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Kupum (10KTOpJIMK quccepTanmnsicCi AHHOTANMUSICH)

Jluccepranus MaB3YyCMHMHI J0J3apOauru Ba 3apypartu. KaxoHnaru
WIMHI-TEXHUK TapaKKUETHUHT Te3 cypaTiap OWilaH pHUBOXJIAHUIIM cabaliu
Mypakkald cucTeMalapHu OoIlKapuilja MaTeMaTHK YCyJiap MYyXHMM BOCHTa
cudaruga KaTTa axamusaT kKacO staau. MabiyMKH, KYmiad UKTUCOAMN Ba TEXHUK
xKapa€HiapHu OOIIKapUIl JTaBOMHUJA KapaMma-Kaplld MakKcaaiu TYpiau TOMOHIap
WIITUPOK JTUIIM MYyMKHH. HaTmkana, MaTeMaTHKaHUHI SIHTM COXACH, SbHU
IUHAMUK YHWHIIAp Hazapuscu JyHEra KeiraH Ba Oy WMKKA KaTrTa KUCMJIIAH —
IUCKpeT Ba nuddepeHnuan yiuHmap HazapusulapyaaH TallKuil TonraH. byryHru
KyHIaru 3uAJUATIN 0030p MKTUCOAMETH IapouTHaa Oy Hazapusuiap Kyriad
UKTUCOIMM Ba TEXHUK MacCaJlaJJaHUHI XaJl KWJIUIIAA Y3UHUHT MYXUM YPHUHH
AraJyIaMOK/a.

MamiakaTuMu3 MYCTaKWIIMKKA HpuIlrady, ¢aH Ba TEXHOJOTHUsIIAPHU
PHBOXJIAHTHPHINAA UyKyp HCIOXOTNAp amaira OIIMPUIMOKIA. Y30EeKHCTOH
Pecnyonukacu  [Ipesupentununr 2006 w7  aBryctmaru  “dan  Ba
TEXHOJIOTUSJIAPHU PHUBOXKJIAHTUPUIIHN MYBO(QUKIAMITUPUIL Ba OOLIKAPUILIHU
TaKOMWJUTAIITUPHUII ~ Yopa-Taadupiapu Tyrpucuaa’tu xamaa 2008  iumn 15
utongaru “VHHOBalMOH JoWMXajdap Ba TEXHOJOTHSUIADHU HILIA0 YHKapHINra
TaTOMK OTUIIHM par0aTiJaHTUPUIN Oopacujard Kymum4a dYopa-Taadoupiap
TYFpUCHAQ ’TH  Kapopjlapy Ba OOIIKa HOPMAaTHB-XYKYKHH  XyxoKatiapa
dbynnamentan Qannap Ba yJaapHM TYpJAM JIOMUXalapra >KOpUM ATWIMIIWTA
anoxuaa ypTHO0pP KapaTwiran. bolmkapys *kapa¢HIapUHUHT MaTeMATUK yCYIIapH
HA3apUSACUHUHT OeBOCHTa pUBOXM Oynran muddepeHuuan yiuHmap HazapusICcu
JUHAMUKIIUK, OOIIKapyBYAHJMK, KapIlM TabCHp, aXOOPOTHUHT 3apypHIlIUIH,
ONTUMAJUIMK KaOu OUp KaTOp MYXUM XYCYCHUSTIIApHU Y3HUaa My)Kaccam KWiIaJad Ba
TEXHUK, WKTHUCOAUM, XapOui, cuécuil kapa€HIapHUHI Mypakka®d MaTeMaTHK
Mojeiapu cudaTuia KaTTa axaMusT KacO 3Taau.

Hubdepenuman  yiuHIap  HA3ApUACHHUHT  AKCAPUAT  KYBHILI-KOYMIII
Macajanapura ouj WIMHUN HaTKajapaa OolkapyB (yHKUMsAJIApU TalUH Yerapa
OwiaH yekjaHraH cuH(piapaaH TaHiaHrad. bomkapyB QyHkmusicura HucOaTaH
KyHuiIran OyHaail reoMeTpUK YerapaiaHuiln OOMKapyB OObEKTUHUHT KOHCTPYKTHB
MMKOHUATIAPU YerapajlaHraHJIUTUHU udojanaian. MartemaTuk MOAeITIapHUHT
amMaiuii  macananapra = MYTaHOCUOJMTMHU  sSiHaJa  OIIMPUII  MakKcaauja
mubdepenunan ViAuHIap Ha3zapusAcHIa HMHTETrpaj dYerapajaHUIUId OOUIKapyB
byHkuuanap xaM Kapanaau. by Touda dYekioBinap, MacaiaH, SHEprus
MaHOACMHUHT YEKJIAHTaHJIMTMHU, XapakaT JaBoMuja cap@uaHaaurad Oomika
pecypciapHUHT kaMaiinb 6opuruau y3uaa udoaa stanu. by aca aliHMKca TEXHHUK
Kapa€HIapHU MaTEMAaTHUK MOJEJUIAPUHU TaAKUK KWIHILJA MYXUM WIMHI-aMaaui
axamusTra ara.

bomkapyB cuctemanapuHu yMyMui Xoijiga ypraHuul Oolmikapysiapra Oup
BaKT/la TEOMETPUK Ba MHTErpajl yerapajaHUIIapHU €KU yJIapHU OUpIalITUPYBYU
YU3UKJIM MOJEIJIapHU Kapamra oiaud kenaau. bomkapyB QyHKuusiapura
KYHWIraH 4YerapajaHUIUIAPHUHT TYypid Xuwil Oepwmnuiapuaa auddepeHiman
VUMHIApHUHT KYBUII-KOYMII HA3apUsICH aCOCIAPUHM SApATHIL, Kapama-Kapuiu
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Makcaaiu OOIIKapyB sKapaéHIApUHUHT aIeKBAaT MaTeMaTUK MOJENIApUHU KypHILI,
Xamjia ynap Ouian OOFJIMK MacajlajJapHU €YUl YCYJUIapUHU TaIKUK STUII YIIOY
aUccepTalus TaJKUKOTHAA MYXUM YpUH TyTaJd Ba MaTeMaTHK OOLIKApyB
HA3apUsACHUHU XaM (yHJIaMEHTal, XaM aMaliuil pUBOXHUTa MYalsH Japaxkana
XU3MAT KUAJIaIu.

TagkuKOTHUHTr pecny0auka (GaH Ba TEXHOJIOTMAJIAPH PHUBOKJIAHHUIIM-
HHMHI YCTYBOp HYHaJMNUIapura OOFJMKJIUIU. Maskyp TaJKUKOT peciyOiivka
dan Ba TexHoJOTUsIAp pUBOXKIAHMIIMHUHT [V. “MaremaTnka, MexaHUKa Ba
uH(popmaTHKa” yCTYBOP MYHaIUIIM goupacuaa Oa)xkapuira.

Juccepranusa MaB3ycH OyHrU4a XOPHKMNA MMM TAAKUKOTJIAap mapxul.
Huddepenuunan yiinHiap Ha3apUsACUHUHT YMYMUN €UUIl YCYJUIAPUHU TOMUIITA Ba
TYpJIA YETapaJIaHUIILINA KYBUII-KOYMII HA3apUsACH MyaMMOJApPUHU TaJKUK 3THILTA
WYHANTUPWITaH WIMHUI W3JAHUILIAD KaXOHHUHI €TaKyd WIMHM MapKas3jiapu Ba
OJIUi TabJIMM Myaccacanapu, )xymiagan, RAND Corporation (AKLI), University
of Princeton (AKIII), University of Illinois (AKII), University of Cambridge
(Anrmus), University of Brest (Opanrust), MockBa naBnat yHuBepcutetd, Poccus
@aHnap akaAeMUSICUHUHI MaremaTuka WHCTUTYTHM, MaremaTuKa Ba MEXaHHKa
unctutyti (ExatepenOypr), Ypan denepan yHuBepcutreTH, Poccus Xankiap
nyctnurun yHuepcutetd, Cankrt-IlerepOypr maBmar ynusepcuretu (Poccus),
Vkpanna @aniap akaJeMUSCHHUHT WIMHUH-TAJIKUKOT HWHCTUTYTIapuaa oJiud
OOpHIIMOK/IA.

Huddepenuunan yiinHnap Ha3apUsACUMHUHT YMYMUN €YU YCYJUIapH Ba TypJu
YyerapajaHUIlId KYBHII-KOYHUII Ha3apusiCU MyaMMoJapura Ouj >KaxoHAa oJin0
OopwiIran TaJKUKOTIAp HaTHXKacuaa Karop, >KymiajlaH, KyWuJaard WIMHUN
HaTwkanap oJuHran: Aizekc-bemnMan-1IoHTpSTMHHUHT — XapaKTepuCTUKaIap
ycynu kamg otuiarad (RAND  Corporation, AKII Ba Poccus ®anmap
aKaJeMUICUHUHI MaTeMaTuka MHCTUTYTH); BapHallMoH Xuco0 ycyJuiapu acocuza
mubdepeHuran YHUH EUYUMHMHHUHI drap HyKTa Tap3uga MaBXYIJIUTH YUyH
3apypuii mapt anukianrad (University of Princeton, AKI); nuddepenunan
ViuHIapHU YeKJIM YHuHiIap OWiaH ampoKCUMAalMsUIall HaTWwKacuaa YHUHHUHT
KuiiMaTiHu Mapxyniauru ucoornanran (The Ohio State University, AKII Ba
Cankr-IletepOypr naBnat yHuBepcuteTd, Poccus); TailuH 4ekiau BakT Opajdrujaa
Ooepwiran nuddepeHuran VHUHIAP YUYyH VHUH KAWUMATUHUHT MaBXYIJIUTH
kypcatwirad (Poccus ®annap akaneMusicMHUHT Maremarnka Ba MeEXaHHKa

! Ilucceprarust MaB3ycH Gyitida XOpHKHHA WIMHI-TagKUKOTIap mapxu: Isaacs R. (1971): Differential Games.
New York. John &Wiley; Friedman A. (1971): Differential Games. New York.Wiley Interscience; Fleming
W. H. The convergence problem for differential games.1961.J. Math. Anal. Appl.Vol.3,pp.102-116;
Berkovitz L.D. 1998. Characterization of the values of differential games. Appl. Math.
Optim.Vol.17,pp.177-183; Elliot R. J., Kalton N. J. (1972): The Existence of Value for Differential
Games. Amer.Math.Soc.; Ioarpsrun JI.C. (1988): U30pannsie Hayunsie Tpyasl M. Hayka,Tom 2; KpacoBckuit
H.H., Cy66otrurn A.N. (1974):.Ilo3unmonnsie nuddepennmansipie urpsl. M. Hayka; Petrosyan L.A.
(1993):Differential games of pursuit. London.World Scientific Publ.Co Pte.Ltd.;Williams J.D. (2007):The
Compleat Strategyst: Being a Primer on the Theory of Games of Strategy. New York.RAND Corporation,
USA.;Yeung D., Petrosyan L.A. (2006): Cooperative Stochastic Differential Games. New York. Springer; Haurie
A., Krawczyk J., Zaccour G. (2012): Games and Dynamic Games. London.World Scientific Publ. Co.Pte.Ltd.;
Yong J. (2015): Differential Game. A Concise Introduction.Washington.World Scientific Publ. Co.Pte.Ltd Ba
Oorka MaHOagap acocuaa (HoraTaHUITaH.
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uHCcTUTYTH, ExatepenOypr, MockBa [aBiaT  YHUBEPCUTETH);  XWIbOEpT
dazonapuna auddepeHman YHAUHIAPHUHT MaKCUMYM Macajajapu €uuiiraH
(University of Cambridge, Amnrnus); reoMeTpuK, HHTETpaJl Ba TYpJH
YerapaJJaHuIIM KYBHII-KOYMIL MacajlaJJapuHU E€YUIIHUHT camapaly yCyJulapu
tonwirad (Poccus ®annap akageMuscMHMHT MaTtemaTKa HHCTUTYTH XamJia
MartemaTuka Ba MEXaHUKa UHCTUTYTH).

Hyuéna nuddepenunan YiinHmap Ha3apusiCHHU PUBOKJIAHTUPHUIL Ba TaIOUK
sTUII OYHnYa KaTop, )KymJlaJlad, KyiHuaard ycTyBop MyHanumuiapaa TaakKuKoTiap
onnO OopuiIMOKAA: pean >kapaHJapHHU SHaJa MyTaHOCHO paBHIIIA Y3UJa aKcC
ATTHpraH OoIIKapyBiapra Typiu XuJj YerapajaHululap KYWUiraH KyBUII-KOUHII
MacaJlaJlapuHy  aHMKJIAll; TYPyXJd KyBUII-KOYMII MacajajJapuHu  €4Yull;
cToXacTuK auddepeHran YHUHIAPHU TAAKUK ODTHIL;, 3UIAUSTIA OOMIKApYB
Kapa€HJIApUHU COHJIM €YUIl YCYJUTAPUHU MIUTA0 YUKHUILL.

MyaMMOHMHI ypraHwiranjuk papaxacu. “/luddepenuman yiiun”
TymyHyacu pgactiad 20-acpuunr SO-Hwuiapuaa aMepUKaaIuK —MaTeMaTHK
P.Aiizexcaunr RAND kopnopauuscuaunar (AKHI) énuk mimuii noituxacu 6yiinya
Oaxxapwiran unulapujaa KUpuTwirad. P.ANW3eKCHMHI W3JIaHULUIapUja Ky1iad
TypJId amMaduil MHCOJUIADHUHT TaxJIWUIApU KEATUPWITaH. YHUHT WIMHUU
M3JIAHUIIUIApU MHTErpall YerapaJlaHUIUI MacajalapHU YPraHwuil MyaMMoOJIapura
OarvIlUIaHraH, aMMO YyJIapHU YYKYppOK YpraHull KeMMHYaIuK OOILIKAa OJIMMIIAp
TOMOHUJAH aMaJIra OIIUPHIITaH.

JL.C.IIOHTpATMHHUHT KYBHII Macajacura JAoup OUpUHYM OEBOCHTA EYHIII
yCylu WHTerpan uerapaianunuiap yuyH gactiad M.C.Hukonbckuii TOMOHUIAH
ypranwnrad. Cyurpa, Oy ycyn A.S.AszumoB, @.B.I'yceiinoB, A.B.Me3eHies,
H.JLI'puropenko Ba Oolikazap TOMOHUAAH pHUBOXJIaHTUpWiIraH. WHrterpan
yerapajJaHuiy Macananapra saruda éanamys H.H.Kpacosckuii, }O.M.Penun Ba
B.E.TpetbsikoB ToMoHUAaH Takiaud stuirad Ba Oy kerinnuanuk A.b.Kypxxanckuii,
A.N.Cy66otun, B.H.Ymakos, B.N.Yxo6orto, H.}O.JlykosinoB, M.JI.JIokiuH,
A.H.lapsun, [[.B.KopHeBnap ToOMOHHUAAH pUBOXIAHTUpWIradH. [lo3unuon
AKAUHTAUMHUHT peryisip xoiu b.H.ITmennunnii Ba FO.H.OHOonmuyk unuiapunaa
Kypwiran Ba Oy OomkapyB (QpyHKIusiapura Typid XWIJard yerapajaHuluiap
kyiumnranga W.C.Pannonopt, C.W.Tapnunckuii, M.C.I'abpusnbsn, A.A.Yukpuit
Ba OOIlIKaJIap TOMOHUJIAH PUBOKIAHTUPHUIITAH.

WuTerpan yerapanaHunuiv OOmIKapyB Macajajapu Xakuga cy3 Oopraspa,
ylnapHu ($a3oBH YEKIIOBIM OOLIKAPYB Macajacura KEeJNITUPUI MYMKHHIUTHra
bTHOOP KapaTuil jo3uM. PazoBHil YEKIOBIM ONTHUMaN OOIIKapyB Macaiajlapu
P.B.I'amkpenunse, A.b.KypxxaHckuii, 10.C.Ocwunos, A.B.ApyTIOHOB,
M.A Farreira, R.B.Vinter, F.L.Pereyranap ToMOHHMmaH TagKWUK OTWIraH Ba
byHKUMATAp HAa3apUsACHIard YII4OB TYIIYHYACH aCOCUA 3apypHillUK mapTtu 6aéH
kunuHrad.  Juddepenuuan Vyilmnnap Hazapusicura HucOaTaH  HMHTErpal
yerapajaHUIlId MacajlalapHu, (Ga30BUi yerapajaHUIUIM Macajanapra KeITHPUII
HaTWKa OepmaraH, yyHKH guddepeHunan yiuHIap Ha3zapusicuga €4UM CHHTE3
Tap3uja KypWIn JIO3UM OYIIraH.



Huddepenuunan yiiunnap Hazapuscua KyBUII-KOUYHII Macajaiapyu alloXuja
YpuH TyTagu. YiapjaaH Oupu — Typiidya ycyJulapHM TaJOMKWHU KEHTJIUTH, XaMJa
OJINHFaH HaTWXalapHU Y3Wra XOCAUruaaaup. by XycycHsT alHHKca MOJEI
Macajanapja Y3uHU SIKKOJI HaMo€H 3TraH. Mucon cudaruia, HIITHPOKYHIIAP
ONIMM XapakaTIaHUIIAETTaHaa P.AU3EKCHUHT “KyTyJHII YU3UFA MYaMMOCH
JLLA.IleTpocsiH TOMOHHJIAaH €TUIIMUII COXACMHUHI XOCCAJIIAPU ACOCHIA E€UMJITaH.
bynna mapamien KyBHII CTPAaTETHUSICUHUHT ONTHMAall JKAHJIUTH KCOOTIIaHTaH.
Keiinnuanmuk, H.FO.CatumoB, b.H.Ilmennunuii, A.A.Uukpuii, A.A.A3aMoB,
N.C.Pannonopr, b.H.I'puropenxo, b.b.Puxcues, H.H.Iletpos, B.MN.Yx000TOB,
A.W.bnarogaTtckux Ba OoOlIKajdap TOMOHHUIAH TNapajulesl KyBHUII CTpPaTErusicu
acocusia e4nuM OepyBuM (PyHKUUATIAP YCYJIU Takiaud >TWIraH Ba YHUHT €paaMuja
TEOMETPUK YErapaIaHUIILINA XOJI YUYH TYPYXJIM KYBHII Macajalapd €4YuJIraH.

Hly ypuHaa Ttabkuanad YTUIT KOU3KH, V36exucTonaa xam nuddepenuman
Vitunnap nazapusicu Oyimya H.FO.CatumMOB TOMOHMI@H acoc COJIMHTaH Ba
Oyrynru kynaa A.A.A3aMoB pax0apiauk KHiIaéTral WiMui MakTal ¥3 ¢haonusTuHu
onmu6 Oopmokaa. YmOy wiMuii MakTad BakWUIapd TOMOHHUIAH HMHTErpal
YyerapajgaHHIILIIM X0 YUYH T'YPYyXJIM TYTUII MacajlaCHHU e4uil Oyinya siHru yciyo
takmd stunrad (H.FO.Catumos, A.3.®aszpuioB, b.b.Puxcues, I'.M.MOparumos,
A.A XamagamoB). By ycay0  KyBIOBYUWIApHUHT  OOHIKapyB  pecypciiapu
TaKCUMOTHUTa acoclaHrad. MHTerpan yerapanaHulIg X0 YYyH KOYHMII MacajlacH
sca H.FO.Catumos, JLILKOras, b.b.Puxcue Ba Oomkamap TOMOHHUAAH
ypranwiarad. Ilapamerpiapu TakcMMOTra 3ra CUCTEMa YYyH KYBHILI-KOYHIII
Macanajgapu  Typaud — derapajmaHuumy  OomkapyBiapaa — H.EO.Catumos,
M.M.TyxracunoB Ba M.Ill.MamaTtoBnap ToMoHuIaH ypranuiarad. A.A.A3aMoB Ba
A.II.KyukopoBiap TOMOHUAAH OOIIKapyBjap TYpiu yerapajaHUIUIM YU3UKJIN
cUCTeMalap y4yH KyBHUII, OOUIKApWIYBUAHJIMK Ba TYPFYHJIMK MacajaJlapuHUHT
y3apo Oornukiauru uco6ornanrad. [.W.HN6parumoB xunbbepr dazocunmaru
HBOJIIOIIMOH TeHTJlaMa OujlaH OepuiraH ONTHMall KyBHUII MacajaCUHU HMHTErpal
yerapajgaHuIIg Yyekcu3 auddepeHian TeHriaManapra KeaTUpUIl YCUiIu OuiaH
euninau Takaug strad. A.Ill.KyukapoB TomoHugan yiinnuunap Puman cupruaa
XapaKaTIaHUETTaH XOJIIaru KyBUII-KOYHUII MacajJacy YpraHuIraH.

Huddepenunan VilmHnap Ha3apHsACHHUHT KYIiad Mojesn Macaiajlapuaa
napajuiell KyBHILI CTPATETHsICM MyXHM YPUH TyTaad. | €OMETpHUK YEKIOBIIApJaH
dapkiau paBullla, MHTErpajl Ba KOMIUIEKC YerapajJaHULUIM XoJulapAa €4HuM
OepyBuM (DYHKIUSIAPHU KYpUII MabiIyM TYCHUKIApPHU KEJITUPUO YUKAPUIIU
MyMKUH. A.A.Yukpuii, N.C.Pannonoprt, A.A.benoycos, B.B.be3maropsluHsii,
JI.B.bapanoBckas wuILIapujia MabiyM XoJuIap yuyH OyHaail Macananap Kypuiras.
AMMO, yMyMaH osiraHzia 0y MyaMMO OYHMK TypraH 3au. P.AN3eKCHUHT “KyTHIWII
YM3UFU® Macajlacura Kejcak, Oy macaja MHTErpajl Ba KOMIUIEKC XOJUIap Y4YyH
JEeSpAN YpraHWIMaraHjauruHy TaKUJIaIl JO3UM.

Juccepranus MaB3yCHHUHT AUCCepPTAlUA 02:KAPUIAETIaH OJIMHA TabJIUM
MYyacCaCaCHHMHI WIMMU-TAJKHMKOT HILIapu OWiaH OoraMKauru. /{uccepranus
TagKUKOoTH HamaHran naBiaT YHUBEPCUTETUHUHI WIMHH-TAJAKUKOT HILIApU
pexxacuauar OT-@1-002. “Cucremanu Ttaxjiawi, OOLWIKapyB Ba axOopoTiIapHU
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Kaiita wummamr’” (2010-2015#i4.) maB3ycujard amaiuii JoMuxacu Joupacuja
Oa)kapuIraH.

TaagKUKOTHUHI MaKcaau YiMHUYWIap OOIIKApYBUTa WHTErpall, YM3HKIM Ba
TypJd XWJI 4erapajaHuluiap KyWWIraH XoJUulap YYyH T[apajiell KyBHII
CTPATETHSICUHUHI  AQHAJIOTJIADUHM  KypUIl Ba  KYBHUII-KOYMII  Ha3apUsACHU
MacajalapyuHu e4uIlra TaadukK TUILIAH Hoopart.

TaaKMKOTHUHI Ba3udanapu:

KYBUII-KOYHII MacajlaCHHU HYKTajap XapakaTh MHepTUUACH3 OYiraH, Xamja
OolIKapyBiapra HMHTErpaji, Typiudya Ba KOMIUIEKC 4erapajllaHuluiap KyWuiraH
X0J11a EPUTHLL;

OenrmwiaHran  OOLIKApyBiap  WHTErpaj,  Typjauya  Ba  KOMIUIEKC
yerapajaHuIJIapHU KaHOATJIAHTUPraH/ia, ONTUMAaJ SKUHJIAIIMIIHA Ka(oJ0TIOBYM
napajijies KyBHUIIl CTPATErHsUIAPUHUHT aHAJIOTJIAPUHU KYPHIL Ba TaJOUK STHUIII;

KYBYBUMHUHI OOIIKApYyBUra TE€OMETPUK Ba HHTErpajl, KOUYBUMHHUHT
OOLIKApyBUT'a TEOMETPUK YerapajaHull KYHWIraH XOJ Y4yH ajbTEepPHATHBIIMK
TEOpeMacHHH UCOOTIIAIl Ba KYBHIII-KOYHIII MacaJlaCUHU €YUl

KYBYBUMHUHI OOLIKApYBUTa TEOMETPUK Ba MHTETpajl derapajlaHuIlIapHU
y3uaa OupIalITUPYBUM YU3HMKIM YerapajiaHull, KOUyBUMHUHI OOLIKapyBUTa 3ca
reOMETPUK uerapajlaHull KYWHUITaHAa albTePHATUBIMK TEOPEMacHUHU HCOOTIIAII
Ba KyBUII-KOYMII MacajJaCHHH CUHIIL;

KyByBUM Ba KOUYBUM OOIIKapyBJIapura YW3HMKIM YerapajlaHUILIap
KyHWIranjga KyBUII Macajlack eudil Ba OyHAa oOnTuMail SKUHJIAMIWIIHU
Ka(oJaTIOBUM Napaljieib KyBUII CTpAaTErUsJIapUHUA KypHILI;

ViluHumwnap Xapakatd 4u3uiiu - auddQepeHman TeHrNIamanap OuiiaH
Oepunranna, 6omkapysiapra 3ca Oup Heda TypJard yerapajlaHuiiap Kyuuirania
Alizekc-11eTpOoCSIHHHUHT “KyTHJIMII YU3UFU~ MYaMMOCHHH XaJjl 3THII,

[louTparun EnpamryBu acocuga e€4yuM OepyBUM (YHKUMSUIAp YCYJIMHH
OOLIKapyBIap HWHTErpaj 4YerapajaHulUId TYpyXJIH KyBUII Macaiacu Y4yH
PUBOXKIAHTUPHULL.

TaakKuKOTHUHT 00bekTH cudaTuaa OomKapyB GYHKUMSIIAPU T€OMETPUK,
MHTErpaj, YM3UKIM Ba TYpiAW XWJ 4YerapalaHulId (yHKUusiap cuHdiIapura
TEruiuIn OYNIraH KyBUII-KOUMII Macaiajlapy TallKuiI 3Taju.

TagKMKOTHUHI MpeaIMeTH TYpJiu 4YerapajaHUuIUIM KyBUII-KOYMII Macajia-
Japujia KyBJIOBUM YUyH ONTHUMAJ SIKUHJIAIIUIIHY KaQoJaTIOBUYM Napayljies KyBHII
CTpaTErusiCy TAlIKWUJI 3TCA, KOUYBUM YUYH 3ca KOUMIIHU KadoIOTIOBUYM OOMIKAPYB
TaIIKWI 3Ta]IH.

TaankukoTHUHr ycyiapu. J[uccepranumsga nuddepenuman YiuHmzap
HA3apUSACUHUHT Tapajulesl KyBWII, HyHanmum OYiuya KOouuil, e4yuM OepyBYH
byHKUMANIAp, TYPYXJIU TaKUO STUII YCYJUIapu KYJJIAaHWITaH Ba KabapuK TaxXJIuil
BOCUTaNIapuJaH (oigaiaHuiIras.

