CunraeM p;;(#), q;;(f) €Cy, i, j = 1,2. TIPEANOJOKIM, UYTO OT CHCTEMBI (1)
MOXHO TMepeliTH K cicreMe (2) ¢ NOMOLLbI0 HEBBIPOXKAECHHUrO MpeobpasoBaHiis

Jlanynosa ¢ oproroHasnbHoil mMatpuueii S, x = Sy; Tpebyem, utobu C;(f) €Cf,
i,j=1,2. B 3toM cayyae S ya0OBIeTBOpPAET COOTHOIUEHHIO

S = pS—8q. (3)
[TpeoGpa3oBLiBas MaTpHyuHOe ypaBHeHHe (3), MOJyuaeM CHCTEMY YypaBHeEHii:

[ 911 -+ Goo = P11 + Paa; '
q12— Q21 = P12 — Pa1 — 293 4)
22— Gu1 = (P2 — P11) €08 2¢ - (P12 + Pa1) sin 29;
J12 + G21 = (P12 + Par) €0S 2¢ + (P13 — p2o) sin 2.

Hcexons 13 noayuenHoit cucremet (4) u pesyabrartoB yrBepxaenuit I n II,
MOXHO cHOpPMYJHPOBATH HECKOJBKO TeOpeM, YKas3bBalOUlHX JOCTaTOYHLIE
yCJ0BHs OrpaliyeHHOCTH NOBOPOTA peulentil cucteMbl (1) oTHocHTe bHO pe-
weHHil cHetemsl (2), ecan ot (1) MoxkHO nepeiitii K (2) ¢ MOMOUILIO OPTOro-

HaJNbHOIT MATPHUbL.
Teopema 1. Ecait uiic/io KOpHell ypaBHeHHA

q12(t) +ga(t) =—pi2(t) = par(t)

KOHEYHO, TO OBOPOT peuleHni cucteMe! (1) oTHOCHTEIbHO peuIeHHil CHCTeMb
(2) orpannyeH.
Teopema 2. Ecan uHc/0 KopHell ypaBHCHHS

gu(t) =pa(t)

KOHEYHO, TO NOBOPOT pelieHs cucteMp! (1) OTHOCHTENBHO pelleHHs CHCTEMbE
(2) orpaHnyeH.

Teopema 3. Ecan ot cucreMs! (1) MOxHO népefiTH K cHcTeMe (2) c mno-
MOILbIO OPTOrOHAJABHOIT MaTpuUBl S, TO AJAA TOrO YTOOLI MOBOPOT pelleHHST
cucteMbl (1) OTHOCHTenAbHO pellieHHs cHcTeMBl (2) Ovla orpaHnyeH, HeoOXo-
JHMO M JIOCTaTO4YHO, 4yTo0b! OBl Orpa’HHyeH HHTErpad

§{q12(t) —qa(t) —pra(t) +par (1) }dt.
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MPUHL U MAKCHMYMA B 3AHAYAX MHUHHMH3AIHH
¢YHKILHOHAJNIOB OT NPOMEXYTOUYHbIX COCTOAHHHA
JHUHAMHYECKOH CHCTEMbI

Jloka3nBaoTCR HeOOXOANMEBlE YCIOBHSA ONTHMAJBLHOCTH NEpBOrO NOPAAKA AAA 33334 Ofi-
THUMAJNBHOTO ynpasnemm, KPHTEPHH KauecTBa KOTOPHIX 3aBICAT OT KOHEeYHOro 4icaa cocrod-
HHfl JHHaMideckoil cicreMul. JICKa3aTebCTBO OCHOBaHO Ha ¢opymyne npHpatenia GyHRKLno--
HaJja, KOTOpas B NaHHOM caydae gpaserca oGobutenHeM (OPMYAH NMpHpaMIEHHs, AOKA3aHHO

- b [1] ana npocreiiuelt 3axayi TepMHHAALROTO ynpasaenud. [TonoGute 3aaayn Hee1e108aaHCh
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apyrimu merceaamu B [2, 3] Tloayuennte B sTix paGorax peaynbTaTH npepnosalanT Gojee
orpannynTeabubie TpeGOBanis Ha TapaMeTpsl 3axau.

