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BiraiukaBka3ckuit MaTeMaTHIeCKHH Ky PHAJ
OkTs16pb—nekabpsb, 2001, Tom 3, Boprmyck 4

VJIK 517.956

CMEIIAHHASI CUCTEMA JIU®PEPEHIIMAJILHBIX YPABHEHUI
KAK MATEMATNYECKA ¢ MOJEJIbL KOJIEBAHUI
KOHTUHYAJIBHO-INCKPETHBIX MEXAHUYECKNX CUCTEM

X. II. KyasTepbaeB, A. 4. /l>xaukyjaeB

it KOMOMHUPOBAHHON KOHTUHYAJIbHO-JUCKPETHON CHCTEMBI CPABHUTEILHO MPOCTBIMHU Me-
TOAAMU HAMJIEHBI CIIEKTPHI KOIMMUIIMEHTOB 3aTyXaHUsA, COOCTBEHHBIX YacCTOT U (POPM CBO-

OOAHBIX KOJIEOAHUI MTPU HAJUYUU CUJI COTPOTHUBJIICHUS.

Yupyrue 371eMeHThI C PACIPE/IeIEHHBIMEI TaPpaMeTPAMU B BUJIE CTPYHBI IITHPOKO
MPUMEHSIOTCST B TEXHUKE, KJIACCHIECKHe 33/[a91 0 HUX PACCMOTPEHHBI, HAIIPUMED,
B [1, 2]. B mocsieiiee BpeMsi MpakTHYECKHE TOTPEOHOCTH BBI3BIBAIOT MOBBIIIEHHBIMH
WHTEpeC K HeTPAJTUIUOHHBIM 337]a9aM, B JACTHOCTH K 3aJa9aM O COBMECTHBIX KO-
JIeDAHUSAX CTPYHBI U COBOKYITHOCTU COCPEIOTOYEHHBIX MACC. BO MHOIHX CJIydasix
CTPYHA JIBUYKETCSI B TMPOJIOLHOM HAIMPABJIEHUH, ONMUPALTCS HE TOJHKO 110 KOHIAM,
HO W B MPOMEXKYTOYHBIX TOYKax. lIpm 3TOoM K Heil mpucoeauHSIIOTCS MaCCHI, COC-
pPeIOTOYEHHbIE BO MHOYKECTBE TOYEK, U BOZHUKAET HEOOXOJIUMOCTH B PACCMOTPEHUHN
3a/1a9M O COBMECTHBIX KOJeDAHUsIX HEMPEPBIBHBIX yIACTKOB KOHCTPYKIUKA C PaC-
MIPE/IEJIEHHON MACCON W JUCKPETHON CHUCTEMBI MACC C KOHEYHBIM YHUCIOM CTereHeit
cB00OJibI. HekoTopbie Takue 3aJiauu U POJCTBEHHBbIE TPOOJIEMbI PACCMATPUBAJINCH
B paborax [3-6].

1. ITocTranoBka 3amaum. PaccvarpuBaiorcst ¢cBOOOIHBIE TIOEPETHBIE KOJIE-
GaHusT OMHOPOAHON cTPYHBI (puc. 1), ABMXKYIIEHCsT B IPOJOIHBHOM HAIPABJICHUH CO
CKOPOCTBIO v, € ILIOMAIHI0 TOTIEPEeTHOTo cedenns F', w3 MaTepruaJsia IVIOTHOCTH p, C
HaIpsSKEHNEeM 0 B MOTEPEYHBIX CeUeHUdX, Mpu KodddUuImenTe BI3KOr0 TPEHUS €.
BagacTyto Takasi CTPYHA JIJIsT OTPAHWIEHUs TPOBUCAHUIN U JIPYTUX IEJIei MO IePK -
BAETCs yIPYTUME OnopamMu (POJUKOOMOPHI TPAHCIIOPTEPOB, HATSKHBIE YCTPOWCTBA
JUUTsS BeTBeil TMOKWX Mepejiad B MAaIllWHAX U T. J.) € KO3(DDUIHEeHTAME KEeCTKOCTH
¢;j (j=1,2,...,N; N =n+1). Torna B pacIeTHyI0 CXeMy BKJIIOUAIOTCS COCPEO-
To4YeHHbIe Macchl M (j =1,2,..., N), HEIOABIKHBIE B IIPOJIOJIbHOM HAIIPABIICHNU,
HO KOJIEOJIIOIIUECS B MTOMEPETHOM HAIMPABJIEHUH C COOTBETCTBYIOMIUMU KO3 duim-
entamu jgemiduposanus v; (j = 1,2,...,N). CrpyHa ke COCTOUT U3 HPOIETOB
(yaacTkoB) ¢ pasmepamu l; (j =1,2,...,n).

