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KHWPUII (pancada noxkropu (PhD) nuccepranmsici aHHOTAIUSICH)

Juccepranyus MAB3yCHHUHT 10J13ap0Juru Ba 3apypartu. XKaxon Mukécuaa
o6 Oopunaérrad Kyrmiaad WiIMHH-aMalui TaIKAKOTIapaa Y3JIyKCH3 Ba JUCKPET
BAKTJIM JUHAMHUK CHCTEMajap KEHI YpPUH srauiaiian. AxO00pOoT-KOMMYHHKAIIMOH
TEXHOJIOTHSJIAP JAaBPUHUHT OONUTAHWINMA JWHAMHK CHCTEMajiap Ha3apUsSICUHUHT
PUBOXKIIAHUIIIMHU SHTH OOCKWura om0 4mkiau. bup ToMoHmaH TabuaT, TEXHUKA,
UKTUCOAUET, TUPUK OPraHU3MIIApJard >Kapa€HIIAPHUHT KaTTa KUCMU JUHAMUK
CUCTEMAJIAp KYPUHUIIMJA MOJACIUIAIITAPUIAAN Ba IIYHHUHT YYyH JUHAMHUK
CUCTEMAJIAp MATEMATUK MOJACIUIAIITUPUIIHUHT CaMapalii BOCUTACWTa aWJIaH[IU.
WKKMHYM TOMOHJAH, KOMIIBIOTEP TEXHOJIOTHSICM MYpakkad, alfHMKCa YHM3UKIIU
OynMmaran JUHAMHUK CUCTEMalapHU YpraHUIIra KEHI TaTOUK KWJIMHA OOIUIAHJIH.
By iyHanui puBOKIAHUIIN HaTHXKACKH1a XUCOOJIaIl TMHAMUKACH COXAaCH BYXKY/Ira
KEJIJIN. Huddepenuman TEHrJamasnap CUCTEMACH KYpUHHILIHIA
MOJICJUTAIITUPUIITAH MYalsiH >Kapa€HHM Yy30K MyJJaTii TPOTHO3 KHJIMIIIA
JTAHAMUK CHCTEMAJIAp JUMHUT TYTUIAaMJIAPUHUHT XOcCcalapyu MyXUM pOJib YHHAUIH.
[lly cababnaH JWHAMUK CHCTEMajJapHUHT JIUMUT TYIJIaMjapu, XycycaH
yerapajJlaHMaraH JIMMHUT TYyIUlamjapy XOCCaJapUHU TaJKUK HTUII JUHAMHUK
CHCTeMajlap Ha3apusCHIard MyXHM Ba Joi3ap0 Basudanapian Oupu OYyiaud
KOJIMOK/IA.

XO03upru KyHJia >kaxoHja oju0 OopuiaéTrad WIMUNA TaIKUKOTIAp AMHAMUK
CUCTEMAIAPHUHT JIMMUT TYIUIAMJIAPUHUA TOMMUII Ba YJIAPHUHT TY3WJIUIIUHU
TaBcuIan, OOMKAPWIYBYN KapaCHIApHU MOJEUIAIITUPHIN Ba IuddepeHmman
TEHIJIaMaJIap Hazapuscu OujaH OOFIMK TaAKUKOTIAp/la MyXUM axamHsTra sra
SKAHJINTUHM KypcaTMOKAa. [IMHaMuK cucTeMalap y4yyH uerapajaHraH JIMMHT
TYIUIAMJIADHUHT HAa3apusiCM  eTapjiiya VpraHWITaHJIMTUra KapamaciaH Yoy
Ha3zapusaJard HaTwxkamap Xa€Tuil >kapaHJIapHUHT Y30K MYyaTid TaOWaTUHU
TaAKUK OTUII HMMKOHMHU Oepmaiinu. XycycaH, yd4 YIYOBJIM CHUCTEMajap
aTTpakTopJapuHu TaBcudiam Macajacu OyryHTM JAWHAMUK CcHCTeMasap
Ha3apUsICHHUHT J10J13ap0 MyamMMOCHJaH Oupu. ATTpakTopiap JUMUT TyIUiamiap
owsacu OYiraHu ydyH JUMUT TYIUIaMJapHH YyKyp TaJKUK JTUII Oy YpuHIa
MyXUM EHJAIyBHU TallIKWa 3Taau. by Oopana Tekuciaukaard Ba ¢azonaru
JWHAMHUK CHCTEMaJlap YerapajaHMaraH JHUMUT TYIUIAMJIIADUHUHT TOMOJIOTHK
XOCCaJlapyHU  aHUKJIAII, Iy JKyMJIaJlaH »dKOJOTWMK, (U3UK Ba KUMEBUM
KapaCHJIapHU ~ MOJCIUIAIITHPHUIN  XamJa ONTUMaja  OOoIIKapyB  Ha3zapusch
MacajajapuHyd e4yumiaa  QoigamaHuIl MaKCcaIiu WIMHA  TaJaKUKOTIapJaH
xXucoOaHaIu.

Mamnakatumusaa CYHITH Wruapaa ¢yHaaMmeHTan ¢GaHIapHUHT WIMHANA Ba
amManuii TatOWMKWra sra OYyiraH Teosorusi, OWOJorus, MaTeMaThka Ba (HU3HKa
dannapura >pTHOOp KywanTupunau. XKymmanaH, Qu3uk, MEXaHUK, DKOJIOTHK,
TEXHUK, KAMEBUNW XamJa HMKTUCOIUM KAPAEHJIAPHU Y30K BAKT OpAIUFUIATU
TaOMaTUHU YPraHuil MMKOHMHU OepyBYM JIMHAMHUK CHCTEMaJIapHUHT cudar
HA3apUACUHM PUBOXKJIAHTUPHUILTa aloXuja axamusT Oepuwigd Ba CaJIMOKIU
HaTWxanapra sputiiiau.«Juddepenman TeHrnamaiap Ba mMareMaTHK (U3HKa,
JUHAMUK CHCTeMallap Ha3apusiCM Ba MAaTEMATHK MOJEJUTAIITUPUID (DaHTIAPUHUHT
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yCTyBOp HyHanmunuiapu Oyiuya Xaiakapo CcTaHAapTIap Japaxkacuaa WIMUN
TaAKUKOTIIap onuO Oopuin MaremaTtvka (aHUHUHT acocuil Basudanapu Ba
daomuar HyHamumiapu 51O Oenrmwianau’. Kapop WKpPOCHMHM TabMMHJIAILIA
WIMHIA ~ HaTWKaldapAaH WiIM-(QaHHUHT TypAoll coxaidapuaa ¢oiiragaHuin
Makcaauaa JMHAMUK CHCTEMaJapHUHT cu(daT Ha3apUsSCHHU PHUBOMXKIAHTHUPHIL
MyXHM axXaMUATIa 3ra.

V36exucron Pecry6mukacu Ilpesupentunuar 2017 iunm 7 despaniaru
«V36ekucToH PecryOnMKacMHM sHAJAa PUBOMIAHTHPUII OYifMya XapakaTiap
ctparerusicu Tyrpucuaantu [1D-4947-con dapmonu, 2019 #un 9 wurongaru
«Maremartrka TabIMMH Ba (aHIAPUHU SHAJA PUBOXKIAHTUPUILHU JaBIaT
TOMOHHIAH KyIUIab-KyBBaTIIAlll, IyHHHIEK, Y30ekucTon Pecry6nukacu dannap
AxanemuscuHuHr B.M.PomaHoBCckuii Homuaarm MaremaTuka HMHCTUTYTH
daonmusaTHHN TyOAaH TAaKOMWUIALITUPUIL Yopa-Taaoupnapu tyrpucuiantu [1K-
4387-con Kapopm Ba 2020 #imn 7 wmaiimarun I1K-4708-com «MaremaTuka
coxacuJaru  TabiuM  CU(ATHHM  OWIMPHUII  Ba  WIMHKA-TaJKUKOTIAPHU
PUBOXKIIAHTUPHUIN Yopa-Tanoupiapu Tyrpucuaantu [1K-4708-conmm Kapopu xamma
MazKyp (aonusaTra TErMuUIM  OOlIKa HOPMAaTUB—XYKYKHI  XysoKariapia
Oenrunianrad BaszudagapHU amajira OIIUpHUILa Yoy AuccepTalus TaaKUKOTH
MyailsiH Japa)kaja Xu3maT KUJIaau.

TaakuKOTHUHT pecnmy0JMKa (paH Ba TEXHOJIOTHSVIAP PUBOKJIAHUIIUHUHT
YCTYBOP HyHAIUNLIApUra OOFJIMKJIUIU. YOy TaJKUKOT pecnyOiuka ¢aH Ba
TEXHOJOTUsIap  puBOkiIaHummMHUHrT [V, «Maremartuka, MexaHUKa Ba
nH(pOpMaTHKa» YCTYBOP UYHATHUIIM JOMpacHia Oakapuira.

