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BbIBOJ CHCTEMbI JU®®EPEHIIMAJIBHBIX YPABHEHWM, ONTACBIBAIOIIEM ITPOIIECC
OBPABOTKHN MHOT'OKOMITIOHEHTHOU CMECH

PosrasinyTo npouec GpopMyBaHHsS 6araTOKOMIOHEHTHOI CyMillli, sika MPEACTABISIE COOOK0 MACHB YaCTOK, YTPHUMYBAHHX Y PiAKOMY CEpEIOBHILI.
Bupo6JieHi BUCHOBOK Ta aHaii3 CHCTeMH JU(EpeHIIHNX PiBHSHB, ONUCYIOYNX Lieil IIpoLiec. Y CTaHOBIICHO, 1O i MOXKHA PO3LICIUTH HA CHCTEMH
MEHIINX TOPS/KIB, SKIIO BIACHI 3HAYCHHS TOJIOBHOI MATpHIN IIi€l CHCTeMH MOXKHA PO30MTH Ha [Bi TPpyHH Tak, 100 BIACHI 3HAYCHHS, SIKi
HaJIeKaTh PI3HUM rpymam, He 30iranucs.

Process of formation of a multicomponent mix which represents a file of the particles contained in the liquid environment is considered. The
conclusion and the analysis of system of the differential equations describing this process is made. It is established, that it can be split on systems
of smaller orders if eigenvalues of the main matrix of this system can be spread out on two groups so that eigenvalues belonging to different
groups, did not coincide.

[ocTtanoBka mnpodiembl. PaccmarpuBaeTcs mporecc (GOPMHPOBAHHS MHOTOKOMIIOHEHTHOH —CMecCH,
cozeprkamieicss B HekotopoM o0béme V. Ilpenmomaraercsi, 9To MCXOAHAs CMECh MPEACTABISIET COOOI MaccuB
qJacTull, COACPKAIIUXCA B )KHHKOﬁ cpeac. E€ xoMmoHeHTaMM SIBIISIIOTCS qacTulbl, pasMEpbl KOTOPLIX JICKAT B
MPOU3BOJIBHBIX TpaHuIax. (DOpMHPOBaHHME CMECH TPOM3BOAWTCA TIPH BO3ACHCTBUM HAa HEE BO3MYIICHUH,
JOKIN30BaHHBIX B MAaJbIX YacTSIX 3aHUMaeMoro e o0béma. [loMHMO IEeTepMUHHPOBAaHHBIX BO3MYIICHUH
paccMaTpuBaroTCs M CllydaiiHble Bo3MymeHus. [Ipeanonaraercs, 4To UX JUCTIEPCHH JOCTATOYHO MaJIbl.

ITpousBoxuTes BBIBOA CHCTEMBI AU(QEpeHINANbHBIX YPaBHEHNH, OMICHIBAIOIINX 3TOT Ipomuecc. [lokaszaHo,
YTO €€ MOXKHO pacUIClUTh HAa CHCTEMBl MEHBIIMX MOpPsAKOB. I[Ipenmosaraercsi, 9To cOOCTBEHHBIC 3HAYCHUS
matpuipl  Ag(t) MOKHO pa3OWTh HA JBE TPYIIbLI Tak, YTOOBI COOCTBEHHbBIC 3HAYECHHS M3 PA3HBIX TPYI HE

COBIIaIaJIU Ha HCCJIelyeMOM IpoMexyTke [a, b] .

Anaym3 sutepatypsl. [logpobHOE onrcaHne pacCMOTPEHHBIX B 3TOH CTAaThe CIIOCOO0B 00PaObOTKH HCXOAHOTO
ceipbsi mpuBeneHo B [1 — 2]. B paborax [3 — 4] pgeraipHO wuccienoBaH mporecc (HOpMHPOBAHHUS
MHOTOKOMIIOHEHTHBIX CMECEH.

CpoiicTBa CITy4aifHBIX BO3MYIICHHHA W WX BKJIAJ B HBOJIIOIHIO IIPOIIEcca MOAPOOHO pacCMOTPEHEI B padoTax [5
=71

B pabGote [8] Obuta uccienoBaHa 3ajada O PAaCILEIUICHUM CHCTEMbI OOBIKHOBEHHBIX I (depeHInantbHbIX
YpaBHEHHMH, COAEPIKAIIMX MalbIi MapaMeTp, Ha CHCTEMBl MEHBIIMX MOPAAKOB. IIpemsokeHHbIH B 3THX paboTax
MOJXOJ TO3BOJIAET BBINHCATh Au(GEpeHINaIbHbIe YpaBHEHHUS I KaKJOW M3 IONyYEHHBIX CHCTEM C JIH000it
3aJJaHHOM TOYHOCTBIO.