© 2001 Kynwrepbaes X. I1., /Ixankynaes A. 4.
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Puc. 1

MexaHuveckasi MOJIEJIb TAKOI'O YCTPOHCTBA MPEJCTABIIAET CODOW CMelaHHy 0
KOHTHHYaJIbHO-JUCKPETHYIO CHCTEMY, COCTOAIILYIO U3 YIACTKOB CTPYHBI ¢ PACIpe Ie-
JIEHHBIMHU TTAPAMETPAMK ¥ COBOKYITHOCTH COCPEIOTOYEHHBIX Macc. OTcrofa ciemyer
MaTeMaTHIecKast MOJIE/h ee CBODOIHBIX MOIEePEeIHbIX KoJaeOaHuil B BUJE JBYX CHC-
TeM OJHOPOAHBLIX aud depeHnuanbubIX ypasHenuit. [lepsast n3 HUX COOTBETCTBYET
MHOKECTBY KOHTHHYAJIbHBIX YIaCTKOB. B IpeanosokeHnn 0 MAJOCTH OTKJIOHEHH
B TIOMEPETHOM HAIPABJIEHUN KOJEOAHUSIM KarKJ0r0 IMPOJIETa CTPYHBI COOTBETCTBYET
opHOpoaHoe qudpdepeHnpraabHoe ypaBHEHUEe B 9aCTHBIX MPOU3BOAHBIX rUNIEPOO/IH-
geckoro tumna [6]. Torga B BekTOpHOI (DOpMe MOKHO 3amucaTh

g + 2euy + 20Uy — (a? —v¥)ug, =0, x€(0,1), t > —o0. (1.1)

Bropas cucrema mnpejicrapiiger coboit 0fTHOPOIHbIEe 0OBIKHOBEeHHBIE JnhdepeHn-
OUuaJIbHbIC YpaBHEHUA OJid COBOKYITHOCTU JUCKPETHbBIX MacCC, COCTaBJIEHHbIE C HC-
nosb3oBaHueM npuHnuna Jlamambepa u TUIOTE3bl O MAJOCTH IepeMelneHuit

myy + 2vy; +¢cy +b =0, t> —oo. (1.2)

31ech u jlajiee IPUMEHSIETCS JIOKAJIbHAsI CHCTEMa SMJIEPOBBIX IIPOCTPAHCTBEH-
HBIX KOOPJMHAT ITj € [O,Zj], J =1,2,...,n ¢ HAYAJIOM Ha JIEBOM KOHIIE KaXKJIOTO
ydacTka; t — Bpems; u(x,t) — BeKTOp-(MDYHKIUS BEKTOPHOTO APryMeHTa, COOT-
BETCTBYIOIIAs CMEIEHUsIM CTPYHBI B MOIEPeYHOM HanpasieHun; y(t) — BeKTOp-
(dYHKIHMSA CKaJSIPHOrO apryMeHTa, ONMUCHIBAIONIAS OTKJOHEHHUS COCPEIOTOYEHHBIX
mace; a? = o/p; 0 — HyJIb-BeKTOP. BBesenbl 0603HaueHNs /IS BEKTOPOB U KBa/I-