MyaMMOHMHI  ypraHw/JraHjJudK Japaxacu. JluHamuk cucremanap
Ha3apusaACH XO3UPTU JaBp MaTeMaTuka (DaHUHUHT Kajan pPUBOXKIAHAETTaH
coxanapujan oupuanp. YHra 0yrok gpaniry3 matematuru A.Ilyankapenunr 1881-
1886 #umnmapaa Hamp ASTWATaH TYpPTTa pUcodacuia acoc cojJuHraH. Y Oy
TyIIyHYara OCMOH MEXAaHHMKacu MyaMMOJIapuHHU, acocaH OWHUHI XapakaTWHU
ypranum MyHocabatu OuiaH kedraH. J[MHaAMUK cuUcTeManap Hazapusacu
A M.JIsnynoB, W.benaukcon, Jx.bupkrodp TOMOHUIAH PUBOXKIAHTUPUITAH.
bynra A.A.AHApPOHOB Ba y acoc COJraH WIMHA MakTa0d BaKWLJIAPUHUHI XUCCACU
KarTa. VYIap TEKUCIMKIArd JUHAMUK CHUCTEMajlap Ha3apUsICUHU  YyKyp
puBoxnantuprad. B.B.Hemuuxkuii, H.IL.LEpyrun, XX.Cancone, JK.Conr-nu uinmuii
MakTaOJapyUHUHT JMHAMHUK CUCTeMajap cudaT Hazapusicu Oyinda XHWCCAaCUHU
ajoxuja TabKuiam JIo3uM. [[uHaMuK cUCTEMaTapHUHT CTPYKTYpaBUM TYPFYHIIUK
HazapusicCi  BYXKyJAra KeJIWIIA Ba  PUBOXKJIAHUIIKM  A.AHIPOHOB  Ba
JI.C.IlouTtpsirunnunr 1937 #mnpgarn makonacu OwiaH OOFNUK. YOy HyHamuin
J.B.Anocos, C.Cwmeiin, B.A.Ilmucc, M.M.Ileitxoto, ®.Xaptman Ba Oormikanap
TOMOHHJIaH SHAJa PUBOIIAHTHPUIAN. Xo3upru BakTaa bapcemona (OK.JInmubGpe),
Kamudopuus (JI.Uya), Munck (JI.A.Yepkac), MockBa (M1.B.Wnbsmienko),
Hwxnbiii Horopon (JI.IL.IunbaukoB), Puo-ne-XKaueiipo (OK.Ilamuc), Xanuxoy

1V36exucron Pecnybnukacu Basupnap maxxamacu 2017 imn 18 maiinaru «Y36exucton PecnyGnukacu ®Damnnap
AKaJIEMMSCUHUHT SIHTUAAH TalIKWI OSTHIraH WIMHH TaJKMKOT Myaccacanapu (aoaMATHHU TAIIKWJI OTHII
TYFpUCHIanTH 292-COHIH KapOpH.
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(C.M.Xyan), Ba Oomka Imaxapjapia JIMHAMUK cUcCTeMmajap Oyinua WiIMui
MakTabnmap daomuar wopurMmokma. 1950-80 #wmmwrapga Camapkannm maxpuia
xankapo wmukécna Ttan osmHraH W.C.Kykmec paxOapiauruma wiMaii MakTad
daonusAT KypcaTras.

JluHaMuK cucTeMasap Ha3apUsICHHUHT YyKyp pUBOKJIAHTaHUTa KapaMacaH,
TalMH MHCOJUIAPHUHT cHudaT TaxXJIWiId Mypakkad Basudanmuruya KOJIMOKIA.
XaTTOKHA TEKUCIUKIArd TUHAMHUK CHCTEMaJlap YIYH XaM KYTuia0 Xaji KWIMHMAaraH
MyamMMoJIap MaBxkyJ (yJapHUHr Oup Hewyacu A.A3aMOBHUHT "3aMoHaBUU
MaTeMaTUKaHUHT 1013ap0 Myammodiapu" 2019 Homum KyJjmaHMaaard MakoJjacuia
caHa0 yTuiraH). bolka TOMOHIaH XaTTO Y4 YJIYOBIM JMHAMUK CHCTEMAap YIyH
Maxcyc HyKrajap arpoduja CUCTEeMaHUHT JIOKald TaduaTu TyJa TaBcU]IaHMaraH.
[y xabu xonaT JAUMUT TyIUIamiap y4yH Xam Ypuniu. [lyankape-benmukcon
TeOpeMacura Kypa TEKUCIUKIArd CUCTEMAJIap YYyH HUXTUEPUN JUMUT TYIUIaM
KPUTHK HYKTa, JUMUT LUK, Oup €KM OMp Heua Maxcyc HyKTa Xamja yJiapHU
TYyTalITUPYBYM CeNapaTpUCaJapHUHUT OupiammMacuaan uoopar Oynamu. Jlumur
TYIJIaM TYUIYHYacH aBTOHOM OYyJMaraH cuUcTeMallap y4yH XaM KUpUTWIraH. by
nyHamumaa 3aHr Xy TEKUCIMKIArd yd TypJard CHCTeManap y4yH HaTvXKanap
onrad, J.JI'Anmemno, C.Onmaiiiu JUCKpET AMHAMUK CHCTEMaJlap Y4YyH JIUMHUT
TYIIamyiapHu  Tagkuk dtrad. JK.bupkrod TOMOHMAAH KHUPUTWITAaH aOCTpPaKT
JUHAMUK CHUCTEMaiap Yy4YyH JuMuT Tymiamnap Hazapuscun K.C.Cubupckuii
TOMOHU/JIaH PUBOXKIAHTUPHUITAH.

JluHaMuK cucTeMalnap Ha3apUsICHHUHT 2HT J0J13ap0 MyamMMoJiapuaad Oupu —
J.I'unGepTHUHT VH OJTUHYM MACAIIACUMHUHT MKKMHYM KUCMHU XaMOH OYMKJIUTHAYA
komMokaa. Cyuru Humnapaa [O.C.UnsmeHko JUMUT [UKIJIAP COHHU YEKIIU
Oynmumm OwiiaH OOFJIMK HaTWXalap OJAM, aMMO FOKOpHJaH OaxoJjiall Macajaacu
Xajiy xaja KWinHMarad. Kym yidoBiu cucTeManapHUHT JIMMUT TyIUlaMJlapyura Ouj
3ca XO3UPry KyHra Kajaap (akaT CaHOKJIM HaTwxXaiap MaBxyd. Oxupru naitiapaa
B.K.JIones, XK.JInubpe Ba JK.2.bysnnna ToMOHMIaH 103a1ap/ia y3IyKCU3 OKUMIIap
Ba AQHAJIUTUK BEKTOp MAaWJIOHJIAPHUHT JIUMUT TYIUJIAMJIAPUHUHT TOIOJOTUK
XapaKTePUCTUKACH YBJIOH KUIIUH]IU.

JAuccepranyus TAAKMKOTHHUHI JMCCePTALUS 0a’KapWIraH OJIMM TabJIUM
MYyacCcacaCHHMHI MWJIMHMU-TAJKMKOT HILJIAPHU pexxkaaapu OMJIaH OOFJIUK/IMIH.
Hucceprauus tagkukotu B.M.PomanoBckui HOMuzgaru MaremaTuka WHCTUTYTH
WIMUKH-TaIKUKOT unuiapu pexacugarn OT-F4-84 «llomuHoMuan cucremanap
y4yH JUCKPET-COHJIM METOJ XaMmjJa YHUHT IIMKIWK Ba OONIKApUIYBYU
*apa€HmapHu Mojaesutamrupuiira raroukaapm» (2017-2020 #nmnap) Ba TomkeHT
MOJIMSI MHCTUTYTHIA (GyHIaAMEHTAI-TaIKUKOT nactypu ngoupacumaru OT-D4-16
“OntuMman OomkapyB Macajanapu Ba rpadriapna nuddepeHnman TeHrIaMaiap
yUyH uerapaBuii macajanap HazapuscuHd unurad umkum’” (2017-2020 iiumnap)
MaB3yCHJIard WIMHUN TAJKUKOT JOMUXaJlapu Joupacuaa OakapuiraH.

TagKuKOTHUHT MaKcaau TEKUCIHUK Ba $a3oaaru JUHAMUK CUCTEMaJIapHUHT
yerapajaHMaral JIMMHUT TYIJamjapd XOCCaJapuHU TaBcudalml XamJa JTUMHUT
TYIUIaMH OepuiiraH Xoccajapra sra OyJaraH HMKKM Ba yd4 YIYOBIM JUHAMUK
cucTemManap KypuliaaH ubopar.



TaagkKuKOTHUHT Baszudaapu:

JAHAMUAK  CHCTEMAJIADHUHI  4YerapajaHMaraH  JUMHT  TyIulamJiapu
XOCCaJapyuHU YpHATHILI,

TEKUCIIMKJArd aHAJIMTUK JUHAMHUK CHCTEMalap JIMMUT TyIUIamiIapu KyBBaTU
(OOFMKIMK KOMIOHEHTAIAPU COHU)HH OaxoJar;

TEKUCIUKIA JIUMUT TYIUIaMU OOFJIUKIUK KOMIIOHEHTAJIAPU COHU YEKCHU3 KYTI
OyNTaH aHAJUTUK AWHAMHUK CHUCTEMa KypHWII MacaJacHHH €YU YCYJWHU HWILIa0
YUKHIII,

y4 Va4oBiaM (azoja JIMMUT TYIUIaMH TalWH TaOuatra 3ra OYyJiraH JTUHAMHK
CUCTEMAJIAp YUYH TECKapu MacaJlaH! XaJjl 3TUIL,

TagkuKOTHHHT 00beKkTH. YUerapasanmaraH JUMUT TYIUIAMJIW palHdOHAal,
aHAJUTHUK Ba MOJIMHOMUAJ IUHAMUK CUCTEMAap.

