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PaooTa BblDOJlB9H8 B CBSI3H C CYIII9CTBYIOIIIHM !I H8CTOHIII99 BpeMH oonbWHM HHTepeCOM 

x npooneMe aaxonneaaH aapH~eaawx qacTau. B aaxonaTen&x CYIIleCTBeuuo Baa&MoneA-

cTaoe 'l8CTHU Me~y COOOA, qTO B DpBBOJlBT X BeOOXOJlHMOCTII peWeHOSI C8MOCOf'D8.COB8HBblX 

npa peweBHB C8MOCOf'D8COB8HHOII 38Jl8q& paayMBO CTpeMHTbCSI llODy'lHTb peaynbT8T B 

B8HOOD99 B8f'DHJlHOII <jlopMe H BM9CTe C T91V B R8BOOnee CD80blX npennono~eRBHX. 0o3'l'OMy 

BllleTCSI 'l8CTROe pe w eaBe ADS! KODbDeBOf'O nyua B cnaoo<jloxycupyJOllleM M8f'BBTROM none C 

<jlopMOII Ce'l&BHH n yqxa, ODB3XOII K xpyry. Oo cyllleCTBy 9JlHHCTBe&HblM n p HHIITblM npe A UODO -

~eHH9M HBJlii9TC SI M8DOCTb X8p8KTepHOf'O p83Mepa Ce'l&BHII XODbU8 n o Cp8 BH9BH IO C e ro pa -

AHYCOM a 

•o 
« 1 • 

( A) 

Cym ecTBeueu yqeT xpRBH3Hbt cHcTeMbl. Kax oaaecTao,AnH B b lDp HMneuuoro n yqxa npo 

ero ynbTpapenHTHBHCTCXOII CKOpoCTH ABH~QBIID ~ CBDhl KYDOHOBCKOrO p 8 CT 8 D KHB8HHH q a c -

THU YM9Bblli 810TCH no Cp8BB9HHIO C DOKOSIWRMCH ny'lKOM B •y 2 = -
1
-- paa. nnH nyqxa, 

1 - fj 2 
caepByTOf'O B KOnbUO, noHBD2 JOTCSI AOnODHHTenbHble CRDbl p8CT8DXBB8BHH ( C M .TeKCT), He HMeJ0-

1 
mae ¢ axTopa -y o urpaJOmae B p!IA& cnyqaee cymecTaeau y JO , a To 11 onpe.ne nHJOWYJO ponb. 

y 

PeaynbT8T nony'l&H BnDOTb AO M8XCHM8DbHblX B03MO~HblX T OKOB, npB KOT OpbtX eme He 

aapym aeTCH ycnoaue (A), T.e. B TOM 'iRene H B o 6 nacTB , r ne v - noroa-

BbtA M e xTpoH. HanoMHHM, 'lTO np11 ynbTpepenHTBBBCTcxoll cxopocTH apameaan v = OT -

B9'189T TOKy B 17000a, 
I 

B ocaoay pa6 oTw nono~eaa caMocornacoBaouast Mo.nenb p a ooT bt 
1 11

, 

1. Pemeuae CHCTeMbt ypa a n eaall nna caNocornacoaaauo ro nona 

/1 / 
CacTeMa uenoaellnbtX ypaeneno i! ( 18) pa6oT bt , onHc bteaJOma st c T a u aouapooe c ocToR-

HUe 8KCH8DbHO-<:HMM9TpH'IHO II CIICT9 M bt 3 8 p !llK9 HHbl X '18CTHU B 3 8Jl8HHOM BH91UR<!M none, MO-

~eT OblTb npH6na~euuo p eweaa, ecna o 6nacTb S 0 38 11RM89M8H 'l8CTHnaMH, ODH3K8 K H9KO-