PAaTHBIX MaTpPHIl], Pa3MEPHOCTHU KOTOPBIX OY€BUIHDbI
l:(ll,lg,...,ln), X:(£U1,£U2,...,.Tn),

u(x,t) = (u'(z1,t), v’ (2, t), ..., u"(z,, 1)),
y(t) = (yl(t),y2(t), .- '7yN(t))7 b(t) = (bl(t)7b2(t)7 - '7bN(t))7
c = diag{cy,co,...,cn}, m=diag{mi,ma,...,my}, v=diag{vy,ve,...,vn},

m, v, c — JuaroHaJbHble MaTPUMLI WHEPIIUN, TACCUTIAINN W YKecTKocTu. Hammame
B HUXKHUX HHJIEKCaX apryMeHTOB X U t o3HadaeT auddepeHIupoBaHie 10 HUM, B
9aCTHOCTH,

uﬁm?(’r? t) = (U’ilml (’T17 t)? U’im@ ('T27 t)7 sty u:nmn ("Env t))
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Hastee, b(t) — BeKTOp ynpyrux Cuji, KOMIIOHEHTBI KOTOPOIO 00pa30BaHbl TPOEKIH-
sIMU Ha BEPTUKAJbHYIO OCh CHjbl HaTsKeHus 1 = o F', peiicTBytoleit Ha cocpejio-
TOYEHHYIO MacCCy CJIeBa W CIIPaBa

bi(t) = =Ty (0,t),

bj(t) = T[ul ! (i1, t) —ul (0,8)], j=1,2,....n,
b (t) = Tu? (In, t).

[TocraBum janbHelel 1MEJbI0 ONpPeJIe/IeHIe CIIEKTPOB COOCTBEHHBIX YaCTOT,
K03 durmenTon gemrdupoBanus U codOcTBeHHBIX (popM. B Takom ciyuae Hadasib-
HbIe ycsioBust K cucreme ypasrernni (1.1), (1.2) me Tpebyrorcsi. Kpaesbie ycioBust K
ypasuerusiM (1.1) COOTBETCTBYIOT PABEHCTBY MEPEMEIIEeHUH Ha IPAHUIAX YIACTKOB
CTPYHBI OTKJIOHEHUSIM COCPETOTOYEHHBIX MAacC

W(0,0) =y (5), Wil t) =y (), j=12....m. (1.3)

OTMmeTnM, 9TO BOBMOXKHBIH OTPBIB CTPYHBI OT COCPETOTOYEHHBIX MACC BO BPEMSI
KosieOaHUit B JJAHHON MOCTAHOBKE 33J[aYu He y4duTbiBaeTcs. [Ipwuwna B TOM, 4TO
IIPOTUB TAKOT'O $IBJIEHUS OOBIYHO MPUHUMAIOTCS KOHCTPYKTUBHBIE MEPhI.

2. CoekTpbl COOCTBEHHBIX YacTOT U KOoddduimuenros memmndupoBa-
Hus. 3agada (1.1)-(1.3) mmeer obuiue perrennst

u(x,t) = X(x)eM = F X x € (0,1), t> —o0, (2.1)
Y PY”

y(t) =Ye™, t> —o0, (2.2)

e X(x) = e = {X2%(z1),X?%(13),...,X"(2,)} — KOMIUIEKCHAs BEKTOD-

(byHKIUS BEIECTBEHHOTO BEKTOPHOI'O apryMeHTa, 3HAUYEHUs KOTOPOH CyTh cOOCT-
BeHHbIe (DOPMBI KoJiebaHnil yaacTKOB ¢ pacipegenennoii maccoit; Y = (Y1, Y, ..., Yn) —

KOMILIEKCHO3HAYHBI BEKTOP AMILIATY] KOJeOAHW COCPEIOTOUEHHBIX Macc; k —

BOJTHOBOE UHCJIO; A = —[i + {w — XapaKTePUCTUIECKUHA MOKA3ATEIb, [, w — KOI]-

dunuenT 3aTyxaHus ¥ 9acTOTa CBOOOIHBIX Kosiebanwuit. Ilpesamoaraercst oObraHast
CUTYAIHs, COCTOSIIAS B TOM, 9TO CBOOO/IHBIE JIBUKEHUsT CTPYHBI HOCAT 3aTY XAFOITH I
KOJIeDATEeTbHBIN XapaKTep.

