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B TBOpeTHqacxo~ WR3KK9 H ae npHHameHHHX, B ~CTHOOTH, ~ 

MaTBMBTHqeCKoro MO~enRpoBaBRff T8XH0~0~8CKHX llPQU8CCOB, ~0 HaCTOH-

1!19rO BpeMeHII He )TCTpa.llilH 60J!Lill0l! )le<j>lm,I!T B aua.miTR'<9CimX pem811l!l!X 

ypaBHeH~ Ko~oropoBa. HsBeCTHHe peweHza aTEX ypaBHe~ Hal!;II9HH 

rrpR mecTKHX or~eHRHX Ha RO~eHTY cHoca n ~ana. Oco6ue 

Tpy;IIHOCTR B03HHKaroT rrpR )T'ISTe TpaHCITOPTB B91!1eCTBB I! Tenma, ~0, B 

CBOID O'lepe;IIb, CBHSaHO C yqSTOM ~~~pMaUHi ~eroCH MaRpcaneMeHTa 

cpe,Illl. H8.1100J!bllli!6 T!J11\HOCTH npi! noHcRe aua.miTII'IacimX peme~ ypaBHe-

m Ko~orapcBa BOSIWRSJOT B TOM CJI)T'la6, ROr;IIa MaRpcxapaHTepnc-

TilliJ<l cpe.IU>I - ROS<jiji>rn;1119HTH .Tpa.HCITOPTB I< ill®l)yana - HBJIHRlTCH Dpoi!8BOJ!l>­

HYMI< <l!;yJII<:IJ;IDMH KOOplll!llaT II BpeMeHII. f!OCWI1>l!OM)T ITpeO;IIOJI9HHID OTMe'!eHHHX 

Tpy;IIHOCTel! II llOCBHIJ1eHB ~BH pa60TB. 

flpe;IICTaBJIHeTCH ecTecTBeHHHM HaqaTb aua.mis ~,e~ KOJII,IarapcBa 

B HX HCXO~OM Bnne. Cor~CHO T9opaM8 Ko~oropoBa nHOTHOOT~ B8po-

HTHOCTR nepexo;I~a .P ( .S , X ; i , J) y;IIaBJieTBopaeT ypaBHeBIDO 

~f ==-~fu~,y)f{s,x;+,;;Jj+ (Il 

+...L "8.:- {.ftf,jJPrs,x ;-t;Y}j; 
..$ ~:l:t 

_ <>P.:.x,:f<t.cO; t;;;..s 
3;IIeCb S - HBqaJIO OTC'IilTa Bp9M9HII, -f - T9K)TII169 BpeMH, X- Dpoii8BOJ!b­

HBH TQqxa Ha6J!ID;II9HHH, :! - MH8.MII'I9CRBH nepeMeH!IBJl, a , ' - ROS<jijiH­

UH8HTH CHOCa R ~8HZ. 

YpaBHeHI!e KOJ!MoropcBa (I) B TeopeTII'!ecRoll WJ!aHKe, RBR npBBBJio, 

npHMeHl!9TCH He CaMO ITO ce6e, a ;IIJIH aHBJIIISB I! pemeHHH H90;IIHOpc;IIHYX 

ypaBH9H~, HaiTpi!M9p, BH;IIB J-

:!1. +:l ra.PJ-.i..:!.- (f/) = tJtt,Y), (2l 
-=r;t: "11:1 r .fl '}:;.t. 

B ROTOpYX <l!;yJII<:IJ;ID / MomeT npe;IICT!IBJiliTb co6oll ILJIOTHOCTb BepOHTHOCTR 

H.aiiTH qaCTHIJ3' B TO't!KB ~ lil B MOMBHT BpBM8Hli t , IIJIOTHOCTD qHCJia 'qQC­

TI!IT 12 ( t, Jl, TeMnepaTypy cpei\11 T< t ,y) I! T.;II.; cooTBeTCTBeHHo, 

() ( {;, j) MomeT 6YTb I!CTO'!HHKOM B09HHKHOB9HIIH IIJIII HC'!99HOB9HHH qaQTI!IJ, 

IIJIOTHOCTDJD MO"I:qHOCTR TBIIJIOHCTO'IJHHROB R T.,IJ;. B CBHSH 0 8THM B09mnta8T 

BOITpcC: rrpR RalUIX )TCJ!OBHHX pemeHI!e )TpaHH9HHH (I) MOJKHO C'II!TaTb \WH;IIa­

Me.HTa.J!bHYM ITpll ITOIICK6 :pem9BlllH )TpaBHeHHH (2)? Ha CaMOro OMIICJ!B )T1lBBII9-

HRH (2) cne~eT, ~TO ~eBSH ~CTb 8TOrO ypeBH9HHH ~oxzaa COOTB9TCTBO­

B8T:& coxpa.HeHHID -cm:CJia l~B.CTBIJ;, aueprHH B T • .n;. , T. e. , ecJII1[ pememe 

ypaBHO!IM (I) C'li!TBTL ljiy!l.ltaMO!ITaJILIIHM pemeHI!eM )TpaHH91111lH (2) - iPYmt-
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~ea BnHHHHR, TO OHa ~onEHa y~o~eTBOpaT~, ~e acero, yc~OBHD 
HOpMRplBKH -

./l'tV;i,JI)df= i _.., {3) 
Ilp!I JIID6HX 131la'l611llRX nepeMSIIHHX S , X, i:. B YJlQBHSHI!l!X (1 )-(2) II COOT­
HOWeJillll (3) Ilpe,1010JI8I'a6TCJ1, 'ITO CpeJIB. JIBJ!J!OTCJi HSOrpaHII'!SHI!Oa, KpoMe 

TOrO, caM CMHCJI Ypam!OHH.FI (I) COOTBOTCTeyeT OIU!CaHmD H6IIpepHBHHX 

rayCCOBCKO-Map!IOBCKBX IIpoqecCOB. 

JICHO, 'ITO YCJIOBII9 (3) .IIOJli!!IO HMOlKIIT~ H9ROTOJ:Il9 OrpaHII'!OIIHJI Ha 

3aBIICIIMOCT~ KO~~eHTOB CHOca II ~31111 OT KOO~aT II Bp9M9HII, 
.lL1Ill BHJICH9HIIJI TrutOro pDJIB. OrpaBH'I9>mll !1Pl!B9.!1SM ypaBH9HH9 (I) K HOp­

MMI>IIOMY BH.IlY: 

Y. -t ai. """ -t ag.f _..£ .( "1-lf'- o (4J "Jt ?:1 .£ <'/)~ ~ 
r.11e o6osHa'ISHO 

~~ ~a J. ~~ 
aj=a-'9JJ1' ao=~)'-Y:<>J;~.£' (5) 

Ha COOTHome>ml! {5) CJI9.IIY6T O'ISBH.Ilaa.FI CBffS~ K0~~9HTOB YJlQBHSHHJI 
(4): 

_ '11 /. _ 1 o-i)- 2 ta. +.i. ·u .. ' a. - Cij 1 a :$ "t)' - "'?' · 1 .£ 'ijl· <6 l 
IIPH pemeHIIII worax SR.Il.FI'I reopeTH'!eCRoa WHSliOOI aoaHI!l<B.ElT JII!Helt!nle 

HSO~Opo~e ypaBH9HHH, ~eBSH ~CTD KOTOpHX He odftaaTQnDHO ~~a 
TO'IHO COOTB9TCTBOBaT~ CTJlYKType OII6paTOpa ypallii6HHll (I), 0.!1Hrut0, eCJII! 

npe,IOlOJIQJ£11'1'~, 'ITO K0~~6HT!l JIID6oro K0Hl(p9THOrD ypasH6HHJI IIM6l!lT 

H600XO.Ili!MH6 H6IIpepHBHH6 IIpoH3BO.IIHH6, TO, COB6pw6HHO aHMOrii'IHO {4)­
-(6), OHO MOH6T 6HT~ !1Pl!B6.!16HO K WOPMG 

"bf +aL:Y.. +a•f-.l... I~~~=(](..!:?). (?) 
"t~ ~j' .£ ?Jf~ ) 

~T06H YBII.IIGT~ CBffS~ COOTHOW6HI!a (3) C K0~~6HTaMH YPaBH6HHJ! 
( 4) , paccMOTPHM ero a ynpomeHHOM BH,lle, nOJiara.FI 

