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A H H 0 T a U H H 

B pa6oTe pewaeTCH 38!18'{8 <}:>opM HpOB8HIIH 38!18HHOrO nO/lSI TOKOM B MHOro

CIIOAHOM M8rH9THKe , nonytteHbl TO'tHbie Bbipa>KeHHSl n/IOTHOCTH TOHKOrO 0/IOCKOrO TO

K8 !1/IR cnytt8B !IBYX rpaHifU /none B 3830pet none 38 11/IOCKIIM MarHHTHbiM 3Kp8HOM/ 

K npoK3BO/IbHoro 3a.:taHHoro s 11/IOCKOCTH MarHKTHoro 110/IR, Ha H3biKe MeTona K30-

6pa>KeHKA 11011Y'i9HH09 peweHH9 9KBHBa/leHTHO y-qeTy scex 11306pa>K9HIIA TOK8 , 



Bae.aeaHe 

B n paKTHK e cpopMHpoaaHHSI M8rHRTHoro nonS! a ycKopHT911SIX llJ R pO K O npHMeHSIIOT-

/ 12 3 45/ 
CSI aHTKH C T OKOM t t ' ' • npHM9H9HH9 TOKOa o6ecn9'!HaaeT 3H8'iHT911bHbl9 npeR-

MYW9CTaa no CpaaHeHHIO C >Kene3HbiM W KMM K pOa8 HH eM . 3TH npeHMYW9CTaa CBSI38Hbl 

C a03MO>KHOCTbiO nnaaMOlt peryn H pOBKH nonS! nyTeM H3M 9 HeHHSI TOK8. 

06~'1HO pacnpe.aene MHe TOKOa H8 noaepXHOCTH n oniOC8 onpe.aPnSieT CSI MeTO.QOM 

npo6: 6epeTCSI H9KOTOpOe pacnpe.aei19HH9 TOKOa H OT~CKHaaeTCSI C03.Q8a89M 09 HMH 

none, K OTOp09 CpaaaHa89TCSI C 38.Q8HHbiM noneM . n o p8CXO>K.Q9HHIO M e>K,ay HCKO-

M biM H npo6Hb!M non eM OU9HH aaeTC Sl H3M 9H9HH9 cpOpM bl TO K 8, H900XO.QHM09 .QIISI no

IIY'i9HHSI 6onee TO'IHOA cpopMbJ nonH. 3aTeM 9Ta onepauHSJ noaTopS!e TcR .ao nony'i eHRR 

38.Q8HHOA cpopMbl nOIISI C Tpe6yeMOl! TO'iHOCTblO, EcnH Tpe6oa8HHSI K TO'iHOCTH aoc

npOR3ae.aeHHSI nOIISI He 0'!9Hb abJCO KH, TO YK838HHb!l! CnOCOO noaaonHeT ccpopMHPO

B8Tb aa.aaH HOe none npH ae6onbUJOM 'iRene npo6. O.aHaKo paaaHT He ycKopHT911bHOA 

T9XHHKH a H8CTORW9e apeM Sl CaSI38H O C noCTOSIHHb!M ao3p8CT8HH9M Tpe60B8HHlt K 

/2 6 7 8/ 
TO'iHOCTH aocupoK 3ae.aeHRSI nonSJ ' ' ' • CooTaeTcTaeHHO aoapacT810T Tpe6oa8HKSI K 

TO'iHOCT H p8C'I9T8 . il p H HCnOIIb30a8HHH M 9TO.Q8 npo5 'IHCIIO CTyneaeA p8C'19T8 6biCT-

po p8CT 9T C noabiW9HH9M TO'IHOCTH, 

00'b9M abJ'IH Cn9H Hl! H Bp9MSI, 38Tp8'iHB8 9MOe H8 cpOpMKpOa8H H9 nOIIS1 0 MO>KIIO 

3H8'!HT911bHO COKp8THTb, eCII H aM9CTO KOCaeHHOrO M9TOD8 npOO HCnOIIb30B8Tb npSI

MOlt '-JeTo.a abi'!HcneaKSJ TOK8 no coa.a8a8eMoMy HM aa.aaaaoMy non10. 06w8H aa.a8-

'18 T8K0r'O po.aa CaSJ38H8 C peW9HH9M .QBYXM9pHblX HHTe rp811bHb!X ypaaH9H KA ¢ pe.a

r'OJlbM 8 n epaoro po.a8. M bl paCCMOTpHM pH.a npocTbJX npHMepoa, npencT8aiiSJIOWHX 

np8KTK'I9CKHA HHTepec . H8H5onee npOCTOl! H B8>KHOll Rai1SI9TCSI 38[18'18 cpopMHpOa8HRSI 

nonR , aa.aaa a oro Ha nnocKOCTH a o.aHoponaoM M8rHeTHKe , H8aoseM 9TY 38Ll8'1Y oc

aoaaoA . PeweHRH npyrRx npocTel!wRx aa.a8'1 , p8CCMOTpeHHbJ'C H8MR, abJpa>K810TCSI 

