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,. np11 HCCne.noB8HHH pa3nHqHbIX npoueccoa, npOHCX0.0.SIWHX C ,qaCTHU8MH Bb160KOA' 

3H0~'r.lIH (cpa30Bbl8 'Kone6amill B. pe30H8HCH;;X yCKOpHT0nSIX/B-S/, p8.!lHSnbHbl0 .H. aep-
" , · , . , ' , /9-10/ . . 

THK8nbHbI8 -Kone6aHHSI '18CTHU B UHK1IH'r{8CKHX·' yCKOpHTenstx • • ,llBH)K0HH0 nnaa-' 
/11/ . . 

MhI · a MSrHHTHOM none H .ap.), BQ3HHK80T Heo6xo.nH~OCTb a, Hccne.nOaaHHH 'cne.:. 

,> .ayrotiie·a CHCTeMbl ypS~HeHHA ·.c: ~~nhIM nal)aM~TpOM-
-., - ' .,- . 

.i •· f
0

(x, y/+·, /1 (r., y, I,<•,, 

I' 

yi:toaneTBops1IOLUell cne)lylOLU0MY OCHOBHOMY ycnOBHIO: CHCTeMa 00) \c~CT0M8, (IO), 

nony'IS0TCSI H3 CHCT0Mbl / ([ ) _npH < ;_ 0 ) ~MeeT B H0KOTOp~ll TO'IK0, (r. , y ) nono-, 
. , : ~ • f l o o 

)K8HH0 pa~HOB8CHH.THll8 u:aTp. 
' ' ' . ,( ' '·' /_'\ , ' ' ' 

via 'ocaoaaoro ycnoa11si, cne.a,yeT, q1:o npu: .noc··TaToq_eo ManoM \ t . ./ _O ace pewei-

HHH 6~cTeMhl ( ~ J •, B~xollstm11e ·ua .a.oCTaToqu~ ~anoA oKpecTHOCTH T()qge (x O , · y OJ, 
- . . ~'. . - ' . ' , . , ' . . / - . ' , 

6YJl.YT, KOne5nroWHMHcSl,·no KpaA:HeA Mepe,.no Tex nop. noKa OHH 6y.nyT Haxo.nHTbCSl 
~ - · ' 1 , .· , . , : • ' ,i . . j , ,, ,,o • . ': ' ·, 

a6nu:sH TOqKu:.· (x0 ·, y~) ·• 0.nHaKo, c Te'ieHeeM apeMeHH 3TH :peweHn:SI, aoo6ure,roao-. 
·,; . - . . • ~ , t ~ 

pSI; M~ryT ~_.nanSITb~Sl OT Toq.KH ( XO ~ Yo) H~'CT?J1b~o· .nan~Ko, ll.TO HX ·.na,H>K0HH0 

npHMeT· cosc,eM .!lpyrolf xapaKTep,_ C .!lpyroll cTopo1_1bI1'.!l,aJKe c~e.!lH Kone6n101.UHXCS1 

. 'pe~ei.;ll .c~cTeMbl . , ( r,) _MPfYT, ~cTpe;HT"'.'". p~weH~" Hac,;o,nbKO · pa3~H'l~hl~ TH nos, 

llTD H~~OTop11e H3 HHX H0 06ecnel.lHBSIOT ycTo_AllHB00 npo~eKSHHe HCCJI~,nye~oro. npo

~~cca·. · ·3T~·M 'o6"bSicH~eTCst BS>KHOCTb Haxo>K.nettn:st · l'"paHn:n,. o_T.nenS1101lln:x, c · ?ri.HoA cTO

poH;;, Kone6nrow11eCS1 peweHHSI. CHCT0Mbl ( r; ) . OT, HeKoneomOlllHX~~. C . .!lpyr_?~ CTOpo

~bI/ Jl,aa,J:lenst10_1llHX Ko~e6n·~~uecst · penieHHR pas:1n111Hb~X · Tu~oB. 
' . ' : 

B · uacT0~1:11ea .naccepTa~u:11 u:3:11ara~TCR Il~nyqeHaoe ~BT?p.oM pe11;1eHue aTOA aa.na"7 

qu ·a __ npennono>K~Hu:·s~1 iKOT<;>_Elb1e~ 6y.nyT. c(pOpMYnapOaaHbI HH>Ke. oCaoaaoa peaynbTaT 

, ,llHCCepTll,o;HH CocTOHT" B 
0

ToM, l.lTO 8H8110rHq~Q T~~Y, K8K B cn·yqae aa,:roH_OMH~A CHCTe-.:. 