TagKUKOTHHHI mpeaMeTH. Y3IYKCU3 BaKJIM JUHAMHUK CHCTEMasap
HazapusiCy, AUHAMUK CUCTEMAJIAPHUHT cudaT Ha3apusacH, TECKapu MaTEeMaTHUK
Macanaiap Ha3apuscH.

TagKUKOTHUHI ycy/uiapu. TaaKuKOT HIIMAA JWHAMHUK CHCTeMaiap
Hazapusicd, TomnoJsiorus, auddepeHnnaT TEHrjJaMallapHU CUUIIHUHT  COHJIU
yCyJUIapH, NIYHUHTICK, KOMITBIOTEPIU MOACIUIAIITHPHUII (DONIaTaHUIITaH.

TagKNKOTHUHT MJIMUI SHTWIKMTY Kyiugaruiapiad uoopar:

JWHAMHUK CUCTEMaHHMHT JIMMUT TYIJIaMU OOFIMKIM OYiamaca, y XoJ1a YHUHT
Xap OMp KOMIIOHEHTACH YerapajaHMara OYJIHIIM UCOOTIaHTaH,

TEKUCJIUKIArd aHAJUTUK CUCTEMAJAPHUHT JUMUT TYIUIaMJIapu OOFIUKIIUK
KOMITOHEHTAIapy COHU YEKJIH €KW CAaHOKJIM OVIIHIIN NCOOTIIaHTaH;

TEKUCJIUKIA JTUMUT TYTUIAMUHUHT OOFJIMKINK KOMIIOHEHTAJapu COHU YEKCHU3
KYTI OYNITaH aHAJIMTUK TMHAMHUK CUCTEMa MaBXKYJINTH UCOOTIaHTaH,;

JUMUT TYTUTAMU UXTUEPUI )Ky(PT COHIaru mapasuies TYFpy Yu3UKIaH uoopar
OyJsraH y4 YI4OBJIM IUHAMUK CUCTEMa KypHIIl TeCKapu Macajlacu €uuJIraH.

TagKUKOTHHHI aMaJIMii HATHXKACH JIUMHUT TYIJIAaMU 4YerapajaHMaraH Ba
KOMIIOHEHTaapy COHU OwusjiaH OOFJIMK Xoccajlapra dsra JWHAMHUK cucTemasiap
KypHUIIl METOAMKACH MIILIA0 YUKWITaH Ba KOHKPET MHCOJIIapra TaTOMK ATHIITAH.
Y4 ynyoBnu (azona JUMUT TYIUIAMH 4YerapajlaHMaral JUHAMUK CHCTeMaap
(dazoBHil TOPTPETHMHHU fAcallira KOMIIBIOTEp TpadUKaCUHU KyJUlall —YCyJH
PUBOXKJIAHTUPUJITAH.

TagkKuKoT HATWKAJAPDUHMHI MINOHWIWIMIM JUHAMHUK CHUCTEMaliap
HazapusacH, Tormojorus, nuddepeHiuan TeHTIaMaJlapHUHT cudar Hazapuscu Ba
CUMINIHUHT  COHJIM  ycyJulapujaH  (QoiimamaHwirand, 1Imy  KyMJIaJaH,
TEOpEeMaJIApHUHT KaThUIl Ba TYJIUK UCOOTIAHTAaHU OWJIAH U30XJIaHAIH.

TagKUKOT HATHXKAJIAPUHUHI WJIMHHA Ba aMajuMi axaMusTH. TaaKukKoT
HATMKATAPUHUHT WIMHA axaMUATA yJiap JWHAMHUK CHUCTEMaJapHUHT cudar
HazapusiCUra sSIHTY XUcca KYIIUIIY OujlaH W30XJIaHaIH.

TagKMKOTHUHT aMalliil axamusITH 3Ca MAarucCTpJjapHU Tau€priamga xXamaa
JVHAMUK >Kapa€HJIapHU YJIApHUHT y30K BaKT OpaJufuard TabuaTtu MyXuM OViraH
XoJulapJia MaTEMATUK MOJEIUIAIITUPHUILIA KYIJTAll UMKOHU OWIaH OelruiaHaau.



TaagkukoT HATWKAJIAPUHUHT JKOpUH KUWIMHULIH. JlnHamMuk
CUCTEMAJIAPHUHI 4YerapajaHMaraH JIUMUT TyIulamjapu Oyiinya OJIMHTaH
HaTWXKanap acocuaa:

JUHAMHK CHUCTEMaHUHT JIMMUT TYTUIaMHU OOFIIMKCHU3 OYNTaH X0J1a YHUHT Xap
Oup KOMIOHEHTacu uerapananmaradn Oymummgad Nel['00003440 pakamin
«KeunkyBun nmuddepennman  TeHrnamamapHuMHr  cudar Ba  MHUKIOPHM
XOCCaJTapUHUHT JTUHAMHK CHUCTEeMallapra KYJJTAaHWIUIIN» MaB3yCUIAru XOPHKUN
Joinxana KeuukyBuM auddepeHian TeHrjamMalapHUHr cudar TabuaTuHU
anukaniaa Govaananuiaran (bupnamran Apad AMUPIUKIAPH YHUBEPCUTCTUHUHT
2021 #un 14 ceHtsa0ppaaru  MabJIyMOTHOMacH). WiMuii  HaTHXaHUHT
KYJUTAaHWINIITN KeYUKyBYN nuddepeHuan TeHIaMatapHuHar cudaT XoccalapuHu
TOMUII UMKOHUHU OEpraH.

TEKUCIIUKJArd aHAJUTUK CUCTEMAJAPHUHT JUMUT TYIUIAMJIApU OOFIMKIIUK
KOMIOHEHTanapu COHM caHOKJU Oynummaan NeOT-D4-02 pakamnu «MaremaTuk
(U3MKaHUHT XodaTjap TYIJIaMU YEeKCU3 OYiraH MoJeiulapu TEPMOJIWHAMHKACH)
MaB3ycuaard (QyHJIaMeHTall Joinxana (u3nKa Ba OHOJIOTHSAArd 3BOJIIOLMOH
CUCTEMAJIAp XapaKTEPUCTUKAJIAPUHUHI KaTTa BaKT OpAJIHMKIapu JaBOMUJArU
aCUMNTOTUKACUHU Kypuiiia ¢oiinananunrad (byxopo naBiaT yHUBEpCUTETUHUHT
2021 #iun 22-wrongarn  Ne04-04/01-168-connu  MabiymMOTHOMacH). Mamwid
HATMKAHUHT KYJUITAaHUIUIIN  (U3UK, MEXaHMK Ba SKOJOTHUK CHCTEMaJapHUHT
TaOMAaTUHU y30K MYJIATIU MPOTHO3 KUJIUILI UMKOHUHH Oepras.

TaakukoT  HATHKAJTAPDUHUHI  anpolammsich.  Maskyp  TaaKUKOT
HaTWXKanapu 4 Ta Xajukapo Ba 4 Ta pecrnyOyMKa WIMUKA-aMaluil aHKyMaHIapua
MYXOKaMaJIaH YTKa3WJITaH.

TaagkuKOT HATHKAJAPUHUHT JbJOH KWIMHranjauru. J[luccepramus
MaB3ycH Oyiimua sxamm 12 Ta WIMMIl I YOI STHIITAH, IyIapiaH, Y30eKHCTOH
PecniyOmukacu  Ounumii  arrectanus  KOMUCCUSACHMHMHI  (ancada  JOKTOpHU
JUCCepTALMSUIApU ACOCUU WIMHMA HATWO)KAJIADUHU YON ASTUII TaBCUS ATUJITAH
WIMUI Hampiapga 4 Ta Makosa, KymjagaH, 1 Tacu Xxopwxkuid Ba 3 Tacu
peciy0JiKa )KypHalapy/ia Hallp 3TUJITaH.

JluccepTanMsIHMHT TY3WIMIIM Ba XaxMH. Juccepranus KUpPHUII KHCMH,
yura 000, XyJoca Ba ¢oimanaHuiIran agaduétTinap pyuxaTuaaH TAIIKWI TOMTaH.
JluccepTalMsTHUHT XaKMHU (6 OCTHH TAIIKUI STAIH.

JIUCCEPTAIIMSIHUHT ACOCUM MASMYHHA

Kupnm kucmmuna auccepranisi MaB3yCHHUHT JOJI3apOJIMTH Ba 3apypUsTH
acocjaHraH,  TaJKUKOTHUHT  pecryOnuka  ¢daH  Ba  TEXHOJOTHsUIApH
PHUBOXJIAQHUIIMHUHT  YCTYBOp  HYHAIMIUIADUTa  MOCIWATA  KYpCaTWITaH,
MYaMMOHHHI  YPraHWITaHJIMK Japa)kacu EpUTWITaH, TaAKUKOT MAaKCalu,
Bazudanapu, OOBEKTHM Ba MpeaAMETH TaBCcU(DIaHTaH, TAAKUKOTHUHT WIMUN
SHTWJIUTH Ba aMalluid HaTwkaidapu Oa€H KWUJIMHTaH, OJMHIAaH HaTHWXKaJapHUHT
Ha3apui Ba aMaJIMi axaMUsATH KypCaTWIraH, TaAKUKOT HATHKAJAPUHUHI >KOPUU
KWJIUHUILY, Hamlp OJTWIraH MIap Ba JAWcCCepTalMs TYy3WIuIIM — Oyiinua
MabJIyMOTJIAP KEITUPUIITaH.