Lens crarbu. BeiBox u uccnenoBanne cucTeMbl TH((QEepeHINATBHBIX YPaBHEHHUH, OMMCHIBAIONICH IPOIIECC
(opMupoBaHHs MHOTOKOMIOHEHTHOW cCMecH. PemmeHwe 3agadnl O pacIICIUVICHHH TIIONy4eHHON CHCTEMBI
T epeHIIaTbHBIX YPaBHEHUH ¢ MaJIbIM ITapaMeTPOM Ha CHCTEMBI MCHBIIIHX TTOPSIKOB.

[pouecc ¢opmupoBanusi (paknmii MHOTOKOMIOHEHTHOIT cMecH. PaccmorpuMm mpomecc 0o0paboTKH
JKUJKOH CMECH C ITOMOIIBIO UMITYJIbCOB (BO3MYIIEHHIT), BO3/IeHiCTBHE KOTOPBIX HAa Majlble YacTH 3aHHMMAaeMOTO €10
00bEéMa NMPUBOIUT K Pa3pyIICHHIO YacTHIL, cojepkamuxcss B Hel. Llespio paboTel sBIsSETCS IOIydeHHE «U3
00JIOMKOBY HacTul OTACIBbHBIX (bpaKHI/Iﬁ KOMIIOHCHT CMECHU, KOTOPBIE MOTYT OBITh KCIIOJB30BAaHbI B I[aJ'II)HeI‘/'IHIeM.
IpentoskeHHbIH c10c00 HOPMUPOBAHKS KOMIIOHCHT MPUMEHSIETCS M IS MOJYYCHHS W3 MCXOIHOW MACChl YaCTHI
MacCHBOB YaCTHI], OCHOBHBIE XapaKTEPUCTHKH KOTOPHIX (JIUCIIEPCHOCTD, MOTUANCIEPCHOCTD, IIOPUCTOCTH) JIEKAT B
3aJaHHBIX I'paHUIIaX.

OO0bIYHO TEepepaboTKa KUAKOW CMECH IMPOU3BOIUTCS C LENBI0 MOJydeHHs €€ KOMIIOHCHT C 3aJaHHBIMU
xapakrepuctukamu. Ecin 00paboTka UCXOIHON CMECH NMPOM3BOAMIACH C TIOMOIIBIO BO3MYIICHHUH, TOXK/IECTBEHHBIX
M0 CBOMM XapaKTEPUCTHUKAM, W BO3MYILIEHHUs ObUIM PaBHOMEPHO paclipeiiejeHbl BO BPEMEHH U B 3aHHMaeMOH €ro
00BéMe V, TO mosyueHHas B pe3yibTaTe cMech OymeT omHopoxuoir B V. Ilpeamomaraercs, uyto e oOpaboTKa
YKa3aHHBIM CIOCOOOM MPOM3BOAMIACH JAOCTaTOYHO 1oiro. Ecmm o0paboTka cMecH B pa3HBIX dacTAx oObéma V
HEO/IMHAKOBa, TO IIOJIydEHHass CMeCh Oy/leT HEOJHOPOJHOM — e€ CBOicTBa B pa3NUuHbIX dacTsax V.  OyayT
pas3sIuYHEIL.

OJHO#T M3 XapaKTEePUCTHK MHOTOKOMIIOHEHTHOH CMECH SIBIISIETCS BEKTOP PACIpeeNeH s KoMnoneHT K(M).
OH nMeeT BHJ,
k(M) =(K;(M),..., K (M)). )
3neck xaxapiii kommnoneHt K; (M), (i=1, 2, ..., n) ecTb OTHOIIECHHE
m; (M)
m(M)



Maccsl M; |-kommoHeHTa u3 Maimoro o0béma AV (M), cogmepxamiero Ttouky M, K CcymMe Macc

m +...+m, =m(M) Bcex KoMmmoHeHT, coiepx)amuxcst B 00béMe AV (M), KOTOpbIl BBIOHPAEM HACTOJIBKO
MAaJIbIM, YTO MacChl KOMIIOHECHT B HEM pacmpeiesicHbl PABHOMEPHO (C TOYHOCTBIO JI0 BEJTUYMH, OOJBIIETO MOPSIIKa
manoctd, ueM mMy(M), ..., m,(M)).