'i9p93 p9W9HH9 OCHO aaolt 38.Q8'1H, KpOM e OCHOaaol! 38[18'1 11 H8MH p8CCMOTp9Hbl 38.Q8-

'IH cpopM H pO a8 HHH nOnS! niiOCKHM T OKOM npR H811H'IHH O.QHOll H nayx nnOCKHX rp8HHU 

p8a.aena M8rMeTHK8. 

l, B bJaO[l OCHOaHbiX y paaH9H Hlt, noc T aaoaKa 38Ll8'iH 

Vf cxo.a MbiM nyMKTOM H 8WHX p8ccy>~<.aeaHA SlaiiSJIOTCR yp8BHeHH SI MaKcaenn8 LliiSI 

CT8TH'I9CK OrO M8r'HHTH0r'O nonS! B H30TpOnHOM M8r'H9TRKe: 
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rotH (F) -== Jt. JlF) = Lnr ;<' ( r) 

olA-v 8 (f)= o 

8 (r J =fA- rrJ· H (r} 
/Mbl nonb3Y9MCS! .QeK8pTOBOlt C HCT9MOlt K00p.OHH8T .X y 
;:.r.x+J.k..- k·l - pa.OHYC - B e KTOp npOK3BOllbHOlt T O'IKHI, 

11.1 1 

11.21 

11.31 

.z. 

,On Sl H8C y .Q06HO HCKn!O'IKTb HH.QYK U KIO 8 H npe.OCT8B HTb ypaBHeHHS! M 8KC-

senna s sa.ne 

rtJt Hf rJ = 41i j5fr) 

r;/A,v Hfr}= fH(rj. yuuiE(F) 

e.trJ = 1/ JA- tr). 
M / :-:1 191 

Bse.n eM 8KBHB8119HTHYIO TOK8M K8M8rHH'I9HHOCTb , ,, r; 

11 , 11 

11 . 2
1

1 

11.41 

rot MffJ= prrJ. 
3KBHB8119HTH8S! TOK8M H8M8rKH'I9HKOCTb 

11.51 

MfF} onpe.nenHeTcH, soo6me rosopH , 

aeo.naoaaaquo. O.naaxo a .nauaolt pa6oTe Mbi 6y.neM paccMaTpHB8Tb TOnbKO ·nnocKHe 

TOKH 

f (F}== l. f )t.+ff ,+kf l =l.f)( + Jf1 ' f l c= 0 > 

llllll K OTOpblX npOH3B011 B onpe.neneKHH M nerKO HCK1110'1HTb 1 nonaraH 

M!r}= Mz· k = MrFJ. k 

Mx =My == o 
a, TpeOyS! oOpaweK HS! M I X , 'J , Z I B aynb aa 6ecKOHt!'IKOCTH ,_. 

00 1 
~ _,. 00 

1 
ecnH TOKH H8 6eCKOH9'1KOCTH HC'I93810T , 

P eweaHe y pasueualt 11.1 1 H / 1.2 1 MO>Kuo B&I6paTb a sn.ne 

H = LarM + h, 
r.ne s e KTOp nonS! 1£. onpe.nenHe T C H ypasueHHS!M H 

rot k. = 0, 

11 .61 

11.81 

X ~0.0 • 

11.91 

11.101 
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11.121 

Ecnn Mbr HfiT epecy eMcSt pew eHHStMH ~ , HC'i C3810WHM H H£1 5ecxoHe'iHOCTH, 

TO 

11. 131 

11,1 4 1 

~ne HHTe~pHpoaanHe npoH3BODHTCSt no aceMy o5beMy , 

EcnH cpena COCTOHT H3 OTnenbHbiX ODHOpODHbiX K~CKOB M8rHeTHK8
1 

npH'ieM 

TOKH r IH H8M8~HH'i9HHOCTK M I RC'ie3810T Ha noaepXHOCTStX 

(r)= -JJi.vMCr1 Jk ' +Z ~J h, rFs') J.s ', 
~ I r - v 'I s n, IF - 'F-5 'I 

pa3nena , To 

11,1 5 I 

-cKa'iOK E (F) Ha rpaHHue pa3nena • - cpena ee 

Ha rpaHHue,paaaoe nonycyMMe 3Ha'ieHHR E (r) no o5eRM cTo

poHaM ~paHHUblj lz, (Fj -HopM8nbH8St COCT8'BnSt iOW8St j,- {Fj K rp8HHU9 pa3ne

na ; CYMM Hp058H K9 ~ 
s 

pa3nena, cl $ -sneMeHT aTOA noaepxHoCTH lcpaBHKTe c ypaaaealfeM 130, 131 pa5o-
11 0 11 Tbl , 