1. INocranoska 3anaun u ocHOBHble 0Go3naverna. Ha oTpeske [fy, £,] 3a-
JIana clcrema

x=f(x u,l), (1)
Tle X — n-BeKTOp; u — r-BeKTop; f (x, u, ) ~— N-BeKTOP-QYHKINS, HelNpeprIBHAs

A (x,u,t
TIO COBOKYIHOCTH CBONX APryMEHTOB BMECTe C _f(_&x—)‘ HMamepinyio orpann-
HENHYI0 BeKTOp-pyukumio u (), f, <t < !, Ha30BEM JOMYCTIMEBIM YIIpaBJIeHIeM,

€CJIH OHa ITOYTH BCIORY y,ELOB.HETBOpHeT YCJIOBHIO
u(t) €U, (2

rae U — HexoTopoe HemycToe MHOMeECTBO 7-MEPHOro NpocTpaHcTBa.

AGcomoTHO  HenpephiBHOE pewenne x(f), f, <t<t,, cucreMu (1), otse-
Jaiollee HEKOTOpOMY NOMYCTHMOMY YNpaBJeHHIO, Ha30BeM TPaCKTOPHEIl CHCTEMEL.
3anaua cOCTOMT B MHHHMH3AIWHH Ha TpaekTopuax cucremsl (1) dyHKunonana or
KOHEYHOrO 4iC/IAa IPOMEKYTOUHEIX COCTOSHHIL:

() =o@@), x(t), --. , (t,)— min, (3)

rne GyHKuns @ (x° x, ..., x™) menpepuisHa mo COBOKYIIHOCTH CBOHX apry-
0 1 m

MEHTOB BMecTe ¢ (yHKmusnit ¢! (x (-)) = 22 &L xL, ..., %) ,i=0,1, ..., m.

ax!
Momentmt £, i=0,1, ..., m, Lh<h<...< t,, m>1, cunraenm ¢HKCHpPO-
BaHHEIMH. Tpaektopuio x* (f), to <Lt E,, cHCTeME (1), mocrasusowmyio kpure-
PHIO K24ECTBA MHHHMAJIbHOE 3HAYEHHE, H JOIYCTHMOe YIpaBjeHme #* (2), 1, <<
<1, KOTOPOMY OHA OTBEYaeT, HA30BEM ONTHMAADbHEMI COOTBETCTBEHHO
TpacKTopheil 1 ynpasnenuem sagaun (1)—(3).
Beenem ¢yukumo TamiuieTona H (*, ¥, 4, 8) = P'f (x, u, {) u Kycouro-mue-
npepriBHOe pewtenue P (f), £y << £, CONPAKEHHON ClCTEMD]

: D OH (x (1), P, u(l), ¢t
P =— (x()ali u(t) )’ (4)
YIOBJIETBOpSIOLIeE YC/IOBHAM
YUm—0)=—cm™(x(-)) (5)
'll)(l“—*-O)—-'ll)(t‘—O):—‘Ci(JC()), i=1,2, ey m_'l- (6)
Dyuxumio P (¢), £, <t £, cunraenm HenpepbIBHOil Ha WHTepBanax (£, 1,),
i=1,2, ..., m. 3ananuem TPaeKTOpHH X (1), £,<?<¢,,, 0 nonycTHMOrO yipaB-

JieHus u(t), , <t <, sra ¢yHKIA ONpPEAENAETCS OJHO3HAYHO BCIOAY, 3a
HCKJIIOUeHHeM Touex f, i =0,1, ..., m. :

2. ®opmysa npupawenns. [TycTs x (1), ;(t)=x(t)+ Ax(f), t, <L, —

ABe TpaeKTopin cHcTeMH! (1), orBeyaroniie ACIYCTHMBIM ynpaBiaenusM u (f), u (),
1, <t L, cooTBercTBeHHO. O603HAUMM uepes Al (x(-)) npupauienne xpurtepis

kauectsa sapaun (1)—(3), coorBetcrByIOWEE IpHpalenHio TpaekTopun Ax (f),
fo<<L 1, Moxio 3anicarts:

