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Hamo ommcanme MaTeMaTWYeCKONW OCHOBBI OMOIMOTEKW CTAHIApPTHBIX TIPO-
rpaMM, MpPeSHA3HAYEHHBIX I YUCJAEHHOTO peIeHns OoOImeil 3aJadul OITH-
MaJIbHOTO YIIPABJIEHUS CO CMEITAHHBIMK Orpanundenuamu. [lpuBemen npumep
pelileHnsa mpocTeiiineil 3a1a4yn INHAMAKY I10JICTa.

B crarbe maercs mareMarnueckast OCHOBA OUOIMOTEKN CTAHIAPTHBIX IPOTPAMM, MPE/I-
HA3HAYEHHDIX JIJI PEIIeHus 334249 ONTHMAIBHOIO YIIPABIECHUsI CHCTEMAaMU CO CMelTaHHbI-
MHI OIpaHuYeHusIMIA. B peajln30BaHHBIX MeTOIaX UCIOIb3YeTCs PELYKIINS NCXOIHOM 3a/1a-
9i K 3a/Ja49e HEeJHHEHHOro mporpaMMUpOoBaHus. Pa3spaboraHHble mporpaMMbl IPHCIOCO0-
JIEHBI JIJI pelIeHds 3aJad IIHPOKOro KJjacca: 3aJadd Ha OBICTPOJAeicTBHE, 3a1a9i
C TOJBUKHBIM IPABBIM KOHIIOM, 3aJa4u ¢ HeanddepeHImupyeMbMa (hyHKITHOHATAMA,
ONITUMH3AINA 110 BEKTOPY YIIPABICHUs U YIPAB/IMIONIEMY IapaMeTpy u T.j1. Bbubjinoreka
SIBJISIETCST 9acThio co3gaBaemoro B Beraucanrenssaom nearpe AH CCCP exunoro nakera,
NPUKJIAIHBIX MTPOTPAMM JIJIst PEIeHnst 3a1a9 0e3yCJI0BHOW MUHUMA3ANNA DYHKINHA MHO-
I'UX IIepeMeHHBIX, HeJTUNHETHOr0 MpOrpaMMUPOBAHUSA U ONTHMAJIBHOIO YIIPABJIEHH.

§1. OcuoBHbIe pacueTHbIE (POPMYJIBI

I3 06umpHOil uTepaTypbl, HOCBSIEHHON TUCIEHHBIM METOIAM PEIICHUS 33149 OLTH-
MaJILHOTO yIPABJICHHs, yKazKeM JIHIIb HeKOTopble Monorpadun [1]-[3] u 0o630opmsie crarbu
[4, 5]. B ocnoBe ncmonb3yeMbIX METOJOB JIEXKHT DPeIyKIINs UCXOAHON 3a1a4d K 3aJade
HEJINHE{HOrO MpOorpaMMHEpOBaHus. TaKoil OAX0 Pa3sBUBAETCS PAIOM aBTOPOB (CM., Ha-
npumep, [2, 4]). On okazancs upe3Bbrdaiino 3b@EKTUBHBIM 10 HECKOTLKHM IPHIHHAM:
BO-IIEPBLIX, C €TI0 IIOMOII[BIO CTATH OUYeBUIHBI MHOI'HE PaHee e T0KeHHbIe SBPHCTHIeCKTe
AJICOPUTMBI, BO3HHKJIA BO3MOXKHOCTH UX 00OOIIEHHUST; BO-BTOPBIX, ITOT MOAXOJ IO3BOJIUIL
HCIIO/IB30BATEH GOraThIil apCeHas METOI0B HeJIMHEHHOTO TPOrPAMMAPOBAHHES i O€3yCIOBHO
MUHHUMH3AIUN; B-TPEThUX, OH CO3/1aJl KOHCTPYKTUBHYIO OCHOBY JIJIsl IIOCTPOEHUS METOI0B
ONTUMU3AIUU CUCTEM, HHTEIPHPYEMBIX 110 CXeMaM BBICOKOI'O IOPSIKA TOUHOCTH.

IIycTs ympaBiseMslil mpolecc ONHUCHIBAETCS CHCTeMO OOBIKHOBEHHBIX auddepentiu-
AJIbHBIX YpaBHEHUM

Z:f(x,u,t), 0<t<T, (1.1)



rje ¢ — He3aBHUCHMasg IepeMeHHas, T — (a30BbIil BEKTOP, % — BEKTOp YIPaBJEHHIA.
He Oymem KOHKpeTH3WpPOBATh pa3MepPHOCTH BEKTOPOB, TaK KaK OHU HeCyIecTBeHHBI. Ha
yipasisiembliit nporecc (1.1) Has0KeHbl OrpaHUYeHus] TUIIA PABEHCTBA M HEPABEHCTBA

I (x(t),u(t),t) =0, I2(z(t), u(t),t) <O0. (1.2)
BaﬂaHbI TaK2Ke TepMHHaJbHbIE OI'PaHNYCHNA
D3(2(T), T)=0, TI'*x(T),T)<0. (1.3)

Bsesnem MuHuMH3HPYeMblit (DYHKITHOHAT
T
I= /F(a:(t),u(t),t)dt + Pr(x(T),T). (1.4)
0

3ajiaua ONTUMAJIBLHOTO yHpaB/eHus (hOPMYJTUPYETCS CAeAYIOMUM 00Pa3oM.

Bamaua I. Ha dukcuposannom uurepsase [0,7] cpean BCeBO3MOKHBIX H3MEDPHMbIX
yrnpasiennit u(t) takux, uro jqis u(t) u x(t) — coorBercrByromux uM pemtenuii (1.1)
— BeinosHensbl yesious (1.2) u (1.3), BeIGparh ynpasieHue Tak, uTo0bl GhyHKInOHAN [
IPUHEMAJ HaMMeHbIIee BO3MOKHOe 3HaYeHue.

PazumanbiM 06001eHusAM 9TON 3a/ladu CIeIUaJ bHO MocBdAmeH § 4. 37ech 3ajada
MaKCHMAJIbHO YIPOIIEHA, YTOOBI 00JerduTh U3JI0KEHNE.

Pazo6bem orpesok [0,7] wa k — 1 unreppanos. Benuunny i-ro uaTepBaia 0603HAYAM
gepe3 h;, MOJIOKUM TaKKe

tl = 07 tl = h87 Ti = x(t2)7 U; = u(tl)a tk = T7
Zp = (xivuiati)7 f(zz) :f(xhui?ti)v 1= 172a"'7k'

Ha kazk10M i-M uHTepBaJe npounTerpupyem (1.1) mo cxeme, OTHOCSIIENCsT K ceMefCTBY
MeT0/10B Pynre-KyTTa:

Tip1 = T; + hy ngf(zz‘s)é (1.5)

s=1

3HECh Zis = (Tis, Uis, is), Ui = Ujy Wis = U(t;s),
tin = t;, tij+1 = ti + Bjh,, Ty = T, Tij1 = T + Bihif(zi;), (1.6)

r71e gs, 3; — Hexoropslii Habop unces, npuiem sce 0 < 3; < 1. B (1.5), (1.6) u Bcioxy naee
B 9TOM naparpade (ecm He OrOBOPEHO HHOE) UHJIEKCHI &, S, j HIPUHUMAIOT [EJIOYHCICHHbIE
3Hauenus u3 uarepsanos [1,k — 1], [1,7], [1,7 — 1] coorBercrBenHo.

B nmpocreiiniem caydae, korga r = 1, (1.5) nepexoaur B cxeMy WHTerprupoBaHus Jilaepa

Tip1 = x; + hi f (2, u;, t). (1.7)

Berauncaus kBagparypy B (1.4) o dopmymnam (1.5), (1.6), nosxyunm
k—1 r
I(z,w) = Fr(z) + Z h; ngF(zis), (1.8)
=1 s=1

2



ruie r = (fEH, ey L1y 21y e v e ,l’k), w = (un, ey Ulp, U271,y - v ,uk).

3ajaB BeKTOp yrpasaenuii w, ¢ nomomuisbio (1.5) u (1.6) oguo3HaYHO O1perenm ha30BbIi
BEKTOD T. YUUTBIBasi 9Ty CBA3b, Oyjem nucarh T = z(w).

Orpanuuenust (1.2), (1.3) 3aMeHNM UX JUCKPETHBIME AHAJIOTAMI:

['(z,w) =0, (z,w) <0. (1.9)

Sﬂer O6’b€,ZLI/IHeHbI OrpannveHusd THUIla PaBEHCTBa W HEPaBEHCTBa BJOJIb TPACKTOPUU U
TepMHUHaJIbHBIE OT'DaHUYCHUA:

?l(f,w) = [Fl(zll),F1(221),...,Fl(zﬂ),...,Fl(zk),F3(zk)],
Fz(i:,w) = [F2<le)’r2<221)’...,F2(2i1>,...7F2(Zk)7r4(2k)].

Ncexoanyio 3amawy I 3amenum ciiejiytonneit 3a/1aueil HeJIMHEIHOTO IPOIPAMMUPOBAHUS.

Bagaua II. Haiitu BekTOp ynpasjienus w Takoil, 4rodbl T = x(w) U w yA0BJETBOPSIIH
orpanudenusam (1.9) u dynknusg [ (Z, w) npuHEMAaIa HAUMEHbIIIee BOSMOKHOE 3HAYEHIE.

[Tpeamnomaraem, uro 3amaum I u IT nmeror perrerne. Borpoc 06 nx 6sim3o0cTu B ciydae,
Kora BMecto (1.5) HCHoib3yercs anmpoKCUMAIUs 110 cxeMe Diijiepa, HCCIe0BAJICA B Psijie
pabotr (cM., Hampumep, [4, 6]). DTu pe3yabTaThl, MO-BUIUMOMY, TIEPEHOCATCS U Ha GoJiee
obmuit cygaii cxem Buga (1.5).