CuurtaeM, 9T0: ) NOOABKH B 00pabaTsBaEMyI0 CMECh, TAKHe KaK BOJa M KaTaau3aTopsl (BBOJUMEIC B CMECH B
nporecce €€ 00pabOTKHM) HE OTHOCSTCS K €€ KOMIOHEHTaM; 0) CHUIIbHbIE BO3MYIICHHUSX MAJbIX OOBEMOB BSI3KOM
CMECH CYIIECTBEHHO YMCHBIIAIOT €€ BI3KOCTh HA MPOMEXKYTKAX UX JCHCTBUS.

Hccnenyem nporece I(t) n3MeHeHMs KOMIIOHEHT KHUAKOM CMECH, MOABEPTAIOIIENHCS BO3MYIIECHUSAM.

O6o03raunM gepe3 V; 06bEMEI 13 V Takwme, 4TO:

UVi =V (i=123), V; :ViﬂVj =0, 2

CdhopMynupyeM CIICAYIONINE YTBEPKIACHU:

— Ecmm MHOrokpatHo BoO3MymiaTh OOBEMBI V; HMIyIbCaMy, TOXACCTBEHHBIMH C TOYKH 3pEHHS HX
BO3JCHCTBHSA HA CMECh, TO IPH MHOTOKPATHOM HX IOBTOPEHUH, B KaXIOoM V; chopMHpyeTcs cMech, KOTopas IpH

JanpHeimeit e€ 00paboTke 3TUMHU MMITYJIbCAMHU M3MEHATHCS yiKe HE OyneT (He3HAYMTEIbHBIC W3MCHCHUS MOTYT
OBITh BBI3BaHBI Iporeccamu aAuddysun).

— Ecnu Bosmymats obnactu Vi u V; Tak, 4ToGbl Bo3mymienus npoucxoaumu B Vi, V; moodepesHo, To npu
JIOCTATO4HO OOJBIIOM YMCIE MX peanu3alluii pacrnpesieleHus KOMIOHEHT cMecd B obnactax Vi, Vj, Ha
nepecedennn Vij =<, OyAyT Mano pasIuyaThCs MEXIy co00H. DTo pasnuuue OyleT TeM MEHbIIE, 4eM Oobiue
BO3MYIIEeHUH Ob110 peanuzosano Ha Vi u V.

— Ecnu ykazaHHBIM BO3MYIIEHHSAM MHOTOKPAaTHO MOJIBEPraTh BCE Mapbl 06bEMOB Vi, V|, 11f KOTOpPHIX
Vij #<, 10 npu JanpHEHIINX BO3MYIIEHHAX 1000r0 V; pacmpeneneHHs KOMIOHEHT V H3MEHATHCA yXKe He

OoymyT.
Orcrona cleayer, 4To K HEKOTOPOMY MOMEHTY BpeMeHH T pachpenaeinenus kommoneHT mporecca II(t), (
t>T ) na nepeceyennsax Vj; moGoii maper Vi, Vj He GyayT 3aBHCETh OT TOTO, C KAKMM 3JIEMEHTOM JTOH Maphl ero

CBSI3aTh.

OtMeTuM, 9TO CHOPMYTHUPOBAHHBIE YTBEPXKICHUS HE MMEIOT MECTa, €CIM BO3MYIICHHS HACTOJIBKO CHIIBHBI,
YTO UX MHOTOKPATHOE MOBTOPEHHE MPHBOAUT K YPE3MEPHOMY HM3MENBYCHHIO 4acThll. Takum oOpazom, mporiecc
II(t) MoxeT OBITh CTAOMIM3UPOBAH TOIBKO C TOMOIIBIO CHEIHATBHO MTOJ00PAHHBIX UMITYJIBCOB.

YpaBHenne npouecca ¢GopMHPOBaHUS KOMIIOHEHT cMecH. V3MeHEHHE KOMIIOHEHT IPOUCXOAMT 3a CYET
BO3MYIICHUH, IOKAJIM30BAHHbIX B OTAEIBHBIX YacTiax V; o0béma V .

