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O PASPEILIMMOCTM 3AJIAYY HEJITMHEMHOM ONITUMU3ALIANA
KOJIEBATEJIBHBIX MTPOLECCOB C OT'PAHUYEHUAMMU HA YITPABJIEHUE

A. Kepumobexos, C.b. [Joyn6exosa

ViccnepoBaHa 3apada HeNMMHENHOro OMTMMAnbHOMO yrpaBneHus KorebaTtenbHbIMK NpoueccaMu B CryyYae BbipoXxae-
HMS yCrNoBKSA ONTMMAanbHOCTK B BUAe paBeHcTBa. KpuTeprem kadecTBa ynpaBnsemMoro npouecca sBnseTcs MUHUMU-
3auUmMs MHTerpanbHoOro yHKuMoHana. ViccnengosaHme NpoBOAMIOCH C UCMONb30BAHNEM MOHATUA 0006LLEHHOTO pelLue-
HMS KpaeBoWn 3afayn ynpasnsemoro npouecca. CornacHo obLLen3BeCcTHOW MeToAMKe TeopuM ONTUMaIIbHOrO yrpas-
TIeHVsa BblYMCIIEHO npupalleHne yHKUMoHana n uccnegosaHa dyHkumsa tuna MoHTpsrvHa Ha makcuMyMm B obnactu
AOMYCTUMbIX 3HaYeHWA PyHKUMK ynpaBneHus. BeinucaHbl YCNoBUSi ONTUManbHOCTK YNpaBneHns B BUAE paBeHCTBa
1 onddepeHUnanbHOro HepaBeHCTBa, KOTOPble AOMKHbI BbIMOMHATLCA OAHOBPEMEHHO. YCTaHOBMEHO, YTO UCKOMOe
ynpaeneHne yaoBneTBopseT 6€CKOHEYHOMEPHOW CUCTEME NMHENHbBIX MHTEerpanbHbIX ypaBHeHUn ®pearonbma nepeo-
ro poAa, paspeLuMoCcTb KOTOPO UcCreaoBaHa onepaTopHbiMM MeToaamu. [lokasaHo, YTO onepaTopHOe ypaBHEHWEe
nmeeT GECKOHEYHO MHOFO pelleHuii 1 pa3paboTaH anropuTM ux noctpoeHus. flanee yHKUMOHAN MUHUMU3MPYETCA
Ha MHOXEeCTBE pEeLLEHU OnepaTopHOro ypaBHEHNSA N MOXET UMETb OAHO WM HECKOMbKO PeLueHuin. Takum obpasom,
HalijleHHOe ynpaBrieHne HasbiBaeTCs 0COObIM ONTUMarbHbBIM YNpaBneHneM.

Knrouessle criosa: 0606LeHHOE pelleHune; (byHKLWIOHaJ'I; ApPUHUMN MakCUMyMa; yCrioBusa OoNTUMaribHOCTU; CUCTEMA UH-
TerpanbHbIX ypaBHeHI/II7I d)pe,qronbma nepBoro poaa, ocobble ynpasreHua.

TEPMEJIYY NPOLIECCTEPUH BAILIKAPYYTA UEKTOOJ10P KOIOJITAH YUYPIA
CBI3BIKTYY OMEC OITUMAJIJALITBIPYY MACEJIECUHUH YbIT'APBLIJIBIIIBI )KOHYH/1O