Topo n o6nacTH S 0 , HMeJOmell u a n e pell a a AaHHYJO ~lOpMy ( uo He p aaMepbt). TorAa AnSI 

pemeHHH aTOll C HCT9Mbl MO JKHO npoMeHHTb MeTO.Ilhl peW9RHH DHH9iiHbtX IIHT9l'p8nbHblX ypaB-

neRaA. PaaMepbt oonacTII S 0 
o npe.nenRIOT CH H3 ypaB H9 HHH r paHHilbl, 

SyAeM C'lHTaTb S0 

W8Ab10, paBHoi\ nno m a na 

/1/) 

x pyroM p a.nn y ca a c u e aTpoM B TO 'IKe ( r 
0 

, 0 ) u c nno-

S • CocTeMy ( 18) B/1/ 3 8UltW 9 M B BH.ne ( o5o3R8'leHH'l CM, 

3 



E =- ~ fG¢Edr1dz1
- ~ JG¢E'dr1dz1

+ Ho-e¢. 
471 s0 471(s-a

0
) 

(1) 

Po 
K K Mo 
- J GAp 0 dr'dz'- -- J GAp 0 drliz'+ - -!:...A 6 
471 so 4 71 (S-So l r c • 

3AeCh (S- S 
0

) 03H8'18eT OTnii'!He S OT S0 , TSK 'ITO cymec.TBYJOT TO'IKH, rne (S -S0) 

AomKHO y'IHTht BaT&CR KSK oTp!!UaTenbHaR rwomanb. 

nnll nan&uel!mero yao6HO BBeCTH cneayJOII!He o603HS'IeHHll: 

~ = x cosY, ' 
z 

X sin I{J - = 
a 

E Po 
·y = niC2 ' 

., = -- . 
me 

Ka 

ll 

a 

'o 

= 

a 
M -r 0 A6 (r ,0) 

0 e Q , 

2 
A 

mcr
0 

a 

r o 
= a 

( J) MOJI<HO 30HHC8Tb B Billie ( CM. npi!nOlKeHHe 

2 
A J , , , 

y = - - G 0 ·Y X dx d"' + ·Y 
271 so 

2 2 
~ J G ·yx 'dx' dY, ' - ~ J G ¢ yx' dx' dY,' , 

271 so a 471 (S-S o> 

h 

. 
= 

Ho 

me 2 

A2 , , , A 2 , , , 
7) =- -JG

0
1)xdxdo,\ - -fg7)xdxd.p + l)+U>(x,o,/1)-

2 71 so 2 71 so 

A 

271 

3nec& nono)l<eHo 

2 

fGa1JX 'dx'do,\ '- ~ ( GA7)x'dx'do,\ ' 
So 471 (8-Sol 

G = 
0 

ln 
y x 2 + x'" -2 xx ' cos ( o,/1 - Y, ') 

Ga - cf!y HX Hllst no pH nxa n o cpasueJm JO c G 0 

(2 , 22x, , 
a x cos 1/J + a 2 I X +X - X ros ( <,<\ - o,/1 ) ( L- 2 + G ) -

4 0 

-+x 2 
ros2 Y, + O(a 

3
) I , 

L = In~ , 
a 

2 

·Y = h - ~ L J ·y x' dx' dY,' 
2rr ~ 

4 

(2) 

(ia) 



ij • I' - ~ f[ L- 2 - az' cos .P' -
8
3 a~ x' ~cos 2 !b'h x' dx' dop' 

211 8 

"'(x,op) • ....!_ (_!., - ...Lc A fJe ) - I' , ¢ • 0. 
me r • 

Hay~ag TOBKoe XOn&QO (/cM.(A)/ 

a .« 1 ( 3) 

BB.!IBM, ~TO X peweBBIO CBCT&Mbl ( Ja) C YCD&XOM MOJK&T 6b!Tb DpBM&H&H M&TOA DOCD&IIOB8-

T&DbBhiX DpB6nBJK&BBll. neliCTBBT&DbB01 onycxaa ~D&Bb!, nponopQBOBSDbBhl& a 
ypaBB&BBe ~ 

·Y •- L[G0 ·y
1 

x'dx'd\b'+ ·y. 
I 211 s

0 
(4) 

O~eBB.!IHO 
1 

•y 
1 MoJKeT paccMaTpBBaThCB xax peweuue nepBOro ua ypauueuuA (la) B uyne-

BOM DpH6DBlKBHHH DO a 
• O.!laaxo ypasueaBe ( 4) nuaelluo u, cne.!loBaTen~ouo, MoJKeT 

peweao c:;~,.!IBpTBbiMH DpH&M8MB. 