Bo3Mmy1ieHnsM noaBeprarotcs Bce 00bEMBI V;, HO XapaKTepHCTHKU BO3MYILLCHHH (CTENEHb MX BO3JCHCTBHUS Ha
CMeCh) B pa3HbIX V; HeOAMHAKOBHL. B kaxaoMm V; 3Tu XapakTepuUCTHKH SBIAIOTCA QyHKIUAMH Toukn M €V .
Yka3aHHBIC pa3nu4us 00yCIOBICHBI CTpeMIICHHEM ChOPMUPOBATh B KaXIOM V; cMech, pacpeeeHie KOMIIOHEHT

KOTOPOH 110 CBOMM CBOKCTBAaM OTJIMYANOCh Obl OT cmecedd B Vj # V.

Kaxnmoit Touke M €V craButcst B coorBerctBre ¢é okpectHocts O(M), ymoBierBopsifomas Cieayommm
yenosusam: 06béMbl O(M) Ha HeCKOJIBKO TOPsAKOB MeHble 00bEMOB U3 (3) (cM. Hike); yucio yactur 8 O(M)
JOCTATOYHO Benmko. Jlanee 3a pasMep 4acTHIpl B Touke M NPHHHAMAeTCsl yCpeIHEHHE Pa3MepoB BCEX YACTHIL,
coxepxaruxcs B O(M) .

Bosmyienust, AeHCTBYIONME HA CMeECh, MOAOOpAHbI TAK, YTO IIPU MHOTOKPATHOM HX IIOBTOPEHHU B
pasnMuHbIX YacTsx V , OyIeT MojyueHa CMeCh C 3aJaHHBIM MPEACIbHBIM PAaClpe/IeNeHHeM JacTHIl [0 pa3MepaM.

o npenensroe pacnpenencane U (M) sisiercs dpynkuuneit touka M (tounee pynkuuein O(M) — okpectHOCTH
STOU TOYKH).

CqI/ITaeM, YTO CKOPOCTH MU3MCHCHHUA XAPAKTCPUCTHUK CMECHU, MPOUCXOAANIUEC IO HeﬁCTBI/IeM BO3MyHICHHI>'I,
HEOAnHaKoBHl B pasHeix V;. Cuma feiictBusi Bo3mymieHuil B V; yObiBaer ¢ poctoM i. Otcroma crexyer, 4to
CKOPOCTH CXOIMMOCTH K HpeleNbHOMY pacrpeseieHuo B V; yObBaloT ¢ poctoM | . Bo3mymienus Bo Bcex V,
MPOU3BOJATCS C OJIMHAKOBOM 4acTOTOM.

IMponecc 00paboTKH cMecH B KaXKIoM V; IPOU3BOAUTCS cienytomumM oopazoM. O0béM V; pasdusaercs Ha N;
00BEMOB

Vit Vig:-- Vi, 1=1 2, 3. 3)
B xaxmom m3 Hux wnckomas ¢ynkuums U(M,t), ommceBaromias mpomecc (HOPMHUPOBaHHS KOMIIOHEHT,

3ameHsiercs e€ ycpeaHeHHeM (CpeqHuM 3HadeHneM). Takum o6paszom, kaxmomy o0vémy V, (1=r=<N;) m3 (3)



craButcsi B coorBercTBue ycpemuenue W, (t) ¢ynkumun U(M,t) nmo V.. Ilpu stom mapamerp t (Bpemsi)

npenmnoJiaraetcs GUKCUpOoBaHHBIM. CUUTAeM, YTO BETUYHHBI 00EMOB 13 (3) MPUOIU3NUTENBHO OAMHAKOBBI. CMeCh,
coJliepKamasics B HHUX, MOJBEPraeTCs BO3MYIICHHSM B pa3Hble MOMCHTHI BpeMEHH. TOYHOCTh ammpOKCHMALUU

¢ynxuuu U(M,t) e€ cpennuMu 3HaueHUsIMH 10 00bEMaM (3) Bo3pacTaer ¢ poctoM N;.

