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OBLUASI XAPAKTEPUCTHKA HCCJIEAOBAHHSA

ARTYaNbHOCTD TeMbl ANHCCepTALIM. B MaTeMaTHUECKNX MOAENAX MHOTHX
NPOLIECCOB, AE BHEWHNE BOIACHCTBIA ABNAIOTCA NEPHOMMUECKHMH, BOSHHKAIOT
(yHKUMN, KOMIOHEHTHI KOTOPBIX MEHAIOT 3HAKH Ha MOGOM JOCTATOMHO GOMNBIIOM
HHTEpBane, TO eCThb ABNAIOTCA Konebnowimuca, Takue xe Konebanua BOIHHKAIOT
BO MHOTHX yNpaBiseMbIX npoueccax.

B macrosmee Bpems METOAL TEOPWH ONTHMANLHOTO YMpaBNEHHA C
pacnpeie/icHHBLIMI napameTpami Bce Gonee NPOHHKAIOT B PasiHuHbIE OTPach
Haykn ¥ Texuuku. [losTomy mccnenosamme MaTemaTHueckux —Moaeneii,
onuceiBaeMbIX AnddepenunanbHLIMI YPaBHEHHAMH B HaCTHBIX NPOH3BOAHLIN WIH
HHTerpo-audepeHUNaNbHLIME - YPABHEHHAME B YacTHbIX NPOM3BOAHLIX C
HHTErpanbHLIM onepatopom ®pearonsMa i BonbTeppa ABNACTCH AKTYanbHBIM.
Oanako  3ajmaum ¢ KoneGaTeNibHBIMH  MPOLECCAMM,  OMHCHIBACMBIMH
¢$pearonsMoBLIMH HHTErpoO-AH(depeHUHANLHBIMI YPABHEHHAMI MaNO0 H3Y4CHbI,
uMmeerca nnwb  HebGonbuwioe konuuectBo paGor A. Kosanesckn (2011),
A. X. Xypwyasna (2014) n ap.

B imccepraumm  MCCNEROBaHBl HENMHEiHBE 3a7a4M € YNPYrHMK
kone(?'auumu, OmiCHIBacMbLIMH  (pearonsMoBo  HHTErpo-andpepeHUHANBHBIMH
yYpaBHEHHAMH B CyuasX, KOrAa KoneGanis NpoHCXOAAT noa aeiicraiem oaHOro
TOMEUHOTO NOABIDKHOTO MCTOMHNKA M KOTZA BHeWlHee Bo3aeficTBie
COCPEeIOTOMEHO B HECKONLKMX (uKcHpoBauubIX Toukax. Ilpm mccnenosanun
YCTAHOB/ICHB JOCTATOMMBIC YCNOBMA ORHO3HAUHON PA3PELINMOCTH  TAKMX
HENMHEHHBLIX 3afa4 NpH  HAIMMMH  OAHOTO M  MHOTOTOYEHHOrO BHELIHHX
Bo3aeiicTauil.

CBsi3b TeMb! AHCCEPTAUMH ¢ KPYNHBIMH HAYUHBIMH NPOrpaMMaMHu,
OCHOBHLIMH  HAYMHO-HCC/ICA0BATEALCKHMH  paloTamu, NPOBOANMBLIMH
HAYUHBLIMM yupeaaenusmu. Jlicceprauus BLINONHEHa B PaMKaxX Hay'HOro
npoekta Ne KP-05 (momep roc. peructpaunin Ne 0007207) «Maremariieckie
METO/IbI ONTHMAILHOTO TOUCHHOrO YNPaBACHHA TEXHONOIHYECKHMH NpoLeccaMy
OMHCLIBACMLIMK  MHTErpo-AndypepeHUNANBHLIMI  YPABHCHHAMH B aCTHbIX
npoussoansix» (2016 — 2017 rr.) MOuH KP.

Lienan 1 3anaun neeaeaosanust. Liensio anccepraunonHoit paGotst sisetcs
MCC/ICIOBAHNE 3a/aY  HEAHHEHOrO ONTHMANbHOTO YNPABJACHHA  YNPYrHMH
KoneGaHMAMI, OMMCHIBACMBIMN (PEArONLMOBO HHTErpO-AN(HEPeHUHANLHBIMI
YPaBHEHHAMH B ClyHae, KOrJa KoneGaHua NPOHCXOMAT NOA ACHCTBHEM BHEWHHX
TOYEUHBIX HCTOMHHMKOB, M MOJAY4EHHE NOCTATOMHBIX YC/OBHIl CYLUECTBOBAHWA
H CAMHCTBCHHOCTH peLCHHA 3afa4H HENHHEITHOM ONTHMI3ALNI.

3asaun Hecnea0BaHN:

— nocTponTL 06001IEeHHOe pelenne Kpaesoii 3a4aun B cyyae, Koraa
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ynpaBnsemblit konebarensHeiii npouecce onucuisaerca ¢pearonsmoBo nuTErpo-
miduj)epcuwmnmmt YPaBHEHHEM; :

— nocTponTs 06061enHoe pemenne ConpaAKeHHOl KpaeBoii 3anayn;

— MOMYUHTE YCNOBHA ONTHMANbHOCTH MOMBIGKHOIO TOMEHHOro yNpaBnieHHA |
YCNOBHA ONHO3HAMHOI Pa3spelIMMOCTH OCHOBHOI 1 CONpAXKEHHOI1 KpaeBbIX 3aaay
YNpaBiseMoro npotecca.

— TMOCTPONTL pelucHHEe 3a7a4l  HenuHeiTHON  onTHMI3aLH NpH  TOYMEHHHIX
YNPaBNCHUAX M MCCNENOBATL CXOAMMOCTH WX NpHOGMILKEHH no ynpaBneHiio,
ONTHMANLHOMY npoueccy i QyHKuHOHaNy;

— MPMBECTH YHCICHHBIN NpHMep, NoATBep:KAAIOLMIT NONyYeHHbIe TEOpeTHYECKHE
pe3yabTathl. ‘

Hayunas woBusma muccienobanns. Briepsbie, Ha npumepe Toueunoro
YTIPAaBNCHHA yNpyriMi KonieGaHUAMH, OMICLIBAGMBIMI (JPEAroNbMOBO HHTErpo-
anddepeHUNANBHLIMI YPaBHEHMAM, Pa3paboTaH anropHTM NOCTPOEHNS petieHis
HEAMHENHOM 3anaun ONTHMM3ALN 1 ero npuGMIKeHui, Pesynutatel nonyuens
BNEPBbIC MW XapaKTepH3YIOTCR Kak JanbHeiiiee pasBHTHE MeTONOB TeopHH
ONTHMANBHOrO YNPaBAEHHS CHCTEMAMH C pacnpeneneHHbIMH napaMeTpaMH, B
"acTHOCTH, ycTaHoBNCHO, uTO Kod(pduumentst Dypbe 06obuenHoro pelueHs
OCHOBHOIT 1 conpsKenHOI KpaeBbix 3a1a4 MOTYT ObITb OnpeaeneHbl, Kak peleHus
JHHEIHBIX HEONHOPOAHBIX WHTErpanbHbIX ypasuennii Ppearonsma sToporo poaa;
YCTaHOBJICHO, YTO ONTHMANBLHOE YNpPABNEHHE MOXKET GbITh onpeaeneHo, Kax
PEWICHHE HEAHHEHHOrO HHTErPAILHOrO  ypaBHeHNs cneunduueckoro Buma
(mByxKkpaTHas HenmneiiHocTs), YAOBNCTBOPAIOLICE ONIONHHTENLHOMY YCIOBHIO B
BHAC HEPABCHCTBA OTHOCHTENBHO (YHKUMH MCTOMHMKA; HAiifeHb NOCTATOMMbIC
YCNOBHA OJHO3HAYHOIN pa3pelwMMOCTH 33434l HenuHeliHol ONTHMH3ALMH
KONEOATEeNbHLIX  MPOLECCOB,  OMMCHIBACMBIX pearonsmoBbIMH  muTerpo-
AnpPepeHUMATLHEIMK  ypaBHEHHAMN NpH ToueuHOM ympasnenus; paspaGoran
AIOPUTM  NOCTPOCHHA  NPHOMIDKEHHOrO  peweHHs  3amaun  Henumedinoii
ONTHMI3AUNK M A0Ka3aHA MX CXOAMMOCTH MO YNpPABNCHMIO, N0 ONTHMANBHOMY
npoueccy # no GyHKuHoHaTy.