npOH350DKTCSt no 5C9M ~nanKHM 'i8CTStM noaepxHOCTH 

JJnH nanbHe AW HX Bbl'il'ieneHKA y .QOOHO npencT8BHTb nOTeHuHan 'f'{F) B 

BHne HHTerpana 

((> fF} =-jCrx,,,z/f, p,s}~'v !HfE.-e. ~)cl~clt clr, 11. 16 1 

~ne cr~,, ~!F,z~) - c;pyHKUHH rpRHa onepaTopa fl annaca nnSt o6nacTK, orpaHH-

'ieHHOR noaepXHOCTStMH pa3nena M&~HeTHKOB, onpenenHeTcSt ypaaHeHHeM 

11 . 181 
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OnpeJJ.en e HHe Q(;c,j,Z{f,~~r:J H3 l l.l 11 aKBHeaneHTHO p eweHHJO wKnJO'I e e o llw a a-

1101 
JJ.8'1 H 

M bl 6 y JJ. eM p8CCM8TpH B8T b M HOT"OCilOIIHbiH M8T"H9THK 1 rpaHHUbl p83JJ.91l8 K OT O -

poro napannenbHhl 

JJ.89T C OCbiO 2 

nllOCKOCTH 2 = 0. B eTO•vl cnyq ae HOpManb K rpaHHu e coena-

H ~:: ";J(; 
'11'1, 7JZ 

• KpoMe Toro oLc'vM = 6M(x,y, .Z. ) , 
o l. 

C cj.lopMynHpyeM Ten e pb Haw y aaJJ. a'ly • .[lonycTHM, 'ITO cnoll TOKOB I napann enb

HbiX nnocKOCTH 2 = 0 H pacnono >I<eHHbiX a o6nacTH G~i!~tl>O, coaJJ.aeT s 

n .liOCKOCTH i!f! "' 0 KOMOOH9HTY M8T"HHTHOT"0 nOnH , Hanp8Bil9HHYJO nO OCH if! H pae-

HYIO Hf.X~)J).cnell.y eT HSIIT H nnOTHOCTb TOKOS B cnoe c~ ir )a. I ecnH OH8 ae 38BH-

CHT OT Z BHyTpH CllOH. 

nocKOilbKY B nnOCKOCTH 

TO B aTOll nnOCKOCTH nOilH 

2 = 0 TOK H IH H8M8T"HH'I9HHOCTb M I OTCyTCTBYJOT, 

- -k H H cosnaJJ.aJOT. noaTOMY MO>KHO C'iHTaTb aa-

JJ. I:IHHOII if! -KOMOOH9HTY hz rrp H Z = 0. 

Vf3 OJJ.HOpOJJ. HOCTH nnOTHOCTH TOK8 no Z Cll9 JJ.Y9 T O JJ. HOpO JJ. HOCTb H8M8T"HH

'1 9 HHOCTH M 110 i! 

M (X,}, 'l) == M (X I 1) a.~z~B 11.1 91 
I 

T o o6cToHT9nbcTB0
1 

'ITO M aaeHcH T oT napaMeTpoe Q H B , M bi 6y JJ.e M HB

HO oTMe'!aTb. T o rJJ.a 

aM (x,1~~,a,lJ-- Mfx,,,a~~J{S(c.-a.)- Sr2-8j, 11.20 I 

T"JJ.9 b (i!,) - JJ.91lbT8- cPYHKU HH , 

Vf3-38 OJJ. HOpOJJ.HOCTH Cp9JJ.bl ITO .:J. H if ct>YHK U H H r p HHa G(.x,~,l(~.'),') 
388HCHT TOilbKO OT pa3HOCTell X- r . ~-e. 