Mb1 .n~Yx ypaaHeH~A: ',tinst ,nonHoro aHanu:aa .noc:raTOl.lHo o~pe.n,enH?b p_acnon?>KeHHe 

~ cenapaTpu:c. TSK u- a cnyqae Cu:cTeMbl ( 1, ) cywecTByIOT, o.nHonapaMeTpu:qecKue ce-. . . ' ' / . . ' . 

O)lHOTHnHi:..e Tp40KT0p1111 OlCT0Mbl (l, ) , . B 

H~SI 'rpaHH'IH,,;x TpaeKTOpnll 'cH~TeMbl ( l, ·) 

· ',)•o >'0:) :,p,.doa no cTeneHRM napaMeTpa 

OT.0.0JISIIOT 
' . ' 

· .nuccepTa~HU: .naeTCSl M0TO,ll ,nnst H8XO>K.O.e-

B BH.0.0 CXO.O.SIWHXCSI B Kpyre 1,.1 ~~· . 
' ' ,< I '0 

t · _ : STo .noaB01u18T. HaA:Tu Bee B03MO>KHbie 

·· 1 
THnbl pacnonoJKeHHSI ceMellcTBS rpaHH'IHblX Tp~e_KT_OpHll CHCT0Mbl _([ ,, ) •. ' 
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AHccepTaUHll COCTO!IT ~3. ,nay~ ,'14CTell. B nepaoll '14CTH. J:1HCCepT4UllH. pewaeTCSI 

cne,n}"IOlll8SI 3~!18qa. npe,rin~JIO>Kil~~ ,'ITO M8KCllM&J'lbH8SI,_ O,QHOC5513H88' OKp0CTHOCTb, G 
• ,·,, • • , 1 ,. , -i , ·, JI , . , <; '0' 

TQqKH (x,, ,,YtJ)' uenH~-~~. ,3~ll0\JIH0HH8SI 3aM_KHr:fblMH T~aeK_~O~HSIMH,~CHC1~MbI:{lo_~ H H~:' 

COJ:10p>Kalll4SI J:IpyrHX nono>KeHHll paBHOB0CHSI Cl!CT~Mbl o.) ;· KpOMe •, (x O , ,. ) , ne>KHT 

s /cjf'paHH'leHnoA 1taCTH nn6cKOCTH. ··nPe.cuiO~~>KHM !lwiee, 'ITO. Ha. rpaaHue ·· o6n~cTH G 
·t • , ,. : ', 0 

. pacrio~olKeao, ~.aHu~Ta~·lrnoe nono>KeHHe paauoa;e~HR ( x • , y •· J }'Hna ·p8.nno. Pa.au 

npoCTOTb~ 6y.o.e·M npe~nonaraT&1 ·q.~o o6a. pacc~~aTpHeaeMbIX. nonomeHHSI' paeaosecuSI 

npOCTbI~~ -T._e. ~ TO'iK8, ( XO , Yo ·, ·, 
A;gb_.:,~ ..Eh- >o /_ . . I , 
iJx iJy , iJy ;iJz 

a a TO'IK;.(x , y ).' . . 
.i!A ,_gh,. 
. iJx 'iJy 

iJfo ~<0. a;- iJx 

CTyCTh Aanee cj,yHKUHH ,fa'(,c, y ) a ~ ( x , y) aHanHTH'leC,KllB ,no x H : · y .. a He-
:~ - ' ' ,-- : ✓ ,. • • 

1<0Topoll o6nacTH. G
0
?, G

0
' , •

1
a cpyHKUHll, 1

1 
(x, y, t, d " a g1·· (z, y, t, d. , auanHTH'le-

,.. : . . - ' . '. ,... 
·cKue no ~ .. ·,·. r .. ,•- , a' ~6nacTa, s1BnsnoweACS1-npstMbIM np0«3ae.a.euueM o6nacT~:·:·,,Go 

Ha Kpyr 1;·1 <'1
0 1 

(t
0 

>:0 ) , Henpepbll'>Hbl0 no t ~Me~Te C _nepaoll. npoH3BO;,.HO!I : 

no· t : e _nepuoauttecKae no t c uepuo.aoM 2,r. Tor.a.a, cornacuO Teope'Me ·nyaHKll-
• /1/ I ' • , , ' ' , , I • 

pe (cM.. ,, rn.,lll), cymecTayei aHanHT11'lecxoe a Hexo_TopoM 11.pyre 1<1 < '• (, • :>·o) 

nepa~AH'lec~oe no. t 'c nepH?AOM 2,r pe1,L1eH~e ( x • ( t,, ) , y • ( t, •) ) cacT8Mbt 