{8) I= cons-1, ~ ""o, a.= a. c~~ 
r.116 IlpiiH.FITO, 'ITO Q0 ( i;) - \WHitUII1i T=RO Bp6M6HH. EcJIII yqeCT~ paseH-

CTBa (S), '1'0 C IIOMOIJIIoiO IIO.IICT8110BHH -to ,,
7 .1 = 9J .ex; f j a. c~IJaf) 

s 
YJlQBH6HII6 ( 4) Ilp!IBO.Ili!TCJi K BH,lly 

(9) 

(IO) Q: __i_ .f. '}1-:0 = 0 
"') .£ "'iJ;;t.t.. J 

r.11e Co= Co·n$f; • Krut IISBSCTHO, pemeHHeM YJlQBH6HH.FI (IO) IIp!I Ha'IMI>IIOM 
yCJIOBIIII 

(II) 
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RBJIJISTCR cj)y1lKum< ?(j .Jt 

"JJ[s,xi-0:1/ -j$.:t(c [-t-s/[ ~,tf'f ~;:;~_;] (I2) 

<J)yH~ (12), Ha3HBa9MM @YJIKI(liBli rpm<a, 06JraJia9T CBOilCTBOM 

./'?:J{S,X;'i,y)d/f=f (I21
) _., 

npJI Bcex aHa'IBHIDIX s , X" -1: • ECJIII Tenapb <j)yHialmo (I2) rro.ucT9.BIITb B 

(9), a ll0CR9,UHIDID- B COOTHOW9HH9 (3), TO HallllSM 

-e.rp{-)~~ tt'Jc#j fo cs,x;t,y)dJI = 1 
s ~ ~ 

T,e., C Y'!STOM (I2'), of -

t?xf'L- )a.c-tl)d(/ =:f. · (I3'l 

!IOCKORbJtY ao ( -f:) - H9llp~pHBHaH @YJI~ Bp9M9Hll, TO COOTHOW9HH9 (I31 ) 

MOX8T p9aHH30BaT~CH TOHhKO llpH yanOBHH 

adt-t)= o. (I3) 

COOTHOmem<e (I3) Y'!"THBaST, 'ITO S I! £ rrpol<SBCRbHH B JJpe,llBJiaX H9pa­

B9HCTBa -f: ~ S , 0HO HaxO,IlHTCH B llORHOM COOTB9TCTBHH C \liOPfo\YMMH (5), 

EMil, COrRaCHO (8), B 8TH qiOp.oyJlll llO,UCT!l!II!Tb ~ = Ccn-d, (k~r;; 0, TO_ 

HBXO.Jn!M 
(I4) 

0,UHaKO B o6m9M ~9 TOE,Il9CTBO (I3), KOHS'IHO, p9ani!30BaTbCH 

H8 MOJRBT, UOOROJThKY JI9B8H l!acTb ytla.BH9HM (7) He 06.EI:3aTeJIDHO TO'IIHO 

COOT89TCTff.r9T CTpyKTYP9 onepaTOpa ypaBHeHEH (I), PaccMOTPHM @OPMYJI!l 

(5), Y'!"THBali M9TO,U ,UOKa3aT9RbCTBa TeOpeMH cymecTBOBSHHH ypaBH9HHR 

(I) • Ka!t caMo ypaBHem<e (I) , Tax H ero KOaqiqi!lll1l'laHTH onpe.uMeHH no 

OTHOWBHIDO R Ma.Itpo8JI9M8HTY C MmlHMB.JIDHO BOBMOJ!tHllM xapa.RT9pmlM pasMe­

poM c > 0 TaK, 'ITO ,llRH J006!1X ,ll3yx TO'l9K ff H 'j , !IpllllallJIElll!BlllRX 8TOMY 

MB.RpoM9M9H'cy, BWIOJ.lli.f!BTCJI H9paB9HCTBO 

/t-Y/<-E., (I5) 

B npe,U9JiaX MaxpoM9M9HTa (I5) llp9.UCT9.BIIM K03qiq;!lll1l'l9HTH Q.-1! -C B Bl!ll9 

Pf!llOB Tei!Jiopa: 

a ct,i) = a (i,!) + ~ ~1dl tY- J) + · .. ~ (I6l 

.£tt,yJ=itt,fJ+ '1;r!J(:Y-1)+1· '1~~t1JIY-JJ'! ... / 
OrpaHKqEBBHCD ~ BHDBCaHHHMH qneaaMH, liTO H OOOTB9TCTBf9T M6TO~ 

.UOKaSaTaRI>CTBB. TeopeMH KoRMoropoBa. CorRaCHO (I6) BH'!li!CJIHlllTCH rrpoHs­

BO,ItHHe: 

(I7) 
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(18) 

(19) 

PasaHCTBa (17)-(19) KOHCTaTHIWDT, qTQ B npe~anax MaKpDall9M9HTa (15) 
ROaiPl)IIUH9HT a ( -t, :f) 3e.BIICliT OT :f JIIIIIIl, JlliH911HO, a 6 ( ~ , J') He CHJII>­

H9e, qeM KB~TJ!qHO, C llOMO~m 3THX paeeHCTB BTOpoe H3 COOTHOweHHA 

(5) 3anJ!lc!maeTCJI " s~e: 
a.= coact,$._ .i.. c;~~tt;-y; _ 

.., y .3. 'Dy.t - (20) 

_ 'lat~,J) i .,~~tt,J) 
- -- ' . "j .:t "'bJ-' 

r,D;e S ll JfllJll!ll8,ll>le>raT MaKpDMeMeHTY (15). Kalt BH,Il;HO 1!3 COOTHomeHIIll 

(20), B~ \I)O]:>!YJIH ;IVJJi KOaiPl)IIUHeHTa a. He li3MeHJieTCJI, eCJIII ORa OTHe­

CeHa K ~OA TOqae, nJll!ll8,ll>l~eA MaKpDM9M9HTY (15). 3TO rosopHT 0 

TOM, qTQ npl!6Jnutel!IIJI (16) B!lOJDie K0pp9KTHH H COOTB9TCTBYmT TOqHOCTll 

CaMOro ypaBHal!IIJI (!) ll TeOpeMe ere C~eCTBOBaHI!JI. ~ee, l!3 COOTHO­

maHIIll ( 20) CJ!e.D;yaT, qTO KOaiPl)IIUHeHT a o ( -{; ) MOllt9T 6HT~ (jiymtuileA TOJJI>­

RO B:P9M9lll!. llaxOH@U, Ill DJ)eltCTB.BJl8Hi!l.l (16) I! COOTHOIUBHI!l! (18) BHTBKa• 
eT: KOaiPl)llll;I!9HT aJ( -t,-y), Onp9,D;eJJij!IJIHJI nepsoA 113 \l)o]:>!YJJ (5), B npe­

~eJJax MaKpoMeM9HTQ (15) MOlKeT 3e.BIIC9T~ OT ll9p9M9HHOA '/f Jll!ill~ JlliHellllo, 

YqaTHBSJI T~O q~o CKa3aHHOe, c noMO~D no~aTaHOBKH (9) npHBa­

.D;iiM ypaBHaHHe (4) K ~ 

'7 so "''.<> J. ~~2) (21) 
~ +~ ~:Y-J£' -:;r=O. 

IIpe~oJJOlltHM, no c~acTByeT \l)yH~eHTaJJ~oe pewaHHe ypaBHeHHJI ( 21 ) , 
o6JI~aDWee HOpMHpDBKOA (121 ), a KOaiPl)IIUHeHTH 3TOro ypaeHGHRR y,D;OBJJaT­

BOpRDT COOTHOWGHHJIM ( 5). Tor~a, Tp96yJI p9aJJli3SUK" HOpMHpDBKH (3), 
CHOBa llPHJiiiM K TOlK,Il;9CTBY (13). 