A. Kepumbexos, C.b. [loynbexosa

Byn mMakanaga TeHOeWTVK TYPYHAS OnTUManayynykTyH wapTel 6y3ynraH ydypaa TepMernyy NpoLecCTepUH Chi3bIKTYY
amec onTumangyy Gallkapyy macenecu uaunaeers anbiHraH. balukapbinyyyy npoLeccTH canatbiHbiH KpUTEPUAN UH-
Terpanablk YHKUUSHBI MMHUMandawTeipyy 6onyn caHanat. Mavungee 6alukapbinyy4y npoLecCTUH YEKTUK MacenecuHe
XanmnblnaHraH Ybirapbibill TYLLIYHYTYH KOTNZOHYY MEHEH Xypry3ynreH. Ontumanayy Galukapyy TeOpUsiChIHbIH Genrumnyy
MeTOoA0NOMMsCbIHA binaibik, (MPYHKLUMUSHBIH ©CYYCY 3CenTenmnHeT xaHa MoHTpsrH TMBuHaern pyHKumMs Galukapyy dyHK-
LIMSICBIHBIH KON GepuireH MaaHUNepuHUH AManasoHyHaa aHbiH MakCUMyMyHa YeiiuH uaungeHeT. Ontumangyy Gai-
Kapyy LwapTTapbl TeHUMNOMK XaHa AuddepeHumanablk TEHCU3AVK TYPYHAe Kasbinat, anap 6up ybakra atkapbinyyra
Tuinw. KepekTyy 6alukapyy 6upurHUmM Typaery cbisblkTyy ®pearonibM MHTErpanablk TeHAeMenepuHUH YeKCU3 enyemMayy
cucTeMacbliH kaHaaTTaHAblpapbl aHblKTanraH, aHblH Yblrapbifblllbl onepaTopayk bikmanap MeHeH usungeHreH. Onepa-
TOPAYK TEHAEMEHWH YEKCU3 Ken YblrapbifblluTapsl Gap aKeHU AanueHreH xaHa anapibl TY3YYHYH anropytMu uwTe-
1N YbikkaH. AHAaH apbl OYHKLMOHAN onepaTopayk TEHAEMEHVH KeMNTereH YbirapbinblTapbiHAa MUHMMANAALUTbIPbIA-
raH xaHa Gup xe GUp Heye Ybirapbifblllka 33 GonyLly MyMKyH. OleHTun, TabbinraH Gallkapyy earede onTumangyy
Galukapyy Aen atanar.

TyliyHOyy ce3dep: xannbifaHraH Ye4nM; yHKUMOHANAbIK; MakcuManayy npuHLMA; onTUMangyy LapTrap; GupuHum
Typaery ®pearonbm UHTErpanablk TEHAEMENEPUHNH CUCTEMACI; 83reye Balukapyy.

ON THE SOLVABILITY OF THE PROBLEM OF NONLINEAR OPTIMIZATION
OF OSCILLATORY PROCESSES WITH CONSTRAINTS ON CONTROLS

A. Kerimbekov, S.B. Doulbekova

The article investigates the problem of nonlinear optimal control of oscillatory processes, in the case of degeneration of
the optimality condition in the form of equality. The criterion for the quality of the controlled process is the minimization
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of the integral functional. The study was carried out using the concept of a generalized solution to a boundary value
problem of a controlled process. According to the well-known methodology of the theory of optimal control, the
increment of the functional is calculated and the function of the Pontryagin type is investigated for its maximum in the
range of admissible values of the control function. The conditions for optimality of control are written out in the form
of equality and differential inequality, which must be fulfilled simultaneously. It is established that the desired control
satisfies an infinite-dimensional system of linear Fredholm integral equations of the first kind, the solvability of which
was investigated by operator methods. It is proved that the operator equation has infinitely many solutions and an
algorithm for their construction is developed. Further, the functional is minimized on the set of solutions to the operator
equation and may have one or more solutions. Thus, the found control is called a special optimal control.

Keywords: generalized solution; functional; maximum principle; optimality conditions; system of Fredholm integral
equations of the first kind; special controls.

Beenenne. B padorax [1—4] ObutM MCCIeIOBaHbI 3a/1a4W HETMHEWHOW ONTHMU3AIUK B CITyYasx, KOTra
JIEHCTBHA BHELIHUX BO3MYUIAIOIIMX CHUJI XapaKTePH30BaINCh HEMOHOTOHHBIMH (OTHOCUTENHHO YIPABJICHHU)
¢dynkuusmu. MccnenoBanus MpOBOIMIMCH IPU OTCYTCTBUH OIPaAaHMUYCHHUHA HA YIIPABJICHHUS.