TagKMKOTHUHT MIIMHUIl SHTWIMTM Kyduaarmiapaan uoopar:

KyBUII MacajllaCu y4yH VHMHUYWJIAp XapakaTd WHepTuuscu3 Oynrania
OoLIKapyBra reoMeTpuK EKu MHTEerpaji, €kd OuUp BaKTAa XaM TE€OMETPUK, XaM
MHTErpaJl 4erapajaHuluIap KyHWwIraH Typad XoJulapja Mapajuien KyBHII
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CTpaTerusulapu KypWJIraH Ba YJIApHUHI MYXHUM XOCCAJIAPU aHUKJIAHTaH, KOYYyBUYU
YUyH 3ca SIKUHJAIIMIIHUHT KyHU yerapanapu 0axoiaHraH;

KYBYBUMHUHI OOIIKApYBUIa TE€OMETPUK Ba HHTErpaj, KOYYBUMHHUHT
OOLIKApyBUT'a TEOMETPUK YerapalaHull KYHWIraH XOJ Y4yH ajbTEpPHATHBIIHMK
TeopeMacH UCOOTJIaHTaH Ba KYBHILI-KOYHIII MacallaCh €4HWJITaH;

VMHTETPAJl Ba T€OMETPUK YerapajaHUIUIAPHU y3UJa yMyMIAIUTUPraH sIHIU
KYPUHMILJIATH YerapajlaHdlll KUPUTWITaH Ba YHUHT yY4yH MYTaHOCUO paBHILA
rapajiies KyBull CTpaTerusiilapy KypuJiraH;

KYBYBUMHUHI OOLIKAPYBUTa TE€OMETPUK Ba MHTETpajl derapajlaHuIlIapHU
y3uga OUpIAITUPYBYM YMU3UKIW YerapajiaHull, KOUyBUYMHUHI OOIIKapyBHra sca
reOMETPUK YerapajaHull KyHuiranjga ajibTepHATUBIMK TeopeMacu HUCOOTIaHTaH
BAa KYBHIL-KOYHMII Macajlacy €4YNJIraH;

YiuHUMIap XapakaTd 4YM3UKIA AuddepeHnuan TeHrjiamagap acocuaa
Ooepunranna Aizekc-IleTpoCSHHUHT “KyTWJIMII YM3UFM~ MYaMMOCH KyBYBYH
OOLIKapyBra reOMETPUK, MHTErpajl €KW KOMIUIEKC 4YerapajaHuluiap KyWuiraH
XOJUJIApU YUYH €UMWJIITaH;

eunM OepyBuM (QYHKUUAJIAD yCyJdu €pAamMuia WHTErpaj yderapajlaHuIlIn
TYPYXJU KyBUII MacajacH €YWJIraH Ba €TAPJIWIHK LIapTiIapy aHUKJIAHTaH;

JL.C.IIOHTpATUHHUHT YyMYMJIAIUTUPWITaH MHCOJM, XaMJa «/-TYTHII»
Macajacu, OoIIKapyBjapra HHTErpal dYerapajaHulUlap KyWuiaraH xoJuiapia
TYPYXJIM TYTUII Macaiajlapy YU4yH HILIa0 YUKUITaH.

TaaKuKOTHMHI amMajauii HaTWxkacu AuddepeHIan YiluHIap Ha3apusICcu
acocllapyuHu peasl ’kapa€Hiapra MyTaHOCMO paBHILJAa PUBOXKIAHTUPIraH XoJja,
KapaMa-Kapiiy OOIIKapyBJIM TEXHUK Ba MKTUCOAWMN Kapa€Hiap MacajaJlapHUHT
MAaTeMaTUK MOJEIUIAPU TAXJIWII TWITaH Ba TAKOMWLJIAIITUPUIITAH.

TagKUKOT HATHKAJAPUHUHI HINOHYIMIMIH. TaaKUKOT HATHXKAJAPUHUHD
WIIOHWIWJIMIY HIIJA KyJUIaHWIraH €EHAAllyB Ba YCyJuUlap, YHUHI JOUpacuiaa
doitnananunran auddepeHuran TeHriiaManap HazapusacH, QyHKIUMOHAN TaxXJIuJ,
onTuMall OOUIKApyB Hazapuscu, Xxamaa auddepeHiman yiluHiap Ha3apUsSICUHUHT
KYBULI-KOUMIII MacajlaJlapuard MaTeMaTUK KaTUWIMKIAp, XaMJa OJIMHIaH
HATW)KAJIADHUHT BAKOJIATIM HAIIPUETIAp TOMOHUJAH HAIIpra TaBCHUsUIapu OujiaH
M30XJIaHAIH.

TagkKMKOT HATHKAJIAPMHUHI WJIMHH Ba aMajuil axamMuMsaATH. TagKukoT
HATW)KAJIADUHUHT WIMHMM axaMusaTH OoOIIKapyBilapra TypJM 4erapajaHuILIap
KYHWIraHga ONTUMAUIMKHU KadoiaTIOBYM CTPATETUSJIAPHUHT KypWIMIIH Ba
TagOouK HSTwmmugaanp. OnouHran HaTkagap OOUIKapyB  Ha3apUSCHUHUHT
aCOCJIapUHM PUBOXJIAHTHUPHUII Ba JUHAMUK YUUH MacaJaJlapuHU TaKOMUJUIALITraH
€UMIll yCYJUTApUHU TonuIia oiganaHuiln OUIad U30X1aHa .

TagKUKOT  HAaTWXKAJApPUHUHT  aMaJIMKM  axaMUsATH  JUHAMHUK  YHUHAH
MoOJIeJIJIapuiard  pecypc OOLIKapyBIapUHU TAKOMWUIAIITAH TaKCUMOTHUHHHT
OepuuIIM, Xama yIapHUHT XUCcOOJall airOPUTMIIAPUHU KYPHILl OPKAIH yJIapHU
TEXHUKA Ba UKTUCOAUETTA TaI0OMK STUIITa MYTaHOCUOJIUTY OUIIaH W30XJIaHA/IH.
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TagKMKOT HATHXKATAPMHUHT KOPUIl KWIMHUIIM. J[UccepTanus TaAKUKOTH
Kapa€HUJa OJIMHIaH WIMUKA HaTWKaJIap KyHUAaru MHyHaluIIapaa amaiauérra
KOPHUM KUJIMHTaH:

KyBYBUM OOIIKApYBUTa KOMIUIEKC (S'bHM OMp BaKTJa XaM HHTErpajl, Xam
reOMETPHUK) YerapajaHuil, KOUyBUMd OOIIKapyBUIa 3Ca T'€OMETPUK YerapaslaHuIl
KYHWIraH X0JJlard KyBHIL-KOYHII MacajlaCUHH e4uIl OYiinda OJIMHTaH HaTHXallap
Poccuss dyngamenran tankukoriaap doHauHuHr ‘“‘bormkapyB Macananapuna
ONTHUMaJ KOHCTPYKIMS Ba anpokcuMauusiam’ wmaB3ycu OVyiinmya 14-01-
31319Mo0n_a pakamJium WIMHHA TpaHTUAA UYH3UKIU-KaOapuK MacalajapHHU
JWMHAMUK ONTHUMHU3alMsIaNIga OOWmKapyBra HHTErpajl Ba T€OMETPHUK
yerapajaHull(KOMILIEKC), cCUCTeMara akc TabCUp ATyBUM (GYHKIHUSAra 3ca
reOMETpPUK 4YerapajaHuIl KyHuiIrad XoJga pecypciap TAaKCUMOTHHHU
Oepunumuna Taaobuk oSTtuiarad (Poccus ®annap akagemusacu Ypal
OynuMuHUHT MaTemaTuka Ba MeXaHMKa HMHCTUTYTHUHUHT 2016 #un 12
Mapiaaru  MabJdyMOTHoOMacu). MnMuil  HaTWKaJapHUHT  KYJUJIAHUIIH
yerapajaHulUIM OomKapyB (QyHKIHUsiIapu cuHGIapu HOTEpMHUHAN cudart
KYypcaTKuuJiapHU XHUcoOjalra Xu3mMaT KHJITaH;

o0BeKTIIap OolIKapyBjapura MHTETrpall yerapajlaHUIl KyHuiIran xomiaa
rypyxau napamwien KyBum ycynu  01-01-13-1228FR dynmamentan uiamuii
joiinxacuja OOLIKApYBIAp HWHTErpaj YerapaljaHuIlId XoJ Y4YyH Oup Heua
KyBYBUM Ba OMTTa KOUYBYM KaTHAIITaH X0JIJa MacaJlacHUHHU €YuIIa KYJJIaHWIraH
(Manaiizussaunar  Ilytpa  ynuBepcutetuHunr 2016 #wun 12 despangaru
MablyMOTHOMAacH). MnMuil HaTH)XKaHUHT KYJUTaHUIIHN guddepeHnyan YiuHiap
HA3apUsCMHUHI HHTETpPAj Ba TYpiW YErapallaHUIUIA XOJUIAPU YUYYH YU3HUKIU
mubdepenuran cucremanapaa OepwiraH KyBUII-KOYMII MacajalapuHu Ba
OolIKapyBiapra UHTErpaja dYerapajaHuil KyHuiraH xojjaa Oup Heya KyBJIOBYM Ba
OuTTa KOYYBYM YYYH cCoOjAJa xapakaTiu juddepeHuman VyiuHmaa Kouuml
MacaJIaCUHU €4MIIra Xu3MaT KWJITaH;

OolIKapyBiapra TE€OMETpPUK, HHTErpall €K KOMIUIEKC 4YerapajaHuluiap
Kyhninranga ANW3eKCHUHI “KyTWJIWII YU3UFU MyamMMocuHH euyuin ycynau 01-01-
00904-a «Yeknanmaran BakTAaru pgapaxanu nuddepenunan Vitunnap» (POTO,
2001-2003), 06-01-39005-I'®EH a «3unausaT Ba KOONEPAlUSHUHT MaTEeMaTHUK
taxmimy (POT®, 2006-2007), 09-01-00334-a «Kym TapMOKIU CUMCHU3 ajioKaiap
ontumuzarusicuy (POTD, 2009-2010) dbyHnamenTan WiMui joxanapaa onTuMann
CTPATETHSUIAPHU TYPAW KYPUHUILJIAPUHU YMyMJAIIMaJapUHU XOCWJ KWJIWIIJA
tanouk stunrad (Caskt-lIletepOypr naenatr yHuBepcuteTuHuUHr 31 maii, 2016
Wunrm  MabiiyMoTHOMacw). Wiamuil  HaTwkalapHd —KYJIJaHWIIKA — Tapajuieln
akunnamum  crparerusicu (II-crparerust) ananornapuHu 3uIAUSATIA OOLIKApyB
(IvHaMMK YHWHIAp) MacajalapuHyd yMyMJIAUITaH €YMMIIAPUHU TOIMILITA XU3MAaT
KWJITaH.

TagKuKOT HATHKAJIAPUHMHT anpodanusicu. TagKUKOT HaTWXKamapu 12 Tta
WIMHUI aHXkyMmaHnapzaa, kymiuanad, “Science and Technology in XXI Century”
(Tomkent, 2003), “Dynamical system modeling and stability investigation” (Kues,
VYkpauna, 2003), “CnextpanbHas Teopus au@depeHUanbHbIX ONepaTopoB U
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poactBeHHbie mpobnembr”’  (Crepnutamak, Poccus, 2003), “CoBpeMeHHbIC
npoOiemMbl  MareMaTudeckod (UMK W MHPOPMALMOHHOM  TEXHOJIOTHHU™
(Tomxkent, 2003), “AkTyanbHble MPOOJIEMbl TCOPUU YCTOMUMBOCTU U YIIPABICHUS
(APSCT-2009, Exarepunoypr, Poccus, 2009), “YmnpaieHnue ¥ ONTUMHU3ALMS
auHamudeckux cucteM” (CODS-2009, Tomkent, 2009), “OnepatopHbie anredopbl
n cMmexubie npobnembr” (Tomkent, 2012), “System Dynamics and Control
Processes”  (Poccusi, ExkartepunOypr, 2014), «CoBpeMeHHbIE  METOMbI
MareMatuyeckoi ¢u3uku u ux npuinoxeHus» (Tomkent, anpens, 2015),“Teopus
ylnpaB-JeHUuss W Maremaruueckoe MmozenupoBanue” (Poccusi, WkeBCk, HIOHB,
2015), “Game Theory and Applications”(C.-ITerepOypr, 2008) Ba “Game Theory
and Management” (C.-IletepGypr, 2010, 2011), mynunraex Yz6exucron Mummnuit
YHUBEPCUTETUHUHT “Amanuii matematuka” kxadenpacuaa (Tomxent, 1990-2006
ni.),  Cankr-IletepOypr  yHUBEpCUTETMHUHI  “Maremartuueckas  TeOpus
CTaTHUCTHKH, TEOPUU HAJEKHOCTH M MAacCOBOTro oOcChykuBaHus Kadenpacuaa
(Poccus, 1990ii., 2014 i), Y3MY Ttacappydumarn MareMaTHKa MHCTHUTYHHHT
Huddepenunan Tenrnamanap Ba matemMatuk ¢usuka (Tomkent, 1990-2016 iiii.
Ba Amanuii marematuka (TomkeHT, 1995-2016 iii.) OYAMMIAPUHUHT WIMUN
CeMUHapiiapua Mabpy3a KYpuUHUIIMAA Oa€H ATWIraH XamjJa anpooarusgan
YTKA3UJITaH.

TaaKuKOT HATHKAJAPMHMHI IbJOH KWIMHHIIM. J(Mccepranus MaB3ycu
6yitnua sxamu 30 Ta WIMMI MIN 9OI STHIraH, IIyJapaaH, Y36ekucToH Pecry6-
mukacu Onuil arrectaliis KOMUCCUSICUHUHT JOKTOPJIUK AUCCEpTaLUsIIapH aCOCUi
WIMHUI HaTW)KaJlapuHU YOI ATHUIN TaBCUS ATWIraH wiMuil Hampiapaa 10 Tta
MakoJja, )XKyMJaJaH, 5 Tacu peciyOirKa Ba 5 TaCu XOpMXKUH KypHauiapaa Halip
ATUIITaH.

JluccepTauMsAHMHI Xa’KMH Ba Ty3WIMIIM. /{uccepraius TapkuOu KUpUIL,
TyprTa 000, Xynoca Ba Qoiinananwiran anabuérnap pyiixarunan wuOopar.
HuccepranusauHr XaxMu 200 O€THU TaIIKUI dTaIu.

JINCCEPTAIIUSTHUHT ACOCHI MA3ZMYHH

Kupum xucmuaa aumccepranus MaB3yCHHUHT J0J3apOJMrd Ba 3apypaTu
acocllaHraH,  TaJKUKOTHUHI  pecnyOiuMka  ¢gaH  Ba  TEXHOJOTHUSJIApH
PUBOXJIAHUIIMHUHT YCTYBOp WYHAJMIIJIApUra MOCIHUIH KYpCAaTWITaH, MaB3y
Oyiinya XOpPWXHUM WIMHH-TaJKUKOTIAp IIapXd, MYaMMOHHHI YPraHuiIraHJIuK
Japa)kacu KeJITUPWI-TaH, TAIKUKOT MaKcaau, Baudanapu, oObeKTH Ba MPEIMETH
TaBcU(JIaHTaH, TAAKUKOTHUHI WMJIMUN SHTUJIUTH Ba aMajuil HaTwxkanapu OaéH
KWIMHTaH, OJIMHIaH HaTWXXAJapHUHT Ha3apuil Ba aMaluid axaMHsITH 04U
Oepuiras, TaAKUKOT HATHKAIAPUHUHT KOPUM KUIMHUIIM, HAIIp STUJTAH HIILIap
Ba JIUCCepTALMs TY3WINIIN OYiinya MabIyMOT/Iap OepuiiraH.

JluccepTallUssHUHT “ApaJjiall YerapajJaHMIUIA XO0J YYYH KyBHII-KOYHII
Macainanapu” 1e0 HoMJaHran OupuHuM OoOujga nuddepeHman yiuHmap
Ha3apMACUHMHI COJJa XapKaTid KyBMII-KOUMII Macajanapu OolKapyBiapra
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reomeTpuk &km uHTerpan (G-uerapamanwm Ba [-derapamaHumn), €K Xam
reoMeTpUK, XxaM uHTerpai (C-yerapaiaHuin) KyHWITaH XoJUlap y9yH KYpHITaH.
Viiue sxkapaéHuza KouyBuM ne6 HOMIaHraH X OOBEKT Ba KyByBuM el
Hommanran Y o0wekr R"  dasoma xapakariaHumaérran  OYJIMIICHH.
KyByBUMHUHT BEKTOp XOJATHHHU X, KOUYBUYMHHHT BEKTOpP XOJATHHH 3ca ) 7Ae0
oenrmnaitMu3. OOBEKTIIap WHEPTIHUACU3 XapaKaTHU aMajra OMIMpUIIAéTraHIard
KyBUII-KOYHIII MacallaCHHU KypaMu3, SbHU YIAPHUHT XapakaT TEHTIaMaiapu MOC
paBUINga KyHuIaru KypuHuIaa oepuirad
X=u, x(0) = x,, (1)

y=v, y(0) = y,, )
(x, y, u, veR", n>1). Macana MabHO KacO >THIIM YYyH, X, # ), LIapT
OOBEKTIApHUHI OOLLIAHFUY XONATIapu X, Ba ), YydyH Oaxapuicud. BekxTop

TE3NUKIAp U Ba V MOC paBUIIA OOBEKTJIAPDHUHI OOLIKAapyB MapameTpiapu
Bazudacunn yraiinu. lly Ouman Oup KaTopAa u BEKTOPUHUHI BakT Oyiinua

ysrapumm yadanyBud QyHkuua u(-):[0,00) — R" cudaruna taHaaHumO, yHHHT
yuyH €ku unrterpan (I-uerapananumr):

[lu@ P di<p, 3)
&xu reomeTpuk (G-derapagaHmui):
|lu(t)|<a nespnu 6apua ¢ > 0; 4)
¢ku Oup BakTaa (3), (4) (C-uerapananuiin) 6axapuJICHH.
KyBnoBunHMHT Oapua TaHJaHTaH OOIIKapYyBJIAPUHU, SHHU 3) I-

yerapaiaHuimuad  (Moc  paBumga (4) G -yerapanmanumam, (3)-(4) C-
yerapajaHUIIHU) KaHoaTaaHTUpyBuu cuHpuu U, (moc pasumna U, ,U.) 6unan
oenrmnaiimu3. Xyaau MyHAad, v BEKTOp BakT OYyilMua y3rapuiu YidaHyBYH
¢byakuusa v(-):[0,0) > R" cudaruna TannaHaau Ba yHUHT yayH €k uHTerpan (I-
yerapajiaHuil):

‘ﬁﬂwnﬁmgcw (5)

&xu reomeTpuk (G-derapajgaHmui):
|v(#) |<PB nespnu 6apua ¢ > 0; (6)
éxku 6up Baktna (5), (6) (C-uerapananui) G6axapuiacud. KouyBunHuHr Oapuya
TaHJIaHTaH OomKapyBinapuHu, spHU (5) [-uerapamanuman (Moc pasumina (6) G -
yerapanaHuiiny, (5)-(6) C-uerapajaHUIIHU) KaHOATIAHTHPYBUM CUHGHH V)
(Moc pasumina V.,V ) 6unan 6enrunaiimus. by epra o, B, p, Ba 0, Gepunran
comu napameTpriap. KyBimoBun X HHUHT Makcaau y4dpanryBHH, sisbHU X() = y(f)
TCHIIMKHM aManira omwupui, OyHma x(¢), y(¢) — woc pasumga (1), (2)

TEHIJIaMajlap acoCha XOCWI KWIMHTaH Xapakat Tpaekropusuiapuaup. Kouysun Y
3ca yuypamlyBaaH KOYHINTa, sbHH WUXTUEpuUd BakT f, >0 yuyn x(¢)= y(¢)
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TEHICU3JIMKHH aMaJira OUIMPUINTa HHTUIAIU, aKC X0J1/1a UMKOH OOprYa y4pariuiil
x(t)=y(t") BaKTH ¢ HHU y3aWTHUpHIIra Xapakar KHja .
S'fﬁI/IHqI/IJIapHI/IHr OolKapyBiapura KyHWwiran uyerapajaHuluiapra HucOaTaH
(1)-(2) nudpdepennman YAUHHN TYKKU3 XU BapuaHTAa Tabpudiall MyKUH:
1) G¥itun — u()eU,, v()€V,; 2) IG-yiun — u(-)eU,, v()eV,;
3) CG-yitun — u(-)€eU,, v()€V,; 4) GI-yiun —u()elU,, v() €V;;
5) I.yimn — u()eU,,v()eV,; 6) Cl-yiun —u(-)elU,, v()eV,
7) GC-yitun —u(-)eU,, v()€V,.; 8) IC-¥yituun —u()eU,, v(-)EV,;
9) C-yitun —u(-)elU,, v()eV,.
(by epma u() Ba v(-) — OomkapyBmap VHHH jkapaéHM TyrajUlaHI'yHYa
TaHJIaHAH ).

Kyitupa U cund cudaruna Ug, U,, U, cunbnapnan Oupunu, V' cund
cubaruna aca V., V,, V. cundnapaan Oupunu Kapaimus.

Huddepenunan yiiunnap Hazapusicuja CTpaTerus TyIIyHYaCHu acoCUi YpuH
tyraau. IyHUHT yuyH OyHJa MacaJlaHUHT XyCYCUSATHIIAH KEJINO YUKUO CTpaTerus
tTabpudu Oepunaau. bu3zHu Makcas yayH 3ca KyWuaard TabpuQ YpuHIM Oyaaau.

Tavpug 1. bepunran akciantupuil U :}) — U KyByBUMHUHI CTpaTeTUsCU
AeWnIany, arapJa Kyiuaara maptiap oaxapuica:

1. Yerapapuiinuk. Xap oup Vv(-) € V yuyn oupop [0,7] BakT opanuruaa
u(-)=u(v())elU; oynna pynakuus u(s)=u(v(s)) crparerus u umuar [0,7]
OpaJIUTUAr! PeaU3alusICH ICHIIaIH.

2. Bonbreppa. Arap uxtuépuii v,(-),v,(-) €V yuyn v,(s)=v,(s) TeHrIHK
[0,7] xecmaHuHT Aesipnu Gapya HyKTalapuaa Oaxapuica, y xonaa u,(s) =u,(s)
TEHINIMK XaM jespiu Oapua [0,f]ma ypummm, Oynma u, () =u(v.(}), i=12,
s €[0,7].

Tavpug 2. bepunran u(v) crparterus KyByBuu yuyH [0,7] na rorykimm
aeinnany, arap uxtTuépuit v(-) €V yuyn:

a) myHnad BakT ¢ €[0,7] wmaBxyx Oyncaku, Oy Baktaa x(t*)= y(t")
TEHIJIUK Oa)kapuiica;

0) u(-)eU, oynna [0,t"] opanukna u(t) ¢ynkuus u(v(-)) Ownan ycrma-
ycr TyuicuH Ba te (¢°,T] na u(t) =0 Oyncun; 7T conra kadoiaTiaHraH KyBHII
BAKTHU JeWIaau.

Hudbdepennman YHUHIAPHUHT YMYMHN Ha3apusCcHIa UKKUHYNA YUMHIYMHUHT
XaM aHUKJIaHTaH CTPATCTHSCUHH TabpU(PUHU XaM KEITHPHUII MyXuM. byHma
KyBJIOBYM Ba KOUYBUM CTpaTervsuiapu CUHQJIApH opacuaa XaM  y3apo

uH(pOpMaIIMOH MyTaHOCHMONWMK Oymumm MyxuMm. Kypunaérran wmacananapna
KOYYBUHU CTpaTerusicu cudaruaa OomkapyB GyHKIUATIAPHU Y3UHU TaHJIall Kudos.

Tavpugh 3. bomkapyB yHkums v'(-)eV OTykIu ned arajmaau, arapjaa
uxtuépuit u(-) e U yuyn Komm macamacu z=u(t)—v'(t), z(0)=2z, eunmu
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z(t) Oapua (>0 pga "Hoiman dapknm Oyiaca, spHM z(1)#0, >0, OyHma
Z=X—Y BaZ,=X,—Y,-
bupunun 600HuHr OupuHum mnaparpaduna G-yiun kypuwirad. bynna,

YMYyMUH AXJIUTIAMKHU TabMuHIam Makcaauaa JIA.IleTpocsHHUHT napamien
KYBHIII CTPATErusICH aCOCUN XOcCCallapy KENTUpWIaAW. Y UMHHHUHT MapaMeTPHUK

xomatd cudaruga p = (a,) € Ri — BEKTOp O€NrWIaHraH Ba MapaMETPHK
XoJIaTiap TEKUCIUTH KyHHAard TYTIaMiIapra aKpaTHiraH:
Py ={p:a>(,0>0,620}, E;={p:a<f,a=>0,G>0}.
Tavpug 4. bepunran G-yiunga KyeinoBuuHHMHT Il .-cTparerusicu ne6
u, (VM) =v-=XA;(»&, veS, dyuxmmara aiiramus, Oynma A, (v)=(5,,V)+

+\/<§0,v>2 +a2—\v\2, & = ZO/\ Zy |, (&> V) — &, Ba V BEKTOpIAPHUHI CKAJLIP
KynauTmacu, S, — paguycu [ ra, mapkasu 5ca Hosga 6yaran R” maru map.
JL.A.IleTpocsiH TOMOHHMJaH Kyiuaaru HaTUXa onuHrad: arap p € P, 6yica,
y xonma Il -crparerus G-yimnapa [0,7.] BakT opnurupga IOTyKiInm Oynanw,
oyuna 1. =|z,|/(o—(3); OyHman Tamkapy, KOYYBYMHU TYTHUII HyKTaaapu
tymiamn R" ¢asonnnr, wmapkasu c, = (a’y, — 6°x,)/ (o’ — 3%), pamuycu
R.=af|z,|/|a*>—3%| 6yaran Anmnononuil cdepacu OwiaH derapagaHra
W.(xy,5,)= {w: lw—x, > (a/ B)|w—y, \} mapjaH uoopar.
bupunun OOOHUHT MKKMHYM Maparpaduia IG-yitun ypranunran Oyiuo,
nmapamatpuk xoiar cudaruga p =(p,,5,() E]Ri — BEKTOp Kapajaiu, OyHIa

¢ =| z, |. IG-yiiunza anpTepHATUB TYIUIAMIIAMIIAp KyWHaruda TaHIaHau

P.={p:p, >4(3,6>0,p>0,0 > O})
E,={p:p, <4(3,6>0,p0>0,0 >0}
6yuma P, UE,, =R, P, NE, =9.
Tavpugp 5. Kyenosumnunr II,.-crparermscu ned u,.(v)=v— A\, (v)§,,
¢byHKuusAra aitamus, OyHua

A6 (V) = /24 (€ )+ A (o 2+ (60 VD =1V P, 10 = 00/ 120 s & = 201 20 |-
Teopema 1. a) Arap I1G-yitunna p € P,. 6ynca, y xonma II,,-crparerus

0,7, ] BakT opanurua TYKIN Oyaaau, OyHaa
G

Tio =2 /2= 0+l /2 = )

0) arap p €K, 0ynca, y xonma v' =—(3¢, y3rapmac GomKapyB KOUyBUH

yayH FOTYKnMH Oymamu Ba OyHma Oapua (>0 yayn |z(¢)[>|z,|—p°/(40)
YPUHIIN.
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TeopemaHUHT a) KUCMH aHUKIUK Tanab 3Tagu. Altaiinuk p € P, 6Yacun.

