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B B 8 A 8 B H 8 

npu pemeBHB C8MOCOrnaCOB8BBhlX 34A8~ 06 Ollp8A8n8BHH CTBAHQHapHhlX COCTOHHUi! orpa-

' HB~8UBhlX B npaCTp8UCTB8 CHCT8M 38pHm8HHhlX ~aCT~ H838BHCHMO OT Tara, p8CCM8TpHB88T-

CH nH XHBeTH~CX08 HnH rRAPOAHH8MH~8CX08 DpH6numeaue, 6an&myro TPYABOCTb npeACTSBnH

eT ODpeAeneaue CBOOOAHOi! rpaHBilbl CHCTeMbl, Tipn,epoM 38A8~ nOAOOBOrO paA8 HBnHeTCSI 

anpeAeneaue lj>opMhl crycTEa aapsrmeHHMX ~acTHil B lj>aKycupyromeM aaemaeM MexTpoMarauT

BOM none, anpeneneaue nonepe~aoro ce~eauu aaM!tnyTaro snexTpousoro ny~xa B ua~~:onuTen&

BOM xan&ne HnH TOnDtHHhl 38MXByTOro C8MOij>aKyCHpyromero ny~lt8 H T,n, 

Hume B8 npBMepe 38MKByTOrO ny~a, COCTOSIDtero U3 Bp8DtaiDDtHXCH penliTHBHCTCXHX 

9JleKTpOBOBo ynepmHB8eMbiX BHeWBHM MBrHHTHbiM noneM, p8CCM8TpHB8eTCll OAHH H3 B03MOm

HhlX nOAXOAOB It TSEHM 38A8~8M. 

HCXOAH8SI CHCTaM8 C8MOCornaCOB8HHhlX ypaBHeHHA CT8ABOH8pHoro COCTOHHHll ·(6ea y~e-
• Ill 

T8 CTOnltHOBeHUft) npHBOABTCSI B pa6aTe .H pKOBOrO 1 rAe C . noMODtbJO. lj>yHitl1HB. pacnpeAene-

HBH, 38BHCHDtei! OT ABYX1 B3B9CTBb!X B STOM Cny~ae HHTerpanOB ABBmeBHll OABOi! ~8CTBilb11 

nony~eBhl yp8BHeHUH, CBSI3biB8IDDtH8 C8MOCOrnaCOB8HHOe none CBCTeMbl C nnOTBOCTHMR 38plll

ll8 u TaKa. 3aAa~a aa~:nro~aeTcsr B. onpeneneasu acex napaMeTpoB cucTeMbl, T.e. pacnpenene

neauu B npOCTp8BCTBe 38pBIIOB1 TOKOB, nang, Jlng cny'ISSI ny~ltOB C MMbiM OTHOWeHHeM pa

IIHYC8 xpyroaoro nonepe~.Horo ce~eBRSI K pSAuycy 6on&moa oxpymnocTu u npu orpaau~eaBsrx, 

aaxnanbiBaeMMX aa aenu~uay 'nonepeqaoi! aaepruu• u Ha nonaoe ~ucno ~aCTHil, aana~a 
/2/ 

paCCMOTpeaa B 

x/ 
Cnoco6, uanaraeMbiA aume , ae Tpe6yeT mecTKBX orpaau~eauA aa oTaameuue panuy-

coa u aa aenu~uay •nonepe~aoi! auepruu•. B aTOM cnyqae lj>op~a nonepe~aoro ce~eausr yme 

oTnB'lHS aT xpyraaoi! B 6onee cun&ao aaaucHT OT aaemaeA lj>oxycupaaxu. HecMOTpSI aa aexo

Topyro rpaM0311KOCT& Bbl'lBCneaui!, onpeneneaue lj>opMbl ny~a B 38A8HHOM lj>axycupyromeM 

warBHTHOM none, pacnpeneneHBe nnoTaocTei! B nonei! B KoaeqaoM c'leTe CBOARTCSI 1t pemeuuro 

CBCT8Mbl anre6p8B'IeC!tHX ypaaaeuui!, PemeHHe STOll CHCTeMM, 8 T81tme, B03MOmHO, B8Cb XOII 

x/ Heo6xonuMo oTMeTHT&, 'ITO uanomeaaoe aume BBnsreTcB num& cnaco6oM nocTpoeausr 
pemeausr, noxaaaTen&cTBOM era cymecTBOBSHHH MOmeT cnymuT& num& .Puauqecxasr peanuaanusr 

CHCTeMbl. 
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npe.llsapnTe/IbHhiX Bbi'IHcneanll, MoryT. OhiTb aanporpaMMBpoBauhl .llnS! BbiHonueHllll aa C'IOTacill 

MSWHHe. 

YpasueuHS! .llnll caMocornacosaaaoro nong O.llHOKoMnoaeaTaol! cacTeMbl B. HBIIHH.IlpH'Iecxnx 
· KOOP.IlHHaTax r • <P • z HMeiOT cne.llyiOIIlHli BH.Il: 

a2~ 
---- + a r2 

1. a~ 
a r a 

2

~ =- 471 en + a-;-2 
2 (o) (o) 

2 
(o) (o) 

a a -1. 1 a a -1. a a-~. a -1. -- 471 • 
--"'+ - --'1-' + -- '1'- --.:t:. - - J ¢ 
ar 2

. r ar az 2 r 2 ·c 

n=~(mc 2 f -e~)u[x]. 
c 2 r 

• 271 s e ( m c f1 
1 ¢= __ c_r_ -r-- e 

; a¢) u[ xl . 

2 c 2 2 x = ( m c 2 r-- e ~ ) - m 2c •-- ( m c fl - ..!0. r a _,_) 

{

1, 
u [x.J = o, 

X > 0 

X < 0 

r 
2 

c "' 

) 

( 1) 

. (2)· 

(3) 

(4) 

(5) 

(6) 

(o) 

r,lle ~ - snexTpn'lecxnll noTeannan; a ¢ - KOMnOHeBTa BeKTopaoro noTeanaana coocTsea-

Horo MarHHTHoro nong 'IaCTHll. ( a(o)= a<o) = 0 B CH/Iy CHMMeTpHH CHCTeMhl); a_,_ 
• ' 'r' 

COOTBeTCTByeT BOTeHnHany CyMMapaoro (cOoCTBeHHOrO HIIIOC BHemaero) MBrHHTHOrO Hong; 
n -nnOTHOCTb 'IHC/Ia 'ISCTHU; 

s - aopMnposo•mhlll napa-jcp-rrnoTHOCTb TOKa; 

MeTp, 3aBHCSIIIleA OT HOIIHOrO 'IHC/Ia 'laCTHU CHCTeMbl; me 2f 
0 

me f1 - KOHCTaHTbl 

HHTerpanos .llBH*eaaSI O.llBoqacTH'IHOll 3B.IlB'IH, cooTseT~TBYIOIIlHe raMHnbTOanaay R oooomea

HoMy MOMeHTy 3apg*eHHOll 'IaCTHllbl, ,llBH*YIIlelicH B BKCHanbBO-<:HMMeTpH'IHOM sneKTpOM!ir-

HHTHOM none l e -sapSI.Il anexTpoaa. 

Baemaee anexTpnqecxoe none OTCYTCTBYeT; B cuny CHMMeTpan 

Ill 
Ha COOTHOWeanll (3)-(6) CIIe,llyeT , 'ITO Bhlpa*eHae 

( m c 
2 r - e ~ ) 2 

- m 2c 4-~ ( m c fl 
r 2 

~ ra 
c 

2 

q) = 0 

_L 
a¢ 

.. 0. 