B nmpunoxeHusx BcTpeyaroTcs 3aJaudl YIpaBiIeHUs KoneOaTelbHbIMH MPOLECCaMH MPU HAIWYHM Orpa-
HUYCHHUS Ha YNPaBISIONMX Mmapamerpax. HecMoTpsi Ha oOwine HWCCIeOBaHUH YyIpPaBIsIeMbIX TPOIECCOB,
OMMCHIBAEMBIX B YaCTHBIX MPOU3BOJIHBIX, TAKUE 3aJa4l M0 UCCIEIOBaHbI U He pa3paboTaHbl KOHCTPYKTHUB-
HBIE METOJIbI MX PEIICHHUs. B 3TOM HampaBIeHUU U3BECTHO OYeHb MaJio paboT. B 1aHHOM cTaThe I yIpaBis-
€MBIX Kosie0aTeIbHbIX MPOLECCOB, OMUCHIBAEMbIX YPABHEHUSIMHU B YACTHBIX IIPOM3BOIHBIX BTOPOTO MOPSIKA,
WCCIICIOBAH CIIy4yal MOsIBJICHHsI 0COOOTO YIpaBJICHUS W Pa3padoTaH allTOPUTM IOCTPOSHHSI 0co00ro ONTH-
MaJIbHOTO yIpaBJICHUS.

IMocTaHoBKA 3a7a4u HeJIMHelHO# onTuMM3auu. PaccMoTpuM 3anady, e Tpedyercs MUHUMHU3HPO-
BaTh 00OOIIEHHBIN (DYHKIIMOHAI:

1 T1
J[u(t,x)] = J.[Vt (T,x) —§(x)}2 dx+ﬂ”.p[t,x,u(t,x)} dxdt, >0, (1)
0 00
Ha MHOXECTBE PellleHHil KpaeBoil 3a1auu:
V,=V,+f[txu(tx)], 0<x<l, 0<i<T, 2)
V0,x)=y,(x), V. (0,x)=y,(x), 0<x<l, 3)
V. (6,00=0, V.(,)+aV(t,1)=0, 0<i<T, )

B CJlIy4dac, KOrjga Ha YHInpaBJICHHA HAJIOXKCHbI OTPaHUYCHUA CIICAYIOMICTIO BUAA:

N= {u(t,x) e HO)|/, [t,x,u(t,x)] =0, p, [t,x,u(t,x)} = 0} . (5)

DTH OrpaHUYEHHUS CYKAIOT KJIACC JOMYCTHUMBIX YIIPABICHUHN, U MOKET OKa3aThCsl, YTO M3BECTHBIE METO-
JIbI PEIICHUSI 3a/1a4 HETMHEHHON ONTUMH3AIMY CTAHYT HEIPUTOJHBIMU. B 3TOM CBSI3M BO3HUKAET HEOOXOH-
MOCTb Pa3pabOTKH HOBOI'O METOJIA PELICHHS TIOJ0OHOT0 Po/a 3a/1ad.

Ipu wccrneqoBaHWKM JaHHOM 3a7aud OyJeM IOJb30BAThCS MOHATHEM OOOOIIECHHOrO PELICHHS Kpa-
eBoil 3ajmaunm (2)—(4). Kak mokazaHo B pabote [5], 000OIIEHHOE pEIICHHE CYIISCTBYET KaK JJIEMEHT
runsGeprosa mpoctpanctea  H(Q), tme O=(0,1)x(0,T), u wumeeT 06OOUIECHHbIE MPOM3BOTHBIE:
V(t,x)e HQ) u V,(t,x)e H(Q). Tlpu stom byuxumn ¥, (x)e H(0,1), v, (x)e H,(0,1), &(x)e H(0,1)
, & QyHKIHH f[t,x,u(t,x)} eH(Q) n p[t,x,u(t,x)] € H(Q) cumrarorcs 3aJaHHBIMU, TIpUYeM (DYHKIUH
f[l,x,u(t,x)] eH(Q) u p[t,X,u(t,X)] € H(Q) nenuHeHHBI OTHOCHUTENHHO QYHKIMHA yripaBieHus u(f,x)
, ¥ UIMEIOT HETIPEPHIBHBIE TIPOU3BOAHBIE: f, [t, X, u (t,x)] u p, [t,x,u (t,x)] V (t,x) € O, nocrostaHas & >0 ;
T — pukCHpOBaHHBI MOMEHT BPEMEHH.