Cornacuo G0 MOJKeT 6b1Tb ~peAcTasneua B BB.!Ie 

'G 0 • 1 0 (~x') + :I 1: (~x')coan (,P-op'), 
D• I • 

e. (' 
[ -lnz x > x' , I • :I .J!L.Jlt . 

0 I ..\~1 
-lnx' x .< x' , 

(01 - ...i3_ 
1o (..\Of x) , 10 (..\ 01) = 0 • (' = ( Of ( x'), (4a) 11 (..\of> of [ .. 2:1: ~Df ('Df 

..L(.!...) X > x' 
g = D X 

D i .\~ ...l(~)D x' nf X .< 
D X 

0 

0TCJO.!Ia nerxo cne.11yeT BblpaJKeuue Ana B.!lpa G..\ , B3BHMHoro c G 
0 

(46) 

Tor11a peweuue (4) ecTb 

nerxo BH.!IeTb, O.!IHBKo, ~TO ·y I Y.!IOBDeTBOpHeT YPBBH&HHJO 

d·y 
...!... d (x __ l )-..\~ .y = 0. 

X CJ'X dx I 

0Txy.11a 

r.!l& ·y0 , BH.!IHO, &CTb 3HB~eHR9 ·y
1 

B neHTpe ce~eHHS10 



nanee, pacCM8TpRB8SI Cnyqal!1 KOrJJ.a Bee 'laCTHUbl HMeJOT yn&TpapenSITHBHCTCKYIO CI[O-

poeT& a p ameuusr 
y2-'12 « 1, 

~ (6 ) 

Ill 
3aM&'I89M1 'ITO B ypaBH9HS!9 rpaHHUbl ( CMo ) 

y 2- .'12_ 1 0 (7) 

o.aa nocneo.uRx onepaTopa a ypaaHeHHRX cRcTeMbl ( Ia) ue o.aiOT 3aM&THoro axnao.a, nocl[on&-

xy c y'leTOM a .« 1 a paaeHcTaa nnomao.~A s H so OHH 8BTOM8TR'I9CXH 01[a3b!B8JOT-

CR M8nbtMR n o CpBBH9HH!O C p83HOCTbiO J[BftJJ.paTOB ·Y B '7 B uyneBOM npu6nHJK9BHR, 

TaxuM o6pa3oM, o.nsr onpeo.eneHHR rpaHBUbl B03MOJKHO ucnon&30B8Tb •y 
1 H perneHHe ypaa-

H9HHR JJ.nH 'I c oT6 porn eHHbtMH JJ.BYMR nocneaHHMR cnaraeMbt MH. nocneo.Hee, o6oaHaqa-

eMoe anpeo.& 'I 1 , JJ.OnlKHO 6b!Tb nony'I&BO BO BTOpoM nopRJll[9 M8nOCTH no a • 4>1! -

3H'IeCKH 3TO 03H8'189T, 'ITO, p8CCM8TpHB8R C8MOCOrnBCOB8HHY!O 38Jl8'1Y 0 KOnbne 38pS!lK9H-

Hb!X 'IBCTHU, Mbl JJ.OnlKHbl yqeCTb B CHne p8CT8nKRB8HHR '18CTHU 1 JlBKlKY!UHXCR C yn&TpapenSI-

THBHCTCKO f% CKOpoCTbJO, K8K qneHbi1 

88T9nbHO, HM910UlH9 M8nbt lt <jJaKTO'? 