Al (x(-))=§(cf’(x(.)))"Ax (t) + o (Ax(t,), Ax (), -, Ax(t)),

HIH ¢ yyeToM (5), (6):

. . . - trn
AT (D) = (@ (N =P+ O Ax(t)— | (v () A% () +

+ P () Ax (1) cit-;-o(Ax(to), Ax(ty), ..., Ax(t,)). ‘
76 )
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Teneps, npumenss (1), (4), npuxoaum K cieayioueii gopye:

tm.
AT (x(-)) = (¢ (¥ (-)) — b (fo + 0))'Ax (£o) —j A H (£(0), |
P, w@, Hdtfn, @
rje A;’H (x, ;ll), i, t)=H(x, ‘llJ, ;;, t)—H(xa ;'-P, u, t);

im

n=0(Ax (), A%, (t)y --- » Ax(t)— [ o(Ax () dt —
. ;
‘m 5A~mH’ (x (@), @), u(t), t)
— — Ax (f) dt. (8)
fo
3. Mpunuun makcumyma. Teopema 1. Ecmu x*(f), w*(f), fp <t <Lty —

ONTHMANLHLIE TPAaeKTOpHS H ynpaenenne 3ajpauit (1)—(3), To mpu moyTH Bcex
t €[t,, t,] BEIIOJHACTCA YCJIOBHE MaKCHMyMa:

H (@ (0, 9 (0, 0* (), ) =max H( @, 0, w 1), ©

rie * (f), t,<t <t ,—pemenne cucreMmel (4)—(6), oTsevatouiee x* (£), u* (2),
l, Lt 1, 1 YIOBJIETBOPAWIIEE YCJIOBHIO

- P* (o + 0) = (x* (+))- | (10)
- JAokasart eabcTno. Ecm x* ), t, <t L1, —onTuMaibiasa TPaeKTopd,

To ans Jwoboit apyroft Tpaektopun x (f), f,<?<f,, cucrems (1) nomxmuo
HMEThb MECTO HEepaBeHCTBO -

AT (x*(-)) > 0. (11)

Iyets x(f), t, <1<, — TpaekTopusi cucreMst (1), BrXoAsimas B MOMEHT f,
u3 Toukn x* (f,) u oTBeyalollass JAOMYCTHMOMY YNPaBJIEHHIO

~ {U, tE[B, 8+ &);
u(t) = w*(t), t€ID, 04 e), 1<t Ly,

rne v€U; 0, £, <0 <{,, — npou3Bo/ibHasA NpaBHJIbHAsg TOYKa [4] ynpaBieHHS
 u*(t), ormunas ot Toukn {i=1,2, ..., m—1; ¢ — nonoxurenbHoe yiCca0
Takoe, yto Ha nuteppane (0, 0 4- &) Her Touex fi= 12, ..., m.

K3 (11), yuntmBasi ¢opMmyay (7) u oleHiBas Nopsaok ocraTtka (8), moay-
yaem yciaoBue Makcimyma (9). Yeaosne (10) serko caepyer us (7), (11), ecan

B Kauectpe X (f), f,<f<{,, B3ATh TpaeKTopmio cucTeMmul (1), OTBEYalOLLYIO
ynpasaenuio u* (f), fo-<f<f,, H BEIXOAALLYI0O B MOMEHT f, H3 TOUKH X* ({p)—
— & (c®(x* () — ¥ (fp -+ 0))-

[Topo6HO ToMY, KaK 3TO caenaHo B [1] ans mpocrefilueil 3azaud TepMHHAb-
HOrO yIlpaBJjeHisi, Teopemy 1 Moxuo O0OOOGWIHTB Ha c/aywall, Korja KpHTepril
KayecTBa 3ajaun (1)—(3) umeer BHJ

e x4 ..., x®)=inf @y, x°% X, ..., x™), _ (12)

yeyY
rie Y — npousBojbHOe HEMyCTOE MHOMECTBO, a cKafisapHaa QyHkuns @ (y, x°,
XY, ..., x™) npi KaxaoM ¥ € Y HenpepbiBHA 110 COBOKYMHOCTII OCTJIBHBIX apry-