[Moncranoska (2.1) B (1.1) qaer KBagpaTHOE ypaBHEHHE OTHOCHTEIHHO k ¥ €ro
KOPHU

wk? — 200k —y =0, =A%+ 2\,

w=(a®—v?), k1= [’U)\ + /vZA2 + 'yw] /w.

Tenepn (2.1) nprobperaer BuUI

u(x,t) = (Aef® + BeF2%)er (2.3)
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e A = (Ay, Ag, ..., Ap),B = (B, Bs, ..., B,) — koaddunments! muHeiHON KOM-
OMHAIUMY YaCTHBIX pertennit Tud@epeHnuabLHOr0 ypaBHEHUS .
Ipanwansie yeaosus (1.3) mocse nmogcranosku (2.2), (2.3) garor

Aj‘*‘Bj:}/ja ijj+quj :1/]'4_1, j:1,2,...,n. (24)

31ech BBeIeHbI 0003HAYEHMST

kil

_ kol
pj=e , qj—e“.

Temeps noxpcrasum (2.2), (2.3) B (1.2) u moiyumm cucreMy ajgrebpamdecKux
YpaBHEHUN

nY +Q=0, n=m\+2w\+c, (2.5)
rae n = diag{n1,n2,...,PN} — JAUArOHAJIBHAS MATPHUIA C KOMILUIEKCHO3HATHBIMU
anementamu, Q = (Q1,Qs, ..., QN) — BEKTOP yIPYIrAX CAJI ¢ KOMIOHEHTAMHE

Q1= —T (k1 A1 + k2B1),
Qj = T(Tj—lAj—l + Sj—lBj—l - klAj - szj), j = 2, 3, ey T, (26)
QN - T(TnAn + San)7

mpuIeM

k1l

kol
r; = kie",  s; = ke,

B passepuyToit ¢popme (2.5) ¢ yuerom (2.6) npuHAMAET BH/I
771Y1 — T(klAl —f- szl) = 0,
7’]jY}' + T(Tj—lAj—l + Sj—lBj—l - klAj - kZBj) =0 (] = 2, 3, ceey TI,)7

nNYN + T (rnAn + snBp) =0, (2.7)

(2.4) u (2.7) 06pa3y0T OAHOPOTHYIO CHCTEMY aJre0pandecKux JIMHEHHBIX ypaBHe-
Huil oTHOCHTeNIbHO HemsBecTHBIX Aj, B; (j=1,2,...,n)uY; (j=1,2,...,N).
Hcxmounm Y, sBejeMm 0003HaUeHUS

ej =1n;/T — ki, hj=mn;/T — ks,
pj =nj+1pi/T +71j, 05 =n11¢;/T +s; (7 =1,2,...,n)
¥ 3alUIleM pe3yJibraT B MaTpudHil hopme

G(\)d = 0, (2.8)

riae G(\) — kBajparHas marpuna nopsiika 2n,d = (Ay, By, . . ., An, B,) — BekTOD,
KOMIIOHEHTaMU KOTOPOT'O ABJIAIOTCA UCKOMbIE KO3(1)(1)I/IHI/IGHTBI.
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MoxkHO 1MOKa3aTh, 9TO IIyTEM COOTBETCTBYIOIIEr0 PACIIOJIOXKEHUS YPaBHEHUN 1
PacCCTAaHOBKHM KOMIIOHEHTOB BeKTOpa d marpuily (G MOXKHO CBECTH K JIEHTOTHOW, U
puYeM, NATHINaroHaJbHON BRIA