I[Mpu peanu3anuu Bo3myIueHuii B 006éMax V; (i =1, 2, 3) oCHOBHasA Macca CMECH OCTAaETCs B KQXKIOM U3 HHX.
Jnst 006EMOB U3 (3) 3T0 yTIBEpXKIECHHE HEBEPHO, IIOCKOJIbKY UX BeIU4YUHbI Manbl. [Ipu Bo3MymieHuu kaxzaoro V, u3
(3) gacts cMmecn, cozeprxkaBlueiicss B HEM, nepememaercst B cocennue ¢ V, 00bEmsl. IIpu aTom yepennernst W, (t)

OyAyT U3MEHSATHCS.
IMonyuum nuddepeHnnaIbHble ypaBHEHMs, ONUCHIBAIOIE mporece GpopMUpoBaHus cMmecu B 06béMe V; (

i=1 2, 3). Ilycts
Wi (t) = (Wi, Wio, oo, Wiy, (1) (4)
— BEKTOPHI, KOMIIOHEHTAMH KOTOPOTO sABIsifoTest yepennenus yukipn U (M, 1) mo kaxmomy 06bémy u3 (3).
BeryucnuM npousBoAHBIE OT KOMIIOHEHT BEKTOPOB Vvi(t). [Ipu 3TOM cUMTaeM, 4TO BO3MYIIEHHUS, KOTOPBIM
nojBepraercs cMech B kaxaoM ooséMe V, (1<r < N;) u3 (3), mpuBoair k nepemeruuBanuio cMecu B V; . Takum
oGpasom, ycpennenue W, (t) mo moGomy V, n3 (3) seasercs ynkumei ycpennenui (Wiq, Wi, ..., Wi, (1)) .

IToaTomy

oW, (1) _ oW, (1) | 5 OW, () 9% ()
dt ot paaw) dt

B ypasHenusx (5) dyukuuu W, (t) spisiorcs ycpennenusmu GyHkuuii W, (t) 1Mo BpeMeHHBIM MPOMEKYTKaM,

®)

COJICPXKAIIIM HECKOJIBKO JIECSATKOB BO3MYIIEHHH. AprymeHT t B (5) sBiIfeTCS LEHTPOM KaXKAOTO TaKOro
MPOMEXYTKA.

Bektop W; (t) ¢ kommonentamu W, (t) u3 (4) sBnsietcs pemeHreM cucteMbl TudepeHInaTbHbIX ypaBHEH it

AW, (©) _ Wi(1) , (v
i a A (W, (). (6)
3necs matpuna A (t) mopsinka N; x N; umeer Bux
_ (oW, ] _
A (L) = G\T\Iﬁ(t) ya=B, o,B=1..., N;.

O6benunss ypaBHeHus (6) mo BceM V; (i=1, 2, 3), nomyunm cucremy nuddepeHIHANBHEIX ypaBHEHUH,
OTHCHIBAIONIYIO IIporiecc GOPMHUPOBAHUS CMECH B 00BEME

3
V=>V;.
i=1

ManI/II_Ia CHCTEMBI UMCCT 6H0‘IHO'Z[H3FOH3HBHLII7[ BU:

A
A= A, . (7
Ay
Pasmeproctu 610k0B B Matpune (7) paBHel Nqy x Ny, Ny x Ny, N3 x N3. Marpura, crosmast B 6;10ke UMeeT
BHIL
?g;g; o, B=1 ..., N;. (8)

DNeMEeHTHI MaTpHIbl A, He IPUHAUICKAIUE STHM OJIOKaM, PaBHBI HYJIIO.
JlnaroHaneHple 3JeMEHTHl MaTpuubl (7), oTBeyaromue pasHeiM oObéMam Vi, V j» HE COBIAJAIOT: €CiH

BO3MylIEHHs 00bEMa V; NIPEBOCXOAUT BO3MyIIEHHE V|, TO AMaroHalbHbIE dIeMEHThI Marpuubl (7) ans Vi Oyayt
GoJIblIE, YeM €€ DIIeMEHTHI 1 V i Otcroaa sl pa3HbIX OJIOKOB UMEEM
W, (t) , OW, (1)
awp ()  awg (1)

IToaToMy COOCTBEHHBIC 3HAUCHHSI MATPULl A;, OTBEYAIONINX Pa3IMIHbIM O0KaM Matpuisl (7), He cOBIamaOT. JTO

)

00CTOATENHLCTBO 6y)IGT HCII0JIb30BaHO HUXKCE.