HBnHeTcH ypasaeHHeM rpaaanbl cncTeMbl. HepaseacTBO 
X > 0 OT.Ilen!leT oonacTb 

(7) 

' a· 
KOTOpoll H/IOTHOCTH 38p!l.ll8 H TOKa OTnH'IHbl OT HY/1110 OT OCT8/IbHOll OO/IaCTH UpOCTp8HCTBa, 

.•. 

4 

L 

I , I 

.i 
:j 

l 
!1 

:· ~ 

I 
,I 

B KOTOpoll 'IBCTJI.Ilbl OTCYTCTByiOT. OonaCTb ·, , KOHe'IH0 0 S!BnSieTCSI TpeXMepaoll, O,llB!lXO 

,llnSI KpaTKOCTH Be3,1le B ,lla/IbBellllleM qepe3 1 0003H8'1eHo ,llByXMepaoe CG'IGHllG STOll 00-

/IBCTH (a xoop.llnHaTax ( r , z ) , r > 0 ) • Koop,llHHaTa cf; ( 0 ~ ¢ -~ 2 71 ) , rAe STO 

BeOoXO,IlHMO, nO,IlpaayMeBaGTCSI. 

B 'QonaCTH ypasaeaasr (1), (2} c y'leTOM (3), (4), HBnHIOTCll IIHBeiiHLIMI. Bae 

oonaCTII r (1), (2) - ypaBBGBHSI non11 .lliiSI CBOOO.IlBOrO npoCTpBBCTBa, fnaBBaSI Tpy.llBOCTb 

38.KniO'I8eTCSI B BOOOXO,IlHMOCTII pemaTb rpaBH'IBYIO 3B.Ilaqy, B KOTOpoll CaMa rpaBIIll8 onpe,lle

/IHeTCSI COOTBOWeBBeM ( B ,ll8BBOM cnyqae COOTIIOWeBR8M ( 7) ) MeJKAy HCKOMLIMH <jlyBKUHliMH, 

HnJKe nanaraeTCll soaMolltBblll cnoco6 noAxo.lla z: Taz:oll aa,lla'le. 

ny(:Tb CHCTeMa upe.llCT8B1IlleT 38MKHyThlll 3/IeXTPOBBblll ny'IOK. Ha pllcymte 1 npe,llCT8Bne

HO nonepeqaoe ceqeane ny'IKa (sooome rosop11, ae xpyrosoe). PacCTOliBHe 00' OT aa-

'IBna KOOp.!lHB8T ,llO aeKOTOpoll ycnoBHOII UeBTpanbHOli TO'IKH 0003H8'IHM qepe3 D H npH-

MeM 38. pB,IlHyC 00/IbWQll OKPYlKBOCTH. BBe.lleM OK0/10 0' MeCTHYIO nonllpayiO CHCT8MY KO

Op,llHB8T ( p , t/J ) • Tor.lla 

z=psint/J 

r"' D+p cost/J 

Ypasaeaae rpaHHnhl ~ npeACTBBHTCll a BH.Ile 

pi=p(t/J). O~f~271 0~ ¢~ 271. 

BayTpn ~ aaxniO'Ieaa o6nacTb • 38HHM8eMall 'IBCTHllaMH. B oonaCTH 
(0) 

an aaemaero MaranTaoro no/Ill a¢ Y.llosneTBOplleT O.llBOpO.IlHOMY ypasaeBHIO 

MY B (2) BMacTO a(':/. MOJKBO HO,IlCTaBHTb Be/IH'IHBY a = a<•~ a(O)• 
~ ¢ ¢ ¢ 

nycTb Ba rpaHIIlle ~ <PYHKnllB a ¢ 0 <fl npHBHMaiOT 3Ha'leBHll 

[a¢] "j: a -1"') , [<II] f'<ll~(t/J) 

Bse.lleM <llYHKUHB u , v c noMombiO cooTuomeaHII 

<II ( r, z ) = <II ( p, t/1 ) = u (p, t/J ) + p <11...1 
p(t/J) '£:"') 

a <ll(r, z) = a¢(p, t/J )= v(p,t/J )+ _e_ ai(t/J) 
p{t/J) 
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(8) 

(9) 

noTemtH-

(2), noSTO-

(10) 

(11) 

(12) 



n v - o6pama10Tcst B nynh ua I TorAa (1), (2) BnyTpu u ua car .. mll 

rpaHHU9 MO~O 38UHC8Th B BRAe: 

a 2n 1 
2 

__ 
2 

+ _ ...iUL + _!_ a u + 
a P P a P P 2 a.p 2· 

---- (~Cos t/J-...!. ...£..!!....Sin t/J )-
D + p cos .p ap P a .p 

u 2 2 <11 
81T 

2e 's 
_c_2_ 

D + p cost/J 

8" e sm r __ 1 _ _!_I _ _!_!~ __ I)_ 

D + p Cos t/J P PI · P d t/J. P!. (13) 

___ [Cos t/J 
D +pC"ost/J 

<li!. d <lii 8!r 2es¢;s 
- -Sin t/J _ ( -- ) ] + e f (-p, .P ) 
PI dt/J PI c 2 pi(D+pCost/J) 

2 2 8 2 2 
a v 1 a v 1 a v 1 a v . 1 ·a v . ) v IT e s v . > ----+- _ -- +- -- + ( _ cos¢ ___ s,n .P ---- - -.F(p,t/1 = 
ap 2 Pap p 2 a¢ 2 

.D+pCos.pap. pa.p (D+pCos¢) 2 c2(D+pcost/J) 

(14) 

=- 81T
2
esm p. 

D + p Cos</> 
-~ --1 ___! ~-= ~- --2..-- [ Cos.p__:'1: -Sin .p_!(__!_I) j + a:£ + 

p pi P d¢ .PI D+pCos¢ p ::£. d¢ pI piD+pCos¢) 2 

SIT i. 2s a._. .. 
+ -

c 2pi(D+pCost/J) ' 

Ecn11 <l.i {t/J) a (<f) C'lliT8Th 381l8HHhlMH0 TO <jlyHKUHH U , V MOJKHO UOny'IHT_h· ny-

T9M peweHHSI 381l8'1H JlUpuxne AnSI H90AHOpOilllhlX ypaBH9l!Hll ( 13) t ( 14) C OllHOpoAHhiMH 

rpaHH'IHhiMII ycnoBII>IMII [ u ] ;t [ v ] f 0 • TaK KaK, onllaKo, ypaa11enue rpannuhl 

H9113B9CTH01 TO llnSI ITOCTp09HHH u V H906XOilHMO Up11M9HIITh AOCT8TO'IHO rH6KIIll 

crroco6, rro3BonHIOIIlHI< BBOl!IITh B peweuue ypaanen11e rpaHHUhi a nestBHOM BRAe. Tax11M Me

TOilOM MOJKe'l' ·cnyJKIITh rrpstMO!< BapllaUHOHIJhill: MeToll PBTna. 

