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/1-3/ 
3KCD8p11W8BT81D>Boe R TeOpeTR'l8Cll08 RC<:n8AOBaJIIIe DpoAOIIIoiiOI DycTOI"'RIIOCTR 

aapsr.8.1L81o1X ll0m.ll811WI: Dy>II8X pelUITRIIRCTCllRX 'lACTD { 8ljlljlellT OTpRD8Te1D>BOI N8CCW) 7Jlt! 

3W:II88T Ba TO, 'ITO DpR paaBRTRR HeycTOI"'RIIOCTR 1103NO .. O Bpell8nJoJI08 CT8DROB8pJI08 COC• 

TO ... e II 11Rll.8 crycTllOII II 4laao110W DpOCTpaBCT-, OIS.IIallaJDIIlllX 3Ba'IJITenioHOI ,YCTOI"'RIIOCTI: 

Tall, 11 paCSoTe
111 

noKaaaao, 'ITO npa ouuKollwx aaepreTR'I8CllRlt paaCSpocax a paa

n.u: 4laao111o1X JUIOTROCTIIX "UlCTRD MOllynRpollaBBW:I RT"!Oit tionee ycTOI'IBII, '18M Dy'I:Oit c Oll

ROpollJIOI JUIOTROCTJ.JD. 

B AaaBol paCSoTe paccwaTpaaaeTCB ycTOI'IBIIOCT• woao•aepreTR'I:ecKoro aapa•eRBoro 

RY'fi8 C MOJI.Ynllpoii&RBOI 110 CRJIYCORA8nJoBONY aaltOBy DnOTHOCT:biO. 

B aewoJI.Ymrpoaaaaow IQ""'iI:e c T&DNR •e uapaweTpaNR paaBRBaeTCB anepaoAH'lecJtall 

llpollOm.BaB H8YCTOI'IBIIOcr.. 

MoAyJUIJIRB IIY'fi8 DpRIIOllRT It TONYt 'ITO aa '18CTBDy1 OTll~OBRIIWYJDCII OT paiiHO-CBON 

IIQnOlK8RRll1 ll81CTIIYJDT 118pRoml'18CDe cjloJtycapyJDIIIJ(8 R AecjloltycBpyJOIIIJ(8 CRDhl. TURN o6-

paaou, BR.QBa H8BOCp8llCTII8HB8ll 8BMOrRII C 38ll8'181 0 ll11BlK8UB nepeaepayTOro NaJITBRlla 

/4/ 
C 11J16papym-l TO'IBOI DOAII8C8 R1 cneAOBaTen:t.B01 cymeCTByeT B03NOJKBOCT:b llBB8NR-

'18CllOI CTaiSaaaaanRR a+teKT8 OTpRD8T8n:t.BOI N8CChl. 

Opaw- ypaBReRRll cawocornaco~~aaBoro uorur pa6oT&/
51 

aueCTe co aceMB, cAenaa

RWMR T8N OrpaRR'l8RRIIWB1 aa RCXOJI.Bb18o 0rpaBH'IRBaiiC:b paCCNOTPSBReM NOHO&BepreTR'Iec
/'{j/ 

DX Jly'lltOII, RCDOm.ayeN IINecTo DHeTR'I&CllOro ypaBH8HRII yp8BB8B:Rll Jlnll aepBblX llByx 

NONeHTOII ljlyllllJUIR p8CIIpell8:11eUJI: 

1 iJ(y!'l) 
+ -----·---

Rep iJ(J 
0. {I) 

{2) 
• 

R • 6 
cp 

- uponom.au KOOPilRH&Ta: N - .JIRHeiJIU DnOTHOCTJ. '18CTBD II IIY'fi8i 

y - cpe.llllllll llRll.DR'leCJtu CKOpOCT:b "UlCTBD; R cp - cpe.llBRI p8li.Ryc lllDtnB'IeCKRX 

i - upoAom.aoe NellTpR'I8Citoe uoae & 6 , ycpe.lllleaa:oe no ce'I:&HHJO llaMepw. 