HucceprauvsstHUHT  «JIMMUT TYIUIAaMJIAPHUHT  YerapajaHraHjdkK Ba
yerapajaHMarawJurmw» ae0 HOMJIaHTaH OuwpuHYKM OoOmma auccepTarus
MaB3yCHHHM Tyja EpUTHIN Y4yH 3apyp OynraH acocwil Tabpudiaap Ba MyXUM
TymyH4yanap  kearupuwirad. LllyHuHrnek, pauHaMuk  cucTeManap  JIMMUT
TYIUTAMJIADUHUHT OWp HeuTa Xxoccacu 0a€H KUJIMHTaH.

Yoy

x=1f(x), xeE (1)

JIMHAMHMK CHCTEMaHHU Kapaiimus, Oy epna f e C'(E) Ba E 1ymmam R" dasonunr
ounk coxacu (neN',r>1). JlunaMuk cucTemManap Hazapusicujga t y3rapyBuu
BakT, E 3ca xomariap daszocu cudaruma Kapasasim.

Arap Xx(t), a<t<p, (1) cucremanuHr eumMu O¥yica, y Xoiaa
X(): (e, f) > R" akcnamtupum R" (asoma OpUEHTAUMSANIAHTaH SIPH YM3HKHH

aHMKIaian. By arpu 4M3HK Xojariap TpaekTopuscd Ba E coxa aca xomatimap
dazocu ne6 aramaam. (1) cuctema E dasoma OGepuiraH BEKTOp MaWIOH OKHMH
cudartraa XxaMm Kapajauiii MyMKHH.

@o(t, %) QyHKIusa
x=f(x), X(0)=x,
Komm macanacuaunr eurmu Ba [ arpu um3uk (1) CHCTEMaHUHT Iy €4MMIa MOC
TPEKTOPUSICH OVIICHH.

1-taspud. Arap (1) cucremanunr [' TpaekTopusicu BakTra OOFJIHK OyaMaca,
ApHH @(t, X,) = X, =const Oyica, y MyBo3aHaT X0JIaTH ACHUIIAJN.

2-tabpu@. Arap myngaii {t, }, t, — +oo0 KeTMa-KeTIMK TONWINO, KyHuaaru
TEHTJIMK YpUHIHN Oyiica:

lime(t, %) = p,

k—o0

y xoina P € E Hykra [’ TpaekTOpUSHHUHT @-TUMUT HYKTacH JCHHJIA/IH.
Iy xabu, arap t, >—o na ¢(t,,%,) —> p Oyiaca, y xonga p Hykra [’
TPACKTOPUSHUHT ( -JIMMHUT HYKTacH JICHUIIa IH.

3-tabpud. ' TpaekropustHUHT 6apya @ -TUMUT HyKTaIapy TYTuIlaMu [ HUHT
@-muMuT Ty1uiamu neiimnaan Ba () kabu Oenrmnanamu. [ TpaekTopusHHHT

0apya « -TMMHAT HYKTaJIapu TYIUIaMH | HUHT @ -TAMHT TYIUIaMu JelnIaad Ba
a(I") xkabu GenrunaHaay.

1-teopema. (1) cuctema I’ TpaeKTOPUSACMHHMHT ¢ Ba®@-JUMHT TYIUIaMJIapH,
a(I') Ba ('), E xomarmap ¢asocununr énuk kucM Tyrmiammapuauap. Arap I
tpaekropus R" HuUHr koMmakT KucMm-Tymamuga érca, y xoima () Ba o(I)

Tymamiaap 6y OyiMaras, OOFJIMK Ba KOMIIAKT KUCM-TYIUIamiiap Oynaau.
2-Teopema. Arap P HykTa [’ TpeKTOpHSHUHT @-TUMHT HyKTacu Oyica, y

xonma (1) cucremanumHr p HykragaH yTyBuM [') TpaeKTOpHMsACHHMHI Oapda
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HyKTajgapu Xxam [ HHUHT @-nuMUT HyKradapu Oynamau, seHu P e () nan
Iy c (") xenu6 unkamm. lly xabu pea(l’) nan I' ) < (") kenub unkay.

JuccepranusiHUHT  «/{HHAMHUK CHCTEMAJIap JHUMHUT TYILUIaMJIAPUHUHT
yerapajaHMaraHjJuk xoccajapuw» 1c0 HOMJIAHTaH MKKUHYM OOOWIa JTHWHAMHK
CUCTEMAJIAPHUHT  YerapajaHMaraH JUMUT  TYIUIAMJIIADUHUHT  TOTIOJIOTHUK
XoccajgapuHu UPOIATOBYN TeopeMaap OepuiraH.

Kyliunaru nuHamMuk cuctema oepuiirad OYicuH

2=1(2), (2)

6y epna zeRY, d > 2.
Ketiuaru ypunnapna (2) cucremanunr oupop z(0)=¢& Oonwtarnd HyKTagaH

YTYBUM TPEKTOPHSCHHUHT (0-JTMMUT TYIJaMUHUA ydyH () kaOu OenruiariiaH
doitnananamus. JlumMuT TYmIaMu derapajiaHMaraH Ba OOFJIMKCH3 JMHAMHK
cUCTeMaap y49yH KyHuaru HaTWKa OJIMHTaH.

3-teopema. Arap (2 Tymiam OoFaMK OYyiMaca, y XOJAa YHHHT Xap OHp
OOFJIMKJIMK KOMIIOHCHTAJIApU YerapajiaHMaras oyasiu.

ByHman  Tamikapd, TCEKHUCIHMKIArd aHaIUTHK  cHCcTeMamapHuHr €
TYTUTAMHUHUHT OOFIHMKJINK KOMITOHEHTAJIapyW COHWHHWHI KyBBAaTH YYyH KyHUIarud
TeopeMa OJIMHTaH.

4-teopema. () Tyriam Oofnuk OynmacuH. Arap () TYmiaMHHHT Xap Oup
OOFJIMKJIMK KOMIIOHEHTACH Kamujaa OUTTa CUHTYJISAp OYyiMaraH HyKTaHU y3 W4uTa
ojca, y Xoiaa {2 HUHT KOMIIOHEHTAJIapu COHH KYTH OWJIaH CAaHOKJIM OYJiaiu.

5-teopema. C” cuHpra Termnum Ba () TYIaMd  OOFJIMKIUK
KOMITOHEHTaIapy COHU KyBBaTH KOHTHHUYM OYJIraH JUHAMHUK CUCTEMa MaBXYyI.

[wmuap ycruaa (2 TYIUIAMUHHHT KOMIOHEHTadapu KaHTop TYIIaMUHUHT
xap Oup dyerapaBuil HyKTacura MOC KECHUIIIMaJuraH HypJiap OupianiMacujaH
nbopar TMHAMUK CUCTeMa Kypuill EpJaMuia S5-TeopemMa UCOOTIaHTaH.

HucceprauusitHuar  «YerapajaHMaran JMMHUT TYIUIAMJIM  JUHAMHUK
CUCTEMJIAP YYYH TeCKapu mMacaJjay 1e0 HOMJIaHraH y4uHuHu 600uaa ['aMuibToH
bynkuusicunan ¢oigananud, @-TMMUAT TYIJIAMU 4YerapajaHMaraH Ba OepuiiraH
XOCCaJapHU KaHOATJIAHTUPYBUM HKKM Ba y4 VIYOBIM JUHAMHUK CHCTEMasap
KypHIll MeToy1apyu 0aéH KUJIUHTaH.

Yyunun OOOHMHT OupWHYM mMmaparpaduaa OJAWHIAH OCpUITaH WUXTUEPHMA
HAaTypal N COHU Yy4YyH TEKUCIHKAA O-TUMUT TYymiamMu 4N Ta OOFIHMKINK
KOMITOHEHTaJaH nOopaT paliioHal IMHAMUK CUCTEMA KypHJITaH.

Kytinnaru panronan QyHKIIMSHA KapainK:

(Rzkz i x2(y2 _ kz))(Rzkz 4 yz(xz _ kz))
(X°+R*)(y" +R?)

Fo(xy) =

Oy epaa R Ba k — mycbar mapamerpiap.
. "
bepuiran R Ba kK =Rsin 2y COH/IApH YUYH 10KOpHIarH byHkims épaamuna

Kyhiugara QyHKITUSHA aHUKJTalITUK:
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F(X’ y): fo(X’ y) fl(X’ y) fnil(xi Y),

oy epma f™(X,y)= foﬂxcosZ—m—ysinﬂ, xsinZ—m+ycosZ—mj, m=212,..n-1.
n n

Tabkumnad yTum kepakkw, F(X,y)=0 TeHrIamaHuHT eyumiapu ¥y3apo
Keculmaiinurad 4N ta yu3ukKaaH uoopar 6ynaau.

F(X,y) dyakumsnan poiinananud, KyiHumara cucreMa

X=F,(xy) + AF (x,Y)F,(x.Y),

. 3)
y=-F.(X,y)+ AF (X Y)F,(X,y),
KypwiraH, Oy epaa A erapiauda KHYKHHA MycOaT COH.
6-Teopema. (3) CUCTEMaHHUHT F(x,y)>0 coxazaa ETyBUn

TPACKTOPUSUTAPUHUHAT @ -muMHAT Tyuiamu  F(X,y)=0 umsukman wubopar Ba

IIYHUHT YIyH Y 4N Ta OOFJIMKJIMK KOMITOHeHTacura 3ra 0ynanu (1-pacwm).