YMHO:lKHM AnH yAo6cTaa ( 13) a ( 14) na D +p CosY, (T.Ko p .< D B o6nacTH 

, To acerna D + pCost/J>O II o6o3H8'111M 

£
1 

(p,t/J) = f(p,Y,){ D+ pCost/J), :F /P•t/1 )=F (p,t/1) ( D+p Cos t/1) (16) 

nerKO ITOK838Th0 'ITO (13) (nocne YMHOJK9HHH !18 

nepa ArrH cneAy!Omero <jlyHKUIIonana: 

D +p Cos t/J ) SIBliSI9TCR ypaBH9H119M 311-

21TP::s . 
2

.· 2 2 

Hul= f dt/1 f ((D+pCost/1 )[(~) +_!_ 2(.J!..!!) ]+q u +2u f l·pdp, 
o o ap P a.p o ' 

(16) 

6 

,I 

I 
I 
I 

t 

I 

q = 
0 

8lT
2
e

2
s 

-;r-

AuanorH'IllO AnH (14) HM99T M9CTO <jlyHI!:UHOH8n: 

( 17) 

--- 2lT 

I[v]= f dr/1 
P::£. a 2 1 a 2 1 · 2 
f ( D+pCost/1 )[(___:::) + -J.-u ) ]+( q +---) v +2vF lpd/'(18) 

0 
ap p a.p 0 "DtpCost/J 

1 

0 

(Mo~o 38M9TBTh, 'ITO ( 16) - ananorii'IHO II ( 18) - MO~O nony'tllTb npHMbiM npeo6pa30B8-

HB9M rrepeMeliHhlX UOll 3H8KOM IIHTerpana H3 COOTB9TCTBYIOIIl9rO <jlyHKUIIOHSna B K00Pl1Hil8T8~ 

( r , z ) : 

I[u]= f f 
au 2 au 2 2 

r[(-) +(-) ]+qu +2ufJdrdz. 
a r a z 

0 
(19) 

B o6nacTII r 
r -acerl!a 6onbme uynst II onepaTop HBnsteTCSI CllMOConpstJKeHHbiM H rrono-

:lKHT9nhHO onpeAenenublM). 

KaK H3BecTHO, <jlynKuHH u , v , . HBliHIO!IlBecst pemenneM rrocTaanennblx rpallB'IHbiX 

38ll8'1, OllHOBpeMeHHO l1810T MIIHBMYM AnH <jlyHKUHOH8UOB ( 16), ( 18). 

Jlnst Bbi'IHCneHBH U , V UpHMbiM M9TOl10M upel!CT8BHM ypaBH9HH9 rpaHBUbl rrpu6nu

JK9HHO B nuAe cnc-)ly!Omell: KOHe'!noll KoM6unauBu: 

pr;·p(r/J) = A 
0

+ A 1Cost/J + ••• +A ;.Cos n .P , 
(20) 

rAe A o' A t• ••• A -D 

OTHOCHT9llhHO llnOCKOCTB ( 

ueonpeAerreunble xoa#nnuenThi. H3-3a cHMMeTpHB . 38l18'1H 

X , Y ) B (20) H9'19THhl9 <jlyHKIJ.llli ne BKITIO'I9Hhlo B K8'19CTB9 

ixpo6nhiX <jlynKnull, yAoaneTBOpstiOmux rpanu'IHbiM ycnoaustM, Bht6epeM 
<jlyHKilHH BHll8 

¢o=p(,P)-p • ¢
1
=[·p(t/J)-p ]p Cos.P ( 21) 

¢ =[p(t/J)-p]pSint/1, ¢ =[p(t/J)-p]p~··· 
2 a 

CHCT9M8 (21) SIBnsteTCH UOliHOil B 38MKHYTOfi o6rraCTli 

.. /3/ 
(eM., !181lpHMep, ). llpel!CT8B-

nsteM npu6nHJKenno n 
V C ITOMO!Ilb!O KOH9'1HOil KOM6HH8UBH npo6HblX <jlyHKUH!l (B cuny 

CHMMeTpHH 38ll8'1ll H9'19TIIhl9 <jlyHKUHH H9 BKUIO'I810TCS1)~ 
= u =[p(t/J]}-p][a +afCos,P+a ·p

2
+a p

2 
Cos 

2 t/J + •• ], 
0 2 3 

(22) 

1 



; =[p(,P)-p][fl +fl p CosY, +fl ·p 2 +fJ p 2 Cos 2,P +.- ]. 
o 1 2 a (23) 

· Bea11e B llBIIhBei!meM npu6nBJKOBBhle TSKHM cnoco6oM BhlpaJKemrn JliiB u • v H BOIIB'IliBU1 

IIOCTpOOHHhle C IIOMOWhiO STBX npB61IBJKOHHhlX Bhlp8lKOHBi!0 6y!leM 0603B8'18Th 3BSKOM "'TRnh-

.a.a• • 

:F 
1 

B ( 16) , ( 18) BXOil!IT ewe. rpaan'!Bue 3RS'IOHHB a I(t{l) 

npellCTSBliM aTH cjJyBKIIBD TBXlKO B cjJopMO! 

Ha-aa f 1 H 

afb
0
+b

1
Cos,P + b

2
Cos2,P + ••• 

¢I=a
0 

+a 
1

cos .P +a 
2
cos2,P+ ••• 

<JI(,P). 

(24) 

(25) 

C HOOIIpOilOIIOBBhlMH KOSqxpBllDOHTSMHo nocno IlOJlCTSHOBKll ( 22) -( 25) B ( 16) 0 ( 18) C y-qeTOM 

(20) Bhl'IBcnOHBO BBTOrpaJIOB0 HOCMOTp!l IlB rpOM031lKOCThf HO IIpO.r:tCTSBIIROT 11pHHltHIIH81IhliUX 

TPYABOCTOI!, 

Kax o6bi'iBO no MOTOAY PnTna, neonpe.r:teneHllhlO xoscjJcjJHnnenThl Ia ,. I J> I fJ ,. I naxo

ABTCB B3 CBCTOMhl anre6p81I'IOCKHX IIHHOi!HhlX ypSBHOBBi!: 

iJ l[u] 

i) UJ 

a-i[;f 

atr; 

= 0 

0 

" 
( i = 0,1,2 .,.,n:), (26) 

( j = 0,1,2 ••• , n ) (27) 

B ASBBOM cnyqae B ypaBBOBHB (26), (27) KSK CB060.r:tHhlO napaMeTphl BXOABT BOIIH'IIIHU 

I A m I , I a ,_ I 1 I b,. I • TaKHM o6pa3oM, a l , fl l ~BII!IJOTCB cPYBKllHB~ 

Mil STIIX napSMOTpOBo (MolKBO OTMOTBTh0 'ITO BCIO npone.r:typy Bhl'IHCIIOHBB U 1 V MOlKHO 

6biiiO 6bl IlpoBO.r:tBTb B nepOMOllllhlX f Z 1 HCII01Ib3YB Dhlp8lKOBH!I TBIIS (19) H anre6pa-

II'iOCKYJO tjlopMy Dhlp8JKOHII!I Ami rpaHHI!hl1 OllHSKO HCII01Ih30tl8l1He TpHrOBOMOTpB'IOCKHX IIOIIH

BOMOB KSJKOTCB 6onee YA06HhlM). 

4>yaKitnn a I • ¢I • p CB!I38Hhl anre6p8B'IOCKHM Bhlp8lKOHBOM (7), IlOaTOMY 
I 1 

MOJKAy KOatjJcjJIIllHOHTSMH A 1 a It o b HMO!OT MOCTO COOTBOWOHH!Io 3TH COOTBOWOHKB 
1. It /3/ 

MOlKBO IIOIIy'IHTh nyTOM tjlyphO-p83li0)!{0HH!I Bbip8lKOBH!I ( 7) ( CM,1 B81IpHMep ) • Han6onee 

IIpOCTO Dhl'IHCneaue nony-qaeTCB D cny'lae ynhTpapenBTHDHCTCXoi! aneprHn 'IIICTHn. 