8 



orpaHB"'HB&!OillCll nyqoK; m1 • ( R!. "'~)-I - a<»exTBBHSll Maces 'I&CTBllbi, nHpxynll-
dE 

py!Oill&A c ycpCAH8BHOA "18CTOTOA, t.l B E -coOTB8TCTB8HHO ABKIIH"18CK8ll "18CTOT8 B 9H8p-

rHll qaCTHAbi. YpaBH8HHB ( 1-2) seo6XOABMO paccMaTpBBSTb aMecTe c BOIIBOBI>IM ypaaaeaaeM 

g 

6./i.r ~ ~ • .!.!!_le_ + 4rr m._ 
c at2 Rap a8 7 at 

{8) 

rne p • e QN -nHaeAaaB lliiOTBOCTb 38PIIA8o 

Je •evQN -naaeAaaa nnoTaOCTb TOEa, 

Q ( x , y) -4JyRKllBB
1 

OHp8A8nB!Oill8H pacDp8A8118BB8 DIIOTROCTII B DIIOCKOCTR1 nepli8RAR-

KyngpaoA 6. 

nonOJKBB B ljlopMyii&:X ( 1-3) -It- = 0 o DOIIY'IJIM CRCT8My ypaBR&BRA, OIIp8A&nBJOillYJO CT&llBO

B&pHO~ COCTOBRHQ llyqlt&o HaTerpRpOBARRQ ypaaaeaRA1 nonyqeaahlX H3 (1) R (8) 1 A&CT 

v 0 N 
0 

• const - v 00 N00 

4rre I 
&. •-~ o,J 

•• 

-~In 
g J (N 

-'-.·~a· "• 
k +n 

J 

ln6 

-N.o8n0 8kJ,O )e 

R -~ - C06CTBQBHI>IQ ljlyRKI(RH H 3R8'18Hllll COOTB8TCTB8BaO OII8p8TOp8 

(4) 

(5) 

!'118 gJ 

Dd l D 

2 R 2 
~:T +00 ~ c onaopoAHhlM rpaHH'IBbiM ycnoaseM aa cTeuax KaMepw; N • -
ax ay 

ljlypbe-oopa3 ljlyaKABR N(6) t 8lk -cHMBOn Kpoaexepa; HHA8KCOM c OTM8'1810TCH BQnH"!Babl 

B CTBAHOHBpHOM COCTOBaHH, nocne HCKDIO'I8HIIH V 0 H /i; 0 H3 IIOCn&AHHX ljlopMyn B ypaBHQ-

HHII ( 2) I! II<! CT8llHOaapaO!'O COCTOIIBHII IIOny"'88M H81IHH8AH08 ljlyHKAROH81IbH08 ypaaaease: 

2 2 
voo Noo 

~ 

1617
2 e 2 g~ -·-- I g J (N N 8 o loll 2 

m 
1 

R n.J~k + en - nO 110 u JO ) e + v 
op J n 00 

(8) 

PemeHHe 9TOro yp&BHQRRB B 1Ip8ADOnOJK8RRR 0 ManoA rnyi5RH8 MOAyn51llRR ( f << 1) MOlKRO 

Bb10p8.Tb B BR):(Q 

N 
0 

• N oo (1 + tcoe k6) (7) 

'ITO COOTB8TCTByeT IIRB8IaOMy DpR6nRlK8RRIO DO f p8W8RBH ypaBaeaRB { 8) 1 llpR'18M rny6aaa 

NOAYII51llHR DpR aaAAJIROM k Ollp8A8Dli8TCB II8p8M&Tp8MR nyqxa, 8 o15maM cnyue B ypaBR8-

RR8 ( 8) cnenyeT BKIIIO'IRTb BR8WRR8 DOIIB1 KOT0pb18 MOJKRO Bb16p8Tb T8K1 "'T06bl CKOMD8R

CRpOB8.Tb BblCWRQ rapMORRKR DO k • 

11CD01Ib3yg ljlopMyny ( 7) 1 DOny'188M B naaeAROM. DpRflnRJK8RRR DO f 

v
0 

• .. 00 0-fcoak6), (8) 

4 

• 

&.. - -f 

g 
k• 1 'to 

2reR 
elnk6 • 

PaCCNOTpRM R8nRR8ftBb18 KOna6aiiiUI1 B03RU8JOillR8 B TIIKOM Dy"!Ka1 ol5;rciiOBII8aRbl8 I 