CornacHo [6], 06001enHoe pemenue V (4, x) onpenensieTcs mo Gpopmye:
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t

V(t,x)= Z W,,CosA t+ %sin At+ ﬂijsin A @=1)f, (r,u)dr |z,(x), 6)
n 0

n=1 n

e ¥,,.V,, u f,[t,u] —xosddummenter dypoe cooTretcTBeHHO GyHKIMIT ¥, (X)W, (X)), f[t,x,u(t,x)].

CoracHO yCIIOBHIO MOHOTOHHOCTH (GyHKIHH [ [t,x,u(t,x)] , 3AMETUM, YTO MEXIY IEMCHTaMH IPO-
ctpancTBa coctosnuii {V(1,x)} n npoctpanctsa ynpasnenuit {u(t,x)} = H(Q) nMeer MeCTo B3aMMHO-OJIHO-
3HaYHOE COOTBETCTBHE.

VYeaosust onrumaasroctu. [Tycts AV (¢,x) npupamenne dyukimu Y (2,X) , cOOTBETCTBYIOIIEE JIOITY-
crumomy npupamenuro Au(f,x) ynpasnenus u(t,x).

Boruucium npupamenue pynkunonana (1):

A ==[[{( [t + 8] = £ [t 5,00, (2, ) -
_ﬂ(P[f,x,u + Au] — p[t,x,u(t,x)])} dxdt + j.AV,z(T,x)dx = ™

T1 1
= —_”AH[t,x, Vt,x), a)(t,x),u(t,x)]dxdt + J.AVt2 (T, x)dx,
00 0

e

AH[ ',u(t,x)] :H[ . u(t,x)+Au(t,x)]—H[ -,u(t,x)], (8)

H[t,x, V(t,x),a)(t,x),u(t,x)] =o(t, x)f[t,x,u(t,x)] - ,Bp[t,x,u(t,x)]. )
COracHO MPHHIMITY MAKCHMyMa, Ha ONITUMAJILHOM yrpasnernn ' (f,X) COOTHONICHHE:

[t x,V(t, x), oft, x), u’(t, x) | = sup TI[t, X,V (t, x), o(t, x), u(t, x)],

ueD

rae D — MHOXKeCTBO JOIYCTUMBIX 3HAYEHHI YIPABIEHHs, BEIIOJIHACTCS mouTy npu Beex (¢, x) € O [7].
VCIoByst ONTUMAIBHOCTH yIIpaBinenus (¢, X) , Kak CJIeJCTBUE IIPUHIIMIIA MAKCUMYyMa JJIs CUCTEM C Pac-
MpeIeTICHHBIMU TTapaMeTPaMU, OTIPEICIISIOTCS COOTHOIICHUSIMH:

IT, (u) = a)(t,x)fu [t,x,u(t,x)] -Bp, [t,x,u(t,x)] =0. (10)

,,Cu)=w(tx) f, [t,x,u(l,x)] - Bp.. [t,x,u(z,x)] <0, (11)
rae o(t,x) € H(Q) sBisercs eAMHCTBEHHBIM 0000IIEHHBIM PELIEHHEM KPAeBOM 3a1au BUJIA:

w, -0, =0, 0<x<l, 0<¢<T, (12)

o,(T,x)=0,o(T,x) + 2[V,(T,x) —f(x)] =0, O0<x<l, (13)

o (tD)+an(t)=0,0.(¢,0)=0,6 0<r<T, (14)

KOTOpasi CONpsDKEHA C OCHOBHOM KpaeBoii 3anadeit (2)—(4).
Venosue (11), conepskamiee Gyukimio @(f,Xx) , SBIeTCS TPYAHO IPOBEPIEMBIM yenoBreM. OIHAKO CO-
racHo (10) ero MOKHO MPUBOAUTH K BUAY:
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/, [t,x,u(t,x)](wj >0.

15
£ [t,x,u(t,x)] (15)
Ha mHoxecTBe N ycnoBre onTUManbHOCTH (15) mpuBOAUTCS K BUAY:
o(t,x,u) =0, (16)
P, (t,x,u)>0. (17)

Terepp HaXoaUM Te€ yNpaBICHUS, UIsI KOTOPBIX UMEIOT MecTo cootHotmenus (16) u (17). [loatomy Ha-
XOJIMM PELIEHUs COTPSHKEHHON KpaeBoi 3a1aun @(f,x) .
Ee pemenne nmeer Bun [8]:

o(t,x) :—2i[K1'(T)—§n]cos/1n(T—t)zn(x), (18)

rae V,,'(T ) — k03¢ ¢unments Pypbe byHKIWMN V, (t ,x) , BBIYUCIICHHBIE B Touke { =T .