TeopeTuyeckass W npaxTHYecKas UEHHOCTH. MpakTiueckoe 3mauenne
MONYUEHHBIX B AHCCEPTaLN AFOPHTMOB NIOCTPOEHHS NPHGNIKEHHOTO pewenns
327124 HEIUHCITHON ONTHMN3ALUIN IIPH TOYEYHOM YNPABNCHIH COCTONT B TOM, 4TO
OHH MOryT ObiTb NpHMEHEHBI B PA3MHUHBIX COBPEMCHHLIX TEXHONOIHYECKIX
fpoueccax M NpOM3BOACTBAX, HCMONBL3YIOWMX MOABHKHbIC ynpasnsemble
BO3CHCTBHA Ha KoNeGaTeNbHbIC CHCTEMSI,

Monyuennsie pesyasTaTel Takke HMelOT TEOPCTHYECKOE 3HaueHHe g
Pa3BUTHA HOBLIX KaYECTBCHHLIX H KOHCTPYKTHBHLIX METOZOB pemsennii 3amay
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HenuHeiiHOM  onTUMM3auMM  cucTem ¢ pacnpeneneHHsIMI  napaMeTpami ¢

NOABINKHBIME YNIPABICHHAMH.

Ocnosusie nonoxenns ANCCEPTAUNMN, BLIHOCHMBIC HA 3ALLNTY.
~ AOKa3aHo, MTO B 3a1a4¢ HENUHENHON ONTHMIBALIN, OMHCHIBAEMBIMM HHTErpo-

AnddepeHunanbubIME  ypasnennamn ¢ MHTCTPANbHLIM  OnepaTopom
DpearonsMa PN HATHYMH  NOABINKHORO TOYEYHOr0 M (HKCHPOBAHMBIX
MHOTOTOYEHHBIX  HCTOMHMKOB  HCKOMOE  ONTHMATBHOE ynpasneHue
ONpENENACTCA COOTBETCTBEHHO KaK pelleHHe HeNHHeiiHoro HHTErpanbLHoro
YPaBHCHHA N CHCTEMBI  HeNHHeiiHbIX HHTCIPANbHLIX  ypaBHEHHil
cneunduueckux Bimos; '

— Haliziens! nocTatoumsie ycnosma CYLIECTBOBAHHA peLICHHA HenHHEHOro
HHTCTPANLHOTO YPABHCHHA H CHCTEMbI HEMTHHETTHBIX HHTETPANbHLIX ypaBHEHHIT
®pearonsma BToporo poaa; i

~ JOKA3aHO  CYWICCTBOBAHME MOMHOTO peWEHMs MOCTaBAeHHON  3ajaus
HENUHEIHOM ONTHMH3ALUMM B Clydae MOHOTOMHOCTH ¢ynxkunn sHewnero
HCTOYUHHKA N0 (hyHKUHOHANLHOI! NepeMenHoil;

~ JIOK332HbI CXOMUMOCTH NPHGILKEHNIT ONTHMANBHOTO yNpaBneHns, TPeX BHAOB
npuGmnkeHnii  ONTUMANBHOTO nNpoUECCa M MHHHMAILHOMG 3HaUeHUA
dynkumonana no  mopme runsGeproBa  npocTpaHcTBa  KBampaTHUHO
CYMMUpYeMBIX (hyHKLHiT; ;

= BBIABNICHBI cneun(iyecKie 0cOGEHHOCTH BANAHNA HHTETPanbLHOro caraeMoro
Ha  TOCTpOEHHE  peuwleHMS — paccMaTpuBaeMoll  3amaum  HenNHeiiHOf
ONTHMH3ALLHIL,

~ CACNaH uMCACHHLI pacueT, MoaTBepKAAOWMIT NONYUCHHBIE TeopeTHUECKHE
BLIBOJBI,

Jlnunuiii Benan conckarens. B onyGnnkoBaHHbIX paGoTax B coaBTOpCTBE,
NOCTanoBKa  3ajaul, oOCYKAeHHE pE3YNBTATOB  MPHHALICKHT Hay4HOMY
PYKOBOAHTENIO, @ OCHOBHLIC Pe3yNbTaThl: MocTpoekue o6oGuenNoro peuieHs,
BLIBOZ YC/IOBHA ONTHMANLHOCTH, JOCTATOMHLIC YC/IOBHA CYIUECTBOBAHNA PELICHHS
HEAUHEIIHOTO MHTErPANLHOTO YpaBHEHHS, ANFOPHTM ANA NOCTPOCHHA TOYHOrO M
npubmkenHoro pewennit Henuneitnoll 3amaum onTHMIBA N CXOAHMOCTD
NPHOMINKEHNBIX peteHnit nonyueHs conckaTenem.

AnpoGaunsi pesy/LTATOB AMccepTAUMM, Pesynstathi  auccepraumn
PErynspHo 06Cykaanich Ha Hay4HbIX CeMHHApaX (Hay4Hbli pyKOBOAHTEND npog.
KepumGekon A.) kadeapm  «IIpuxnanman Matematika u HHdopMaTHKAY
Kuipratscko-Poccuiickoro Casanckoro Yuupepcntera u Ha cemunape Hucrutyra
matematikit HAH KP (pyxosoaurens-axazemux A. A. BopyGaes) 1 na CHERYIOUHX
MEKAyHApOAHBIX KOH(epenuuax:



— Il mexnayHapoanaa kKoHpepeHuna “Axtyansusic npobGnems B Teopsm
ynpaBJicHiiA, TONONOTHH i onepaTopHbIX ypasHennii”, Heebik-Kyns, Yonnon-ATa,
19 — 22 mionn, 2017;

— VI koHrpecc MaTemMaTiHuecKkoro obiecTBa TIOPKOA3LIYHLIX CTPaH, AcTaHa,
Kasaxcran, 2-5 oktabpa, 2017;

~8-1  Mexaywapoasan  kondepenums  “MaremaTmueckmii  ananus,
mnddepenunanshbic ypaBHeHHA U npuioxeHus”— MADEA-8, Yonnon-ATa,
Kuiproiscran, 17-23 mions, 2018;

- IV Mexaynapoanas HayuHan Kondepenuna “AKTyanbHbie npodnems! B
TeOpHii ONTHMANBLHOrO YNPABICHNA, AMHAMHYECKHX CHCTEM H ONEPaTOPHbIX
ypaBHenuii”, r. Buwkek, 23 —25 nmions, 2022 r,

IMonnoTa oTpakenHs PpelyNLTATOB AHCCEPTAUNN B nyGanKaumsx.
OcHoBHbIC pe3y/bTaThl AHCCEpTAUNH ONyOnHKOBaHL B 7 HayuHbIX cTaThax [1-7],
NpHBEACHHbLIX B CMHCKe ony6nnkoBanHbIX paboT. Ctatha [7] BXOANT B 623y HaHHBIX
Web of Science, Ctarbs [6] B Scopus, cratsy [2-5] Bxoaar B 6a3y aannsix PUHLL
OGiee konnuecTso Habpauneix 6annos 168 Gann.

Crpykrypa 1 o6bem auccepraunn. duccepraionnas pabota coCTOHT 3
BBEACHHA, YETHIPEX [INaB, BLIBOJAOB, CMHCKA HCMONB30BAHHLIX HCTOYHHKOB,
cofepxawero 85 HanmenoBaund, 12 tabnuu. O6wmit obbeM ANccepTAUMOHHOIM
pabotsl conepsxut 106 cTpanuy Tekcra.