OTpKD8T8nbROft MACCI>Io 

16/ 
RhlM l R ~ 1 rAe 

npa aTOM OK831>11188TCSI YA06Rb1M nepeliTR ][ narpaRJK8JihiM IIQ 

~(1,8) 0Bp8A811SI8TCSI ¥3 yp8BR8RRI 

-a~ 
a •• -a6 

N 

Noo 
a~ -- N .. 
""Crt Noo 

<l>yl!KDRB ~ OCT88TCSI llOCTOSIRHOA BAOI!b Tp88RTOpRR '18CTRB1 KpoNe T0!'01 KBK BRAR 

ljlopMyllbl ( 10) 1 yp8Jili8RRQ R8Hp8pbiJIROCTII ( 1) BbiBOI!aSieTCSI 8JITOM8TR'I8CKR, 

Y'IRTblllaB ljlopMynhl {10), 8 T8KlK8 yp8BR8RR8 {8) Jl CT8llROaapaOM COCTOSIJIRR
1 

B08 ypaBR8RR8 (8) MOJKRO llpQACTSBRTb B BRA81 YAOfiliOM Ana DOCn&AY!OillRX Bbi'IJ!Cn81 

2 
d (/b 6 - Q; 6 ) - 1 a ( Q; 6 - Q; 8 ) • 4 rre N oo Q 

0 7--.ftT 0 
R •• 

g 

<a aer 

OrpaHR"'RYCB Aanee paccMofpeneM nponollba~>~x aona, AnB xoTophlx 

npeaet5peraa M&llhiM qneaoM a ypaaaena ( 11) , nony'IRM 

Q; 6 • Q; 9 + heN oo Q ( r/1 - ~ 0 ) • 
a 

nocne ycp8AH811Rll JIO DOJI8p8'1BON:Y C8'18aHIO K8M8pbl 5 DOI!y'IRM 

& • & 0 + 4rreN oo 8 0 ( ~- r/1 o ) • 

rne i. a a 
I sJ - Jo ds. 
J 8 

So • 

2 2 
a •• a > x 
~a;r 

X ( 1/J -r/J, 
a & 6. l &8 « -=--ai' 
a •• 

TaKRM o6pa30MTDp0AO"-ioahl8 BOIIRhl B Dy'llte C TO'IROCTbJO AO pa311R'IRSI Jl 3R8K8 MSCC 

TR. R ljliiKTOpa 8 O 1 yqRTbiii8JOill8!'0 R811B'IR8 K8M8phl1 OllBCbllla!OTCSI TeMR JK8 YPSB. 

/8/ 
MR1 'ITO R D8p8M8TpB'I8CK08 B036yliCA8RR8 Bona B MOAYIIRpoBSHllbiX D;r'IKSX 

161 
Cne.nyg M8TOAY pa6oThl , C y'I&TOM yK838BRhiX OTIIII'IRA 1Ip8.!lCT8BBM CMemel!He 

TRD :a ny'llte 6 Jl BRA8 

9 • 80 +86 • (l 

3nec& 8 0 -cTSJIHOH8pH08 CM81ll8RR8 '18.CTRJI Dy'llta: 

5 



ml • (11!. ru.~ .• l·' 
dE 

- a~8KTHBH8H M8CC8 '18CTHQ~, UHpKynH-

qacToToA, ru H F: -cOOTB8TCTB8BHO IIHKnR'I8CK8R 'laCTOTa H aHep-

R (1-2) He06XOAHMO paCCMaTpHBaTb BM8CT9 C BOnHOB~M ypaBH9HH9M 

2 

ll.& _ 1 ~ • .!..!!_ .!.L + .., aJ(J • 
9 

7 at2 Rap ae 7 at (8) 

BaH nnoTBOCTlo 3apHAa1 

aR DnOTHOCTb TOK81 

HH, onpeAenRJOIIlAR pacnpeAeneBB8 nnOTBOCTB B nnOCKOCTB1 nepD9HAB

oA fJ. 