BocnOilb30B8BWHCb 9THM csoliCTBOM G ( )C, ~!I~, e.("). MO>KHO CJJ.91l8T b _ npe

o6pa30B8HH9 ¢ ypb9 JJ.IlSI ypaBH9HHR 11.1 71 H n n R z - cOCT8BilSIIOLU9ll nOnS! k 
B n nOCKOCTH 2 "' O 

pO 

k(x,p=Jf's"pM(f, ,,a,gJ{'crx.J-!/E,f.~) _ ot;(x,,, dF, y, /) 
_.o o 2 oi! .J 

n peo6pa30 88HH bl9 B91lH'IHHbl CBH38Hhl ypa8H9HHSlMH 

11.211 

r=o 
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r .a e 

fl _if x-i~J 
h (f. rJ = 9._~JJ""~ h {x,3) e 

-00 

If T • .a . Bse.aevt o6o3 Ha •re HHSJ 

I ) _ () C:(p,,~ ci~J 
(5'(p,,, ~ ~ - () ~ 

~rp, q, r/~) = o ~ (p, 9. ~~~} 
C> r 

s r.sJ _ ~{p_, q, ~.s f "!:) 

11 .221 

11.231 

11.241 

11 . 251 

GSs' = s. (p,f~ ~sl~s) ~ s,s': (, 2, 3.) ... _, 12.- I 

nplf'·leM G'$ s = 0. 

T or.aa 

k(p,f) 
M~~,~= ~ 

!l.7i { u (p, f, o/a)- (5"(p, 9_, of i). 
11 .26 I 

G'(p,f,a{.5-)=~(p,f,r/~- z~sc;: (p,q, ~~~.s)~ rs). 11.271 
s 

n r.-f$) 
BenH'IHH ~ l npH HanH'iHif ft rna.QKIIX l.f8CT e A 11 089pX HOCT E>l\ p a 3 -

pb1Bal Onpe.aensi!OTCR C HCT9MOA K 3 n n HH9AH blX anre6 paH I.f9C KHX ypaB H9HHI\, 

I 1.281 
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~(~) ? o( ,G: G(~')- r=- (s} 
Q T ~ S ss' - \J o · 

S' 
/ 1.28/ 

YpasHe H fHI / 1.26/, / 1.27 I " / 1.28/ B npHHUHII C p e wa10T nocT e l'lJl e HHYIO :~n.an

'!Y, e c nK OT Cl> y p be - o6pao a 1)1 (Af,t11 t) u e pei!'TH K K 00 p .O KH8 THO !'vly n pl't:lC T 8I\!l P HIIIO 

nyTe'VI o6paTtto r o n p co6pa30BaHHSI Cl> ypb e 

00 . . 

Mfx,,.a,l]-= Jx JfJ.rJfM(p.f,d) e 'f'"' 41
. /1.29/ 

_cO 

n epe ii a eM T 900pb K p8CCM 0 T p9HH 10 '1 8CTH biX 38.08'1 , 

2, ¢>OpMHpO B 8 HK El nonS! B O!l HOpOL\ HO M 

M3 l"H9THK9 

B O.O HOpOLJ.HOM M8l"H 9 THK9 H 9 T CK 8 '1 KO B M 8l"HH T HOA npO HHU89MOCTH " d.s =0 . 

n o 3 TOMY 

G"Cp,q,~l~) == ~ (p,q,z/5) = E(<'- 2.) e_).f~- zt I 
r a e c ( Z} - 3 H 3 K OB8 S1 r}}YHKI! HSI 

C ne .to BaT en bHO , 

f rzJ = [ 1 
-1 

I 

I 

Z>O 

l<O 

( ) ->..r: 
U p,q,o{~ : e npH 

-c > o, At= ft+~t 

K s e nK'IKHa M(p,9,a,~} o Ka3bJB a e -rc SI p a s noA 

/2.1/ 

/2,2/ 

h cp, q J e >..ct. 
ft\(p.,,o.,~}= M 0 (p,f,tt,A) = .. ,) !2 . 31 

~·· \. ., - '- , 
r.ae napaMeTp A <el- Q.- -ronWHHa eno s• TOK8 - e twne H BMecTo 11 8pa M PTp8 6 
V1H .0 9KC -o- 8 0 603 H8 119HKn J'V\O BB9/19H a nSI B h i L.19n9 HK SI T O!" O 06CTO !o!T9nbCTB8, 'ITO 

M o - 3 TO nnoTHOCTb H 8 M 8 l"HH't H TI8 HHSJ 1 Heo6x o.aHM 8 SI n nR cj:lopMHpO B8HHSI 3 8 .08HHO r o 

nonS! B OAHOpOAHOM M8l"H9THK9 / 8 B8K y yMe, H80pHM & p / , 1'.9, p e UJ 9 11K 9 O CHOP.HOJl 

38.08'11-1, 



9 

npH Bbi'-IHCJI9H HH H8M8rH H'-ICHHOCT H 8 KOOP.lHIHaTHO~ 11p9.LJ.C T aBJH'HHH 1101193HO 

pa3JIH\f8Tb L.tB8 npe.nCJibHbiX CllY'-18SI: 