Y xonma Ko4yBUMHMHT uxtuépuii 6omkapysu V() €V, yayn kypwiran I1,.-
crpaterus R" ¢azonuHr

W6 (Xgs ¥0200) = {wil w—=x, P> (p, / B) [ w—, |} ()

TYIUIAMATa TETHIUTH HYKTAIapHAad KYBIOBYMHH TyTaad. Arap R’ TeKHCIHKIA

Kapanaérran Oyica, y xonga Oy TYIUIaMHH 4erapacu: a) arap p, = 4ﬁ|x0 — y0|

Oynca, Ilackan ynraHoFu XankacupaH; O) arap p, > 4ﬁ|x0 — y0| oynca, Jlexapt
oBanuaaH wubopatr Oymamu. Ymymui xonma (7) TYIUIAaMHHUHT 4Yerapacu Iy
YU3UKJIAPHUHT  VAMHYWIApHU  TYTAWITUPYBUM  TYFPU  YU3HK  aTpoduia
alTaHTUPWITUIINIAH XOCUIT OYIaau.

bupunun O0O0HUHT yuuHum mnaparpadpuaa CG-yitun ypranwirad. bynaa
OOLUTAaHFUY TapaMeTpuK Xodarijap (a30CMHU HKKH KUCMIa — aXpaTyBuH
aNbTepHATUBIMK TeopeMacu wucOomianran. KyBum wmacajgacu — onTuUMal

SKUHJIAIINITHA TabMHHIOBYM Mapaien Kysum crparerusicn ([I..-crpaterus)

acocuna euwnaau. Kouwin macanacu ydyH 3ca xapa€H JaBoMuUJa YHHUHUYWIIAD
opacugaru Maco(aHuHT Yerapacu KaTTajJuru KypcaTuiraH.
bupunun 600HUHT TYypTUHYM mnaparpaduaa [-yiun Ypranunrad. by epaa

OoLLIaHFUY IapaMeTpuK Xonar cubaruga p = (p,,0, )€ ]Ri— BEKTOp OJIMHIaH
Ba aJIbTCPHATHB TYIIamiiap Kyiuaarnya TaHIaHTaH
P, ={p:ip,>0,,p,>0,00 20}, E, ={p:p,<0,,p, >0,0, >0},
6ynma P,UE, =R’ , P,NE, =9.
Tavpugp 6. Kysnoumumnr II,-ctparermsicu ne6 u,(v)=v—A\(v)§,
dbyHkuusara aitamus, OyHaa
X, (V) =max{0,8, +2(€), v)}, 8, = (py —0)/ | 2|, & = 0/‘ z|,vER",
Teopema 2.a) Arap I-yiinnna p € P,6ynca, y xonga kysnosum yuyH [0,7] ]
BakT opanurua I1,-ctpaterus rotykmm 6ynanu, 6yuna T, =| z, |° /(\/g — \/a )
0) arapna p € E, 6¥ica, y Xxoiaa KOuyBUMHHUHT Kylingaru Oomkapysu

v*(f){

IOTYKJIH Oyaau, OyHa € —eTapiandya KUYUK MycOaT COH.
Avitaitmuk p € P, 6yncun Ba KyBnoBun [/, -ctpaterusiHu TajOuK 3TCHH. Y

0, arap 0 <t <g,
u(t—e), arap t>¢,

X0JJa KOYYBUMHUHI MXTHEpMH OomkapyBu V() €V, na yupammin HyKTantapu
TYyIIamMu Kynaaruda gpopmMysia acocuga OCpUIUIU KYpcaTuiiaau

W, (%45 Y05P0,00) = X, T /P S/(So _:0050/60 )

OyHma S — paauycu Gupra Ba Mapkasu HOJ HykTanga 0yiran R” maru mrap.
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bupunun 600HUHT oxupru OemmHuK naparpaduna C-yitun ypranunanu. by
XoJi/ia mapamMeTpuk xonar cuparuna p = (o, p,,3,0,,(,) € Ri — BEKTOP OJIMHAIM,
Oynna(, =| z, | Ba Kyimmaru Tymiamiap TaHJIaHaU:

P'.={p:a>p,p, >4¢0,0>0,6>0,p,>0,0,>0,, >0},

P’.={p:a>p,p,>0,a>03>0,p,>0,0,>0, >0},

P.=P . UP’..

Tavpugp 7. Kysnosuununr I -ctpateruscu ne6 u.(v) =v—A.(v)§;, ve S,

dbyHkuusara aitamus, OyHaa
min{ A (V). A\ (V)}, arap |z[<py/(48),
min{/\G (v), N\ (v)}, arap |ZO|>pO/(4ﬁ).

Teopema 3. Arap p EPC Oynca, y xonga C-yitmnna KysnoBun yayH [1.-

Ac(v) =

crparerust [0,7.] BakT opanuruna 1oTykau Oymaau, Oynna 7.— xadonaTiaHra
KYBHIII BAaKTH.

HucceprauiussHUHT «UHM3HK/IM YerapajJaHUILIM X0J YYYH KYBHII-KOYM I
Macajajgapuw» 1e0 HOMJIAHTaH MKKUHYM 000MJa KyBUII-KOUHMII Macajajiapuja
OolIKapyBiapra SHIM YHM3UKIW YerapajlaHull KUPUTWIaAW Ba Oy Kahcuaup
MabHO/JA XaM TIEeOMETPHUK, XaM HWHTerpajl 4erapajlaHulUIapHU  Y3uja
My’KaccamJIalITHPAIH.

Nxxkunun OOOHMHI OMpUHYM maparpaduia KyBJIOBUMHHUHT OOIIKapyBHUTa
YU3UKJM, KOUYBYMHUHI OOIIKapyBHUra 3Ca T€OMETPUK uerapajaHull KyWuirax
xongaru KyBuii-kouuin macanacu (LG-yitmn) Vypranunanu. By epma  ontuman
KyBUIIl MacaJlaCHHU €4YMII Y4YyH $Ha Napajien SKUHJIAIUI — yCyJIWJIaH
doitnananunaan. Kouum Macanmacuja sca KyBJIOBYM Ba KOYYBYM OpacHIaru
Macoda KaTTaTUTMHUHT KyWH Yerapacu aHUKJIaHTaH.

KyBnoBun 00bekT — X Ba KouyBuUHM 00beKT — Y, Moc paBumga (1) Ba (2)
TEHrJamMajap acocuja XapakaT Kuaumusnran oynumicud. LG-yiiunna u BexkTopra
BaKTra OOFJIMK paBullAa YI4aHyBUd (YHKIHUS OYIMO Y3rapuimuaaH Talmkapu
KyWHUIaru YerapajiaHuIl Xam KyHWJIrad

j]mgf&ggaxzza ®)

oyuna L, () =p,t +p,, p, — UXTUEPHIL, p, — 3ca MaH(HUil OYIMaraH XakKuKUH COH.
By xonma KOouyBYMHHHT OOIIKapyBHTa r€OMETPHUK derapajaHum (6) Kyluiarania
Macana Yypranunrad. KyBmoBuMm 0OO0BEKT X HUHT Makcaad, XyAad OUPHHUYN
naparpad kabu, x(¢) = y(f) TCHIVIMKHU amaJira ONIMPHII OYJica, KOUyBYH OOBEKT

Y HUHT Makcaau Oy “‘yupiryBaaH’ YEKJIAHUIN, aKC XOJjJa MMKOH Oopuua Oy
BaKTHH 4y3uil. Yumuk — (L,,0,,3), Oyana p, = p,/ |z, |, yiAuHHUHT OomUTaHFUY
napaMeTpUK XOJIaTH Jciaaay Ba p Ouian Oenrwiananu. Kyiinaara xoaataapHUHT
abTEpHATHB TYILIAMIIAPH KAPUTHIAIH:

P.=PUP,UP,, E,  =A\P,,
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Gynma P, ={p:p, >0, p,>p>, 3>0}, P,={p:p,>28, p =3, 3>0},
P,={p: 22(6+\/62_p1)a p1<623 B >0}.

Tavpug 8. Kysnosunmuunr II, .-crpareruscu ned u,,(v) =v—A\,.(v),,
v € S, — Qynkuusara aiitamus, OyHzaa

Mo =g/ 2+(Ev)+ (g 1 2461 +p— V]
Teopema 4. a) Arap pe€P . 6ynca, y xonnay xonna [I,.-crparerus

KyBnoBul yuyH [0,7;.] opanuruna rorykmu 6ynamu, Oynna T, =|z,|/\/, Ba

No =ty 1 2= B+ /2= B) +p, =B
0) arapna p € K, 0Yaca, y xonpa v* = — (3¢, y3rapmac 60mKapys KOuyBUn
yUYYH IOTYKJIU OViiaau Ba OyHaa 6apua ¢ > 0 yayH:
) peE, ={p:0<pu,<283,p, =0",6>0} Gyrranna
|20 | (28— py) / (28), arap 5> 0,
| z() >
‘ZO ‘a arap 6 =0,

2) peE,={p:0<p,<2(B+0"—p),p, <B,6>0} Gynranna

[2O) 2 2 [(B =1/ 246" =) (BB —p,);
oyana E, . =E, UE,.
NxxkuHun OOOHMHI WKKMHYM mnaparpadpuaa L-yitun Yypranuwnran Oyiuo,
KyBJIOBUM OOIIKapyBH y4yH (8) yerapanaHuil KyWwmiradH Ba Oyna p, — MaHQUii
OynmaraH cOH, KOUyBUHM OOIIKapyBUTa 3ca

j; 1v(s) [ ds <L,(r), 1>0, ©)

KYPUHUIINAATH dYerapajaHuIl Kyiwiran, Oyuna L,(f)=o,t+o0, Ba 0,0, —
MaH(pwuit OYnmaran conmiap.
L-yitunna p,, o, napamerpiaapra 60rauK paBuiia II-cTpaTerusHUHr SHIU
XYCYCHATH BY)KYATa Keu0O, YHUHT TabpU(PU UKKU yCYI OYiirua KeITHpUITaIu.
Tavpugp 9. Arap p, > o, Oynca, KyBnoBuuHuHr II*, -cTparerusicu 1e0

u, (V) =v-X,(»¢E,, veR” — byHKIMATa aliTamus, OyHzaa
A*L(V) = o + (v, &) +\/(N0 +<Va€0>)2 +p =0y, 1y =012 20|, & =24/ | 2y .
Teopema 5. Kyiunaru mapTtiapjaH xed OyaMaranaa Oupu OakapuJICHH:
a) py>0,;0) pp=0, Ba p,>0,+ 2\/E |z, |. ¥V xonpa L —yiMnna KyBiaoBuu

yayn IT" , -CTpaTerus [0,T" , | BaKT opanurua otykiau oynanu, oynna T " L
\/,01T2 + pT _\/0-1T2 o7 =z, |

TCHI'JIaMaHUHI' 6I/IpI/IH‘{I/I MYC6aT CUNMU.
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Tavpugh 10. Arap p, <o, 6ynca, KyBnoBuuHuHr [[,, —crpaterusicu ned
u, (v)=v-»X\,(¢§,, veR" — obyakumira aiitamus, Oyma A\, (v)=rv,+
+<V>€0>+\/(V0 +<Va€0>)2 +p, _20-1+‘V‘23 Vo =Y ! 2] 24|, vy = py — 20,.

Teopema 6. Kyiuparu maprnap: p, <o, Ba v, > /2(20, — p,) Gaxapui-
cud. Y xonna Kysnoeun yuyH I, -ctpaterus [0,7;,] Bakr opanuruaa OTYKIH
oymanm, Oynna 1., =21z, |/[v, —l—\/VOZ +2(p, —20,)].

Nxxkunun O0OHMHT yuuHuu mnaparpaduna (8) Ba (9) KypuHUIIUAATH
YM3UKIA YerapajaHdll TYIIyHYacH KyWHumaru KypuHUIgara auddepeHman
YHVH YY4yH YMyMJIAIITUPUIAAN

z=kz+ Bu—Cv, z(0)=z,,

oyama z,u,v€R", B BaC—nXnTaptubnu xocMmac KBaJpaT MaTpHUIaIapIup,

k — mycOar 6ynamaras coH, z, = 0. KyByBUnHMHT Makcaay — aBBaJiaH Oepuira
T Baktraua z(¢) =0 TeHIJIMKKa 3pHUIIUII OYJica, KOUyBUMHUHT MaKcaau — OyHra
Kapama-kapuuanp. KyByBun yuyH VHMHUMJIAPHUHT ONTHUMAaN SKUHJIAMIAIIUHU
TA@bMUHJIOBUM Mapajjiesl KyBUII CTPATETHSCUHUHI Oy XO0J Y4YyH KypWIHIIU
KEJITUPUIITaH.

WxkkuHun OOOHUHT OXHMpru TYpTHUHUM mnaparpaguaa [loHTpsrUHHUHT
«KoHnTpon macanacu» Oomkapysiap L-derapananuiira sra XoJ1 y4yH YpraHuiras,
OyHaa eyuMm OepyBUM (QPYHKUUSHUHT OUIKOP KYPUHMIIM TOMWITaH Ba YHUHT
acocujia KyBHII Macajlacu €4niraH.

HuccepraupsaHuHr  yuyuHun  “Kyrwiamm  4ymsukiaum  auddepenumnan
yiimniaap” Homiau 000u P.AlzekcHMHT 0ab3u Xan JTWIMaraH Macaljajapura
Oarunuianrad. by epaa KyByBUMHUHI OoIlIKapyBUra HHTErpajl €Kd apajanl
yerapajaHuIll KyHWIraH X0JIJaru Macajiajaap YypraHuiraH.

Bepunran R" eBkinnn ¢aszocuma X Hykra Y HyKTaHu TabKUO dTasnrad, xamaa
yIApHUHT XapakaTjapd MOC paBWINJa KyHHUIard TEHIJIamajapra acocCjIaHTaH
OycuH

x=kx+Bu, x(0)=x,, (10)

y=ky+Cv, y(0)=y,, (11)
oyama X, ¥, u,vE R", n>1;, B Ba C — nxn tapmubam xoc Gyamaran
KBaJpaT MaTpuuanap; k — MycOar OyiamaraH COH, X,,), — HYKTaJapHUHT
OoLTaHFUY XOJATIAPU, X, # V,, ¥ — X HyKTaHUHI OOIIKapyB mapameTpu; v — Y
HYKTaHUHT OOIIKapyB mapameTrpu. bepwmiran xonmga, (pa3oHUHT derapasiaHHIIl

cuparuma R" ¢asonuHr A TYmiam OCTHCH Kapanaad, YHM alHaH “KyTHIIHII
yn3urn” Ae0 roputwirad. by epna X HykTaHuHr Makcand, Y HyKTa A
TYIUIAMHUHT TallKapUCHAa XapakariaHnusmnranma, seHu y(s) €A, 0<s<t

Oynran xonna, oupop ¢, t >0 Baktaa x(¢) = y(¢f) TCHINIMKHU amaJra ONIMPHILIAH

nbopar. Jucceprammsga A TymiaM KyBJIOBYM X HUHI XapaKaTMHU amMalira
OIIMPUIIINTA XaJaKUT OepMaiauran xoiaaa kypuiaau. KouyBYMHUHT Makcaau dca,
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oupop ueknu BakT ¢, ¢ >0 nma y(¢) € A Terumnmwiukau x(s) = y(s), 0< s <¢
Oynranna, €ku O6apua ¢ >0 yuyn y(¢) = x(f) TEHICHU3IMKHU amajra OMIUPHUIIIAH
nboparaup.

VYyuunun 000HUHT OMpuHYM naparpaduaa “Kyrtwiui ynsurn” Yiuau (10)-
(11) um3ukiu cuctemanapia Oomkapysiapra (4) Ba (6) xypunumpgaru G-
yerapajaHulLIap KyWWIraH Xojja ypraHwirad. by epaa euuMm KyHuJIaru e4um
O0epyBun (PyHKIIUSTA aCOCIaHTaH

Ao () = (€0 PY) + (6, DV +a —[@r]) 2,
6ynna ®=B'C, £, =B 'z,/¢, C:‘B_IZO , Vzﬁ”@” Ba ||¢||=max|@v| -

M:l

@ MaTpHUIIaHWHT HOPMACH.

Tavpug 11. Ynzuxmm nuddepernan yitun (10)-(11) yuyn (4) Ba (6) G-
gerapananunuy xonna U, (v) =®v—-A.(v)E, — dyuknus kysnopunuuur I/, —
CTpaTeTUsACH JeiIan.

Tavpugh 12, “Kyrwnmnm uusurn”  yiMHWHAQ KyBJIOBYMHUHT U (V)
ctparernscu [0,7 ] BaKT opaiurujia I0TyKIH Jeinaan, arap xap 6up v() €V, yuys
mydpaid ¢ €[0,7] makuka MaBxyn Oyicaku, OyHaa Ky#ujarm Imapriap
Oaxkapuiica

a)x()=y(t");  b)y(s)¢ A Toxn s€(0,t].

Tavpug 13. “Kytwnum uu3uru’”’ YHHHHAA KOUYBUMHHUHI OOIIKapyBU
v () €V, oTykmm peinanu, arap xap oup u(-) €U, ydyH Kyinnarn mapriap
Oakapuiica: a) NIyHaai 4ekinm gakuka 6 wmaexyn O6yicaku, Oynma y(0) € A Ba
y(t) = x(t) ToKM t € [0,0); 0) y(¢t) = x(t) 6apua t >0 yuyH.

Teopema 7. Arap k<0, a >~ Ba €“BW,(x,,y,) Oapua te[O,t*] y4yH
A Tymiam OunaH KecumuMmaca, y Xoima [ -ctpateruss “KyTWINAII YU3UFH
YilHUIa KyBJIOBYM YUyH IOTYKIHM OYnanu, , OyHaa

W.(xy,1,) = = {w: ‘W—B_IXO‘ > (a/ fy)‘w—B_lyO‘}.

Teopemana ymymaH ojirasja 3apyp Ba €TapJIMINK IMIAPTH KEITHPUITAH: arap

"B W.(x,,y,) bupop t =0 BakTna A Tyruiam OMIaH KECHUIICa, Y X0J4a KOUyBUN

yUyH y3rapMac OyiiraH I0TyKIu OOIIKapyB MaBxkKYy/I.

VYyuunun 6060HUHT ukKkuHYM naparpaduna (10)-(11) ynszuknm auddepenuuman
Vitun yuyn “Kyrtuwnum sxu3uru” macajacu ypraHwiaau, OyHAa KyBJIOBUMHHHT
OoLIKapyBUTa KylH1aru KYpUHUILIIArd MHTErpajl yerapajanuil KyHuiran

j; Te M lu@ P dt<p (p,>0), (12)

KOYYBUMHHMHI OOHIKapyBU 5ca (6) TeoMeTpuK 4YerapajaHull OwiaH OepuiiraH.
KO4uyBUMHHMHI €THIIMII COXAaCH JAMHAMUKACHUHHMHI TEHIJaMacu KeJITUPUIIraH.
VYypamum HyKTalapu TYIUIAMUHUHT uyerapacu Tekucnukia [lackanm yuraHoFu
xankacugaH €xu Jlekapr oBanmzaH uOopaTauru Kypcatwirai. Macana euumun
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KYBJIOBUMHHUHT (oiiacura xajl OYIUIIM y4yH Kyluaaru equm OepyBur (pyHKIUS
Kypuiras

A (V) = M/2‘|‘<foa¢v>‘|‘[<M/2+<§O,¢v>)2_|@v |2]1/2,

oyuna & =B 'C, ¢, =B 'z, /v, u=p, /v, v=|B 'z, >0, 7= ﬂ”@“
Tavpugp 14. Hubdepenuuan yimn (10)-(11) yuyn (6) Ba (12)
yerapajaHumuiap Oaxapwica, y xomma U,.(v)=Pv—A,(v){, ¢yunxuusara
KyBJIOBUMHUHT [] . - cTparternsicu neiiagy.
II,.-cTpaterus Ba KOYYyBUM OONIKAPYBUHUHI IOTYKIWIMIH aBBAITH

tabpuduap 12 Ba 13 kabu Oynrannuru ydyH ynapHu Oy epaa Takpopuid
KEJITUPUIIMATraH.

Teopema 8. Arap (1 >4~ Ba e“BW, (x,,,,p,) TyLIaM Gapua te[O,t*]
yayH A Tymiam OwiaH kecumMaca, y xonna Il -cTpaTerust KyBJIOBYM y4yH
[G-verapananunum ~ (10)-(11) “kyTwnum yu3urn” YHMHUIA IOTYKIM OYyianu,

[ = (o /7))

by epna xam Teopema 7 HUHT U30XU YPUHIIUIUD.
YyyHun OOOHMHr yuMHuUM maparpadpuaa “KyTWIUIl YU3UFM® ~YHUHU
KyBJIOBUMHMHI OomkapyBu L, ML cuHpra, KouyBUMHUHI OOWIKapyBu 3ca L_

oyuna W,.(xy,¥,,0,) = {W: ‘W_B—lxo

cuHpra Tterunuid OYnaraH xonaa VYpraHunaau. byHna KOUYyBUYMHUHT €THULIWII
coxXacu JAMHAMUKACH TEHIJIaMacu KEJNTUPWIraH Ba YHUHI acocuja “KyTHUJIUII
YU3UFK’ YUMHUHUHT €YUMU KYpUiIaéTrad XoJ y4yH Oepuiiaau.

HucceprauussHuHr oxupru “HMHTEerpas derapajaHulLIM XO0J Y4YYH
rypyXJau KyBHII Macajajapu” HOMIM TYpTUHYM OoOuga acocuid »bTHOOP
MHTErpaj 4YerapajlaHuuuiy AuddepeHuuan YiuHmapaa eTapiwivK apTiapuHu
XOCUJI KWJIMIITa KapaTuwirad 0ynub, OyHaa OuTra KOUyBUMHUA OUp HEYa KyBJIOBUYU
TOMOHMJIaH TYTHII Macajiacu Mojenu YypraHuiaau. by epaa euum OepyBuu
GbyHKUMATAP YCYJIH PUBOXKIAHTUPUIITAH.

Yy 606HuHT OuMpuHuM naparpaduna yekiau Ym4oBiu eBKIuI (azocuna
KyWuJard TEHrjaMajap cHUcTeMacu OpKaiu OepuiraH 4u3ukiu auddepeHnnan
YHUHIIap YpraHuiaau

z,=Az, +Bu, —Cyv, z (O) =z, (13)
oynma z, €R", u, eR”, veR?; n >1, p,>1, g>1, iEl,_m. By epna
i€l,m — | man mrada 6yaran GyTyH COHIAP TYIUIAMIE; A4, B, C. —moc
paBumma n Xn,, B, Xp, Ba N, Xqg TapTHONM ¥3rapmac MaTpHIanap;
' =(z],2),...,2)) — YhuHHMHr OGowutanFuy Xonmatd; (U, Uy,...,U,) —
KyBJIOBUYMHHUHT OOIIKAPYB MapaMeTpiapw; V — KOYYBUHHHHT OOIIKapyB

napamMeTpu. u;, i€l,m Ba v mapaMeTpIapHUHI pealn3auuscu YHUHHU Tyramul
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Kapaénuua YmuadyBuu QyHkuusnap cundu L, [0, T ], p>1 terunun 6yaub

KYﬁHHaFH qcrapaJJaHuIH KaHOATIAHTUPHUIIH JIO3UM

j;r\ui(T)\p dr <p,, p,>0, i€l,m, (14)

LT\V(T)\’J dr<o,0>0, (15)
oyuna 71— y3rapmac mycOar coH (7 =-+oo Oynmumu xaM MyMKWH). bynmai
OomkapyBiIapHu  WYn Kyiwuiaran Oomkapysiap ne0 aramaam, XamJa Kenrycuia
yJIapHH TYIIaMUHU Moc paBuiia U ;, 1€ I,_m ,Ba V. cudaruna Oenrunaimus.

Tepmunan tymnam M,, M,,...,M  TynnamnapHuHr OupialIMacuIaH
noopar Oynanu, xamaa yiapHu xap 6upun M, = M + M xypurumira sra 6ymuo,
oyana M — R" muar umsmkmm kuem dasocw, M, — sca R* nma M ra
OPTOTOHAJ TYIAUPYBUH OyiraH L HUHT KaOapuK KOMIIAKT TYTIIIaM OCTHCHIHD.

Tavpugp 15. (13)-(15) Vitnnna Goumanrny z° xomartaan I = T(Z()) BaKT/a
YHMHHY Tyraaiam MyMKWH Aeitnanm, arap mysmait (u,(-),u,("),....u, (")), OyHna

u, () =u, (,v()) eU,, i€ I,_m CTpaTeTusap MaBXyA Oyjlcaku, HXTUEPUIA

1

OomIKapyB V<°>€ V. yayH, xeu Oynmaranna Ourtra i, i El,_m kuitmatna Korm
0

MacanacuMHuHr z, = Az, + Bu, (t,v(t)) — Cy(t), z, (O) =z, a0COJIOT Y3IIUKCH3

o 0
eulMU Z, (t), tepmuHan tymiam M, ra T'=T (Z ) BaKTraya TYIICHH, S'BHU

zZ, (t*>€M ; bupop t E[O,T ] T (Z()) — COHIa KYBUIIHHUHT KadoJiaTiaHTraH
BaKTH.
m, — omeparop R" nam yHuHr K#cMm dasocu L, ra oprorosan

i
MPOCKIUATIOBYN aAKCIIAHTUPUIT 6SJ7JICI/IH.

Qapasz 1. 7" Bd =m,e"C, Tenrnama Oapua ¢, t >0 ydyH ynukcus Ba
xoc Oynmaran @, (t) MaTpHUIlaBU{ €4uMra Jra.

bepunran

X; (t.s)= sup (B, (t—7)v(7)|" dT, 0<s5 <1,

1

t
Gynna V) [s,t]= [v()f [v(7)[” dT < 1], xamaa [ =Sup,. ... X (£,8). Kypum
MYMKHHKH [, > 0, X0onOykn (1, = 400 XO0JI XaM HHKOP JTHIIMAiiIH.

Dapas 2. pl/:ul +p2/:u2 +”’+pm/:um > 0.
®apa3 2 naH kenubd yuKaauku, 6apya p koddduimennap Oup BakTaa + 00
ra TeHr Oyna onmacnukiapu. bynna wkku xon Oymumm mymxun: I p. /pu. <o

Oapua i ma. Il. p, /p, >0 aiipum i y4yH.
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®dapaz  kwiamuz  [-xonm  Ypumam  ge6. Y xomma o=

-1 .
= (op, /1) (o)1 + Py [ 12+, [ 1) neiimusz,  Oymma o =0, +
+0, +...+0,. Cyarpa eunm OepyBun 7 Ba V jap OyiiMd4a IOKOPHIAH SPHUM
y3nukeu3 pynkuusap A\ (¢t —t,,t —7,v,z;) HU Kypamu3. bepuiran

t
A(tt,z)=1— inf f)\i(l‘—l‘l.,l—T,v(T),Zi)dT, 0<t <t,
V(- )V, [t.t] i

t
OyHma VU_[tl.,t]:{v(-): f lv(T)” dTSO'Z.}, t, — KyBuUImI OKkapaHHZIa
i ti

aHNKJIAQHAJWraH BakT, z, € R". Arap t nucGaran xypwrasmran A (t,¢,z,)=0
TeHrJIaMa mycOar edumiapra sra Oyica, y XoJJa YJIApHUHT SHT KHYUTHHH
I'=T(t,z) ne6 6enrunaitmus, akc xonna 1, = 400 1e6 onamus.

@apaz 3. Y3nunakcu3 aKCHTHPUIUIAP Maxkumyd 1 :[O,—I—oo)x]R”" — R

MaBxya OVJICHH.

Teopema 9. Arap Gepwiran GouramFud xomaT 2z yayH 1-3 dapasmap
O6axapwica, y xonna (14)-(15) gerapananumu (13) yitmnga xadosarianraH

BakT T = T'(z°) ma YHMHHYM Tyrauanm MyMKHUH.
Ougu II-xomnu kypamm3. Appan eunm OepyBuM QyHKIUS A (f,t — T,v,zf) ,
0<7<t, v(e R?) xKypunaau Ba yHHHT EpaMuIa
t
A2 )=1— inf max jo A(tt—7,(7),2° )dr

v(-)eV,[0.1] i€lm
t
GyHKIMs aHWKIaHaau, OyHzaa VG[O,t]={V(-):IO\v(T) ” dt SG}. T'=T'z"

opkami  A(tz,z°) =0 TeHrIaMaHMHr OUPMHYM MycOaT €YMMHUHU OEITrUIaiMus,
arap OyHjaii eaum MaBxyn O0yamaca 7'(z°) = +oo 1e6 dapas Kumamus.

@apaz 4. bepunran O60ouUUIaHFUY X0JaT z° YU4yH 4€KJd BakT 1 '=T '(z°)
MaBXY/I.

Teopema 10. Arap Gepwira GouuraFud xomatr 2z ydyH 1-2 Ba 4
bapazmap Oaxapwica, y xonna (14)-(15) derapamanumu — (13) Vitunga
kadoyaTiianran 4ekyv Bakt 7 '=T '(z°) Jla YVUMHHM Tyrajjlail MyMKHUH.