IlpHMeM Tenap~, qTQ K03\I!\I)KUHeHTH JJGBOA qQCTll ypaeHaHHJI (7) B 06-

maM CJ!YqQa He COOTB9TCTBymT CTPYKTYp9 YPQBH9HHH (I), T.e. RQ OD~h~­
JIJIDTCJI COOTHOWGHHJ!Mll (5). TaM Ha M9Hee 6y~eM CqHTaTo, qTO ypaBH9Hll9 

(7) OIIHCHBaeT H9np9]JlBHHa rayaaOBCKQ-MapKOBCKlle npD!lGCCH, B CBJI3ll C 

STKM npencTSBnaBTCR 6CT6CTB6HHHM, ~TO BO MHOrKX C~ MOZHO cqa­

TaTD K0:$1)11UHeHT a.(-{;) \J!YHK!lli9A T~O Bp9M9HH, He y~OBJJaTBOp>Ullllall 
Tp960BBHRD (13). AnJ! ~aAmarO y.D;06HO BMGCTO K03\I!\I)IIUHGHTQ CHOCQ 

aJ BBGCTJI KOai~Jll=aHT TpaHCllOpTa BamaCTBa (HJJH TallJ!a) 
(22) 



r.ue -rJ'- rWI)lO.IOlllaMl!'I9CKru! CKOpOCTL Ma.KpD:lJJ9M9HTa (15), a ~ l!M99T 

npemHHft WHSH~ecKHft CMHC~o Y~THBaff (22) H llPHMSHffH npeo6pasOBaHHB 

BH.na (9), sammJeM ypaBHB!llie (?) B wopMe: 

"71{. +17: ~t._ _.1 € <;Jf. = ({N,y)-e¥[ )~. t-t/Jatj (23) 
"'Jt I. '"1:/ .:L ~:I; .s / 

{!itY) = /• {6,y).ex,cf /a.ct/)d~ (24) 

113 ypaBHS!!M (23) BH.llHO, ~TO KO~Jli1'!8HT Qa( i-) BHOCRT BMa.u B. H3M9-

H9HH8 HCTO~KKOB B03~8HMfi CHCTSMH. TaKHM 06pa30M, BKHan STOro ROaW­
WKUHSHTa ~eH ~THBaTDCR He ~aMSHTan:&HHM pemeHneM, cOOTBeTc~ 
BYJOIIIHM ypaBH9Hl<Bl (?) , a 06111l<M erO pemBHHBM B BH.u9 ( 24) o <eyJi)laM8HTM!o­

H08 JKe pemeHne ,IlOJDKHO y,noBJieTBOpHT:& ypa.BHemuo 

~.Po + -tJ; "'~e _ .i. eao-'e = Oo (25) 
"Jt ~~ .:t "''J;j~ 

ilOCKO~DKY, COr~CHO (2~), BBe~eHa ~~aMR~SCKaa CKOpoCTb 

Ma.KpD9~9M9HTa, TO H906XO.llHMO o6o6moTL ypaBHSHl<B (25) K ~ery .UOWOpMa­

~ MaKpo3~9M8HTa (15). 8TO MamBO C~aHaT:&, BBO~ KHH8MaTM~8CK08 npe-

o6pa90BaHH8 ~ 

-:1 = -y~' + /-z~L c<tiiJd*~ (26) 
s 

IlpHM8M, 'ITO Cy!I<SCTBYJOT ll]li!MOJ! H 06paTHHll !ilt06HaHH npeo6paSOBaHM (26) 

;t = 91'3' j' -.:!1.# (2?) 
91 ;Y" J ?:fl J 

Y.Il0~9TBOparomH9 yc~OBHID 

:f.J = '7'3' 0:!111 1 (28) 
"'/):fill C)ji 0 

Tor.ua B MOM8HT Bp9M8HHf=s, corJiaCHO (26), ypaBH9Hli8 (25) llPHM8T 

BH.ll 

'?A +V- (S,:fllj"'<l'a _.£ /ts,;jll) 'd"'f'., = o. (29) 
"'i!.P .t co:!!'' .:L '1) ;y#.:L 

B nocJie;rryKIIll!e MOMeHTH BpeMeHH f>s, cor~acHo (26)-(27), ypaBHeHJie 

(29) SBllllCHBa9TCR B WOpM9 

"7JP. "'f; ::~"bPa d .g 0.z!::f!. + "i:r o '7.&,}= o (3ol 
"?).P + "L <a'!f --;p; LJ -;;;y; ~;Y~~ "i~J' 0 

IloCJia.llHIIli ~au B JieBoll ~cTH ypasaeHRH (30) npe.ucTaBJIHST co6oa BMa.u 

rrpo~8CCOB ~SHH B rrpo~9CCH CHOca H nepeaoca. C~e~eT ll0~~9PKHYTD 
s~ec~, ~To nocne~oBaTanDH~e rrpomaBo~e no nepeMeHHHM Jr'u ;r, Boo6~e 
rOBOjlll, H9fi9IJ8CTamtMH, H60 8TH nepeM9HH!19 SaBHCHMH, COrJiaCHO (26). 

Ms npe,ItY,IJyii1aro cJie.uyeT, liTO aeo6xo.l(HN!o, npe!Ute Boero, HaiTH 
WU.uaMBHTaJILHHe pemeHM ypaBHSHIIli ( 25) H ( 30) o Iloc&OJILity pemai!BJI aTHX 

ypaBH9HliJi B CaMOM 06meM BH.ll9 aaliTJII B9CLMll HSnpDCTO, IIM88T CMYCJI oay­
lllSCTBHTL l<X llOHCK llOSTanHOo PaCCMOTpliM ypaBH8HH9 (25) B TOM ynpomeu-

5 



HOM CJIY'IB.9, KOr,lla KOa<»lfiiiiBHTH ~ ( {;) l4 -€ ( {;) MOJKHO C'II!TQTh 3a.ID!­

aamHMH TO~hKO OT BpeMBHH. C'II!T!U!, ~TO ypaBHeHHe (25) OnHCHBQ9T . 

H9ITpepYBHH9 rayCC0BCKD-MaJli!OBCKl49 nponaCCH, HQ~hH09 YC~OBH9 ~ 

WHKl:lllll.fo, oTHeciiHHoe K MHHHMMhHO aoaMOJKHOMY MBKpoaJieMeHry (I5), 
sanHmeM B B~e rayccoBcKoro pacrrpe~e~eHRR 

./?,I = {"J.:t o-.tj-~ exf'{- t:l"-xJ.z-7 o > o, (3I l 
0 /t=S 4 t!"~-_/ .I 

B KOTOpoM CpeiUIBKBS,llpaTH'II!III! paa6poc (f" HM99T DOpll.l{OK BSJIH'II!HH e B 

(I5), a 'J"- J//i•s• corJiacHo (26). 
I'!CXO.Jli! 119 yMOBIIl! )t0Ka3QT9JlhCTBa T90paMH KOJIMoroposa 0 C)'lllBCTBQ­

BaHl4H ypaBHBHRII (I), MOEHO 3aKJl!D'II!Th, ~TO fiJlll -f ~ $ CpajtHBKBQ)tpeTH~­
HIII! paa6poc WHKl:lllll (3I) drABT aapacTaTh corJiacHO cooTHomeHI!ID 

R.J- = 6'"- -f ;'}. tr:Jd't", t;;.. s, 
• (32) 

~ = -(o(t}. 

CooTBeTOTBBHHO HaMeHeHHe npocTpaHCTBeHHoA nepeMeHHoA J( AOJIXHO onpe­

A6Jli!Th0Ji KIIH9MaTH'I9CKIIM COOTHOW9Hli9M (26), B KOTOpoM ~ Taneph -

- WHKIIRII TMhKO BpaMaHH. llpeo6paoosaHI!a (26) B aTOM CJIY'IB.B He npoTH­

aopeuT Bll,ey' ypaBH9HRII (25) DOCKOJI:&Ky 

.'J ==~ =i, ~ = -z7; Ci), 
"'»Y" 

ll ypaBH6HH6 (30) COBDa.ztliBT C (25), TQKIIM o6paaOM, HCXO.Jli! 1!3 (26) l'l 

(32), paW6HII6 ypaBHeHHI! (25) CJI9)ty9T HCKaTh B Bllit9 

0 . -5/.t {- -.1 of .z-7 
fo {.t,x;t,:J) =[..J&,Xt6J} -e%/' -..%' (,-j..Ji tt;Jdt'-x) ~ 

-t 
./tf) = .,t (f".t + .t.j~.ttJd'r, 

BBO.ItH o6oaHa'l:leWle _, J 

¥'= y-j..J;tt')d-t'-X 
.t 

ll nOACTasx&R (33) B (25), HaA){GM 

T.e. TOZ){BCTBO, KaK ll C~BAO~O OEHAQTh, 

(33) 

(34) 

(35) 