COOTB9TCTBYIOIUH9 JJ.BHJK9 HH!O B npRMOM n y qKe (H cneo.o-
2 

1 - 11- ) , T8K R qn&Hbl 1 OTB9'1B!OIUH9 JJ.OnOnJ!HTen&HO-
:y-JI 

My p8CTBnKHB8HH!O , CBR38HHOMy C KpHBH3HOll CHCT9Mbl ( onepaTop, coo.epJKamR A g B 

2 == 1]2 
(I a)). noc neo.rme arpa!OT pon& npH a > 1 - -

.. y' 
eE 

H HB 6onblllRX p8CCTOHHHHX npnao-

e[1.ii.J 
c 

JJ.RT K paJJ.HKan&HO M Y paanH'IHIO Me>K.Uy cnnoll H CHnoA neliCTBH-

TenbHo, Torna E • - none aapsro.a, 
.. 
H. - none MarHHTHoro o.unonsr. 3Ta cyMMapuasr 

CHna paCT8nKUB8HHSI 00n}I{H8 6btTb CKOMfi9HCHpOB8H8 rpa.nHeHT8MH BHelliHero MarHHTHOro no-

nsr. 

n ycTb BHeumee MBrHHTI!oe none HM99T o6bl'IHY!O 60'IK006pa3HYIO KOH<!>Hrypanxro. Tor-

liB BO BTOpOM nopRJJ.Ke no a 

w(x,¢J = 1.d(l-n -n ).A!_ + ~n ~ + ~n 
r s r 

2 
z 

ro ro 

2 
:_] 
r 2 
0 

2 2 2 2 
= ~tl(1-2n 1 )axcos¢ + ~n 

1
a x + ~n 2 a x cos2r,/l] 

(8) 

nanee 38M9'189M 1 'ITO JJ.nH o6ecneqeHIIR Kpyrnol! rp8HRUbl Tpe6y&TCII 1 'IT06bl '7 t 

ue 38BRceno oT 

"' 
H • 3TO JlOCTHraeTCSI COOTB&TCTBY!O!URM B bt6opoM JlOCTOIIHBbiX Q 

t 

o 
2 

a (8). J.f3 BToporo R3 ypa aue&Hll ( Ia), coKpaJueHHoro o.onlKHbiM o6pa3or.c, cneo.yeT 

• t 

It ( 1 - 7D 1 ) - A f'l z' d z' • 0 , 
0 t 

(Sa) 
Q 3 2 1 

p. .f + T A j 'I 1 z' u' - o . 

6 



rae 

0KOH'I8T9/lbHO COKp81ll9HH09 ypaBHOHHe amr 'II BhlrllSILlHT TBK: 

~ 
X -

Yao6Ho, HC!l01lb3ysr Bblpa>KeHHSI Ll/111 p. ( 16) H (Sa), 38llHC8Tb (9) B BULle: 

~ I ~ 

q 1 :-A J g 0 q 1 x'dx'+ 'I+ -i- ,Z,A (x,q
1
), 

0 

- ~ I 2 

(9) 

(9a) 

,z,A: (q -A f'lt x'dx')x 
0 

2 t 2 2 

A J[(x +x' >&o -xx'g l]q I x'dx' t96) 
0 

nanee , HC!l0/lb3YS! H3B9CTH09 H8M IILlpo gAo , B38BMH09 C g
0 

(nepsall cyMMa ( 46)), 

llOIIY'IHM 

2 I 

<llA-A JgoA<llA(x',qt)x'dx' ) . 
0 

(10) 

PemHM 3 TO ypaaHeHue MeTOa oM nocneaosaTenbHhiX npu6nu>KeHHil c TO'IHOCTbJO no 'ln euos 

llOpS!!lK 8 a~ • B HyneBOM llpK61lH>K9HHH HMeeM (eM. (15) H (5a)} 

_ 1
0

(Ax ) 
'I ='1---

10 I o (A 

n onCT8B/lS!SI 3 T O peUJeHHe B (96), llOIIY'IHM 

- -1 2 

<I>A :'1 10 (A)!- -;::-r [(A +4)1 0 (A)-4Ai
1

(A)] + 

n o n a raH 

'It : 'l1o + !!. 'II 

OpHXO!lH M K Kpaeaoll 38!l8 '!e Ll/111 f!.q
1 

2 - -1 
a 'I I (A) I 0 (Ax ) , 

~ 

l!.ql (l) = T "'A (1) • J!!.qJ < 

Ee pemeHHe MO>KeT 6MTb npencTasneao a sane 

7 

(lOa) 

( 105) 

( lOa) 