(1,)TaKoe/'ITO 1x(t,t)-'7.1+1r'(t,,)-,y , ... o· npet-+0 ·.·Pei:ieHHe(x'(t), 
• . - • • • ,- " .~ '. f 

. , 1
1

(t)_) CHCT8Mbl (1 t )Ha3o~eM rpaHH'IHblM, ecna OHO onpeJ:Iene'!o np11 acex t · 

. _ 6onblllHX H~K?Toporo t O .: a ·_'upa _,:'. I .. -·oo 

1 :x,,,i- ".<~ ,ll + ir, (tJ -1,,,<t, ill ~o . 
'AnH 3a,t1aHaoro MOMeaia apeMeHH t O · o6o~Ha'IHM, qepe3 r,. ( t O) . MHO>KBCTBO TO'leK 

HS nnoCKOCTH ,•·,.(Z'~, Yo J' T8KBX, 'ITO B~~o.aswae H3 HBX npa ·t a-t, p0weHHSI C?H~T0..;. 
. - . ' ' . ~ .' . :- :- '. . . ~ ' - ; . ·. 0 : ·, ·', _ .. · . ·, ~•bl (11) __ 6YAYT rpaHH'.'HblMH. 

1

B·. nepaoll '14CTII AHCcepTaUHll noKa3.blBaeTCSI, 'ITC 

,MHO>K0CTBO' r, (t'o) oT.aenseT o.a.-HOTHDHbI0 B H0KOTOp0~ c~Licne Tp80KTO~HH ,CHCT0~bl t 

., (1
1
), :a AABT~" _MeToA AilR ~axomJ:IeHHSI acex acTpe'l&Oll1HXCS1

1 

T11noa. pacnono>KeHHSI 

B8TBell, MH0li<8~;Ba, r, ( t ~) • T.aKllX TH~OB OK8~blB8eTC~. '!0T~;pe; OHH H3o6pameHbl 

1
aa_p~c. 1, 2, 3 'a 4; 

'I 

> 

, j 

_.,,-,---

,..-

• I 
I 

I 
I 

' 

5 

P11·c. 1, 

. ,,.-- ....... -.~·.,, 
/ . 

' / 
______ , __ .,,,,,,,,,,,.. 

----

P11c. 2;' 

! 

/ 

,.:::,-· 

. ~-
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,1 

CTpenxaMB 3.0.~Cb nOKa:3aH01 a 'x&xoM aanpaaneuuu CMew~I0~51 TO'iKH MHO>KecTaa F 

r, (to) 3a Bp0Mll.• 7;' •llw .:_ CBIIOlliHOA n,tHHeA ua 3THX pHCyHK8X H306pa:>KeHbl '18C'.:" 

TH coorneTCTBYIOlllHX seTeeA MMo>KeCTea 1;(·1~) , nnll CHCT0Mbl {I_,) , nyuxrirp~M',;, 

'18CTH COOTB0TCTBYIO~HX B0TB0A MHO>K0CTB8_ r,<to) Llml CHCTBMbl,· nony'l810lll0JICll 

H3 _{T,) C DOMOlllblO 38M0Hbl, t a8 .- t 
I, 

Bo _BTopoll '18CTH n_uccepTanHH H3Y'l80TCll CTPYXTypa o6nacTell, o6pa30B8HHblX , 

H8~&nbHbl;.,B, Ll8HHblMH xone6nIOlllHXCll pewe~Hll CHCT0Mbl (1 ) C 3TOll uenb!O. C. no-
' . . . ' , ' ·.. ( . 

MOlllblO noLlXOLllllllHM o6p_a30M Bbl6pauuoll 38M0Hbl nepeM~HHhlX, Cu'CT0M8 (1 ·' npeo6-:-

pasyeTCll B CHCTeMy:' ,' 

.u •I' A 0(v)+/l 2 R(u,v,t, I') 

v ':'l'au +1' 2 S (u, v, t, I'), 

(11 I' ) 