, PacCMOTpHM T6D9ph ypaBHGHHe (25) B TOM CJIY'IB.B, KOr)ta ~ - ~-
!VdH TO~hKo apeMGHH, a 15 ( t, Y> - npollaao~H!U! ~ KOOp,ll;l!llaT Ill 

BpaMaHH, HM9DUSR Ha06XO~e H9DpePH8HH9 npoli3BO)tHH9, KOaPPHr1119HT 

~aHH yAo6ao ~ AQJihHattmero aanHcaTh a Bll)te 

.c [I:, :f)= "~tf/+<Jtt,l), (36) 

~ tt;JI} = ~c+,y)- "·ctJ. (37) 
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B COOTHOW9HmU (36 )- (37) .g ( i ,1/) H io(-/,) - IIOJIOJIWT9JI""O O!Ip9)1eJiiiH­

HH9 \PYHK!1llll, a .C1 ( i •if) MOJ!t9T I!M9T:b Ka.K IIOJIOUT9JJ:bll09, TaR K 0Tp!II18.­

T9JI""09 3HaqeHI!9. C IIOMOIII:b!O (36) YJl!IBli9HI!9 (25) MOJKHO 3anKCRTlo B 

Blr:I,Il;B 

~f + 1Jt[t}~- j_.Co :;~ == .1 .C1 [i,X}~;.:. (38) 

CqaTrut cpe,zy 6ecKOHeqaoll, aanmneM Ha'IIIJI:bHoe yCJIOBae ;IJ,JJH Y]l!IBllellll.£! 

(38) aHaJIOI'l'lqHO (3!): _ f't X J 

.?/t=s-pe.s.~..!J -e-r,of ~~~~ 6.{ :>o. (39) 

Opaey10 qacTI> ypeBHellll.£! (38) MOJKHO paccMaTpi!BaT:& KaJt a@!eRTliiBHIIll 

RCTO't!HHR BOSM;yiit8Hd; B COOTBBTCTBmi C STHM Samnn:eM ero {bop&lJIDHOB 

peweHI!e -f;l ,z 

Pcs,x;-61:f)=.fo1frfr.:~.t] !J.x,Pf c~-:}'J<Yocs,~j·-F,y)+ 

+ j~rj.tyt.£ ~{'ti:IJ '1.tjJcs,x/'tiYJ. 0'. ct:;y~·t,~. 
.s $ ~ytat 

(40) 

3)18Cl> 

(4!) 

a Po 3Mai!O <j)Opt.IVJIOil (33), B ROTOpoil C1;, B C00TB8TCTBKK C Ilpe;I19JIOM 

(4!) - IIOJIOUTaJI:bBO Ollpe;IISJISBHrut, HO CROJ!D yrDJIBO MaJirut B8Jll!qi{Ba, 

TaR qTQ <j)yHI<I:Qi!IO #o 110)1 3HaRQM HBTSrpaJia liP" 't' = £ C !Ipoi!SBOJI""OJ! 

HaiiSpe,II 3a)laBBOI\ TOqHOCT:b!O MOJKHO aaMOHl11Tl> b -<j)y:B:KnHeil )ll!paaa: 

-tt"m ..P/o[t:;y~·t:,y) = 0{1/1- :f). (42) 
i-?'t' 

YqaTHBaJI (4!)-(42), BHJIHM, qTo liP" -t -s <j)yHI<I:Qi!H (40) COBIIaJIHST C 

(39). OocROJI:&Ry <j)yHI<I:Qi!H <B.; Y.IIOBJIEiTBOpeeT ypeBHOHI!IO 

.;!~.,. "ll'Yo+~"'l'~<>-.£&0 '"jol~:=o (43) 
"''Ii- ~';/ J. '"ri;p 

IIp9 Ha'IIIJI:bHOM ycJIOBI!l1! (42}, TO, ,IISI!CTBYH OIISpaTOpoM ;;t Ha J!OBYIO I! 

IIpaBYIO qac TB ( 40 ) , eali,IIeM : J. 

;;l.f'{s,x;l:1:f}= j -&1 t~:I)"'P''f~s;Jt;y)/ (44) 

'ITO COBIIa,IIa9T C IlpeBOl! qacT:&IO (38) • Ta.KI!M 06pa90M, \PYHK!lHB (40) ,IIOI!­

CTBl11TOJI:bHO HBJIH9TCH <j)OpManl>HHM peW9Hl110M YJl!IBliOH11!H (38). 

I!CHO, 'ITO COOTBOWSHI!S ( 40) Ilpe)ICTaBJIH9T C060l! I!HTOrpoJIB<l?<l?epaH­

!11IaJI""08 YJl!IBliGHI!e ;IJ,JJH <l?YHK!1llll IIJIOTBOCTK BepoJITBOCTB nepexo;I~a 

1' ( s . X ; t. J ) . Ilp11!MOM TOIISPJ>. 'ITO BWIOJIHHSTCH YCJIOBI!S HOpmp<lBHII 

(3). I-IHT9rpi!pyH JI9BYI0 II IlpeBYIO qaQTH (40), H8XO,IIHM: 
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jd;Y .1' {.5 ,x;t, y) = Jot;rlfX•!d}.t_/~ Jef/ f { yr..x;•t;_f 
-6 .t~·(/ 7 

(45) 

-f}ctrj«-y" -c~ct;;y')-o.tpc.s,x/ f:;:JIJ . 
.s J ~y~ 

B COOTHOIDBIIIlH (45) Y'!'l"BHO, '!TO 

/ct;y ~ {.S,':fj·t,J)=i. (46) 
0 TCIO,JlB. , Y'!IITHB8Ji ( 3) , sanmneM 

j~tjd-y't$ cr-,:~1 ~.t.fJ cs,x_· "'lJI~- o. . (47) 
.s ') :;9/.t 

J1wjJ;jiBpell!lHWH (47) no BJ)EIMBIIII i:, MOJa!O TaK!<B SBm!CQTl> COOTHOmBIIIIB 

/ct1f1t$ {-i;:f') 1)-;{.s~~ -b,:f') = o. (48) 

KaK HOpMHpOBKa (3), TaR H COOTIIO~IIIIH (47)-(48) KOHCTaTHPfDT coxpa­

HBHHB, IUUI:pBM9p, '!IICJia '!ACTHno BOSMYmBHIII'!, BHOCJ!Mhle B KOs@!HnHBHT 

~31111 ~BJ! ..C,t( f, Jl, IIJliiBO,liRT JII!ml> K nepepacnpe,I~ElJIBHI!Bl '!Ac­

THn B npoCTpaHCTBe TaKI!M o6paSOM, '!TO Cy-MMapi;rl! BKJIB,It no BC9My npocT­

paHOTBy B o6mea qac~o ~THU. ecTecT.BeHHo, oxasHBaeTCR paBHHM HY~ID. 
Pemelllle ypaHHeBHJ! (36) H (40), B CWfY 8,!WlTHBHOCTH rayCCOBCKQ-

-MaPKOBClWX npo!19CCOB, !<O:Iti!O HCKaTl> B BH,lle: 

.Prs,x;+,J)= ~fs,.r;~,y)-f.e_ {.s,xii;Y). (49) 

3.IIBCl> iPYJIHniiH ~ 

<ijdj cs,x; t,Jfj )d1f~.tdf.'"7-e~l'f ?z':;!J~t.s,.?ft,.;j..sol 
T.e. onpe;~~eJIIleTC& nepsHM 'lJIBBOM B npaeoll '!ACTH (40). Tio;~~cTa&OBKa (49) 
B (46) IIJliiBO,IIHT K paBBBCTBy: 

Ja:Y' t~. [{;, y') ~.s ~ c.s,xi~JJ~'J = 
"i -y.z. 

') .Z.~ (.S,X i f; Jl1 
=-Jc~;y'/f.{~,:f') "7;y'.:. . 

AHaHOPIQHOQ paBQHCTSO MOEHO QarrBOQ~L I~ ~OO~OmO~ (4~). 

(51) 

C nOMOUU>D (49) DS ypaHHeiii!H (40) CJIB,llyBT ypaHHBHIIB ,liJIIl iPYHHnHD 
~ : .!}_ {.S,X;i-,JI) = ~ {S,X;{;1JI} r 
+ j;fjaJI'i Ut;,;tJ ;.t~ ts,xi t;,yJ. -!/o ct;,yj· t-,;t). 