€1 h1
pr o1 —ki —ko
rr S1 €2 ha
P2 op)] —k1 =k

G = T9 S9 €3 h,3
Pn-1 Opn—1 —ki —ko
n—1 Sn—1 €n hn
Pn On

3/1ech HyaeBble 3IeMeHThl He BBIMUCAHBI. JJIEMEHTHl MATPUIbl (G ABJISIIOTCA
GYHKIUAMEA XapaKTEPUCTUIECKOTO TMOKA3aTeJ s A U 4epe3 Hero — 4YacToThl W U
KO3 burmenTa 3aryxanus Kojgedbanuit fi.

YeaoBue CyIecTBOBAHNSI HETPUBUAIBLHOTO PEIIeHNs] CHCTEeMbI ypaBHenuii (2.8)
JIaeT 9acTOTHOE YpaBHEHUE

det G(\) =0, (2.9)

U3 KOTOPOTO ONPEJIEAI0OTCSA COOCTBEHHbIE 3HAYEHUS, T. €. CIeKTp {A1, A2, ... }.

Ypasuenwue (2.9) spasercs tpancuengaeHTHbIM Buga f(A) = 0. IIpu Gosbmmx
3HAYEHUSAX N €r0 HAMCAHWE B PA3BEPHYTOIH (DOPME, XOTS U BO3MOYXKHO, TIPEJICTABIISI-
eT TPOMO3JKYIO mporeaypy. Kpome ToOro, moaydnTsh ero aHaJIUTUIECKUAE PEITeHusT
yJAeTCs JIUIIb B MPOCTEHINNX clIydadX. BbIXoa U3 TaKUX 3aTPYIHEHUH COCTOUT
B IPUMEHEHHH YHCJIeHHBIX MeToj0oB U DBM. Ilpu sTom OymemM opueHTHPOBATHCA
Ha, AJITOPUTMUIECKHE sI3bIKHA U TPOIPAMMHBIE CHCTEMBbI, TO3BOJIAIOIINE HEITOCPEICT-
BEHHO TI0JIb30BAThHCS (DYHKIUSIMEA KOMILIEKCHON TTepeMeHHO 1 MPOBOINTH ajredpa-
uaeckue u japyrue jeficreus Hagj Humu (Hanpumep, C++, MatLAB u T. 1.).

Ypasaenue (2.9) ¢ yIeTOM TOTO, UTO €ro JieBas IacTh IPEJICTABIISAET KOMILIEK-
CHYIO (DYHKITHIO, MOXKHO TE€PEINCATH B BUJIE

fi(A) +if2(X) = 0.

Orcrona ciemayer, ITO KOI(DMDHUIUEHT 3aTyXaHUSI (i U TIaCTOTA CBODOIHBIX KOJeba-
HUN w AOJIZKHbI OIIPpeAe/IATbCA U3 CUCTEMbl JABYX HeJIMHEeNHBIX TpaHCOEeHAECHTHBIX
ypaBHEHWI

fl(uaw) =0, fZ(/j’v w) =0. (2'10)