·rne ,, = v• • 
cpyHXUHII V 

a ./0 , 'Ao(v)- auaneTH'lecxa11 a nonoce. llm vl <··6 0(6 0 .>0) 

n~pHOLlH'lecxa11 no v c nepaonoM 2~/ n · ( n ;.,uenoe), a cpyHKUHR · 

e S (u,v,t, wl auanHTR'lecxee no· u ; v ,· I' a··uexoTopoll R (u, v, t,/l) 

o!SnacTH l I' u ·I< a0, I lm v l <'6 0 ' ( a 0 > O, 60 .> 0) , : uenpeph!BHbl0 no. BM0CT8 _ C 

nepaoll nponseonuoll no t H nepROLlH'10CKRe no t c nepeonoM ·. 211177 ( m -,uenoe) •· 
.- . ✓ -.., ·,, ·. - - - .-, . ' 

Oepexon OT cecTeMbl (1, ) . K CHCT0Me ' (11 I' ) nonyqaeT','51 _a pesynbT&Te nocnenoea-

TenbHoro npHM8H0HHg · 'cne.a,ylOIUHX 8H8.11HTHqecKHX- B · B38HMH00.0.H03H8qHblX 38MeH nepe-

M0HHblX. 

l._ .0epeM0HHbl0 .( Z, 7) 38M0HlllOTCl1 H8 nepeM0HHb10 

' nep8M0HHblX ( e, 'I ) CHCTBMS (T, ) 8;M0~T BHLl: 

! • H' (!,'I) ·+ti(!, 1/, t,,), 
1/ 

-~ _._n?e,,,1+,He,,,, '•<l: 

_(,:1/ )_ T8KHB, 'ITO B 

(I', ) 

,· 
2. 0epeM0HHb10 (!, 'I) :38M0HSIIOTCll Ha nepeMeHHblB (H; ¢,) , rne 

i,, • , 
H=;H(!,1/) -

raMHnbTOHH8H CHCT8Mbl,1 Wo) , a ¢.=¢(!, 'I y.o.oaneTBOpSleT COOTHOW0HHIO 

,f,'H'--,f,'· H'· "1 
' 1/ 1/ e 

; B ne'~eMBHHbIX ( H, ,f, ) CHCTeMa o:) HMeeT sun: 

" H • • F (H, ,f,, t, • ,l , w;> 
¢ a 1 + , G ( H, ,f,, t, i ), 

'-

\:' 

" ,,, 
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·rtle cpyHKUIIH r(ll,rf,, t, ,) H G ( H, rf,, t, , ) nepHOtlH'10CKHe no rf, c· nep11otloM 

T ( H) , 3aeuc11mu~ oT H • 

· 3. nepeM~HHbre ( H, rt, ) 3aMeHl!IOTCll Ha nepeMeHHhle ( h, ,f, >no cj:,opMynaux\. 

H • H + I' h ,' rf, =_!!J_ T(H) + ,f,, 
m,n '2mrr 

rtle · Hm, • f H0 = H(' (x 0 ,y 0) ·,'I (x
0

_, 1.i), TaKoao, '!TO ~ep11otl pewemu, f,~ .• (ti· , 

'lm,n. ( t) ) CIICT0Mbl (1; ) , y tlO~~eTBOp!!!OIU0rO yCIIOBII~ 

ur,m,n. (t), 'Im,•. (t)) " H , paee~ 2rt ~ ( tn ~ 
· m,n n 

n· -

B3BHMHO npOCTbI0 nenble 1.Jlicna);. B nepeMeHHblX (h, 

Blltl: 

,;, ) ' CIICTeMa (1 ;· ) HM00T 

rtle 

dh 
dt 

=µ A(,f,, t) + µ2 P (h, if,, t, µ) 

.E!/!...:. •µah +.µ 2 Q (h, ,f,, t, I'), ·a, 

a• - --~- T'(Hm • ) ./-•O 
2mrr ' 

_,-·e~n~' T'(Hm, •. )./-0·. 

4, .· HaKOHeU, nepeMeHHble 

cj:,opMyllaM: 

( h, ,;, ) 
' . . 

38M0HHlOTCS( H8 n8peMeHHbl0 

(II' ,) 
. I'' 

(u,v i; no 

h =U -µ·;,,i :..LA (v)_.e'•_·vm 
P~O p P 

,;,_- v, 

rtle :amff' 
A (v) ._I_ J- A ( v, t) e·1• Vm dt ; '-' 

p ·2tntr .• 
0 

C ·noMOLUblO .nocne.t1H8A 38M0Hbl- n~p8M0HHbIX ClofCT8MS (11'1'· )_ npeepawaeTcll s 