1-pacM. N =2 yuyH (3) CUCTEMaHHUHT TpaeKTOpHUsIIApHUIaH OMPHU Ba YHUHT (-
JIMMUT TYIUIAMU.

YyuHun G0OHMHT MKKMHYM Taparpaduja MOC paBUIIA @ -JTUMHUT TYIUIAMH
YeKCHU3 KYT OOFIMKJIUK KOMIIOHEHTacUaH noopat Ba 4 Ta TYFpH YM3UKAaH nOopar
OYNraH UKKY Ba y4 YIYOBIM aHATUTHK AUHAMUK CUCTEMAaJIap KypUJITaH.

Texncnukaa ['aMUIIBTOH CHCTEMACUHU Ky3FaTHUIL YCYJIU OPKAIU KyHHUIaru

x=F, (xy) - AF(XY)F(XY), @
y = —FX(X,y) _AF(X!y) Fy(X,y),

cucreMa Kypuira, 6y epaa F(x,y) =y (X, y)(L—y?cosx), w(x,y) =1+ x*+y*) ™,
A1>0.
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(4) cucremanuHr Z= {(X, y)e R?|0<F(x,y) < 1} COXaHUHI HMXTHEPHUN
(Xo,Yo) OOmUTaHFHY HYKTacHAaH YTyBun TpaekTopusich z(t)=(x(t), y(t)) Oycumu.
7-Teopema. Z(t) TPaCKTOPHSHMHT @-NMMHUT Tymiamu F(X,y)=0 ums3ukian

nbopar 0Vauo, y yekcu3 Kyn OOFIMKINK KOMIIOHEHTAJIapura ara.
2-pacmna F(X,y) =0 uusuk Ba z(t) TpaekTopHs TacBHpIJIAHTaH.

2-pacM. Yekcns Ky OOFIMKINK KOMIIOHEHTAIApUTa 3Ta aHATUTHUK CUCTEMA.

Hap6arnaru natmka R° dazoma Oepunran
X =-siny+ &sin x(Cos X + cos y),
y =sin X+ &Sin y(CoS X + C0oS Y), (5)

2
7=[1+ 22 (sinzl—sinzlj.
z°+1 2 2

aHATUTUK cucTeMa OunaH OOFnuK, Oy epAa & erapiauya KUYKWHA MycOaT COH.
YHUHT TpaeKTOpUsJIapy KyHuIaru yerapajlaiMaral coxa/ia ypraHuiau:

H:{(x,y,z)eIR{?" ly+X/ <, |y—x|<7z}.

(X0 Y0:20) €I1/(0,0,0) mykraman yrysunm tpaekropusam &(t)=(x(t), y(t), z(t))
Kalu Oenrunaitmus.

8-teopema. &(t) TpackTopusHUHT @ -mUMUT TyTuiamMu Oz yKura mapaiien Ba
(7, 0,0), (0, £ 7, 0) HykTamapaaH YTyBUM TYpTTa TYFPH YU3UKIAH HOOpar
oymamu (3-pacm).

Yuyunun OOOHMHI y4MHUM Naparpadua yerapajaHMaraH JUMUT TYTUIaMITU
MKKM Ba yd4 YIYOBIM MOJIMHOMHAN CHUCTEMalap y4yH TeCKapu Macajanap
KapaJira.
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3-pacm. (5) cucremMaHuHr (pa3zaBuil TOPTPETU

9-treopema. Uxtuépuit myc6at 6yryH N COHU y4yH TPACKTOPUSCUHUHT @ -
auMut TymiamMud N Ta OOFIMKIMK KOMIOHEHTaJaH mOopar OYJraH MOJMHOMHAI

JTMHAMUK CUCTeMa MaBxyJ (4-pacwm).

4-pacm. 7 Ta OOFJIUKJIMK KOMIIOHEHTACcUTa Ara OYaraH MoJIMHOMHAN CUCTEMA
Texkucnukna @-muMuT Tymiamu N Ta OOFIIMKIMK KOMIIOHEHTaJlaH ubopar
OynraH noaMHOMMAN AMHAMUK CHUCTEMa Kypull opKaiu 9-reopema ncOOTIaHaraH.
[Taparpa@HUHr UKKUHYM KUCMUJA Y4 YI4OBIM (a3oAa JTUMHUT TYIUIAMU
uxTuépuii KyQPT COHIArd KOMIIOHEHTaJIapjaH wuOopaT OYiraH MOJIMHOMHUAT

JTUHAMUK CHUCTEMa KypUJITaH.
by makcanna 6epunran uxtuépuit me N conn yuyH

F(X,y)=G(x,y)/ H(x,y)
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GbyHKIUS KUpUTHIaaAu, Oy epaa

2m _ _
G(x,y) = H(XCOS%-F ysinm—cosi),

k=1 2m 2m
H(x,y) = (x* + y* +1)™* cos®™ 21 X,y € R.
m

Cyur F(X,y) dynkuusacu épnamuaa

x=—F, - AFF,,
y=F,— AFF,, (6)
2?2 \m z(2i-1) . 7(2i-1)
7=|1+ COS——————XSiIn——
( 1+ z° E(y 2m 2m j

cucTeMa Kypwira, 0y epjia A erapjidya KU4KMHA MycOaT COH.
(6) cuctema TpaeKTOpUsIIApUHUHT Tabwatu uerapajanmaran D =GxR
coxana yprauwiras, oyana G =IntI"\ (0,0),

2i-1) o 7(2i-1)

1“:{(x,y)eR2 ‘ xcos”(2—+ ysi gcosi, i:1,2,...,2m}
m

2m 2m

— MyHTa3aM Kynoypyax.
(6) cucremanunr Gupop (x(0), y(0), z(0)) € D Gouutauruy HyKTagaH yTyBuH
Tpaektopuscu ¢ (t) =(x(t), y(t), z(t)) 6yncun.
10-Teopema. £ (t) TpaeckropusHUHT @-1uMHUT TyTuiamMu OZ YKura mapaien,
.7k
(COS%, sm%, 0], k=12,...,2m Hykranapman yTyBur 2M Ta TYFPU YU3UKIAH

nodopar.
5-pacMmpa m=4 xomu yuyH ((t) TpaekTOpHs Ba YHH @-TUMHUT TYIUIAMU

TaCBHUPJIaHT'aH.

5-pacm. JIMMHT TYIIIaMU CaKKUA3TA TYFPH YU3UKAAaH HOOpAT OYaraH y4 YI4oBiIu
IIOJIMHOMHAJ CUCTEMA
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XYJO0CA

Juccepranusi WM JUHAMHUK CHCTEMAJapHUHT derapajaHMaraH JHUMUT
TYIIIaMJIapUHUHT TOTOJIOTHK XOCCAIAPUHM TaKUK KWJINIITA OaFvIIUIaHTaH.

TanKUKOTHUHT acOCUil HaTWXKalapu Kyluaaruiapaad uoopar:

1. JIuHAaMUK CHUCTEMaHUHT JIMMUT TYIJIaMU OOFJUKJIM Oylimaca, y XoJjjaa
YHHUHT Xap OUp KOMIIOHEHTACH YerapajianMara OYJInIy ucOOTIaHTaH.

2. Tekucnukaaru aHaTIMTUK CUCTEMAJIAPHUHT JIUMHT TYTUIaMJIapu OOFIHUKIUK
KOMITOHEHTAIapy COHU YEKJIM €KW CAaHOKJIM OYJIUIIN MCOOTIIAHTaH.

3. Cwuk (QyHKUMsIIap cUHOHUra TErHIUIM, OOFIUKIUK KOMIIOHEHTaJapu
COHM KOHTMHHYM OYJIraH JMHAMHUK CUCTEMa MaBKyJIUTH UCOOTIIAHTaH.

4, 'ammibTOH YHKIMACH YCYJIM OMJIaH TEKUCJIMKIA Ba y4 Y4oBiu (azoja
JUMUT TYIJaMu OepuiraH xoccajapra sra OyiraH paludoHajd, aHaJUTHK Ba
MOJIMHOMHAJI CUCTeMaJIap KypHIIl Macajlajapy e4uiraH.
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INTRODUCTION

Actuality and demand of the theme of the thesis. Continuous and discrete
time dynamical systems play an important role in many scientific and practical
researches around the world. The beginning of the era of information and
communication technologies has brought the development of the theory of
dynamical systems to a new level. On the one hand, most of the processes in
nature, technology, economics, living organisms are modeled in the form of
dynamical systems, and therefore dynamical systems have become an effective
tool of mathematical modeling. On the other hand, computer technology has begun
to be widely applied to the study of complex, especially nonlinear dynamical
systems. As a result of the development of this direction, the field of
Computational Dynamics has emerged. The properties of the limit sets of
dynamical systems play an important role in the long-term forecasting of a
particular process modeled in the form of a system of differential equations. For
this reason, the study of the properties of limit sets of dynamical systems, in
particular unbounded limit sets, remains one of the most important and urgent
tasks in the theory of dynamical systems.