OCHOBHOE COAEPXKAHUE JUCCEPTALIMU

Pesyneratel  HayuHBIX  HccnenoBaHMii  MINOAKEHH B cneayiowieii
NOCNEAOBATENALHOCTH:

Bo BBenenni naro 060cHOBaHIE aKTYABHOCTH TEMbI, 0011as XapaKTepHCTHKA
paboTel, Uenb M 3aJaul  WCCNEAOBAHHA, HAYUHAA HOBH3HA, NpaKTHYecKas
3HAYHMOCTD, @ TAKKE OCHOBHbIE MOJIOKEHHSA, BBIHOCHMbIE HA 3ALNTY.

B rnaee 1 «OB30P JIMTEPATYPhI» npuseaeHs! nmpuMepsl NPHKAAIHBIX
3a]ay, OMNHCHIBACMBIX MHTErpo-AH(pepeHLHANLHBIMI YPaBHEHHAMH | CAenaH
KpaTknii  0630p ~ MpeMWeECTBYIOUMX  HCCNCNAOBaHMii, 1O  COACPKANMIO
NpHMBIKAIOWMX K TeMe Anccepraumi. Takike NpHBEACHB! CBEACHHA H3 TEOPHH
KaTteropuii W BBelcHbl 00O3HaueHus IS noakaTeropmnii KaTeropuy ypasHeHHil,
Henonb3yeMeiX B pabote.

B rnase 1l «kMATEPHAJI U METO/1bl HCCJIEJOBAHH» onuceialoTcs
O0BEKT M MpeaMET HCCNEA0BAHMA, HCMONLIOBAHHLIE METOAL! ANA PCIICHMSA
uccneayembiX 3ajay. B auccepraumonHoii paGore ofbekToMm KccaesoBanHus
ABNAIOTCA ynpasnseMble ynpyrue KoneGauius, onucbiBacMbic (PPearosbMOBBLIMH
HuTerpo-aupGepeHUHANBHLIMH YPaBHCHHAMH.

IMpeameTom Kccnenosaunits ABNAIOTCA pa3paloTka anropuTMa NOCTPOCHHA
pelieHHas 3ajadi  ONTHMAnLHOrO  YNpaBlieHMA  YNpyriumu  KoneGanuamu,
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ONKCHIBAEMBIMI (PEAroNnbMOBO HHTErpo-AnddepeHLMAILHBIMI YPABHEHHAMH, B
c/TyHasnX, KOra ynpasJjicHie NPOHCXOMAT MO ACHiCTBHEM TOYEYHOrO MOABIKHONO
HCTOYHHKA M KOTZIa TOYKH NPHIOKEHHA BHEWHHX BO3eiicTBHIT PHKCHPOBAHHSI, 3
(yHKUMNA BHELWIHErO BO3ACHCTBHA HEMHHEITHO 3aBHCHT OT ynpaBneHHs,

B rnase Il «PELUEHUE HEJIMHEMHOM 3AJIAYM TOJIBOKHOIO
TOYEYHOI'O VYITPABJIEHHUA VIIPYTUMH KOJIEBAHUSMH,
ONMUCLIBAEMBIMH ®PEArOJIBMOBLIMU HHTEI'PO-
JTUOOEPEHLIMAJIBHBIMH VYPABHEHHWSIMH» muccnenoBana Hennueiinas
3ajaya ONTHMANBHOrO YNpPaBNCHHA YNpyrHMH KoneGaHuAMH, B cnyvae, Koraa
konebaHHA NPOHCXOAAT NMOJ ACHCTBHEM TOYEHHOrO NOABHAKHOIO HCTOMHMKA.

B paznene 3.1 uccnenoBaHsl BONpOCkl PaspeiiMOCTH 3a1a4i HenuHeiiHoii
ONTHMH3ALMK KoNeOaTeNbHbIX MPOLECCOB B Ciy4ae, Koraa (GyHKUMS BHEUIHETO
BO3ACICTBHA  HEMMHEHHO 3aBHCHT OT . ONTHMAILHOTO  YNpaBfCHHA M
MHHHMH3HPYETCA HHTETrPIbHBIIT KBaApaTHHbIIT GyHKLUHOHAN.

Paccmotpena creaylowas Henuneiinas 3anaua w3 Fint-Diff-Equa-Func-Opt.
HaliTH MHHHMaNbHOE 3HaYEHHe MHTErpanbHOro 0600LICHHOr0 KBAAPATHYHOrO

¢ynkunonana
1 - T
u]= j[v(T,x) - f(x)]' dx + ,BI r [l,u(t)] dt, B>0: ).
Ha MHOXXECTBE pellICHHi xpagnoii 3anaun

v, =V, +Afl{(l,r)v(r,x)dr+6(x—xo(l))f[l,u(l)], (hx)eg @

v(0,x) =y (x), v (0x)=w,(x), O<x<l, 7 3
v,(1,0)=0, v, (rn1)+av(,1)=0, 0</<T. @
rae K(r,r) - sanannas ¢ymkums B obnactu D={0sr< ,0sr<1), omna
YAOBNETBOPACT YCOBHIO
HK *(1,r)drdt = K, <o, (5)
00

te. K@,r)eH(D), &(x)eH(0,)), w(x)eH(0,1)-3anaunbie (yHKWHI,
Slt,u()] € H(0,T)-3anannas GyHKLHA BHEWHErO HCTOUHHKA, KOTOpaA HEeJHHETHO
3aBHCHT OT dynkusn ynpasaenna u(r) € H(0,T)n ynosnetsopier YCNOBHIO

Ltu(@))#0, Vte(0,T); (6)
x,(t)-3anauHas  (yHKUMA, KOTOPad OMHCHIBACT 3AKOH JABIDKCHHA  TOUKH
NPUNOKEHHA BHEWHEH CIILI H NPHHHMACT 3HAUCHUA OT 0 no 1, A-napamerp, T -
(MKCHPOBAHHBIIi MOMEHT BPEMCHH, NOCTOANHAR & > 0.



[Ipn nccnenoBaHii 3anauu ONTHMH3AUMH GyzeM MONb3OBATHCA MOHATHEM
oGobuiennoro pewenns v(1,x) € H(Q) kpaeoii 3agaun (2)-(5).

Onpedenenue. Tlon obobiennbiM peiueHneM Kpaeroii 3agaun (2) — (5)
noxnmaerca Pyuxuns v(1,x) € H(Q), kotopas BMecTe ¢ 06061eHHOIi NPON3BOAHO

v,(#,x) ynoBneTBOPAIOT HHTETPANLHOMY TOKAECTBY

J(l $-vg): de= H[(ﬁ =g (t \')+()IK(I t)v(r.x)dr+8(x-x) f]t. u(t)]]f(l x)]d\'dH

+f[=0.D(apt 1+ 6,0.0) +v (1,08, (,0) e
L]
npu mobwix tyut, (0<<1,<T) u ans moboii PyHkwm ¢(1,x)eC"*(Q), a
HAYILHOMY W IPaHHYHBIM YCNOBHAM B cnabomM (MHTErpanbsHOM) CMBICTE, T.C.
b 1 1 3
lim Iv (rx)é (x)dx = J'y/, (x).(x)dx, lim Iv (1.x)4(x)dx = Iy/, (x)¢, (x)dx,

ans mobeix ynxwmit ¢,(x)e H(0,1) u g(r)e H(0,T).

lpeanonaras cywecTBoBaHHe eAMHCTBEHHOro o6obLeHHOro peleHNs
KpaeBoii 3anauM, COOTBETCTBYlOWlEro ynpasneHulo wu(r)e H(0,T), BBIMHCAHM
npupatenne pyHxuuonana (1).