TypTuHur OOOHMHI WKKWHYM Ba YYUHYM  maparpadiapuaa aBBaITH
naparpadia KeATUPUITAaH TYPYXJH KyBUII YCYJIW HHTETPaJ YerapalaHuILTH XOJT
yayH JI.C.IIOHTpSATHHHUHT KOHTPOJ MHCOJIU Ba KOUYBYMHHU [-TYTHII Macajacura
KYJUTaHUJTQIH.
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XVJIOCA

1. Hykramap xapakaTu uHepuusicu3 OyiraHia OoILIKapyBiap HHTErpa,
Typiu Ba apajaim OyiaraH XoJjulap y4yH KyBHUII-KOUMII Macaiajlapyd €4yuiraH.
Ymly xoymap y4yH ONTHMall SKUHJIANIMIIHM TabMUHJIOBUM Mapajiesl KyBHII
CTpaTeTUsUIApU KyPWITaHJIUTUHU TabKUAJIAII MyMKHH.

2. Jlubdepenmuman yiuHmap Hazapscuga OolIKapyBiapra KyWHJIaJIUraH
OJlaT/Iaru TEOMETPUK Ba MHTErpAJl YeTapajJaHUIILJIAPHU SHAJa Ky4YaUTUPYBYM SIHTU
TypJIard YM3UKJIN YerapalaHuIl KypUJIraH.

3. KyByBUMHHMHI OOMIKapyBUIa YM3UKIU, KOUYBUMHHUHI OOIIKapyBHIra 3ca
TEOMETPUK YeTapajaHUIl KYyWWIraH XojiJa KyBUII-KOYHMII Macajacu Tyja Xal
KuiuHrad, OyHaa KpacOBCKMHWHMHI allbTEpHATUBIUK TEOPEMACH YPUHIWIUTU
MCOOTIAHTAHJIUTUHU KAl STUII JIO3UM.

4. KyByBuM Ba KOUYYBUYMHHUHI OOIIKapyBJIApUra YHU3UKJIM 4YerapajaHUII
KYHWIraH XO0J Y4yH ONTHUMall SKUHJIAIIWIIHKA Ka(oJaTIOBUM Mapaiien KyBHUII
CTpaTeTHsUIapyu KypWIraH Ba yJjiap acocua KyBHII MAacalacy €4UIITaH.

5. ViiuHuumap xapakaTm MabiyM TypAard um3uknd auddepeHIman
TeHIJIamManap Owian Oepwirad, OolIKapyBiapra reoMeTpUK, MHTErpaji Ba apaJalll
yerapajJlaHuIIap Kyuwiran xosuiap ydyH Abzekc-IleTpocsHHUHT “KyTHIIHII
YU3UFW~ Macajacy €YWITaHJIUTUHUA KEITUPUII JIO3UM.

6. Euum OepyBunm ¢QyHKIMsIap ycynau Oolikapysiapra MHTETpai
yerapajaHuiiiap KyWwirasaa TypyXJd KyBHII Macajacura TaJ0UK >THIITaH,
xamaa JI.C.Ilontpsarun €npamryBu Oyinya edyumiap OJIMII YYYH SIHTH 3apypuil
miapTyiap TONWITAHJIUTHA KAl STUI JIO3UM.

HNuccepranus Hazapuil xapakrepra sra. Juddepenunan yitnaiap Ha3puscu-
HUHT MapkKa3uja YHUHUYWJIAPHUHT ONTUMAaJl CTpAaTErvsUIapuHU KypUIl Ba TaaOUK
ATUII MYyXHMM YpuUH TyTaau. Jluccepranusga OJMHTAH AaCOCHl HaTHXauap
OollIKapyBJiapra TypJiM 4erapajaHuIiap KyHWiranaa myHaail crpaTerusyiapHuHT
KypWIMIIM Ba TaaOuK sTuianimuaanup. by HaTmkanap moxusitura kypa O0UIKapyB
HA3apUSCUHUHT aCOCIAPUHU PUBOKJIAHTUPHILTA KapaTWITaHJIUTK OWjiaH ajloxuia
YPHUH TyTaIu.
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BBenenue (aHHOTAIIMSA TOKTOPCKOM TUCCEPTALIAN)

AKTYaJIbHOCTh M BOCTPeO0OBAHHOCTH TeMbl auccepramuu. B cBs3u
OypHOro pa3BUTHUA HAYyYHO-TEXHHYECKOIO MpOrpecca B MUpE MaTeMaTUYECKUE
METO/Ibl CTalli BaXHBIM CPEJICTBOM B YIPABICHUU CIOXHBIX cHUCTeM. B
YIPaBIEHUH MHOTMX SKOHOMHUYECKMX M TEXHUYECKUX IPOLECCOB Tpedyercs
y4ecThb elle KOH(PIUKTHOCTh Pa3IMYHBIX CTOPOH. B CBSI3M ¢ 3TUM co3aaH HOBBIN
00J1aCTh MaTEMATUKH, T.€. TEOPUs TMHAMUUYECKUX UTP, KOTOpasl ciaraercs u3 AByX
KOMITIOHEHT — T€OPUU JUCKPETHBIX U NU]depeHnanbHbIX Urp. B ceroaHsmnbix
CJIOXHBIX PBIHOYHBIX OTHOILICHUAX MPU PEHICHUHM MHOTUX HIKOHOMHMYECKHX U
TEXHUUYECKHX 3aJlay 3TU TEOPUU HAXOASAT CBOU BaXKHBIE MPUIOKEHUSI.

[locne Toro, kak Halla cTpaHa MpuoOpena HE3aBUCUMOCTb, C IEJIbIO
pa3BUTHs HAyKd U TEXHOJOrMu Obuik paspabotanbl psa  pedopm. B
noctanoBneHusax IIpesunenta Pecnyonuku Y36exkuctan or 7 aprycra 2006 rona
«O Mepax MO COBEPIICHCTBOBAHUIO KOOPAMHAIMM W YIPABICHHUS Pa3BUTHEM
HAayKu M TeXHoJiorum», a Takxe oT 15 urons 2008 roga «O AOMOJHUTEIBHBIX
Mepax Mo CTUMYJIMPOBAHUIO BHEJIPEHUSI MHHOBAILIMOHHBIX MPOEKTOB M TEXHOJIOTUI
MPOU3BOJICTBAY U B JAPYIMX HOPMATUBHO-NPABOBBIX aKTaX (PyHIaMEHTaJbHbIE
HAyKMW W HUX BHEJIPEHUS B pa3JIMYHble NPOEKTHl ObLIM 0CO00 OTMEUYEHBI.
Huddepenuunanbable UTpbl, KaKk pa3BUTUS TEOPUM MaTEMAaTUYECKUX METOJ0B
yIPaBIsI€MbIX MPOILIECCOB, COYETAIOT B ceO€ JTUHAMUYHOCTb, YINPABISIEMOCTb,
MPOTUBOJEHCTBUE, UHPOPMUPOBAHHOCTD, ONTUMAIBHOCTh U PAJ APYTHUX BaKHBIX
KAauecTB U MPEJCTaBISAIOT COOOM OJHY W3 CIOXKHBIX MaTeMaTUYECKHX Mojelei
peanbHbIX MPOLECCOB UMEIOIEe OOJIBIIOE MPUKIIATHOE 3HAUCHHE.

B abGconmoTHOM OOJBIIMHCTBE paboOT, MOCBALIEHHBIX AU depeHnanIbHbIM
uUrpaMm TpeciefoBaHUs-yOeraHusi, pacCMaTpUBAIMCh CHUCTEMbI, B KOTOPBIX
yIpaBJ€HUs BBIOUPAMCH TOJIBKO M3 Kjacca orpaHMYeHHbIX (QyHkuuid. Takue
r€OMETPUYECKUE OrpaHUYCHHs HAJIO)KCHHbIE HA  YNPaBIEHUS  BBIPAXKAIOT
OTpEJICTICHHbIE KOHCTPYKTUBHBIE BO3MOXHOCTHU YIPABISIEMOT0 YCTpPOMCTBA.
Ctpemnenne K Oonblield  aJeKBaTHOCTH  MaTeMaTHUYECKUX  MoOJenell ¢
MpPaKTUYECKUMU  3ajJadyaMd  [OpPUBEIO K HEOOXOAMMOCTH  HU3YYCHUS
muddepeHIrnanbHbIX WP C WHTErPajJbHbIMU OrPAaHUYEHUSMU Ha YIpaBICHUS
UrpokoB. Takue orpaHuYeHUs] BHIPAXKAIOT, HAPUMEDP, OTPAHUUYEHHOCTb dHEPrUU
yIpaBiieHUs, YMEHIIEHUE APYrUX BEIIECTB, 3aTpauMBacMbIX MO XOJy Mpolecca.
Oco0eHHO TIpH HCCIIeJOBAaHUU MAaTEMAaTUYECKUX MOJIeNiel TEXHUUECKHUX MPOLIECCOB
OTpaHUYEHHUE TAKOT'O XapaKTepa UMEET Ba)KHOE 3HAUCHHE B HAYYHO-NPHUKIIATHOM
acreKTe.

HeoOxonuMoCTh H3ydeHHs YHOPaBIAEMbIX CUCTEM B O0OIIEH NOCTaHOBKE
TpeOyeT paccMOTpeHUE Mojieliel, KOrja Ha yIOpaBICHHUS  HalaraloTcs
OJIHOBPEMEHHO 00a THIa reOMETPUUECKUE U MHTETpaIbHbIe OIPAaHUYEHUS, UITH JKe
uX JHUHeiiHoe oObequHEeHue. AKTYallbHOCTh JUCCEpPTAIluU 3aKIIo4YaeTcs B
pa3BUTHH  OCHOB  Ju(depeHIMaNbHbIX WP B HANpaBI€HUH  TEOPUHU
npeciieoBaHusA-yOeraHuss MpU  pa3lIMYHBIX OTPAHUYEHUSAX HA  YIpaBICHUS
UTPOKOB, B  TMOCTPOEHUM  AJEKBATHBIX  MaTeMaTHYECKUX  MoJeled B
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MPOTUBOJEHCTBYIOUIUX YIIPaBIsIEMbIX MpOIIEccax, a TaK ke pa3paboTka METOJ0B
B PEIIEHUWM TaKUX 3a/ad, YTO IO3BOJISET Pa3BUTUIO TEOPUU MATEMATHYECKHUX
METO/IOB YIPABJICHUS U B (yHIAMEHTAJIbHOM, U B MIPUKJIAJHOM aCIIEKTe.

CBs3b MCCJIEIOBAHUST C NPUHOPUTETHBIMH HAINPABJEHUSIMH Pa3BUTHUA
HAYKM MW TexXHoJorud pecnyOauku. JlaHHas pauccepranus BBIIOJIHEHA B
COOTBETCTBUM C IMPUOPUTETHBIM HANPABICHUEM PA3BUTUS HAYKHM U TEXHOJOTHU
IV. «Maremartunka, MexaHuka U H”HOOPMATHKA.

0G30p 3apy0e:KHBIX HAYYHBIX HCCJIEI0BAHHMII MO Teme muccepramuu’. B
HaIpaBJICHUN HaXO0XKICHHsI OOIIETO METOo/1a PEIICHUH TeOpUH TU(PepeHITnaTbHBIX
UTp U B PEIICHUU 3a/a4 MpeciieIOBaHUsA-yOeTaHus TIPU Pa3IUYHbIX OTPaHUUYEHUSIX,
BEAYTCS IIUPOKUE HAYUYHBIE MCCIEOBAHUS B HAYYHBIX IIEHTPAaX U YHUBEPCUTETAX
Benymux ctpad mupa, B ToM yucie B RAND Corporation (CIIIA), University of
Princeton (CIIIA), University of Illinois (CIIA), University of Cambridge
(Anrmust), University of Brest (®panuwus), MoOCKOBCKUI ToCyIapCTBEHHBIN
yHuBepcuter, Maremarnueckuii uHCTUTYT PAH, WHCTUTYT Marematuku u
Mexanuku YpO PAH, Vpanbckuii denepanbHbiii yHUBepcuteT, Poccuiickuit
YHUBEpPCUTET JApyxkObl HaponoB, Cankr-IlerepOyprckuii  rocymapcTBEHHBIN
yauBepcutet (Poccus), HaydHo-uccienoBarenbckuii tHCTUTYTaX AH Ykpaunsl u
APp.

B pe3ynbrare Hay4HBIX MCCIIEJOBAHUN, TPOBEICHHBIX [0 OMHUCAHUIO OOLIUX
MeTO/I0B perieHus AuddepeHuranbHbIX UTP U PELICHUI0 3ajau Mpeciea0BaHus -
yOeranusi TpH Pa3IMYHBIX OFPAaHUYEHUAX, B MUPOBOM MacITabe perieH Meblid
pSJ aKTyallbHBIX 3aJad, B TOM 4YHCJE, OBUIM MOJYYEHbl CJIEAYIOIIME Hay4dHbIE
pe3yabpTaThl: OMMCAaH METOJA XapaKTepUCTHK Alizekca-bemnmana-IIonTpsaruna
(RAND Corporation, CIIA, Uuctutyt matematuku PAH); Ha ocHoBe moaxozaa
BapUAIMOHHOTO UCUYMCIIEHUS ObUIO BBIBEIEHO HEOOXOAMMOE YCIOBUE HAXOXKIECHUE
Ce/UIOBOM TOYKHM, Kak pemeHus auddepennuanpHoit urpel  (University of
Princeton, CIIIA); ycTaHOBJEHO CYIIECTBOBAaHME 3HAYEHMSI WUIPbI, HA OCHOBE
annpokcumanuu koneunsiMu urpamu (The Ohio State University, CILIA u Cankr-
[leTtepOyprckuil rocyqapcTBEHHBIN yHUBEpcUTeT, Poccus); s GUKCUPOBAHHOTO
MIPOMEKYTKa BPEMEHH JOKa3aHa CYLIECTBOBaHME 3HaueHUs uddepeHnnansHon
urpel  (Mucturyr w™arematuku wu  wMexannku YpO PAH, MockoBckuii
TOCYJapCTBCHHBIM YHUBEPCUTET), H3yuyeHa MakCcUMHHHas auddepeHimaibHas
urpa B ruias0epToBoM TmpocTpaHcTBe (University of Cambridge, Aunrmus);

! 0030p 3apyOCKHBIX HAyIHBIX HCCIeNOBaHMU 1O TeMe muccepranuu: Isaacs R. (1971): Differential Games.
New York. John &Wiley; Friedman A. (1971): Differential Games. New Y ork.Wiley Interscience; Fleming
W. H. The convergence problem for differential games.1961.J. Math. Anal. Appl.Vol.3,pp.102-116;
Berkovitz L.D. 1998. Characterization of the values of differential games. Appl. Math.
Optim.Vol.17,pp.177-183; Elliot R. J., Kalton N. J. (1972): The Existence of Value for Differential
Games. Amer.Math.Soc.; Ionrpsrun JI.C. (1988): N30pannbie Hayunble Tpyasl M. Hayka, Tom 2; KpacoBckuit
H.H., Cy66orun A.W. (1974):Ilozunmonnsie nuddepennmanipapie urpsl. M. Hayka; Petrosyan L.A.
(1993):Differential games of pursuit. London.World Scientific Publ.Co Pte.Ltd.;Williams J.D. (2007):The
Compleat Strategyst: Being a Primer on the Theory of Games of Strategy. New York.RAND Corporation,
USA.;Yeung D., Petrosyan L.A. (2006): Cooperative Stochastic Differential Games. New York. Springer; Haurie
A., Krawczyk J., Zaccour G. (2012): Games and Dynamic Games. London.World Scientific Publ. Co.Pte.Ltd.;
Yong J. (2015): Differential Game. A Concise Introduction. Washington.World Scientific Publ. Co.Pte.Ltd., 0butn
HCIIONB30BaHbl U JIPYTHE UCTOYHUKH.
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noJsiy4eHbl 3 (HEKTUBHBIE METO/IbI HCCIIEIOBAHUS 3a]1ay IpeciieoBaHus-yOeraHus
IpU  TEOMETPUYECKUX,  HMHTErPAJIBHBIX W PA3JUYHBIX  OIPAHUYEHUAX
(Marematnueckuii uacturytr PAH, Wnctutyr matematuku u mexanuku YpO
PAH).

B MupoBOM ypOBHE OCYIIECTBISIIOTCS PSAJ HAyYHO-HCCIEN0BATEIBCKUE
pabotel o Teopun AU epeHuranbHbIX UTP U UX MPWIOKEHUH, B YaCTHOCTH,
OCYHIECTBIISIIOTCS pa3padOTKU B TAKUX MPUOPUTETHBIX HAIIPABICHUX, KaK: 3aJa4uu
npeciieloBaHusA-yOeranus, Korja Ha yrpaBJIeHUs UTPOKOB HAJIaraloTcs pa3inyHble
OrpaHUyYeHHUs, OoJjiee aJeKBATHO OTpaXKalOUIUE peajbHbIE MPOILECCHl; PEIICHUS
3a/lay TPYIIOBOTO TpecieoBaHusA-yOeranusi; MCCIEI0BaHUE CTOXAaCTUYECKUX
mubdepeHuranbHbIX ~ UTP;  BBIABISAIOTCS  HOBBIE  YHUCJEHHBIE  MPUHIUIBI
ONTUMAJIBHOCTH B KOH(MJIMKTHO YIPABIIEMBIX IPOLIECCAX.

Crenenb uM3ydeHHoOcTH mnpodiaemsbl. [lonstue «auddepeHunansHas urpa»
BIIEPBbIE MOSIBUJIACH B IMKJIE 3aCEKPEUEHHBIX pabOT aMepUKaHCKOI0 MaTeMaTHKa
P.Aiizexca no npoekty kopnopauuu RAND (CIIA), BeimoiaHeHHBIX B Havane 50-
ronoB 20-Beka. Mccinenoanust P.Aizexca Obutn onyosMkoBanbl B 1965 1. B BUIE
MoHOrpaduu, B KOTOPOW paccMaTpUBAINCh MHOTOYHMCICHHbIE TPUMEpHI, a
TEOPETUUYECKHE BOMPOCH! OBUIM TOJIBKO 3aTPOHYTHI. BO3MOKHOCTh MHTErPATILHOTO
orpaHudeHuss B JUdPepeHIHalbHBIX UIrpax Oblla OTMEYeHa B JTOM KHUTE
P.Aiizekca, HO mepBbIe Pe3yabTaThl ObUIH MOJYUYEHbI 3HAYUTENBHO MO3XKE.

Ilepeeiii  mpsimoit  Meron JI.C.IloHTpsirmuHa TniepeHOCWIICA Ha  ciydai
uHTerpaigbHbix orpannyeHuit M.C.Hukonbckum. DTOT monaxona ObUl pa3BUT B
paborax A.f.Aszumona, ®.B.I'yceiinoBa, A.B.Mesenuesa, H.JI.I'puroperxo u ap.
bonee ocHoOBaTenbHBIM  MOAXOJ, pa3paOOTaHHBIA  HUCXONd U3  METoJa
AKCTPEMAIBHOTO MpULIETIMBaHUS H.H.Kpacosckoro U1t penieHus
muddepeHIranbHbIX UTP C UHTETPaIbHBIMU OTpaHUYCHHUSIMU, Oblla pa3BUTa B
pa6orax  H.H.Kpacosckoro, IJ).M.Pemuna u  B.E.TperbsikoBa, 3aTem
A.b.Kypxanckum, A.M.Cy606otunbiM, B.H.Ymakoeiv, H.IO.JIykosisHOBEIM,
M. A Jlokmuaeiv, B.WN.Yxo6o0toBbiM, A.H.[dapsunbiv, [[.B.KopueBbiMm u np.
[To3uLIMOHHBIN crOCO0 CONMMMKEHUs ISl PEryJsIPHOrO ciydas ObLI MEepeHeceH Ha
cly4ail  MHTerpaibHbIX orpaHudueHuii B  pabore  b.H.[lmenuynoro wu
IO.H.Onormuyka u  Obuin  mpopobkeHsl B paborax  WM.C.Pammonopra,
C.U.Tapnuuckoro, M.C.I'abpudnbsina, A.AYUukpus u 1p. a8 wurp c
Pa3HOTUITHBIMHU OTPAHUYEHHUSIMHU.

Korga peur wuzper o 3agayax ymnpaBi€HHs IpU HAIUYUM HHTETPATBHBIX
OrpaHWYEHUN Ha MapameTpsl YIPABICHUS, B NIEPBYIO OUEPEAb CIEAYET OTMETHUTD,
YTO B NPUHIIMIIE TAaKHE 3aJaud MOTYT OBbITh CBEACHBI K 3aJlaye YINpaBJIECHUS C
(da3oBbIMU OrpaHMueHUSAMH. B ciyyae 3agauM ONTUMANBbHOTO YIPABIEHUS C
($a30BbIMU  OTPaHUYECHHUSIMU  HEOOXOJUMBIE  YCIOBHS  OBUIM  TOJYYEHBI
P.B.I'amkpenunze, A.b.Kypxkanckum, FHO.C.OcunossiM, A.B.ApyTIOHOBBIM,
M.M.A Farreira, R.B.Vinter, F.L. Pereyra Ha ocHOBe Teopuu mephnl. UTo kKacaeTcs
muddepeHIranbHbIX WP, CBEJICHHE HHTETPAIbHBIX OTpaHUYEHUH K  (Pa30BbIM
Manod3(ppeKTUBHO, TaK Kak 3/ech TpeOyeTcsi MOCTPOEHUE PELIEeHUsT B BHJIE
CUHTE3a yNPABICHUS.
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B oOmie#t reopun quddepeHunanbHbIX UTp 3a1aud NpeciaeaoBaHus-yoeraHus
3aHMMAalOT 0co00e MECTO B CHIIYy pAla crnenuduyeckux kadectB. OAHO U3 HUX —
0oJbIIOE pazHOOOpa3ue Kak MO NPUMEHSEMBIM METOJaM, TaK M IO XapakTepy
pE3YyABTATOB. DTO KA4YECTBO MPOSBIAECTCS YK€ NPU PACCMOTPEHHH MOJEIIBHBIX
npumepoB. Hanpumep, JI.A.Ilerpocsnom Obuta pemiena npodsiema P.Aiizekca 06
UIPE C «IMHUEW JKW3HW» B ClIydyae TMPOCThIX [JBW)KEHUH Ha OCHOBE
cnenupUuyYecKoro cBOMcTBa 001acTu JOCTHXXUMOCTHU. [Ipu 3TOM ynaercs qokaszarhb
ONTHMAJIBHOCTh CTpATerMy MapajuieibHoro mpecienoBanus ([ -crpareruu). B
Janb-HEWIIEM Ha OCHOBE CTpPAaTEerMu MapajuIebHOTO TMpEecieoBaHus  ObLI
pa3paboTaH METOJ pa3pelialomuX (GYHKUMHA Ui PEHIeHHs 3ajad IPYIIIOBOTO
npecienoBanuss ¢ reomerpuueckumu  orpannyeHusiMu - (H.FO.Catumos,
b.H.ITmennunsiii, A.A. Yukpuii, A.A.A3zamoB, U.C.Pannonopt, b.H.I'puropenko,
H.H.Tletpos, B.N.Yx060T0B, A.U.bnarogarckux u np.).

Cnenyer OoTMETUTh, YTO B Y30ekucTaHe chopmMupoBagach HayyHas LIKOJIa
no gupdepenunansubiM - urpam, ocHoBanHas H.FO.CatumMoBbIM U HbIHE
pykoBonumasi A.A.A3zamoBbIM. [IpencraBurensiMu 3TOW HIKOJBI OBLT MPEJIOKEH
HOBBI METOJ pPELICHUS 3aJad IPYHIOBOIO IPECIENOBAHUS C HHTETPAJIbHBIMU
orpa-audyeHusmu (H.FO.Catumon, A.3.DaszvuioB, b.b.Puxcues, I'..U6parumos,
A.A. XampamoB). OTOT METOJ OCHOBBIBAETCS Ha pas3/ielieHus pecypca
ylpaBiieHus Mexay npecieaosatensamu. K 3amaye yOeraHus ¢ HMHTErpalbHBIMU
orpaHu-yeHusMH Obut  mocsiensl  padotel  H.FO.Catumona, JLILIOras,
b.b.PuxcueBa wu gp. 3agauya mpecieoBaHMsS-yOeraHuss B CHCTEMaxX C
pacrpenereHHbIMU TapaMEeTPAMU MIPY Pa3IUYHBIX OFPAHUYEHUSAX HA YHPABICHUS
uccienosanuck B paborax H.FO.CatumoBa, M.M.Tyxrtacunosa, M.III.Mamaroga.
A.A.AzamoBbiM u A.IIl.LKyukapoBbIM yCTaHOBJEHA CBSI3b MEXAY 3aJadyaMu
MIPECIEA0BAHUS, YIIPABISIEMOCTH U YCTOMYMBOCTHU B LIEJIOM B JINHEWHBIX CUCTEMAX
C pazHOTUNHBbIMU orpannyeHusiMu. [.MI.MO6parumMoB ucciemyer urpoByro 3agady
ONTU-MAJIBHOTO TPECIEN0BaHUSA, OMUCHIBAEMYIO 3BOJIIOIIMOHHBIM YPAaBHEHHEM B
I'MJIb-0EPTOBOM IMPOCTPAHCTBE, CBOJAIIMMCA K OECKOHEUHOU cucteMe nuddepen-
HUATbHBIX YpaBHEHUM ¢ HHTErpayibHbIMU orpanuueHusamu. A.I.Kyukapos
paccMoTpen 3ajady IMpecieloBaHus-yOeranus, Korjaa UTPOKU MEepeMeNIatoTcesl Ha
PUMaHOBBIX TOBEPXHOCTSIX.

Bo MHorux 3amauvax majis MoJeIbHBIX JU(PEpEeHIMATBHBIX UTP KIIOUYEBYIO
pOJIb Wrpaer CTpaTerus MapajUIeNbHOTO TMpecieNoBaHus. B ormiuume ot
F€OMETPUYECKUX OTrPAaHUYEHUN, B CIIy4yae MHTETPAJbHBIX W KOMIUIEKCHBIX
OTpaHUYEHUI TOCTPOCHHME paspelarolux (QYHKIUMH  HaTalKUBAaeTCcs  Ha
onpeneneHHble npensaTtcTBus. Co croponbl  A.A.YUukpus, UW.C.Pannomnopr,
A.A.benoycosa, B.B.be3maropeiunoro u JI.B.bapaHOBCKON Takoe MOCTPOEHUE
OBLJIO OCYILECTBICHO /Jis OTAENbHBIX ciiydaeB. OpHako, B oOlieM ciyyae 3Ta
npobjieMa ocTaBajgach OTKpHITOH. UTO Kacaercss WIpbl Al3ekca C <«IMHUEH
KU3HM», TO OHA JUIA CIy4acB C HMHTETPAJbHBIMAU W  KOMILUIEKCHBIMU
OrpaHWYEHUSAMU IPAKTHUYECKH HE paccMaTpHUBaiach.

Cesi3b TeMbl AMCCEPTALMH € HAYYHO-MCCJIEIOBATEIBCKHUMH padoTamu
BbICIIET0 Y4YeOHOro 3aBeJleHHs, B KOTOPOH BbINMOJHACTCH JUCCEPTALMS.
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JluccepTalluOHHOE HCCIEOBAaHUE BBIMOJHEHO B COOTBETCTBUU C ILJIAHOM
Hay4HOro uccieaoBanus Hamanranckoro rocynapcrBeHHoro yHusepcutera OT-
®1-002 «CucremHbli aHanu3, ympapiieHHe M 00paboTka WH(MOPMAIMOHHBIX
naHabx» (2010-2015rT.).

Heabo wucciaexoBaHus SBISETCS TOCTPOCHHE AHAJIOIOB CTpaTErHu
napajiyieIbHOrO MPECeIOBaHusl /JI1 UHTETPajbHbIX, TUHEHHBIX U PA3HOTUITHBIX
OTpaHUYCHUN Ha YTMpPaBIEHUS UTPOKOB M HMX MpPUMEHEHHE [JIs peuieHus 3ajaad
npeciieIoBaHusI-yOeranus.