1. T onwHHa cnon TOKa A Mana , TaK 'ITO A·~ << 1 B ol5naCT H 

L(p,o)e Aa. BGJIII'IHHa fl, 1 rAe 

~o/'( 1- e- >.taJ 
38MOTHO OTJIH'-!Ha OT H y n n . B a T OM cnyYae een H'-IH HY 

MO>l<HO pa3JIO)i{I!Tb B pS!D. 110 CTCOCHS!M • T or.a.a 

r.a.e 

II 

Oo 

Mo(f,f,a~4J.11 =-G Cn 
ll :o 

mo (p, q, a)= { M 0 (p, q, a,~)· ~J., =: 
nepebre 'leTbipe Koaf!'lcpHu HeH1'a 

Co ~ 

c~ = -t/~ 
c.t = -t/-t£ 
c3 = o 

ch, p8BHbl 

B Koopn HH8THOM npencTaeneHHH nony'IHM 

CaoiicTBa rt'YHKUHH 
0.0 

mo (x, y, ~) = r-kJ Jfdfrlct 
- o.;) 

Il l I 
H3Y'I81111Cb B pa5oTe • 

r.::te 

2. TonittHHa CJIOSI TOKa ~ De!I H K8 , TaK 'ITO 

k(p,q)e)..a. fo . B aToM cny4ae e-.Aa.<< { 
1 

1 -A4 -e 
MO>KHO p83JIO>KHTb B pS!D. 110 CT(lllei!SIM 

12.41 

12 .51 

12 .61 

12 .11 

I 2. 'dl 

A £l >> / a o6nacT H 

H BeJIH'lHHY 
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lt.Cp f) oo - rd d +;\a, oo 
M. (p,9,a.,A)= U: §. e = ~ M.(p,q,a-n,.:1, o0)) / 2.9/ 

r.ae M. (p,q, tt", oo) - H8M8I'HK'IeHHOCTb, C03 .Q810 LU8S! 3 8.QilHH Oe none n p H 

4:: 00 / t5 9 CKOH9'1HO B b iCOK8S! K8TY W K8 C TOKOM / . B KOO p .!l liH8THOM npOCT p8 HCT-

1!19 HM99M 

C>o 

M. (x,~,ct,A)-= ~ M o (x,3, a-n«1, 0o) . 
.. 1: 0 

/2.10/ 

3 , ¢ OpMHpOB8HHe OOJlS! n pH H811H'IHH O.!l HOll rpaHHU bl 

paa.aen a 

Ecn K HMeeTc R on Ha rpaHHua paanena Z = "Z?_, > B, 1 

npK'19M r::: )A-o t ecnH i! < e., H )-'- =.)A- , 9C11K z. > 2 ·1 1 TO 

yp8BH9HH 9 / 1.27 / ::.>KBKB811 9 HT HO y paBHeH HIO 

G'{p,q, ~tr:)= G: Cp,tf,~f<)+ ~G;, Cp,9,l(r1JOrp.q, e.-~ I~), /3. 1 / 

1'119 
~ = _;P_-_,J-(_o_ 

Pr,.,Uo 

T 8K xax ~.( = G:. (p, q, z 1 / Z1 ) = o, TO n MeeM 

G" (p, f, i!.1/.:) == G'o Cf• q, ~f /~} • 
Cne11oBa1·enbHO 1 

G'(p, q. ~/~J r:::~ (f, y, 2./"'J +otUo (p. ,. ~lz1)G; Cp, q, ~, /~). ~ ~-~ . 21 

axsKaaneHTHa R fOKaM HaMarHH'IeHHOCTb M(p, ,, a} A, J) o xaabrsaeTcR paaHoA 

M(p,fl, tt, ~ . d)= 
Mo {p, q, a,, IJ} 

f.,..ote-.2-tCl 

r.ae Mo (p,q, ~ c1} onpen eneHo a npe11 br .a y w eM naparp1cpt!, a 

RB11S!9TC R Cp9.Q IJ HM paCCTOS!HK 9 M TOK8 11 0 r p 8HHUbl . 

BenK'IHHY 

/3,3/ 

d == ::7 a.+ol 
~( --1/, 



1 I 

IJ.4.1 

H83()89M acf'JcpeKTHBHOCTbiO TOK8 OKOll<:: rpaHHUhl, ::ht•<f:H!KTHBHOCTb TOK8 OKOllO rpa

HHUbl nOK83biB89T BO CKOllbKO p83 M8rHHTH09 ll0ACTBH 9 TOK8 OKOllO rpaHHUbl ~cpmOK

TliBH ;J9 Ll eACTBI:st TOK8 B OLt H000Lt HOM M arH9THK9. 3 cprt>aKT HBHOCTb TOK8 SIB! ! Sl9TC Sl 

cpyHKll H9A .A , T.e . 38BJ.ICI~T OT gJopM bl TOK8 . 3cpcpeKTHilHOCTb TOK8 nOllHOCTbiO 011 -

pe.rtOll9H8, 9CllJ.I TOK p8Cl1p9f.19119H B BH119 11JIOCKOli BOilHbl, ,1 Jii60 510llS19TCSl H860J)OM 