Current research around the world shows that finding limit sets of dynamical
systems and describing their structure is important in research related to the
modeling of controlled processes and the theory of differential equations. Although
the theory of bounded limit sets of dynamical systems has been sufficiently
studied, the results in this theory do not allow us to study the long-term behavior of
natural processes. In particular, the problem of describing attractors of three-
dimensional systems is one of the current problems of the theory of dynamical
systems. Since attractors are a family of limit sets, an in-depth study of limit sets is
an important approach here. In this regard, to determine the topological properties
of limit sets of two- and three-dimensional dynamical systems, including using in
modeling of environmental, physical, chemical processes and solving problems in
the theory of optimal management is a targeted scientific research.

In recent years, in our country, more and more attention is paid to geology,
biology, mathematics and physics, which have scientific and practical application
to the fundamental sciences. In particular, special attention is paid to the
development of the qualitative theory of dynamical systems, which makes it
possible to study the long-term nature of physical, mechanical, ecological,
technical, chemical and economic processes, and significant results have been
achieved. Investigations on the international level in such important areas
Differential Equations and Mathematical Physics, Theory of Dynamical Systems
and Mathematical Modeling has been considered the main task of fundamental
research!. In order to ensure the implementation of this decree, it is important to
develop the qualitative theory of dynamical systems and use scientific results in
related fields of science.

1 Decree of Cabinet of Ministers of the Republic of Uzbekistan at the 2017 year 18 May « On measures on the
organization of activities of the first created scientific research institutions of the Academy of Sciences of the
Republic of Uzbekistan» Ne 292 dated May 17, 2017.

19



The subject and object of research of this dissertation are in line with tasks
identified in the Decrees and Resolutions of the President of the Republic of
Uzbekistan of February 7, 2017, PF-4947 , «On the strategy of action for the
further development of the Republic of Uzbekistan», PQ-4387 dated July 9, 2019
«On state support for the further development of mathematics education and
science, as well as measures to radically improve the activities of the Institute of
Mathematics named after V.. Romanovskiy of the Academy of Sciences of the
Republic of Uzbekistan», PQ-4708 of May 7, 2020 «On measures to improve the
quality of education and research in the field of mathematics» as well as in other
regulations related to basic sciences.

Connection of research to priority directions of development of science
and technologies of the Republic. This study was performed in accordance with
the priority areas of science and technology of theRepublic of Uzbekistan 1V,
«Mathematics, Mechanics and Computer Sciencey.

The degree of scrutiny of the problem. The theory of dynamical systems is
one of the fastest growing areas of modern mathematical science. It is based on the
four treatises of the great French mathematician A. Poincaré, published in 1881 -
1886. He came to this understanding in connection with the study of the problems
of celestial mechanics, mainly the motion of the Moon. The theory of dynamical
systems was developed by A.M.Lyapunov, |.Bendixon, D.Birkhoff. The
contribution of A.A.Andronov and the representatives of his scientific school is
significant. They deeply developed the theory of dynamical systems in the plane.
The contribution of the scientific schools of V.V.Nemitsky, N.P.Erugin, J.Sansone,
J.Song-li to the qualitative theory of dynamical systems should be noted. The
emergence and development of the theory of structural stability of dynamical
systems is associated with an article by A.Andronov and L.S.Pontryagin in 1937.
This direction was further developed by D.V.Anosov, S.Smail, V.A.Pliss,
M.M.Peykhoto, P.Hartman and others. Currently there are scientific schools on
dynamical systems in Barcelona (J.Llibre), California (L.Chua), Minsk
(L.A.Cherkas), Moscow (1.V.llyashenko), Nizhny Novgorod (L.P.Shilnikov), Rio
de Janeiro ( J.Palis), Hangzhou (S.M.Juan), and other cities. In 1950-80 there was
an internationally recognized scientific school in Samarkand under the leadership
of I.S. Kukiles.

Despite the deep development of the theory of dynamical systems,
qualitative analysis of specific examples remains a complex task. Even for planar
dynamical systems, there are many unsolved problems (several of them are listed
in ALAzamov's article in the manual "Actual Problems of Modern Mathematics"
2019). Furthermore, even for three-dimensional dynamical systems, the local
nature of the system around critical points is not fully described. A similar
situation is appropriate for limit sets. A sufficiently complete theory of limit sets
for planar systems was developed in the middle of twentieth century. However,
even for such systems, the construction of a limit set in each case is a complex
problem. According to the Poincaré-Bendixon theorem, for planar systems, any ®-
limit set is either a critical point, or a limit cycle, or singular points and separatrices
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connecting them. The concept of limit set is also included for non-autonomous
systems. In this direction, Zang Xu has obtained results for three classes of planar
systems, E.D'Aniello, S.Elaydi studied limit sets for discrete dynamical systems.
The theory of limit sets for abstract dynamic systems introduced by J. Birkhoff was
developed by K.S.Sibirsky.

One of the most pressing problems of the theory of dynamical systems, the
second part of D. Gilbert's sixteenth problem, remains still open. In recent years,
Yu.S.Ilyashenko has obtained results related to the finiteness of limit cycles, but
the issue of upper estimation has not yet been solved. As for the limit sets of
multidimensional systems, so far only a few results are available. Recently,
V.J.Lopez, J.Llibre and J.E.Buendia presented a topological characterization of
limit sets for continuous flows and analytic vector fields on surfaces.

The connection of the theme of the thesis with the research plans of the
higher education institute, where the research on the thesis is carried out. The
dissertation research is done in accordance with the planned theme of scientific
research OT-F4-84 «A discrete-numerical method for polynomial systems and its
applications to modeling cyclic and controlled processes» (2017-2020) at the
Institute of Mathematics after named V.l. Romanovskiy and fundamental research
OT-F4-16 «Development of the theory of boundary value problems for optimal
control problems and differential equations in graphs» (2017-2020) at the Tashkent
Financial Institute.

The aim of the research work is to describe the properties of unbounded
limit sets of dynamical systems on the plane and space and to construct two and
three dimensional dynamical systems with the limit set possessing given
properties.

Research problems:

to establish properties of dynamical systems with unbounded limit sets;

to estimate the cardinality (number of connectivity components) of the limit
sets of analytical dynamical systems on the plane;

to develop a method for solving the problem of constructing an analytical
dynamical system with the limit set consisting of infinite number of connectivity
components;

to solve the inverse problem for three-dimensional dynamical systems with
the limit set possessing given properties.

The research object. Analytical, polynomial and rational dynamical systems
with unbounded limit sets.

The research subject. Theory of continuous time dynamical systems,
qualitative theory of dynamical systems, theory of inverse mathematical problems.

Research methods. In the research the methods of dynamical systems,
topology and numerical methods for solving differential equations, as well as
computer modeling are used.

Scientific novelty of the research work consists of the following:

it is proved that if the limit set of dynamical system is disconnected, then each
of its connectivity components is unbounded;
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the number of connectivity components of the limit sets of planar analytical
systems is proved to be finite or countable;

the existence of a planar analytical system with the limit set possessing
infinite number of connectivity components is proved,

the inverse problem of constructing a three-dimensional dynamical system
with the limit set consisting of an arbitrary even number of parallel straight lines is
solved.

Practical results of the research are that the methodology for constructing
dynamical systems with the limit set, that is unbounded and possesses properties
related to the number of components, has been developed and applied to concrete
examples. In three-dimensional space the method of applying computer graphics to
create a phase portrait of dynamical systems with an unbounded limit set has been
developed.

The reliability of the results of the study. The results have been obtained by
using methods of theory of dynamical systems, topology, qualitative theory of
differential equations and numerical methods for solving differential equations.
The obtained results are mathematically strongly and completely proved.

Scientific and practical significance of the research results. The scientific
significance of the research results is explained by the fact that they make a new
contribution to the qualitative theory of dynamical systems.

The practical significance of the research is determined by the possibility of
using it in the preparation of masters and in mathematical modeling of dynamic
processes in those cases when their long-term behavior is important.

Implementation of the research results. The results of the dissertation,
concerning unbounded limit sets of dynamical systems have been introduced into
practice in the following areas:

the results that if the limit set of dynamical system is disconnected, then each
of its connectivity components is unbounded have been used for investigating the
qualitative behaviors of delay differential equations in the foreign project
NeG00003440 (Reference of University of the United Arab Emirates dated
September 14, 2021). The implementation of the scientific results made it possible
to find qualitative features of delay differential equations;

the results on the countability of the cardinality of connectivity components of
limit sets of planar analytical systems have been used to construct asymptotics of
the long term characteristics of evolutionary systems in physics and biology in the
research project NeOT-F4-02 (Reference Ne04-04/01-168 of Bukhara State
University dated June 22, 2021). The implementation of the scientific results
allows long-term forecasting of the nature of physical, mechanical, ecological
systems.

Approbation of the research results.The main results of the research have
been discussed at 4 international and 4 national scientific and practical
conferences.

Publications of the research results.On the topic of the dissertation 12
research papers have been published in the scientific journals, 4 of them are
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included in the list of journals proposed by the Higher Attestation Commission of
the Republic of Uzbekistan for defending the PhD thesis, in addition 1 of them
were published in international journals and 3 papers published in national
mathematical journals.

The structure and volume of the thesis.The dissertation consists of an
introduction, three chapters, conclusion and bibliography. The general volume of
the thesis is 76 pages.