00 (y, x°, x', ..., x™)
oxt
Teopema 2. Ecam x*(f), u*(f), t,<f<{,, —ONTHMAJBHEE TPAEKTOPHS
i ynpaenenie safauu (1)—(3) ¢ ¢yuxunonamom (12), a :

MEeHTOB BMecTe ¢ GyHKUHMMM ¢ (Y, x (-)) =

, (=01, ..., m.
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Ve eV D@, 2 (), () oo s ¥ () =
=@ (x.'ic (to)’ x* (tl)s con o, XF (fm))}’

TO npH nouTti Beex f € [fy, {,,] BuNOAHAETCS yeaoBhe Makcimyma (9), rae )* (f),
ly <1<, KyCOUHO-HENMpEPEIBHOE pPELIEHHE CHCTEeMb! (4), otseuaowee x* (f),
u*(t), th <t <, H YLOBJIETBOPAIOLIEE YCAOBHSIM:

P* (b -+ 0) = (y, * (), V* (&4 0) —* (f;, —0)=c(y, x*(-)),
i=12,..., m—1, p*(¢,—0)=—c"(y, x*(-)),

a y— moboil 37eMeHT MHO:KecTBa Y *.
3ameyanue. HerpyaHo yCTaHOBHTD, YTO YTBep:KACHHE TEOpeMbl 2 0CTaeTCs
CrpaBeauBEIM, ecaut 11 X (1 -+ 1)-MarpHLy

{p* (o4 0), ¥* ¢+ 0)—9p*(,—0), i=12, ..., m—1,
—¢* (£, —0)}
CYNTATh TPOH3BOJBHLIM 3JIEMEHTOM MHOMECTBa
conv {(ci(y, x*(-)), i=0,1, ..., m), yeY*}
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NMPOTPAMMHASA MOIEJIb ILEHTPA KOMMYTALHH
COOBUIEHHRA

OnicHBaeTCs CTATHCTHYecKas MoZens HeHTpa Komsmytauimn coobwennit (LIKC), roto-
PYIO PeKOMEHAYETCA HCM0]b30BaTh A BEIGOPA TEXHIMECKIX NapaMeTpoB CHCTEM Ha 3Tane
CTPYKTYPHOFO NpCEeKTHPOBAHMNA,

IIpn paspaGoTKe cHCTeM KOMMYTallHi COOOLLeHHIl Ha 3Tane CTPYKTYPHO"
ro TPOEKTHPOBaHIsSE NPHXOAUTCS pellaTh 3ajaqy BeGOpa BaXKHE{lILINX TeXHH-
yecknx xapaktepHcTHK LIKC, ocHOBHBIMH YHKIHSMH KOTOPOro SiBJAKTCA
[1, 3] npuen, 06paboTKa 1 nepefaya coobLeHHIT.

[Monyuenie aHaAHTHYECKHX OLEHOK NapaMeTPOB TAKHX CHCTEM 4YacTo He
NpejCcTaB/serTcsi BO3MOMHBIM H/H BecbMa 3aTPYAHHTEIbHO, MO3TOMY B MOC-
Jdefnee BpeMsi 60Jblloe 3HaYeHIe IPHAARTCA MEeTOAY CTaTHCTHYECKOro Moje-
anpopanus [2], nosBousiolleMy CPaBHUTEALHO MPOCTO HMHTHPOBaTb paGoTy
CHCTEMH! ¢ noMollbio IBM.

PaccmoTpuM yHuBepcaabhyio Mofens LIKC, nasnauenne KoTopoit cocTout
B onpejefieHHH 3aBHCHMOCTH €ro XapaKTepHCTHK OT HHTEHCHBHOCTI BXOAHOro
NOTOKAa cOOOIIEeHHIT A.

Coobuzennst auckperoro xapakrepa noctynaioT B LIIKC mo N Bxoaubin
katianam (N<C60). CymmapHasi HHTEHCHBHOCTb BXOJHOrO TNOTOKA oOlpene-
asercd no ¢opmyae
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