3agaum ucciae0BaHuA:

U3y4YeHHE 3a7a4 TpecieoBaHus-yOeranus, Korjga TOYKH JBIXKYTCS 0e3
WHEPIMH, a Ha YIPaBJICHUS MTPOKOB HAJIOKEHBbl MHTETpalbHbIC, PA3HOTUIIHBIE U
KOMILJIEKCHBIE OTPaHUYEHHUS;

MOCTPOEHUE M TNPUMEHEHHE aHAJOroB CTPAaTETMU  MNapajljIebHOrO
MpeciieIOBaHusl, TAPAHTUPYIOIIECH ONTUMAIbHOE CONMXKEHHE, KOT/Aa JOMYCTUMBbIE
YIPaBJIE€HUS UTPOKOB YIOBJIETBOPSIOT MHTErPajIbHBIM, PAa3HOTHUIIHBIM, a TaKKe
KOMIIJIEKCHBIM OTpaHUYECHUSIM;

J0Ka3aTeIbCTBO TEOpPEMbl 00 ajnbTEepHATUBE U  pEIIEHHUE 3aJaud
npeciieoBaHusA-yOeranus, Korja Ha YIpaBieHHE IMpecieloBaTeNsl HaJ0KEeHO
OJIHO-BPEMEHHO F€OMETPUUYECKOE U MHTErpajbHOE OI'PAHUYECHUS, & HA YIPABIHHUE
yOe-Traroniero TojbKo reOMeTpUYECcKOe;

J0Ka3aTeIbCTBO TEOpPEMbl 00 anbTEepHATUBE U  pEIIEHHUE 3aJaud
npeciieoBaHus-yOeranusi, Korja Ha YIpaBieHUE IMpeciieloBaTeNsl HaJ0KEeHO
JUHENHOE  OrpaHUYeHHUe, COoYeTalouoe B cebe Kak TIeOMETpUYECKoe, TaK HU
MHTErpajbHOE OrpaHUYeHuEe, a Ha yhnpaBlieHHe yOeraromero — YHCTO
reOMETPUYECKOE;

pelieHre 3aJayd  MpeciefoBaHUs B cllydae, KOrja Ha yIpaBlICHUS
npeciieoBaTeNsl W YOEraromero HajoKeHbl JIMHEWHbIE OTrpaHUYEeHUs, a TaKKe
MOCTPO-€HUE COOTBETCTBYIOIIMX CTPAaTeTMi MapajieJbHOro IpecieoBaHus,
rapaHTU-PYIOIIKUX ONTUMAJIBHOE COIMKEHUE;

peuienue 3agaun Amzekca-IlerpocsHa 006 urpe ¢ «IMHHEH >KU3HU», KOraa
JIBUKEHUE  HUIPOKOB  OINHUCHIBAE€TCA  JIMHEWHbIMH  JudPepeHInanTbHbIMU
YPAaBHEHUSIMU C HECKOJIbKUMU TUTIAMU OT'PAaHUYEHUI Ha YIIPaBICHUS! UTPOKOB;

pa3BUTHE METO/A pa3pellalomuX (YHKUUA NPUMEHHUTENbHO K 3ajade
IPYHIIOBOrO TpECieOBaHUsl ¢ WHTErPAJbHBIMU OTPAHUYCHUSIMU Ha YIpPaBICHUS
UTPOKOB B noctaHoBke [loHTpsiruna.

OO0beKkT wuccae0BaHUSl SBISETCS 3a7a4M IPECIEIOBAHUA-yYOCTaHUs ¢
yIpaBieHUsAMH U3 Kilacca (QYHKIMA C TEOMETPUUYECKUMH, JIMHEHHBIMHU,
WHTErpajbHbIMH, PA3HOTUITHBIMU U KOMIUIEKCHBIMU OTPaHUYECHUSMH.

IIpeamer  wmccjeqoBaHMsA  SIBISETCS  CTPATeTMHM  NapajIeIbHOTO
MpeciieIOBaHusl, TapaHTUPYIOIIKE ONTUMAIbHOE CONMMKEHUE JJIsl Ipecie10BaTers,
a U1 yOerarolero ynpaBjieHue rapauTiupytoiiee yoeranue.

Metoabl wuccaenoBanusi. B guccepranuu Uil pelieHus  3a1ad
MpeciieIOBaHusl MPUMEHSETCSI METO/ NapaJiIeIbHOIO COJMMMKEHUsT UTPOKOB, a IS
3alay yOeraHusi METOJl YKJIOHEHHs MO HAaNpaBJIEHUIO, & TAKXKE HCIOIb3YyeTCs
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METOJ] pa3pemmaronux GyHKIUN IpU pelieHu: 3a7a4 IPYyNnoBOro mpecie 0BaHus
1 MPUMEHSAIOTCS CPEACTBA BHITYKIOrO aHAJIN3A.

Hay4ynasi HOBH3Ha MCCJIEIOBAHUS COCTOUT B CIIEIYIOLLEM:

JUISL pellieHus 3a7ad TpecieoBaHUsA-yOeraHus C MPOCTHIMHU JIBUKEHUSIMU
WTPOKOB, KOrJa Ha YIPABJICHUE UIPOKOB HAJOKEHBI WJIM F€OMETPUUECKHUE, WIIU
WHTETPAJIbHBIE, WU JK€ OJHOBPEMEHHO TE€OMETPUYECKHME U HMHTETpajbHbIC
OTpaHWYEHUs [JIsl TPECIENOBATENS, IOCTPOEHBl CTPATETUH MApaJUIEIIBHOTO
MpecieoBaHus M YCTAaHOBJEHBI WX HOBBIE CBOWCTBA, a JJIs 3a7adyu yOeraHwus
MOJTyYEHbI HUXKHUE OIEHKHU COJMKCHUS;

BBOJIMTCS HOBOE€ MOHATHE, HA3BAaHHOE JIMHEWHBIM OTPAHUYEHHEM Ha KJacc
yIpaBICHUNW HUIPOKOB, KOTOPOE COJEPKUT B ceO€ Kak 4YacTHBIM clydall U
MHTETPAJIbHBIE, U F€OMETPUUECKUE OTPAHUYEHUS, JISI COOTBETCTBYIOIIMX THIIOB
WP MOCTPOEHBI CTPATETUH NAPAJUIEIBLHOTO MIPECIEIOBAHUS;

naHo pemeHue 3amaun  Aifzekca-lleTpocsiHa 060 urpe ¢ «IMHUEH KU3ZHUY,
KOrJa JBWXKEHUS WIPOKOB OIMKCHIBAIOTCS JMHEHHbIMU AuddepeHImaIbHbIMU
YpaBHEHUSMH, a Ha YIOPABICHUS UIPOKOB HAJOXKEHbBl T'€OMETPUUYECKHUE,
MHTETPAJIbHBIE UM KOMIUIEKCHBIE OTPAaHUYCHUS B ONPEICIICHHBIX COUCTaHUSIX;

METO/] pa3pemarimux GyHKINN TPUMEHEH K PEIICHUIO 3aJa4 TPYIIOBOTO
MpeciieIOBaHus C WHTETPajJbHbIMU OTPAaHUYCHUSIMM Ha YIIPABJICHUS UIPOKOB U
MOJTy4Y€HbI HOBBIE JOCTATOYHBIE YCIOBHS Pa3pEIIMMOCTH;

MOJYy4YEeHbl JIOCTATOYHBIE YCIOBHUS Pa3pelIMMOCTHA 3aJad TPYIIIOBOrO
npecienoBanus s KoHTpoJibHOro npumepa JI.C.IIoHTpsirmHa, a Takxke i
3a1a4u 00 «/-TIOMMKE» B Cllydae HMHTETPaJIbHBIX OTPaHUUYEHUN HA YIIPABIICHHUS.

IIpakTHyeckue pe3yabTAThl HCCJAEIOBAHUS 3aKIIOYACTCS B Pa3BUTHU
OCHOB Teopur U HEpEeHIMATBHBIX UTP MPECICAOBaHUS, MO3BOJISIONINX PEIIATh
3a7a4d  MaTEMAaTUYECKOTr0 MOJICIIMPOBAHUS U MPOTHO3UPOBAHUSL PEATBHBIX
MPOLIECCOB B TEXHUYECKUX 3a7a4aX U COLIMAIbHO-DKOHOMHYECKOM cepe.

JlocToBepHOCTL  pe3yJbTaTOB  HCcCJea0BaHMs. Bce  pesynbTarsl
JIUccepTaliud  O0OCHOBAaHBI CO CTPOTOCTbIO, TIPUHATOM B MaTeMaTHWKe, C
WCIIOJb30BaHUEM  METOA0B  Teopun  IU(PGEepeHIMAIbHBIX  ypaBHEHUH,
(YHKIIMOHAJIBHOTO — aHajiu3a, TEOPUU ONTUMAIBHOTO YIOPABJICHUS, TEOPUHU
nuddepeHIManbHbIX UTP TMPECiieIOBaHUA-yOeTaHus, a TaKXke MyOauKaIiuend Bcex
MOJYYEHHBIX PE3YJbTATOB JUCCEPTAIMU B U3BECTHBIX PELICH3UPYEMBIX H3IAHUSAX.

HayuyHnasi ¥ mpakTH4ecKasi 3HAYUMOCTH pPe3yJbTATOB McCJiea0oBaHus. B
OocHOBe Teopuu AudPepeHIIMaIbHbIX Wrp IEHTPAJIbHOE MECTO 3aHMMaeT
MOCTPOEHUE ONTHUMAJBHBIX U FAPAHTUPYIOLIUX CTpAaTeruil sl urpokoB. HayuHoe
3HAYEHUE TOJYUYEHHBIX PE3YyJbTATOB MCCIEIOBaHUS 3aKIIOYAETCS B MOCTPOCHUHU
TaKMX CTpaTEeruid TMpU PA3IMYHBIX OrPAHUUYCHUSAX HA YOPABICHUS U UX
npuMeHeHusi. OTMETUM, YTO MOJIYYEHHBIE PE3YyJbTaThl COCTaBAT OCHOBY HOBOIO
HaIpaBJIeHUs] B TEOPUU YIPABICHUS U MOTYT OBITh UCIIOJB30BaHBI MPHU PEIICHUU
3a7a4 JUHAMUYECKUX UTP U UX NPUIOKEHUN B TEXHUKE U SKOHOMHUKE.

[IpakTueckoe 3HaUYCHHE TUCCEPTALMOHHOTO UCCIENOBAHUS 3aKIIIOYAETCS B
TOM, YTO TIOCTPOCHBI B SBHOW (opMe NPHUHIUIBI YIpaBICHUS pPECypcaMH B
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JUHAMUYECKUX WIPOBBIX MOJENISX M HUX MPUCTIOCOOIEHHOCTH ISl pa3pabOTKU
BBIYHUCIUTEIBHBIX aITOPUTMOB U KOMITBIOTEPHBIX pPeaslu3aliuii.

Buenpenne pesyiabtatoB ucciaenoBanusi. [lonmydeHHsle B auccepTanuu
pe3ynbTaThl  OBUIM MCIOJB30BAHbI B CIEAYIOMIMX HAYy4YHO-UCCIEI0BATEIbCKUX
MPOEKTaxX:

METOJl pelIeHusl 3aJaud MpeciieoBaHusA-yOeraHusi, Korja Ha YIpaBJieHUs
MpeciieIoBaTeNs HaJlaraeTcsi KOMILIEKCHOE (T.€. OJHOBPEMEHHO U UHTETPAJIbHOE, U
reOMETPUYECKOE) OTpaHUYEHUE, OBUIA MCIIOJIb30BAHBI MPU BHIMOJHEHUU HAYYHO-
uccnenoBarenbckoro npoekra Nel4-01-31319mon_a, «OnrtumanbHblE KOHCTPYK-
MU U alnpoKCMMAallUM B 3ajlayax yopasieHus», ¢uHaHcupyemoro Poccuiickum
dbounom dyHaaMeHTaNbHBIX ucieAoBaHuil (PODU) nns  JTUHEHHO-BBITYKIIBIX
3a/lady JUHAMUYECKON ONTUMM3alMK, KOTrJa Ha YIpaBIsAollee BO3/AeCTBUE
HAJOXKEHbl T'€OMETPUYECKHE W HWHTErpajbHble OTAaHMYEHHSA, a Ha BO3JECHCTBUE
CUCTEMBbl HEKOHTPOJIUPYEMOU IMOMEXOH TOJIBKO T'€OMETPUYECKOE OrpaHHUYECHHE
(Uuctutyre matematuku u Mmexanuku YpO PAH, cnpaska ot 12 mas 2016 rona).
KonkpeTHo, 17 ONHMCAaHMUM HETEPMUHAIBHOTO IOKa3zaTels KaudyecTBa, B
cilyyae pa3jIMYHbIX OTpPaHUYECHUI Ha YNpaBJAIollue BO3/1eHCTBUS;

pellleHre 3ajayd TPYNIOBOr0 MapajuieJbHOrO TMpecieJOBaHUs MpH
WHTETrpajbHOM OTPAaHUYEHUU HA YIPABIEHUS 0O0BEKTOB OBUIM UCIOIb30BAHbI
B (pyHIameHTanbHbIX uccnaeaoBanusx npoekra 01-01-13-1228FR, ans pemenus
3a/layd  C HECKOJIbKUMH IIpecieloBaTelsIMU M C OJHHMM YyOeraioumuMm Ipu
MHTETrpajbHBIX OrPaHUYEHUSX Ha yrpaBieHUs urpokoB (Yuusepcurter Ilytpa
Manaiizusi, crnpaBka oT 12 ¢depans 2016 roma).. Ha ocHoBe mMoIydeHHBIX
pE3yJIbTATOB, TAKXKE PEUICHBI 33Jaud MpecieOBAHUSI-yOeraHus Mg JMHEHHBIX
b depeHIrnanbHbIX CUCTEM C UHTETPAIbHBIMU U PA3HOTUITHBIMU OTPAHUYECHUSIMU
u nuddepeHaibable UTpbl YOETaHHs C HHTETPaJbHBIMUA OrPAHUYECHUSIMH Ha
(GyHKUMK yTpaBiIeHUs IPU HECKOJbKHUX MpeciieoBaTeNIe U OJHOr0 yOerarolero,
IPU TPOCTHIX IBHKEHUSIX YYACTHUKOB;

METOJl pelIeHus 3a/1auu Al3ekca 00 Urpe «JIMHUEH KU3HUY», B CIydasX KOorja
Ha YNOPaBICHUS WIPOKOB HAJIOXKEHBI TE€OMETPUYECKHE, HHTErpajbHble WU
KOMIIJIEKCHBIE OTPAHUYEHUS B ONMPEIEICHHBIX COUETAHUSX, ObUIM UCIIOJIb30BaHbI B
Hay4HO-HUccienoBaTenbckux npoekrax 01-01-00904-a «Iuddepennuanbabie Urpbl
CTENIeHU C HEOTPaHUUYEHHOU MpoaoKuTENbHOCThIO» (PODU, 2001-2003), 06-01-
39005-T'®EH a «MatemaTuueckuii ananu3 KoHpaukTa U koomnepaumn» (POOU,
2006-2007), 09-01-00334-a «Ontumuzanus B MHOTOAreHTHBIX OECHpPOBOJHBIX
cetsaix» (PODOU, 2009-2010), B YacTHOCTH OTOT METOA MPUMEHEH IS
KOHKPETU3alMU CTPYKTYpPhl ONTHUMAJIbHBIX CTPATErWil B Pa3IMYHBIX 000OIIEHUAX
stoi urpsl (Cankr-IlerepOyprckuii TocyaapCTBEHHBIH YHUBEPCHUTET, CIIPaBKa OT
31 mas 2016 rona). [1pu 3T0M noslydeHHbIE pe3yAbTaThl 11O MOCTPOECHUIO aHAJIOTOB
cTpareruu napauiensHoro conmxenus (Il-ctparerun), npuMeHEeHbI ISl PEIICHUS
3a/1a4 KOH(JIUKTHOTO YIIpaBJICHHS (IMHAMUYECKUX UTP) OoJiee 00IIero Buaa.

Anpofanusi  pe3yJbTaToB HccJaeaoBaHus. (OCHOBHOE COJIEp)KaHUE
auccepranuu  oocykjanach Ha 12 HaydHbIX KOHGEpEeHIMSX, B YaCTHOCTH,
“Science and Technology in XXI Century” (Tamkent, 2003), “Dynamical system
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modeling and stability investigation” (Kues, Ykpaumna, 2003), “CnexrpayibHas
TEOPUS muddepeHIrnanbHbIX  ONEpaTOpOB W POACTBEHHBIE MPOOIEeMBbI”
(Crepnutamak, Poccus, 2003), “CoBpemeHHBIE TMpOOJEeMbl MaTEeMaTUUYECKOMN
¢u3ukn u uHpopmanuonHod texHojmoruun” (Tamkent, 2003), “AkTyanbHbIe
npo0iemMbl Teopun yctouuBoctu u ynpasieHus” (APSCT-2009, ExatepunOypr,
Poccus, 2009), “Ynpasienue u ontumuzainus auHamuudeckux cuctem” (CODS-
2009, Tamkent, 2009), “OmnepaTopHble anreOpbl U CMEXHBIE MPOOJIEMBbI”
(Tamxkent, 2012), “System Dynamics and Control Processes” (Poccus,
Exarepunoypr, 2014), «CoBpeMeHHbBIE METOJbI MaTEeMaTUUYECKON (U3UKH U UX
npuioxenus» (Tamkent, anpens, 2015), “Teopust ynpaBieHuss 1 MaTeMaTHYECKOE
MozenupoBanue’’ (Poccus, NoxeBcK, HIOHb, 2015), Ha €)XKEroTHBIX
MexyHapoIHbIX KoH(pepeniusax “Game Theory and Applications”(C.-IlerepOypr,
2008) u “Game Theory and Management” (Canxkt-Ilerepoypr, 2010, 2011), a
TaKke B HayuyHbIX cemuHapax Kadenpsl “llpuknannas matematuka” B HYVY3
(Tamkent, 1990-2006rr.), Ha Kadenpe “Maremarnyeckas TEOpUs CTAaTUCTUKH,
TEOpUHU HAJEKHOCTH M MaccoBoro oOcimyxkuBanusi” Cankrt-lleTepOyprckoro
rocynap-ctBeHHoro ynuBepcuteta (Poccus, 1990 r., 2014 r.), Ha cemuHapax
ornenoB  «Juddepenumnanbuple ypaBHEHHS M MaTeMaTH4ecKas  (pU3MKay
(Tamkent, 1990-2016 rr.) u «IIpuknagnas maremaruka» (Tamkent, 1995-2016
rr.) MHctuTyra MareMaTMkM M MH(POPMALMOHHBIX  TEXHOJOTUM  TPHU
HanmonanbHoM yHUBepcuTeTe Y30€KHUCTaHa.

Ony0,1MKOBAaHHOCTH Pe3yJIbTATOB HcciaenoBanus. [lo teme nuccepranuun
onyonukoBaHo 30 HayuHbIX paboT, U3 HUX 10 BBIXOAUT B MEPEUYEHb HAYUHBIX
W3IaHUN TpeasioKeHHbIX Bricmied arrtectanmoHHON Komuccueil PecryOnuke
V30ekucTan Juisi 3alMThl JIOKTOPCKUX JUCCEpTalMii, B TOM 4YHCJIE€ U3 HUX 5
OIMyOJIMKOBAHO B PECIYOJIMKAHCKUX HAYYHBIX KypHaJIaX U 5 cTaTel B 3apyOeKHbIX
HAyYHbIX U3IaHUSIX.

O0béMm U cTpykTypa Auccepranmu. /{uccepranus COCTOUT W3 BBEICHUS,
YeThIpeX IJIaB, 3aKIIOYEHUSI U CIUCKAa HCIONb30BaHHOW suTepaTypbl. OOmui
o0beM aucceptaruu coctasisietr 200 cTpaHuil.

OCHOBHOE COIEPKAHUE JUCCEPTALINN

Bo BBegeHum 1aercsi 00OCHOBAHHME aKTYaJlbHOCTH W BOCTPEOOBAaHHOCTHU
TEeMbl JTUCCEPTAIMH, OMPEACISIETCS COOTBETCTBHE HCCIICIOBAHUS MPUOPUTETHHIM
HaIpaBJICHUsIM Pa3BUTHUSI HAYKU U TEXHOJIOTUH B peCIyOJIMKe, MPUBOIUTCS 0030p
3apyOCKHBIX M OTCUECTBEHHBIX HAYYHBIX HCCJICAOBAaHUN IO TEeME JUCCEpTallvH,
OMHUCBHIBAETCA M CTENEHb H3YYCHHOCTH NPOOJeMbl, (GOPMYIUPYIOTCS IEIH U
3a/1a4M, YKa3bIBAIOTCS OOBEKT W TPEAMET, H3JIaraloTcsi HaydyHash HOBU3HA U
MPAaKTUYECKUE PE3YJIbTaThl HCCIEIOBAaHUS, PACKPBIBAIOTCS TEOpETHYEeCKas U
MpaKkTUYeCKass 3HAYUMOCTh IIOJYUYCHHBIX pe3yJbTaTOB, MJAIOTCS CBEACHUS O
BHEJIPEHUM PE3YJIbTATOB HCCIEAOBaHUS, 00 OMyOJWKOBAaHHBIX paboTax U O
CTPYKTYpE JHUCCEepTalUu.
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B mnepBoil rinaBe nmccepranuu, ¢ Ha3BaHUEM «3ajgadu IpecsieJ0BaAHUS-
yoeranusi npu Pa3HOTHIIHBIX OrPaHUYEHHMAX»  PAacCCMATPUBAIOTCS
muddepeHuranbHble UTPhl MpeciieIoBaHus-yOeraHus C MPOCTBHIMU JIBUXKEHUSIMU
UTPOKOB, KOT'/Ia Ha YIPABIEHUSI UTPOKOB HaJararTcs MO0 reoMeTpruieckue, oo
UHTErpajbHble orpaHuueHus (kopoue G-orpanuueHus u  [-orpaHudeHus
COOTBETCTBEHHO), JMOO OJHOBPEMEHHO M TE€OMETPUYECKHE, W HWHTEeTrpajbHbIC
orpanndenust (C-orpaHuueHus).

B nporecce urpsl B mpoctpanctBe R” mBuKyTCs 00beKT X, Ha3bIBaCMBbIii
npecienoBaTeneM, 1 00beKT Y, Ha3blBaeMblid yOeramomum. BekTop cocTosHUsS
npecienoBaTessi 0003HA4YaeTcsi X, a BEKTOp COCTOSHUS yOerawoomero — .

PaccmaTpuBaercs 3ajaya npeciieoBaHusI-yOeranusi, Korja OOBbEKThl JBUTAIOTCS
0e3 UHepIINH, T.€. YPAaBHCHUS JBUKEHUS UMEIOT BU]I

X=u, x(0) = x,, (1)
y=v, (0) =y, 2)
cootBeTcTBEeHHO (X, y, u, vER", n>1). 3agaua Gyner comepkarenbHOM, ecim
Ha4vYaJIbHBIC COCTOAHUA XO 51 yO O6’BCKTOB YAOBJICTBOPAKOT YCIIOBUAM XO #*= yO .

BekTopbl CKOPOCTH © M V CIIyXaT MapaMeTpaMu YIpaBJIeHHs] COOTBETCTBYIOIIETO
oO0bekTa. [Ipn 3TOM BpeMEHHOE U3MEHEHUE BEKTOpa U JOJIKHO OBITh U3MEPUMOIL

dyakumeit u(-):[0,00) — R" u ymoBneTBopsATH MO0 HWHTErPaJbHOMY Orpa-
HuueHuto ([-orpaHuueHmO):

[Clu@Pdi<p,, 3)
160 reoMerprudeckomy (G-OrpaHUUECHUIO):
|lu(t)|[< ¢ moutm mns Bcex ¢ 2 0; 4)

60 o6ouM orpanndeHusM (1.3), (1.4) onnoBpemeHHO (C-OrpaHUYCHHIO).

Knacc momycTUMBIX yIpaBiICHHH TpecieqoBaTelis, T.e. BCEX H3MEPUMBIX
byHKIMA, ymoBueTBopstonux [-orpanmuenuto (3) (coorBercTBeHHO, G -
orpanudenuto (4), C-orpanuuenuto (3)-(4)), o6o3nauaerca U, (COOTBETCTBEHHO

U.,U;). AnanoruusHo, BpEeMEHHOE M3MEHEHHE BEKTOpPa V [JOJIKHO OBITh

usmepumoit pyuknueit v(+):[0,00) > R" u ynosneTtBopaTs 1100 MHTErPAILHOMY
orpanndenuio (I-orpanuyeHuto):

[hord<s,, )
1160 reoMeTpuueckomy ( G -OrpaHUYCHUIO):
|v(t)|<B moutm pmnsBcex f2=0; (6)

nu60 oboum orpanuueHusM (5)-(6) omnoBpemeHnHo (C-orpanumuenuro). Kiacc
JOIMyCTUMBIX YIPABICHUH yOeraromiero, yaoBieTBOpsiomux [-orpanndenuro (5)
(COOTBETCTBEHHO, G -orpanudeHuto (6) , C-orpannuenuro (5)-(6)), o603HaqaeTCs
V, (coorBerctBenno V,,V.). B atux onmpenenenusx «, [3, p, U 0, U3BECTHbIE
YHCIOBBIe MapaMmeTphl. llenmbio mpecienoBaTens X SBISETCS OCYIIECTBICHUE
MIOUMKH, T.€. paBeHcTBa X(f) = y(f), tae x(¢), y(¢f) — TpaekTOpHH, MOPOXKIACMBIC
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B COOTBETCTBUM ¢ ypaBHeHUsAMH (1), (2) B mporiecce nBukKeHUs. YOeraroumi Y
CTPEMHTCSI YKIOHUTBCS OT BCTPEYH, T.€. 4ToObI X(¢) = y(¢) mpu Bcex £, t >0, a

€CIIM 9TO HEBO3MOXKHO, TO KaK MOYKHO JIOJIbIIIE OTOJBHHYTH MOMEHT BCTpEUH [,
xorma x(¢°) = y(t").
B 3aBucMMOCTM OT OrpaHWYCHUIl Ha YOpPABICHHS WIPOKOB, IS
muddepenunanbHoit Urpsl (1)-(2) BO3MOXKHBI 1€BSITH BApUAHTOB:
1) G-urpa — u(-)eU,, v()eV,; 2) IG-urpa — u()eU,, v()eV,;
3) CG-urpa — u()eU,, v()€V,.;4) Gl-urpa —u()elU,, v()€V,;
5) I-urpa —u()eU,,v()eV,; 6) Cl-urpa —u()cU, v()€V,;
7) GC-urpa — u(-)€U,, v(-)€V,; 8)IC-urpa — u()€U, , v()€V,;
9) C-urpa —u(-)eU,, v()eV,.
(3mech u(-) u v(-) — peaTM30BaHHBIC 110 OKOHYAHUHU MPOIIECCA UTPBI YIIPABICHU ).
B nanbHeiimenm, B kayecte kinacca U BblOpaH oauH u3 kinaccos U, U,,
U.,a BxauectBe knacca V' omunus V, V,, V..

KimtoueBbIM B Teopuu AuPGEpeHIMATBHBIX UTP SBISICTCS TOHATHE
CTpaTeruu. ITO TMOHATHE YTOYHSICTCS B 3aBUCUMOCTH OT OCOOCHHOCTEH M3ydaeMoit
3agaun. [y HatIe neiau yao0HO ClieTyroliee onpe/eieHue.

Onpeodenenue 1. Otobpaxkenue wu:}) — U Ha3zpBaeTcsi cTpareruei
MIPECIIeI0BATEINS, €CIIH BBITIOTHEHBI CIECTYIONINE YCIOBUS:

1. Jdomyctumoctb. s kaxkaoro v(-) € V' BbIMONIHEHO BKIIOYCHHE

u(-)=u(v(-)) e U B HexotopoMm mpomexyTke Bpemenu [0,7]; mpu 3ToM QyHKIUSA
u(s) =u(v(s)) HaspiBaercs peanusanueii ctparerud u B [0,7].