Al(u)= —:[{:[6 (x=x()e(1,x) d\'[ S(ru+Au)-£(1, u)]dl +

+} ﬁ[p’ (tu+Au)-p? (l,u)]dl + j' AV (T,x)dx = -jAﬂ (cu)dt + j & (Tx)dx  (7)
rae gynkuns Tna [oHTpAruHa nMeeT BHA
M(-x) =j;5 (x-xO)e(rx)ds- £(Lu())- B[ Lu(t)}=o(tx0) S [1u(r)]- B [Lu(r)]. (®)

a o(,x(),u(r)e H{Q) saBnsetcs eaMHCTBEHHBIM OGOGIICHHBIM pelICHICM

ciaeayioweii  conps:keHHoii KpaeBoii 3azau, COOTBETCTBYIOUWMM YNPABACHHIO
u(r)e HQO,T) :

lu”—(o;,=AIK(r,I)w(r,.r)dr, 0<x<l, 0<¢<T, t))
o(T.x)=0, o,[T.x]=2[v(T,x)-£(x)]. 0<x<}; (10)
©,(1,0)=0, v, (1,1)+aw(t,x)=0, 0s1<T. Q)

i

JlokasaH NpHHLMN MAKCHMYMa: JUIR TOro, 4ToGb! B paccMaTpiBaeMoii 3a1ade
(1)-(6) ynpasnenue W' ()e H(0,T) 6uno onTHMaNbHBIM, nco6xonumo "
JIOCTATOMHO, UTOOBI COOTHOLIEHHE

n(t, (¢, x),v0(t, x),u’(®)) (=) supl'l(t w(t, x),vO(t, x) u),
rae Z — MHOKCCTBO AOMYCTHMSBIX :maqemm d)yuxuuu u(t) B xaxnoii Touke
¢ €[0,7], BLINONHANOCH NOYTH BCIOAY Ha oTpeske [0,7]. _

3ameTHM, YTO HECTPOroe A0KA3ATENLCTBO NPHHIMNA MAKCHMYMa CEAYeT H3
HEpaBCHCTBA

Al(t, w(t,x),v(t, x),u(t)) = At u(t) + du(t)) = 0, u(t)) <0.

Cornacto (8), Kak cleacTBHE NPHHUNNA MAKCHMYMa, NOJTyHeHbI CIeAYIolIHe

COOTHOLLIEHNA

I, () =o(nx0) [l,u (t)] —Zﬂp[t,u(t)] P, [l, u(t)] =0; (1 2)
M. (1) =o(tx0) fo [l.u(t)] -2p ( I’ [l,u(l)] + p[l,u(l)] Pu[ 1ot (t)]) <0. (13)

KOTOpbI€ B COBOKYMHOCTH HA3bIBAIOTCA YCTO8UAMU ONMUMATOHOCIN.
OnTnmansHoe ynpasjieHHe MOAKHO HaX0AHTh, HCXOA H3 COOTHOLICHHSA

t,u(r) ,[l,u(t)] e
P[ j'[]t “”( o) =0(tx,u(1)- (14)

rae o(t, \'o) Zw (1)z.(%®)= -2ZG (T, 2)| =, +[ Tl],))f[l),u(l))}h)] (15)

B xoze mccnenosanis fanHoil 3anaun Gsina ctpopmymrposaua H J0Ka3aHa
crenyiowas Teopema:

Teopema. IycTs B kpaesoii 3anate (2)-(5) 3anatnsie GyHKUHH K(r,7)e H(D),
&(x)e H(0,1), g(x)e H(0,1), w,(x) e H(0,1) ABNAIOTCA NCMCHTAMH rins6epToBo
npoctpancTea, a ,(x)e H,(0,1)-anement cofonesa NPOCTPAHCTBA MEPBOrO
nopsaxa. Ecnn ¢ynkumusa BHEIIHEro HCTOYHHKA SIt,u(r)] aBnseTcs IMEMEHTOM

runsGepToBo NPOCTPAHCTBA KBAAPATHYHO CYMMHDYEMBIX ¢yHKUMt NpH KaXKIOM
dukcuposanom w(f)e H(0,7) u YAOBNETBOPAET YCIOBMIO MOHOTOHHOCTH MO

(ynkunonansnoii nepemenoil w(f) T.e. BHIMONHAETCA yCNOBHE (6), To xpaesas
3azaua (2)-(5) MMeeT B IPOCTPAHCTBE KBAAPATHIHO CYMMIPYEMbIX dynxunit H(Q)

eauncTeeHHoe  ofobuwenHoe  peleHHe v(t,x), wumeiomee oGoGuieHHyI0

npoussoayio v, (1,x).
Cornacno (14), (15) nonyueno HennHeiiHOE ypaBHEHHE ®pearonsma Il pona

BHAa



p[l u(t)] 2. [f u(l)] , . S
[1 u(l)] §G (T’A)[l .[E (7, "")f[ ' )] ] (16)

rae

h =& -y, [ws AT+ AIR,,(T,s,A)cos /I,sds] 'I;‘" [sm AT+ /IIR (T,s,2)sin 4, sds],
- E
G,(T.12) =M[ssn 3,(T=1)+ A B, (15, 2)sin, (T—s)ds].

E,(T.n,2)= —/1!-.':,, (T.m2)z, (x,(m)),

R,(t,s,2), Py(t,s,A) — pe3onbBeHTbI, MNONYHMCHHbIE NPH  peLUCHHN
OCHOBHOHl W CONPA/AKEHHON KpaeBbIX 3ajay, A8 KOTOPLIX CRpPaBeAINBbI
CNCAYIONIHE OLEHKH:

Jr' P(s,0,A)ds S —————— & —_—
T )

YunuThIBaA COOTHOLIERNA

52 t,uj(:)tju(’;'“(’) =q(1),u(r)=9[1a(r). 5] e

ypaszense (16) npunencno K clielylomemy BHAY:

q()= ZG (T, /1)[ IE (T, r,/l)f[r, (r.q(7), ﬂ)]drjl (18)

.
IR: (t.5,2)ds S —————
']

HIH B OnepaTopHoii (hopme

9=G[q()]=h-G,[4]. ' (19)-
e h=h(t)=YG,(T.L. ), 20)
Gilg)=3.G,(T.t. ) E, (.7.2) f[ro(r.a().p)ar. )

Jloka3auo, uto NpH BbINOAHEHNN YCNOBHiIT

If[" u(l)]_f[”ﬂ(’)}ln(o,r) s Iu(’)-ﬁ(’x”(”) y f>0
lelr.a).81-0[.0). 8], 0y < 2BV -TO) ] ry» 2 (8)>0

L DR—

r=4ﬁ 1+

ypastenne (18) mmeer eauncTsenHoe pewenne B npoctpanctee H (Q) n ans
KOTOPOTO HMEET MECTO OLeHKa

Iqo (') ~a (')ﬂu(o T) P IG[q"(r)] = [q,, (’)mu(o T) &
=|r-G.[a°®]-1+G,[0.0]=|6.[¢*®)]-Gula. 0]

. r)
L Y 4
S :IG (7]~ (’)ﬂu(o.r) - ;Ih =Go[9:()] -4 (’)Hu(o_r) ’

rae g°(f) =limg,(f) —Tounoe pewenue ypasnennus (18).

Hcnons3ys peméuue q°(f), onpenensem ONTHMAILHOE YNpaBieHue, Kak
pelienne HeonHopoaxoro ypasuewnsa (16).

u°(l)=¢[l,q°(l),/3].
Pemenne kpaesoit 3amaum .(9), COOTBETCTBYIOWIEC ONTHMAILHOMY
ynpasneniio 1°(f), HMeeT cneayouii B '

¥(r,x)= z[,zjzz,(:s,z °(s)dc+a°(t)) (%), @)

al (1) =y, cosA +/l_,,%" sinA ¢ +-Z-£sin A (- r)ﬁn (x()S [zj, u’ (r)]dr s

3nas onTHMaNbHOE YNpaBieHHe M ONTHMAIbHLIT Npouecc, MHHHMaIbHOE
3xavenne Qpynkunonana (1) Buluncaeno no gopmyne

I [u° (l)] = Jl'[v" (T.x)-¢ (-\')]2 - ﬂj: P [I. u° (l)]dl p

Haiinennas Tpoiika (u" (). (nx).1 (u°)) onpeaenseT NOJHOe peleHue
3afayi Henuneiinoil onramusanmu (1)-(6).

k-¢ npuGMIKCHMR ONTHMANLHOO YNPABNEHMA HAXOAMM  CAEAYIOLUM

oGpasom
u ()= ¢[I,q,(l),,8]v, k=123...
rae q,(f) 1 q°(f) yaoBaeTBOPAIOT OLICHKE
t p—

Iq°(t) q,,(t)llmm —_—-Go, y <1, Go—const

H3 cooTHOWwEHNA
1



m 0 m
ex-v e, sPeen-res],,+

[ ex-rees), e -ve ), , —m=0.