MocTpoenne uckomoro ynpasiaenus. Paenctso (16) nepemnuiieM B BUE:

o(t,x,u) = —2i[V;(T) —&, Jeos A4, (T —1)z,(x) =0.

n=1

Otcrona B cuily JUHEHHON HE3aBUCUMOCTH CUCTEMBI (DYHKIUI {zn (x)} OTHOCUTEJIBHO YIPaBICHUS
u(t,X) , MOIyYMM CHCTEMY HEJIMHEWHBIX MHTETPAJIbHBIX YpaBHEHUI DpearonpMa mepBoro poja BHaa:

J.cosl"(T—z')fn (ru)dr=h,, n=123,.., (19)
0

rae

h ==& —Awy, sinAT +y, cosAT, n=1273,...

(20
[anee, BBeiss 0003HAUCHUS:
G,(w)=cosA (T —1)f,(z,u), n=123,.. (21)
cuctemy (19) nepenuiieM B ornepatopHoi Gpopme:
G, (u) h,
T
Glul=|| = r=| " |=h, 22
[ ] '([ Gn (u) h” ( )

rae
IGn(u)dr —h, n=123,...
0

Temnepb ucciieayeM pa3penmMoCTh CHCTEMbI YpaBHEHUH (22).

00
2
Jlemma 1. Bextop / siBisieTcst aneMeHTOM TIpocTpancTea: £, = {(al,...,an,...) | Zan < oo}, Te. hel,.

n-1
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HokazareabcTBo. CorntacHo (20) u (22), HenmocpeACTBEHHBIM BEIYUCICHUEM MMEEM HEPABEHCTBO

© 0 2
||h||f2 = Zhj == Z[éﬂ + A, sin AT -y, cosAT] <
n=1 n=l1
<3N [E 4 2w 4yl < 3{2&3 +(1+ 47 )y, +W§n} <
n=1 n=1
<33+ W O, 0 + 22O <0
- H(0,1) 4 H,(0,1) ilz L] H(0,1) >

13 KOTOPOTO CIIEAYET YTBEP)KICHHUE JIEMMBI.

Jlemma 2. Oniepatop G[u] oroOpaxkaeT npocrpancTso H (Q) B IIPOCTPAHCTBO !
Jloka3areibCTBO.

||G[u]||? =i[]cGn(u)dr] Si[fcosﬂ"(T—r)fn (T,u)] dt <

SiJT. cos’ A (T - r)dr.ff" (7,u dz-<TZJ.f T,u) dT<T“f[txutx]H

(Q)
n=l ¢

W3 nemm 1 1 2 ciieyet, 4To ornepaTopHoe ypaBHeHue (22) MOKHO pacCMaTpuBarh B IPOCTPaHCTBE £
VYpaBHenue (22) nepenuiieM B BUE:

S N

1
JG t x t x,u(t,x)]dxdt =h,
0

(23)
rae
G[t.x]=| G,(t,x)|, G,(t,.x)=z,(x)cosA, (T —1).
ITonaras,
ftxu(t,x)]=v(t,x), (24)
ypaBHeHHE (23) TPUBOANM K BUAY:
T1
” [£,x]v(t, x)dxdt = h. (25)
00

Pemenue ypaBuenue (25) umiem B BUE:

v(t,x)=G" [t,x]a +7, (26)

e a {al yees A, ,} — HEU3BECTHBIN [TOCTOSIHHBIA BEKTOP; ¥ — IMPOU3BOJIbHAsS MOCTOsHHA. [loncraBum (26)
B (25), moiy4YuM COOTHOIIICHUE:

T1 T1
'(I)"([ tx G [t x]dxdta h— _(['([ tx dxdt, @7
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KOTOpOE, BB/ 0003HAYCHUS:

A=

O'—.H

1 T1
J t x G [t x]dxdt Ijé[t,x]dxdt:q,
0 00

MIEpETHIIEeM B BHJC OECKOHECUHOMEPHOHN HEOTHOPOIHON CHCTEMBI alITeOpanyecKiX yYpaBHCHHUI:

Aa=h-yq,
KOTOpas, B OTlepaTOpHOi (hopMe UMeeT BU:

Ala]=h-7yq, (28)
e A[a]= Aa.