/naKeTOM / n.llOCKHX DO!IH 1 BOI!HOBbi9 'HICll8 ? , ~ KOTOp blX COS1:18Hhl C00T HOW9HH-

eM 

pt+ q i = A st = c....on\it 
EcnH pacnpaaeneaHe TOKa nMeeT BHll sonHosoro naKeTa c nonnODbrM H 'IHCilBMH A , 

nemautHMH B aocTaTO'lHO ManoA oKpeC THOCTH HeKoToporo cpeanero 3118'-feH nst Ae.p , 
TO HM 99T CM blCil n O HSITH9 cpe.n H9K acpql eKTHBHOCTH TOKB. . E CJl H me C110 KTp ). W n-

pOKHA, TO MO>KHO p83J1H'f8Tb llBB. npe.aenbHbJX Clly'last, 8H8110rH'IHbiX .OBYM npe.aenb

HbiM cny'lastM npe.abttlywer·o naparpacpa: 

1. ToKH ne>KaT s6nH3H n o sepxHOCTH, T.e. >.d.<<~. 

B aTOM cny'lae 

r.ae nepBbie KO~cj.JcpKnHeHTbi An. paBHbi 

0{1 (1+ ot}~ 

A-.~, o( ( o(-1}/{1+ cl.) 3 

,43 = 0( ( If d. - o( ~- { J/ (! + c(j 'f 

2. T o KH nemaT .aaneKo oT nosepXHOCTH pa3.aena , T.e. ).d>>/.B 
'189 

13.5/ 

/3.6/ 

9TOM cny -

/3.7 I 
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4 . ToK e nnocKoM 3a3ope 

nyCTb HMeeTCS! TpH cpeabl , p83aeneHHbiX OllOCKOCTS!M H z = i!{ < 0 

~ = C.t, > €> 1 npH•ICM H 

B STOM cny'lae 

?-~ 
_,L< 'C ~~ 

_,AA;:,_.u 

npH 

npH 

npH 

:z < e.-( 
z < c < rR, f 

z > ~2. . 

u-(p.q, -z !<) = So Cp) 9) z..f<)- otfi'o Cp, 9) z/~1 }G"'(p, q~ l.1 {~)+ 

+d. <r. Cp, ~ l/2~G'(f, q. z.t~) . 
DnH onpeneneHHH senH'lHH 

G.; = G'(p, q) 24/~) 
G"i .. (S cp,q) i!g,/~) 

HMeeM CHCTeMy ypaBHeHH'l! 

~ - ~G'o(p,q,i1 / Z.J= ~ (p, q, Z1(~) 

ciG;,{p,q,~al~.JG4 + ()~ = G""o (p, q, ~J../~) 1 
pewaH KOTOpyJO nony'IHM 

r:_- _ G";.(p,q)2,/~)+-ot5:,(p,q,e1le.)G;,(p,q) ~a.f~) 

14 .1 1 

14.21 

~1-

1-t cx 2 o;(p,q,Z1 f~~)C>;(p,q, cR.Ie1) 14 . 31 

Ci1.. == (). cp,q) -e~,{t') - o(~ Cp,q, ~R.Ie1)s-cp,f) ~,(~) . 
1 + eX~~ Cp,fl) ~,l~.~.)cs;. rp, q. ~ .... 1z1J 

8 C HMMeTpH'IHOM C11V'f8e , KOrnc1 1.11 1 lr ~ .. :::: ro) DllSJ G'(p, q, 0(~) no-

ny•1aeTcSI Bbipa >I<eH He • 

CS'(p,q,oi<J ·= e-v; ({- o{ es.)..(i!o -~)) 
{ - o( e-2A2'o ' 

a HaMarHH'leHHOCTb M OK83~BaeTC~ paBHOl! 

M(p,q, lt,tl,d, i!~ == 111 o( p, q, a.,ll)( 1- o( e -.2-IZ 0) 
1 + 0( e -2.J.d 

14.4 I 

14.51 
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8 91lH'lHHY 
1- el e -a l-ao 

H830B9M a<t:J<t:JexTHBHOCTbiO TOKa B 3830pe. K SK H :94J4JeKTRBHOCTb TOKS OKOllO rpa-

HRUhl, a¢¢exTHBHOCTb Toxa a aaaope nonnocTbJO onp eaen ena a n a pacnpeaenenna 

Toxa a BKao nnocxoA aon H'l>I 'HnH yaxoro aonnoaoro naxeTa . 