[peanonoxum, uro ¢yuxkmun f, [V, T2, F, Fp nuddepennupyembl 1o r u .
B nanbueiinem nonaaobsitest popMyJibl JI7IsT BEIYUCIEHUs ITPOU3BOAHBIX JTudbepeHnpye-
MOl (byHKIME BUIA

k—1 r
B(z,w)=>_ h;»_ gsR(zs) + a(zk). (1.10)
i=1  s=1
OnpeieiiM BEKTOPBI
B B a5

pi (1.11)

d.ﬁCi ’ J dl’ij ’ dl’k ’ dl’ir
TON 2Ke pa3MepHOCTH, 4T0 W x. YumrhiBas 3aBucumocru (1.5), (1.6), ompesgessioniue

BEKTODPHBI Tjt1, T; j+1 Kak anddepennupyembie GyHKIIN “TPeAbIIYIINX BEKTOPOB, HOIY-
YUM pPeKyppeHTHbIe COOTHOIIEHUS

0B " (9a:is B a.’L’i+1 dB "
i = S =Di is) 1.12
S 8B 4 axmﬂ dB 8xi+1 dB
bi = aiCij axij diCiJ'Jrl 89%- dxiJrl’
ir — = higr fo(Zir )Dig1- 1.1
p 90 on, don =~ 0w, T fo(Zir )Pita (1.13)

Bsejiem dynkiuio

H(2is, Dis1, Pist1) = hilgsR(zis) + (f(2is)s gsPis1 + BsDis+1)]-



3nech (a,b) — cransgpHoe mpousBenenune BeKTopos a u b. Cumras, 410 [, = 0, p; 41 = 0,
coornomrenns (1.13) mepermimeM KOMIAKTHBIM 00Pa30M:

Pis = Hy(2is, Dit1, Disst1)- (1.14)

3/1ech U BCIOJY Jlajiee HUKHUE UHIEKCH £ U % 0003HAYAIOT YaCTHBIE MPOU3BOIHBIE M0 T U
U COOTBETCTBEHHO. AHAJOTHMYIHBIM 00PA30M BBIBOJMTCS CJIEIYIONasi OCHOBHAsT (hOpMyJia
JIJIsST BBIYUC/IeHUs rpajimenTa pyukinuu B:

dB(zx(w),w) 0B N 0511 dB N Oriy1 dB

_ — Hy (20 Pist, Pisss). (115
dus Ouis Ouis  dz; 511 Ous dwiyq (2iss Pists Pisi1) ( )

[TpuBegeHHbBINH BBIBOJI OKA3AJICS CYIIECTBEHHO MPOIINE, YeM 3TO CJIEJIAHO JIJIsi CHCTEMbI
(1.7) B [2], Gmarogaps BBeJEHUIO BCIOMOTATEIBHBIX BEKTOPOB C MOMOIIBIO COOTHOIIE-
auit (1.11).

3a/1aB BEKTOD yIPaBIeHU W, MOXKHO, UCTIOIL3Ys cooTHomenus (1.5) u (1.6), moceno-
BaTeJIbHO ONPeJeIuTh (PA30Bblil BEKTOP T U BbIYUC/IUTH 3HadeHue pynknuun B. B ciyuae
HEIPEPHIBHOMN CHCTEMBI 9TO COOTBETCTBYeT HHTerpupoBannio (1.1) “cieBa nanpaso”. lasee
¢ momortpio (1.12), (1.14) BEIYHCIUM MOCJIEI0BATEIBHOCTD D;, Pis. DTH PACIETHI COOTBETCT-
BYIOT B ONITHMAJIbHOM YIIPABACHUN WHTETPUPOBAHUIO YPABHEHUIT /I/IsT HMITYJIbCOB “‘CIIpaBa
uaneBo”. Tlocsie sToro mo dpopmyse (1.15) onpegesum TpOU3BOIHbIE.

Oco60 ciregyer moaIepKHYTh CAeAYIoee 00CTOATeIbCTBO. Vcmomb30Banne cxem nHTe-
rpupoBanus Buza (1.5) npu 7 > 2 npe/nosaraer, 9To Ha KaXK/[0M HHTepBaJie HHTerPUpoBa-
uust byuknus f(x,u,t) uMeer orpaHnvYeHHBIE TPOU3BO/IHBIE 110 BCEM apryMeHTaM. Ec/u
BHYTPH MHTEPBAJIa HHTEIPUPOBAHUS yIpaBieHne u(t) H3MeHAeT sl 3SHAYUTETbHO (HA BeJIH-
qUHBl ~ 1), TO MPOMCXOAUT MOTEPS TOYHOCTH PACUeTOB. [l0ITOMY B MpoOIlecce MOUCKA
OITUMAJILHOIO YIIPABJIEHUs CJIEJyeT KOHTPOJUPOBATH PACIOJIOKEHHUE Y3JI0B CETKH 110 T 1
B CIydae HeoOXOIMMOCTH JInOO M3MEHSITh ee, JIMOO OrPAHUYNBATH BEJUINHBI U3MEHEHUS
yIpaBJIEHNUS HAa KayK/IOM Tare WHTerpupoBanust. [Ipoime BCero BHYTPH KayK/10r0 WHTepBa-
Ja CYATATh YIpaBJIeHHe MOCTOAHHBIM. Takoil mpueM OIpaBIaH MpPU PEITeHUN MHOTHX
MPAKTHYECKUX 33724, B KOTOPBIX HEOOXOAUMO HHTerpupoBarh cucremy (1.1) ¢ BbICOKOI
TOYHOCTBIO, & BBIYHUCTIEHHUE ONMTUMAJBHOTO YIPABIECHUS MOYKHO MPOBOIUTH Tpybee. DTo
CBSI3aHO € T€M, 9TO OOBIYHO ONTUMAJIBLHOE YIIPABJIEHUE MOXKHO PeaTu30BaTh JIUII ITPUOJIH-
JKEHHO W Tar 3ajiaHust yIPaBIeHUs He JOJIZKEH ObITh CJUIIKOM MAJ.

Eciu na muTepBajie MHTEIPUPOBAHUS IMOJIOZKUTH YIPABJICHUE MOCTOAHHBIM, TO U; =
= Uj ] = ... = Uj, BEKTOP W MOYKHO CYHTATH COCTOSIIUM W3 HaGopa [uj,...,ug|, Js
HPOU3BOJHBIX B 10 u; uMeeT MecTo dhopMmyia

dB(z,w .
# = Z Hu(Zis,pi+17pi,s+1>~

du; =

B nosydennbrx ¢popmysax BO3MOXKHBI CYIIECTBEHHBIE YIPOIICHUS, CBSI3aHHBIE C TEM,
9T0 TrpaueHTbl dB/du HyXKHBI JIMIIb JIJIS OTHICKAHUSI TPUOIHKEHHBIX ONTHMATHHBIX
YOpaBJIeHWT U TOYHOCTb UX PACUYETOB CJIEYeT COIVIACOBBIBATH C TOYHOCTHIO DelTeHus
onrumusanuonnoit 3agaum II. Biiarosaps sromy MOKHO B (hOpMYJIax Jijisi Olpe/ie/IeHusE
I'PAJIMEHTOB U UMITYJIbCOB OTOPACHIBATH MAJIble UJICHbI.

PaccMorpiM HEeKOTOpBIE YacTHBIE Coydan cxeM nHTerpupoanus (1.1).



B cayuae meroma Diinepa (1.7) umeem

k—1
B = Z hiR(z) + a(2), H(zi,pir1) = hilR(z) + (f(2), piv1)],
i=1
pi = Pir1 + He(2i,pit), e = og(zk), (1.16)
dB dB
diui = Hu<zi7pi+1)7 TIMC = au(zk)

J11g 060CHOBAHUS CXOIUMOCTH Ba’KHO YMETh BBIYUCIATH BTOPBIE TTPOU3BOIHBIE (DYHK-
nuu B. Ecaun npeanosnarars, uro pyukinum, onpe/esionue 3amady I, aBaxibt gudde-
PEHIUPYEMBI IO T U U, TO MOXKHO HOJIYYUTH (DOPMYJIbI JIJIsi BTOPBHIX TPOU3BOAHBIX (DYHK-
muii B. BejeMm KBaJipaTHbie CUMMETPUYECKHE MATPUILBI BTOPBIX MPOU3BOIHBIX

HeCJIO}KHO Hoﬂqu/ITb Cﬂe,ﬂ;yIOIHI/Ie peKyppeHTHbIe COOTHOIIIEHN A
Gii = Hyu(2i,pis1) + Pu(z) P @y (21), G = Buyuys
Py = Hyp(2i,pis1) + Pu(2) Pia @ (1), Py = Byyays
Gij = u(2)) Dj 1 [Hou (26, pi1) + @u(20) Pia @, (2:)],
Dign = g = Bulye) i) 051, B(=:) = a1+ hif ()

saech j < i, Di — equHudHag MaTpULa, CuMBOJL “ 17 Haj MaTpuleil 0603HauaeT TPAHCIIO-
HUPOBaHHUE.

Dt dopmysbl 0606menHbr s caydas (1.5), oIHAKO MbI UX He TPUBOANM H3-3a IPO-
MO3/IKOCTH. 3aMeTHM, YTO MOJydYeHHble B [7| (bOpMyJIb JJisi BTOPBIX MPOU3BOIHBIX OIIIH-
OOYHBI, TaK KaK B HUX HET YJIEHOB CO BTOPBIMH MPOU3BOAHLIMEU (hyHKIUU H u TOTBKO B
clydae TUHEHHBIX CHCTEM OHHU JIAf0T BEPHBIN Pe3y/IbTAaT.

s meTona Ditsiepa ¢ nepecaerom

r = 2, g =0, g = 1, p1=1/2,
Tiv1 = x;+ hif(zi2), Tio = x;+0.5hif(z1),
Pi2 = h’L [Rx(zl2> + fl‘(ZiQ)pi+1]7 Pi1 = 05h1fm<221)p127
dB dB
Wil = 0.5hifu<zil)pi27 m = h [Ru(zzg) + fu(ZiQ)pi+1],

Pi = Pi+1 + Pi1 + Pi2-

[Io cpaBHenmro co cxemoii Diiiepa 37eCh YUCIO TOYEK, B KOTOPHIX HIIETCS BEKTOD
yIpaBIeHuil, yABOWIOCh. MOYKHO MOJIOKUTb BCIOAY U; = U;; = Uiz WM YUECTb, YTO TPHU
UCTIOJIH30BAHUY CXeMbI Diljiepa ¢ mepecyeToM OB OTOPOIIEHBI HA KAK/IOM Iare WHTeTrpu-
poBanus BesmauHbl nopsaka hi. C Takoil e IOrpeIHoCTbI0 MOKHO OIPEIe/IaTh BEKTOPbI
p; 1 npousBoiHbie. B pe3yiibrare mojiydumM (hopMmyJibl

Pi = Pis1+ hilfa(zi2)Dis1 + Ra(2i2)],

Piv1 = DPis1 + 0.5h[fo(Zi2)pita + Ra(zi2)];
dB
qu hil fu(Zi2)Di1 + Ru(zi2)].
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3/1ech IPOM3BOIHBIE [0 T ¥ U CJIeJyeT CIYUTATh C MOTPEITHOCTBIO MOpaaKa hy.