Torna m c 
2r > e ¢ H MOlKllo aanucaTh: 

p. m c 
2 

- e ( D + p '$.Cos t/J ) a f (D + p f:os o/J ) ,j( m c l!r - e¢ ) 
2
-m 

2c 4• 

(28) 

~ [m c 2 (f -...!.)- e ¢,.. -_l( ~) 
2

] ( D +p Cos o/J ) • 
2f .., 2 m c 2 r I 

8 

,, 

I . r 
I 

r.r:te 

Kna.r:tpSTB'IHhli! 'IIIOB MOlKHO TSKJKe onycTHTh1 ecnn 

2 lelf 
¢I«2-r-a:t J 

0 

r
0 

-KIISCCB'IOCKHI! pa.r:tHYC SIIOKTpGHHo nony'IHlOTC!I COOTBOWOHH!I 

Q "'p. m c 
2 

- e D b - .n m c 
2

( r - _l_ ) + e D a = 0 I 
0 0 2[ 0 

2 

Q j= - e A 
0
b 

0 
- e D b 1 - m c (•f-_l lA +eaD+eaA =0. 

2[ 0 I 0 0 

B o6meM cny'lae uMeeM DhlpSlKOBHB TUna 

Q
0

( a 01 b 01 A
0

, a
1

, b 11 A 
1
, ••• )=0 Q ,< ~-···~ ) = 0 •••• 

rna D XSlKJlOO Q J BXOllBT KOBO'iBOO 'IBCIIO napaMeTpODo 

.n 

C IIOMOWhiO tPyBKnBi! U 1 V D 061ISCTB 'r OllpOllOIIOBhl BOIIB'IHBhi 

tJ = u + _!!.._ ¢l" 
PI 

a¢= v + _]!_ a I 
PI 

2 a 

en = 217 ·se ( ·f m c - e ¢ ) 1 

c 2r 

. 2use m c p. e 
J_.= -- C---- a¢) 

'I" cr r c 
r= D+p Cos,P • 

(29) 

(30) 

' (31) 

(32) 

(33) -: 

(34) ... 

(35) • 

(BpOMOHHO MOJKBO 38IIBC8Tb B KOOp.r:tBB8T8X ( f 0 Z) ), Teneph1 H038BBCIIMO OT BCOro npe

AhiJlYW&ro1 MOJKBO paC.CMOTpOTh CIIOAYIOWYIO 'IHCTO SIIOKTpollBHHMH'iOCXYIO 3SA8'1Y! D o6JI8CTH 

·, npocTpancTna cjJopMynaMH (34), .,(35) 3a.r:tano pacnpe.r:tenenue 3apll.r:ta u Toxa, onpe.r:te-

IIHTh COOTBOTCTBYIOWBO IlOT9HnH81Ibi <»• H 
.. 
a* 

¢ 

C IIOMOWhlO cjJyBKnHi! rpuaa CB06o.r:tnoro npoCTp8HCTD8 

217 

G¢(r
1
z;r'

1
z')=J. d¢ = 4K(k) 

0 v r 2+ r' 2-2rr'cos¢+(z -z') 2 v(r+r') 2 +(z- z') 2 

9 

(36) 



'nte 

21T 

G a ( r, z ; r", z') = ~ J Cos¢ d ¢ 

o y r \ r' 2
- 2rr'Cos ¢ +{z- z~ 2 

2y{r+r') ~(z -z') 2 2 

[( 1- ~) K(k) -.E(k)] 
- 2 rr' 

k = 2y rr' 

y( r+rP+ ( z - z~ 2 

(37) 

{38) 

MOAYnh nonawx snnunTuqecKBX unTerpanos K (k) .E (k) 0 pemeHHII aanHCWBAlOTCII B 

BHAe 

¢* ( r, z) 21Tse f .0 ,.~ ') mc:if -e<t 'd 'd. , 
--- ti' r, z ; r , z r r z , 

c 2 . t' (39) 

·=• (r, z)= 2use f G 
¢ c 

fLm (c 1r')-(e/c); ¢. 
r' 

(40) ( r, z; r',z') r' dr' dz' 

nanhnel!mue BbiqncneaBSl YA06aee BeCTiil B KOOPAHHaTax p • 1/1 ·• TorAa 

<!J * (p,,P) 
21Tse 

211 

f d,P 
PI 
f G <!J(p,,P;p~,P~mc 2f-e <!J ]p'dp', (41) 

c 0 0 

21T PI_ 
~ . 27Tse . m CfL 
a*¢(p,r;l) = -- f dr;l f G .(p,t/J;p',r;l') [ -

c 
0 

D+·p'Cos,P' 
e c a¢] p' dp' (42) 

rAe PI_ aaAaHa <j>opMynoil ( 20). 

Bbtqncneaue BHTerpanoB (41) , (42) HBnsieTCst nau6onee TpyAoeMKoll qacTbro.pa6oTbl, 

T,K, BBBAY neonpeAeneanOCTH qucnOBbiX KOs<j><j>uuueaTOB A O 0 A1 ,., B <j>opMyne (20) 

ORO AOllJKHO 6b1Tb BbinOnHeHO aaanuTuqecKU, fins< Bbi'IHCneHUSI MOJKHO BOCUO.nb30BaTbCSI pas-

.noJKeaueM <j>yaKunil G<j> 

G ¢= 
2 

D 

8D 
I log --"K 

2 80 
G.=-- l-2+log-

D . ~ 

·o • no o6paTHbiM cTeneHstM 6onbmoro paAuyca D • 

pCost/l+p'Cost/1' SD · pCost/J +p'Cosi/J' I 
--::-:::-- log--+ + ••• , 

2 D !'J. 2D (43) 

pCostfJ+p'Costfi' 8D p Cosr;\+ p'Cosr/J' I 
-----log--+3 + ... 

D !'J. D 

10 

~· 
I 

I· 

' ~ 
): 
t 
t 

I 
i\ 
,:j, 

't' 
•/, 

'II 

,t 
·~ 

r lift 

I 
I ~II 

:·}l 
·II,· 

i' ,I 

',·i,'. 

. I 

J 
.\• 

!
1: .. 

:.\' 

···i 
'i,; 
')< 
'.:\ 

:11 
•'' 
I' 
,II, 

,')I' 

',',1 

rAe * 11=[p 2+p'~2pp'Cos(t/J-,P')] • 

B peaynhTaTe <): * H a*¢ OKa3WB810TCSl 3aBUCSllllUMH SlBHbiM o6pa30M OT napaMeT-

poB I a 0 l , lb
0 

0 lA m I • llnst TOro, qTo6bl sTu <j>yaKllnH 6blnH pemeaustMB caMo-

cornacosauaoil 38Aaqu, aeo6XOAHMO u AOCTaToquo, qTo6bl BHYTPH o6naCTH 
~ ~ - ~ 

<j>yHKUHH 

¢* U <!J C0Bll8AanH 0 a pa3HOCTb <j>yHKUHJ! a*¢ II a ¢ COOTBeTCTBOBana 6bl Jlenu-
(0) 

a ¢ aanrumoro suemuero MarnBTnoro nonst (no nocTpoenuro ( 39), ( 40), ¢ * , quae 
= 
a* 

¢ 
nuque 

-· co6CTBeHHbte non11 cucTeMbl qacTnn; saemnero sneKTpBqecK:oro nonst aeT,). Ha

cso6oAHblx napaMeTpoB ·I a 0 I, I b 0 1,, I Am He yqeTOM cooTnomeanil Tuna (30) 

HnH (31) ) ABeT B03MOlKHOCTb OCyllleCTBHTb Bpz6nuJKeBB09 'c6naJKeHHe' COOTBeTCTBYIOIIlHX 

<j>yBKUUil C AOCTaTOqHOl! CTeneHhiO ToqHOCTH, TeM C8MbiM onpeAenstiOTCH H qucneHHble anaqe

HHII napaMeTpoB, a cneAOBaTenbao, n auaqeaun <j>uauqecKBX sennqua -·rpaanqahlx aaaqea~n 

noTeunnanos <!J I a I u <j>opMbi nouepxaocTu pI • llpouasecTu 'c6nuJKeaue• MoJK-

no aecKonhKBMB cnoco6aMu, uanpuMep,·nyTeM 3aAauun onpeAenenaoro qucna ToqeK, B Ko-. 