HQ) mArewe
cnenyeT, uto  m,kr— npubmnkenne V" CXOLHTCA K ONTHMAILHOMY mpoleccy
VOo(e,x). :
3necs V™(t, x) — npuOmnkeHHA ONTHMAILHOIO NPOLIECCa MO PE30NLBEHTE,
a V(t,x) — npnGniKeHHs ONTHMANBLHOrO MPOLECCa M NO PE3ONLBECHTE, H N0
ONTHMAILHOMY YNPaBICHHIO.
Janee 13 cOOTHOLIEHNA

e @y - @) s|reen - 1,60 e+

|1 @ @)= 1t O + |1 0 ) - L et (O} —5520,
cneayer cxoanMocTh m,k r—npubmukenns I, (4, (t)) Kk MuHHMaNLHOMY 3HAUEHHIO
dynxwonana I(u°(t)).

Taike Ha MOAENLHOM NpHMEpE NpPHBEACHL! Pe3yNbTaThl HHCIEHHBIX
PacyeToB, MOATBEPKAAIOLLNE NONYHEHHbIE TEOPETHUECKHE PE3YJILTATSI.

B rnase IV «3AJJIAYA HEJIMHEMHOM OMNTUMM3ALUMH VIIPYTHUX
KOJIEBAHWI C MHOI'OTOYEYHBIMU UCTOYHUKAMMU YITPABJIEHHS»
TIPOBE/ICHO HCCNEAOBaHHE 3a/1a4H ¢ YAPYFHMH KoneGaHHAMH NpH MHOTOTOYE HBIX
BO3NCHCTBMAX BHCIUHMX CHA1 B cCiywae, Koraa KonebatenbHblii mpouecc
ONKCLIBACTCA (PPEAroALMOBLIM HHTErpo-aAndepeHUNANbHBEIM YpaBHeHHEM Fint-
Diff-Equa-Func-Opt. ~ Cdopmyanposan  npHHUNN  MakCHMyma s
paccMaTpiBaeMoii 3alaui ¥ NONYYUEeHbl YCNOBHS ONTHMAILHOCTH YNpaBieHHs B
BIAC paBeHCTBA W ANQipepeHUNANBHOTO HepaBeHCTBA.

B paszpene 4.1 uccnepoBan BOAHOBON mpouecc, OMMCHLIBAEMBbIII KpaeBoii
3anaueii Ana ypasnenus Fint-Diff-Equa-F unc-Opl BHAQA

V= Ve 2 K, Wee i+ 980~ sl ua O,

k=1
V(O,X) - 1,1] (X), Vt(oox) - lllz(X),o <x< 1,
Ve(t,0) =0,V (t, 1) +aV(t,1) =00<t<T, (23)

rae qynxuus V(1,X) onuchiBaeT COCTOAHME Ynpyroii HUTH, C ANHHOM PaBHOI
€ANHHUE, KOTOpas KonebneTca noa ACHCTBHAMH BHEWHHX BO3MYLLAIOUIMX CH
G filt. (). k = 1,2,3,...,m, NPUAOKEHHBIX COOTBETCTBEHHO K BHYTPEHHHM
TOUKAM X, X,, X;,..., X, MHTepBana(0,/); y,(x)e H/(0,1), v,(x)e H(0,1), g,(x)eH(0,]),

Lltu(1))e H(O,T)~ 3apaunsie dynxums, npuuem dynkumm f[t,u, ()] -
HEHHEIHBI 1 MOHOTOHHBI N0 GYHKUHOHANLHOIT NIepeMeHHoit u, (1), T.c.

12

e s

af:’[' '(‘()')]:eo Vrel0,T]; aapo K (t r) onpeaeneHo B obnactt D={0<r< 7’ 0<r S Tinu
!

ABNACTCA OdneMeHTOM mnpoctpanctBa H(D), Te. j IK’(! r)drdl = K, <oo;

sajaumble  QyHKUMH g, (X) NpH  KaOKIOM 4mxcnponaunou k—l 2,3,...,n
HENpEpbIBHBI, MMEIOT HENpEpbiBHbIC NPOH3BOAHBIE g;(x), M YNOBIETBOPAIOT
ycnosuam gp(1) = 0; x,e(O,l);T- (MKCHPOBAHHLII MOMEHT BpEMEHH, -

NONOKHTE/bHAA NOCTOAHHAA, A - mapameTp.
Take no Bsiwe noKeHHoN cxeme (myHkT 3.1) Haiineno o6obutennoe
pelueHne KpaeBoii 3amaun ynpaeasemoro npouecca no gopmyne

Vit,x)= 2(4] R,(1,5,)a,(s)ds +a, (:)J - (x)=

@4
= Z{W,. (n2)+—- J &, (L. 2)3 8.5z (%) filn, (u)]dn}z"(x);

rae

E g ) T N :
,(t.2)=y,|cosit+ ).I R (1,5,A)cos ).,,sds} + -"gli[sin At+ i.j R (1,5,4)sin ).,,sds]; (25)
0 " [

( T
sind,(t-n)+A[R,(t,5,2)sin 4, (s-n)ds, 0sn<t;
&, (tm,4) = ’

A[R (t,5,2)sin A, (s —n)ds, 1SnsT;
[}

B pasnene 4.2 uccneaoBaHa 3agava HEAWHEHHON ONTHMH3AUMH YNpPYrHX
koneGannii ¢ MHOrOTOUCHHBIMI YNPABACHUAMN, rie TpeGyeTcs MHHHMH3HPOBATL
06o6uieH b KBAZPATHU BT (YHKUHOHAN

) 3 T = :
[, (0] = I{[V(T,x)-{,(.t):r +[V, (r,x)-gz(x)]!}m p j Yo [ ), B> o,‘ (26)

kel

HA MHOXKCCTBE pelLucHiii KpaeBoil 3anausn (23).
CornacHo  YC/OBMIO  MOHOTOHHOCTH, KQXA0€  BEKTOp-ynpaBlicHHE

u(t)={u, (1),ont, (1)} exmcoenmum obpasom onpenenser ¥ (r,x). C yuetom

3T0ro 06CTOATENLCTBA BHIMHICACHO NpHpalieHie GyHKunoHana
T 4

A [u()] = = [ AT,V (1,3, 00 x), () + [{AVH(T %) + AV (T, )} e
0 0

rae



ATT(t.0u(0)) = T1(2.,u(0) + Au()) = T1(t, u())
(e, V (¢, x), 0(,x),u(1)) = ,‘i_ & (x)o(t,x )/ [t,tq (l)] - 'Bki:' pi [t,u, (I)]

27
a Qynkuus w(7,x) aBnserca oGOOIIEHHBIM peElIEHHEM CONMpAKEHHOII Kpaesoii

3ajasin

T
0, =0, + AIK(r,l)w(r,x)dr, 0<x<1,051<T,
0

o(T,x)==2[V,(T,x) -, (x)],
o(T,x)=2[V(T,x) - (x)],

,.(1,0)=0, o,(t1)+awn(,1)=0.

Hna paccMaTpHBaeMoit 3agauu
cOpMYHPOBAH NPHHLMIT MAKCHMYMa:

Jna onTHMANbLHOCTH YNPaBNCHHA B 3alaye HenuHeiiHoii onTHMH3aUMK
(23), (26) HeobxoanMo M AoCTaTOuHO, uTOGH MouTH BCloay Ha otpeske [0, T]
B 00J1aCcTH ZONYCTHMBIX 3HauEHKIT F BLINONHANOCH COOTHOLIEHHE

M(e. V(e x), 0(t,x),u°(t)) = sup (¢, V (¢, %), (&, x), ).

