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KHUPULI (pancada noxkropu (PhD) nuccepranusicu aHHOTALUSICH)

Juccepranuss MaB3yCHHUHT 10J13ap0Jjuru Ba 3apypartu. JKaxoH Mukécuaa
oJin0 Oopunaérrad Kymiaad WiMUH-aManuil TaAKUKOTIap/a Y3JIyKCH3 Ba JUCKPET
BaKTJIM JIMHAMHUK CHUCTEMajiap KEHI YpuH sraaiau. AXOOpoT-KOMMYHUKAIIMOH
TEXHOJIOTHUSIIAp JAaBPUHUHT OOLUTAHWINM JIUHAMHUK CHUCTEMallap Ha3apUsSCUHUHT
PUBOXIIAHUIIIMHUA SHTU OOocKuura oiaubd 4ukau. bup TomoHmaH TabuaT, TEXHHUKa,
UKTUCOIUET, TUPUK OpraHU3MIIapAard >KapacHJIapHUHT KaTTa KUCMHU JIMHAMUK
cucTeManap KYpHHMIIAAA MOJCUIAIITUPWIAAA Ba IIYHUHT YYyH JUHAMUK
cCUCTEMaap MAaTeMAaTHK MOJEJUIAIITHUPUIIHUHT caMapajyd BOCUTAcUIa aiJiaHIu.
WKKUHYA TOMOHAAH, KOMIBIOTEP TEXHOJOTHICH MYypakkad, aifHMKCa YW3HKIN
Oynmarad IWHAMHK CUCTEMaJapHHU YpraHulra KEeHr TaTOWK KWJIMHA OOUUIAHJIH.
By iiyHanu puBoKIaHUIIN HATHXKACKH 1A XMCOOJIall TMHAMUKACH COXAaCH BYXKY/ra
KETIH. Huddepenunan TEHTJIamMasap cucTeMacu KYpUHUILIUAA
MOJCIJIAIITUPUITAaH MyalssH >Kapa€HHH Y30K MYyAJIATiAd MPOTHO3 KWIMINJIA
JUHAMUK CHCTEMAJIap JINMUT TYIUIAMJIADUHUHT XOCCAJIApU MYXUM POJIb YUHANIH.
Iy cababnaH [AWHAMUK CUCTEMAJApHUHI JIMMUT TYIUIaMJIapH, XyCycaH
yerapajaHMaral JIMMHUT TYIUIaMJapy XOCCaJapWHHM TaAKUK OTHUII JIHUHAMHK
cUCTEMalap Ha3zapusACHIIard MyXuUM Ba Joi3ap0 Bazudanapjgan Oupu OYiub
KOJIMOK/A.

X03upru KyHJa *axoHaa oiaud OopunaéTraH WiIMHM TaJAKUKOTIAp AMHAMUK
CUCTEMAJAPHUHT JIUMUT TYIUIAMIIADUHU TONMWII Ba YJIApPHUHT TY3WJIWIIUHU
TaBcHuall, OOMKAPWIYBYM Kapac¢HIApHU MOJECUIAIITUPHIL Ba IuddepeHuman
TEHIJIaMaJIap Hazapuscu OuiaH OOFNIMK TAAKUKOTIAp/la MyXUM axamHsTra sra
DKAHJIMTUHU KypcaTMOKAa. JIMHAMUK cUCTeManap Y4YyH 4erapajlaHraH JUMUT
TYIUIAMIIADHUHT Ha3apusCH €eTapiihya YpraHwirahjiurura KapamacaaH Yoy
HazapuAaJard HaTwxkainap Xa€Tuid >kKapaHJapHUHT Y30K MyIAaTiid TaOWaTUHU
TaIKUK OTUII WMKOHWUHU Oepmaiiinu. XycycaH, yd4 YIYOBIM CHCTEMajap
aTTpaKkTOpJapUHU TaBcU(ualml Macajacd OyryHrH JAMHAMHUK cHUCTeMasap
HA3apHACUHUHT 1013ap0 MyaMMOCHAAH OMpU. ATTpakTopiap JUMHUT TYIiamiap
owsiack OVJiraHu ydyH JUMUT TYIUIaMJIapHU YyKyp TaJIKUK JTHIl Oy YpuHIa
MyXuM €EHJAlIyBHM TamKuWi 3Taad. by Oopanma Ttekucnuknarum Ba (asonaru
JUHAMUK CHUCTEMajap 4erapajlaHMaraH JIMMHUT TYIUIAMJIAPUHUHT TOIIOJIOTUK
XOCCaJapuHU aHMKJIAll, Iy OSKyMJaJaH »dKOJOTUK, (U3MK Ba KUMEBUH
*Kapa€HJIapHM  MOJCIUIAIITHPUIN  XamJa ONTuMaj OolKapyB  Ha3zapusicu
MacajalapuHyd evyuiaa QoijamaHuIl  Makcalidd WIMHA  TaaKUKOTIapJaH
XHUCOOJIaHaIH.