JIuib B peIKUX 9acTHBIX CAydasX, COBIAIAMININX C KAACCUIECKUMU, PEITeHUsT
3a/Ia9¥ BBIIUCHIBAIOTCA B SBHOM BHJe. B Dojiee CI0XKHBIX CIydasx MOXKHO 0OOONTHUCH
0e3 IBHOIO pa3BepPTHIBAHUS OIpeJeuTeId MaTpullbl G 1 mojayderus hopMyJ JIjId
KOpHeli TpaHcHeHeHTHOH cucrembl (2.10). DTH BOIPOCH! pacCMOTPUM 1O pOOHEE.
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[IpupaBHuBanue K HyJIIO JICHCTBATEIHHON 1 MHUMO# JacTeil onpejiesiuTesis Jia-
er cucremy ypasHeruii (2.10), KOpHE KOTOPOii MOTYT ObITH Hai/IEHbI JIHITH THCICH-
HbIMU MeTojamu. Ho u B 3TOM ciiydae pelenue 3aJa9 U3-3a €€ HeJUHEHHOCTH
CBSI3AHO C U3BECTHBIME CJIOXKHOCTSIME 110 MHOYKECTBY MPUYHH: 1) OOBIYHO IIPUMEHSI-
eMble UTepallMOHHbIE METO/bl PelleHUusd OrPAHUYEHBbl yCIOBHAMHU CXOIUMOCTH, BbI-
HOJIHEHUE KOTOPBIX B JAHHOI 3a/iade TPYIHO MPOBEPSTH U 00eCIeInBaTh; 2) KOPHH
CUCTEMbI SBJIAIOTCH MHOTO3HAYHBIMU, T. €. CYIIECTBYET CYETHOE DECKOHEYHOE MHO-
KECTBO Tap (fig, Wk ), YAOBIETBOPSIONMX CACTEME YPABHEHUil, U 9TO BJIEUYET Olac-
HOCTH OTEPU HEKOTOPBIX U3 KOPHEIl B IIPOIECCe BBIYUCIEHUIT; 3) TPY/IHO BBIMOTHATD
HEOOXOAUMbII ITal MpeJBAPUTEIHHOTO OTJAE/JeHU KOPHEH, T. €. 3aKJIIOUYEeHUS KOP-
Hel JijIsi HadaJla CYeTa B JIOCTATOYHO MaJiblie 00JIACTH, BHYTPH KOTOPBLIX HE OBIIO
Ob1 ipyrux KopHeit. Kak okazaJioch 1pU BBINOJHEHUU TPUMEPOB, 3TU CJIOXKHOCTH
MOTYT OBITH TTPEOJIOJIEHBI ¢ TIOMOIIBIO MPOOHBIX BBIYUCIUTEHHBIX KCIIEPUMEHTOB
Ha 9BM u npuMeHeHUS YUCIEHHBIX CXEM C MAJIBIM IITaroM.

Henocpencrsentnoe perenne CUCTEMbl YPABHEHUM TTPOBEJIEM C IOMOIILIO Me-
ToJla NOKoopuHaTHOrO crycka [7]. C 910if mespio obpasyeM BCIOMOTATEIbHYTO
HEOTPUTIATETHHYIO0 (DYHKITHAIO

®(p,w) = |det G, w)| = [fF (1, w) + f3 (1, w)]"/?,

00OpaIIAoIILy0Ccd B HYIb JIUIIH B TOM CIydae, eCJId

fi(p, w) = fo(p,w) = 0.

Takum o6pas3om, perienne ucxoaHoit cucrembr (2.10) GyeT 0JHOBPEMEHHO TOYKOM
HYJIEBOrO MUHUMYMa CKaJSIPDHON (DYHKIMU BeKTOpHOTO aprymenta ®(z), Tak [9ro
Tereph HeOOXOIUMO permarh 6osee mpocTyio (110 KpaifHeil Mepe B JJAaHHOM Cirydae)
3a1aqy

®(z) =0, z=(p,w)eRN{p>0w>0}

3/1eCh BEKTOD Z COOTBETCTBYET MCKOMbIM BesmunaaMm, $(z) mpeacraBisger MyJIbTH-
MOJTAJIbHYI0 (DYHKITUIO, UMEOTIYI0 MHOYKECTBO JIOKAJTHHBIX MUHUMYMOB.