1-3) a = 0 1 nolly'!IIM CBCT&My ypaBB8HBA, Ollp9A8nRJOIIlYIO CTallBO-Ot 
a. MBTerpBpOB8HB8 ypaBB8BRA, nony'!8HB~X H3 (1) H (8), AaCT 

v 0 N 0 ~ con at • v 00 N00 

4tre I 
~n,J 

-2 
g J in 

__ , ___ (N 

kJ+0.2 On 

tnt/ 
-NnOBno 8kJ,O )e 

CTB9BH~9 ¢yHKDHH H 3Ba'I9BHH COOTB9TCTB9BBO onepaTopa 

C OIIHOpOAB~M rpaHB'IHhiM ycnOBH9M H8 CT8HKaX XaM8phlj 

(4) 

(5) 

N n -

((J) I s.k -cHMBOn Kposexepa; HIIA8KCOM c OTM8'18IOTCR senB'!HB~ 

Docne HCKniO'I81JHll Va H /i;o R3 nocn&AIJHX ¢opMyn H ypasae

oro cocToHHBH nonyqaeM aenaB:eAsoe ¢yaxuxouanbHoe ypasaeaae: 

1677 ~e 2 g~ 
----I g J (N N • Inti m 1 R 0Pn,J~ en- noua.oBJo )e 

2 
+ "oo (8) 

BH B npeAnonO:>K811BH 0 Manol! rny6BB:8 MOAynHllBB ( f « 1) MO:>KIIO 

N a • N 00 (I + f cos kfJ ) (7) 

IBOMy DpB6nBlK811BIO no f pem&IIU ypaBII&IIBR ( 8) 
1 

npB'I&M rny6BH8 

k onpeAenHeTca: napaMeTpaMB nY'!)[a. B o611l8M eny'!Ae s ypasae

nong, KOTOpble MO:>KIIO Bb16paTJo T8K0 'IT06bl CKOMnea-

( 7), nony>~aeM s naaeiiB:oM. npBiinBJKeDB no f 

v 0 • v 00 (I- fCookfJ), {8) 

4 

• 

&a - -f 

2 
km 1 "oo 

2weR 
sinkS • {9) 

PaecwoTpn.~ aenaxelhu.le Kone!SaD.tl, soaanaJOIIlB& s TRow ny'IIe, o6,-cnosneaa:hle 81jJcjleKTOM 

OTpB!l8T8.1doBOII M8CC:hlo npB W!'OM OK83hllla8TCH YAO!SBhiM nepeiTB It narp8BlK811~M nepe:wea
/8/ 

BhiM t • 1/1 , r.ae 1/!(t,Bl onpe.aena:eTca: :,:.:s ypa11aea•l 

- a.p 
Rop ~ 

N 

Moo 
a.p --~ 
at Moo 

(lO) 

<llyDnBII 1/1 OCT88TCB DOCTOBHBOI BAOIIlo Tpa&ltTOpBB '!aCTBJr, ltpoM& TOro, KaJt BBAHO B3 

cjlopMyDhl ( 10) 1 ypa11118BB8 B81rp&pbliiBOCTB { l) B~DOnBH8TCB aiiTOMaTB'I8CKB. 

Y'!BThiBaR cjlopMynhl ( 10), a TaJtJKe ypaiiB8BB8 (8) II C'I'8IIIIOBapBOM COCTOBBBB, BOIIIIO

B08 yp8BB&BB8 (8) MO:>KIIO Dp&ACTaBBTb B BIIA81 YAO!SHOM AnH nocn&AyiOIIlBX Bbi'IBCneBBII: 

2 
fl. (I; fJ _ G; fJ ) _ 1 a ( G; B _ 11; 9 ) • he N 00 Q 

o 7-aiT o R 
ap 

2 

<a aev-
OrpaliB'IBUc• .llaJI&e paccMorpeBBeM npoJ:IOnJ.BhiX sons, An• xoTopbiX 

npeB:e6pera• M&llhiM qneaoM s ypasaeBBB ( 11), nony'IBM 

11;8 -&9 +h•NooO<t/1-rfJ. ). a . 