THE MAIN CONTENT OF THE THESIS

The introduction of the thesis includes the motivation of the research, the
relevance of the research to the priorities of science and technology, the review of
foreign research on the topic, the degree of scrutiny of the problem, the aim,
research problems, object and subject of research, scientific novelty and practical
results, theoretical and practical significance of the results obtained, the statement
of research results, published works and information on the structure of the thesis.

In the first chapter of the thesis, titled «Boundedness and unboundedness of
limit sets» we give main definitions and important notions that are necessary to
cover the dissertation. Moreover, some properties of limit sets of dynamical
systems are explained.

Consider a dynamical system

x=f(x), xeE, (1)

where f eC"(E) and E is an open subset of space R" (ne N*,r >1).In the theory

of dynamical systems, variable t is considered as time, and the region E as phase
space.
If x(t) is the solution of the system (1), a<t<f, then the map

x(-): (e, B) — R" defines an orientated curve in R". This curve is called the phase

trajectory, and the space R" (or the region E) itself is called the phase space. The
system (1.1) can also be interpreted as a vector field.
Let o(t,x,) be the solution of the initial value problem

x=f(x), x(0)=x,

and I' be the trajectory of the system (1) corresponding to this solution.
Definition 1. The trajectory I' of the system (1) is called equilibrium
position, if it does not depend on time, i.e. ¢(t, x,) =X, =const .

Definition 2. A point peE is called an w-limit point of the trajectory I" of
the system (1) if there is a sequence {t, }, t, — +oo, such that
lime(t, ) = p.

k—o0
Similarly, if ¢(t.,x,) — p when t, ——oo, then the point pis called an «-
limit point of the trajectory I'" of (1).
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Definition 3. The set of all @-limit points of a trajectory I'" is called the @-
limit set of I'" and it is denoted by w(I'). The set of all «-limit points of a

trajectory I' is called « -limit set of I" and it is denoted by «(I').
Theorem 1. The a and w-limit sets of a trajectory I' of (1), a(I")and ('),

are closed subsets of E. If I is contained in a compact subset of R", then «(I)
and «(I'), are non-empty, connected, compact subsets of E.

Theorem 2. If p is an w-limit point of a trajectory I'" of (1), then all other
points of the trajectory I" , of (1) through the point p are also @-limit points of I'

,1.e., if pea(l) then T' ) c o(T") and similarly if pea(l) then T, c a(T).

In the second chapter of the thesis, titled «Unboundedness properties of
limit sets of dynamical systems» theorems that represent the topological
properties of unbounded limit sets of dynamical systems are given.

Consider a dynamical system

2= 1(2), (@)

where zeR?, d >2.

Further, we will denote the w-limit set of a trajectory of the system (2)
passing through some initial point z(0)=¢ by Q. Following results are taken for

the dynamical systems with unbounded and disconnected limit sets.

Theorem 3. If € is not connected, then every its connectivity component is
unbounded.

In addition, following theorem is proved for the cardinality of the number of
connectivity components of set Q) of planar analytical systems.

Theorem 4. Let QO be disconnected. If each connectivity component of Q
contains at least one non-singular point, then the number of components of Q is
not more than countable.

Theorem 5. It exists a dynamical system of the class C” with () consisting
of continuum components of connectivity.

In order to prove theorem 5 it is constructed a dynamical system on the
surface of cylinder with the € consisting of a union of non-intersecting rays
corresponding to each boundary point of the Cantor set.

In the third chapter of the thesis, titled «An inverse problem for dynamical
systems with unbounded limit sets» the methods for constructing two- and three-
dimensional dynamical systems with unbounded limit sets possessing given
properties using Hamiltonian system are explaned.

In the first section of the third chapter the rational planar dynamical system
with the @-limit set consisting 4n connectivity components is constructed, for a
given arbitrary natural number n.

Consider following rational function:

(Rzkz 3y — kz))(Rzkz +y2 (- kz))
(x® +R?)(y® + R?)

(% y) =
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where R and k are positive parameters.
Using the above function define the following function for the given numbers

R and k = Rsini:
4n

Fx,y) =120 y)- F1 06 y) e 77 (%)

2n
Note that the solution of the equation F(X,y)=0 consists of 4n non-

intersecting lines.
Using the function F(x,y) following dynamical system is constructed:

x=F,(x,y)+ AF (X, Y)F,(X,y)
y=—F(X,y) + AF(X,y)F,(Xy)

where A is a small enough positive number.

where f™(x,y)= f‘{xcos%—ysin%, xsin@ntycos%), m=12,..n—1.

3)

Theorem 6. The w-limit set of trajectories of the system (3), lying in the
region F(x,y)>0, consists of the line F(x,y)=0 and therefore, has 4n

connectivity components (see Figure 1).

Figure 1. The level line F(x,y) =0 and one of the trajectories when n=2.

In the second section of the third chapter we construct the planar and three-
dimensional analytic dynamical systems with the limit set consisting of infinite
number of components and four straight lines, respectively.

Using the method of perturbing the Hamiltonian system following planar
system
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x=F,(x,y) - AF(X,y)F(x,y)
y :_Fx(x’y) _ﬁ“F(X!y)Fy(X’y)

is constructed, where F(x,y) =y (x,y)(1—y?cosx), w(x,y) =1+ x> +yH™*, 1>0.
Let z(t)=(x(t), y(t)) be a trajectory of the system (4) passing through an

(4)

initial point (x,,y,) of the region Z:{(x, y)eR?|0< F(x,y)<1}.

Theorem 7. The w-limit set of the trajectory z(t) consists of the line
F(x,y)=0 and therefore, has an infinite number of components.

The level line F(x,y) =0 and the trajectory z(t) are shown in Figure 2.

Figure 2. An analytic system with infinite number of connectivity components

The next result is connected with the three-dimensional analytical system
X ==siny+ &sin x(cos X + cos y),
y =sin X + £sin y(cos X + cos y), (5)

2
7=[1+ 22 (sinzz—sinzij,
z°+1 2 2

where ¢ is a small enough positive number. The trajectories of the system (5) are
studied in the following unbounded region:

H:{(x,y,z)eR‘Q" ly+X <7, |y—x|<7r}.

Let &(t)=(x(t), y(t), z(t)) be a trajectory of the system (5) passing through
(Xo»Yo.Zo) €T1/(0,0,0).
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Theorem 8. The @-limit set of the trajectory &£(t) consists of four straight
lines parallel to the Oz axes and passing through the points (£, 0, 0), (0, £, 0)

(see Figure 3).
In the third section of the third chapter the problems of constructing two- and
three-dimensional polynomial systems with unbounded limit set are investigated.

Figure 3. A part of the phase portrait of the system (5)

Theorem 9. For every positive integer N there exists a polynomial
dynamical system, with a trajectory that its limit set consists of N connectivity
components (see Figure 4).

Figure 4. A polynomial system with 7 connectivity components
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Theorem 9 is proved by constructing a polynomial dynamical system in the
plane with the @-limit set consisting of N connectivity components.

In the second subsection of the section a polynomial dynamical system with
the limit set consisting of an arbitrary even number of connectivity components is

constructed in space in R®.
For this purpose, consider the function F(x,y) =G(x,y)/ H(x,y) for the

given fixed number me N, where

2m _ _
G(xy) =H(xCos%+ ysinw—cosl}

k=1 2m 2m

H(x,y) = (X* + y? +1)m+1coszm2£, X,y € R.
m

Further, using the function F(x,y) following three-dimensional system is
constructed:

x=-F, — AFF,,
y=F.—AFF,, (6)
2?2 \m z(2i-1) . z(2i-1)
z2=|1+ COS——— — XSIn———— |,
( 1+ z° H(y 2m 2m j

where A is a small enough positive number.
Consider the behavior of the trajectories of the system (6) in the unbounded
region D=G xR, where G =IntI"\(0,0) and

[={(x,y)eR? ‘ XCOSM+ ysin ”(2'_1)30031, 1=12,...,2m
2m 2m 2m

is a regular polygon.
Let £(t)=(x(t), y(t), z(t)) be a trajectory of the system (6) passing through
some point (x(0), y(0), z(0)) e D.
Theorem 10. The w-limit set of the trajectory £(t) consists of 2m straight
7k

: : : : k .
lines parallel to the Oz axis and passing through the points (cos%, smﬁ, Oj,

k=12,...,2m.
The trajectory £'(t) and its w-limit set are depicted in the Figure 5 for m=4.
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Figure 5. A polynomial three-dimensional with the limit set consisting of
eight straight lines
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CONCLUSION

The thesis is devoted to investigation of the study of topological properties of
unbounded limit sets of dynamical systems.

Basic results of the research are as follows:

1. It is proved that if the limit set of the dynamical system is not connected,
then each of its components is unbounded.

2. It is established that the family of connectivity componenets of the limit set
of a planar analytical system can be finite or countable.

3. The existence of a dynamical system of the class of smooth functions with
the limit set consisting of continuum component of connectivity is proved.

4. Using the method of Hamiltonian function, the inverse problems of
constructing rational, analytical and polynomial systems with the limit set
possessing given properties in the plane and in three-dimensional space are solved.