Haubomee pacupocrpanentas cxema Metojia Pyare-Kyrra monyunrcs, eciu moJio-
&KOTh 7 = 4, g1 = g2 = 1/6, g2 = g3 = 1/3, By = B = 1/2, 3 = 1, By = 0.
He npejcrasisier TpyjaHocreit B 9TOM cjydae BbIIHCATH BCe HEOOXOAUMbIE (DOPMYJIbI.
HOSTOMy OrpaHUYIUMCH JIMIIL CJIydYaeM, KOI'Jla Ha UHTEPBaJi€e HHTEI'PUPOBaHUA YIIPpaBJIEeHUE
nocroguno. DopMyJbl JIIg Iepecdera HMIYJIbCOB mpusegeM ¢ morpemuoctbio O(h?),
bOpMYIBI /17T TPOU3BOAHBIX — ¢ norpermuoctbio O(h?):

4
Pi = DPit1 + hy ng[Rx(Zis) + fo(Zis)Pit1] +

s=1

4
+ hf Z gsﬁsflfx(zi,sfl)mz(zis) + fx(zis)piJrl]a
s=2

dB

4
. hi Y gs[Ru(zis) + ful(Zis)pis].
Us s=1

AnajiorugapivM 00pa3oM MOZXKHO HOJIYYUTH (DOPMYJIBI I JIPYTUX CXEM HHTErPUPO-
BaHUI.

§2. Heobxomumbie ycaoBusd dKCTpEMyMa

BBejieM 1BOficTBeHHBIE BEKTOPH A', A2, mMeroIie Te e pa3sMepHOCTH, 9TO U, COOTBET-
cteenno, I'Y, I'?. Cocrasnm ang 3amaun I1 dyrxmmo Jlarpanxka:

L(w, \) = I(z(w),w) + A\, THz(w), w)) + (A2, T?(z(w), w)). (2.1)

3iech A\ — obbeuHenne BeKTopos A\ n A%,

Mcronb3ysl U3BECTHLIE pe3yJbTaThl M3 HEeJUHEeHOr0 HPOrpaMMHPOBAHHA, MOYKHO
chopmymuposarh g 3agadnm 11 HeoOXOaUMbBIE M JOCTATOYHBIEC YCJIOBHSA SKCTPEMyMa.
[Iycrs w, — pemenne 3amauu II, z, = z(w,), orpanuuenns (1.9) ymoBIeTBOPSAIOT
YCIOBUIO PETyIsSpHOCTH; TOrIa cornacHo reopeme Kyna—Takkepa HEOOXOIUMO CYIMIECTBO-
BaHue BeKTOpoB AL m \? takmux, 4To

dL * 9 )\* B
(Z’) —0,  NT(e,w)=0, A'>0, (2.2)
w

e A%, T — coorsercrsenno f-e koopauuarsl Bekropos A2, I'2. TIpusejiennbie yc/joBus
MMEIOT MECTO JIJIsl BCeX KOODJIMHAT yKa3aHHbIX BeKTOpoB. [Ipomssognasi L mo w B (2.2)

nHaxoautces mo dopmyaam (1.11) — (1.15), ecim B HEUX B KadecTBe B B3sTh BhIparKeHHe
(2.1). B gactuoctn, (1.15) nepenuimercs cJieyomuM 06pa3oM:
dL(w.,\.) 0

1 2
duss s H(Z*isa Psiy1y Pri sy Asis A*¢)>

H (%5, Dit1, Pis+1s )\*37 )\*12) = hilgsF(zis) + (f(2is), gsPiv1 + Bspis+1)] +

+ (NG THza)) + (A T (20))
3aech T},
CTBYIOIIME UM BEKTOPBLI MHOXKHTEel JlarpamzxKa.

= . - 1 2
['? — BekTOpHI OrpaHUYeHnii, BHIYUCIEHHbIe Ha i-M TMare, A.;, A, — COOTBeT-



[Ipu ompe e leHHBIX TPeNOIoKeHnaAX pemenne 3agadu 1T MoKHO 3aMEeHUTH OTHICKA-

HHEM MaKCHMHUHA
max max min L(w, \', \?). (2.3)
AL )\220 w

Aprymentanus nepexoqa or 3aga4dm II x 3amade (2.3) Ta XxKe, 9TO U B HEJIUHEHHOM
IPOrPAMMHUPOBAHIH.

O603HauMM Yepes S COBOKYIMHOCTD Beex uHeKcon £, s korophix [2(z(w,), w,) = 0.

Ecjii cymecTByloT BEKTOPBI w,, AL, A2 Takue, 4TO BBINOJHEHB ycjaoBus 2.2), s
JH060T0 HEeHYJIEBOTO BEKTOPA W, JIJIsi KOTOPOTO

dl (x(w,), w,)
dw

dl? (z(w,), w,)

= 14
T ,w=0], €S,

w =0,

CIIpaBe//INBO HEPABEHCTBO ,
wTid Lézu; A*)w > 0,
TOT/IA W, SABISETCA M30JIMPOBAHHBIM JOKAJbHBIM pernenneM 3agadm I1.

9TO JOCTATOYHOE YCJIOBHE MOXKET ObITh MCIOJIB30BAHO MPH 0OOCHOBAHUU CXOIUMOCTHI
HpUBEAEHHbIX HUKe MeTomoB pemrenus 3amaun I1. Oxnako He OyaeMm jJaBaTh H0CTATOY-
HBIX YCJOBHiIl CXOJMMOCTH, TaK KaK 3TO Oblj Obl Iepecka3 B HECKOJHbKO M3MEHEHHBIX
TePMHUHAX W3BECTHHIX B HEJIMHEWHOM TPOrpaMMUPOBaHUN (haKTOB.

BaMeTuM, 4TO M3JIOKEHHBII 110/1X0/1, OepyIuil 38 OCHOBY TeXHUKY HEJIMHEIHOro IIpo-
IPaMMHUPOBAaHUd, B OTJHYHE OT PE3yJbTATOB, MOJYUYEHHBIX JIJIS HEIPEePBIBHBIX CUCTEM
B [8], He nupuBoauT K “paspeiBam” B uMmityjabcax. [IpuBeJeHHYIO CXeMy MOXKHO IEPeHeCTH
HA HENPEPBIBHBIE CHCTEMbI, TOJYYHB JIjIs HUX YTBED:K/IEHHsS, aHAJOTHYHBbIE HPUHIIHILY
MakcuMmyma. PasBuBast TaKoil 101X0/1, MBI ITPH/IEM K HEOOXOMMBIM YCJIOBUSIM SKCTPEMyMa,
IOJIyYeHHBIM DaHee WHBIM IyTeM B [9], ¥ IpH ONpeIeIeHHBIX MPEINOT0KEeHUSIX O BBIITYK-
JIOCTH — K JIOCTATOYHBIM YCJIOBUSIM, MPUBEJICHHBIM B cTaTbe [10].

§3. Onucanue aaropuTMoB

CocrapiienHasi aBropaMu OHOJIMOTEKA B HACTOMAIINEE BPEMs COAEPKHUT 16 aJIropuTMoB
pereHnst 3a1a9 ONTHMAJIBLHOIO yhpasieHus. MHorwe oOImen3BeCTHBIE AJTOPUTMbI He
BOILIU B OmO/moTeKy. B wacTHOCTH, HET aJITOPUTMOB, HE HMPHUCIOCOOTEHHBIX JIJI yUeTa
¢da30BBIX OrpaHMYEHNI, AITOPUTMOB, OCHOBAHHBIX Ha BapHAIUIX B IIPOCTPAHCTBE COCTOS-
HUil, 1 T.]I.

B GosibiinncTBe 1puBOAMMbIX HuzKe MeTo0B perenne 3amadu II Bejercs o obeit
cXeMe: 3a12eTCsl BeKTOp W, Bhrancsiorcs 3uadenns I, ', ['2) Ha ocHOBe KOTOPBIX (bOpMH-
pyercst HekoTopast dyukuus B Buga (1.10), u Mpou3BoAUTCS ee MHHHMHU3AIMSI [0 W €
IIOMOIIIBIO JTIO6Or0 MeTo/Ia U3 OUBIMOTEKH aJIrOPUTMOB 6e3yCJI0BHON MuHUMHA3AIIH (6.M.).