CyTb IpUMeHSEeMOTO METOJ/Ia COCTOUT B MOCTPOEHUH ITOCJIEIOBATETLHOCTH TO-
qek (npubsvkenuii K pemennio) zg, k =0, 1,..., cXoasmeics: K TOYKe JIOKAJIHHOTO
vmuaumyma z*. IIpu 3ToM B nporecce BbIYUC/IeHUI HEOOXOIMMO JIOOUBATHCS, ITOOBI
3HAYEHUS BCIOMOTATETBLHON (DYHKIUU ObLIM MOHOTOHHO yOBIBAIOIUMH W OTPAHU-
YeHHBIMU CHU3Y

B(z0) > D(21) > ... > D(z) = ... > B(z"). (2.11)

s peasu3anuu TaKOW e/ BHAYaJE C MOMOIIBIO UMCJIEHHBIX YKCIEPUMEH-
TOB HAMEJaeTCsl HadaJIbHAs TOYKA IOCIEJI0BATEIHLHOCTH Zg. 3ATEM OIPEIEISTIOTCS
MOCJIe Iy IOIIre TPUOJINKEHUST Zg C TTOMOIIBIO COOTHOIIEHUt

Zi+1 = 2 + hy,



4-34 X. II. Kynbrepbaes, A. 4. /Ixxankynaes

rie hy, — BekTOp Mpupalennit KOOpIMHAT, 00ECIIeINBAIONINN BBIITOJHEHUE YCJIOBUMA
(2.11).

YciioBueM npeKkpalleHns BbIYUCIUTEIHLHON TTPOIE/LyPhl, & 3HAYUT U IPU3HAKOM
JIOCTHKEHNS KOPHS C HEOOXOIMMOI TOYHOCTHIO, CITYYKUT BBHITIOJIHEHIE HEPABEHCTBA

®(zk+1) <6,

npudeM J — ampHOPHO 33J[aBAEMO€ MAJIoe MOJIOKHUTEJIHHOe YHCI0 (TOIHOCTH BbI-
THCIICHUIR ).

3. CoekTp cobcTBeHHBIX dopm. Jlajee 3ajada cOCTOMT B OIpeJieIeHUN
cobcTBEHHBIX (POPM KaXKJIOr0 y9acTKa CTPYHbBI, IMEuX B cuity (2.3) Buj

Xj(a:j) = Ajeklmj —|— Bjek%cj. (31)

Cnenosarenbno, HEOOXOANMO CTABUTH BOIPOC O BRIYUCIEHUN NMOCTOAHABIX A; n Bj,
T. €. 00 orbickannu BekTopa d. [lockonbky ompenesnresib maTpuibl G pasen Hy-
JII0, HAUTHU OHO3HAYHO KOMIIOHEHTHI BeKTOpa d KaK pelleHne CUCTEeMbl YpaBHEHW
(2.8), HEBO3MOXKHO. B cmiry 3T0r0, He0OOXOAUMO 3a/1aBATHCS OJHUM M3 KOMIOHEHTOB
BEKTODA, & 3aT€M HAXOJIUTh OCTAJIbHbIE 3HAYEHUs W3 ypaBHeHuil (2.8).

CocTaBuM aJropuT™ cueTa, HocjaenoBaTesbno onpejenstomuit A;, B;. On co-
crout B ciaemytomeM. I[lycrs ki m ko HalijeHbl U3 NIPEJAbIIYIIEro Tala, pPerieHunst
sagaun. Ilomoxkum, aro A; = 1, u Haiijem u3 mepBoro ypasuenusi (2.8), T. e. ¢
MIOMOTIIHIO TIepBoit cTpokn MaTpulibl G, 3uadenune Bi. Herpymno 3ameruTth mo BU-
nay marpuibl G, 9TO cucTeMy ypaBHEHUN MOYXKHO Pa30UTh HA aBTOHOMHBIE TTAPbI
YPaBHEHWIt, cojleprKallye JUIb JeThipe Hen3BecHbIX Aj, Bj, A;11, Bjtq. Ilonaras
Aj, B; y»e HaliJeHHBIMA, MOYKHO TOJTy9IATh W3 HAX PEKYPPEHTHYTO Tapy (hopMy

Aji1 = (hjr1Ej + ko Fj) [ (kihjra — kaeja),
Bj1 = (ej1Ej + kiFj)/(kaejin — kihja), j=1,2,...,n—1,

rie
Ej :ijj+0'ij, Fj :TjAj+Sij.