TOpbiX aaaqeaun <j>yBKnul! npeAnonararoTcn OAHHaKOBbiMB (MeToA KonnoKauuil). Ec.nu npeA

nonaraeMoe ceqeuue nyqKa He uunueTCII AOCTaToqao Manb!M, TO 6onbmyro ToqaoCTb MOlKHO 

nonyqHTb MeTOAOM H8BMaHbWHX KBBApaTOBo llO.nOlKHM 

27T 
p 
I = 2 

f dr;l f ( <): - ¢* ) p dp 
0 0 

L[a
0

,,,b
0

, ... A
0

, ... ], (44) 

27T PI, 
~ (0) = 2 f [a¢-a¢-a*¢] pdp =M[a0 ,_b

0
,A 0 , ••• ]. (45) f d,P 

0 0 

TorAa napaMeTpbi ( a 
0 

HHMH38UHH BbipaJKeHHH 

.... ' bo . ... ' A o ' ... A ) onpeAellUIOTCSI nyTeM MH-

S= L + M + I 
p=O 

T,e. us anre6pauqeCKHX ypauaeauil 

as 
--=0, 

a a. 
1 

as 
--=0, 
a b . 

J 

as 
aAk 

0 

>. P Q P ' 

{i,j=0,1,2 ... m; k =0,1,2, .. n) 

u ypasaeHHll (30) unu (31) ); Ap - aeonpeAeneHHbie MHOJKHTenn narpaaJKa. 

Ecnn paccMaTpuuaeTcst 3BAaqa c <j>uKcupoBBHHMM nonabiM qucnoM qacTun 

(46) 

(47) 

N • TO 

HOpMBpyiO IllHli MHOJKUTenb s B <j>opMynax (3) 0 (4) TaKJKe nB.nHeTCII napaMeTpOM, llos-

TOMY aeo6xoAIIMO npucoeAHHHTh eme oAHO ypasaeaue 

11 



N =277 

ZIT 

f ndr =277 21Ts f d,P 
e 2 0 

pl: 2 

f [me r -e¢]pdp (48) 
0 

Anreopanqecxan cncTeMa ypasnennA nnn onpeneneaan napaMeTpoB nsnneTCH cno*BOA , n 

nnn ee pemeana, no-BnnnMOMy, aeooxonnMo ncnonbaosaTb BblqncnnTenbBYIO Mamnny. 

3a Meqanne. fipnMoA MeTon pemeann rpannqaon aanaqn Anpnxne nnn nono~Ten&-

ao onpeneneRBbiX onepaTopos rapaHTnpyeT cxonnMOCTb MHBHMnanpyromen nocnenosaTenb

HOCTH x pemennro B ero nepBb!M nponaBOllHb!M B cpenneM no oonaCTH. B paccMaTpHBaeMOM 

cnyqae DBHAY oqesnnaon u3 ~nauqecxnx cooopa*eBnfi rnanxocTH rpaannbl n cxonnocTn one-

paTopoB Tnna (19) c onepaTopoM nannaca soaMO*Ha cxonnMoCTb B cpenneM no nro6on 

xycoqxo-rnanxoii xpason, ne}l{llmen BnyTpn nnB no rpaanqaon xpnson I /4/ 

YqnTb!Ban, qTo 

2 
f f ·a ill( r, z; r',,1 dr dr', 

r r' 

f f ·a 
2 

( r,z; r',,1 dr dr'.< .. 
a , 

r r' 

n ncnonb3ya aepaseBCTBO Komu-Eyanxoscxoro, MO*HO noxaaaTb1 qTo nnn nocTpoeann Bbl

pa*eann (44), (45) SToro npennono*ennn nocTaToqao, 

Ill 

B xaqecTne qaCTaoro cnyqaa aanaqu paccMoTpnM neitoTOpbte csoficTsa nyqxa, rpaHH-

na KOTOporo liBnlleTCH 9ltBHll0TeHUH8nbHOA nosepXHOCTblO llBH ill • TaltnM oopaaoM, 

[ ¢ ] = ¢ = const 
l: 0 

H3 (7) cnenyeT 

11me 
2 

1 ('!:me~ · e 2 [a ¢1 = a..,=--[_] -- y{f-- ¢ J-1. 
· I • e r I e · me 2 

fiono*nM: 

¢ ( r, z ) = n ( r, z ) + ¢ 
0 

• 

<l>yaunro V YllOOHO onpenennTb BeCKOBbltO no-npyroMy1 qeM B (12): 

2 2 
a

4
(r,z)=v(r,z)+ ..!!....!!!.£._ _1 __ ..!!!.£._ y(·f __ e_~0)~1. 

· e r e me 2 

(49) 

(50)x/ 

(51) 

(52) 

x/3aax nnroc nnn Mnnyc aasncnT oT nanpasneann Bpamenun qacTnn; nanee se3ne 
onyme~ 

12 

''· 

Kax n paaee, [ v ] l: 0 , Tax qTo nocnenane nsa qneaa B (52) B roqxax rpaannhl 
l: ll8IOT a l: • 

PaccMoTpnM, xaxoBhl nonn aa nosepxnoCTn l: 
.E =- grad¢ =- grad u • T.K. 

aanpannea no BByTpenaen aopMann x 

aen nopMann x rpannne • 

l; - nosepXHOCTb ypOBBH1 TO [ grad U ) l; 

I 1 noSToMy none [E]l: aanpasneao no sa em-

fionaoe MSrHKTBOe none BMeeT COCT8BnHIOmHe 

}( 
r ~ a z 

}( 1 a 1 a 
- - ( r a ) = -- ( r v) -a r cp r ar 

me 

er 

0Tcrona nonnoe none aa nosepxaocTH oyneT 

. av 
[ }( • ] I= - [_ ] I 

az 

a v 
a;- I 

y(f e 

me 2 

. av me 2 1 e >I 
}(" J I=[-] :t--- Q_] I..j(f --2 <llo) - 1 

ar e r me 

2" 
<110) - 1 

(53) 

(54) 

(55) 

Am1 v I - nosepXHOCTb yposan, n nexTop ( !!.:!_ I 
1 

.!!..:!_ I ) aanpasnea r.o 
az I ar I 

I • CooTBeTCTBeaao nexTop . ( ....clJ<... I , _ av 1..- ) nanpasnea no xaca-
ar I az ..!, 

HOpManH K 

Tenhnoii K aTofi nonepxaocTn. <llKanqecxn ycnosne (7) oanaqaeT
1 

qTo aa rpaanqaon nonepx-

IIOCTH nyqKa nonepeqHbifi KHHeTHqecKHfi HMnynhC nrooofi qaCTHUbl paBea Hynto
1 

T.e. B MOMeHT 

Bbtxona qacTHUbi aa rpaan<rnyro nonepxaocT& oaa nMeeT ron&xo npononbHYJO ( 

cxopocTb. T.x. 