.f ~~.z. 
B ypaHHeBHD (52) o6ossaqeao: 

(52) 
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J~t/d'JI£ ff.{'t;,Jfj~J. ~ (S,X/f;Jf~ ~ tt; 1. ,,_ 

S J, 0"-JI./ ,;yl 4;;7'-
.,r (53) 

=~(S1Xjf1 J/ 
YpaBHeHHe (52) )T'!I'!TYBaeT cymecTBeHHoe cBoncTBo ~.!}. '1To6a arc 

J1Bllf,Il;9TD, ,ll;OCTaTO"qHQ npoHHT9rpey0BaT:O JI9Bym li:l npB.BylCJ ~C'm (52) no 

rrepeMeHHoll 'JI : + 
jet:;~ {s,x;f,?) := jottjd;rtjJJ tr;)'J "J"'':%:; W;t;;Y(/ 

s .z <;;;1'.z r 
-b <>- /a<tl.l. .t_ (t; u/1. "ii ",q, { S,X/~J-1 . 

(54) 

r fct•P (J" ,$ ..1 M/ "?!Jf'"' 
06le.ItllHAA 'l.llellli B rrpaBOll '!aCT>~ (54) 11 y'I>!THBBJl (49) ,. (47), sanmneM 

/dJ/j_ (.S,Xjf,}') = o. (55) 

CBOllCTBO (55) HBIIOCp9~CTB9HHO BYT9Ka9T TaHme JIIS COOTBOmeHHll (3) H 

(49), neliCTBI!T9JU,!IO, I!BTerpi!J!Y!! (49) ITO 7/• HaJI.It~M 

i=i+.fd:f~cs,x;M'!; · 
T,8, CHOBa p9aHli13Y9TCJI paBBHCTBO (55), 

Al!aJIOrH'Il!O (49), parueHHB YJl9BH9HHJI (52) MOJI<llo liiCKaT:& B ~a 

.f, cs,x; f,J) =:h. cs,x; f,y) +.fl (s,x;+,y) (56) 

!IO~CTaBJlJIJI (56) B (52) , HaJI.ItiiM 

.£!.,. {s,x,-t,y) = ~{s,x; t,:f)+ 

+ j;f' joty'i (1. fr:;:J!/ '?.l-fi {SJ; 'f:; Jl~ <!/, {t:;,J'j f;, Jl/. 
s ~.1'.t 

(57) 

B ypaBHBHI!H (57) 

d.t {s,x;t,y;-;!r-jd:fj i.t cr:;,y:; -a"' ~~:;_·t;y;J · <!!. t'tJ,;tJt,J). <5al 

.ffCHO, l:ITO nO;n;CTB.HOBIW: B~ (56) MOryT dHTL npo.D;OJDltGHH lli ,ll8JI99: 

~ = ;;& +.£'31 · · ·, .fl1e = ::!"" +.f>~<n, (59) 

K = 1,2,3, ... 

TaKHM o6pasoM, BOSHHKaeT ueno~ ypaBHeH~: 

fr:. {S1Xjf1'j} =:J1G (S1X;"f1J)-f 

+ l.tr-Jdy'f lJ {'C,,j'} j.Z.f'.,_ {S,X;t;y:J <Yo Ct;:fj·t,;t); 
s "" '2l :I'J 

(60) 

I<= 1,2,3,. .. ' 

(6I) 
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r;lla, B C00TB9TCTBllll C (53), CJIS.IJYST <j)op.ta.JIJ>IIO nOJIOJRIITD 

.7.. == '%. 
Hs COOTHOmeHHR (49), (56) H (59) CJIS.IJY9T 

p == "%; +.& == ~<11 +~ +~ = <!/d.! -f~ +{t +~ = ... = 
12-i. = ~~ +E :t~r +P,.. 
K~l. 

(62) 

(63) 

llpone.IJYpa no;~~cTaHOBOK (59) npa;~~cTaBJIHBT co6o~ caoeo6pasHHft 

M9TO~ HT8~, B KOTOpDM CyMMa OCT6TO~HX ~8HOB, He yqT6HHHX HBHO 

a (63 J, y;~~oBJieTBOJllleT ypaBHelmll (60 J npH K = n. ECJIH CY'!19cTayeT 

H9Dp9jlbiBH09 pamSHBS ypaBHSHIUI (60) Dpl! /(=~'<• TO JlRil (63) IIBJU!STCll 

KOHS~ npH Jlll60M SHaqeHHH tz , T,9, CXO~TOH, nn. cymeCTBOBaHIUI 

HenpajlbiBHOrO paWSHIUI ypaBHSHIUI (60) He06XO~O, qT06H cyweCTBOBa.JIH 

BTOpHO H9DpapHBH!l9 DpDHSBO~!lS no nepaMSHI!Oa Y' OT iWJuaiRJ!.f'.: H .1..­
npH BC8X SHa~eHRRX K • 3TO 06CTOHTBnhCTDO ~encTBZTGAbHO UM89T M8CTO, 

eCJII! yqecT!., 'ITO. ii!YHKllJU! p , YJlOBJIOTBOJ»!KillWI )'JlllJlHeHIIII) (36), IIM~~T 

HS MSH99 ;llByx HBnpejlbiBHHX npo113BO=, a !WHI<UIIII ~ II '% HMSIJT 

DpDH3BOJIJ>IIOS UCJIO HSnp9pHBHHX npoH3BO;IlHHX no D9p9M9HHOI\ .JI , B CaMOM 

;IIOJIS, 113 TOJIDKO qTO CKB3aHHOro H COOTHOWSHEK (49) CJIS.IJYST, qTO W7HK­
IJ;Wi _ft. HMSST He MSHSS l11Jyx H9Dp9pHBHHX DpDII3BO;IlHHX, YUTHBail, qTO. 

4JymaJ:II!i .Ji HMSST CKOJIDKO yrO;IlHO Henpap!lBHHX npo1!3BO;IIHHX no DSpaMBH­

HOII -:/• 113 COOTH0tn9HIUI (56) B~: ~ HMSST HS MSHSS l11Jyx H9np9pllB­

H!lX npo11SBO= no napaMSHHOII 1/ , 0TCIJ;Ila BHTSKaST: -te , ~ , , , , IJMSIJT 

Dpol'l3BOJIDH09 qJICJIO DpDI!3BO;IlHHX DO napaMSHHOJ! lf , a \llyHK!UIII.P., , cor­

JiacHO !1SnO'lK9 (59), lilMSBlT HS MSHSS l11J1X HSDpajlbiBHHX npDII3BO~HX DO 

7/• KpoM9 TOro, CqJITSSI \I!YIIKlllllD ~( f: ,71) OrpaHI!qeHHOII II HSDpapmHOJ! 

BO BC6M npocTpaHCTB9, ~TO y&e OTMeqaxOCh paaee, a TaKES yqHTHBaR 

CBOicTBa q,yHJC[ld ~ i1 ~, MOJitHO YTB9pl£.It8.T:b, l:ITO BC9 KHT9rpa.1IH, 

BXO~S B !ISDO~ HT9pa!ll'lA, HEJIHiJTCH CXO~CH. 3TO 03HaqaaT 

TOr;lla, qTO npaBSSI qacTD ypaBHSHBI (60) Dpl! JIBJ60M K =It IIBJU!STCll Ko­

HS'lKOl! HSDpapHBHOl! B9JIHqi!HOII, qTo H OSHaqaaT OrpaHI!qSHHOCT" iWHI<UIIII 
..f,._ , BXO;IliiWS!I B (63) npl! Dpoii3BOJIDHOM 3HaqeHHH tz , I!OCJIS;IIH99 l!S H 

03Ha~eT OXO~OCTb ~ (Q~), 
~SCTBSHHO o6paTHTD BHHMBHII9 Ha CJ!e~ae 06CTOHT9JIDOTBO, 

~ 1'~:. 0Dpa,li9JI119W9 ypaaHOHBHMII (60) • Yll0BJI9TBOJllllOT Ha'IEIJIDH!lM 

YCJIOBI!HM: 

(64) 

/(= !,2, ..• 
BHII ypaBH9HBI (60) OCTQQ'I!Cll H9H3M9BHIIM npH BC9X SHaqaBm!X /(, 0TO~ 