Bkaaa caydaiiHbIX BO3MYLIEHHH B 3BOJMIOHUI0 nmpouecca. CyuraeM, 4YTO MHOKECTBO BCEX BO3MYIICHMH



8I1 ; mpomecca I1 mHa slo,to _ koHe4Ho. Yepes tI T » II;, V; 0003HauNM IPOMEXYTKH BPEMEHH, Ha KOTOPBIX
neitctBytor @I1 ;, mpoueccel, kotopsie @I ; mopoxmaroT, # uX (azoBble MpocTpaHCTBa. IIpeanonaraercs, 9To:
Bce V; sBIiIOTCS obnacTaMu, a T; — Toukamu doxycupoBku mpoueccos I1; wa V;; @I1; (i=1 2,3) sBmsrores

uezasucuMbivu. Yepes |(V;) Gynem o6o3Hauars ueauKaTopHbie GpyHkiun MHOkecTB V; . [Tomoxum V; UV i =V -

Cunraem, uto Ha V (V) 3amana QyHKIMA pacnpeencHus IZ(M ,t) mpormecca IT 41, :, €CIIU IS JTF000T0 COOBITHS
B u3 V(V;) nmoGoro te gy,ty
PMeB =k W,tdvy.
B

3neck BepoaTHOcTh P M € B Bhumcnstercs B MomeHT t. Ilpenmonaraercs, 4To HauyaJbHOE paclpeeneHue
k #1,s, mpouecca IT Ha V 3amaHo. BeIAcHUM, Kak u3MeHseTcd GYHKIMS pacupeneiacHus seposataocreid K M, t
0. _

npouecca I npu ouepennoM Bo3mymenun 811 ;. Bee dynkuun k W,t , 1(V) npexmonaraiorcs HenpepbIBHBIMU
Ha'V .
ITycte V; BbIOpaHO HPOM3BOJIBLHO, MHOYKECTBO V~J- COIEpKHUT Bce (Pa30BbIE MPOCTPAHCTBA, I KOTOPBIX

P(Vij) >0, 15 - momentsl dpokycupoku Ha V5 . OG03Ha4MM 4Yepe3 V; HauOONbIIMH DIEMEHT U3 T3 , Ui
KoToporo v; < t;.Ilomoxum P =max v;,t;

Mycts k 4 Bi I(Vi ), kW, T I(Vi) — (yHKIMH pactpeneneHns Ha V; B MOMEHTHI BpeMeHH 3, T; . Torna,
YTOOBI MOJYYUTh (YHKLUIO pacupeneieHus nporecca I1 Ha V' B MOMEHT T;, cledyeT Hepeonpenenuts e€ Ha V; ,
samerme k M,B; 1(V;) ma k 01, t; 1(V;). lma M eV \V;, k M,B; =k M,71; .

Ycepenaenus QyHKImiA k W B :, k W VT :HO V, coBmanawr:

leM,Bi dVyy, =I|ZM,ri dvy, -
Vi Vi
OT0 cnenyer W3 YCIOBHS HOPMHPOBKH IIZ l/l,tZiVM =1, KoTOpOoe BBINONHSACTCS NpH Bcex te Sio,oo: u

\%
PpaBCHCTBa

KWLB; TV =k M, 7 T(V\V,).

OTo paBEHCTBO MMEET MECTO, ITOCKONbKY Ha f;,T; Bce Bo3MymieHus kpome @11

I COCPENOTOYCHBI JIUIITh Ha
V\V,,a @1 xeiictByior Ha V; .

JIrobast touka M €V ¢ BeposTHOCTBIO 1 conepkutcs B OECKOHEUHOM MHOXKECTBe obOiacteit V; ; mo moboro
MoMmenTa t (1t <00 ) MPOMCXO/MT JIHITL KOHEYHOE YMCIIo Bo3MyteHui. [ls moboit V; wnaiinérces xots 6b1 onna Vi,
i < j,ne copnanatomas ¢ Vi, st kotopoit P(Vj;) = p>0.3necs p He 3aBUCHT OT |, j .

Ecimm Bce mepedncieHHbIe YCIOBUS BBITOMHIIOTCS, TO P OECKOHEYHOM YHCIIE BO3MYIIEHHUHA BCeX 00acTei
V; ¢okycupoBka Ha V OyzxeT uMeth Mecto. Eciu ke 4ymcio Bo3mymieHuid Bcex V; OyAeT TOCTaTOYHO OOJIBIINM,
TO pacmpereneHus Ha Bcex V; OyIyT UMb HE3HAYUTEIBHO OTIMYATCA OT MX HPeJIebHBIX 3HAYCHHH.