2 - -1 1 2- 21 (.\)-.\1 ().) 
!'J.·TJ 1 • a .TJ I 0 ().)- x 1 1 (b) + a TJ 1 0 I 

0 
(.\x) 

2). 4.\ 1 2(,\) 
0 

R OXORqaT&nbHO BO BTOpoM UOpRAX8 DO a : 

11
1 

a '11
0 

[I 
0

(Ax) + a
2 

..!...1
1 

(Ax)], 
2A 

- -1 
'I o • 'TJ I o (A) ( 1 + a 

2 21
1 

(A) - ).1
0

().) ) 

4A I o<'-> 

noACT8BURH (5a) R (11) B yp&BH8BB9 rpaRBnY 

B blp83BM a q.,pe3 ·Yo , 'lo • A 

2 
·Y -'I 1 • 

2 2 
2 0+< 0 )1 0 (.\)- 1 a a ). ________ _ 

"!·I 0 (A). I I ( ,\ ) 

2 2 2 P2+ 2 
•o • 'Y -~~ - 1 - ~ 

o o m2c2 

(11) 

(12) 

(13) 

T a x a M o 6pa3oM, •o onp eAenaeT pa3 6poc nonepeqaoro HMnynLca B neHTpe ceqeaxa, 

K ax BHllHO H3 ( 13), a
2 

T9M M8HbiU8 (T,e, XOUbOO TOM 6ooee DDOTRO), '18M M8Hb-

2 2 
me • 0 , 0 Aaaxo • 0 ae M OlKeT owTb B3HTO npoH3BOnbBo ManYM, .llellcTBRTenLHo, BRYT-

pa Kpyra ( X .~ 1 ) , T.e. B OOUB CTH, 3 8HRM89MOII qacTH08MB0 AODJKHO BYDOUHHTbCH yCDOBB8 

2 2 
·Y -'I ~ 1 , 

(14) 

T.e. He C8MOA rpaBHII9 

d 2 2 
- ( ·Y - T/ ) I ~ 0 • 
d X x = I 

(14a) 

B n p OTHBHOM cnyqa e DODY'I8 9TCR ~HKTHBH08 COCTORHHe, B KOTOpoM BC8 qaCT BIIY pacnono-

lK9Hb l ..!!!!.2 oonaCTH So , n e rxo BHll9 Tb 0 'ITO (14a) TO'IHO COBD8A89T C TOM ~R3HqecKR 

COBepm eHHO RCHbiM y cnOBHeM, 'IT0 6 b! CyMM8pH8S! UOp8Hil8B8 CHna, ll8IICTBYIOIU8R H8 '18CTHIIY 

aa rpaaaue , ObiDa aanpaaneaa BHYTpb x onbua. 11cnoob3YR a ( 14a) B bipalK&HHR ( 15a ), (11) 

H ( 13) , nony'IHM 

2 2 

2 
l 0 ~ t Omtn = 

I 0 (A) + I I (A) 
- 1 > 0 . 

I : ().)[ I:().)-~(.>.)] -
( 15) 

n ocnea n e e Hepa BeHCTBO, OI!H8KO, MOlKOT HM8Tb M8CTO HHIUb npa A ~ 0,3. B npo-

TAD!IOM cny'la & B ( 13) CD8 1!Y8T DODOlKHTb < O a 0. B pe3y obT8Te DODY'I88TCR COCTORHHe, 

B KOTO p OM H H8 rpa HHII9, H B ll8 HTpe C8'18HHR qacTHllbl BMOIOT DHIUb (J - 10 KOMDOH8HTY 

CKOpOCT H, 

8 

... 