MOl!HO 3aKJIBlqJITD, qTO C~9CTBY9T n0,1106Ha B 3BBHOHMOCTHX OT BpaM9HH 

~ fl.., !!~ !!UIIIlllllll Bllll.l!Dl!JUIJ[ l . l!COUO~Di K! O:vJII~O~UDO~ 
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pa3Jll'fllH8 RX 3a.BHCHMOCT8ti .OT U8p8M8HHOit 1· B COOTB8TCTBHH 0 3THM, 

B09B~C~ K ypaBHBHmD (52), MOmHO HOOHTaT~CH HOKaT~ ere p9W9HR9 B 

Bl'I:;D;8 

fl[S,Xjf,j) =4-Wit,';j) + pts,x,·t,i)d.zt.s,x,·-6/Y), (65) 

r;~~e <j; - Jl!CKOMM \PYHI!l1IDI. Y'Il!THBaJI cmseHHoe o no;~~o6HI! ~ .P .. , 
BBe;o;9M Cpe;o;H.99 8Ha'IBHH.8 ~ ¢ no IIBpeMGHHOit ~ COOTUOmGHHBM 

(66) 

3)1ec~ f) ( X, f:) - ycpeJ191ilmaJI \PYHHl1IDI ¢ no nepeMeHHOll! 'J ; n])Jll aTOM 

])OJ!~ BBCOBOJ! YC])9)111Jll!1119JI \PYHKliJllJll lti']Ja9T ~ , 

IJO)ICTaBJll!Sl ~ (65) B JI9Bym 'I!ICT~ yp9BH8I!Jllll (52) II IIHT8r])II­

!JYH ero rro nepeMeHHo:A: 'J , se.mnneM 

J¢rs~x;t:1)')d'J cs,x;f,j) d:f = 
}

+ dct t.£ t cr; ,tJ ;.tfi {.s,x;Z;ff. 
= a:z;. '1 J 1 I.F/ '71yM 

(67) 

.$ 
IJpasym qac~ (67) Bli])8911M B COOTB8TCTBIIII C COOTIIOW9IIJllllMH (49) Jll (47): 

j¢t.s,:t/-f,'}f)JJ[S,Xj-f,JI}d:Jf = (68) 

. =-j~r:lotyr.i...(£[e;:l') co.t<!~,zts,x;r:;;;j . 
.S ;/' ,:t "'1 ;YIJ-

C UOMO~Kl (66) ll8 (68) CJI8;JJY8T 

&cx,-t):ft" =-~: (69) 

r;~~e o6csaa"!eHO 

::t; j~ ts,x; t, y;cty, :1/ == /4 r.s,x it; tJay. <69' > 

TaKHM copes oM, ~ IJ ( X, t l MOltllo cuTaT~ onpe;~~8JieBRoll. 

llCXO,IIli Jll8 STOre II fiO)ICT!IBJIHJI (69) B JI8Bym 'I!ICT~ (66) , Hal\)li!M IIHT8-

rpaJI~08 ypeBH8HII8 ;IIJili \PYHKliJllJll ¢ , Kalt BliJIHO, 9TO Y])8JlH8H118 TO'IIIO 

COilll!l)la8T C (68), JiaKOH8!1, Oym9CTB911HO OTM9TJll'l'l>, 'ITO ypeBH9HII8 (68) 

H8fi0Cp9)1CTB9HHO CJie;nyeT 118 Up9)1CT8BJI9I!Jllll (65) Jll COOTHOW9HIIIIl (55)! 

(?I) 

AHam!TI!"!OCKOe pemeHRe yp9BH9HIIIIl (7!), ROH9"!110, oai!TI! B901>M9 

H8fi])OCTO, Q,IIliaRO 00Ha)l!im!Ba9T TOT \PaRT, 'ITO IIM99T MOCTO HO)I00119 

IIT9])9l1111!, ROHCTHTJll])Y8M09 COOTHOW9HII9M (69), ,UeJIOTBJl!T9~0, 9CJ!Jll Bll6-
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paTl> B Ra'<9CTBa "uyJia»oro" npaclJimitemm cpyru<!IHBJ 

¢to) &CX,1>)=- ~o I (?2) 

TO nO,IICT8HOBR8. 9~ B YJl8.BII9HB9 (?I) npi!BO,IIHT K COOTHOWeHBI!l 

}d;t(-- ::1./tx,t) _):J.L(s,x;t,;;)=-:1/ 
wm JJt~t)j I 

- ~"jdy.J.,cs,x/-t,;;)= -~"', (73) 

T.a. K T~9CTHf. T~ecTBO (73), Boo6me rosopa, He oaHa.SeT, '<TO 

pelli9HB9 ypa!lH911M (?I) HO'I9pn8110, C Y'I~TOM (72)-(73) ero MOJKHO npe,II-

CTSBHTl> B \PO];ll49 , 

¢ts,x;f,~) = &vr;-t) + 171 {s,x;t,:;J. (74) 

llO,IICTBBJ!Rg (74) B (7!), HaA.JieM 

Jayf:; + t/lts,x/~J[l;T,.:cs,x;~:;J = -~: 
IJJlll ' Y'!HTIIB8J! ( 7 3) ' 

Jay¢} cs,x;-t,;;)JJ. {.t,x;+,:;) = o. (75) 

lis ypaBHei!HII (75) OTHIUU> He CJI9)iY9T, 'ITO sq:= 0, nOOKOJ!l.Hy yCJio­

BHH HSBeCTHOA JI9MMH /2/, cOrJiaCHO KOTOpoA 9TO MOrJIO 6u pi18JIH90B9T»­

ca, B ,118HHOM CJIY'Ia9 He BHJIOJIHJUlTOH, TeM H9 M9H99 p9W9HH9 ypam!9HIDI 

(36) B '!aCTII'IIIO CrJIWIIBIIHOM (OCpe,IIHilHHOM) Bll,ll9 MOEIIO np9,11CTaBHTl> cpop­

"\YJIOA 

.ft.t,x;f
1
:/)= <ijo.t +:fL[s,x;t,~J+ &tx,i):f.z {.t,x;t,~). (76) 

B pemeHBII ( 76) OT6pomea '<Jiea 

91 {S,X;f1Jj~ (s1x;t,J'I, 
KOTOpuA, OOrJiaCHO (75), BBOOHT OyMMa~ no BOeMY npoOTpaHCTBY 

BKJia.ll, p9.BIWll HyJID, ~P"\YJia (76) Y'IHTIIBQeT IIBHO ,IIBe nepsue HTe:palllll!, 

BXO.IIIImR9 B CyMMY (63), TIOOKOJ!l.Jcy' B npi!HIITW< BHille YCJIOBI'!IIX pll.ll (63) 

MOJK!IO C'lltTQTJ, OXO;IIf!IIIHMCII, TO Y'!ST BC6X '<JieHOB p!)19 npa K ;> 3 B HX 

Oc}le.IO!~HROM (orJial!t9!1!IOM) Bll,Il9 c nOMOI!lLil ~ e (X I Til nosBOJU!9T 
Hll,llei!Tl>C>l, 'ITO TO'IIIOCTI! p9W911M (76) BnOJIHe )l0CT9TO'IHO ,11M npaM9B9-

HHA aa npaKTmte, KpoMe Tore, eCJII! noTpe6yeTcll YTO'<HeHze pemeHM (76~ 

TO crnaxHB8HH9 p9W9HHII MOJKHO npoHSBeCTB H8 JJD6oA nocJie,lly~eA HT9pa­

Jl.lll! C HOMepoM K > 3, 
Tenep» MOMHO npi!OT;rni!Tl> K pemeHmD ypaHHeHHII (30), I!CXO,IIII 1!9 

npe.IJ;H.IJY1I1ero, ecTecneBHo pa.cCMOTpen ere, ~e Bcero, ,llJIR: c.n:ytl8.fl, 

KOr,lla CKOpoCTl> TpaHCnO]JTS BemecTB8 ~( r, y) - fipoHSBOJUollell \PYBK­

llRfl KOOp,B;BHB.T H Bp9M9Hl:l, ZM9'!1:1llM HB06xO)lHM09 UCJIO H9np9pw3Hl!IX npo-
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HSBO;n;BblX, a KOa@!I!UI<9HT .rr;i!@)ys1111 39BHCJIT TOm.KO OT BpeMellll. 11MeHHO B 