P = 1 M e d~ ¢ --r ¢- c a¢= my r _"~' 
dt 

¢ -yro) 

(56) 

KoMnoneaTa no 9 -aanpasnemno oo&tqnoro KHHe:rnqecxoro nMnynhca, To ycnosne (50) 

03Rat.raeT, "tfTO 

,.--
[ p--'] =me ..j ( f - _e_

2 
¢ 0 ) -1 = Coust, 

'~' I me (57) 

H - e ¢ ~ T m c 
2 

- c ¢ = ·(i C06CTBeHHAR ~HeprHR q~~THnhl. 0603H8"tfHB 

' - " '+ , = ·Y ~ :..- Cur;, ~t II 

(58) :<Jc"' 

!3 



nMeeM 

[:~ ]I=m c2yi; [ p ¢] 'f me v·rt 1 . (59) 

TaKHM oop830M0 nrooan 'l8CTHU8 0 npHXOAHII18H B AHHH~il MOMeHT H3 rnyOHHhl llyqKH Ha no-

BepXHOCTb I 0 HMeeT B TOqKe noBepXHOCTH TOfi~KO K8C8TeflhHyro K noBepXHOCTH ¢ -yro 

CKOpOCTb, npnqeM B AHHHOM cnyqae AfiH BCeX TO'leK noaepXHOCTH 3TH CKOpOCTb OAH8 H TB 

JKe, paanan: 

[ r ~ ] = c v·r~-1 
dt I y I (60) 

B TO apeMH K8K f HBITHeTCH 38A8HHOil0 ·y I nann eTCH napaMeTpoM, nonneJKamnM orrpe-

z:teneHHJO. 

ABYX 

cnny 

Cornacno (55) nonnoe MarnnTnoe none B TO'lKHX noaepxnocTn I cocTaaneno na 

qaCTeil. nepaan 'lBCTb, npencTaaneHHBH BeKTOpOM ( ~1 '<' • -~ 1 I ), C03AHeT a r ... a z 
J;openna, nanpaanennyro no anyTpenneil nopMann K noaepxaocTn (y'lHTbiBHll, 'iTO na no-

aepxnocTH nMeeTcn TOflhKO ¢.-an cKopocTb y 'lac+nn). BTopan 'lHCTb nonll, npencTaanen-
2 ---

m c [ 1] 2 O) .. nan aeKTopoM (e -; IV'Yt; 1 , coanaeT cocTaBmtromyro cnnhi nopenna, nanpaanen-

nyro K ocn n n<!rrHKOM KoMnencnpyromyro nenTpooeJKnyro cuny. lleilcTBnTenbno, MarnnTnoe no-

ne, neooxonnMoe nnn ynepJKalinn 'IacTHUbi, apamaromeilcn na pannyce H HMeromel\ HM-

nynhc p¢ ,. eCTb J{ = --=.!.¢ 
• e r 

0 B COOTBeTCTBHH C (59) KHK pa3 nonyqaeM 

mc
2 1 2 c P 

[ J{ ] =- [ _] ~~-r - 1 =- [ -11 
· • I e · r I ·I e r I 

(61) 

TaKHM oopaaoM, na noaepxnocTH ny'lKa na nrooyro 'lBCTHUY nellcTBeT TOflbKO HOpM8flbH8H K 

noaepXHOCTH CHfl80 HBfiHIDIIlBl!CH pa3HOCTbro aneKTpOCTBTH'leCKOI\ CHflhl p8CT8fiKHB8HHH, 'CHflblo 

coanaaaei..!oll: rpannenTOM naanennl! c onnoll cTOponbi n cnnht nopenna c npyroli. Ooman cnna 

nonxma OhlTb nanpaanena anyTpb nyqKa. 

llnn AHflbHelimHX Bbl'lHCrreHHH B ypaBHeHHHX ( 13), ( 14) H BbipHJKeHHHX ( 16), ( 18) ynoo

HO nepeii:TH K Oe3p83MepHOMy BRAy, norrOJKHM: 

rne 

(; 

w 

p 

D 

___!_Q_ u 

"'Yt 

X 
811 2e 2sD 

c2 

Cil 
__ ro_ v 

ayi x 

- KnaccnqecKnii: pannyc aneKTpona, a = 1e I· 

14 

(62) 

B npocTeii:meM cnyqae 6yneM ncKaTb pemenne a 
ceqennn (no c 

anne ny'lKa Kpyrnoro nonepe'lnoro 
neonnoponnoll: nnoTnocTbro), pannyca Ao , T.e,-a paanoJKeHnn (20) orpann-

'lHMcn nepBbiM 'lnenoM. CaooonabiMH napaMeTpaMn cncTeMhl, nonneJKamnMn onpenenennro, 

A o , y I , s ( nnn nponopnnonanhnan s aennquna x ) • CooTBeTcTaen-
HBfiHIDTCH 

no 
m c 2 

So= ¢o= --(T -yi), 
e 

ai= ~ 
e 

[ 1] mc 2
-- ~ - v·r'b- 1 r e 2.. 

BenH'lHHbi r, D p. N 
HYJKHo C'lHTHTb 38!\BHHbiMH, B cooTBeTcTBHH c (22), 

orpaHH'lHB8HCb 'leThlpbMH qneHaMH, HMeeM 

w = ( .;- (; )[ r + p (; Cos t/; + /J.; ';- o Ccos 2,P ], 
(63) 

rne 

.; = 
Ao 

D (64) 

0 p 0 /J 1 0 -Oe3p83Mepnhle KOa4><jlnnneaTb!, nocne nonCTBHOBKH. ( 63) 

(16) (rrpnaenennoe K 6eapaaMepHOMY auny), Ann Koor'oporo c yqeToM (51) 
:a BbipaJKenne 

aY x 
f 1( p, t/; ) = ..:::..X = Coast 

r 
0
D 

nocne Bbmonnennn HHTerpupoaannn n MHHHMn3annn no aenn'lnHaM 
r ' P ' 

Ann aTnx aenuqnn nonyqaroTcn cnenyromne nuneii:nbte anreopauqecKue ypaanenmr: 

( 2 + 1/3 X.; 2) 
+ 1/3efJ+< u~e+ 111s x.; •> /J + < 1/6.; ~ 1/3ox.;~ 0=-213.; 

1/3 r + ( 1/2 + 1/30 x(1 {J +use 8 + l/6.; 2o = 0 • 

(65) 

8 0 

(66) 

( 1/3 + 1/15 X.; 
2

) f + 1/5 e{J + ( 2/5 e+ 1/48 x.; () 0 + ( 1/5.; \ 1/84 x.;) 0 = -1/5.; , 

( 1/6 + 1/30 x.;1 r +1/6.; 
2

p +( 1/s.;';- 1/84 x.;~ ll+ ( 11/60.; 2 + 1/112 xf •) o= -1/10f .. 