CHCT8MY (III' ) • 

x) B TOM c11y'l.ae, Korn.a · H · - fillH3Ko K, H , ueo6xotlnMa tlpyrall 3aM&Ha . ._ m,n c ., . 
nepeM8HHbIX. 3TOT,Cnyqal, OXB8TbIB8lOlllHA BBneHH0 pe30H8HC8'B uenuueAHbIX_CBCT~

Max, B H8CT0stmeA Jl.HccepTaUHB He paCCM&TpHB88TCH, 0Jl.H8KO, npHM0H0HH8 eano>K.eH

HbIX B llHCC0pT8UHH'·un.'eA: H peayn·bTQTOB K 
4

Hccn8.noaaHHIO aToro_ cnyqas .o.aeT Jtaqe-
CTB8HH00 onHcauue ssnemiA, npoMcxO.t1S1WHX npH peaouauce, .--•-

·,. 

9' 

. K CHCT8M0 '(111') npHM0~11Mbl C H0KO'."OPbl~K YT.O'IH0Hlll!MH pe3yll~TaTbl. nap

BOA qacTH nuccep,.-auHu. C noMWlblO · ~Tux peaynbTaTOB ao a·;opoA 11acT~ Jl.HcCepTa-· 

u11a Hal!neHbl' ece B03MO>KHble Tllnhl ·pac;ono>KeHHll eeTBel!. MHO>KecTsa . Yµ (t J , (on

-pe.lleneuue MH~:mecTaa y (to) 1 aH~O~H~Hoe Ollpe.nen0nmo MHO~eCTBa ·i; (to) 1 
. I' . . . . ' . ' ., ' . . ' 

tl80TCSI B tlHCcepTaUHH). Ha116011ee HHT0pecHb[0 H3 irnx Hao6pa>KeHbl' Ha pHC, 5,6, 7, 8 • 
, .. '' L . 

9 II 10, 

) 

. 
_....;,,_._;_.:.·~-.,,-

' / I 
j / 

.;·' ,' . / 

\ 

1' 



/'
 

.
\
.
'
 

I 
. 

\ 
\ 

. 
\ 

\ 
-

',1
 

, 
'
'
 -

-
;_

 -
. /

, 
. I

 
\
' 

\ 

' :'
...

;.
 . ...

:., 
__

 

,· 
I 

I 

I I I 
I 

\ 
\ 

,....
__ 

\ 
I 

, 
\ 

\ \ 
\ '\ , I I 



/ 

.12 

-. 

_/ 

Puc. 10. 

CTpenKaMH 3ll.0Cb noKa3aHo1 B xaxoM n~npaeneuuR' cMewa10Tcsr: TOIIKH. MHo>KecTaa 

yp(t 0 ) 3aBp0MH-Tm•2m,r 

'18CTH COOT~8TCTBfIOlllHX B0TB8A 

CnnowHOJI IlHHHeJI Ha }'>THX pHC)'HK~X H3ol5pa>K0Hbl 

MHO}K0CTBa y (t O) llilll ·cHCT0Mbl ( 11 ) ' nyHKTH-
p . p 

-- pOM - 'laCTH co.o.TB0TCTB)'IOWHX B0TBell MHO>K0CT)'a y p (to) llilll CHCT0Mhl, nonr<aJO-

wellcH H3 ( 11 ) C noMOlllblO l 3aMeHbl t Ha - t • 
- ' p 

3ll0Cb Heo5xollHMO OTM0THTb, '<TO B cnyqa,ix,' H3015pa>K0HHhIX ·Ha pHC, 5, 6, 8 H 

9, pacnonO>K0HH0 B0TB0JI MHO>K0CTBa ·Y (t O ,· MO>K0T 15blTb npul5nH>K0HHO onpell~:.. 

' p /2/ -
neao c noM0lllblO MeTo.oa ycpe.naeuusr_(cM. 1 rn. Y). O.a.Haxo, B cny11ae1 Hso6pa-

>K0HHOM Ha pHc. JO, M0TOll ycp0llH0HHR scer.aa '.0.88T Kdll8CTB8HHO HeeepHbtA OTBeT • 

J;>eaynbT~TbI, COCT8BU:BWH0 co.a.e.p>K8H118 H8CTOSIWeA .O.HCCep;8UHH~· SIBJJSIIOTCSI -

- ' /3/ -
.aanbH88WHM p83BHTH8M Hll8A H peaynbTSTOB pa60TbI i OCHOBHbI8 peaynbTQThl 

. /4 5/ 
.::1KCC8p-f8UHH onyt5nHKOB8Hbl B 38M8TK8X 

1 
-• 
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