MamnakatumMuszga CYHITH Wuiapaa ¢yHaaMeHTal (aHIapHUHT UMUK Ba
amanuii TarOuMKura sra OyiraH reosorusi, OMOJOrWs, MaTeMaTWKa Ba (QU3MKa
dannapura 3pTHOOp KywarTupungu. XymnanaH, (U3MK, MEXaHUK, JKOJIOTHK,
TEXHUK, KUMEBUU XamJa HMKTUCOAMM JKapa€HJapHH Y30K BaKT OpaJIUFUAaru
TaOMaTUHU YPraHWIl WMKOHWHUW O€pyBYM JMHAMHUK CHCTEMaJIapHUHT cudar
HA3apUACHUHU PUBOXKJIAHTHUPHUINTA aJOXUAa axaMHUsAT Oepwiad Ba CaJIMOKIU
HaTWXRanapra sputiau.«Juddepennuman TeHrmamaniap Ba mMareMaTHK (U3HKa,
JUHAMHK CHCTEeMajlap Ha3apusICH Ba MaTeMaTUK MOJAEIUIAIITHPULD) (DaHTIapUHUHT
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yCTyBOp WyHanmuuuiapu Oyiinuya Xalkapo CTaHIapTiap Japaxkacuaa WIMHAN
TaJIKUKOTJIap OJu0 Oopuill MaremaTuka (aHUHMHT acocuil Basudanapu Ba
daonmuar iyHamuuUIapu 5T Genrmmananm'. Kapop MKPOCHHHM TabMUHIAIILIA
WIMUI  HaTWKajgapllaH WiIM-QpaHHUHT TypJoll coxajapuaa (oigaiaHuIn
Makcaau/ia JWHAMHUK CHUCTEMaJlapHUHT cu(aT Ha3apUICHHU PUBOKIAHTUPHUIIL
MyXHUM axaMUATIra ora.

V36ekucron Pecnyonmukacu Ilpesunentununr 2017 wwun 7 depangaru
«Y36exkucToH PecryOIuKacHHM SHAja PHBOXIIAHTHPHIN OYiHYa XapakaTiap
ctparerusicu Tyrpucugantu [1d-4947-con Dapmonm, 2019 #un 9 wuronmaru
«MaTtemaTKa TabIUMU Ba (aHIApUHH SHAJA PUBOXIIAHTUPHUIIHU JaBlaT
TOMOHHJIAH KyIIa6-KyBBaTIIalll, IyHUHTEK, ¥Y30ekucTon Pecry6mikacu ®annap
Axkanemusicununr  B.M.PomaHoBckuii HOmmmarm MaremMaTuka HMHCTUTYTHU
daomuATHHN TyOJaH TaKOMILIAIITHPHILN Yopa-Tagoupiapu Tyrpucuganru [1K-
4387-con Kapopu Ba 2020 #un 7 wmaiimaru I1K-4708-con «Marematuka
coxacuJaru  TabiuM  CcU(ATUHM  OIIMPHUII  Ba  WIMHNW-TaJKUKOTIAPHU
PUBOXIIAHTHPUII Yopa-Tanoupiapu Tyrpucuaantu [1K-4708-connu Kapopu xamaa
Mazkyp daonusaTra TETUIUIM  OOIlIKa HOPMAaTUB—XYKYKHI  XyoKaTiaapa
Oenrmwianrad BasualiapHu amMalra OIIMpHUIa YOy IuccepTanus TaIKUKOTH
MyalsH Japakaja Xu3MaT KAJIau.