[Mockonsky o6nacTe JOMYCTHMBIX 3uaqem|ii F aBnsercs OTKPBITHIM
MHOKECTBOM, TO KaK CNCACTBHC NPHHLMNA MAKCHMyMa AR ONTHMAILHOCTH
ynpasneuit u,(r),...,u, (f) nORyueHB! CAEAYIONUINE COOTHOMICHNS

p,r [l u, (l%:l [:::'(t[)t]". (¢ )] -2 (x)e(tx), (28)

& [t ()] pu, [1, (1)] # .
H(‘l) i, [""t (')][ Ton L1t (’[)] )> 0, k=l..,m, (29

KOTOPLIC ABNAIOTCA YCI06UAMU ONMUMATOHOCINN,

- 3nech
S [0t (1)]=_1®2 [:;:‘ ) ZAGIE _L_]ap AN

CornacHo ycnosmio (28) oTHoCHTeNbHO onTHMAiLHOro ynpasnenns u° (1)

HennHeiiHoil OINMTHMM3ALUHN

’ ‘u‘

NONYHIIIH CNEAYIOWYIO CHCTEMY HENHHEHHBIX HHTErpanbHbIX YpaBHEHHIT

14

'+

S

I’k [‘ LA (')] Pu, 1 (’)]
i P (g)] Zg, x ). (%)G, (r: A) j E (T T ,1) -

Z 8 (% )z (x ) 4 [ (r)])dr= %:g,, (%)z.(%)G (T A)h,, k=1,...m.

B cuny cootHouenuii

prag “}:')[k ; (’[;]"‘ 0]_,, (©) k=1,2,3,..m. E1)
u (=0 [t,cr, (t),ﬂ]. k=1,...m. (32)

cucrema (30) npuBoAKTCA K BUAY

o)+ S K [, i (T.I.A)IE”(T, A3 Kl Y [r0(r0 ), §)]de =
-1 iK,, [-"l----s«". F,, (T.I,l)h,,, k=1,...m,

o(0)={0,)wa0, ()
Ko [xenx ] ={g (%) 2 (%) s (%) 20 ()}
o[t.o(1).8]={a[t0,(t). 8] m0.[1.0.(1). BT},

[r o(t.0(1), ,6)] { [r AEAON p)] 4 [t (1 (I),B)]}

Jloka3ano, UTo NpH YCNOBHAX
Ij; [l.u, (1)] -1 [1,17,, (l)]' T '”* (0)-a, (l)l, Lo >,
I‘/’t [tvo'k (’)vﬂ] . Dr&k (’)'p]l S (p)lat (1)-3, (‘)Iv' P (8)>0.

Zg“[’"’ 6] (z,-/ll;lf/%)

e £y = max (S Syo)s 0o (B)=10%(010(B)sr00a (8).

onepatopHoe ypasuehne o =K|[o|+h HMeeT caMHCTBEHHOE pelieHiHe B

1o (B) < <l,

npoctpanctee H™(0,7).
PewicHite OnepaTopHOro ypaBHeia o = K [e]+ # B npocTpancTse H™(0,T)

HaiiIeHO METOAOM NOCNE0BATENBLHBIX NPHOMInKEHHIT
o,=K[o,,]+h n=123,..,



rie ©,-NpOM3BOMBHBI JNCMEHT mpocTpancTea H™(0.T), npuieM mexamy
NPHEMIDKEHIAMI 1 TOHHBIM PelICHHEM

a,(1)=limo, (1)
HMCET MECTO COOTHOLICHHE

lo(1)-a. (t)l”,(m < li_rlK [o0(1)]+ h(t)- o, (t)ll"_wﬂ v

Haiinennoe pewenne o° (1) = (a," (),-o, (I)) nozcrasnss 8 (32) nonyueno
ONTHMANIBHOE YNpaBcHIie

w}()=o.[t.o}(1).8]. k=1.23...m,
Janee HaiineH onTHManbHblii npouecc |

Vo(s,x)= 2{% (r,2)+ _[ &, (1 r,/l)‘il: & (% )z (x) A [r,uf (r)] dr}z, (x)m
BBIMHCICHO MHHHMANBHOC 3HAYCHHC (l)yHKuHOHaJIa
I @)= [{Iv r)-a@] +[v (T.:c)-.f,(x)]z} de+ pj[‘f; P[] p>0.

Haiinennas  Tpoiika (u°(1), v°(1,x), J[u°(l)]) ABNAETCA  NONHBIM

peleHneM 3aaki HeTHHEeIHOI onTHMHI3aLINH,

B paccmatpusaemoii xpaepoit 3agaue (23) HamMMHE WHTErpaibHOro
oneparopa ®pearonsMa 8 ypasHenuu obycnoBnNBaeT MOCTPOCHHA TpeX BHAOB
npubmokennii  ONTHMANBHOrO NpONECCA H  COOTBETCTBEHHO MHHHMAILHOIO
3HaueHuA  (ynkumowana, T.e. Mbl OyaeM pamiMuaTh CledylOmHE BHALI
npubmixeHnii onTHMansHoro npouecca ;

1) N- e npubnmxenne no «pe3onbseHTE

V**,x)= 2{;(/:' (r,2)+ -;—Is,'," (t,r],).)i &%)z, (%) filnad, (l])]dl)}z,, (x);

2) N,i-e npubnukenne no ynpasneHuio

» - l - 4 - m
3) V.”(',x)=§{'l’. (12)+ e, ('v'lvl)‘zlgz(x,)zn(n)ﬁ[mu"'.('l)]rlll}Z..(x):

3) N,i,r-e xoneunomepHoe npubnikenne

r T m
VY (t,x)= Zl:{y/,’,‘ (nA)+ /Ii I &) (4., A)g 8 (x)z, (%) filma, (’l)]d”}z" (x);

H cieAylowHe BHABI NpHGNIKeHHH MHHIMANBHOTO 3HaYeHNs GyHKUHOHANA
1) N-e npubminkeHie no «pe3onbBeHTE»

16

Il 0)=f (i~ r.0)-aeT «[re~ (T,-r)-é(x)]‘}mﬂj‘}f,pi [ @]de, >0
2) N,i-e ;puﬁnnmeuue 10 YNpaBneHHIO L
5[ (0)]= j{[v;" (T0)-6@] +[1," (T.0)-4 (.\')T}dw /Jjg P[] dr, B>0
3) N,i,r-coxomquomepnoc npubmkenne 5 . |
g Tu (,)]=i{[;;.v,(r,x)-;,(x)]‘ +[n,* (r.x)-é(x)]’}m /;f{g pi[tu0)]d, p>0.
; BbIBO/IbI .

B nmncceprawionnoii pabore iiccnenoBaHbl BOMPOCH!  OAHO3HAYHOIM
paspeiMMOCTH 3anay  HeaMHeiiHoii onTHMm3auMM  ynpyriumH  KoneGanmami,
ONHCBHIBAEMLIMH (ppearonsMoBO HHTETPO-AH(EPEHLUHATBHEIME YPaBHCHHAMH B

- Clywae, Koraa Bo3AeiiCTBHE OAHOrO MOABIHAKHOIO WIH HECKONBKHX (buxcnponauuux

HCTOYHHKOB OMKCHIBACTCA HEMHHEIHLIMK (YHKUNAMH OT YNpaBieHHA.

YcTaHOBNEHO, WTO NPH MHHHMM3AUMH HHTErpabHOrO KBaJAPaTHUHOTO
(yHKUHOHANA, TOUEUHOE ONTHMANLHOE YMPABICHHE YIORJICTBOPACT CHCTEME
HENMHEITHBIX HHTErpanbHbIX YpaBHEHHIT H JOMONHHTENLHOMY YCIOBHIO B BHAC
cHcTeMbl AH(pepeHUNANLHBIX HEPABEHCTB.