AsrropuT™bl 6.M. MOYKHO Pa3JeJIUTh HA 3 TPYIIbBE: 1) He TpeGyoIiue CynecTBOBAHUS
IIPOU3BO/IHBIX MUHUMH3UDYEMON (DyHKIUH, 2) HMCIOJB3YIONHEe CYIIECTBOBAHUE IMEPBO
IPOM3BO/IHOM, 3) MCIIOJIB3YIONINE CYIIeCTBOBAHUE [EPBOIl 1 BTOPOIi MPOM3BOIHBIX. YCHJIe-
Hie TpebOBaHMil, HaJIaraeMbIX HA MUHUMU3UPYEeMYI0 DYHKINIO, TO3BOJISIET CTPOUTH HOJIee
s dekTuBHBIE aropuTMBI. [losTOMY HamboJ/iee BBICOKYIO CKOPOCTDH CXOJUMOCTH MOYKHO
MOJIYYUTH C TIOMOIIBIO AJTOPUTMOB TPYIIBI (3), OJHAKO JJisl UX PEAJTU3AIMH TPUXOIUTCS
OTBICKHBATH MATPHUIBI BTOPHIX MPOU3BOAHBIX MHHUMHU3HPyeMOil yHkiun. B 3azadax



ONTUMAJIBLHOTO YIpaBJIeHUsd, KOT/Ia Pa3MepHOCTh BeKTopa w cocTasageT 200 < 500, Takue
pacueTsl TpeOYIOT 00JIbIIO MamuuHON maMmaTu. [losTomMy Tpnm perreHun MpaKTHIeCKUX
33144 UCIIOJIH30BAJUCH B OCHOBHOM METO/IbI IPYIIbI (2) (METO/bI CONPSIZKEHHBIX I'DA/IMEH-
TOB, HANCKOPEHIIIero CIycka u T.J1.).

Bamaua II ecrs HekOTOpHIH YacTHBI (CHenuaTbHBIN) Caydail 3a/1a4n HEeJIHHETHOTrO
nporpaMMupoBanusd. Baykueiieii ee 0COOEHHOCTBIO SBJISETCS CPABHUTEIbHAS MPOCTOTA
BBIUHCIEHUS] ITPOU3BOIHBIX (DYHKIHH B 10 KOOpAUHATAM BEKTOpa wW. DTO JaeT OOJIbIIHe
BO3MOKHOCTH 3P DEKTUBHO UCIIO/IB30BATH MHOI'ME METO/bl HEJIMHEHHOIO POIPAMMUPOBaA-
HUsI, OCHOBAaHHBbIE HA MPUMEHEHUH MEPBHIX MPOU3BO/IHBIX.

Paznuanbie metomnr pemenns 3amaum I1 orimuarorcss apyr or apyra crocobamu
noctpoennd GYHKNW B u mpaBmjaMu HX W3MeHEeHHsd B Iporecce uTepanuii. Bruidop
CXeMBbI HHTerpHpoBanusa cucTembl (1.1) BAHgeT TOMBKO Ha Tpapuia Beraucienms [, T,
['2, mpon3BoaHEIX B 10 w W He CYMIECTBEH ¢ TOUKM 3PEHMS OMHUCAHUS ATTOPHTMOB. JTO
CBOMCTBO HCIIOJIL30BAJIOCH IPH co3j1aunn 6ubiaunorexu. IIponeaypst Beruncienus I, [, ['2)
OTBICKAHUS MPOU3BOAHBIX B ObLin opopmIeHbl Kak OT/AeAbHbie Moy . [Ipu 3amene cxem
NHTEIPDUPOBAHUS B AJTOPUTMAaX OMOJMOTEKN W3MEHSINCHh TOJBKO YKa3aHHBbIE MOJYJIH,
ocTaTbHbIe OJOKM OCTABAJUCH HEM3MEHHBIMHA. UTOOBI MAaKCUMAJIHHO YIPOCTUTH W3JIOKE-
HUe, OyJIeM CUUTaTh, YTO WHTETPUPOBAHUE BEJETCS MO cXeMe Dittepa.

Jlajium KpaTkoe olnucanue OCHOBHBIX aJIlOPUTMOB.

1. Merop wrpadubix dyuknumii [11]. CocraBum byukiuio mrpados
B(w,7) = I(z(w), w) + 7[p(T" (z(w), w)) + Y(T*(z(w), w))].

Buech 0 < 7 — koabdunuent mrpada, dyaknuun p(y), ¥(y) B Ciaydae CKaJIsgpHOrO
aprymenTa takoBbl, 4To ©(0) = ¥ (0) = 0; p(y) > 0 upn y # 0; ecoim y < 0, To P (y) = 0;
ecm y > 0, 10 ¥(y) > 0. Ecan y ecth (-Mepubrii BekTOp ¢ Koopannaramu 4, . . ., y¢, Toraa
IIOJIOZKAM

M@IEM@% M@IZ%@W

Metos cocrout B ciieyromeM: Jijisi HEKOTOPO MOHOTOHHO BO3PACTAIOIIEH 110C/Ie/10Ba~
TEJILHOCTH T < Ty < ... CTPOUTCS MOCJIEI0BATENIbHOCTH BEKTOPOB W(Ty), w(Ta), . . ., Onpe-
JIeJIsIeMbIX W3 PellieHus 3a1a9u 0e3yCJA0BHON MUHUMU3AINu B 1o w:

B(w(Ts), Ts) :mui)nB(w,Ts), s=1,2,.... (3.1)
[Tpu onpeeneHHbIX YCJIOBUAX MOCIEI0BATEILHOCT W (T,) IPH § — 0O CXOAUTCSA K Pelle-
anio 3amaunm I1.

YT00bI BOCIIOJIL30BATHCs MeTOAaMu T depeHnupyeMoit MUHIMH3AINAH, 11eJ1eCco00pas-
HO B KauecTBe ¢ 1 1 OpaTh J0CTATOYHO Iaakue pyHkinn. OpUueHTHPYICh Ha UCIOIb30Ba-
HUE, B YaCTHOCTH, METO/Ia CONPAZKEHHBIX I'PAJANEHTOB, Mbl IPUMEHSIIN CJIELYIOIIHE JBaK-
Jibl HellpepbIBHO jiubdeperupyembie (DyHKIUN:

0, y <0,
.2 _ 3
ey) =y, Yy =1 ky’, 0<y<h,
2
Yy +k29+k37 y>R17

ki =1/(3Ry), ko = —Ry, k3 = R2/3, rne 0 < Ry — HeKOTOpoe J0CTATOYHO MaJIoe THC/I0
(obbruno Ry = 1074).



Ucnonb3ys gasee dopmyiy (1.15) mis BeIducaeHus Ipou3BoaHbIX GyHKIMN B, pera-
eM mpubanKeHHo 3agady (3.1). TIporecc MUHUMH3AIMU TPEKPAIIAETCs, KAK TOJIBKO
HallJIeH BeKTOpP W TaKOu, 4To

[ Buw(w, 7)|| < &(7), (3:2)

rae (1) — 0 upu 7 — oo. Ilpu unc/aeHHOIl peann3anuu MeToa I0CJIeI0BATELHOCTH
{75}, {e(75)} cTpomnuce ciemyromum obpaszom:

Tey1 = VTs,  E(Tey1) =b/(1+1In7ey),  ecom Ts[go(lj )+ ()] >é
Tl =Ts,  E(Ter1) = pe(r), ecin 7,[p(T") + ¢ (I?)] < &

3mech ancaa T, v, i, €, b rakoser, uto 0 < 11, 1 < v, 0<b, 0<p<1,e>0.

Cocrapyiena MouduKaIys MeTo/1a, B KOTOPO B Ka4ecTBe ¢ U 1) ObLIU B3ATHI Heaud-
depentupyembie (pYHKIHHT, OJarogaps 4eMy oTiajia HeoOX0IMMOCTh CTPEMHUTD T K O€CKOo-
reqnocTr. OMHAKO MPU 9TOM HPUILIOCH [T pelenus 3aa49u (3.1) ucmoab30BaTh MeHee
apdexTrBHBbIE MeTO/Ibl He UM dEPEHITUPYEMOl OITUMUBAIMHT, YTO CYIIECTBEHHO 3aMe/1/11-
Jio pacuersl. [Toaromy nepexos k nejguddepennupyembim pyHknusgM mrpada onpasian
TOJILKO B TOM CJyd4ae, ecan cpean byHKImMA, onpegensiomunx 3agaqy I, ecrs Hemgudde-
pennupyembie. Metos mTpadoB Hanboiee moJe3eH, Korjaa HadaabHOe HpUOInzKeHne u3-
BecTHO Ipy60. OOBIYHO ¢ HETO HAUMHAIOTCS PACUeThl U ONPeIe/ISTI0TCd HadaIbHble 3HaUe-
HUsl JBOMICTBEHHBIX IepeMeHHbIX. HeaocraTkoM MeTo/ia siBJISieTCsl Hu3Kasi CKOPOCTh CXO-
JINMOCTH BOJIU3H DEIIeHUSI.

2. JIpoiicrBennsiii metos [12]. B kauectBe B Bo3bMeM (byHKITHIO
B(w, A, X%) = L(w, A, N) + 7lo(T (z(w), w)) + (T (2(w), w))],

rie L ompeneneHa B § 2, T — HEKOTOPBIil (DPUKCHPOBAHHBIN MOTOXKHUTETbHBIN MapamMeTp.

I[Tycrs msBectanr AL, \2; Torma s-it mar simosngercs no dhopmyJie

B(wg, AL, A2) = min B(w, AL, \?),

w

)‘s+1 = >\1 + Cfl(x<ws)7ws)7 (33)
_ €1, ecm \2¢ < eq, T2 >0,
A2 = N 4T x { . s b T
A; B IIPOTHBHOM CJIy4ae.

Brech % = T%(z(w,),w,), ¢ — mar cuycka, 0 < e; — HEKOTOpPOe JOCTATOYHO MAajoe
anciio (06brano e; = 1074). Tponece 6.m. (3.3) upexpaiaercs npy BHIIOJIHEHAN YCIOBUS,
aHAJI0rnaHoro (3.2).