Ucnonmbays s Hagana caera 3uadennss A; u By, 10 HUM MOXKHO TIOCJIEI0OBATEIHHO
HafiTi ocrasbHble KoMIoHeHThl BekTopa d. Ilocinennee ypasrenne (2.9) mpu srom
[[eJIeCO00PA3HO MCIOJIB30BATh JIJIST KOHTPOJIST ITPABUIBHOCTH BBIYHUCIEHNH.

IIpoBoas yKa3aHHbIe BLIYUCICHAS, CACAyeT TOMHATE, 9To X/ (x;), HaiigeHnbIE
1o (3.1), ABAAIOTCS KOMILUIEKCHBIME (DYHKIUsIMU. JlefcTBUTEIbHBIE Ke COOCTBEH-
Hble (DOPMbI UMEIOT BU/I

@l(z;) =real (Xi(z;)), r=1,2,..., j=1,2,...,n,

7 — HOMep COOCTBEHHOU (DOPMbI, j — HOMED IPOJIETA.
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4. ITpumepsbl. XopoIo u3BecTHAs OJIHOIPOJIETHAS CTPYHA C HEOJBUXKHBIMHI
KOHIIAMY €CTh YaCTHBIM Cydail JIaHHON CcXeMbl, Korja 1 = 1, cocpeoToOYeHHbIe
MaCChI ¥ ITPOMEXKYTOTHBIE OMOPHI OTCYTCTBYIOT. Torna marpuna G mmeer BUI

1 1 1 1
G= (Pl Q1> - (eklll ekﬂl)'

YacroTHOE ypaBHEHHE, KOTOPOE COOTBETCTBYET €if, IPU OTCYTCTBUN TPEHUS COBIIA-
JaeT ¢ [6] u mociae HeCJIOXKHBIX Tpeobpa3oBaHuil JaeT KOIDMUIUEHT 3aTyXaHus
CIEKTP COOCTBEHHBIX UACTOT

u:(l—yz)s, ¢ =v/a, w:wg,,j:(1—52)\/j27r2a2/12—82,j:1,2,...

B cuny (3.1) dopma kosrebanmii onpeensiercs: (hopMyIIoi

Xl(a?l) = A16k1$1 + Blekzwl.

[Ipu yuere Ay u By, HaMeUeHHBIX BBIIIE, ¢ TOTHOCTHIO JI0 IIOCTOSHHOTO MHOMKUTEJIS

nmMmeemM
Xl(x]_) — eklml _ ek2$1

[Io mpenaraemMbiM 371ech (OpMyJaM H aJTOPHTMaM IIPOBEJIEeHBI MHOTOYHUC-
JIEHHbIEe KOMIIbIOTEPHBIE BBIUHMC/IEHNUsI. PaccMoTpeHbl cBOOOIHBIE KOJeDaHUsT CHC-
TeM C Pa3/IMIHBIMHA BXOJHBIMH TMapaMeTpaMi, B TOM YHCIE W KJIACCHIECKUe CIIy-
Jan JIJII TeCTUPOBAHUS BBIEN3I0KEHHOT0. BhITIoTHeHHBIE TPUMEPHI TTOATBEPININ
aJIeKBATHOCTDH TIPEJIJIOKEHHON MaTeMaTHIeCKOU MOJIeJIN, ee TPAKTUIECKYIO TIpUMe-
HUMOCTH K PacdeTaM CHUCTEM CO CPABHUTEJIbHO CJIOXKHOI CTPYKTYpoil u 3 dekTus-
HOCTH MpeJIaraeMbIX CPaBHUTEIHHO MPOCTHIX AJITOPUTMOB BBIUUCIEHUI.
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