nocne ycp&AB&BIISI no nonepe'IHOMY ceqeaBIO xaMepbi s nony'IBM 

r.lle 

& • i£ 0 + heN 00 g 0 ( t/1- 1/1 a l • 

go • -· I gJ 
J 

• Jo2 ds. 
s 

2 2 
Rap a 

--r7v-)x 
c at { 11) 

X ( r/J- r/J a) • 

ll.l &8 « ;. ~9• •TOr.aa, 
op 

( 12) 

(IS) 

Ta~tau o!Spa3oM,npo.aom.ahle BOnBhl s ny'IIe c TO'IHOCTJoJO 110 paana>~•• 11 3Baxe Macchi >~ac

TBB B cjlaKTopa g 0 , yqBT~BaJOIIlero aana'!lle KSMep&I, onachiBaiO'I'CSI TaMil >Ke ypasaeaaa:

/8/ 
Ma, 'ITO B napaueTpaqecxoe B036y:>KAeaae sona s MO.llynaposaallhiX nyqxax 

/8/ 
Cne11yg M8TOAY pa!SoThl , C y'I&TOM YJta38HHhiX OTnB'IBII np&ACT8BBM CM911l811Be 'lac-

TIIJt B fiY'II8 8 II BBA8 

3Aec• 

8 • 90 +89 • 

fJ o -cTallBOBapBO& CM911l8HH8 '!aCTBll nyqxa: 
'\ 
I 

5 

( 14) , 



6 1/l+voot • IL(I/I+.,orfl 
0 • + ~·DIL --- 0 

R~ R~ 

a 110 ....::uemea&e, caBaaaaoe c ae~~&aeABbiNB xone6ausno. Haue.aeaRe 86 
Q88TCB ypaBB8HR8M 

a a a k a a d 86 2fT0o 86 21Tt00 --- +~ - (~-1)[•lakr-•la(kr+36)], 
dr a <~~oo ktUoo 2w0 0 

rne RCDO.IIb30B8Bbl 0603B8'18BBB 

r • 1/1 +voo t 

Rap 

a '""a Nooso 
Do • -----

ml 

a 
a .,oo 

CtJOO • --::-r-
Rop 

H3 nocnenaero ypaBB&HIIII, B '18CTBOCTR0 cnenyeT, 'ITO npB m1 <O B OTC}'TCTBRR 

ny'IK& ( • • 0) pa3BRB89TCll npononhB&B aeycTol!'IHBOCTh c aaxpeNeBTOM I 0 0 I 
BRB8118BTRO 119BrM~poBCXRM X01!968HBIIM '18CTBU C OTplln&TellhBOft M8CCOft, 

(115) 

110 apeueu 

(16) 

MOliYIIllllRR 

, 'ITO sx-

nanee, fiyCTb DapaMe,Tpb! ny'iKa Bb16p8Hhl T8KBM o6p830M 0 'ITO Bb1DOIIHII~C11 B9p8B8H-

CTB8 
a 

21710o 

<~~oo k a 
«1.~«1. 

k (17) 

Torna, npaMeBBll x ypaaaen~ ( 16) weTon ycpenaeaa11 H.H. Boron~6oBa17 1, nony'laeM yc

noaae QRH8MB'I8CitOft CT86RI!B38UBR npoQOII.Hb!X BOIIH B MOQYIIRfOB&BHbiX DY'IX8X1 a RM8RBO: 

xaanpaT rny6BHhl MottynllllRB ,a liOIIlK8B 6b!Tb 6onbwe •wiOo I . Ycnoaae ycToAl!BBOCTR, 
"'oo 

COBfi8Q810!1l88 C Hal!QeBBhiM0 MOlK8T 6hiT. T8XlK8 fiOIIY'I8RO npR BhiDOJIH8BRR YCIIOBRA ( 17) B3 
/8/ 

IIBH88pB30B8RBOro ypaBB8BRB ( 16) 1 KOTopoe RN88T BBQ ypaBR8BRll M&Tb8 , H3 aepaB8BCT-

B8 ( 18) R fip8liDOIIOlK8HRII 0 M8110CTR f 

IIBBO TOIIbKO Allll ny'IKOB M8110ft fiiiOTROCTR 

cnenyeT, 'ITO npoae,11eaaoe paccMoTpeaae cnpaaett-

Y'IRTb!Ball, 'ITO a yllhTpapenaTaaaaMe 

paaeaCTJIO ( 18) 3anameu B Batte 

., IO~ I 
--a--

"'oo 

« 1. 

