOH TpaeJCTOpBB 'laCTBUhl 

Ha 34M)IeJCTBBHOH rpaHBUe MarHBTa. 3Ta ycnOBHa.ll TpaeKTOPB.II 

cocTOBT &3 npaMonaaeiaoro yqacTxa 1-0 I puc. 1/, OTBe'laJOmero 

JCaJC 6y~TO 6hl ~BJVKeHBIO 'laCTBUhl B DpOCTpaHCTBe C DOnHhiM OTCYT­

CTBBeM MarHBTHOrO DOn.ll, CMeJUeHBH p 3 - P O , ( 3 - ( O 

B npenoMneaaA p;- p ~ , ¢
3

- ¢
0 

, ('
3 

- (~ TpaeJCTopaa aa 3rll­

r!lexTBBHoA rpaasue, a yqacTxa 3-2, o6ycnosneHHoro ~B&lKeH&eM 

'laCTBUhl B OCHOBHOM DOne . PeanLHa.ll B ycnOBHa.ll TpaeJCTOpBB 

Ha Y'laCTJCaX ~0 TO'IJCB 1 B DOCne TO'IJCB 2 COBDa~aiOT. 
CMeiUeHB.II a npenoMneHB.II ycnosHoA TpaeJCTOPBB qacTBUhl Haii­

~eM, paccMaTp&Ba.ll npsse~eHHhiM BhiWe cnoco6oM B3MeHeHB.II 

TpaeJCTOpBB 'laCTBUhl DpB DepeMeiUeHBB OT TO'IKB 0 ~0 TO'IJCB 1 .. 
B DpOCTpaHCTBe 6e3 non.11 /BHTerpBpOBaHBe ypaBHeHBH TpaeKTOpBB 

no <l> OT 0 ~0 cp 10 /, npeo6pa3oBaHB.II TpaeJCTOpBB B COOTBeTCTBBH 

c pemeHB.IIMB /16/, /19/, /22/ a, HaKoaeu, - npa nepeMeme­

HBB OT TO'IJCB 2 ~0 TO'IJCB 3 B none 8 z (p, cp, () = (1 + a 1p)B0 , 8 r (p,cp,() = 

= a1 ( B0 , 8 ¢ (p, ¢. () = 0 /BHTerpaposaHae ypasHeHBH 

TpaeJCTOpBB no <l> OT ¢
20 

~0 0/. 3TO none MOlKHO Ha3BaTL "ycnoB­

HhiM" B OTnB'IBe OT BHOr~a np&MeH.IIeMoro TepMBHa "&~eanLHOe " , 

noCJCOnLJCY npB CTpeMneHBB JC "B~eanLHOMy" nonJO, 06na~aJOIUeMy 
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pe3KBM cna.D;oM Bz- cocTasmno~eA: non• aa rpaauue, cocTaBnJIJO• 

~aJI Bcp BBe Me,D;BaHHOA: nnOCKOCTB CTpeMBTCJI K 6eCKOHe'IBOCTB, 

a He K HynJO B3- 3a ycnosaJI rot B = o. 
CMe~eHBJI a npenoMneHBJI ycnosaoA: TpaeKTopaa Ha 34MtleKTBBHOA 

rpaHHUe c TO'IHOCTbiO .D;O Mam.u senB'IBH BToporo nopJI.D;Ka c y'le­

TOM 3aMe'laHBJI /9/ paBHJIIOTCJI 

¢20 <II 
p - p = _1:._ ¢ 2 - f f b d<ll d<ll + __ !.__, 2 

3 0 2 20 A.. ¢ 2 c 2 0 ' 
'f'1o · 10 

P' - P' = [-~(_1_±_~_:2- a t - ---~-<l--]( 2- t2 ( (' 
3 o 2c3 1 . 2c3R o o o 

bO 

1 2 ¢20 <II 
¢ -¢ = t(--¢ - f f bd<lld<ll 

3 0 2 20 ¢ ¢ 
10 10 

+ _! 2 2~2, 0) , 

(3-(0 =O. 