Haiinensl fgocTaToumble YCNOBHA CYMUICCTBOBAHMA PEIICHHA  3aaau
HenuueiiHoli onTuami3awn. PaspaGotan anropuT™ MOCTPOCHHA NPHOMHKCHHBIX
peweniii 3anauM HenuHeiiHOM ONTHMM3AUMM M J0Ka3aHa MX CXOAMMOCTH MO
yNpaBACHHIO, N0 ONTHMANLHOMY NpoLECCy i NO (yHKUHOHATY.

PaspaGotannsiii MeTon peweHMs 3aJaul  HEAMHEHHON  ONTHMH3AUHK
KoneGaTenuHLIX MPOLECCCOB NPH HANTHYHH TNOABHAHBIX TOUEHHBIX HCTOHHKOB
ABNACTCA KOHCTPYKTHBHBIM H MOXET ObITh MHCMONL3OBAH NPH  pEILEHHH
HENMHENHBIX 3a0a4 ONTHMH3AUHH NPOLECCOB, OMICHIBAEMBIX (PPEATONIBLMOBLIMH
K BOJLTEPPOBLIMH HHTErpo-au(pdhepeHUHANLHBIMH YPaBHEHHAMM
napaGonutecKkoro Wik runepbonuecKoro THNOB,

[TonyueHHble pe3ynsTaThl  WMEIOT  TEOPETHYECKYIO 3HAUMMOCTL H
NpEeACTABNAIOT MHTEPEC UIA HCCAEAOBaHHIl 3a7a4 HENMHENHON ONTHMH3ALMK
CHCTEM C pacnipeaencHHbIMI fapaMeTpamil,
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Ayiimenannesa Ypymran IpMeKOBHAHBIH 01.01.02 -
anddepenunanibik  TewaeMeaep, AHMHAMHKANLIK  CHCTEMAap  skaHa
ontumanabik  Gamkapyy aaumcturs  Goionua (pmnm-mrémrnxanuu
WIMMACPAMH  KaMAMAATHI  OKYMYWITYYAYK = Japakachli  anyy Yy4yH
cynywranran «®pearoasMayk MHTerpo- aAnddepenunanasbik Temaemesep
MEHCH JKa3bLIraH TepMEJYY MNPOUECCTEPHH UEKHTTHK Oawkapyy» atTyy
ANCCEPTAUHANIBIK HIIHHHN

PE3IOMECH

Herusri co3nop: Tepmenyy npoueccH, KbliMbUIAyy ONTHMAIABIK Gawkapyy,
AUINBIAKTAH YBITAPLINLILL, pe3onbBenTa, HefiManabin Katapbt, (yHKUHOHANAB!
MHHMMANZQWITHIPYY,  MAKCMMYM  NpuHuuGH,  Oneparopayk  TeHaeMe,
AKbliiHanyyuynyK. i

Hannaeonyn obGnexrncn: Opearonsm HHTErpo- IH(pdepeHUHANABIK
TEHAEMENep MEHCH MYHO3/10/1roH 6atuKapbinyyyy CepnuarHTyy TepMenyynep

Hauageenyn npeamern: Yekutryy Gawkapyy apksinyy ®pearonsm
HHTErpo- AupdepeHUNANIbIK TeHAEMENep MCHEH MYHO3AONroH CEepRHITHYTYY
TEPMENYYNopay  ChHI3BIKTYY  OMeC  ONTHMUIAAWITBIPYY  MaceseNlepHHHH
YBIrapbUILILIBIHBIH ANTOPHTMIH HIUTEN UbITYY. ,

Hanngeonyn  makcatsli:  dpearonsMm  MHTerpo-anddepenunanisik
TeHAEMe/IEPH MEHEH MYHO310/INOH CePRIITHUTYY TEPMENYYNOPAY ChI3LIKTYY 3MeC
ontuManayy Gawkapyy MacenenepuH MIWIN00 KaHA  ChIBLIKTYY  IMeC
ONTHMAUIAAWTBLIPYY MACCACCHHHR YbIMAPLUIBILUBIHBIH KAlLALLb! KaHa KaIrbI3bIrbl
YUYH KCTHIUTYY WIAPTTapabl anyy.

Hananeonyn sikmanapel: Marematukanelk  Qusika, Genywrypyaren
napaMeTpiyy CHCTEManapAbl ONTHMANALIK GalliKkapyy TEOPHACHIHBIH, ONEpaTOpaAYK
TEHACMENEp TEOPHACHIHBIN KaHAa KNACCHKANBLIK BApHALMAIBIK 3CEMTOONOPAYH
METOLI0PY KONAOHYAY. :

Hannpeonyn mammuii xansuibirsi: Mszenren ontumanawlk Gawkapyy
THLILIKB! TAACHP ITYY KaHa canmat KpHTepuii GyHKUMACHIHA KapaTa Gapabapchi3abiK
TYPYHAOTY KOWIyMUa WApTThl KaHAATTaHAbpran cneunpukansik Qopmaaarst
CLI3LIKTYY 9MEC MHTErpaAbIK TEHAEMEHHH YbIraphbi/billibl KATaphl aHbIKTATbILLIbI
MYMKYH JKEHANIH KOPCOTY/AY; ChI3BIKTYY IMEC ONTHMANAALITLIPYY MaceNecHHHH
YBLITapLIALILL OHP MaaHHUNYY HEHHIHIUHHKH KETHITYY WAPTTaphl aHLIKTANAb!
KaHa 1 “BITAPLUTLITLIH  KAKbIHAAWYYNAPLIHBIH ONTHMANALIK Gawkapyy,
ONTHMAABIK MPoLECe kaHa GyHKUHOHAI GOIOHUA JKbliiHATYYUYNyry AaNMNICHAN.

W31/1100HYH NPAKTHKANLIK MAAHHCH: TEPMENYY NPOLECCTEPHH YEKUTTHK
Gawkapyyna chi3bIKTYY 3MEC ONTHMANAWTBIPYY MaceIeCHH Yeuyy yuyH HIITenun
YBIKKaH ANropuTM THPKEMenepae TepMenyy npoueccTepH  Gawkapyyra
GaitnanbllIKaH KOMIZIOHMO Maceneiepan Ybirapyyna KoNJAOHYAyIYy MYMKYH.
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PE3IOME

amnccepraunn  Jdyitmenanuenoii Ypymkan IPMEKOBHBI Ha  Temy
«Toveunoe ynpapienne KoaeOaTeAbHLIMH  TIPOUECCAMH, ONHCHLIBACMBIMK
¢pearoabmoso uHTerpo-AnppepeHuANLHBLIME YPaBHEHHAMIY,
NpeACTABJICHHONI M3 COMCKAMNE Y'UCHOI CTeneHy KaHanaaTa husuko-
MAaTeMaTHUECKHX Hayk no cneunanshocTH 01.01.02 — anddepenunanvusie
ypaBHEHHS, AHHAMHYECKHE CHCTEMBI # ONTHMAILHOE YNPABJICHHE. \

Kniouesble cioBa: xonebaTenbHulii npouece, NOABHAKHOE ONTHMAaIbHOE
ynpasnenue, 00obiienHoe peleHne, Pe30NLBEHTA, MHHHMU3ALNHA (yHKUIOHANa,
NPHHLIHN MAKCHMYMa, ONIEPATOPHOE YPaBHEHHE, CXOANMOCTb.

OGLEKT HCCIICAOBARNA: YNpaBNseMble YNIpyrie KoneGaHns, onichiBacMbie
¢pearonsmoBo HHTerpo-anddepeHunanbHLIMH YPaBHEHHAMH,

IMpeameT nccnegoBanmusi: pa3paboTka anropuT™Ma MOCTPOCHHA pelleHNHs
33124 HENHHEHON ONTHMM3AWHH YNPYTHMH  KoneOaHHAMH, OMHCHIBACMbIMIL
¢$pearonsmMoBo 'umerpo-nuqu)epeumuanbuuuu YPaBHEHHAMH TPH TOYEHHBIX
ynpaBieHHAX.