Jiis mroGoro BekTopa 77 = {771 ,...,77",...} €/, kBagparnuHas popma:

n'An=n jj [2, x| dxdn = II“G[t x]?]H dxdt >0,

00

T. €. HCOTpULaTCIbHA. J4 3 PaBCHCTBA

=(ZG [t,x]nnjz -0

HUMCEM COOTHOUICHUC:

HG [t,x]n

ZZn (x)cosA (T -Hn, =0,

n=1

KOTOPOE B CHJIY JIMHEHHOM HE3aBHCUMOCTH CUCTEMbI ()YHKIIHIA: {Zn (x)cosA (T -t )7],,} , IMEeT MeCTO JIHILb
opu: 17, =0, n=123,..
Takum 00pa3oM, MBI TTOKa3aaM, 4To oneparop A= A-a SBIAETCS MOJOKUTENLHO-ONPEAENEHHBIM. [1o-

-~ 9 -1 -~
3TOMY CYLIECTBYET OOPATHBIN OrpaHUuYeHHbIH onepatop A [9] Takoii, uto

4 [y]"/,z <Mly|,, . M=o (29)

o -1
IeiicTByst Ha orneparopHoe ypaBHeHue (28) ciieBa 0OpaTHbIM oniepaTtopoM A~ HaxXoquM, YTO BEKTOD

a=A4"(h-yq), (30)

KOTOPBII SIBIISIETCS] €AMHCTBEHHBIM PEIICHUEM OTIEPATOPHOTO ypaBHEHHS (28), IpH KaIoM (BHKCHPOBAHHOM
7. HalieHHbIii BeKTOp & ToACTaBUM B (206), ¥ TOTYYUM PEIICHHE HHTETPAIBHOTO OMEePaTOPHOTO YpaBHEHUS
®penronbpma repBoro poja (25) B CIEIyIOIIEM BHUIE:

v(t,x) =G (,x) A (h—yq)+y =v(t,x,y). (31)

Jlanee, B cuny ycnosus f, [£,x,u(t,x)]# 0, cormacho Teopeme o HesBHEIX [10] dyHKimax u3 (24) Ha-
XOJIMM, YTO

u’(t,x) = p[t,x,v(t,x)]| = p[t.x,v(t,x,p)]| = u’ (t,x,7) . (32)
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Dta QyHKIHS MPYU KaKJI0M GUKCHPOBAHHOM ) SIBIISICTCS PEIICHUEM CHCTEMbI HETMHEHHBIX HHTETPAITb-
HBIX ypaBHeHHI Dpenronbpma repBoro poja (23).

v 0
Taxum 06pa3oM, yCTaHOBJIEHO, 4TO ypaBHeHue (23) MMeeT GECKOHEYHO MHOTO petmenuii U (¢,X,7) .

Munnvusanus dynkuuonana. Ha ynpasnernsx u’ (4, x,7) umeer mecto paserctso V, (T,x) = &(x) =0
u ¢pyHknuonan (1) mpuBOIUTCS K BHIY:

J[u0 (t,x,)/)] = J[Vf (T,x)- f(x)]z dx + ,BJ. Ip [t, x,u’ (t,x,y)]dxdt =
” ° v (33)
= B[ [p[t.x.0 (t.x.7) |dvdt = (),

KOTOpBIﬁ MOXXHO paccMarpuBaThb Kak (l)yHKLII/IIO OT mapameTpa J. HOCKOJ’ILKy Y SIBISICTCS HpOHSBOJ’ILHOﬁ

- 0
MMOCTOSIHHOM, 3HaUE€HUE ', HAa KOTOPOM (DYHKIIHS CD( 7) JIOCTUTAET a0COTOTHOTO MUHUMYMa, HAXOIUM U3
CJIETYIOIINX COOTHOILIEHUH:

D'(y)= ,BIIpu [t,x,uo (t,x,y)]uf (¢,x,7)dxdt =0, (34)

cp"(y):ﬂﬁ putoxal (t7) o (7)) dxdt > 0. (35)

00 +p, [t,x,uo (t,x,y/)]u;’y (t,x,7)

9 0 0
HpeZ[HOJ'IO)KI/IM, YTO 3HAYCHHUE ), HAUJICHO. Torma MoxxHO IOKa3aThb, YTO HA YIIPaBJICHUU U (t, X,y ) BbI-
TIOJIHAIOTCS yCJIIOBUS:

D, [l,x,uo (t,x,y/o )] =0, p,, [t,x,u0 (t,x,}/oﬂ >0, V(t,x)e0.