Baeaenne nonpaaox na xone'IHYIO aenn'IHHY d Mbl paccMoTpenu a npeahlay-

LU9M naparpa¢e. noaToMy pSCCMOTpHM ceA'IaC npaKTH'I9CKH HHTe p eC Hbllt Clly'laA 

Manoro d , B aToM npeaene nony<~HM 

14,61 

/4,7 I 

/ 4,6/ sxauaaneHTHO y'leTy acex uao6pamenHft Toxa. BenH<rHHa Toxa, coaaa10wero 

aaaannoe none, yMeHbwaeTca aa c'leT aononHnTellbHOro MarHHTHoro aeAcTBHH rpa~ 

nuu I RnH naol5pamennft To xa / no cpaaneHHIO c TOKOM a aaxyyMe /a oanopoano ft 

cpeae/. 3TO COOTB9TCTByeT nOHB1l9HHIO Bhl'IRT8.9MOrO B 'I HC1lHT 91l9 / 4,61 H B03HHK

HOB9HH IO anaMenaTenR, 6onbwero ea nnnub! npn o(. > 0 

6, ToK naa nnocKHM cnoeM Marne THKa, 3KpanHpoaanne 

n ycTb 1 x aK n a npeablayweM cnyqae, nMeeTCSJ aae rpaHHUbl paaaen~ , HO o6e 

n nocxocTH paaaena z-~ - 1 H ~ = r}l, HSXOa.RTCH HH>K e TOK8 , T,e, 

0< r.t < ~i. < Q. . 
/5,1 I 

B 9TOM cnyqae ypaBH9HHe, onpeaen SJIOLUee u(p, q, ~ {tJ:), npHHHMSQT BRa 

ercp,q, 2("') == 6-;, (p,q, fl~) + otS o (p, q, c/Z,)cr-cp, q, ~1 ( t:) -

- o(G"o (p, q, r l ~~.)G-( p, q, l g_l ~) . 
/ 5,2/ 

n pHHHMSSI BO BHKMSHHe nepaaeHCTBO /5 ,1 / H BblnOllHHB pHa rrpOCT biX npeo6paaoaa-

nna, nony'tKM 

G'"Cp, q, 0 I ~)::: 
e->t~ ( ~- o( !i.) 
1- at e. e- .uo / 5 ,3/ 
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r.ae 5 :- i!t - Z( - TOnWHKa 9KpaHHPYIOWero enOS!. 0KOH'!aTenbKOe Sb!pa>K9HHe 

HaM8rHH'!9HHOCTH OK£13biSaeTCSI paSHblM 

M(p,f,a.,ll,8)= /tCPof)e ~Q. 
J..Ti {I- e 

J- ot.t e- :t.J. d 

-1- o(, .2. 

BenwlltHy 1- 0(. .t. -~~~ e 
k (>..b) ::: 

1 - ()(.2 

15.41 

15 .51 

MO>KKO H83BaTb K09QxPHUReKTOM 9KpaHHpOSaKHSI , 0 H YK83bi889T BO CKOnbKO pa3 

MarKHTKOe .aeACTBHe TOKa OCn861!SI9TCSI nnOCKHM >Kene3Hb!M 9KpaKOM TOnWKHOA s, 
M O>KKO pa3nH'laTb nsa npe.aenbHbiX cny'iaSI aKpaaHposaHHSI: 

1. TonutHH8 9Kp8H8 b Mana, TaK 'iTO ...\b << 1 . B aToM cny'lae Koa¢-

¢ HU H eHT 9KpaHRpOBaHHSI 6nH30K K 9.QHHRUe, 

2. TonwHua aKpaua 0 B9nHKa, TaK 'ITO Ao>-,1. 
B aToM cnyqae Koa¢¢RuHeHT aKp8HHposaKH SI 6nH30K K senH'IRKe 

/ 
k~.,_o{~ - (,Pt-).t 0) ~ 

l.f ,)-1 )'l 0 

EcnH K TOMY >Ke /)>>,)I~ , TO 

k ,.._ 
.-

g 

15 .61 

15.1 I 

B o6weM cnyqae, ecnH 

5ea y'ieTa 9KpaHHpOBaHHSI IK 

'f)'o 
H389CTHO 

= 1 I. TO 

auanHTH'iecKoe Bblpa>KeHHe M
0
(>c,1, tt, ~J 

HaM8rHR'teHHocTb M(><,y,a,A,o) c y'teToM 

9KpaHRpOSaHRSI p8BHa 

M rx,~,a. '· sJ = -~-~· ~JK,~,a.. A) - ot'-M/x.1, o.- ,.$, AU. 15 .81 

6. B bl B 0 .a bl 

H8MH pewanacb aa.a8't8 ¢opMHpOB8HHSI MarHHTHoro nonst n nocKRM TOKOM B 

MHOrocnoftHOM MarHeTKKe B C11Y't89 OTCyTCTS HSI rpaHKUbl paa.aena K npK HanK'IHH 

O.OHOft HnH .OBYX rp8HKU. 3a.aa'iH C 60nbWHM 'iKCnOM nnOCKKX rpaHKU He CO.aep>KaT HK-

qero npHHUHnKanbHO HOBOrO K .MoryT 6biTb peweHbl no a HanOrHK C npe.Obl.OYWKMK cny-