3. Meroa moaudunupoBanubix yukiuii Jlarpamxka. Vmeercs 6osbinoe
aucsio mybaukanuii mo sromy merony (cm., mampumep, [13]). O6Gobmennyo hyHKIHO
Jlarpan»ka cocraBum B BHU/Ie

B(w,\', N?) = I(z(w),w) + [[[\" + 7TH* + [|[(X* + 7T°)4[|%] /27

31ech || - || — eBkuMIOBA HOPMA BEKTOPA; KOMIOHEHTBI BEKTODA a’, BBIPAKAIOTCS epes
KOMIIOHEHTBI BeKTOpa a' 1o dopmyse: a', = a’, ecn a’ > 0; B mporusHOM ciydae a’, = 0.
[Tepexon K (s + 1)-my mary ocymeCTBJIHeTCH o popmyiam

B(w,, AL, A2) = min Blw, AL, \2),

_ _ 3.4
)‘;—1-1 = /\; + TFl(x(ws),ws), )\s—l—l = (/\g + TF2(x(w5>vw5))+' ( )



[Tapamerp 7 m0:K€H OBITH JOCTATOYHO OOJBIINM, YTOOBI 00ECIIEYUTDH PA3pPEIInMOCTh
3ajaun (3.4) U CXOAUMOCTH METOJIA.

4. Merog npocroit ureparun [14]. O6o6mennas dyukius Jlarpanzka cTpouTcest
B BUJIE

B(w, A", N?) = I(z(w),w) + [[]A" + 7T + 9(7T%) 4+ 2(A%, y(7T7))] /27

3jech P (y) — HEKOTOpas JOCTATOYHO Tyajkast (pyHKnus mrpada, nampumep P(y) =
= y1. Bekrop-dbynkmua v(a) Takosa, uTo ee (-a koopauHaTa v BbIpazKaercsa depes (-1
KoopauHATy a’ BekTopa a mo mpasmry: ecin a’ < 0, To v¢ = (1 — a*)79; B mpoTUBHOM
ciydae

1 1 2
q(q;r )(ae)2 L alet 3)'(@1+ )<az>3;
3/1eCh ¢ — IPOU3BOJIbHOE TOJOKATEIbHOE YUCI0 (06bIdHO g = 1).
MeToa cocTOUT B CeYIONMIEM:

,yf:l_i_qaﬁ_'_

0B (ws, )\i, )\3)
af‘%

B(“’S? )\;7 )‘g) - rnugnB(w, )‘;7 Ag)? )‘i-i-l = )‘; + Tfl(x(w8)7w5)> )‘gil =

JLj1st psijia TECTOBBIX 339 9TOT METO/1 00ecedn1 HanboJ1ee BBICOKYI0 CKOPOCTD CXOIUMOC-
ti. KEro Hemocrarkom, Kak W JBYX MPEbIIYIIUX METOJOB, SIBJSIETCS HEOOXOIMMOCTH
3HaHUA ,ZLBOfICTBeHHbIX nmepeMeHHbIX. HOSTOMy JJId UX ollpeaesieHusd MCIIOJIb30BaJICd Ka-
KOii-1m00 u3 MmeTonoB 1, 5 miu 6.

5. Merox Moppucona [15]. Cocrasum dyHKuo

B(w,n) = (I(z(w),w) —n)* + ¢(T") + (),

rJie @, Y CTPOITCs TAK Ke, KaK U B MeToje mrpadoB, 7 — HeKoTopbiil napamerp. [Ipeio-
JIaraeTcs, 9TO B HadYale PACYeTOB M3BECTHA HEKOTODAsl HUKHSSI ONEHKA JIJIsl PeleHust
Bamaum II, a nmenno: ecin I, = I(x(w,), w,), To MOoKHO yKazaTh Ny < I,. Ha (s+1)-m
IIare OMpe/IeJIseM 7541 110 dhopMyIaMm

B(ws, 773) = mui,nB(w> 778)7 Ns+1 = Ns + [B(wSa 775)]1/2- (3'5)

6. Momudurnuposanusiit Mmeros Moppucona [14]. Oriauuaune or meroga Moppu-
COHA COCTOUT B croco0e M3MeHeHUs TmapameTpa 1):

B(ws, n;)
I(z(ws), ws) — 1)

MeTtoa 060CHOBAH TOTBLKO B CJIyYae 3a1a4 BRIIYKJIOTO IIPOrpaMMUpoBanus. HecnoxkmHo
OKa3aTh, 4TO IIPU TOYHOM penieHun 3ajauu 6.M. u3 ycjosusd 1y < [, ciejiyer, 4To
ns < I 1y1st Beex S. 3HaUEHUE )51, JaBaeMoe (3.5), MeHbIIe Ui PABHO 741, OJIYy9aeMOro
u3 (3.6), uTo obecrevunBaeT B MOCJeIHEM Clydae 0oJiee BBICOKYIO CKOPOCTh CXOAMMOCTH.
Cy1ecTBeHHBIM HEJIOCTATKOM ODOMX METOJIOB sIBJIdeTcd TpeboBaHue, YTOObI Oe3yCcI0BHAS
MUHAMM3AISA TPOU3BOIMIACH C BBICOKOI TOUYHOCTBIO. TOMBKO B 3TOM CJIydae B IMPOIECCe
pacdeToB OyAeT BBIIOJHEHO HEeOOXOJMuMOe yeaoBue (DYHKIMOHHPOBAHUS METOIOB: 1)y <

Ns+1 = MNs T ( (36)
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< I.. B nociiennem MeTo/ie, M3-3a TOrO UTO YBEJUUEHUE 1) IPOUCXOIUT O0J1ee OBICTPO, ITO
TpeboBaHIEe 0COOEHHO BarKHO.

Oba merosa O6/im3Ku K MeToay mrpadOB: PEluB HAa S-M Mare 3ajady 0.M. W Haiijisd
HEKOTOPYIO TOYKY Ws, MOYKHO OIPEIEINTH TaKOe 3HAYeHHe T, MPH KOTOPOM peIleHHe
3aja9u 0.M. JJ1s MeToja mrpadoB JacT TOYHO TaKoil ke pe3yabrar. YI00CTBO 3THUX
METOJIOB COCTOUT, TAKUM 00Pa30M, B TOM, UYTO U3MEHEHHE 1) IIPOUCXOIUT “aBTOMATHIECKHA
B TO BpeMs KaK B MeTojie MTpadO0B IPUXOIUTCA CIEIUATHLHO 33aBaTh IOCIe/I0BATE Th-
HOCTD Ts.

7. Meton nuHeapm3amuu. /[s pernienus 3a/1a4 HeJIMHEHTHOTO TPOTPAMMUPOBAHUS
MeToJ1 ipejtoxker B [16], obocnoBan B [17], mis ONTHMATBHOIO YIIPABIEHUs Tpe/Iarali-
ca B [18].

Ha s-M mare, mureapu3yss MUHIMA3HPYEMYIO (DYHKIUIO U OTPAHUYICHUS, HOTYIACM

I(ws + ow) = I(ws) + (I,(ws), ow) + O(||ow]||?),
[ (ws 4 6w) = T (wy) + T}, (ws)dw + O([|ow|]?),
[2(w, + 6w) = [ (w,) + T2 (w,)dw + O(||ow]|?).

3J1ech i1 COKpAIeHHsl 3allUCU OIYIeHa 3aBUCUMOCTb (DYHKIUIL OT .
[TocTaBuM caeayoNIyIo 3aa9y KB IPATHIHOTO MPOrPAMMUAPOBAHNUS: HANTH MUHUMYM

o dw hyHKIUN
(Ly(wy), Sw) + al/dw|? (3.7)

IIpu YCJIOBUAX

M (ws) + Tl (w,) 6w = 0, 2 (w,) + I (w,)éw <0, (3.8)

r7ie & — HeKOTOPLIi MOJI0KATebHBIH Koddduiment. Ilocre HaX0XKIeHN ONTUMAIBLHOTO
3HAYEHUI W, MOJOKAM
Wer1 = Wy + COW,.

CymiecrByfor pasuble BapuaHThl BbiOopa mara c. Cuaenys [17], ¢ naxopum u3 ycaosust
YMEHbIIIEHUs Ha KaxKJIOM 1mare (pyHKIuu mrpada:

W = I(wsi1) + N max[0, [T (wgs1)], T (wss));

3aech N — HeKoTopoe J0cTarouno 6ojbioe umcio; 12 u || obosnauator mabop us
KommonenT [2 m mosystei kommonent 1 coorsercrenno. Ilpm pemenun (3.7), (3.8)
COBepIIAJICS Mepexoj K ABoiicTBennoit 3axave. Ecuan nosoxurs a = 0, To (3.7), (3.8)
IEPEXOJIUT B 33/1a4y JUHEHHOro mporpaMMupoBanus; K (3.8) ciegyer 106aBuTh TpebGoBa-
HHUe, 9TO0BI MOJLY/IH KOMIIOHEHT BEKTOpa 0w OBLIN OrpAHUYEHHI.

N3 Bcex coOpaHHBIX B OHOIHOTEKE METOJOB JaHHBIA HamboIee TPOMO3IOK U TpedyeT
Haubosbmei namsaru 9BM 1 pacderoB. 9To CBsI3aHO ¢ HEOOXOAMMOCTHIO 3allOMUHATH
IpaIMeHThl “aKTUBHBIX orpanudenuii. [losromy mnemecoodpa3no mojib30BaThCs THUM Me-
TOJIOM TOJIBKO TOIJIA, KOIJa KOJMYECTBO CYIIECTBEHHBIX (pa30BBIX OI'pDaHHYCHUIl HeBe-
JIUKO.