3akoueHue. B 3aauax HeNMMHEHHOW ONTUMH3AIMN CUCTEM C PACTIPEACICHHBIME TapaMeTpamu, GpyHK-
umu BHemHero Boszeiictus [ [¢,x,u(t,x)| u Mummmmsnpyemoro dynkmmonana p|f,x,u(t,x)], nemmmeii-
HBI TI0 (PYHKIHOHAJIBHON IepeMeHHoi u(Z,X). B 3TOM cilydyae NPHHIMI MakKCHMyMa CIEIYET [PUMEHSITH,
YUYHUTBIBAsI TC WJIM WHbBIE CBOMCTBA ATUX (DYHKIIHMI, KOTOPBIE CYIICCTBEHHO BIUSIIOT Ha PAa3pelInMOCTh 3a/1a4u
ynpassenns. Hanpumep, B citydae, korma Gyaxuun f[¢,x,u(t,x)] u p[t,x,u(t,x)] MonoTOHHBI 1O (yHKIIHO-
HaILHOM nepeMennoil u(f,x), 1o f, [t,x,u(t, x)] =0, p, [t,x,u(t,x)] # 0, ¥ COMIaCHO MPHHIUIY MAKCUMYMa
ONTUMAaJIbHOE YIPABICHUE ONMPENEISIeTCs] KaK eMHCTBEHHOE PElIeHHe HEeJIMHEWHOT0 MHTErPabHOTO ypaB-
Henuss OpearoiabMa CrernrdUIeckoro BU/a, KOTOPOe HENMHEWHO o U(f,X) BBIpOKEHHE CONEPKUT KaK IO
WHTErpajoM, Tak U BHE uHTerpana [10—-12].

Eciau ke 3amady HEJIMHEWHON ONTUMHU3AIMU PELIMTh MPH OTPAHUYCHHSAX HA YIPaBICHHE BHUJA
A [t,x,u(t,x)] #0 u p, [t,x,u(t,x)] =0, To, KaK MOKA3bIBAIOT PE3YJILTAThI JJAHHOTO UCCIIEIOBAHMS, TPUHIIAIT
MaKCHMYyMa BBIPOXKIAETCSI U HCKOMOE YIIPABJICHHE OMPEIEISIETCS KaK pPelleHne 0€CKOHEYHOMEPHON CHCTEMBI
HMHTETPAIbHBIX ypaBHEHUH Ppearonsma MepBoro pona, KOTopas nMeeT 6eCKOHEYHO MHOTO peteHui. Takum
00pa3oM, MOSIBIISETCS HOBas 33/1a4a 0TO0pa ONTUMAILHOTO YIpaBaeHust (MIM ONTUMAJbHBIX YIIPABICHUIT) U3
9TOr0 CEMENCTBA PELICHUH.

W3 puBe/ICHHBIX CITy4YaeB HETPYIHO 3aMETUTh, UTO 3a/1a4H HEIMHCHHON ONTUMU3AIMN OYCHb YyBCTBHU-
TEJbHBI K M3MEHEHUSM CBOMCTB MapaMeTpOB.

Pe3ynbrarsl JaHHOTO MCCIEAOBAHKS MOTYT OBITh MOJE3HBIME TPH PEIICHUH MPUKIAIHBIX 3a1a4 U Pa3-
paboTKe HOBBIX METOIOB KAYECTBEHHOTO MCCIIECA0BAHMS M KOHCTPYKTUBHBIX METOIOB PEIICHUS HETUHENHBIX
3aj1a4 ONTUMAJLHOTO YIPABICHUSI CHCTEMAMH C PACIPEICIICHHBIMU TapaMETPAMH.
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