2. BonbreppoBoctb. Ecmu gt v,(+),v,(-) €V BbIIOIHEHO pPaBEHCTBO
v,(s)=v,(s) mB. Ha [0,¢], T0 u,(s)=u,(s) n.B. Ha [0,7], rme u,(-)=u(v,(")),
i=1,2, s €[0,z].

Onpeoenenue 2. Crpaterus u(V) Ha3bIBaCTCA BBIMTPBIIIHONW IS
npecieaoBates B mpoMexytke Bpemenu [0,7'], ecau ms moboro v(-) €V :

a) cymecTByer Takoii MomeHT BpemeHn [ €[0,7], dYTO BBIIOJIHEHO
paserctBo X(1°) = y(t");

0) u(-) e U, rne u(t) na untepsane [0, ] cosnamaer ¢ u(v(-)) u u(t)=0
min te[t’,T]; umcno T  HaselBaeTCs TrapaHTHPOBAHHEIM  BPEMEHEM

npecie10BaHusl.

B o6meit Teopum nuddepeHIMAIBHBIX UTP CICAYEeT ONPEACIIHUTh
JOIYCTUMBIC CTPATErMM WM JIJII BTOPOTO YYacTHHKA WIPhl. llpu 3TOM MEXIy
KJlaccaMH  CTpaTeTWid  TpecienoBaTeNlss H  yOeramomero JoDKHa  OBITh
nH(OpPMAITMOHHASI COTJIaCOBAaHHOCTh. B ciy4asx, HW3ydaeMblXx B HACTOSIICH
pabote, crneuuduka 3amaud yOeraHus TO3BOJSIET OOOWTHUCH YIpaBICHUSIMU
UTPOKOB BMECTO CTPATETHH.
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Onpeodenenue 3. Yupasnenue V' (-) €V Ha3bBaeTCA BBIMTPBHILIHBIM IS
yberaromero, eciu aua  goboro  u(-) € U pemienne z(¢f) 3amaun  Komu:
z=u(t)—v'(t), z(0)=z,, ommuHo ot Hyas npu Beex £ >0, T.e. z(¢) =0 mpu
t20,rne z=X—y M 2, = X, — Y.

B nepsom maparpade mepBoii riaaBel  paccmarpuBaercst G-urpa. Ilpu sToM,

IJI1  TIOJHOTBI H3JI0KEHUS TPUBOLATCA W3BECTHBIE CBEACHMS, Kacaroluecs
cTpaTeruu napamienbHoro npecieaoBanus JI.A.IletpocsinHa. BBoauTcs moHsitue

2
NapaMeTPUIECKOro COCTOSHUS MIphl — BekTop p = (o, 3) € R|. Ha mnockoctu
apaMeTPUIECKUX COCTOSIHHUI BBIAEISIOTCS MHOKECTBA!
P;={p:a>0,0>0,0620}, E;={p:a<f,a=0,5>0j.

Onpeoenenue 4. B G-urpe Il.-ctparerueil mpecienosatens Ha3blBaeTCs

dyrkmms  u,(v)=v—-A.(v)§,, TrIme AG(V)=<§O,V>+\/<§O,V)2+a2—\v\2,

& =212, 1, vES,, (&,V) — ckansApHOE MPOU3BE/IEHUE BEKTOPOB & U V, S 5

— mIap ¢ IeHTPOM B HyJle ¥ paguycom (0 B R”.

JL.A.TlerpocsiHoM ObLT TOJy4eH CIeAyrouuil pesyisratr: ecimu p € P., 10
I1 . -ctparerus siisieTcs BRIMIpbIIHOiL B G-urpe B npomexytke Bpemenu [0,7. ],
rne 1. =|z, | /(oo — (3); Gonee TOro, ycraHaBiIMBaeTCs, YTO MOMMKA yOEraloIero
OCYIIECTBIIAETCSA B TOUYKE IpocTpaHcTBa R”, mpuHamiexamieil MHOXKECTBY

WG(xo’yo) - {W: ‘ w—X, ‘Z (a / 5) ‘ w—=X ‘}a

IPaHUIE KOTOPOrO CAYXKHT cdepa AIOIOHUS C ILEHTPOM B  TOYKE
c. =(a’y,—Bx,)/ (&’ — 3%) u pammycom R, =af|z,|/|a’ —B37].

Bo BTOpoM maparpade mnepBoii rnaBel, uccieayercsa IG-urpa. B srom

Clyyae B KAayeCTBE MapaMETPUUECKOTO COCTOSHHS MIPHI MPUHHMAETCA BEKTOP
3

p=(py,08,0)€R, rne ¢ =|z,|. Jna IG-urpsl ampTepHATHBHBIE MHOXECTBA

ONPEJIENAIOTCS B BUIIE

P = {p:p, >403.6>0,p> 0,0 >0}
E[G :{p:po <4Cﬁ36>oapzoac>o}a
tak uro P, UE,, =R, P, NE,, =2.
Onpedenenue 5. Oynxuus u,;(v) =v—A;(v)§,, vES,, rne
A () =ty /24 (s V)N (tty 2+ (60 VI = [V F s 1 = o1 20 1 & = 201 20,

HasbiBaercs 11, -cTpaTterneii mpecienosarels.

Teopema 1. a) Ecmu B 1G-urpe p €P,., 1o I, -crparerus sBnsercs

BBIMTPBIIIHOM B mpoMesxyTke Bpemenu (0,7, ], rae

Tio =2 /2= 0+l /2 = )
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6) ecn xxe p €E,;, T0 nocrosHHoe ympaBieHue yberatomero v =—3¢,
SBJISIETCS BRIMTPBIIIHBIM M TIpH 9ToM | z(1) [>] z, | —p” / (43) nns Beex ¢ > 0.
Yacte a) Teopembl 1 fomyckaer cienyromee yrouHeHnue. Ilycts p € Po..

Torma npu kakaoM ympaBieHun yoeraromero V() €V, peammsamus 11, -

CTpaTeruy 3aBEpIIAcT MOMMKY yOeraromero B  Touke mpoctpanctBa R”,
[IpEHAIeKAEH MHOXKECTBY
— . 2
Wy (X Yo 0) ={ Wil w=2, > (py | B) | w—, I} (7

2
Ecmu urpa pacCMaTpmBacTCiad Ha INNIOCKOCTH R , I'PaHHIla 3TOr0 MHOXCCTBA

IpeCTaBIsAET co00i: a) neTny ynutku Ilackans, ecmu p, = 4ﬁ|x0 —Y,|; 0) oBan

Hekapra, ecnu p, > 4ﬁ|x0 — y0|. B o6mem cnydae rpanuina (7) monydaercs: U3

BpAIICHUs 3TUX KPUBBIX BOKPYT MPSIMOM MPOXOJASIIUNA Yepe3 TOUKU HaXOXKIACHUS
UTPOKOB.

B tpetbem naparpade nepsoii rnassl uccnenyercss CG-urpa. [{okasbiBaercs
TeopemMa 00 ajbTepHATHBE, Jarolias pa30MEeHHE NPOCTPAaHCTBA HAYaJIbHBIX
COCTOSIHUM M TMapaMeTpudeckux BeneuyuH. Ilpu 3TOM pelmieHue 3agadu
IPECIENOBAHUS  OCYLIECTBISAETCA IOCTPOCHUEM CTPAaTETHU IApayljIeIbHOTO

npecnenoBanus ([ .-crpaTerus), rapaHTHpYIOIIas ONTHUMAIbHOE COJIMKCHUE.

Pemaercst Tak ke 3amaya yOeraHusi ¢ BIBOJOM HUKHEH OLICHKH JJII PACCTOSHHUS
ME¥XK]ly UTPOKAMMU.
B uyeTBepTOoM maparpade nepBoil riaBel paccmarpuBaetcs [-urpa. 3mech B

Ka4ecTBE [apaMETPHYCCKOTO COCTOSHNUS IPUHIMACTCS BEKTOp p = (p,,0, ) € R?,
a aJbTePHATUBHBIC MHOXKECTBA BBOJIATCS B COOTBETCTBHH C (POPMYIIaMU
P, ={p:p,>0,,p,>0,00 20}, E,={p:p,<0o,,p,>0,0, >0},
rakuro P, UE, =R’ , P, NE, = 2.
Onpedenenue 6.  Oymxkumst  u,(v)=v—-\(V)§,, veR", rne
N (V) =max{0,8, +2(, )}, 8, =(py—0,)/|2,1,& = Zo/‘ Z,|, Ha3sbiBaeTCA
IT, -cTparerueii npecnenoBates.
Teopema 2. a) Ecnu B I-urpe p € P,, to II,-ctparterust BBIUTpBIIIHA IS
npecnenosarens B npomexytke Bpemenn [0,7,], tae T, =| z, |* /(\Jp, —~/74)7;
0) ectu ke p € E,, To yOeraromuii npuMeHas ynpasjieHHe BUia
i} 0, ecn 0<t<eg,
Vi(t)=
u(t—e), ecim t > ¢,
rlie €— JIOCTATOYHO MaJIO€ YMCIIO, OCTACTCS BHIMTPBIIIHBIM.
Hanee noxasbiBaercsi, 4ro eciau pE€P,, To 1npu HpUMEHEHUU

npecnenoBatenem [[,-cTpareruu, a yoeralomnmM — POU3BOJIBHOE YIPABICHHUE, TO
COBOKYITHOCTb TOYEK BCTPEU 3alOJIHSIET MHOKECTBO BHUJIA
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W, (X45Y05P0,00) = X, T /P S/(So _:0050/60 )

rae S —miap ¢ HEHTPOM B HYJIE U paguycoM eauHunsl B R” .
B nocnennem nstom maparpade nepBoit riaBel pemaercs C-urpa. B atom
ClIyyae B KayeCcTBE IAPAMETPUYECKOTO COCTOSIHUS NPUHUMAETCS BEKTOP

p=(,p,,3,04,(,) ER’ ,rme {, =| z,| u onpenensioTcs MHOKecTBa:
Plc ={p:a> B, Py = 4605304 >0,8> Oapo > O,UO > O:Co >0},
P’ ={p:a>p,p,>0,a>03>0,p,>0,0,>0,(, >0},
P.=P' . UP’..

Onpeoenenue 7. @ynkuus u.(v) =v—A.(v)§,, vES,, rue

 Jmin{dg DA ()} ectn [z0]<py/(45),
Ac(v) = min{\; (v), A, ()}, ecmn |zo]>p,/(43),

HasbiBaeTcs 11.-cTparerueii npecnenosarens.

Teopema 3. Ecmu  p €P_, 10 Il .-cTpaTerus sBnsieTcs BBIUTPHIIHONW B C-

urpe B mnpomexyrtke Bpemenu [0,7.], rme 7. — rapaHTHpOBaHHOE BpeMs

npecienoBanus B C-urpe.

Bo Bropoil riaBe nuccepranuu C 3arjiaBueM «3agadyd mpeciieJ0BaHUA-
yOeranusi pu JUHEHHBIX OrPAaHUYEHUSIX», BBINEPBHIC PACCMATPUBACTCS HOBBIN
TUN 3a7ad TpeciieIoBaHUs-yOeraHus, B KOTOPbIX Ha YMPABJICHUS UIPOKOB
HaJaraloTcsl OrpaHUYCHHUS  Ha3BaHHBINM JIMHEHHBIM, KOTOPBIH B HEKOTOPOM
CMBbICJIE OOBEIUHSIET B OJTHO UHTETPATIbHBIC U TEOMETPUUECKHE OTPAHUYCHHUS.

B nepBom naparpade BTOpoii raBbl HcCleayeTcs 3ajada Mpecie10BaHms -
yOeranusi, Korja yIpaBJieHUs TIpecieoBaTesl JOMKHO  YIOBJICTBOPATH
JUHEHHOMY  OrpaHMYeHHIO, a  yIOpaBieHue  yOerarmomero —  TOJBKO
reomerpudeckomy (LG-urpa) orpanuuenuro. Pemraercss 3amada onTuManabHOTO
MpeciieOBaHusl  MOCPEICTBOM  CTpaTeru, OCHOBAHHOW Ha MapaiebHOM
cOMMmKeHuu UrpokoB. B 3amade yOeraHusi ycTaHaBIMBAETCs HMDKHAs OLICHKA IS
PACCTOSIHUM MEX]ly MpecieoBaTeseM U yOeTatoliM.

ITycth 00BekT X — mpeciienoBaresib U 00beKT Y — yOeraromuil JBUraroTCs
B coOTBeTCTBUU ¢ ypaBHeHUsMH (1) u (2). B LG-urpe Ha BpeMeHHOE M3MEHEHUE
BEKTOpa U, KpOME U3MEPUMOCTHU HajlaraeTcsi OrpaHuyeHue BUaa

[uerds<re. >0, ®

rane L (¢)=p,t +p,, P, — IPOU3BOIBHOE, P, — HEOTPUIATENHHOE ACHCTBUTEILHOE
uynciio. B paccMaTpuBacMoOM Ciydae yIpaBlieHHE YOETaroIiero yA0BIETBOPSCT
TOJIBKO TeoMeTpHuecKoMy orpanuucHuto (6). Ilenbio oObekTa X SBISETCS TaK
’Ke, KaKk B TMepBOM maparpade TMepBOil TIJlaBe, OCYIICCTBICHHE pPaBEHCTBA
x(t) = y(t), a yOerarouuii Y CTPEMHUTCS YKJIOHUTBHCS OT BCTPEUH, a €CIIU ITO
HEBO3MOXKHO, TO KaK MOYKHO JOJIbIIIC OTOABHHYTH MOMEHT BCTpeun. Jlanee,
TPOKy (L4, p,,3), TIe Ly = P,/ | 2, |, HA30BEM MapaMeTpUYECKUM COCTOSHUEM U
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0o003HauMM 4epe3 p. BBegem B paccMOTpeHHE CIIEQYIOLIUE albTEPHATHUBHBIE
MHO>KECTBa COCTOSTHUM:

P,.=P, UP,UP,, E,=A\P

LG >
rne P ={p:p, >0, p1>623 5=>0}, P,={p:p,>2p, p1:625 6> 04,
P,={p: 1y =22(B+B —p), p<p, B=0}.

Onpeoenenue 8. Oyuxuus u,,(v) =v—»XA,;(v)§, VES,,
tme A, (V)=p,/2+(,v)+ \/(Mo /24, V) +p,—| v, Haseaerca I, -

CTpaTeruey npeciesoBaTels.
Teopema 4. a) Ecom p€ P, 10 I, .-cTparerus BHIUTPBIIHAS IS

npecienoBaress B LG -urpe B npomexytke Bpemenu [0,7) .1, tne T,. =z, | /N

uA :N0/2_6+\/(HO/2_6)2+p1 _62 ;

6) ecmu xe p €E, ., T0o nocrosHHOE ympapieHue yoeramomero v = —0G¢,

BBIMIPHIIIHOE /171 YOETaIomero U IIPH 3TOM BBIOJIHAETCS OleHKa 1 Beex ¢ >0
1) ecmu p €E, = {p:0<p, <26, p =5, 6>0},10
z, |26 —pu,)/ (206), mpu 3 >0,
Z(t)>{ 0| 28— 1)/ (28), npu g
k2% mpu 3 =0;
2)ecmn peE, ={p:0<p, <2(6+\/62 — P P <B*,8>0},10
1 2(t) 2] 20 | (B— 1y / 248" —p)) [ (B+ B —p));
roe E, . =E, UE,.
Bo Bropom maparpade BTOpO# INIaBbl paccMaTpuBaeTcs L-urpa, B KOTOPOii

yIpaBlI€HHE IPECcIe]oBaTeNsd YyIOBIETBOPSET OrpaHudeHutro (8) u p;, —
HEOTPULIATETLHOE YHCIIO0, a YIPABJICHUS YOETraronero OrpaHUYeHUI0 BUA

fo 1v(s)[P ds < L,(t), >0, )

rae L,(t)=o0,t+0, u 0, o, — HEOTPULATEIHbIC YNCIIA.

B L-urpe nposiBisieTcsi HOBasi OCOOCHHOCTB: B 3aBUCHMOCTH OT 3HAYCHHUH
MapaMeTpoB p,, 0, HPUXOAUTCS NPUMEHATh II-CTpaTervio, ONpenensieMyro MO
pasHoMmy.

* _ *® n

Onpeoenenue 9. Ilpu p, > o, dyuxuus u , (v)=v—X ,(v)§,, ve R", rze

)\*L(V):MO +<Va€0>+\/(:u0 +<Va€0>)2+p1_0-1= to=06,1212y|, & =2/|2,1,

HaseiBaetcsi 11", -cTpaterueii mpeciemoBarens .

Teopema 5. IlycTh BBIIOTHEHO XOTs OBl OJJHO U3 YCIOBUH: a) p, > 0;
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0) p=0, m p,>0,+ 2\/E |z,|. Torma II " ,-CTpaTerus rapaHTHpYyeT

* *
3aBepIleHUe TpecienoBanue B L-urpe B npomexytke Bpemenu (0,7 ], toe T, —
HICPBBI MOJOKUTEIBHBINA KOPECHb YPaBHEHHUS

\/,01T2 +poT _\/0-1T2 o, = z,|.
Onpeodenenue 10. llpn p, <o, ¢oyskuus u,, (v)=v—X\,(v)§,, veR",
rae A, (V) =1, +<Va€0> +\/(V0 +<V=€0>)2 +p, —20,+| V‘Z Vo= 121z,
Yo = P, —20,, Ha3bIBaeTcs I1,, — cTpaTterneii mpecienoBaTels.

Teopema 6. Ilycts p, <o, n v, >/2(20, —p,) . Torna I, -ctparerns

rapaHTUpPyCT 3aBCPHICHUC IIPECCIICAOBAHUC B L-Hrpe B TIPOMCIKYTKC BPCMCHH

[0, ], tae To, = 2| 2, | /[y 412 +2(p, —20))].
B tperbem maparpade BTOpO#l TrijiaBbl MOHSTHE JTUHEWHOTO OrpaHUYCHUS

Buna (8) u (9) oboOmaercs Ha auddepeHImaibHble UTPHI, OMUCHIBAEMbIC
ypaBHCHHEM BHUIA

z=kz+ Bu—Cv, z(0)=z,,
rae z,u,v € R", B u C— HeBBIPOXKICHHBIC KBapaTHbIE MATPHUIIBI TOPSIIKA 1 X 71,
k — memonoxwurenabHoe uucio, z, = 0. Llens npeciieqoBaTesst — OCYIIECTBICHUE
paBenctBa z(¢#) =0 1m0 BO3MOXKHOCTH 3a 3apaHee ompejaensemMoe Bpems 1, a 'y

yOeraromiero — IMpOTUBOMNONOXKHAA. [l paccmaTpuBaemoro ciydas JaeTcs
KOHCTPYKIUSI CTpaTernd MapajulelIbHOro TpeciefoBaHus obOecreunBaronas
ONTUMAJIBHOE COJIMKEHUE UTPOKOB.

B nocnegnem uerBepromM maparpade  BTOPOM  TJIaBbl, METOIOM
paspematominx ¢yHkuud uzydaercs «KoHTponbHbll npumep» [loHTpsrnna nms
ciaydass L-orpaHuyeHuii Ha yIpaBi€HHUs WIPOKOB, IPU TOM paspeliaroiias
(GyHKUHMSA CTPOUTCS B SIBHOM BHJE, KOTOpas MPUMEHSAETCS K PELICHUIO 3a7adu
IpeciieI0BaHus.

B Tperweri rmaBe puccepranuu noia HazBaHueMm «ludgepeHumnanbHbie
UIPbI C JIMHUEH KM3HW», U3ydaeTcs HU3BECTHas 3anada P.Alizekca ¢ KOTOpOH
CBsI3aHbl HECKOJBKO MPOOJIEM, Cpeu KOTOPBIX OCTAIOTCS U HEpEeLIEHHBIE. 37eCh
JTa 3aja4ya  BIEPBbIE pacCMaTpPUBAECTCA Ul Clly4as, KOrJa Ha YIIPaBIICHUs
IIpeciie10BaTeNsl HAIOKEHbI HHTErPalbHbIC WIM CMEIIAHHBIE OIPAHUYCHUS.

IIycts B eBkimmoBoM mpocrpancTBe R” touka X mpecienyer Touky Y,
JTBUKEHUE KOTOPBIX OMUCBHIBACTCS COOTBETCTBCHHO YPAaBHCHHUSIMU
x=kx+Bu, x(0)=x,, (10)

y=ky+Cv, y(0)=y, (1)
rne X, V, U, vE R, n>1; B u C — HeBBIpOKICHHbIC KBAIPATHbIC MATPHIIbI
Hopsiika nXn; kK — HENOJIOKUTENIBHOE YUCIIO, X,, ), — HadalbHbIE COCTOSHUS
TOYEK, X, #),, U — YNPABIAIOUIMA HapaMerp TOYKU X; V — YIPaBISIOIUN
napamerp Toukd Y. B ngaHHOM ciydae (a3oBbIM OTpaHUYEHHEM CIIY>KUT

41



HOAMHOKECTBO A mpoctpadHcTtBa R”, KOTOpoe Ha3bIBAETCS («JIMHHEH KHU3HI.
Tenepp 1nenbio Touku X SBISICTCSA OCYLISCTBICHHE paBeHCTBa X(f) = y(¢) npu

HekoTopoM £, £ >0, moka Touka Y ocTaercs 3a mpejeiaMd MHOXECTBa A , T.e
y(s)€ A xorma 0<s<t. B aroil Auccepramuu paccMaTpPUBAETCS WIpa, KOTJa

MHOKECTBO A HHUKaK HE CTECHsAET JBIDKEHHE Tpecienymomed Touku X.
CooTBeTCTBEHHO, IIeNh — YyOerarmeld TOYKd Y COCTOMT B OCYIIECTBICHHUH
BKJIIOUCHHUS )(f) € A mpu HEKOTOPOM KOHeuHOM ¢, ¢ > (0, coOro/1ast HEPaBEHCTBO
x(s)=y(s)mpu 0<s<t, mub0 obOecneynTh  BBHIMOJHEHUE  HEPABCHCTBA
y(t) = x(t) mnsBeex t>0.

B mepBom maparpade TpeThell riaBel M3ydaeTCs UTpa C «IMHUCH >KU3HH
st muHennbix cucteM (10)-(11), korna Ha ynpaBieHUs UTPOKOB HalokeHbl G-
orpanuuenus (4) u (6). 3nech pelleHHe ONMUPAETCs Ha pa3peliaronlyro QyHKIUIO
BUA

Ao (V) = (&, @V) + (6,7 +0” = [@vf')
rnie $=B'C, £, =B 'z,/¢(, C:‘B_IZO, Vzﬁ”@” u ||¢|| max|q5v| —

HOpMa Matpuilsl D .

Onpeoenenue 11. B nuneitHoit nuddepennuansHoit urpe (10)-(11) ¢ G-
orpannuenuamu (4) u (6) ¢ynkuus u,(v)=Ddv—-A.(v)E, naseaercs II. —
CTpaTeruei mpeciieaoBaTels.

Onpeoenenue 12. Crparerust npecnenosarenss U,(v) Ha3bIBaeTCs

BBIMUTPBIIIHOW B UI'PE C «IMHUEU KU3ZHU» B IMPOMEKYTKE BPEMEHU [O,T}, eciu
s 106010 v(-) €V, CylecTBYET MOMEHT ¢ € [O,T ] , UTO BBITIOJIHEHBI YCIIOBUS

a) x()=y();  b)y(s)¢ A noka s€[0,1].

Onpedenenue 13. Ymupasnenue yoeraomero Vv (-) € V., Ha3piBaercs
BBIMTPBHIIIHBIM B WIPE C <JIMHUEH JXH3HM», ecnd it kaxaporo u(r) €U,

BBITIOJTHEHO XOTS OBI OJJHO M3 YCJIOBHIA: @) CYIIECTBYET KOHEUHbIM MOMeEHT 6, 4To
v(0) € A v nipu atom y(¢) = x(¢) noka t € [0,0); 0) y(t) = x(t) mpu Bcex ¢ > 0.

Teopema 7. Ecom k<0, a>+v u mHOKectBO €“BW,(x,,y,) He
IIEPECEKAETCA ¢ MHOXKECTBOM A IIPU BCEX [ € [O,t*] , TIE

We (Xy5 o) { |w=B"'x,|> (a/y)|w=B" yo}

TO 1], ¢ — CTpaTeruAa sABISICTCA BLII/IFpBIHIHOI/I pIRI | XB urpe ¢ «IUHHUEH )KU3HU.

VenoBue TeopeMbl (JAKTHUECKH SABJISETCS HEOOXOIUMBIM M JIOCTATOYHBIM
eciu €"BW,(x,,y,) TepecekaeTcs ¢ MHOXKECTBOM A NpH HEKOTopoM ¢ =6, ToO

i yOeraromero yka3bIBa€TCsl ITOCTOSIHHOE YIPABIEHUE, KOTOPOE OKaXETCs
BBIUTPBIITHOM.
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Bo Btopom maparpade TpeThed TJaBBl  HCCIEAyeTCA  JIMHEWHas
muddepentmansaas urpa (10)-(11) ¢ "nuauein xu3HU", B KOTOPOH ymHpaBicHUE
npecie0BaTeNs yI0OBIECTBOPSAECT MHTETPAIbBHOMY OTPaHUYCHHIO BUIA

j;oo e u@f dt<p,’ (p,>0), (12)

a ympaBjeHUE YyOeraromero CTeCHEHO TI'€OMETpUYecKuM orpaHudeHuem (6).
BriBomuTCsl ypaBHEHHE, OINKCHIBAIONIEE  JUHAMHUKY OOJIACTH JOCTHXKHUMOCTH
yOeraromero. [lokazaHo, 4To rpaHuila MHOXKECTBA TOYEK BCTPEYH B IIOCKOCTH
cocTout u3 netiu ynutku [lackans wim oBana [ekapra. [{ns pemieHus 3a1adu B
MOJIK3Y TIpecieoBaTesl CTPOUTCS paspemiaromnias (QyHKIUsA, KOTOPhIH B 3TOM
Clly4ae UMEeT BU]T

1/2
Mo ()= 1/ 2+ (€, ) +| (11 24+ (&, ®v)) —| BV P |
rne ®=B'C, £, =B 'z,/v, u=p, /v, v=|B 'z, >0, 7=5”¢”.

Onpeoenenue 14. ®ynxuus U, (v) =Pv— A\ (v)§, HasbBaercs I[,.-
ctparerueii npecienoatens B urpe (10)-(11) ¢ 1G-orpannuenusmu Buga (6) u

(12).
HOCKOHBKY, OIIpCACICHNHN BBIMT'PBINTHOCTH H[G -CTpaTCrun 51

BBIMTPBIIIHOCTH YIIPABICHUHN YOETalolero NpuBoIATCS aHAJIOTHYHO TaK K€, KaK B
onpenenenusx 12 u 13, To 31ecy HeOyAeM MOBTOPSTCS.

Teopema 8. Ecnu 1 > 4~ u mHOxecTBO € B W, (X4, Y9500)> TOCE
> (poz//}/)‘W_B_lyo }9

HE IMEpEeceKaeTcs C MHOKECTBOM A IIpU BCEX te[O,t*], 1o [I, -crparerus

‘2

WXy, Y0>P0) = {w: ‘W—B_IXO

SBJISIETCS. BBIMTPBIIIHON 11 mipecienoBatenss X B urpe (10)-(11) ¢ "nunuei
#u3HU" 1ipu [G-orpaHNYEeHUX.

31ech Tak K€ COXPSHSIET CHIIy IPUMEYaHUe K Teopeme 7.