R ' 
(' - (' = 1-t + [t 3 -a t - _____ Q. ___ ]p + t8 - -~.9--}( + 

3 0 1 c 3 R bO 0 c 2 0 

i 2i+1 ¢ 

/23a/ 

/236/ 

1 2 
00 

2 ' 0 20 d i b 2 
+ ___ .±_§ __ [( c/>2 - I ---------- I (----:-> d<ll} • /23s/ 

c2 o o i=O c2.1 (2i+l)! ¢10 d<IIJ 

Pe3ynbTaTbl /23/, nony'leHHble .D;nJI BXO.D;HOA: rpaHBllbl, nerxo 

pacnpocTpaHJIIOTCJI B Ha BbiXO.D;HYJO rpaHBllY .D;BnOnbHOrO MarHBTa. 

Kax BB.D;HO B3 cllopMynbl /23a, 6/, pa.D;aanbHOe npenoMneHae 

yCnOBHOA: TpaeKTOpBB 'laCTHllbl p ~ - p ~ , cp 3- cp O He 3aBBCBT 

OT napaMeTpa g, xapaKTepB3YJO~ero B3MeHeHBe npOTJI)I(eHHOCTB 

o6nacTB xpaesoro nonJI, xoTJI 3TOT napaMeTp BXO.D;BT B npoMe*YTO'I· 

HOe pemeHBe /19a/. KpBBB3Ha 34MtleKTBBHOA: rpaHBllbl npoJIBnJieTCJI 

B pa,D;BanbHOM B aKCBamoHOM npenoMneHBJIX 'lepe3 BenB'IBHY pa.D;By· 

Ca KpBBH3Hbl RbO 34MtleKTBBHOA: rpaHBUbl B TO'IKe ee nepece'leHBJI 

c onTB'IecxoA: OCbiO .D;BnonbHOro MarHBTa. 

BXO.D;JI~e B cllopMynbl /23/ BHTerpanbl .D;O i =3 Bblpa3BM 'lepe3 

napaMeTpbl peanbaoro xpaesoro nonJI. ~nJI 3Toro npe.D;cTaBBM 

xpaesoe none pJI.D;OM cTeneHHbiX cllYHKUBA 

¢ -¢10 
r.D;e K = --------, 0 ~ K ~ 1. 

¢20-¢10 . 
b(cf>) = I b i K~. 

i= 0 
/24/ 

16 

B noTpe6yeM BblnonaeHBJI ycnosaii /6/ MJI n =1, 2, 3. Pemas 

nony'leHHYJO CBCTeMy B3 BOCbMB ypaBHeHHA:, HaA:.D;eM 3Ha'leHBJI 

nepBbiX BOCbMB K034MtiBUBeHTOB: 

b
0

=b
1 

=b2 =b 3 =0. 

b(cp)=35K 4 -84K 5 +70K
6

-aJK
7 

• 
/25/ 

Ha puc. 3 npe.D;cTasneaa cllYHKUBJI b (cp) ,nocTpoeHHaJI no !llopMyne 

/25/. TaM )l(e TO'IKaMB ,D;aHbl pe3ynbTaTbl O.D;HOrO B3 B3MepeHBH 

3KpaHaposaHHoro xpaesoro nonJI B.D;Onb onTB'IecxoB: oca B o6naCTB 

BXO.D;HOB rpaHHllbl (( = 0 °) .D;BnonbHoro MarHHTa Macc-cenapa­

Topa/131. PaCCTOJIHBe Me)I(.IJ;Y 3KpaHOM (0) B rpaHBUeii nOnJOCHOrO 

HaKOHe'IHBXa (N} paBHO BbiCOTe npoMe)l(yTKa Me)I(.IJ;y nonJOCaMB 

/h =80 MM/. KaK BB.D;HO B3 puc. 3, KpBBaJI /25/ C xopomeif CTeneHbiO 

TO'IHOCTB annpoKCBMBpyeT peanbHOe xpaesoe none. 