STOM CJJY'!aB MOJKHO Ha,IIBllTbCH Ha llpm.109 06061!l611ll9 pelll911llH BII,IlB. (33) np>r 

nORCK9 pemeHHH YpaBH9HHH (30). ne~CTBl!TarrbHO, yqHTHBaH npeo6pasoaaHHe 

(26), MOEHO saiTHCaTD 

.P. (s,x;-t,y} ='fr..rtff~Jtf'~flJ'-j~t~,rjldr -x)J. (77) 

-{, s 1 

.)'{f)= £1).£+.2/~. Lt;/df/ tr >o. 
CHOBa BBO~ 0603Ha~e~e J 

if ;Y-j"'ttt;-yll)dr-x = y't_x, (78) 

npoBepHM peru9Hll9 (77) ITpffMO~ fiO~CTaHOBKOfi B ypaBH6HH6 (30). lna 9TOrO 

BH~cnHM He06X0~8 npoH8BO~H9, npHHmMBK BO BHHMSHH8 OBOaCTBa KKQ-

6l!8HOB (27)-(28): 

cpp, == Fof- t. + .zc. fl.$+ .,i1J; 'f7 
"'I+ .X .x.£ ./ j, 

?!l'o =g~Po =-./?, .3.-P] 
'7!:! '7! yrt • .,( ' 
~ =-2-- 'A g 5}:7 = 
~? ~:Yd (~• ..1 -

[ 
¥ Jl'.$ -.$ £ -.$_ .i Jl" :J' e;:fJ 

=Po .)'.P- .:f -y ::t .J 7iy';l 

(79) 

(80) 

(8I) 

llo~CTBBXRH npoli8BOmffH6 (79)-(8I) B ypaBH9HHe (30), npoxo~ K COOTHo-

meJIIIRl ~. + ..z~. '!!'+ .t~ f ... _.z f _ 
-y .Y.t- ---:;-- ~ ..( 

. J. p { 'I tf.t .J. .: t :r i 3' - :=!..!!. . J"lZJ o. -r ..., J.:. - ;r - .x ~.Y"' ...r 'jJ"'.. 
(82) 

llOCJ!e~e ;n;BB 'IJI9Ha B JI9B0ll '!aCTH COOTHOill911llH (82) O&b9)111l1HmCH: 

-.£f..(:t~J riE)=- ..t'f.:1... fh)= 
.1 -r;;r "~:!!" ..r .,:r (83) 

=- .z f' .1. {1)= 0 . 
..r "~"%' 

Y't!HTHBaJl (83), aanmueM OKOHllaTeJil,HO 

- -&o + ..t c. p.l-+ .21J; r J 1Jj r 
.f _r.t --r ---:r-- -

- J. c. t:"' + ~. = o. 
_r.t. .X 

(84) 
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TOli,IIBCTBO (84) KOHCTQTHWBT, 'ITO ~ (??) l<BJ!llBTCJI pemaHHBM 

ypa.BH9HIIII (30). llpi! t =: S IIJIOTHOcTh BajJOJITHOcTH nepexoJIQ (??) YlJ.OB­

JiaTBO!lflaT Ha'leJihHOMY yMOBI!Il (31). Ka.K BHli.HO, pemeHHe (33) JIBJIJ!eTCll 

qacTHHM c.nyqaeM <PYJn<:nm! ( ?? ) , 

CJI9lJ.Y9T OCTaHOBHThCll HQ cne~HKB HOpMBpDBKH ~~ IIJIOTHOCTH 

BBpDJITHOCTH nepeXOJIQ (??), EcTBCTBBHHO, 'ITO OHQ lJ.OJI!HQ COXpaHRTh 

HOpMBpoBKY HQqQJ!hHOro YCJIOBHH (31), 3TO Oyll.BT HMBTh MBCTO, BCJIH HOp­

MHpOBKY 3anHCQTh cOOTHOmeHHaM: 

Jers,x;t;y1d:!'=i, (85) 

rll.e 'J' HM99T CMHCJI, C00TB9TCTByBXIlllll npeo6paS0BaHII!l (26), B HQ'IeJilo­

HHD MOMBHT BpaMaBH f=S, corJIQCHO (31), cOOTHOmaHHe (85) aBT0MaTH­

'19CKJI BHIIOJIHJIBTCll, COOTHOmeHHJO (85) COOTBBTCTBYBT IIIITBrpaJI OT ~-

Ullil (
771 Jt:s.rtf;f~x,ofiYv"-xr')dy" = i. (86) 

PaB9HCTBO (86), 0'19BJ1)1110, BHIIOJIHJIBTCll B JIJ060JI MOMBHT BpaM9HH -f:;,.s, 
llepexoll.JI K o6oaHaqeHHJIM (??), corJiacHo (86), aanemeM 

}PF .. tctJJ-~..ex,o(-f'!v-;~ tf",;ttJa:r--KJ•J1 dJ' =f. 
.s 

3l1.9Ch RK06RBHjf BH'IHCJIJIBTCJI B C00TB9TCTBHH 0 npeo6paaOBaHH9M 

Onpa,llBJI9HHJIMH ( 2?) , 

(87) 

(26) ll 

PeweHHe (??), aHeJIOrH'IHO npa.IUllJ.YWBMY, noaBOJJJ!aT paccMOTpaTh 

ypaBH9HH9 (30) l1.JJJ! 001!19rO CJJY'IM, KOr)IQ KOSijq>l!J.II!BHTH ~ (-{; •11) , 
~ ( f;, j) - npoli3BOJihHH9 ifJyHK!Illll KOOpli.IIIIaT ll Bp9M9Hl!, HMeKJ11119 H906-

XOlJ.liM09 'IHCJIO H9llp9JIIBHHX npol!SBOll.HHX. C llOMOI!ll>lD PQBBHCTB (36 )- (37) 

ypaaaeHHe (30) aanHmeM B wopMe: 

"iJP + $::r'~P -Lt.tt;f7 s '1.~.1' +E "d.P_7 
"'iit ~ ~y .:t '/." ?j4- ?JI' ?j}" 

=..£. t ff,y)r:ts ,.r.p +E. '1..?7 
.9 'j z • -,;y..z '7Jj• -aj), 

(88) 

rAe WyHRlli!JI .P cy~~~ecTBaHHo oTJ!l!'laaTCll OT (??). llrul xpaTKocTK aa.JililllleM 

YpaBH9HII9 (88) B onepaTOpMOM Bllll.B: 

;;L0 (t,y)f'ts,x;f,J} = ;;t4 (+,j)..Pts,x; i,j~ (8g) 

rll.e ;;!. - onepaTop Jieaoll 'IeeTH (88), a :;t.1 - onepaTop ero npaaoll 

'IQCTH. BHBlJ.SM TaK!e 0603HQ'I9Hl!H l1.JJJ! WYHXURH (77): 
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.F, I = <&'cr: {S,Xj~<l), ~ > 0. 
'frr~ ~ ~ ~,._, 1 

-ebn P. = <!l.{.r,x;~,JI/. 
a-..... Oo 

(90) 

B COOTHOM81!MX (90) 6;.> 0, BO >IBJIII8TCII CKOJ!l> yrOIJ;HO MBJIOll BOJli!'IKRoll, 

TaiWM o6pasoM, np>I f == s no:n sHaROM IIIITerpaJJa ~ ~. c J!Bl6ol! 

HaiiepS)l 8a,J1al!IIOlt TO'!IIOCTl>IO MQJ£!10 S9M9Hl'!TD lJ ~ell J[Hpalta. 

Y'<I!TJ<BaJ'! liiSJIOJlt9HSOe paHee, pemeHSe ypa9116BI!Ji (88) MQJ£!10 IICKaT" 

B Bi!;I\8: 

.P == 'Y.:; (s,xjf,J)+ 
f 

(91) 

+ j df: j~t ~ {J1X/ ~ JJ <!/. {t:, jj·i,JI). 