d.CII •- Cll 

~ (p+1)E 

a a -
(4fT) r

0 
R 0 pN 

« 1 • 
( p + 1) y 

(18) 

p 
/51 

- noxaaaTe.llh nona) , ae-

(19) 

rtte r -xnacca'lecxaft panayc snexTpoaa; N • N00 l!o -npa6naJKeBBo coanaAaeT c nnoT-

BOCTbJO '18CT1fll B DY'fB80 T,X, !! O • .!_, y • ~ , Eo - 3B8prBII DOKOll '18CTRilbi, Ha 
S "O 

STOll ljlopMyllbi, B '18CTHOCTR0 CII8Ay8T0 'ITO ttonyCTBM8ll fiiiOTBOCTb. yB811R'IRB88TCll C poCTOM 

saepraa 'I&CTRD ny'IXa. 

AaTOp 6naronapea .R.B. 4>aAa6epry 3a nocTaaoaxy 3&Aa'la, B.n.wanapo, O.H • .RpxoJIOMY 

a M.n. Hoaaoaa'ly 3a o6cyJKttea&e pa6oThl. 

6 -

.. 
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2 

no -
4we 
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Noo8 o 

ml 
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Rop 

Be 

paBH9HHH, B '18CTHOCTH, cnenyeT, 'ITO npB m I <O R OTC7TCTBRB 

pa3BHB89TCH npononbHHH aeyCTOI!'IHBOCTb c HBKp8M8BTOM In 0 I 
MIOpOBCKHM Kone6aHHHM 'laCTHil C OTpHOaTeJibHOI! M8CCOI!, 

(IS) 

Bo apewen 

(16) 

MonynanBB 

• liTO sx-

Tb napaMe_Tpbi rryqxa Bbi5paabi TSKHM o5paaoM, 'ITO Bb!nonaBIOTCH aepaaea-

2 

21fl0o 

ruoo k 2 

«l._:_«r. 
k (17) 

171 
K ypaaaeaaro ( 16) M&Ton ycpenaeaBB H.H. Boronro6osa , nonyqaeM yc-

KoA cTa5anaaanaa nponon•ab!x Bona a Monynapoaaaab!x ny'IKaX, a aMeaao: 

Mollynanaa •
2 

nonJKea 6biTb 6on~ome 4"1°.0 I . Ycnoaae ycToAwaaocTB, 
ruoo 

al!neHHbiM, MOJK9T 5b!T. TaKJK9 nonyqeao npa BWDOnB&BBB ycnOBBII ( 17) 83 

/8/ 
o ypaaaeaHSI ( 16), KoTopoe &MeeT san ypaaaeaa• MaTbe • Ha aepaaeaCT-

IOnOlK9HRH 0 ManOCTH t cnenyeT, 'ITO nposeneaaoe paccMoTpeaBe cnpaaen-

fiy'IKOB ManoA nnOTHOCTH 

41TIO~ I __ 2 __ _ 

ruoo 
« I . (18) 

ynbTpapenHTHBH3M9 dru •- ca 
dE (p+I)E 

p 
;a; 

- noxaaaTem. nons) , Be-

anBW9M B BH)l9 

2 2 -
(41f) r

0 
R0 pN 

(p +I) y 
« I • ( 19) 

qecKaA pan aye snexTpoaa; N • N00 g 0 -npa6nBJReaao coananaeT c nnoT-

g 0 • _!_, y • E , Eo - 8H9pi'HH DOKOJI 'laCTHilbl, 
s To 

DY'IK9, T.K. Ha 

'laCTHOCTH1 cneny&T1 'ITO JlOfiyCTBMall nnoTHOCTb_ yaenH'IHB89TCll C pOCTOM 

Y'IKa. 

napea H.B. <l>aAa6epry aa nocTABOBKy aanaqa, B.ll.UJanBpo, O.H • .HpKoBoMy 

Y aa o6cylK)leawe pa6oTb!. 
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