3aMeTBM, 'ITO 6onee 'leTKO Bblpa)KeHHOA:, 'leM nonHaJI WBpBHa 

pacnpe.D;eneHBJI xpaesoro non• ¢
20

- ¢ 
10

, JIBnJieTCJI senB'IBHa, 

o6paTHaJI nepsoB: npoB3BO.D;HOA: OT cllYHKUBB pacnpe.D;eneHHJI xpaeso­

ro nonJI, B3JITaJI B TO'IXe, r.D;e b(cf>) =0,5. 3Ta senB'IBHa a onpe­

.D;enJieT npoTJI)I(eHHOCTb xpaesoro nonJI npa naHeAHoii 3KCTpanonJI· 

UHB cpe.IJ;HeB 'laCTB cllYHKUBB pacnpe,D;eneHBJI /eM. puc. 3/. II03TOMY 

BXO.D;JI~e B /23/ BHTerpanbl Bblpa3BM 'lepe3 a, BCnOnb3YJI /25/ 

B cne,D;YIQ~ee B3 /25/ COOTHOWeHBe a = ~Jcf> 20- cp 10 ) : 

¢20 <II 

J-¢ 2
- r I 

2 20 ¢10 ¢10 
b d<ll d<ll =- 0,07 a 2 

3 2 i ' ~i + 1 ¢20 d i 2 
'o ¢2o - . _I --------- r <---~-> d<~~ 

1- o c2i(2i +1)! cfi1o d<ll i 

/26a/ 

- . (o 2 (o 4 ( o 6 
- (

0
a [1,09- 0,89- 0,49(---) - 0,32(----) - 0,28 (---) ]. /266/ 

ac ac ac 

Haii.D;eHHble 3H8:'1eHBJI BHTerpanos /26/ YTO'IHJIIOT senB'IBHY 

OT.D;enbHbiX 'lneHOB. TaK, HanpBMep, 'lneHbl B /266/, CO.D;ep)l(a~He 

( ~ B (~, OXa3b1BaiOTCJI C~eCTBeHHbiMB .D;nJI TpaeKTOpHH 'laCTH· 
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0 Q2 Qt, Q6 aa 1.0 ae 
f.O 

09 

as 
Q7 

Q6 
~ 

~ Q5 
Qlj 

£2' 

D.2 

at 
ao ,, w 

' ' I I I I I I I t t I 

-'10 0 I{) 80 f4) 6) 1#1 

Puc. 3. lbcnpec)eAeHue Kpaeeozo noAJI c)unoAr.Hozo MazHullfa ec)oAr. 
onllfu'lecKoil ocu. To'IKU - pe3yA r. llfa llf r.r U3Mep eHUJI c}AJI c)unoAr.Hozo 
MaZHUIIfa Ma ce- cenapa11opa 1131. Kpueoil npec)cllfaeAeHo pacnpec)eAe-
Hue b(cf>) = 35K4- 84K5+ 70 K6- a:JK 7 , • 

cf>- ¢10 
zc)e K = --------- • 

¢20 - cf> 10 

KpueaJI cMelqeHa c pe3yAr.•a•aMu U3MepeHuil npu ycAoeuu 
paeeHc•ea napaMellpoe a. 

nw, npoxo,IUimeA B xpaeso:u none s6nH3H nnocxocTeA nomocuwx 

HaKOHe'IHHKOB MarHHTa. llpH ( O "' 0,6oC l3aMeTHM, 'ITOcilopMynw 

151, 120/, /221 cnpaBeAnHBW BnDOTJ. AO ( 0 = oC/ Ky6H'IeC­

KD H DJITOA CTeneHH no ( O 'lneHW B CYMMe paBHW no BeDH'IHHe 

18 

H 06paTHW no 3HaKy, H3BeCTHOMY nonpaBO'IHOMy KBa,ll;paTH'IHOMY 

'lneuy 0 ,20 ( 0o . 3To 3Ha'IHT, 'ITO clloxycuoe paccTOJIHHe axcH­

an~ouoii nHH3W Kpaeaoro nonJI, paauoe 6e3 yqeTa npoTJI)KeuuoeTH 

nonJI F = R0 It, 6y.neT coeTaBnJITb , ecnH yqeeTb npoTJI)Keu-

HOeTb Kpaeaoro nODJI , F 
1 + s2 

R
0
/(t -o.a:> ----

2
--a) 

c 
,li;DJI 'laeTHU, 

npOXO,li;JimHX B6DH3H Me,li;HaHHOH nnoeKOeTH. ~JI 'laeTHU, npOXO,lJ;JI• 

mHx Kpaeaoe none a6nH3H rpaHHU Me)I(Qomoeuoro 3a3opa, 3TO 

paeeTOJIHHe, KOTOpoe TODbKO yenOBHO MO)KHO Ha3BaTb ciloKyCHWM 

B eHny HenHHeHHOrO ,ll;eHCTBHJI DHH3W, eHOBa eTaHeT paBHWM HUH 

MeHJ.WHM F = R 0 / t . 
Bee 3TO noKa3WBaeT B~HOCTb y'leTa 'IDeHOB e i =1, 2 H T.,ll;. 