Lens ncesienosanust: 1CCNCA0BaHNE OAHO3HAYHOI Pa3peLINMOCTH 3a1a4H
HenuHeiiHoff  onTHMM3AUMM  YNpYrHMH  KoneGanMAMH,  ONMHCHLIBACMBLIMH
dpearonsMoBo  MHTErpo-AMPPEPEHLMANLHEIME YPABHEHUAMH B CNyuae, Koraa
KonebaHia NPONCXOAAT NoA AciiCTBHEM TOYEHHbIX HCTOMHHKOB.

MeToasl mccieaoBANMSA: METOABI MaTeMaTH4ecKoil (H3NKH, TEOpPHH
ONTHMANLHOrO YNpPAaBNEHHA CHCTEMaMH C pacnpeAeNeHHbIMH TapaMeTpamH,
TEOPHH OMNEPATOPHLIX YPABHEHHIT M KNACCHYECKOro BAPHALIMOHHOrO HCHHC/ICHHA.

[Mony4ennsie pesyIbTaThl H HOBH3HA: YCTAHOBJEHO, YTO ONTHMAILHOE
ynpasnexsue Moxer ObiTb onpeaencHo, KaK pelieHHe  HenuHeiiHoro
WHTErPAILHOTO YPaBHEHHS CNICLM(HUCCKOTO BIAA (IBYXKPATHAS HENHHEIHOCTS),
YIOOBRETBOPAIOWICE  JOMONHHTENLHOMY  YCJOBHIO B  BHAC  HEpaBeHCTBa
OTHOCHTENbHO (PYHKLHH BHEWHETO MCTOMHMKA M (YHKUMM KPUTEPHA KauecTsa;
HaiiIEHBI 1OCTATOUHbIE YCJIOBHA OAHO3HAYHOIT PA3PEIINMOCTH 3aa4H HeNnHeiiHoil
ONTHMU3AUMM YNPYrHMH koneGaHMAMM M JIOKa3aHa CXOAMMOCTb npuGMAcHMI
PelUCHHA MO ONTHMAILHOMY YNPaBNEHHIO, MO ONTHMAILHOMY Mpoleccy H 1o
Gynxwionany.

IpakTideckoe 3Hauenme HCCAEAOBaHMA: paspaboTaHHblii aANropuT™
MOCTPOCHHA peliCHNA 3aaayn  HenuHeiiHoll  onTHMH3aums  KoneGarenbHbIX
NpoLLECCOoB NPH TOUEYHOM YNPaBACHHI MOKET ObITh HCNONB30BAH B NPHIIOKECHHAX
NpH pelicHiH NMPHKIAAHLIX 331a4, CBA3AHHLIX C YNpaBlieHHeM KoseGaTenbHbIX
NpOLECCOB.

‘ ~ SUMMARY
Dissertation of Duishenaliyeva Urumkan Ermekovna on the topic
"Point control of oscillatory processes described by Fredholm integro-
differential equations", submitted for the degree of candidate of physical and
mathematical sciences in the specialty 01.01.02 - differential equations,
dynamical systems and optimal control.

Keywords: oscillatory process, moving optimal control,  generalized
solution, integro-differential equation, resolvent, Neumann series, functional
minimization, maximum principle, optimality conditions, operator -equation,
convergence.

Object of research: controlled elastic oscillations descnbed by Fredholm
integro-differential cquations. '

Subject of research: development of an algorithm for constructing a
solution to the problem of nonlinear optimization by elastic oscillations described
by Fredholm integro-differential equations with point controls.

The purpose of the research: to study the unique solvability of the problem
of nonlinear optimization by elastic oscillations described by Fredholm integro-
differential equations in the case when oscillations occur under the action of point
sources, and to obtain sufficient conditions for the existence and uniqueness of the
solution of the nonlinear optimization problem.

Research methods: the methods of the theory of differential equations,
mathematical physics, the theory of integral equations, functional analysis, the
theory of optimal control of systems with distributed parameters, the theory of
operator equations and the calculus of variations were used in the study.

The obtained results and novelty: it is established that the optimal control
can be defined as a solution to a nonlinear integral equation of a specific type (two-
fold nonlinearity) that satisfies an additional condition in the form of an inequality
with respect to the external source function and the quality criterion function;
sufficient conditions for the unique solvability of the problem of nonlinear
optimization by elastic vibrations are found; an algorithm for constructing an
approximate solution to a nonlinear optimization problem was developed and their
convergence in terms of optimal control, optimal process, and functional was
proved. '

Practical significance of the research: the developed algorithm for
constructing a solution to the problem of nonlinear optimization of oscillatory
processes with point control can be used in applications for solving applied problems
related to the control of oscillatory processes.
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OBO3HAYEHHS H NMOHATHUSA, MPHHATBIE B JAHHO#M PABOTE
1. u,(...,2,...) — vacTHas NPON3BOAHAA QYHKLMH ¥ NO NEPEMCHHOI Z;

2. 0=(01)x (0, T) - obnacts nAoCKOCTH Oxt;

4. H(Y) - runs6epToBO MPOCTPANCTBO KBAaAPAaTHYHO CYMMHPYEMbIX (QyHKumii,
OnpeieNeHHbIX Ha MHOAKECTBE }; ; :

5. Hy(Y) - npoctpancteo CoGonesa nepsoro nopaaka (yHkumii, onpeaenennsix na
MHoO#KecTBe V!

6. <-.->—cKanspHoe nponsseeHiie B runbbeproBoM npocTpancTee H,

7. 1l —nopma anementa runsGeproBo npocTpaucTsa H;

8. C*(Q) - npoctpancTeo HenpepbiBHBIX Qynkumii V{%.x), onpenencuubx B
obnactn Q M MMEIOUMX NPON3BOAHYIO MEPBOrO MOpAAKA NO MEpeMEHHOI tu
NPOH3BOAHYIO BTOPOrO NOpSAKa M0 NepeMeHHoil X;

9. &(x) - nenvTa-gynkuns Aupaka;

10. Equa-Func - xateropus ypaBxeHnit ana QyHxumis;

11. Equa-Par - xareropus ypasHeunii ¢ napametpamu, B ToM uncne Equa-Contr,
€Ccni NapaMeTp PAcCMATPHBACTCA, Kak ynpaenenne, M Equa-Opt, ecau B
onpenesieHUe ypaBHEHHA BXOAMT BEIIECTBEHHO3HAYHAA (YHKUMA OT pelueHus,
KOTOPYIO Hy’HO ONTHMH3HPOBATS 110 YNPABCHHIO;

12. Ord-Equa-Func - xateropus ypasuenmii ana ¢yuxumii oanoil ckanspHoii
nepemenHoii (B ToM uncne — o0bIkHOBEHHbIE AN(PepeHUHATBHBIE YPABHEHNUA);

13. Part-Equa-Func — xateropua ypasuennii Ans gynkumuit BeKTopHOii nepemenHoii
WIH HECKOMLKMX CKANAPHBIX NepeMenHbIX (B TOM uncne —anddepeHupanbibie
YPaBHEHHA B YACTHBIX NPOH3BOAHBIX);

14. Diff-Equa-Func — xéreropna YPaBHEHHIi, B KOTOPbIC BXOAAT NPOM3BOAHbIC OT
HEH3BECTHOI yHKLMN;

15. Int-Equa-Func — xaveropus ypasHenmii, B KOTOpbIC BXOAAT MHTETpajbi OT
HEH3BECTHOI dyHKumuy;

16. FInt-Equa-Func — Kateropus ypassenmii, B KOTOpbI¢ BXOAAT MHTErpaibl THIA
®pearonsma (M0 GPUKCHPOBAHHOMY OTPE3KY) OT HEN3BECTHOI (yHKLIL;

17. Vint-Equa-Func — xateropns ypasHeHuii, B KOTOpbIC BXOJAT 3HAUCHHA

HEN3BECTHON (YHKUMM OT NMpeALIAYMNX 3HAYCHIIT APryMeHTa, B TOM “HCAE NOA
3HAKOM HHTErpana. i
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