J . 
3)180" ~ - i!CKOMall ~ • .I\)JJI KOTOpol! CJI6.11YOT BaltTH C00TB9TCTB7"­

!Il99 Ypa.BHBHI11e. IIOCJI9.n;H99 MOXBT 6HT:& H8.tUeHO C IIOMOJnbKI IIOllOTaHOBKlil 

~ (91) B ypaBBeHSe (89) • .ll.>m 8TOrD BH'<IICJIIIM B9Jilr<llUIY: 

;;t.(t,)'}.f'(J,X,"f1JI) = ;/0 {1:4)-!/dj_ (S,Y;i1J)+ ., 
+ jdr:_jd;rtfts,x; 'l;y');t.{i,JI) ~ tt;y~·i, J}+ (92) 

.s 
+ jdJI1 j(s,x;tf).Y,{-t;y~·f,J). 

llOCK().JIJ,ey ~ (90) TOJI!,ll9CTB9HSO y;I\OBJ16TBO:pllllT ypaBH9Hm!l (30) 

lip>! t = fo {f), TO, Y'I"THBaJ'! CBOltCTBa WJ!!<rli!R ~ , S8.!llllllleM: 

;;t. {-6,J).?ts,.t;"4J) = ~{s,x;t;YJ. · (93) 

,lla.nee, BeJIB'tJIDia 

:;tt {-61 j).fts,xpt,:/)= ~{i,j) <Yd,t cs,xi t,y)+ 

t 
+ Jar/df' prs,xlt;yJ;ttC-41)-!1. tt;jj·~,$. 
s 

llO;IICTa.JIOBKa (93)-(94) B ypaBI16HII6 (89) Up>!BO)IIIT K IIIIT&rpam.HOM;y 

ypa9H6Hm!l 

j'fs,x;i,j) = 1. (s,x;+rjlf-

i + jdr:jdytj>{s,x;t;;r')~ (t,y)~ ~y;-t,;fh 
s . 

B KOTOpoM 060SBaq9HO 

1. (S,Xji,j) = ;;tt (t,JI)~cs,x;i,j). 
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Koppe!tTHOCTII pa,l4ll CJI9lJY9T IIO.l(q9P!tHYTh, qTQ IDIT9I'JlllJlOBBIIIUI B COOT­
H0lli9HRHX (91)-{95) 110 CMaoHOA 119p9M9HHO~ Jf' KMBIDT TOT ~9 CMHCJI, qTo 
H B HOpMHpoBKaX (85)-{86), 

KaK H paH99, p9lli9HH9 ypaBH9HRR (95) M~O HCKaTh M9TO~OM HT9pa­
IJ;Iirlt, samt.CHBaH. ero B B.H.D;a 

jrs,x;t,!)= fo. ts,x;f,JIJ+ 1-ts.x ;-f,JI). (97) 

llO~CTaHOBKa (97) B (95) IlpKBOHHT It ypaBHSHHW 

~ [s,x;t,:f)== $3ci {S,Kjf:,JJ+ 

-b + jctrjctJI' j,w; tJJ') ;;t, tt,JIJ~ Cf:;:f~·'-, yJ. 
s 

(98) 

3.JI9Ch -t 
§'.J. (s,x; t,)')== jott:/ay1 fi ts,x;t:;:;IJ ;tj f'6,J1)'5'.tt;;ti-6,y). c98' l 

.s 
J(a!( ll I!PJ! IIOI!CK9 peW9llliJl ypaBHSHIUI (38) ,HaJI.zlBM p9W9Hll9 ypaBUeliliJI (95) 
M9TO~OM Cl'JIBXHB8HHfl, nnn STO!'O 3anHm9M 9!'0 B B~9 

f= 1.cs,qt,y)+ 'fts,x;-P,J')j.._{s,x;t,y). (99) 
BBe~eM Cp9HH99 3Haq9HH9 ~ r no BBCOBOft \PYHHnJ<H. ?off. : 

(Jtx,-l:)jJoJ. {.s,x; t,;t)dy = j'f'ts,x;t,y) fl< {.s,x; f,.Y)d,t. (IOO) 

CHOBa npKBHMa!l yCJIOBH9 HOp.!lijJOBIW (3) = \l)yHlcuHH .f' II DHT9l'plil­
PYR COOTHOlli9H119 (9I) no nepeMeHHO!I J{ , HBXOHHM -t 

i =i + )cttjd;/,fot.s,x,-t;)'J/ 
wm -t .s 

jct't'}d)'l~{s,X;'tiJ")= O. (IOI) 

.Illnl)j)9peHIIHi!YR (IQI) 110 Bp9M9HH, S9Jll!lli9M 

ja:;',l{s,x/t,;/) = o. CI02l 
llo~cTBBJIHR WYHRUHD (99) B cooTHomeHHe (I02), HaxOHHM 

jctytj. c,s,x; f:,)'') + .Jct;r' f'ts,x;t,y') j.J. {.s,x; t;;t') = o. (I02') 

COl'JiaCHO Ollp9,1l9JI9HHIO (!00), T9n9pb MOlKIIO 39IIIIOaTL 

r~e 

f., ex, t)+ &tx,+Jfo,J[x,-t) = o, 

f. {X1f:) = jd)'1 ,Po [s,x;-6,?11 

~. tx,t)= jay! lo.t/.s,x;~J'}. 
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TBRHM o6pasoM, 
f)[X,f} =- \"'o (X,i} I 

~tCXt# 
(104) 

H pemeHKe ( 99) 

MYJIOli · 

B CrJI!lllt9HHOM ( 0Cp9.IUISHHOM) Blm9 M()][JIO sam!CaTb ;pop-

1 == ~ (S,Xjf1j} + &{x,t)fttcs,x;t,y). (105) 

COOTHOmeHID< (9I) II (105) OITp9JteJJJ<IDT pemeHKe ypaBII9HID< (88) B CrJia­

Jit9HHOM BR.IJ;e. 

Tenepb MOmMa BepHyTbCR K YIJ!l.BIISHIIID .(23). TaK xe,HaK 11 ypeBHe­

HKe (25), OHO MOllt9T 0!1Tb rrpeoOpasOBaHO It B>mYo Y'lllTIIB8.BllleMY Jt$p­

M2UHH ~erocH M8Kpo3~9M9HTa: 

'!/E. + 1t 7 "1/o _ .1. g {-/,
1 
:f){j.t 'OJ./. + '1:1. M 7 = 

"tf 1. • ':1 .$ z ~ Cf):r ?Jy-t 'Oj J 

j~.t+9d+' 
= ((8,-:J).e< . 

(I06) 

IlyCTb Ha'I8JIDH09 ycJIOBll9 ltJlR <!JyliKrlllll .(. 38,l1Bl!O B Blllt9 

loft =s jf,t:IIJ.Ftsf;ssiiJdJ~ (10?l 

Yf-t=s= :1~ 
r)te Jj' COOTB9TCTBYOT rrpeo6pasOBaHI<lO (26) • Torna C llOMOIJibBl llJ!OTHOC­

Til B9poRTHOCTil ll9p9XO)ta, onpe)teJJJ<9MOH ~OPM;YJISMH (91) H (105), MOXHO 

3anllCaTb 0011199 p9ill9HII9 ypeBHeHHR (106) ltJlH H90rpaHHq9HHOlt CllCT9MY: 

{ott,:f)-j'ktYIJ.f'{.s,yi t,~)d;11 + 
'f; 

f .fa.{i')d-fc1 (108) 
+ jctrjdyl() (t;y')es . ..Pt~ 1~· -t/;j~ 

s 
llJ!Il, corJiacHo (24), 

ftt, 'j) =res, -f) j'kt~'J.Pt.s,-y~·-t, j)dyl+ 

+ ,rts,t) Ao/d:z/ff (tj.1J9fts,~.Ftc;:;j·i}~ (10
9

) 
.s 

rne o6osHaqeHo ~ ,;jl 
jics,f)= .ex;l.fja.ciJd£-_;. <109'> 

C llOMOIIIDIO pemeHHR (109) MOXST 0!1Tb pacCMOTpeH m11poJtHli KJiacC SII.Jll!.q 

T90pllll Jtl!lW!yslll'l II T9llJ!OUpDBO)t80CTII, Y'l!lTIIB!IBliJI91l Tpel!OUOpT T9llJ!a II 

B91J19CTBa, a TaKllte lt~Opllllli!H ltBillltYIII9rOCH MaKpD8JI9M9HTa, 
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B c~ HeSaBHCHMOCTH rayccoscKo-MapKOBCKHX npoueccos no seeM 
KOO~STHHM Harrpaan9HHHM UpcB9~SHH09 B~B p8CCMOTp8H~B MOXBT 6YTb 
0606Ul8HO HB. Tp9XM8pH08 IIpoCTpaHCTBO. 0,IJ;Ha.KO 3TO BWC.O,IIllT sa pa.MKH 

.JlallliOJI p800TH • 
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