Yupouienue ucciaexyemMoi cucreMbl. PaccMOTpUM 3a7ady O pacIIeIUICHHH ITOJTydCHHOH BEINIE CHCTEMBI

muddepeHnInaNbHBIX YpaBHEHUH Ha MOJCUCTEMBl MEHBIIIHX TTOPSIIKOB.
Hccnenyemast cuctema nMeeT BUA

e"Y = Alt,e)Y + f . (10)
3neck Y — HeBbIpoxkaeHHas (NxN)-marpuia, €€ cTonOuaMM SBIAOTCA petnenus cuctembl (10), h>0 —
LeNoe uncio. DieMeHTaMH BEKTOpa [ SBJISIOTCS BETHUHHBI o;tn; (), i=1...,n. 3mece dn;(t) (i=1...,n)
€CTh OeNblil IIyM, G; — CIy4ailHble BEIMYMHBI C 33JaHHBIMU (QYHKIMSAMU pacnpeznenenus. [Ipeanonaraercs, 4ro:

kommoneHTsl dn; (t) Bekropa f HekOppeIHPOBAHbI; MATPHLA A(t,£) UMeeT aCHMIITOTHYECKOE Pa3IOKEHUE
Alt,e) ~ DA (D", e<<l. (11)
r=0

Bce uccnenyemsle nanee QyHKIMU U MAaTPULBI IPEIIONAral0TCA TOIOMOP(HBIMHU 110 IEPEMEHHOH 1 .
Ilycts B Touke t;, mcciaemyemoro mpomexyTtka [a,b], HEBO3MOXHO pa3ienuTh COOCTBEHHBIE 3HAYEHUS

matpuipl A (t) Ha rpynmel, He UMerompe OBIIMX 3JIEMEHTOB. [IPEIIONI0kKUM, YTO B 3TOM CIIydae CYIIECTBYET

Majiasa 6-0Kp€CTHOCTI> TOYKH tO Takas, 4To COOCTBEHHEIC 3HAYEHHUS W3 Pa3HbIX rpynIlr HE 6yIlyT COBIIaZlaTh Ha



npomexyTkax [a,ty—9], [ty +6,b].

Paccmortpum ucxonuyto cucremy (10) Ha npomexyTke [a,t; —d] .

Mycrs Y =T(t)Y ", Torza:

At,c) =T L)AL, )T @) —c"T 1O)T @). (12)

Ecnu cobcmeennvie snavenuss i (i=1...,n) mampuyer Ay(0) mooicno paszbume na mpu epynnel,
Matr -1 Mol s Malads -1 A Mak, umobvl coOCmeeHHble 3HAYEHUs U3 PA3HBIX ZSPYAN He COGRA0Anu, mo
cywecmayem mpéxouazonanvnas mampuya T (t)

| Ty, (1) 0
T =|Ta) 1 Tyu)],
0 Ta(t) |

¢ nomowbio komopou mampuyy Ay (t)

AT AR A
Aoty =| A (t) AP AP
At AR AR

MOJCHO npUsecmu K 6104HO-OUALOHATIBHOMY BUQY

AW 0 0
AO=| 0 AZ® 0 |
0 0 AP
3nech ;él(t), ;022 ®, Ag’s(t) — KBaJ[paTHBIC MaTpHIBl TopsakoB K, |, M; coOCTBeHHBIC 3HAYCHUS MATPHII

,&31(0) , :&022 0), ;\33 (0) He coBmamarOT B HEKOTOPOU OKPECTHOCTH HYJISL.

DneMentsl Matpuipl T (t) MokeM HaliTH, pelas cUCTEMY JIMHEHHBIX anrebpandecKux ypaBHEHHH.

IMocne mpoBeieHHBIX MPe0Opa30BaHUH CIIyIaiHbII BEKTOP IPUMET BUA {J .

OGozHaunM Y = P(t,€)Z , npu ycnosuw, uto det Py (t) = 0.

VYpaprenue (10) 0OTHOCHTETFHO HOBOM HEM3BECTHOM MOKHO 3aITHUCATh TaK

e"P(t,e)Z +£"P(t,£)Z" = A(t, £)P(t,€)Z + g .