8. Meron urepanuii KprsiroBa—Uepuoycsko [19]. Ilepsonauanbho oH ObLI
NPEJIJIOYKEH JIJIsi PellieHust 3a/iad, B KOTOPbIX OTCYTCTBYIOT (pa30Bbie W TEepMHUHAJIHHBIE
orpanmvenusd. llokaxkeMm, KaK MOXKHO NPHCIOCOOHTH METOJ JJs pelleHus 3azadm 1

11



(B 9TOM CJIydae ero Ceyer pacCMaTPHBATh KakK aJrOpUTM perrenus 3a1adn 6.m.). O6o-
3HAYNM

_ = OB
H(:L',w,p) = Z Hi(z’i7pi+1)7 Pr = 877
i=1 Lk
Hi(zi,piv1) = hi[R(z) + (f(2), pit1)]-
3ajaB HEKOTOpOe ympaBieHue ws, w3 cucrembl (1.7) onpenennm T, = x(wg) u u3

(1.16) — BexTop ps = p(w,). Cormacuo § 1 Beakuit BeKTOp W, KOCTABIAIONIHET MIHIMYM
dbyukmuu B(z(w),w), aBasgercs cralioHApHON TouKol dbyukuun H, T.e.
OH (z(w), w, p(w))
ow

= 0. (3.9)

BamennM 3a1aqy muHnMusanun B(z(w), w) 3amadeii OThICKAHNsT CTAIMOHAPHBIX TOYEK
dbyukmuun H (T.e. Touexk w, yaosiersopstomux (3.9)). Ecau

OH (z(ws), ws, p(ws))

a
ow ’

rze ||a|| # 0, o, paspemus ypasuenus (3.9) OTHOCUTEIBHO SIBHO BXOJAIIETO Wg, MOJLY UM

w = p(z(ws), p(ws), a).

g pemtenust (3.9) mpuMeHUM METOJ POCTON UTEPAIUH, MOJOKUB

Wy = p(z(ws), p(ws),0).

Ecimn ||wgy1 —ws|| < e, rjie € — TOYHOCTb pacyeToB, TO CYUTAEM, YTO CTAIMOHAPHAS TOYKA
byuknun H waiinena. [Ipemosaraen, 9To oHa cOBIAAaeT ¢ TOUKOH MunnMyMa B. lasee
n3MeHseM (PYHKIHIO B B COOTBETCTBUH C JIFOOBIM IIPUBEIEHHBIM BBIIIIE aJJTOPHTMOM, CHOBA
IIOUCK MUHHUMYMa B II0 W 3aM€HUM OTbICKaHUEM CTaHI/IOHapHOﬁ TOYKHN _H, n T. 1.

[IpuBejiennasi cxema IpUBJIEKAET HPOCTOTON pacdeTra: BMeCTO MUHMMHU3AIMU B 110
BEKTOPY OOJIBITON pasMepPHOCTH W PeraeTcs OOJIBITOe YNCI0 3a1a9 OTHICKAHWS CTAIHO-
HAPHBIX TOYEeK (DYHKIUH OT BEKTOpa HEeOOJIBINOI pasMepHOCTH. K coxKajaeHHio, Takoe
pacienyienne He HMeeT MeCTa B BeCbMa YaCTO BCTPEYAONIEMCS CAydae ONTHMHU3AINN
10 BEKTOPY W U JIOHOJIHUTEIHHOMY BEKTOPY YHIPABJISIONMX HapaMerpoB (¢cM. 00 9ToM
§ 4). Kpome Toro, npuBeJeHHbIi METOJ 9acTO PACXOJAMTCS M €r0 MOYXKHO HPUMEHSIThH
TOJIBKO B TOM CJIy4ae, eCJIn Wy W3BECTHO JTOCTATOTHO XOporro. [Tosromy BHadase BeaeTcst
MHHIMEI3aIUsgd B no w KakuM-amb0 MeTonoM 0.M. U TOJBKO IIOCJIE 3TOr0 IPOUCXOIUT
oOpallleHre K OIMCAaHHON mporeaype. UToOB B HEKOTOPOI CTEleHH OCIA0UTH PaCXO/Iu-
MOCTb METOj/a, Opaloch W11 = Ws U U3MEHEHHe W, BEJIOCh ‘ClipaBa HAJIeBO’ I0 TexX
1op, noka HopMma ||wsy1 — wg|| ocraBamack mocrarouno masoit. Ilocse roro mpomece
U3MeHEeHUs W MPeKPaIaJICs, BHIUYUCISINCh HOBbIe 3HAYEHUs X, P, CHOBA “‘clipaBa HaJeBO’
BEJIOCH HCIIPABICHUE Wg.y1.

9. Penykmnusa K kpaesoii 3agage [1]—[5]. IlycTs HA $-M mare urepanuii H3BeCTHLI
ws, T(ws), p(ws). Obozuaamm yepes £ BeKTOp, coBnagaronmii ¢ Bekropom pi(ws). IIponn-
rerpupyem (1.7), (1.16) “caea manpaso”. [TocsienoBaTeIbHOCTH P; TPH STOM OIPEIeISIeTCsT
13 HeBHOI cxeMbl. YIIpaB/eHHe Ha KazKJOM IIare HHTerpUPOBAHUS HAXOUM U3 YCJIOBHUSI
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(3.9). Ha mocsiesineM k-M Iiare MHTErpUPOBAHUS TIOJYIAEM HEKOTOPBIE BEKTOPBI Tgs, Dks-

Ecan
. aB (jks; uks)

Pks = 8[Ek

TO BCIIOMOTATe TbHAS 33,1294 HAX0K IeHIs CTAIIOHAPHON Toukn dbyHKnun H 1mo w pemena.
[IpeamosiaraeM, 9YTO 3TH TOYKH COBIIAIAIOT C TOUKOH MUHEMyMa B 1o w. B coorBercTBUM
¢ JMOOBIM U3 aaropuT™MoB 1-7 usmensem B u mepexoaum K HOBoMy (s + 1)-my mary.
B nporusnom cityuae, ecau (3.10) He mMmeer Mecra, OTHICKHBaeM BEKTOD & Tak, 4T0O0bI
BBITIOJTHUTD 3T0 ycjoBue. OOBITHO J1/Tst OThICKaHUS £ ucnob3yercss merosn Heorona. Ilpn
peaim3allii MeTO/Ia BO3HUKAET P/ YUCTCHHBIX TPYTHOCTEll, CBI3aHHBIX C PACXOIMMOCTHIO
(6osee mogpobHO 00 3TOM M. [5]).

B [20] mokaszamo, uTo mpu ONpe ieIeHHBIX Mpemnoaokennax B 3amade IT umeer mecto
HEOOXO/IMMOe yCJIOBHE IKCTPeMyMa, aHAJIOrnYHOe TpuHIuily MakcumyMma [lonrpsruna:

: (3.10)

Hl<x;k7 u:7p:+17 )‘iv )‘z) = Hblln H1<I;k7 uiapal? )‘alm )‘z>; (3'11)
37IeCh CUMBOJI * O3HAYaeT, YTO COOTBETCTBYIOIINII BEKTOP BBIYMUCJIEH JIJIsT ONTHUMATBLHOTO
pemenus 3amauu II. Oyukinusa H; onpejenena B § 2.

Yeaosue (3.11) mo3Bossier 3aMEHATH OTHICKAHUE CTAIMOHAPHBIX To4dek dyHkuun H;
HaxXoXKJaeHneM mMuHUMyMa H; mo u;. Takum obOpa3om, OThICKaHWe MHUHHUMYMa (DyHKITIN
B pacnienisiercsi Ha pellieHue 10CJIe0BaTeIbHOCTH 3a/ad MUHUMEU3aun H; 10 BeKTopy
HU3KOIl pa3mMepHOCTH ;. Takoil mpuem, oJHAKO, IPUBOANUT K YCIEXY JIUIIb BOJIU3M perrre-
HUS, TTO3TOMY OH MCIOJIB3YEeTCS JINTTh B KOHIIE PACYETOR.

B zaksmrouenne nmaparpada 3aMeTuM, 9TO MHOTOYUCTEHHbIE IPYTHe MeTOIbl HeTnHell-
HOT'O MPOTPAMMHUPOBAHUS MOTYT OBITH TEpPeHeCeHbl aHAJOTHYHBIM 00pPAa30M Ha pelleHue
Bagauu 1. 3jech npuBeienbl JIMIIb T€ METOJbI, KOTOPbIE BONLIN B OUO/JIMOTEKY U ObLIH
arpoONpPOBAHBI ABTOPAMHU HA PENeHNN Psijia MPAKTHIeCKUX 3a/a4.

§4. HexoTopnie 0600IIeHUS

Bomemmme B 0uOIMOTEKY aJrOpUTMbI MpEeIHA3HAYEHBI /I PelleHns 3a7ad 0ojee
00IIero BHjIa, €M 3TO ObLITO omucaHo B § 1. YKakeM OCHOBHBIE 0OOOIEHNUS.

Bumecto (1.1) paccMaTpuBAIOTCS CHCTEMbI, COJEPYKAIIHE BEKTOP YIIPABJISIONIIX
napameTpos &:

m':f(x,u,t,f):f(z,g). (41)

Oyukiun F, Fp, T, T'? moryr Taksxke 3asucers or £. B 3amauge I ciemyer nomobpars
yrnpasienue u(t) u BekTop § Tak, 4tobbl yaosierBopurh (1.2), (1.3) u MuHEMEH3HPO-
BaTh [. I'pajguent yuknun B 10 & BRIYUCASIETCS CJIEAYIONUIM 00pa30M:

dB  Oo(z, el
— = M + Z Z H§<Zisa€7pi+lapi,s+1>' (4‘2)
dé af i=1 s=1

O0beauHIM BEKTOP VIpAaBIEHUN W BEKTOD MapaMeTPOB €JIWHBIM CUMBOJIOM, TOJOYKUB
w = (w,§). Jlamee MOXKHO HCIOJIH30BATH BCE MPUBEJICHHBIE BBIIIE (DOPMYJIbI U METOIbI,
1OJICTABUB B HUX BMeCTO w BeKTOp w. [Ipomnecc onrtumusaiuu Oyjier MpOUCXOJUTDH OJIHO-
BpeMeHHO 110 w u &.
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st cucrembl (1.1) 9acTh KOOPIMHAT BEKTOpAa & MOYKET OBITH HE ONpe/esIeHA
npu ¢t = 0. Ormecem uX K KoopAumHAaTaM BeKTopa &. I BBHIYHCIEHHS IIPOM3BOIHBIX
Bocnosb3yemes dbopmyioii (4.2), no0baBus Kk meii ciaaraemoe (0r1/0€)p;. Komunonentb
BeKTOpa T, 3ajJaHubie npu t = T, cjejyerT OTHECTH K TE€PMHHAJIbHBIM OIDAHUYEHU-
sv (1.3).