2. KpaTxoe o6cy~euue 

3neCb Mbl 6yneM p8CCM8TpHB8Tb COCTOSIBBII C npenenbBO MSnbiM 3H8'19HB9M < o • 

npu STOM BCerna MOlKHO nonb30B8TbCII Bblp8lt<9BH9M ( 18) npH < 0 = 0. B cuny ynbTpapenSI-

THBHCTCKOrO 3H8'19HHH CKOpoCTH Bpam9HHSI B (13) MOlKHO T8KlK9 38M9HBTb 
2 

'1 0 
H8 

B xa'lecTae onuol\ ua aenH'IHH, onpenenSIIOmux cocTosuue, ecTecTaeuuo npHHHTb Maxcu-

ManbHY!O B9nH'IHHY KHH9TH'I9CKOI\ SHeprHH ·)'max , nOCKOnbKY npR CyiU9CTB9HHOM H3M9H9HBH 

y no C9'19HH10 ·)'max 6onee aepuo, '19M ·)' 0 , xapaxTepuayeT xax B3aHMonellcTBHe qac-

THU, Tax H ycunHSI, Tpe6yeMble npu coanaHHH Taxoro xonbua. DpyroA ecTecTeeuuoA xapaxTe-

pucTHKoA HBnH9TCII 'IBCno '18CTHil, KOTopoe Mbl 6yneM Bblp8lK8Tb eenH'IHJlOA 
211 

(11 = ~ -
'Ymax 2" ro 

norOHHblA 8n9KTpoH) • 

111 
Cor nacHo ( 15a) H BbrpaJKeHHIO nm1 nnoTHOCTB aapsna pa60Tbi u ( 2) HMeeM 

211 2r. 

'Y max 2 " ro 'Y max 

0TC!Oil8 ( 13) nepenH1119TCH B BHil9 

2 
a 

7 
0 

a = 

_K __ 

4" e 2 

211 
<--> 

·Y max 

211 

--2-

·Y max 

.u, (.\) 
I o (.\) 

2 
.\I o (.\)[lo(.\) -l] 

11(.\) 

( 16) 

( 17) 

rne onpenenH9TCH K8K <jJ yHKUHH ua ( 16). 11a ( 16) onpenenHM TaKJKe Tpe6ye-
'Y max 

Moe eue111He e none, ynepJKHBaiOlllee xonbuo Ha aanaHHOM panuyce r 0 • 3aMeHHH OnHTb B 

ynbTp a pensTHBHCTCKOM cny'lae HMnynbc sueprue A, nony'IHM 

me[£.. + ll (1- n, -n •)] =- _m_c_·Y-=m:.:ax=-- [ 1 + ___:::_ (L -1)] • ( 18) 

'o ro ro ·)'max 

Kax eun uo, nns ynep>KaHHH ua aanauuoM panuyce r 0 aapgJKeuuoro xonbua Tpe6yeT-

CH 60nbll! ee M8rHHTH09 none, '19M B c ny'lae OllHOII '18CTHI!bl C T9M >Ke ·)' • nocnenuee o6-

CTOHT9 11bCTBO o6'bHCHH9TCH CYIU9CTBOB8HH9M OOCTOHHHOII no C9'19HH10 CHnbi, Hanp8Bn9HHOI\ no 

panHycy H npOHCXOilHmel\ OT B38HMOil9i!CTBTfSI 38pHilOB H TOKOB KOnbU8 (paCTanKHBa-

HHe) H >K9CTKO CBSI38HHOf.l C KpHBH3HOII CHCT9Mblo 

211 
06paTHMCSI K <!>opMyne ( 17) • fpA<~HK <jlyHKUHH ·y 2 a 2 ...... B 38BIICRMOCTH OT 

·Y max 
npenCTaBneH H8 pHCyHK9 1. npe~e Bcero OTM9THM, 'ITO MOlKHO npoH3BOnhHO yaenH'IHBBTb 

'IHcno 'ISCTHU a xonbue, ecnu nponopuuouanbHO eMy yeenH'IHBBTb ·)' • ::ho nerxo no-...... 
HHTb, ecnu y<JeCTb, 'ITO ueo6xonuMoe euemuee none (eM. (18)}, a cnenoaaTen~tuo, H ero 

rp8llH9HTbl, KOMneHCHpyi01UH9 p8CT8nKHB8HH9 '18CTHU, nponOpi!BOHanbHbl )'max • ( npu STOM 

9 



•meu, collep>Kamuli 6on&rnyJO eenuquuy 

110BJ19HHb!MH KpHBH3HOII CHCT9Mb!), npH 

L , KoMneucupyeTcsr cwnaMH pacrall!CHBSHHH, o6yc

~ « 1 <}opMyna ( 17) ynpolll89TCH llO BHllS 

·Y aaax 

al 4v 
-;-r 

0 ~ max 
·y ...... (19) 