B Tperrem maparpade TpeTheil TIIaBbl HUCCIEAYETCS HUrpa C <«IMHUEH
KU3HUY», KOTJIa YIpaBJICHHE IpecieaoBaTess BbIOMpaeTcs W3 Kiacca (QyHKIUN
L,NL_, a ynpaBieHue yOeraromero — u3 kiacca L . BBeneHo ypasHeHue,

ONKCHIBAIOINIECE JAMHAMHUKY OOJACTH JOCTHKMMOCTH YyOeraromero 1 Ha 3ToH
OCHOBE PEIIAETCS UTpa C «JTMHUEH KU3HUY.

B nocnegneit uwetBepToil rnaBe auccepranuu «O 3amavyax rpynmnoBoro
npecjie0BaHNsI NMPH HHTErPAJbHBLIX OrPaAaHHYEHHMSIX» OCHOBHOEC BHUMAaHHUE
yIeNseTcss TMOJYyYEHHUIO JOCTATOYHBIX YCJIOBHH pa3pelIMMOCTH JIMHEHHBIX
mudepeHIuanbHbIX WP C WHTErPAIbHBIMU OTPAaHUYCHUSMH, MOJICIUPYIOIIUX
3a/layy TMpeciieJOBaHUsl OJTHOTO yOerarouiero HecKoJIbKUMHU mpeciienoBatensim. C
ATOW LIEBIO0 PA3BUBAETCS METO/IA pa3pelaronux QyHKIUH.

B nepBom naparpade 3Toil riaaBbl OOBEKTOM HU3yUYEHUS SBISETCS JIMHEWHAS
muddepeHuranbHas Urpa B KOHEYHOMEPHOM  €BKJIMIOBOM IPOCTPAHCTBE,
OMKChIBa€Masi CUCTEMON ypaBHEHUHN
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. 0

z,=Az, +Bu, —Cyv, z (O) =z, (13)
rme z, €eR™, u, eR”, veR?; n.>1, p,>1, ¢>1, i€l,m.3necs i €l,m
— MHOXecTBO Ienelx uucen or 1 mo m; A, B,, C, — mnocrosHHbBIE
NPSMOYTOJIbHBIC MaTpPHLBI HOPSAKA M, X7, N X P, U N X{g COOTBETCTBEHHO;

0__ /0 _0 0 :

z =(z,,2y,...,2, ) — HayaJbHOE COCTOSHHE WIPbI; (U,,U,,...,U, ) — HAPAMETPHI
YIIPaBJICHUS MPECIICOBaHKs; V — MapaMeTp yrpasieHue yoeranus. Peanuzanuu
mapaMeTpoB u,, [€l,m W Vv 1O 3aBepUICHUM Ipolecca JOKHBI OBITh
M3MEPUMBIMU ~ QYHKIMsAMH U3 Krmacca L [0, T ], p>1 wu ynoBneTBOpsATH

COOTBCTCTBCHHO OI'pPaHUYCHUAM

for\ui(T)\p dr <p,, p,>0, i€l,m, (14)

LT\V(T)\’J dr<o,0>0, (15)

rne 71— ¢duxkcupoBaHHOE TONOXKUTENbHOE unciao (cnydaid 7T =400 He
UCKJIIOYaeTcs). Takue ympaBieHHs B  JaimbHemeM OyIayT Ha3bIBAThCS

JIONYCTUMBIMH, @ WX COBOKYNHOCTH — obosnadatecst U, i€l,m, u V,

COOTBETCTBEHHO.
TepMHHATBHOE  MHOXXECTBO  COCTOMT M3  OOBCIWHEHUS  MHOXCCTB
0 0 0
M, M,,..,M,, xaxgoe u3 koropsix umeetr sun M. =M, +M., rtone M, —
. . 1
nuHeiHoe moampocTpaHcTBo w3 R™, a M, — BbIIyKIOe KOMIIAKTHOE
0 .
II0ZIMHO)XECTBO OPTOTOHATBHOTO JOMOIHEeHus L, k moampoctpanctey M, B R™.
0
Onpeodenenue 15. VI3 HaYaIbHOTO TIOJIOKCHHS Z  MOXKHO 3aBEpIIUTh

npecienoBanus 3a Bpemss 1 =1 (Z()) B urpe (13)-(15), ecnu cymiecTByeT Takou
Habop crpareruit (u,(-),u,(:),...,u, (")), roe u, () =u, (,v()) eU,, iec 1,m, uro
KakoBa OBl HE OBLIO YIpaBJICHUE V(~>€VT, XOTs OBl JUISI OJTHOTO 3HAYCHHS
I,1 El,_m, a0COJIOTHOE  HENPEPHIBHOE  PEHICHHE  Z, (t) 3amaun  Komu
z,= Az + Bu, (t,v(t)) — Cl.v(t), z, (0) = zl.o , TOMajaeT Ha TEPMHUHAIBHOE
MHO)ecTBO M, 3a Bpems, He npeBocxogsiee unucna I =1 <20> T.e. Z, (t*> €M,

* 0
IIpU HEKOTOPOM [ E[O,T ] Yucno T (Z) Ha3bIBAETCSI TAPaHTHUPOBAHHBIM

BpPEMEHEM TIPECIICIOBAHUS.
n;
[Tycte 7, — omepaTop OpTOrOHAJIBHOTO INpoekTHpoBaHus w3 R Ha
IOJIIPOCTPAHCTBO L, .
A At
IIpeononoscenue 1. Ypasuenne m.e™" BP =m.e™ C, umeer pemenue D, (t)

SBIISIIOLIIEECS] HETPEPHIBHOW M HE0coO0 MaTpulleit Tipu Beex 7, ¢ > 0.
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IHonoxum

X; (t,s)= sup t\ﬁpl. (t—7)v(T)l dr,0<s<t,

rae V, [S,t] = [v<)fS" V<7-) 7 dr < 1], a TaK ke U =SUP, ... )(l.(t,s). Jlerko

yoenutbcs, uto f, >0, HO Ipu 9TOM BO3MOXKHO [, = —+00.

IIpeononooicenue 2. p, /,ul + p, /,u2 +...+p, /,um >0.

W3 npeanonoxeHus 2 BbITEKAET, 4TO Bce KOAD(UIUEHTHI 1, OMHOBPEMEHHO
HE MOT'YT paBHAThCS +00 . Bo3amoskusl aBa ciydast: 1. p, / p, <o st moboro 1.
II. p, /. >0 A5 HEKOTOPHIX 1.

IIycte umeer wmecro ciaywau [ Torma  monoxum o, =

—1
=(op, /1) (o /1 + 0y /1ty + 40, /11,) , TaK uTO 0 =0,+0,+..+0,.
3areM cTposites paspematomye GyHkuun A (f —¢,,f —7,V,z,) NOIXyHENIPEPHIBHBIC
ceepxy mo 7 u v. Ilycts

At z)=1— inf ft)\i(t—tl.,t—T,V(T),Zi)dT, 0<t <t
t.

v()EV,, [1;.1]

1

1

t
rne V_ [tl.,t]:{v(-): f lv(T)|? dTSal}, {, — HEKOTOPBIi MOMEHT BPEMCHH,
1 tl

KOTOpBI ompefensiercs B mporecce npecnenoBanus, z, € R™. Ecnu ypaBHeHue
A(,t,,z,) =0 OTHOCHUTENBHO { MMEET MOJIOKHUTEIBHbIN KOPEHB, TO HAUMEHBIIHIA
u3 HuX o6o3HaumMm 1, =T (¢,,z,), B IPOTUBHOM CiTy4ae MOJNOKUM 1, = 00.

IIpeononooicenue 3. CymecTByer HaOOp HEMPEPBHIBHBIX OTOOpa)KeHUE
T,:[0,400)xR" — R'.

Teopema 9. Ecnu 17st 3aJaHHOTO HAYAILHOTO COCTOSHHS Z° BBIIONHEHBI
npeanonoxenus 1-3, to B urpe (13) ¢ orpanumuenusimu (14)-(15) BO3MOXKHO
3aBEepIICHNS MPeCIIeI0BaHNs 3a rapanTHpoBanHoe Bpems T = T(z").

[Iycts Teneps umeetr mecto ciaydail II. Ctpoutcs paspemaromas GyHKIUS
A(t,t— T,V,Z;)) , 0<7<t, v(e R?) u ¢ eé nomouipto onpeaensercs GyHKIHs

At,z°)=1— inf max jot,tl. (t,t—7,9(7),2")dx,

v(-)qu[O,t] ielm
t
e VG[O,t]={V(-):IO\v(T) ” dt SG}. OGosnaunm uepes T'=T'(z") nepsbiit

. 0
NOJIOXKHUTEIbHBIN KOpeHb ypaBHeHUsT A(Z,z ) =0, ecim Takoro He CyImIECTBYET TO

nonaraem 1''(z°) = +o0.

0

IIpeononooicenue 4. ]I HA4aIbHOTO COCTOSIHUS z° CYIIECTBYET KOHEUHBIN

0
MomeHT Bpemenun 1'=T"'(z").
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0
Teopema 10. Ecnu nnst 3aJJaHHOTO HAYaJbHOT'O COCTOSIHUSL Z  BBITIOJHEHBI
npeanoyioxenus 1-2 u 4, o B urpe (13) ¢ orpanndyenusimu (14)-(15) BO3MOXKHO

0
3aBepIICHHUS MPECIeIOBaHus 3a rapantupoBanHoe Bpems 1 '=T"'(z").

Bo BTOopoM u TperheM mnaparpade 4eTBEpPTOM TIJaBbl, METOJ TPYMNIIOBOIrO
npeciieIoBaHus, pa3pabOTaHHBIM B MpeablaylleM naparpade, MNpUMEHseTcs K
KoHTpoJbHOMY Tmpumepy JL.C.IlonTpsruna u ana  3agaud 00  /-TIOMMKHU
yOeraromero npu MHTErpajibHbIX OTPAaHUUYCHUSAX Ha YIPABICHHS UTPOKOB.

SAKITIOYEHUA

1. Pemensl 3amaun npecnenoBaHusi-yOeranusi, KOrjla TOYKHA JIBIKYTCS 0e3
WHEPIIMHU, a HA YIPaBICHUS WTPOKOB HAlaraloTCsi HWHTErpajbHbIC, PA3HOTHUIIHbBIC
WM KOMIUIEKCHBIE OrpaHuueHus. Jlins 3TuUX cilydyaeB MOCTPOECHBI aHAJIOTH
CTpaTEerMd TNapajuIeIbHOrO TMPECICNOBAHUS, TAPAHTUPYIOUIME ONTHUMAaIbHbIC
COJIMDKCHMUSL.

2. BemepBbie paccMoTpeHbl AudepeHIuanbHbple Urphl HOBOTO THMA C
JMHEMHBIMA  OTPAHMYECHUAMHU HAa  YNPABICHHE UIPOKOB,  YCHJIMBAIOUIWE
TPaJULIMOHHBIC UHTETPAIIBHBIE U T€OMETPUYECKUE OTPAHUYECHHUS.

3. [lony4yeHo moyiHOE pellleHHe 3a/1auu MpeciieloBaHus-yOeranus, Korja Ha
yIOpaBJIEHUE TMPECIEAOBATENS HAJaraeTcs JMHEWHOE OrpaHUYeHue, a Ha
ylpaBjieHne  yOerarmomero —  4YHCTO  TeOMETPUYECKOoe,  YCTaHOBJIEHa
CIIpaBeIJTIUBOCTh TeOpeMbI 00 asibTrepHaTBe KpacoBckoro.

4. llomyyeHo pelIeHWE 3aJada IpPECIEOBaHMS B clydyae, KOorja Ha
yIpaBJICHUs MpecaeoBaTess U yOerarmero HajJoKeHbl JTUHEHHbIE OTpaHUYCHMUS,
MIOCTPOEHBI COOTBETCTBYIOIIUE CTPATETMH MapallICIbHOrO MPECIeAOBaHUS, TaK
KE TApPAHTUPYIOIINE ONTUMAaIbHbIE CONMKCHUS.

5. UccnenoBana 3amada Aiizekca-IleTpocsiHa 00 Urpe ¢ «JIMHUCH KUZHUY,
KOrJa JBWXKEHMSI WIPOKOB  OMNUCBHIBAIOTCA  OJHOTUIIHBIMM  JIMHEHUHBIMHU
nuddepeHanbHbIMA  YPaBHEHUSAMHU TPU HECKOJIBKUX THUIAX OTpaHUYEHHM Ha
yOPaBJICHUSI WrPOKOB, TOJYYEHO COOTHOIICHUE BBIpaXarolee HU3MEHEHUE
JTMHAMUKU MHOKECTBA TOUYEK BCTPEUH.

6. PazBura Meton paspemaromux (GYHKIUA TPUMEHUTENIBHO K 3ajade
TPYIIOBOIO MPECIEIOBAHUS C MHTETPAIBHBIMU OTPAHUYECHUSIMUA Ha YIPABJICHUA
WTPOKOB, TMOJIYYEHbl HOBBIE JOCTATOYHBIC YCIOBHS Pa3peIIMMOCTH 3a1aud
npecnenoanud B nocranoBke JI.C.ITonTpsiruna.

PaGora  HocuT  Teopermueckudd  xapakrep. B ocHoBe  Teopum
muddepeHanbHbIX ~ UTp  [EHTPAJIbHOE  MECTO  3aHUMaeT  IMOCTPOCHUE
ONTUMAJIBHBIX W TapaHTUPYIOUIMX CTpaTerui 1js urpokoB. HayuHoe 3HaueHue
MOJYYEHHBIX PE3YJIbTAaTOB HCCIECAOBAHMS 3aKIIOYAETCS B TMOCTPOCHUU TaKHX
CTpaTeruii MpHU PaA3IUYHBIX OTPAHMYEHUSIX HA YOPABICHUS U UX NPUMEHEHMUS.
OTMeTUM, 4YTO TOJYYEHHBIE PE3yIbTaThl MO CBOEMY COJIEP’KAHUIO  COCTAaBST
OCHOBY HOBOT'O HaNpaBJI€HUS B TEOPUM yIIPABIICHUS.
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Introduction (abstract of doctoral dissertation)

Actuality and demand of the theme of dissertation. Due to the rapid
development of scientific and technological progress in the world mathematical
methods have become an important tool in the control of complex systems. In the
control of many economic and technical processes it also needs to take into
account conflict of different participants. In this regard, it has been created a new
branch of mathematics, theory of dynamic games, which consists of two
components - the theory of discrete and differential games. In today’s complex
market relations in solving many economic and technical problems these theories
find their important applications.

After our country gained its independence, in order to promote science and
technology a number of reforms have been developed. The President of Uzbekistan
decrees dated 7 August 2006 "On measures to improve the coordination and
management of the development of science and technology", and of 15 July 2008
"On additional measures to stimulate innovative projects and technologies" and
other legal acts of fundamental sciences and their application in various projects
were highlighted. Differential games set as the theory of development of
mathematical methods of control processes, combines the dynamism, control,
fighting, awareness, and optimal number of other important qualities, and represent
one of the most complicated mathematical models of real processes having great
practical importance.

In the vast majority of works devoted to differential games of pursuit-evasion,
it was considered systems in which control were chosen only from the class of
bounded functions. Such geometry constraints imposed on the control expressed
some constructive opportunities controlling device. The desire for greater
adequacy of mathematical models to practical problems led to the necessity of
studying differential games with integral constraints on the player controls. Such
restrictions express, for example, limitations of energy control, a decrease of other
substances, which are spent during the process. Especially in the study of
mathematical models of technical processes constraints of this nature it is
important in scientific and applied aspect.

The need for the study of control systems in the general statement of requires
consideration of models when on the control it is imposed simultaneously both
types of geometric and integral constraints, or their linear association. The
relevance of the thesis is to develop the foundations of differential games in the
direction of pursuit-evasion theory under various constraints on the player controls
in the construction of adequate mathematical models to counteract the controlled
processes, as well as the development of methods to solve such problems, allowing
the development of the theory of mathematical methods of management
and fundamental and applied aspects.

Connection of the research with prior directions of development of Science
with the priority direction of development of Science and Technologies VI.
“Mathematics, Mechanics and Informatics”.
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Review of foreign scientific research on the theme of the dissertation’. In
the direction of finding a general method for solving differential game theory and
decision pursuit-evasion problems under various constraints, it was carried out
extensive research in the research centers and universities in the leading countries
of the world, including the RAND Corporation (USA), University of Princeton
(USA) University of Illinois (CSHA), University of Cambridge (England),
University of Brest (France), Moscow State University, Mathematical Institute
Russian Academy of Sciences, Institute of mathematics and mechanics Ural
Branch of the Russian Academy of Sciences, Ural federal University, Russian
peoples' friendship University, Saint Petersburg State University (Russia), research
institutes of Academy of Sciences of Ukrain and others.

As a result of research conducted by the description of general methods for
solving differential games and the decision of prosecution-evasion problems under
various constraints, globally it was resolved a number of pressing problems,
including the following scientific results were obtained: a method is described
Isaacs-Bellman-Pontryagin characteristics (RAND Corporation, USA, Institute of
mathematics, Russian Academy of Sciences); a necessary condition for finding a
saddle point, as the solution of the differential game (University of Princeton,
USA) was derived based on the approach of calculus of variations; the existence of
the value of the game, based on the approximation of the final games (The Ohio
State University, USA and Saint Petersburg State University, Russia); for a fixed
period of time the existence of the value of the differential game was proved
(Institute of Mathematics and Mechanics, Ural Branch of the Russian Academy of
Sciences, Moscow State University); maximin differential game in Hilbert Space
was studied (University of Cambridge, England); effective methods of
investigation tasks pursuit-evasion with geometric, integrated, and various
restrictions were received (Mathematical Institute, Russian Academy of Sciences,
Institute of Mathematics and Mechanics, Ural Branch of the Russian Academy of
Sciences).

On a global level, a series of research papers on the theory of differential
games and applications are carried out, in particular, development is carried out in
such priority areas as: the problem of pursuit-evasion, when imposed various
restrictions, more accurately reflecting the real processes in the controls of the
players; solving problems of group pursuit-evasion; Study stochastic differential

! Review of foreign scientific research on the theme of the dissertation: Isaacs R. (1971): Differential Games.
New York. John &Wiley; Friedman A. (1971): Differential Games. New York.Wiley Interscience; Fleming
W. H. The convergence problem for differential games.1961.J. Math. Anal. Appl.Vol.3,pp.102-116;
Berkovitz L.D. 1998. Characterization of the values of differential games. Appl. Math.
Optim.Vol.17,pp.177-183; Elliot R. J., Kalton N. J. (1972): The Existence of Value for Differential
Games. Amer.Math.Soc.; Ioarpsrun JI.C. (1988): U30pannsie Hayunsie Tpyasl M. Hayka,Tom 2; KpacoBckuit
H.H.,, Cy66orun A.W. (1974):Ilo3unmonnsie nuddepennmanpapie urpsl. M. Hayka; Petrosyan L.A.
(1993):Differential games of pursuit. London.World Scientific Publ.Co Pte.Ltd.;Williams J.D. (2007):The
Compleat Strategyst: Being a Primer on the Theory of Games of Strategy. New York.RAND Corporation,
USA.;Yeung D., Petrosyan L.A. (2006): Cooperative Stochastic Differential Games. New York. Springer; Haurie
A., Krawczyk J., Zaccour G. (2012): Games and Dynamic Games. London.World Scientific Publ. Co.Pte.Ltd.;
Yong J. (2015): Differential Game. A Concise Introduction. Washington.World Scientific Publ. Co.Pte.Ltd., to be
have and another sources.
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games; new numerical optimality principles in conflict-controlled processes is
identified.

The degree of scrutiny of the problem. The concept of "differential game"
first appeared in a series of secret works of American mathematician R. Isaacs on
project of Corporation RAND (USA), made in the early 50's of the 20th-century.
R. Isaacs studies were published in 1965 in the form of monographs, in which
numerous examples were examined and theoretical questions were only touched
upon. Possibility integral constraints in differential games have been featured in
the book of R. Isaacs, but the first results were obtained much later.

The first direct method of Pontryagin was transferred to the case of integral
constraints by M.S.Nikolski. This approach was developed by A.Ya.Azimov,
F.V.Guseynova, A.V.Mezentseva, N.L.Grigorenko and others. For more thorough
approach, developed on the basis of the method of extreme aiming of N. N.
Krasovski for solving differential games with integral constraints, was developed
by N. N. Krasovskii, U. M. Repina, V. E. Tretyakova and then A.B.Kurzhanski, A.
I.  Subbotin, V.N.Ushakov, N.Y.Lukoyanov, M.D.Lokshin, V.I.Uhobotov,
A.N.Darin, D.V.Kornev and others. Stepping closer way to the regular case was
transferred to the case of integral constraints in works of B.N.Pshenichniy and Y.
N.Onopchuk and continued in the works of I.S.Rappoport, S.I.Tarlinskiy,
M.S.Gabrielyan, A.A.Chikriy and so on for games with multi-type constraints.

When it comes to the management in the presence of integral constraints on
the control parameters of the problem in the first place it should be noted that in
principle these problems can be reduced to a control problem with state constraints.
In the case of an optimal control problem with state constraints necessary
conditions were obtained by RV Gamkrelidze, A.B.Kurzhanskiy, Yu.S.Osipov,
A.V.Arutyunov, M.M.A Farreira, R.B.Vinter, F.L. Pereyra based on measure
theory. With regard to differential games, the reduction of integral constraints in
phase is ineffective, since it requires the construction of solutions in the form of
control synthesis.

In the general theory of differential games problems of pursuit-evasion
occupy a special place due to a number of specific qualities. One of them is a great
variety of both in the methods used and in the nature of the results. This quality is
already apparent when considering the model examples. For example, the problem
of R. Isaacs about game with the "life line" in the case of simple movements on
the basis of the specific properties of the reachable area was solved by
L.A.Petrosyan. This can prove the optimality of the strategy of parallel prosecution
(I1 -strategy). In what follows, on basis of strategy Parallel prosecution had
developed a method of resolving functions for solving problems of group pursuit
with geometric constraints (N.Yu.Satimov, B.N.Pshenichny, AA Chikrii,
A.A.Azamov, IS .Rappoport, B.N.Grigorenko, N.N.Petrov, V.I.Uho bots,
A.I.Blagodatskih and etc.).

It should be noted that in Uzbekistan it has been formed a scientific school on
differential games founded by N.Yu.Satimov and is now led by A.A.Azamov.
Representatives of the school proposed a new method for solving the problems of
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group pursuit with integral constraints (N.Yu.Satimov, A.Z.Fazilov, B.B.Rihsiev,
G.LIbragimov, Khamdamov AA). This method is based on the division of resource
control between the persecutors. On the evasion problem with integral constraints
were devoted works of N.Yu.Satimov, L.P.Yugay, B.B.Rihsiev and others. The
task of pursuit-evasion in systems with distributed parameters under various
constraints on management were investigated in the works of N.Yu.Satimov,
M.M.Tuhtasinov, M.Sh.Mamatov. A.A.Azamov and A.Sh.Kuchkarov established
connection between the objectives of persecution, handling and stability at large in
linear systems with different types of constraints. G.I.Ibragimov explores the game
problem of optimal prosecution, described the evolution equation in the
Gilbertov’s space which is reducible to an infinite system of differential-equations
with integral constraints. A.Sh.Kuchkarov considered the problem of pursuit-
evasion when players move on Riemann surfaces.

In many problems for the model of differential games is key strategy of
parallel proceedings. Unlike the geometric constraints in the case of integral
construction of complex constraints allowing certain functions encounters
obstacles. In the works of A.A.Chikrii, [.S.Rappoport, A.A.Belousov,
V.V.Bezmagorichni and L.V.Baranovskaya this construction was carried out for
individual cases. However, in general, the problem remains open. As for the game
R. Isaacs a «life liney, it is for cases with integral and complex constraints are not
considered.

Connection of the theme of the dissertation with the research works of
the higher education institution, where the dissertation is carried out. The
dissertation research is carried out in accordance with the Research Plan of the
Namangan State University OT-F1-002 "System analysis, management and
processing of information data" (2010-2015.)

The aim of the research is to build a unique parallel prosecution strategy for
integrated, linear and different types of restrictions on the controls of players and
their application to solving problems of pursuit-evasion.

Research problems:

study of pursuit-evasion problems when the points move without inertia, and
imposed on the integrated control of the players, heterogeneous and complex
constraints;

construction and application of unique strategy of parallel pursuit, ensuring
optimal convergence when allowed players satisfy the integral control, polytypic,
and complex constraints;

proof of the theorem about an alternative solution to the problem and pursuit-
evasion when to the control of the pursuer it is imposed simultaneous geometric
and integral limits, and the controls on the escaping of the incoming are only
geometric;

proof of the theorem about an alternative solution to the problem and pursuit-
evasion when to the control of the pursuer imposed a linear constraint combining
both geometric and integral limit and runaway control is purely geometric;
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solution of the pursuit problem in the case when the control of pursuer and
escaper imposed linear constraints and construct appropriate strategies parallel
pursuit, guaranteeing optimal convergence;

solution of the Isaacs-Petrosyan's game with the «life line», when the
movement of players is described by linear differential equations with several
types of constraints on the player controls;

development of the method of resolving functions in relation to the problem
of group pursuit with integral constraints on the player controls in the formulation
of the Pontryagin.

The object of research is the problem of pursuit-evasion with control of the
class functions with geometric, integrals, linear and complex constraints.

The subject of research is a strategy of parallel pursuit ensuring optimum
convergence for the pursuer, and to the evader control of guaranteeing runaway.

Methods of research. The thesis for solving problems of pursuit method is
applied parallel convergence players, and to evasion problems method of evasion
in the direction as well as the method of resolving functions in solving problems of
group pursuit and apply tools of convex analysis.

Scientific novelty consists of the following:

to meet the challenges of persecution, escape with simple movements of the
players, when control of players imposed or geometry, or integral, or both
geometric and integral constraints pursuer, built parallel prosecution strategy and
set of new features, and lower estimates of convergence are obtained for the
runaway problem,;

It introduces a new concept called a linear constraint on the class of player
controls, which contains as a special case and integral, and geometric constraints
for the respective types of games built strategy of parallel proceedings;

we solve the problem of the Isaacs-Petrosyan's game with the "life line"
when player movement described by linear differential equations, and in the
management of players imposed geometric integrals-General or comprehensive
restrictions in certain combinations;

method of resolving functions is applied to the solution of the problem of
group pursuit with integral constraints on the player controls, and new sufficient
conditions for the solvability;

sufficient conditions for the solvability of the group pursuit tasks to control
example of Pontryagin, as well as the problem of "/-catch" in the case of integral
constraints on the control.

Practical results of the research is to develop the foundations of the theory
of differential games of pursuit, allowing to solve problems of mathematical
modeling and forecasting of real processes in the technical problems and the
economic sphere.

The reliability of the research results. All results dissertation justified with
rigor adopted in mathematics, using the methods of the theory of differential
equations, functional analysis, optimal control theory, the theory of differential
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games pres-research-escape, as well as the publication of all the results obtained in
the thesis renowned peer-reviewed journals.

The scientific and practical significance of the research results. The
scientific value of the results of research is to build such strategies under various
constraints on the management and use. Note that the results will form the basis of
a new direction in the theory of control and can be used in solving dynamic games
and their applications.

The practical significance of the research lies in the fact that the built
expressly management principles in dynamic game models and their suitability for
the development of numerical algorithms and computer implementations.