no.t~cTanoBKOil (63) B (48) c y'leToM (51), (62), nocne nnTerpnpoaannn, nonyqaeM 

N = 1T X y~ 2 
2--~e+ X 

2
y D 3 r ' 1 o 2 ) --=--.:L.; [- +- ( ll+- ),; • 
r 0 3 10 2 

(67) 1T 

ro 2 
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i•(p,Y,) 
rAe 

N -noiiH08 'IBCno '18CTBn B CBCTeMe. nn!l Bbi'IBCneuBSI cjlyllliJtllll 

(.Jt), (43), (51), {58), (62), (63) nony'IIIM 

<li* ((, 

2lT 

"'>=-~~ d,P 
2a r

0 
o 

~ 
f llog-8- -IH(Cos~+/,;'Cos~"> log..!!..+ 
o At At 

+ IH (Cos 1/J +/,;'Cos~·) I{ 1+ :z w ) (,' d(' , 

c noMoJ!t~>JO 

(68) 

* rAe A 
1 

= [ ( 2+ (,' ~ 2(,(' Ces(,P -1/J'}] , Bw'IJicneue ( 68) AOCT8TO'IHO rpOM03AI0 1 XOTSI B 

npiiHilBne ue npeACT8BnSI8T TPYAHOCTB. nAil ynpouteHIUI Kpe.-nene:>KJIM, 'ITO o6naCT:b 

(T.e. nonepequoe ceqeuue ny'!Ka) ueBenuxa. TorAa 'c6nuJKeuue' cjlyHIJIIll i•((,,P) H 

i ( (,, .p ) , rAe .. 
¢ ((,1/J}=-~(·f 

r o 
-·yl:)+.:!.·r:£" w 

ro 
(69) 

MOlKHO npoaecTu cneAyJOutHM ynpomeBHbiM cnoco6oM. fioTpe6yeM 1 ) 'IT06bl B To'!Ke (, = o, 
" a 

T.e. B nenTpe nyqxa, It* u <li 6blnu paBHbl; 2) Benuqun:a 

r2 :rrr &$ = ~ 

I( e, Y :£ 1 X ) = [ -
0 f ( fli* - ¢ )

2 
di/J ] 

2aa 2 o (=f. 

{70) 

2 

6bln8 MBHBM8nbH8
1 

T.a. BAOnb rp8HBnbl ny'IK8 6blna 6-bl MHHBM8nbH8 pa3HOCT:b ( <'n* - ¢ .) • 

fiepBOe ycnoane A88T ypaan:eune 

__:!.l: I f. 2 <* +log_!)+xrf. 3<2+..! tog..!.)+ :x¢ f.a+ 
2 e 183 e 40 

(71) 

a xf3 9 1 8 · + e ( - -+ :z8 + xu) ( -- + _log- ) I - ( T -·y ) + ·Y _x e r = 0 
2 4oo 20 e :I ,2; 

Ha (68) npn (, .. f. BMeeM: 
U l: 5 I 

a 8 r 8 +- {3 x., 8 
" · a yl:x 2 8 <t•<e • .P>=- __ , e log-

+ xf. log-[-+ ~f. 2]+ --<*-log-)+ e 3 10 40 e 
2r 0 e 

f. 3 8 x{3f.4 :zf. 4' r 8+~ a 8 17 . • 
+ Cos,P [_( ll- log-)+-----(-+ __2... f. 1 log-+-- :zrf. + 

2 e 20 ~ 3- 10 e 120 
(72) 

• 5 "e 4 7 "uf. 13 5 25 • 
+--<-8+--ul]+Cos2,P [ ___ ---- {3:zf. ]-Cos3r/1 __...,..-xu1f• 

5 21. 96 84 840 . 11736 

16 

+ 

BTOpoe ycnoaue c yqeToM ( 69) 1 ( 72) naeT: 

2 

[I (f., y}; ,:z)]2=[-(f-.y )+. Y:£ xf. 
:I 2 

log~+ e 
2l: a 8+ .!!._ 2 8 

'Y:I " .. [....!....+ ____2,__f.) log ___ + 
2 3 10 f. 

a,. a 2 2 
y {3 X !. 8 2 y ::t: f. a xf3f. 4. xe· r 8+ .2._ . 8 
}; -- ( ll-log _)] + _:E_ 1[-(\l-log~)+--- -(-+ __ 2_f.~log-;;;(73) 

. - ' f. - 8 2 f. 20 2 3 10 "' 

17 4 xf. 8 4 7 2 xu/; 
5 

13 a 2 2 1 
+-X rf. +- (-8 +- u}] +[ __ --· _ {J:zf. ] +(_2_5_) :z:Q2f.1. 

120 5 21 96 124 840 11736 

Ha (73) MOlKHO C noMODtbiO (66) BCKniO'IHTb BenH'IHHbl {3 8 ·- u MuuuMnaarrnH 

nonyqeuuoro Bbtp8lK8HHli nonJKHa npoBOilBTbCli no nepeMeHHblM e • 'Y I " npu yc'no-
. . :E . 

BBHX ( 67) ,· ( 71) ." fiony'I810Dt8liCli. CHCT8M8 anre6pauqeCKHX ypaBH8HHil rpOM031lK8 H HM88T 

f. H X • nnH ee 'IHCneHHOTO pemeHH!I AOCTBTO'IHO BblCOKYIO CTeneub OTHOCHTenbHO 

aanaTb napaMeTpbl r . N • fipnrOAHblMH 6ynyT TOnbKO TBKBe pemeuuH1 nnli KOTOpblX 

f.. <I 1 x·>O ·rf1 • nanee no 38A8HHOI! aenH'IHHe D onpenenHeTcH Manblll pBAnyc 

nY'!Ka A 0= Df. H BenHq)IHB HOpMHpyromerO MHOlKHTenH 
X 

s= 
8rr 2 D m r 0 

cjlyHKilHH pac-

npenenen:u11. TaKHM o6paaoM, cnencTaueM npennonoJKeHHH, 'ITO rpan:una ny~a HBnHeTCH 

3KBHUOT8HilHBnbHOil llOB8pXHOCTbiO ¢ = Const 1 HBnHeTCH T01 'ITO OTHOW8HH8 'Manoro' 

u 6onbmoro pann:ycoa ny'!Ka aaBHCHT TOnbKo OT AByx napaMeTpoB: o6utero· qucna qacTHll 

N u'•nonn:ol! an:epruu• r. OTMeqen:uoe CBOl!CTBO ue 38BHCHT OT CTenen:u npn6nHJK8HHli 

cjlopMbl rpBHHUblo T.e. B paanollteHHJI ( 20) MOlKUO 6blnO . 6bl B3SITb 6onbmee 'IHCnO 'UI8HOB0 

OTHomeHHSI An/ D OCTBnHCb 6bl cjlyHKilHSIMH Tex JKe napaMeTpoB N H r. nnH KOHKpeT-

HblX Bbi'IHcnen:ul! Benuquu f. , x , ·Y :£ ua cncTeMbl anre6pauqecxnx ypaBueHHil neneco-

o6paan:o ucnonhaoBaTb C'IeTuyro Mamun:y. 

fipu6nu)l{en:n:oe BbtpaJKen:ue AnSI noTen:nuana BHemn:ero MaruuTuoro nonn BHyTpH ny'IKa 