B aTOM cny'lae OCHOBHOII H9CKOMD9HCHpoB8HHOII cnnoll p8CT8J1KHB8HHH HBnH9TCH CHJ18 nopeuna 

B B b!np!IMJ19HHOM DY'IKB (OTCJOllS MHO>KHT9Jlb d- ), nonOI1HHT9JlbHblll MHOlKHT9J1b __ 1_ 
Y max ')'max 

o6ycnOBJ19H OTM9'19HHOII B btlU9 DpODOpi!HOH811bHOCTbJO ynep>KHBSJOUlHX CHil 'Y • ..,. , 0TMQTIIM 

TSK>Ke, 'ITO B aTOM CI1Y'I89 DllOTHOCTb MOlKHO' C'IHTSTb DOCTOHHHOII DO C9'19HH~ 

2v a
2 

npH -- ~ 1 H86J1JOJl89TCH p93KHl! pOCT _,---- DpH yB911H'I9HHH 'IHCJ18 '18CTHil 

~..... 'o ~ 
on-( Y max = CODSt ) • 3TO H DOHIITHO, DOCKOilbKY 3Jl9Cb CYlll9CTB9HHYJO (a DpH -- » 1 

'Ymax 
pe)l911HJOlllYJO ) poru. HrpaeT CI! J18 p8CT811KHB8HHII, o6yCJ10BJ19HH8H KpBBB3HOll CHCT9Mbt, TSK KSK 

1 2 
cornacuo puc. I a aTOll o6nacTM ~ ·'£. + . B peayn&TaTe yeennqeuse ceqeaug aa 

y max r 
C'IBT yB911H'I9HHH 'IHCJ18 '18CTBil B CBOJO 0'19p9Jlb B9Jl9T K B03p8CTSHHJO CBilbl p8CT811KHBBHHII, 

TaKoro polla o6paTHbiM )leftcTBMeM H o6&RcasreTCII XOll KpnBoft nps 
2v 

> 1 • 

~ ..... 
B aaKnJO'Ieaue npnBelleM BblpS>KBKKe llllll noKaaaTensr cnalla MarunTaoro nonsr 

0TJ1H'IH9 D OT ~ 

D ~ - i 
Hill 

a H. 

a r 
I Dl/2-
r=-ro 

2v 
~-. 

+ ~ (L-1) 

Y......,. (20) 

Y,.ox 
JlllH KOJ1bll8 Kpyrnoro C9'19HRH 06b11Cllli9TCII pS3HOft B911M'IHHOft CHil 

p8CT811KHBSHRH, o6yCJ10BJ1911HbiX KpttBH3HOll, B H % Hanpaene&HH (eM. (16)). 

nPHno:li<EHHE 

i1Meeu Jlllll 4JynKUHA G.p H GA H3(1) 

rlle K 

4 
K (It), G.p • 

y(r + r') 
2 

+ ( z - z' ) 
2 

4 
G -

A 2 2 
y(r + r' ) +(z -z') 

2 [(~ 1)K(k)-..L E(k)], 
lt2 

R .E - DOJ1Rb18 8111111DTH'I9CKH8 IIKT9rpanbt 1 

k2 -
.4rr' 

(r :+-.r') 1 + (z-a') 1 
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Pacxnanb!B&II 

(r-r
0

- x 1 ,za x~ 

G cp • 

G m 
A 

rne 

DO a 
ro 

2._ [L + 
ro 

2 
-- [L+ 
ro 

(r -r')s + (z -z')a 

( r + r • ) 2 + ( z - z ')s 

C TOqBOCTb~ AO BTOporo DOpHAXa, DOnyqxM 

., 

'Go - ~(L + ·Go -1) + g q, l . 
2 ro l 

'--' / 

z + z' 
'G0 - 2 - _1 __ 1 (L + 

2r 
0 

'G 
0 

-3) + & A) ' 

..j( z 1 -z'. )2 + (z -z~ 
1 ' 2 7' 
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