B cllopMyne 1221, TODbKO qaeTH'IHO npe.neTasneuuwx B pe3ynJ.TaTax 

pa60TW !8/ H OTeyTeTBYJOmHX B pe3yDbTaTaX pa60TW I ll ! . 

Kax ene.nyeT H3 l26al, nonpasxa ,li;DJI pa.nHanJ.uoro ,li;BH)KeHHJI, 

onpe.nenJieMaJI a 2 , Mana. llo3TOMY qpe 3Mepuoe orpaHH'IeHHe npo­

TJI)KeuuocTH Kpaesoro nonJI 3KpanaMH, npe.nnpHHHMaeMoe .nnJI cnH­

)KeHHJI Heonpe.neneHHOeTH ero .neii:eTBHJI, He JIBDJieTeJI He06XO,li;HMWM 

.nnJI pa.nHanbuoro ,li;BH)KeHHJI. B TO )Ke apeMJI 3TO orpanH'IenHe 

DpHBO,li;HT K 3aMeTHOH HeperynJipHOeTH aKCHaDbHOrO ,ll;eii:eTBHJI 

KpaeBoro nODJI ,li;DJI y.naneHHWX OT Me,li;HaHHOB nnoeKOCTH 'laeTHil, 

o6yenOBDeHHOH eHDbHWM nporH60M MarHHTHWX CHDOBWX nHHHH 

xpaesoro nonJI s6nH3H rpanHu Me)Knomocuoro 3a3opa no.n BnHJI­

uneM 3Kpaua. 

Kax BH.nuo H3 cllopMynw 123 a,6l H l26al, eMemenHe p3- p0 
H npenOMDeHHe ¢

3
- ¢

0 
yCDOBHWX TpaeKTOpHA 'laeTHU, ,li;BH)KYIUHXeJI 

B Me,li;HaHHOH nnoeKOeTH HUH nepeeeKaiOIUHX ee Ha 3cllclleKTHBHOH 

rpanHne I (0 =01, oKa3waaeTeJI o.nHHM H TeM )Ke ,li;DJI aeex 'laeTHU, 

He3aBHeHMO OT KOOp,li;HHaTW p, H paBHWM, no eYmeeTBy, Manoii: 

senH'IHHe TpeTI.ero nopJI.nxa I - 0 ,07 a 2 I . 3na'leHHe pa.nHanb­

HWX npOH3BO,li;HWX npH 3TOM eoxpaHJieTeJI, T.e. p ~ = p~ • Bee 

3TO, JIBDJIIOmeeeJI ene,ll;eTBHeM BW60pa UHDHH,ll;pH'IeeKOH eHeTeMW 

KOOp,li;HHaT H HOBOrO onpe.neneHHJI 111 3cllclleKTHBHOH rpaHHUW, 

ynpomaeT npHMenenHe nony'lenuwx cllopMyn npeo6pa3oBaHHJI .nnJI 

pae'leTa OnTH'IeeKHX xapaKTepHeTHK MarHHTHWX auanH3aTopOB. 

Pe3yDbTaTW uaeToJimeii: pa60TW 6WDH HenODJ.30BaHW ,li;DJI pae­

'leTa MarHHTHOrO MOHOXpOMaTopa 3Q2D2Q- ·THna / 14/ ny'IKa 

TJI)KeDWX HOHOB H30XpOHHOrO UHKJIOTpOHa Y-400 JIJIP O.HJI.H. 
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ABTOP 6naro,llap&T axa,lleMBICa r .H.cl>nepoaa Ja npe,llJIOJKeHBe 

paCCN:OTpeTJ. BODpOCJ.I XOMMYTa.I(BB B MOHOXpOMaTBJa~BB DY'IXa 

HJOXpO&Horo ~BJ(JIOTPOHa Y- 400, CTBMYJIBpOBaBwee BJ.IDOJIHeHBe 

aacTOJIIQei pa6oTw, A.li.KyJae~oaa B H.1i.Py6aaa - Ja nno,llOTBop­

awe ,llHCXYCCBH. 
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