Implementation of the research results. The results obtained in the thesis
the results were used in the following research projects:

method of solving the problem of pursuit-evasion, when the pursuer is
imposed control systems ( both integral and geometrical) limit, were used in
carrying out the research project Noe14-01-31319mol _a, "Optimal construction and
approximation to problems of management ", funded by the Russian Foundation
for basic study researches (RFBR) for linear-convex problems of dynamic
optimization, when the control action applied geometry and integral constraints,
and on the impact of an uncontrolled system hindrance only geometric limitation
(Institute of mathematics and mechanics UB RAS, certificate dated 12 May 2016).
Specifically, for a description of the tasks of dynamic optimization that combine
complex restrictions on the control actions in the case of nonterminal quality
indicator;

parallel solution to the problem of group pursuit with integral constraints on
the control of objects were used in fundamental research 01-01-13-1228FR project,
to address problems with several pursuers and one evader with integral constraints
on the player controls (University Putra Malaysia, a certificate dated 12 February
2016). On the basis of these resolved pursuit-evasion problem for linear
differential systems with integral and heterogeneous constraints and problems with
several pursuers and one evader with integral constraints on the controls;

method of solving the game's «life line» Isaacs problem in cases when the
player controls imposed geometric, integral or complex restrictions in certain
combinations, have been used in research projects 01-01-00904-a «Degree of
differential games with unlimited duration» (RFPF, 2001-2003), 06-01-39005-
GFEN_a «Mathematical analysis of conflict and cooperation» (RFPF, 2006-2007),
09-01-00334-a «Multi-agent optimization in wireless networks» (RFPF, 2009-
2010 ), in particular, this method is used for specifying the structure of optimal
strategies in the various generalizations of this game (Saint Petersburg State
University, a certificate dated 31 May 2016). At the same time the results to build
a unique parallel convergence strategy (//-strategies) used for solve problems of
conflict control (dynamic games) are more general form.

Approbation of the research results. The main content of the thesis
discussed at the 12 conferences, in particular, "Science and Technology in XXI
Century" (Tashkent, 2003), "Dynamical system modeling and stability
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investigation" (Kiev, Ukraine, 2003), "Spectral theory of differential operators and
related problems "(Sterlitamak, Russia, 2003)," Modern problems of mathematical
physics and information technology "(Tashkent, 2003)," Actual problems of
stability and control theory "(APSCT-2009, Yekaterinburg, Russia, 2009),"
management and optimization of dynamic systems "(cODS-2009, Tashkent,
2009)," Operator algebra and related Topics "(Tashkent, 2012)," System Dynamics
and Control Processes "(Russia, Moscow, 2014)," Modern methods of
mathematical physics and their applications "(Tashkent , April 2015), "The theory
of management and mathematical modeling '(Russia, Izhevsk, June 2015), the
annual international conference" Game Theory and Applications "(St. Petersburg,
2008) and" Game Theory and management "(St. Petersburg, 2010, 2011), as well
as in scientific seminars of department" Applied mathematics "in NUUz (Tashkent,
1990-2006yy.), at the department of" Mathematical theory of statistics, reliability,
and queuing theory "of the St. Petersburg state university (Russia, 1990, 2014), at
the seminar of the department "Differential equations and mathematical physics"
(Tashkent, 1990-2016 yy.) and "Applied mathematics" (Tashkent, 1995-2016 yy.),
Institute of mathematics and information technology at the National University of
Uzbekistan.

Publications of the research results. Theme dissertation published 30
scientific papers, 10 of them out in the list of scientific publications proposed by
the Higher Attestation Commission of the Republic of Uzbekistan for Protection of
doctoral theses, including 5 of them published in national scientific journals and 5
papers in international scientific journals.

The volume and structure of the dissertation. The thesis consists of an
introduction, four chapters, conclusion and bibliography. The total volume of the
thesis is 200 pages.

THE MAIN CONTENT OF THE DISSERTATION

In introduction the actuality and demand for the theme of dissertation is
verificated, connection of the research to priority directions of development of
Science and Technologies of the Republic is stated, review of foreign scientific
research on the theme of the dissertation and the degree of scrutiny of the problem
are provided, the aim and problems are formulated, the object and the subject of
research are described, scientific novelty and practical results of research are
stated, the theoretical and practical significance of obtained results is revealed, the
implementation of research results in practice, the list of published works and the
dissertation structure are given.

In the first chapter of dissertation which named «Pursuit-evasion problems
with complex constraints» discusses the differential game of pursuit-evasion
with simple movements of the players when imposed either geometric or integral
constraint (shorter, G-constraint and I-constraint, respectively) on the player
controls, or both geometric and integral constraints (C- constraint).
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During the game in the space R" of moving an object X, called a Pursuit, and
an object Y, called Evasion. The state vector of the pursuer is designated x , and
the vector state evader — y. The problem of pursuit-evasion when objects move

without inertia, ie, the equations of motion have the form

X=u, x(0) = x,, (1)
y=v, ¥(0)= y,, (2)
(x, y, u, veR", n>1). The task will be meaningful if the initial conditions
x, and y, facilities satisfy the conditions x, # ),. Vectors of speed u and v
control parameters are relevant object. This temporary change of the vector u
should be a measurable function u(-):[0,00) — R" and comply with any
restriction of the integral (I-constraint):

[lu@ P di<p, 3)
or geometric (G- constraint):
|lu(t)|<a almostall t>0; 4)
or both of the constraints (1.3), (1.4) at the same time (C-constraint).

The class of admissible controls pursuer, i.e. all measurable functions
satisfying I- constraint (3) (respectively, G- constraint (4), C-constraint (3) - (4)),
denoted by U, (respectively U.,U.). Similarly, the temporary change of the
vector v should be a measurable function v():[0,00) — R" and comply with any
restriction of the integral (I-constraint):

[hord<s,, )
or geometric (G- constraint):
|v(t)|<P almostall #2>0; (6)

or both of the constraints (5) - (6) at the same time (C-constraint). The class of
admissible controls a fleeing satisfying I- constraint (5) (respectively, G- constraint
(6), C-constraint (5) - (6)), denoted by  (respectively). In these definitions
a, B, p, and o, the known numerical parameters. The aim is to implement the

pursuer X caught, ie x(¢) = y(¢), where x(t), y(¢) - path generated in accordance
with equations (1), (2) during movement. A runaway Y seeks to avoid the meeting,
ie, that x(¢) = y(¢) atall £, >0, and if this is not possible as long as possible to
push back the time of the meeting ¢, when x(¢7) = y(¢").

Depending on the constraints on the player controls for the differential game
(1) - (2) are possible nine options:

1) G-Game — u(:) €U, v() €V.; 2)IG-game—u()eU,, v()€V,;

3) CG-game — u(-) €U, v()€V,; 4) Gl-game — u(-) €U, v(-) €V};

5)I-game — u(-)eU,,v()€V,; 6)Cl-game—u(-)cU, v()eV,;

7) GC-game — u(-) €U, v(-)€V,.; 8)IC-game— u(-)€U,, v() €V ;
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9) C-game — u(-)c U, v(-) €V,.
(Here u(-) and v(-) — implemented at the end of the game control process).
Further, one of the classes U, as well as the selected class as a class one U,
U,, U, and one of the classes V', as well as the selected class as a class one V,
Vi, Ve.

The key to the theory of differential games is the concept of strategy. This
concept is too broad content, which would be defined in the general case. In the
theory of differential games is specified depending on the characteristics of the
studied problem. For our purpose it is convenient to the following definition.

Definition 1. The mapping u:V — U is called a strategy of the pursuer, if the

following conditions are met:
1. Affordability. For each v(-) € V' the inclusion u(-) =u(v(-)) e U

in a certain period of time [0,7] ; this function u(z) =u(v(¢)) is called when the
implementation strategyu in [0,7] .
2. Volterra. If for v,(-),v,(-) €V the equality v,(s)=v,(s) a.e. on[0,¢], then
u,(s) =u,(s) a.e. on[0,7], where u.(-) =u(v,(-)), i=1,2, t €[0,T].
Definition 2. The strategy u(v) is called winning for pursuer in [0,7], if any
v()elV:
a) there exists a time ¢* €[0,7'], that the equality x(z") = y(¢");
b) u(-)eU, where u(t) coincides with u(v(-)) in [0,"] and u(¢)=0;
number 7" is called a guaranteed pursuit time.
In the general theory of differential games should be allowed to determine the
strategy for the second player in the game. At the same time between the pursuer
and evader strategy classes should be the consistency of information. In the cases

studied in this paper, the specific objectives of escape eliminates the offices of
players instead of strategies.

Definition 3. A measurable control function v*(-) €Vis called winning for
evader, if for any u(-) € U solution z(¢) of the Cauchy problem z =u(t)— v (1),
z(0)=z,, is different from zero for all 1>0, ie. z(¢)#0, >0, where
z=x-y and z, =X, — ,.

In the first paragraph of the first chapter examines the G-game. At the same

time, for the sake of completeness are known information concerning the strategy
of parallel prosecution L.A.Petrosyan. The concept of parametric state of the game

is a vector p=(a,3) € ]Ri. On the plane of the parametric states of the plurality
of allocated:

P,={p:a>3,0>0,6>0}, E;={p:a<p,a>0,5>0j.
Definition 4. The G-game Il .-strategy is a function u,(v)=v—A,(v)§,,
where Ao (v) = (&, V) + (& V)P + &=V, & =2,/12, ], vesS;, (§,v) -
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the scalar product of vectors &, and v, §; —aball in R" with center at the origin
and radius (3.

L.A. Petrosyan obtained the following result: if p &P, then II.-strategy
is winning in the G-game in a while [0,7,], where T, =| z, | /(e — 3); moreover,
it is established that the capture of the fleeing carried out at the point of the space
R" belonging to the set

WG(xoayo) - {W: ‘ w—X ‘Z (Ck/ﬁ) ‘ w—=DY ‘}9
the boundary of which is the sphere of Apollonian with center
c. =(a’y, —B3’x,)/ (a® — 3?) and radius R, = af|z,|/|a’ — 3 ].

In the second paragraph of the first chapter, we investigate IG-game. In this
case, as the state assumed by the parametric vector is p =(p,,3,() € ]Ri, where
¢ =| z, |. For IG-game alternative sets are defined as

P[G - {p:po Z4Cﬁaﬁzoap> O)CZO}a
E[G - {p:p() <4C535>030203C >O}>
where P,UE,, =R}, P, NE,, =9.

Definition 5. A function u,;(v)=v—A;(v)§,, vES,, is called the II;-
strategy of pursuer, where
A6 (V) = g /24 (€ W)+ A (o 2+ (60 VD =1V P, 10 = 00 /120 & = 201 20 |-

Theorem 1. a) If the 1G-game p € P,., then II . -strategy is winning in

0.7, where T =12,/ /2— 5+ /2) = 105

b) if p€E,., then control of the evader v’ = —(3¢, is a winning and thus
|2()[>] z, | —p° / (43) forall t >0.
Part a) of Theorem 1 admits the following refinement. Let p € P,.. Then for

each v() eV, I1,. -strategy implementation fleeing completes the capture of

fleeing in point of space R”, a variety of set
Wi (X Yo p0) ={w:l w—2, > (py / B) | W=, |} - (7

If the game is seen on a plane R*, the boundary of this set is: a) loop snail Pascal
if p, = 4ﬁ|x0 —Y,|; b) an oval of Descartes, ifp, > 4ﬁ|x0 —y0|. In general, the
border (7) is obtained from rotation these curves around the line passing through
the point of finding players.

In the third paragraph of the first chapter explores CG-game. We prove a
theorem on the alternative giving a partition of the initial states and parametric
values. This solution of the problem of persecution carried out the construction of a
parallel prosecution strategy ([[..-strategy), which guarantees an optimal
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convergence. We solve the same problem of escape from the lower estimates are
derived for the distance between the players.
In the fourth paragraph of the first chapter examines the I- game. Here, as the

state assumed parametric vector p = (p,,0, ) € ]Ri , and introduced alternative set
in accordance with the formulas

P, ={p:p,>0y,p,>0,00 20}, E, ={p:p,<0o,,p,2>0,0, >0},
where P, UE, =R’ , P,NE, = 2.

Definition 6. The function u,(v)=v—X\,(v)§,, veR" — called II,-
strategy of the pursuer, where

X, (v) = max{0,8, +2(€y, )}, 8, = (py —0,)/ [ 2, |, &, = Zo/‘ Zy |-
Theorem 2. a) If the I-game p € P,, then II,-strategy is a winning for the
pursuer in a while [0,7,], where T, =| z, [ /(\/p, — /7 );
b) if p € E,, then evader to apply the type of control
0, if 0<t<e,
V(1) 7=
u(t—e), if t>e¢,
is a winner , where € - fairly small positive number.
Next, we prove that if p € P,, when pursuer application the I/,-strategy and

evader - arbitrary control v(:) € V,, then the set of points meeting fills the set
W, (%05 Y05P0509) = X, + VPO S/éo - :0050/60 )

where S — the ball centered at the origin and unit radius in R".
In the latter the fifth paragraph of the first chapter is solved the C-game. In

this case, the parametric vector state is p=(a,p,,3,0,,(,)E Ri , where
Co =]z, | and defined sets:
P'.={pa>p,p, 24¢B.a>0,8>0,p,>0,0,>0, >0},
PL={p:a>0, p,>05a>0,6>0,p,>0,0,>0,,>0},
P.=P' . UP°_,
E.={p:p,<04,p, <4(,0,0>0,6>0,p,>0,0,>0,(,>0} .
Definition 7. The function u.(v) =v—A.(v)§,, vES, —called II.-strategy
for the pursuer, where
") { min{As (V)i (VLI [20]<po /(45),
¢ mm{/\G(v), /\,(v)}, if |ZO|>pO /(43).

Theorem 3. If p €P_, then II .-strategy is a winning in the C-game in a while

[0,7.], where T, —is guaranteed pursuit time.
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In the second chapter of the thesis with the title «Pursuit-Evasion problems
with linear constraints» considered a new type of pursuit-evasion problems in
which the constraints imposed called linear, which in a sense are united into one
integral and geometric constraints on the player controls.

In the first paragraph of the second chapter studies the problem of pursuit-
evasion when control of the pursuer must satisfy the linear constraints, and control
of the evader - only geometric (LG-game) constraint. The problem of the optimal
pursuit through a strategy based on a parallel convergence of players. The evasion
problem sets a lower bound for the distance between the pursuer and evader.

Let the object X is pursuer and object Y is evader and they move in
accordance with the equations (1) and (2). The LG-game change of the vector u
except measurability kind imposed restriction

[l ds<L,0, =0, ®)

where L, (t) =p,t +p,, p, — arbitrary and p,— a non-negative real number. In this

case, control of the evader satisfies only geometric constraint (6). The purpose of
the object X is the same as in the first paragraph of the first chapter, the
implementation of equality x(¢) = y(¢)and object Y to avoid running away from

the meeting, and if this is not possible as long as possible to push back the time of
the meeting. Further, three of (,,p,,3), where p,=p,/|z,|, will be called
parametric state and is denoted by p. Consider the following alternative sets:

P.=PUP,UP,, E,  =A\P,,
where P, ={p:p, >0, p, > 3%, 6>0}, P,={p:u,>20, p =3, >0},
P, ={p: 22(6"‘\/62 2 <629 5 =0},

Definition 8 . The function u,;(v)=v—XA;(v)§, VvES;— called II ;-
strategy for the pursuer, where

Ag(V) = 1, /2+<€oav>+\/(ﬂo /2+<€oav>)2 —|—p1—|v|2.

Theorem 4. a) If p € P, , then II,.-strategy is a winning for the pursuer in-

game in [0,7, ], where

Ty = zo [/ Ajgand A = pu /2_6"_\/(:“0 /2—-0)" +p -5
b) ifp€E,, then on the constant control v =—03¢, is for the evader to
winning and thus the estimate for all # > 0:

Dif peE,={p:0<u, <28, p,=5>,3>0}, then
z, | (20 — /(23), when (3 >0,
20> |2, [ (28— o)/ (25) 5 |
|z, |, when (3 =0;
2)if pEE, ={p:0<u, <2(B++B°—p,), p, <3 ,6>0}, then

2O 2] 20 [(B =1ty 1 248" =p) [ (BB —p);
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where E, , = E, UE,.

In the second section of the second chapter examines the L-game in which the
pursuer control satisfies the restriction (8) and p,— a non-negative integer, and
control of the evader restriction type

t
[ 1) P ds <L), t>0, )
0
where L,(t) = 0,t + 0, and 0,, o, — non-negative numbers.
In the L-game appears a new feature: depending on the parameters p,, o,
have to use I, -strategy defined in different ways.
Definition 9 . When p, >o0,, then the function u’,(v)=v—\,(V)&,,
veR" is called IT", -strategy for the pursuer, where
N =y +(0.6) —|—\/(,u0 FWED +p =0, 1y =6 /21 2|5 & =2/ 1 % |-

Theorem 5. Suppose that at least one of the following conditions: a) p, > o;;

0) p,=o0, and p, >0, —|—2\/E |z,|. Then II", -strategy is guarantees the

completion of the persecution in the L-game in [0,7",], where T ,— the first
positive root of the equation

\/,01T2 +poT _\/0-1T2 o, = z,|.

Definition 10. When p, <o, the function u,,(v)=v—X\,(v)§,, veR" is

called the I, -strategy of the pursuer, where
A (V) =1, +<Va€0> +\/(V0 +<V=€0>)2 + 0 _20-1+‘V‘23 Vo="/2]z,],
Yo = Py — 20,

Theorem 6. Let p <o, and v, >./2(20,—p,). Then II,, -strategy
guarantees the completion of the persecution in the L-game in [0,7,,], where
T, =212, | /vy ++lv +2(p, —20,)].

In the third section of the second chapter the concept of linear constraints of

the form (8) and (9) is summarized in the differential game described by the
equation of the form

z=kz+Bu—Cv, z(0)=z,,
where z,u,v€R", B and C— non-singular square matrices of order nxn, k —
non-positive number, z, = 0. The purpose of the pursuer is realize equality
z(t) =0, for evader aim is the opposite. For the case given the design strategy of

the parallel pursuit for optimal convergence of the players.

In the latter the fourth paragraph of the second chapter, we study the method
of resolving functions for the control example by Pontryagin in case L-constraints
at controls of the players, with the resolution function is constructed in explicit
form, which is applied to the solution of the pursuit problem.
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In the third chapter of the thesis entitled «Differential games with a line of
life» study problem of R.Isaacs which is associated with several problems,
among which remain unresolved. Here, this problem was first considered for the
case when the integral or mixed constraints imposed on the control of the pursuer.

Suppose that in Euclidean space R" point X pursues point Y, motion is
described by the equations
x=kx+Bu, x(0)=x,, (10)

y=ky+Cv, y(0)=y, (11)
where X, y, u,vE R", n>1; B and C — non-singular square matrix of order
nxmn; k — non-positive number, X,, y, — initial state points, ¥ — parameter of
control X; v — parameter of control Y. In this case, the point of a phase constraint

is a subset A of the space R", which is called «life line». Now the purpose of the
point X is the implementation of equality x(¢) = y(¢) for some ¢, ¢ >0, while

point Y is outside the set A or y(s) € A when 0 <s <t. In this thesis examines

the game, when the set A does not restrict movement of the pursuing point X.
Consequently, aim Y point is to enable the implementation of y(t) €A at some

finite ¢, ¢ >0, while keeping inequality x(s)= y(s) when0<s<t, or to
ensure that the inequality y(¢) = x(¢) forall £ >0.

In the first section of the third chapter studied the game with the «life line»
for linear systems (10) - (11), when the G-constraints (4) and (6) on the player
controls. Here the solution is based on the resolution function of the form

Ao () = (€0, PY) + (6 DV +a —[@r]) 2,
where ®=B"'C, £, =B'z,/(, (= ‘B_lzo , Y= ﬁ”@” and ||¢|| = maX|Q5v| -

M:l

the norm of the matrix @.
Definition 11. The function u,(v) =Dv—A.(v)&, is called 11 -strategy of

the pursuer in the linear differential game (10) - (11) with G-constraints (4) and
(6).

Definition 12. The u.(v) strategy of the pursuer is called winning the game
with a "life line" in [0,7] if any v() €V exist time ¢ €[0,T] that realize the
conditions a) x(t')=y(¢'); b)y(s)& A yet s¢ [O,t*].

Definition 13. Evader of the control v'(-) € V. is called winning the game
with a "life line" if for each u(-) €U, performed at least one of the following
conditions: a) there is a finite time 6 that y(0) € A and y(¢) = x(¢) yet t € [0,0);
b) y(¢t) = x(¢t)atall t >0.

Theorem 7. If k <0, o>~ and set e“BW,(x,,y,) do not intersect the set A

atall 7 € [O,t*], where W_(x,,y,) = {w: ‘W—B_lxo‘ > (a/v)‘w—B_lyO‘}. Then
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I1 .- strategy is a winning for the X in the game with a "life line".

The condition of the theorem is actually a necessary and sufficient condition:
if e“BW,(x,,y,) intersect the set A for some ¢ =0, it is indicated for the evader
constant control, which would be advantageous.

In the second section of the third chapter explores linear differential game
(10) - (11) with the «life line», in which control of the pursuer satisfies the integral
type of restriction

j;oo e u(@) [ dt <p® (p,>0), (12)

and control of evader is satisfies geometric constraint (6). Derivation of equations
describing the dynamics of attainable evader. It is shown that the boundary of the
meeting points in the plane is out of the loop or the Pascal snail oval of Descartes.
resolution function is constructed to solve the problem in favor of the pursuer,
which in this case has the form

A (V) = M/2‘|‘<foa¢v>‘|‘[<M/2+<§O,¢v>)2_|@v |2]]/2,

where =B'C, £, =B 'z, /v, u=p, /v, v=|B 'z, >0, v= B”@”
Definition 14. A function u,.(v) =Pv— A, (v)§, is called II,.- strategy of
the pursuer in the game (10) - (11) IG-constraints of the form (6) and (12).
The determination of the winning I/, -strategy and control of the evader a
winning are similar to the same as in the definitions of 12 and 13.
Theorem 8. If ;> 4~ and the set € BW,.(x,,»,,p,) not intersect the set A

at all te[o,t*], where W,.(x,,Y,>P,) ={w:‘w—B‘1xO‘2 Z(poz/fy)‘w—B_lyO‘}.

Then II,,-strategy is a winning for the pursuer in the IG-game (10) - (11) with

the «life liney.

There also satisfying the note to Theorem 7.

In the third section of the third chapter explores the game with the «life line»
when the pursuer is selected from the of class control functions L, NL_, the

evader control functions from the of class L_ . Permission equation describing the

dynamics of attainable evader and on this basis, decides to play a «life liney.

In the fourth and final chapter of the dissertation «The problems of group
pursuit with integral constraints» the focus is on obtaining sufficient conditions
for the solvability of linear differential games with integral constraints, simulating
the problem of pursuit one evader by means of several pursuers. Here developed
a method of resolving functions.

In the first section of this chapter is study the linear differential game in
Euclidean space, described by a system of equations

z,=Az, +Bu, —Cyv, z (O) = ZZ.O, (13)
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where z, €R", u €R”, veR?; n>1, p >1, g>], i€1,m. Here

i €l,m — the set of integers from 1 to m; A4, B;, C;, — permanent rectangular
matrices of order 7, xn,, n, X p, and n, X q, respectively; z° = (z,,25,...,z.,) —
the initial state of the game; (u,u,,...,u, ) —control parameters of pursuers; v —

control parameter of evader. Realization the control parameters of players should
be measurable from the class functions Lp [0, T ], p > 1 and meet the constraints,

respectively

j;r\ui (T)\p dr<p., p,>0,iclm, (14)

j;r\v(T)\p dr<o,0>0, (15)
where T — fixed positive number (the case T = 400 is not excluded). Such control
will continue to be called acceptable, and their set designated U;, 1€ I,_m, and
V.. respectively.

The terminal set is the union of sets M,, M,,...,M , each of which has the
form M. :Ml.o +Ml.0 , Where M 1.0— linear subspace of R" and Ml.l— convex
compact subset of the orthogonal complement L, to the subspace M Z.O in R".

Definition 15. From the initial position z° can be completed during
Tr=T <20> the persecution in a game (13) - (15) if there is a set of strategies
(,()stty ()seoestt, (), where u,(-)=u,(,v(-)) €U}, i€l,m, forall v()€V, at
least one value 1i,i El,_m, that is absolutely continuous solution z, (t) of the
Cauchy problem 2z, = Az + Bu, (t,v(t))— Cl.v(t), z, (0) = zl.o is falls on
terminal set M, in a time not exceeding the number 7' =T <20> that z, (t*> €M,

for some ¢ € [O,T ] The number T’ <20> is called a guaranteed pursuit time.

Let 7,— the orthogonal projection of R" the subspace L,.
Proposition 1. The equation WieA’tBiQP :WieA’tCl. has a solution @, =@, (t)

which is continuous and non-singular matrix at all ¢z, £ > 0.
Let

X; (t,s)= sup t\ﬁpl. (t—7)v(T)lP dr,0<s<t,

WeHls. ] s

where Vl[s,t]:[v<.);f"v<7-)\p dTgl], as well as u =sup,_.._. )(i(t,s).

Easy to see that p, > 0, but it is possible p, = +00.
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Proposition 2. p, /,ul —|—p2/,u2 +...+p, /,um >o0.
From Proposition 2 it follows that all factors p at the same time can not be

equal 4-00. There are two possibilities: I. p, / pu, <o forall i .II. p, / p, > o for
some I .

Let is case I. Then suppose o, = (Upl./,ul.)<p1/,u1 —|—p2/,u2 —|—...—|—pm/,um )_1,
where o =o0,+0,+..+0,. Then, allowing semi-continuous functions
AN(—t,t—T,v,z;) are built on top of 7 and v . Let

t
At,t,z)=1— inf f AN(t—t,t—T,9(7),z,)dr, 0<t <t,

vV, [1.1]J 1

1

t
where VU_[ti,t]:{v(-):f lv(T)|” dTSO‘i}, {, — a certain time, which is
i ti

determined in the process of prosecution, z, € R™. If the equation A (¢,¢,2z,)=0
has a positive root of the relative 7, the smallest of them denote 7, =7.(¢,z,),

1

otherwise suppose 1, = o0.

Proposition 3. There is a set of continuous mapping 7; : [O,—I— oo) xR" —R.

Theorem 9. If for a given initial state z° the Proposition 1-3 occur in a game
(13) with constraints (14) - (15), then may complete the proceedings for a
guaranteed time T = T(z").

Suppose now that we have case II. Construct resolution function, and it can
help determine the function A, (¢,7 - T,V,Z;)) , 7, 0<7<¢t, v(eR?) and

t
At,z°)=1- inf max jo A(t,t —7,v(r),z°)dr,

v(-)qu[O,t] ielm
t
where VG[O,t]={v(-):j0\v(T) ” dt SG}. Let T'=T'(z") the first positive root

of the equation A(z,z°) =0, if this does not exist then we suppose 7'(z°) = +o0.

Proposition 4. For the initial state z° of the finite time 7'=T"(z").

Theorem 10. 1If for a given initial state z° the Proposition 1-2 and 4, in a game
(13) with constraints (14) - (15), then may complete the proceedings for a
guaranteed time 7'=T"(z").

In the second and third sections of the fourth chapter, group pursuit method

developed in the previous paragraph applies to the control example of Pontryagin
and the problem of / -catch evader with integral constraints on the player controls.
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CONCLUSIONS

1. The problems of pursuit-evasion is solved, when the points move without
inertia and controls of the players satisfying integral, heterogeneous and complex
constraints. For these cases constructed analogues of parallel strategies to ensure
optimum convergence.

2. In first considered differential games with a new type of linear constraints
on controls, reinforcing the traditional integrated and geometric constraints.

3. A complete solution the problem of pursuit-evasion, when the pursuer
linear control imposed restriction, and control of the evader - purely geometric, the
validity of the theorem on the alternative Krasovsky.

4. The solution of the problem of harassment in the case where the control of
the pursuer and evader imposed linear constraints, appropriate strategies are built
parallel to prosecution, as well to guarantee optimal convergence.

5. Investigate problems Isaacs-Petrosyan's game with the «life line», when the
players of the same type of movement described by linear differential equations
with several types of constraints on the player controls, obtained ratio expresses
the change in the dynamics of the set meeting points.

6. Development of a method of resolving functions in relation to the problem
of group pursuit with integral constraints on the player controls, obtain new
sufficient conditions for the solvability of the pursuit problem in the production of
Pontryagin.

The work is theoretical. The basis of the theory of differential games occupies
a central place to build and ensure optimal strategies for the players. The scientific
value of the results of research is to build such strategies under various constraints
on the control and use. Note that the results in terms of content will form the basis
of a new direction in the theory of controls.
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