OIBIT YUCJICHHBIX PACYETOB HOKA3BIBACT, YTO YACTO 34129l OKA3LIBAIOTCA IPe3BhIUaii-
HO YYBCTBUTEJILHBIMU K TOYHOCTH pellieHust KpaeBoii 3agaqu s cuctemsbl (1.1). TTosTomy
11€/1€C000PA3HO HAMMHATHL PACYETH ¢ onTuMu3aiuu 1o £ npu pukcupoBannom u(t), mocsie
9TOrO MEPEXOUTH K OJHOBPEMEHHOH onTuvusanuu 110 £ u u(t), B KOHIE TPOBOJAUTD JIOTOJI-
HUTETHLHYIO ONTUMU3anuio 1o £ npu dpukcupoanuom u(t). Bubinoreka MeTog0B onTUMuU-
3aIUM COCTABJISIACH TaK, YTOOLI TAKHE PACYETHI IPOXOIUIH IO OJHUM U T€M K€ aJrOPHT-
MaM 0e3 KaKHX-T1u00 Ipeodpa3soBaHMil.

3agada 06 ONTHMAJBLHOM OBICTPOJEHCTBHN JIETKO CBOJHUTCA K PacCMaTPHBAeMOMY
kiaccy. [Tycrs st (1.1) orbickuBaercs yupasienue takoe, 9410 4(t) u COOTBETCTBYOIIAS
TPAEKTOPH BCIOLY YAOBIETBOPSIOT (1.2) U TepMHHATIBHOE MHOYKECTBO

3(x(t),u(t),t) =0, I (x(t),u(t),t) <0 (4.3)

JIOCTUTAETCS TP HAMMEHbIIEM BO3MOXKHOM 3HaveHun t. B kauecrBe £ BO3bMeM (k—
—1)-MepHBIHi BEKTOP, ¥ KOTOPOTO KayKjasl i-si KOOPIMHATA COBIIAJIAET ¢ BEJIMIMHOIL Tara
uHTEerpupoBanus h; Ha i-M wHTEpBase. 1orga MuHUMuU3upyemasi (pyHKIus Oy/JIeT paBHA
cyMMe

k—1 ]
=Y ¢
=1

DurcupyeM KOJINIeCTBO HHTEPBAJIOB TUCKPETU3AINN k I OTBICKHBAEM &, W TaK, 4TOOBI
BoinosHsineh yeaosust (1.9), (4.3) u gocruraics munumym . [Ipoussoxnyio B no &
cJie/lyeT BBIYHCIATH 10 (hbopmyJie

dB _ " 3H(Z¢s,§i,pz’+1vpz‘,s+1)
dgt — oh;

S

Ternepn 3a1a9a nMeeT cTaHIAPTHBIH B U MOYKHO WCITOJIH30BATH JIIO00 TTPUBEIeHHBIT
BBIIIIE METO/I.

Ecnu marum mHTErpupoBaHus BCIOJY HMOCTOSHHBI, h = hy = ... = hy_1, JOCTATOIHO
BBecTn ckasap &, nonoxuts [ = &(k — 1), npoussoanyio B caurars 1o dhopmye

d£ B k—1 dB
d§ = d&

Ecnu Bexkrop-bynkuus f(x, u,t) muddepernupyema no , u BCIOLY, KPOME KOHEY-
HOro uucJia Touek {t;}, rjge umeer MecTo paspbis I poja, TO BeJUIHHbI MAroB h; cieayer
0A0HPATH TaK, YTO0BI Bce TOUKE {t;} ObLIN B y371aX OCHOBHOIT ceTKu 10 t. IlpuBeenmbie
B § 1 dopmyasr octatorcs 6e3 m3MeHeHHH. AHAJOIMYHO, €CJIM B HEKOTOPBIX TOYKAX
{t;} w3 ocuoBHOIi ceTku 1O t hazoBasg TPAEGKTOPHUS MPETEPIEBAET 3aJAHHbIH DPA3PHIB,
He 3aBucdauit 0T ¢ u u, 10 Gopmysbl § 1 JIsd BBIYUCAEHUS TPOU3BOIHBIX TAKXKe HE
U3MEHSTIOTCsA. Fcii pa3phiB 3aBUCUT OT T, U, T.€.

r(tiy) = Y(x(ti-), u(ts)),
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e
x(tiy) = lim x(¢), z(t;) = lim x(¢),

t—tito t—t;—o

TO B 9TUX TOYKAX CJeJyeT IMPOU3BOJUTH INepecder MMIyJIbcoB. [lpm ompenenenun p;_q
BMECTO p; ciejayer oparb BekTop (0 (z(t;—), u(t;))/0x)p; u B dbopMmyJie s IPOU3BOIHOI
dB/du; nobasnsars caaraemoe (O (x(t;—), u(t;))/0u)p;.

Ecau cucrema (1.1) simHeiiHast, TO MbI IPUXOJNM K HEKOTOPOMY BEChbMa IPOCTOMY
gacTHOMYy caydaio 3amauu I. Bce anropuTybl ocTaloTCd MPUMEHUMBIMU, HUX MOYKHO
YIPOCTUTH, YUTs, 94TO MPOU3BOAHBIE NPaBbIX Yacreii (1.1) mocTosHHBI.

Bo MHoOrmx 3ajadax cymecTByIOT OrpaHHYeHus “TiapaJiieselnune lHoro” TUula:
a<w<hb. (4.4)

OrpaHnveHns TAKOTO BH/Ia HEIe1ecoobpa3Ho OTHOCHTH K orpanndenusM (1.9). TIporre
y9ecTh WX TPHU PeNeHuu 33ja9 0e3ycJIOBHOI MuHUMHU3anuu. JlelicTBUTE/IFHO, MOXKHO
MOKAa3aTh, YTO BCe MPUBEJEHHbIE BBITITe (hDOPMYJIBI OCTAIOTCS B CUJIE, €CJTH BMECTO OOBITHOI
337249 0e3yCJOBHON MUHUMH3AIUK B 1Mo w pemaTh 3ajady O MHHEMH3AIun B 1o w
na muoxkecrse (4.4). ITosromy Gubiamoreka nporpamm 6.M. Oblaa COCTABJIEHA B JIBYX
BapHAHTAX: C ydeToMm orpanudenuii Buga (4.4) u 6e3 ux yuera. B merome jmHeapusanun
BEKTOD 0w WIIETCst pu orpanndenusx (3.7) u npu yeaosun a < ws + dw < b.

B pdae 3aJa4 HaKJdaAblBaeTCd JOIIOJTHUTE/JIbHOE OI'PaHuIeHne Ha CKOPOCTb U3MeHe-
HHUA YIIpaBJI€HUA:

du(t)/dt] < c. (4.5)

Eciu t; m t;;1 — cocejjnue TOYKU CETKU MHTEIPUPOBAHUA 110 T, TO B JMCKPETHOM
BapuaHTe NPUBEJIEHHOE OI'DAHUYEHNE TIePENUIeTCsl B BU/Ie

[TosryaeHnbIe JBa OrPAHNYEHIS MOYKHO OTHECTH K orpanndennsm 12, TIpu ucnoabp3oBannm
dopmyit § 1 17151 TPOU3BOIHBIX CAEAYET YIECTh JTOMOJTHUTETHLHBIE C/IATAEMbBIE B CBSI3W C TEM,
YTO OTPpAHUYEHUs Ha ¢-M Iare 3aBUCIAT He TOJbKO OT U;, HO U OT Uj41.

Bamernm, 4To orpaHnveHust (4.5) MOKHO BBECTH HCKYCCTBEHHO JIJISl PETYJIsipU3AIUN
3a/1a41. AHAJIOIMYHO MOXKHO Yy4YeCTh yCJIOBHsl 3ana3apiBanus B cucreme (1.1).

[Ipu oThHICKAHUU ONTUMAJIBHBIX HMPOYHOCTHBIX KOHCTPYKIUiI Tpedyercs, 9To0bI
yupasJ/ienne u(t) Ha HEKOTOPbIX 33/ JaHHBIX HHTEPBAIAX A = [tj, tj—H'j] OBIIO TTOCTOSTHHBIM.
Jlna ydera storo daxrTopa cjeayer 3aJiaThb HAadaJIbHOE YIpaBJeHUE, YIOBIECTBOPAIONIEe
yKa3aHHOMY TpeOOBAHHIO, & B JAIbHEHNINX pacderax B KadecTBe dB/dujs, tae tjs € Aj,
OpaTh CyMMy NpOW3BOAHBIX dB/dujs, THe CyMMHpOBaHUE BEIETCS MO BCEM HHIEKCAM
TAKUM, 4TO0 tj5 € Aj.

Cormnacuo [5| mpuMenenme COBpeMEHHBIX METOJOB perrenus 3azadum I pesko
OCJIOZKHSeTCs, ecn (DYHKIUOHAT IMeeT BH]

T

I = max v(z(t), u(t),t), I, = / lo(x(t), u(t),t)|dt.

0<t<T
0
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Hecwmorps va TO, uT0 v — nuddepennupyemas GpyHKIHMS CBOUX apryMeHTOB, (ODYyHKIIMOHA-
abl [y u Iy nudbdepeHIIUpyeMbl JTAIIH IO HAIIpaBIeHn0. B mepBom ciiydae BBeeM JOMOJ-
HUTE/IbHBINH yIpaB/sionuii napamerp &, 1o KOTopoMy OyjeM IPOBOIUTH MUHUMHUBAIMIO,
n HOBOE€ Or'paHMYeHue, IMOJIO2KHB

L =€, v(x(t),u(t),t) <E&.

Bo BTOpOM Cilydae MCIOIb3yeM OOBIMHBIN IIPUEM: BBEJEM HOBOe ynpasjienue 4(t) u asa
OTpAHWYEHU, TTOJIOKNB

L= / at)dt,  —v(z(t),ult),t) < alt) > v(z(t), ut), t).