O6o3naunm  B(t, €) = pt (t,€) ,Z\(t, g)P(t,€) —ghp? (t,e)P'(t,e)+0. Torma cucrema (10) npeobpasyercs K

BUY:

e"Z' =B(t,e)Z+7 . (13)
U3 (13) momyqanm
e"P/(t,€) = A(t, £)P(t, £) — P(t, £)B(t, £) + G . (14)
Matpuns! Gynkiuii P(t,g) u B(t, &) B (14) mpexcraBum B BUIe
P(te)= S P.()e' . B(te)= 3B, (0)s". (15)
r-0 r-0

HoncraBum psmet u3 (15) u (11) B (14) u cpaBHUM K03(D(HUITUCHTHI IPH OAMHAKOBBIX CTETICHAX €. YpaBHEHHUE
(14) umeer MecToO IPH BBHIOIHEHUH CIIEIYIOMINUX YCIOBUIA:

Ao (V)P (t) Py (t)B, (1) = 0; (16)
Ao ®)P; (t) — P, (t)By (t) = z: B (OB, 0 A OP.®) +P/, (). (A7)

B (17) r >0; nocnenuuii wien npu r <h omyckaem.
Cuamnraem, urto By (t) = Ay(t), Py(t) =1 . Torma (16) mpumer Bux
Ao ()P (1) P (A (t) =B, (t)-H (), r>0. (18)
3necs H, (t) 3aBucur Tonmsko ot Pj(t), B;(t) u Pj(t) c nomepamu j<r.
U3 (18) maxomum
HE @ HE@® HE®
H )= H® HZO HEO |- (19)
H M HZ® H2 @)

Vpasrennst (18) MOXKHO MoCIe0BaTeIbHO pa3pemuTh npu nomoinu Marpui Py (t), B, (t), kotopsie nmeror



BU

0 P2@m) o0 BX(t) O 0
PM=|P7® 0 PP®[ B@®= 0 B*® 0 [ (20
0 P¥2@1) 0 0 0 B3E@)

Marpuia P, (t) B (20) sBisieTcst TpEXAHaroHaiIbHO.
Yemanoeneno, umo 3amena

Y=|YP ()" |Z
r=0
nepesooum ypasnenue (10) 6 oupgpepenyuanvroe ypasnenue
e"Z'=| 3B, (t)e" |Z+9.
r=0

Mampuyer B, (t) smoii cucmemvr umeem 6rouno-ouazonanshwiii 6ud (20).

Takum 0b6pazom, ucxoonas cucmema, cocmosiyas uz N YpaeHeHuil, Modcem Oblmb PACUlenieHd Ha mpu
noocucmemvl MeHbwUx nopsaoxkos: K, |, m.
AHaJIOTHYHBIC IPE0OPa30BaHUsI MOTYT OBITh MTPOBEACHBI U HA TIPOMEKYTKE t[) +4,b .

Ilpn pmocTaToduHO MajaoM o pEIICHHS MCCIEAYeMOH CHCTEMbl MOXKHO 3aMEHMTh HX JIMHEHHBIMH
MPUAOIIVHKCHUSIMI.

BoiBoabsl. Hayunas HOBH3HA COCTOMT B cienyromieM. [IpousBefiéH BBIBOA CHUCTEMbI IubGepeHIIHATBLHBIX
ypaBHCHHIA, OMUCHIBAOMICH Tporiecc (HOPMUPOBAHUS MHOTOKOMIIOHEHTHOM cMecH. [IpoBeIeHO HCCIeJOBaHUE ITOM
CHCTEMBI. Y CTaHOBJIEHO, YTO €€ MOYKHO PACILENUTh Ha CUCTEMbl MEHBIIIUX MOPSIIKOB.

[IpakTrdeckas MeHHOCTh PaOOTHI 3aKIIFOYACTCS B TOM, YTO MOJTYYCHHBIC PE3YIbTATHI TO3BOJISIOT POU3BOIUTH
o0mmmii aHaIH3 MPOILECCOB, MPOUCXOIIIINX B MHOTOKOMITOHEHTHBIX CMECSIX. DTO JTaéT BO3MOKHOCTBH TpeACKa3aTh
SBOJIIOLMIO TAKUX MPOLIECCOB MPHU YCIOBHH, YTO UX OCHOBHBIE XapaKTEPUCTUKU U3BECTHBI.

[Ipennonaraercss, 4To MpH pemICHHH CHUCTEMBI (5) coiepykammecs B HEW MPOW3BOJHBIC 3aMEHIIOTCS
Pa3HOCTHBIMH OTHOUICHHWSAMH: ITU(PQepeHIHansl UCKOMBIX (GYHKOUH B (5) 3aMEHSIOTCS COOTBETCTBYIOLINMH
pasHocTsAMH. VX HaX0XK/IEHHE OCHOBAHO Ha 00pa0OTKE OIBITHBIX JTaHHBIX.
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