30



HAYYHbBINA COBET DSc.02/30.12.2019.FM.86.01
IO MPUCYKJAEHUIO YUEHBIX CTEIIEHEN ITPU
NHCTUTYTE MATEMATUKU UMEHHU B.M.POMAHOBCKOI'O

HAIIMOHAJIbHBIA YHUBEPCUTET Y3BEKUCTAHA

PY3UMYPAJIOBA JTYPIOHA XAMUKOHOBHA

HEOI'PAHUYEHHBIE ITPEJEJIBHBIE MHOXKXECTBA
JANHAMUNYECKUX CUCTEM

01.01.02 -Inddepennuannbie ypaBHeHUs 1 MaTeMaTHyecKasi (pu3MKa

ABTOPE®EPAT ITUCCEPTALIUU JOKTOPA ®UJTOCOPUU (PhD)
MNOPU3ZNUKO-MATEMATUYECKUM HAYKAM

TAIIKEHT-2021



Tema auccepTramuu aokropa ¢uaocopun (PhD) nmo d¢umsmxo-MaTeMaTHYeCKHMM HayKam
3aperucTpupoBana B Beicmedl arrecranmoHHoii Komuccnn npu  KaOunere MunucTpos
Pecnyonuku Y30exucrad 3a Ne B2021.1.PhD/FMSSS.

Juccepranys BbinoaHeHa B HalmonansHoM yHHUBepcHuTeTe Y30eKHUCTaHa.

ApTopedepar auccepTauMud Ha TpeX s3bikax (y30eKCKuWil, aHIIMiickuid, pycckui, (pesrome))
pasmenieH Ha BeO-cTpanuue no azapecy  http://kengash.mathinstuzu na Hudopmaumonno-
obpasoBaTenbHOM nopTaiie «ZiyoNety no aapecy http://www.ziyonet.uz.

Hay4Hblil pyKOBOAHTEJIb: AzamoB AOaynia
JIOKTOP (DU3UKO-MaTeMaTUUECKUX HAayK, aKaJeMHK

O¢unuanbHbIe ONMOHEHTHI: Kamnios Yiirys Ymyposu4
JOKTOp  (GU3MKO-MaTeMaTHYeCKUMX  HayK, CTapluuii

Hay4HbIHA COTPYAHHUK

AxmenoB Oanipkon Caxu0:x0HOBHY
KaHauaaT (QU3UKO-MAaTEeMaTUYeCKMX HayK, CTapluui

Hay4HbIH COTPYIHHK

Benymasi opranu3anns: TypuHcKkHii HOJTHTEeXHHYeCKHI YHHBEPCHTET B ropoje
TamxkenTa
3amuTa OUccepTalliM COCTOMUTCH « {2 » Moa Sps 2021 roma B A%0© Ha 3acelaHHH

Hayuynoro  cosera  DSc.02/30.12.2019.FM.86.01 : npu  UHcTUTyTE  Marematvku — HMMEHH
B.U.Pomanosckoro. (Anpec: 100174, r. TamkeHT, AnMazapckuid paidoH, ya. YHuBepcuterckas, 9.Ten.:
(+99871) 207-91-40, e-mail: uzbmath@umail.uz, Website: www.mathinst.uz)

C npguccepraumedd MOXXHO O3HakoMuTbcss B MH$opmanmoHHoO-pecypcHoMm wneHTtpe WHcTHTyTa
Martematuku umenn B.M.Pomanosckoro (3apeructpuposana 3a Ne/<3 ). (Aapec: 100174, r. TaukeHr,
AnmMazapckuii paiioH, yi1. YauBepcuterckas, 9.Ten.: (+99871) 207-91-40).

AsTopedepar nuccepraly pa3ocial «_ds» ok radpa 2021 ropa.
(npotokon paccblTkU No o2 OT « Q& »  gpradps 2021 roga).

7 Y.A.Po3nkos
~| Tlpencenarens Hay4Horo
4 TIO TIPUCYKACHUIO YYEHBIX

\C}ﬂ/'leHeifl, I.¢.-M.H., npodeccop

K.K.Agames

Yuenslii cexpetaps Hayunoro
COBETa M0 MPUCYKACHUIO YUEHBIX
cTeneHe, K.).-M.H., CTapiuii
Hay4YHBIA COTPYIHUK

P.P.Amypos

3amecTtuTens npencenarens Hay4unoro
< cemuHapa nnpu HayuHnom cosete 1o
NPUCYXKICHUIO YUYeHbIX CTerneHel, 1.¢.-M.H.,
CTapLUIWKA HAy4HBIA COTPYIHHUK




BBEJIEHUE (anHoTrauusi nucceprauuu 1okropa pusnocopuu(PhD))

Henb0 wuccien0BaHMA SBISIETCS OINKMCAHME CBOMCTB HEOI'PAaHWYEHHBIX
IIPENEIbHBIX MHOYKECTB TMHAMUYECKHX CUCTEM Ha IJIOCKOCTH U B IPOCTPAHCTBE, a
TAaK)KE€ IOCTPOCHHUE JABYMEPHBIX M TPEXMEPHBIX JIHUHAMHYECKHMX CHUCTEM C
IpeNeIbHBIM MHOKECTBOM, 00JIaJalOIIUM 3aIaHHBIMA CBOMCTBAMH.

O0beKT HCCJIeTOBAHNA: AHanuTu4yecKue, MOJIMHOMHUAJIbHBIC u
pauMOHAIbHBIE JTUHAMHUYECKHE CHUCTEMbl C HEOIPAaHWUYEHHBIMHU MpPEAEIIbHBIMU
MHOKECTBaAMHU.

HayuyHasi HOBU3HA UCCJIEIOBAHUS COCTOUT B CIIEAYIOIIEM:

JIOKA3aHO, YTO KaKJas KOMIIOHEHTa CBS3HOCTH MPEIEIbHOTO MHOKECTBa
JTUHAMUYECKONM CHUCTEMBbI SIBIIIETCA HEOTPAHMYEHHBIM MHOXXECTBOM, KOrja
IIPENEIIBHOE MHOKECTBO HECBS3HO;

JIOKa3aHO, YTO YHCIO KOMIIOHEHTOB CBS3HOCTH IIPEIEIBHBIX MHOYKECTB
IJIOCKUX aHAJIMTUYECKUX CUCTEM KOHEYHO WJIM CUETHO;

JIOKa3aHO CYIIECTBOBAHUE IUIOCKOM aHAIMTHUYECKOW CUCTEMBI C MPEAEIbHBIM
MHO>KECTBOM, 001a4a0IeH OCCKOHCYHBIM YHCIOM KOMIIOHEHT CBSI3HOCTH;

pelieHa oOpaTHasi 3a/1auya MOCTPOCHUS TPEXMEPHON JMHAMUYECKON CHUCTEMBbI
C NpenesbHbIM MHOXECTBOM, COCTOSIIMM W3 IPOU3BOJIBHOIO YETHOIO 4YHUCIa
napaJyIeIbHbIX IPSIMbIX.

BHenpenne pe3yJbTaToB HCCJHel0BaHuMA. Pe3ynbrartel AuccepTaluu,
KACAIOLIMECS] HEOTPAHUYEHHBIX IPEIECIbHBIX MHOKECTB JUHAMHYECKHX CHUCTEM,
BHEJIPEHBI B PAKTUKY B CIEAYIOIUX 00JIaCTAX:

pe3ynbTaThl O HEOIPAHWUYEHHOCTH KOMIIOHEHTOB CBSI3HOCTH HECBSI3aHHOTO
IpeleIbHOI0 MHOMKECTBAa JAMHAMUYECKHX CHCTEM OBUIM HCIIOJIB30BAHbI IS
UCCIIEIOBaHMsI KAaY€CTBEHHOTO TNoBeneHUs Iud(depeHINaNbHbIX YpaBHEHUNA C
3ama3apiBaHeM B HayuyHoMm mpoekte (G00003440 (CnpaBka YHuBepcutera
OO0benuHeHHbIX Apabckux OmuparoB ot 14 cents0ps 2021 rona). Ilpumenenus
HAayYHbIX  PE3yJbTaTOB  TMO3BOJIMJIA  BBISIBUTH  KaueCTBEEHbIE  CBOMCTBA
mupepeHnanbHbIX YPABHEHUH C 3aI1a3/IbIBAHUEM.

pe3ynbTaThl O CYEHOCTH MOUIHOCTH NPENETbHBIX MHOXKECTB aHATUTHYECKUX
CUCTEM Ha TUIOCKOCTH HCIIOJIb30BaHbI ISl aHaIM3a ACUMIITOTUYECKUX CBOWCTB
XapaKTEPUCTUK 3BOJIOLHUOHHBIX CUCTEM B (PU3UKE M OMOJIOTUH, HCCIEIYyIOMBIX B
HayynoM npoekre OT-F4-02 (CopaBka bByxapckoro rocynapcTBEHHOTO
yauBepcuteta Ne04-04/01-168 ot 22 utonst 2021 roxa). [IppumeHeHus pe3ynbTaToB
NO3BOJIWJIA  JIOJATOCPOYHO  NIPOTHO3UPOBATh  XapaKTEpPbl bu3HUecKuX,
MEXaHUYECKUX U IKOJOTUYECKHUX CUCTEM.

Crpykrypa m o0bem amccepramum. /[uccepranusi COCTOMT W3 BBEACHUS,
TpEX TJaB, 3aKIOYEHHS U CIHCKA HCIOJIb30BaHHOM muTepaTypsl. OO0beM
JIUCCEepPTAIMH COCTABIISIET /6 CTPaHMUII.
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