Munnmusanug Begercs no u(t) m 4(t). 3azaum B 060MX Coydasgx CBeJeHbl K By L.
Hukakux nemuddepennupyeMbix (pyHKIuil He BO3ZHUKAET, U BCE METOIbI MOI'YT OBIThH
npuMeHeHbl 0e3 KaKuX-In00 JTOMOJHUTEJIHHBIX MOmupuKanmii. AHaJIOTHIHBIM 00pa30M
MOZKHO PEeJIyIUpOBaTh HPOCTENIne MUHUMAKCHbIE 3aj1a4u [21].

§5. IIpumep 4MCIOBBIX PACYETOB

V3 60obmI0ro 4nca pasHoOOPA3HBIX MPAKTHUYECKUX 3a7a9, PEIIeHHBIX C MTOMOIILIO
onucaHHoit 6ubJIMOTEKN, MPUBEAEM JIUIITh OJIHY, MOCBSIIEHHYIO ONTUMU3AINNA JIBUZKEHUS
JIeTaTeIbHOTO amnmapara (J.a.). YPaBHEHHUs JBUKEHUsT OMUCHIBAIOTCS CJEYIOIIeii cuc-

TEeMOIL:
& =V cosfcos, y=Vsinf, z=—V cosfsiny,

GV = g(kyPcosa — CpgS — Gsinf), G = —C,, (5.1)
V0 = g(kyN cos~y — cosf), YV cosl = —gko N sin .

31ech x, Yy, Z — JAEKaPTOBbI KOOPJAUHATHI JI.a., V — MOJY/Ib BEKTOPa CKOPOCTH, § — yroJ
HAKJIOHA TpaeKkTopuu, ¥ — yroa Kypca, G — Bec, & — yros ataku, 7 — yroj KpeHa,
kl — Be€JIMYWHa TATU ABUTATEJIA, OTHECEHHAd K MaKCUMAJIbHOMY 3HAYEHUIO TATH P, kg -
BEJIMYMHA TIePerpy3Ku, OTHECEHHAST K MaKCUMAJIbHOMY 3HadeHuto N, k3 — OTHOCHTETbHAS
BEJTMYMHA TOPMO3SINeil cuabl, S — XapakTepHas IIOMaab J.a., C, — Kodbdumnment
J060Bor0 conporusienus, g = 9.81m/cex?, ¢ — cxopocrnoit manop, Cs — CexyHHbIi
pacxo/| TOIIHBA.
Wcnonab3oBaauch cieayomniue 3aBUCHMOCTH:

q=py)V?/2, p(y) =3.3-1071%2 —1.155 - 1075y + 0.125,
P =[10+V?/a?(y)](2500 — ) /12.5, a(y) = 340.3 — 4.08 - 1073y,

kaNG
=7 P Aa.C s — V. 2(ky — 0. QkP — 2
= P1dogs Cn = 0742k =037k P/3600, S =55m,
S 150000
N = min (qg G 8) ,Cp = 0.02 + 3.174a2 + 0.03ks.

Ha yhpaBJjeHud HaJIO?KEHbI OI'DaHUY€HUA:
005<k <1, 001<hk <1,  0<ks<l,

. . ) 9.2
|k1] < 0.2, |ka| < 0.25, lks| <1, |9 < 1.57 pay/cek. (52
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Havasbubie 3Havenns ¢pa30BbIX KOOPJAWHAT U YIPABJICHHI CJIeIYIOIIHE:

x=2z=0, y = 5000 M, V =300m/c, =20=0,

G =20000xT, k=1, hko—=1/N, ky=0, ~y=0. (5-3)

Hnst cucremsr (5.1) niyres ynpasienust ky(t), ko(t), ks(t), v(t) Takum o6pazom, 910661
OHHI YIOBJIETBOPSIH yCaOBUAM (5.2) U MepeBOANIN J.a. 3a Kpardaiimee Bpems u3 (5.3)
B 00J1aCTh, 33/]ABAEMYIO YCIOBUSMHE

y = 7000 m, 0=0, Y = —m, ke = 1/N, v =0. (5.4)
B kavecTBe HAYAJBLHOTO YIPABICHUS ObLIO B3ATO CJIeLyIOHIee:

k1 (t)

1, ko(t) = 0.3, k3(t) =0, ~(t) = 1.5sin(wt /1Y), T = 21 cek.

Baaua pemragach OITb0 MeTogaMu. UToOLI OoJiee 4eTKO IPOCIeIUTh IPOIECC CXOI-
MOCTH, JJI PEIeHus 33a91 0.M. BCET/Ia UCIOTB30BAJICS OJIMH U TOT YK€ MEeTOJ] COMPSKEH-
HBIX I'DAJUEHTOB, PACYEThl 3aKAHYMBAJUCH JMOO 1pu BbIOJHeHHH (3.2), mbo Korja
KOJIMIECTBO MTAroB IpeBocxoauio Beananny [D. Obosnaunm depes T’ Tekyimee B MPOIECCe
pacueros 3madenue (ynknmonasa (Beanmdanny spemenu mepexoga u3 (5.3) B (5.4)). Ha
durype mokazano, Kak n3MeHsJIaCh BeJUYNHA | B 3aBUCUMOCTH OT BPDEMEHU PACYETOB tq
Ha 9BM B9CM-6. Toukn — 3uadenus 7' B MOMEHT OKOHYAHUSA KayKJI0i S-il MTepalui,
B IPOMEXKYTKAX HPOBOJAU/IACH MHTEPHOJIsAnus. HoMepa KPUBBIX COBIAIAI0T C HOMEDAMU
COOTBETCTBYIOIIUX aJrOPUTMOB, TpuBeJeHHbIX B § 4. Meroast 3, 4 TpeboBain 3HaHUS
JIBOWCTBEHHBIX MEepeMeHHBIX. [[09TOMYy OHW HMCITOIB30BAJINCH JIWIIH TTOCIE TOTO, KaK OBLIT
clleJIaH OJIWH IIar MO MeTOAy ITpadoB.

[TomuepkHeM, YTO Ha TPOIECC PACYETOB B 3HAYUTEJHHOU CTENMEHU BJIHAET YIATHBIH
BBIOOD MMapaMerpoB METO0B. ABTOPHI HE MPOBO/IU/IN CHENUATHLHON ONTUMUBAINUN 110 HUM
U He TBITAJNCH MOy IUTh “PeKopaHbe” pe3yabraTbl. OOBITHO KaZKIBIM METOIOM JIeJ1a/10Ch
2-3 mpocUera, a HaWJIydInil pe3yabTaT npuBeieH Ha (urype. Bouinm B3saTH ciieayrorime
napaMeTphl.

Jaa merona 1: Ry =1074 ry=b=1,v=15 u=0.9, D =100, ¢ = 1074
) = 0.5/(1+0.55), D = 100.

Host meropa 4: 7 = 10, e(s) = 0.5/(1 + 0.05s), D = 100.

s)=0.1/(1+s), D = 100.

s) = 0.01/(1 + s), D = 200.

Hnst merona 3: 7 = 10, (s

g metona 5: ng = 10, €

—~

g metona 6: 1y = 10, €

Bo Bcex caydagx menasach paBHOMepHas CeTKa IO HE3aBUCHMON IepeMeHHoil ¢ k =
= 51 mHTErpHpOBaHUEe BEJIOCH 10 CxeMe Diljiepa, MCXO/HAs 33/a49a CBOJU/IACH K 3aja4e
HEJIMHEWHOI0 TPOTIPAMMUPOBAHUs, B KOTOPOI OTHICKUBAJICA MUHUMYM 110 205 1iepeMeHHbIM
npu Hajanawu 702 orpaHWYeHWil THTAa HEPABEHCTBA W O OTPAHWYEHWI TUITA paBeHCTBA.
Orpanndenns “mapaJsieenune THOro” THIa YIAThIBAIICH B MeTO/Ie Oe3yCJTOBHON MITHIMU-
3a1uu, OCTAIbHble OrPDAHUYEHHs OBLIH OTHECEHbI K orpannvenusiM Bujaa (1.9). VIx kosin-
gecTBO paBHO 405. Takyio ke pa3MepHOCTb UMeJT BEKTOD JIBOMCTBEHHBIX MTEPEMEHHBIX .
Pacdernl 110 MeTo/1aM 1peKpaiiaanch, ecj JBa MOCAeyIONuX 3uaderus 1’ oTim4a/anch
Menbine geMm na 1074 U3 ¢urypsl BHAHO, UTO HAMOO/BIIEH CKOPOCTHIO CXOJINMOCTH
obnaaoT Meroanl 4, 3. llpuemsemas TodHOCTH ObLIA JOCTUrHYTa 3a 25 MuH. MeTosn
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mrpadoB morpeboBas 6osee qaca, 9TOObI MOJTYIUTH OJIM3KHE pe3yabTaThl. [lpu ucmob3o-
BaHUU MeToja 6 MPHUILIOCH YBEIUUYUTh TOYHOCTH PEIIeHus 3aJa4u 0.M. II0 CPaBHEHUIO
C METOJIOM 5, TaK KaK B IIPOTHBHOM CJIydae IOCJIe BTOPOro Imara mojiydaiach Bejimanna T,
IIPpeBOCXoAdIIad OIITUMAJIbHOE 3HaYC€HUC. HeCMOTpH Ha 3HaYUTEJIbHbIE YCUJIUA, aBTOPpaM
HE yJAJI0Ch C TIOMOIIBI0O METO/IA JIMHEAPU3AINHU MOy IUTh Pe3yJIbTaThl, CIIOCOOHBIE KOHKY-
PUPOBATH C APYTHMHI METOJAMU, U IIOITOMY OHH He OBLIH IpPEeICTAaBIEHBl HA PUCYHKE.

T, cex

)

20

3

4
15

6
10 == {1, MUH
0 10 20 30
®ur.1

Onucannas OuOJIMOTEKa MPOIPaAMM HCIOIH30BAIACh JIJI PEIleHus MHOTHX JPYTUX
3ajad. B [22|, B wacTHOCTH, JAHO pellleHHe 3aJavd ONTUMAJLHOTO MPOEKTHPOBAHUSI
CUJIOBBIX KOHCTPYKIUIA, pereHa urposas 3aja4da Aiizekca 0 J101uX00PaXucTOXPOHE.
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