'iaSIMH . 
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B nony••eHHbiX HSM H pe3y1lbTSTax na>KHytO ponb HrpaeT 3Hll•leHue unMaruH 

'IeHHOCTH M.(x,~ a., a) ' cj:>OpMHpytOweli 38Ll8HHOe none B onnopO.OIIOM MarHeTHKP, 

Ecn H aenH'IHHa Mo(X,,,o., 1J.} H3BecTHa a BH.ae aHa.1HTH'IecKoro Bblpa>KeHHR, To TO'I

Hble Bbrpa>KeHHSI aKBHBaneHTHOit Ha:vtarHH'IeHHOCTR c y••eTOM OJlHSIHHst rpaHHU nony

••eHbr I no Kpal\netl Mepe
1 

!JJlSl 6eCKOHe'IHO TOHKHX / L} ~ 0 / CIIOCB TOK8 , IIC>K8lUHX 

cKonb yroAHO 6nH3Ko ;c[-. 0/ K rpauRue paa.aena I Bbrpa>KeHHR /4,6/ , /5. 8//, 

Bb1pa~~<.en11e /3 .5/ RBJtReTCR a aToM CMbicne TpHBHanbHbrM , nocKOnbKY ouo aKBHBa

neHTHO K3BeCTHOMY npaeKn y K3o6pa>KeHH R TOKa a nnocKolt rpaHHne • Y 4eT nonpa

BO K Ha TOJlW HHY A cnoR ToKa " Ko He'IHOCTb pacc TORH HR cl TOKa OT rpaH HUbi 

B cny'l8e M8JlOCTll 9Tl!X BenH'IHH np01!3BOLl l!JlCSI MeTOLlOM nOC!IeLI.OB8TeJlbHbiX npl!6n l!

>KeHHA, ecn11 o6paTHOe npeo6pa30BaHHe <l> ypbe nnR TO'IHbiX Bbipa>KeHHA M RBnR

eTcSI TpynHoA aa.ua'leA /cj:>opMynhi / 4.7 I , /3 ,5/ 11 /3 .7 I I . 

Cne.ayeT OTMeTI!Tb cne.aytOLUee o6cTOSITenbCTBO. npH 06b!4HOM paC'II:!Te TOKa , 

cj:>opM HpytOwerO 38/lllHHOe none, .anSI Y'ICT8 BniHIHHSI rp8 HHU nOnb3YIOTCSI npaBHJlOM 

H306pa>KeHHit TOKS , 3TO np11BOL1HT K He06XO.QHMOCTH CyMMIIpOB8Tb MennCHHO CXOllSI 

WHeCSI pSinbl, 'llleHbl KOTOpb!X Ofi HCbiBSIOT !l011SI TOKS II ero 11306pa >KeHHit , B npe.ana

raeMOM HSMH MeTo.ae 3T8 Tpy.aHOCTb He cyUiecTeyeT, no KpaAuelt M!:!pe.l L111S! TOH

KHX cnoeB TO KS BOnH3 H rp8H HU paa.aena , .l]eitCTBHTenbHO, CCllH H3BCCTH8 rjJopM8 

TOK8 , C03L18!0Ulero 38L18HHOe none B OLlHOPOLlHOM M8rHeTHKe , K8K cPYHKUHSI p8CCTO

SIH HSI a. llO cpenHell !lJlOCKOCTH z::: 0 ,TO y'leT BllHSIII HSI rpSHHil CBO.QHTCSI K 

CY:\;IM HpOB8H H!O neyx H3BeCTHbiX cPYHKUH H IBb!pa>KeHHSl /4 .6/ " 15.811 . noaTOMy 

MO)I<HO O>KHn8Tb, 'ITO HCnOnb30B8 HHe n pe.an araeMOf'O H8MH MCT0.[\8 B 06ll8CTH ero 

npHMeHHM OCT I! 3 H84 HTellbHO o6ne r <I HT p8C'!eTbl TO K8 npH cj:>OpM Hp0B8H HH !lOllS! , 
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