6yneT 

co> = ay x = 
a l(,r/1)= a/(, r/1) -a*¢ ((,,P)= __ l:_<U· 

r o 

a P. + 
r 0 ( 1 + ( Cos,P)D 

a 
r v·Y~ -1 -

0 

f. 8 8 
f dr/1 f l-2+log--((Cos.P+('Cos,P1log-+ 

a X·Y :£ 
. 211 

2rr r 
0 0 

o __ A 
1 

· A 1 
• 2 

·h -1 
+ 3 ((Cos .P +(,'Cos ,P1 I[ __ :E_ 

Y:£ 

= +X <U 
] ,, d(' • 
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B (74) KOHCTaHTbl 'Y::E • e 1 X Tenepb npeAnonar~UOTCll yJKe B3B8CTHI>IM11i tjlyHXI!BSI 

w onpenenneTCB B3 ypaBHeHHll (14) (c y~eTOM (62)) • rpaBa~oro ycnoBHll 

["'::£] =:(e. ,P )aO. (75) 

CBODOABblil 'IIIBB B (J4) B A8BHOM CI1Y'l88 BN89T BRA: 

:F(Gilo)=....!.....t I' + v·r.J.-1 + xv·ri-1]. 

r0 Da( 1+(Coslfo)a D~1+(Cos,P) 2 D2(1+(Cos,P) (76) 

·Tax ltaK rpaBma yJKe D3BOCTH81 TO Bbi~CI19HD9 r:cc • .P> MOlKBO BblnOnBDTb niODI>IM YAOD-

HhiM MOTOAOM. B ~acTHOCTD1 MOlKBO BHOB& ucnonb3oBaT& MeTOA PBma u ucKaT& pemeBBe s 

BRA& KOMDHH81!U 

- 2 2 2 
"' = ( e - ( ) [ "'o + "' 1 ( Cos ,P +"' 2 ( + "' t Cos ip ] , (77) 

Aa~mell npa6nuJKeHHblil MHHBMYM. ~YHKnaoHany (18). ITocne npuBeneHHB nocnenaero K 6eapaa

MepHOMY BRAY u npa y'leTe (15) H (76) nony'la&Tcll: 

271' e 
., a y..,x 2 •2 1 ., 1 "'2 

I(«~)= D(--"'-) f dt{J f I(1+(Cos.PH«~(+-cu,+(x+ ·) "'.p+ 
r

0 
.-o o ( 2 1+(Cos.P 

/- (78) 

+2~ " 1 + < 1+ l > v'·ri 1 I' d' . 
D·y::Ex (1+(Cos,P) 2 x ( 1+ (CosY,) Y::£ 

Torna nnB onpeneneHHll BenB~H "' 0 "' "' 2 
CU a nony'laOTCll CHCTOMa ypaBHOHHil 

1212 14 1214 121414 1214 
"' < 2+-e +-e" +...!..e >+cu <-e --e'+r.' 2 <-e +-e +..J..e ">- <-e +-e x >= 

0 3 3 30 1 3 30 3 15 15 a 6 30 

=-<2e +_l_eS, ...L- -c.l.e +-2 e+.L e~> ..;r~ -1. 
3 10 . nr-r 3 3x· 10 " r::E 

"' (_!_ __ 1_ e--Le>+c.J (_.!._+ _1 ex -~e~+ (<) (..!,e2+....2e 4)+«1(_!e2- 211e~ 
0 3 30 4 · 1 2 30 112 2 5 28 a 6 336 

2 

=<-1-e.,....!.el) I' 3 e 1 a v'·r::E-1 
5 1 ---+<--+-e > ---

n ·r .... " 5 " 28 "' Y:t 
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1 1 2 1 2 - f: 
2 

9 4 2 2 . 37' . 4 
"'o < -+ -e +--ex>+"' <---+ --e >+"' <-e +-ex>+ 

3 15 15 1 5 28 2 5 42 . 

+(<)a <-te ~~e\ )=-(.i. + _.!._e 3_) _I'- - ( _.!._se +....!. .i_ + _1 1) Y.rl;-t, 
84 . 5 7 ' Dy X 5 X 27 X y 

::E . ::E 
(79) 

l 1 2 7 4 2 211 .. 1 2 37 . 
"'o (-+-eX+ -e )+cu (_!e -~ )+C<I <-e +- xe1+ 

6 30 16 1 6 336 2 5 84 

11 2 97-4974 e 3~t" 1 1e +cu <-e +-e +-ex>=-<-+ -e , __ -<...:,...e +- - + 
. • a 60 56 112 10 28 .Dy::£x· 10 . 10 x 

1 e a 3 V) I -1 .,. ____ e~-· 
4 x 14 ·Y 

::E 

B ypaBBOHHliX (79) BOitOTOpble 'f.IIOllbl c oonee BbiCOKHMH CTeliOBliMH e 0'1'6pomeHbl, O:s:oa-
.,(0} 

'laTOI1bll09 Bbi~Cnenae B911H.~Rbl a¢ (G 1/J) B paCCMaTpKBaOMOM Cny'l89 MOJKeT DbiTb 

BbiUOnHOHO no ~OpJdYI10 (74) BHMHTH'IOCKH BnH HOIIOCpOACTB9BHD 'IDCIIOHHI>IM cnOCODOM, T,J:, 

'lDCI19HHbiO 3H8~9HH!! napaMeTpOB llpe.IUl0114r8lD'rC!I yJKe H3BOCTHbiMHo 

Ha paccMoTpeanoM npuMepe BK.liHhl OCHOBHble Bhi~CnuTem.nble TPYAHOCTR1 J:OTOpble 

BCTP9'18~TCll B H3IIOZI:OIIIIOM CIIOC06e. fnaBHbiM o6pa30M .OIIH CBOAliTCi! I: H90DXOIIHMOCTB:. Bl>l• 

'DlCI1liTb AnHHHblil pRA CpaB~TOIIbHO npOCTbiX HHTerpanoB K 38TeM B 'q](CI19HHOM pememm 

.CKCTeMbl anreopali'IOCKHX ypaBHOHHilo MoJKB:O OTMOT!l'1'h1 'ITO B p83AOII9 Ill Ami YBOIIII'I:e

Hilll TO~HOCTB B ~OPMY119 ( 68) HOODXOAHMO DbiiiO Obi B3HTb DOJI&me 'IIIOHOB p83IIOJKOIIHll 

G 
Ao . 

~lmll.IIB a no cTenennM 0 • 

. B :aaKJIJO~ea!le aBTOP BblpaJKaeT onaroJ:tapnoCTh M.r. HexaeBOII aa BblnonneHxe pgna 

Bbi'IBCIIOHHII, 

n x T e p a T y p a 

1, Q,}f, .SJpXOBOilo 0 CTSHROHapnoM COcTOliHHR BltCHSIIhliO-<:HMN:eTpii~BOII CHCTeMbl :aapiDKOH

llbiX ~aCTBA.- ITpenpllnT OH.HH, P-883, ny6Ha, l'962.. 

2. o.H • .HpxoBOII.CTanHoHapnoe COCTOliHHe ,ny'lxa D HBltOIII!Tene c DOIIhWH:U TOKO:U:. ITpOHplliiT 

OH.HH, N. 2182, nyona, 1065, 

3. n.B. KaHTOpoBH'l II B.H~ KphiJIOB, ITpllDnHllt9Hllbl9 MCTOAbl BblCmero 8li8JIK38. 

rHTTn; M.-n, 1950. 

'4. c.r. Ml(XIIHH. BapRanllOHBbl9 MOTO):(bl B MaTeMaTB~ecxoll ~ll3RXe.' fOCTex-Teop. JC!)IaT, 

M.-n., 1057. 

PyltoiillCb IIOCTynKna 13 113.!18T911bCJ:lll! OTA911 
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