TagkuKOTHUHT pecny0/nka GaH Ba TEXHOJOTHSJIAP PUBOKIAHUIIHHUHT
YCTYBOp HyHauULJIapura OOFJIMKJIUIA. YOy TaIKUKOT pecnyOnuka ¢aH Ba
TEXHOJIOTHsUIap  puBOkiaHummHUHrT [V, «Marematnka, MexXxaHUKa Ba
uH(pOpMaTHKa» YCTYBOP WYHAIUIIM JOUpacHia OaxapuiraH.

MyaMMOHMHI  VPraHWJIraljJIdkK Jgapaxacu. J(MHamMuK cucTemanap
Ha3apusACH XO3UPTU JaBp MaTeMaTuKa (aHUHUHT Kajal pPUBOXKIAHAETTaH
coxanapujan oupuanp. YHra Oyrok (paniy3 matematuru A.llyankapeaunr 1881-
1886 iwinmapna Hamp STWITaH TYpPTTa pHCOJacuia acoc CoJHWHraH. Y Oy
TylIyHYara OCMOH MEXaHMKAacH MyamMMoOJapuHH, acocaH OWHUHI XapakaTUHU
ypranum MyHocabatu OwiaH kedraH. J[MHaAMUK cucTeManap Hazapusicu
A M.JlsnynoB, W.benmukcon, Jx.bupkrod TOMOHUIAH PUBONKIAHTUPHUIITAH.
bynra A.A.AHApPOHOB Ba y acoc COJTraH WJIMHA MakTad BaKWIJIAPUHUHT XUCCACH
KaTTa. YJap TEKHCIHKIArd JWHAMUK CHCTEMallap Ha3apUsICUHU YYKYyp
puBoxnantuprad. B.B.Hemuukuii, H.ILEpyrun, X.Cancone, K.CoHr-nu uimuii
MaKTaOJapUHUHT JIMHAMHUK CcUcTeManap cudar Hazapusich Oyilmdya XHWCCAaCUHU
aNoXU1a TabKUJIAI JO3UM. JIMHAMUK CHCTEMAJIApHUHT CTPYKTYPAaBUM TYypFYHIIUK
Ha3apusaCH  BYXKyIAra KeJIuMIIM  Ba  PUBOXJIAHMIIM  A.AHJIpPOHOB  Ba
JI.C.IlouTtpsirunnuar 1937 #imngarn makonacu OwiaH OOFNMK. YOy HyHamuin
J.B.Anoco, C.Cwmeitn, B.A.Ilnucc, M.M.Ilelixoto, ®.XapTmMan Ba Oomikaiap
TOMOHUJIaH SHaJla PUBOMIIAHTUPWIAN. X03upru BakTAaa bapcemona (OK.JImuGpe),
Kamudopuuss (JI.Uya), Munck (JI.A.Yepkac), MockBa (M.B.Wnpsmierxo),
Hwxnblii Hosropon (JLILIuneaukoB), Puo-ge-XKauneipo (OK.Ilamuc), Xanuxoy

13 N . o
V36ekucton PecnyOonukacu Bazupnap maxkamacu 2017 iiun 18 maidigarn «Y36exucton Pecmybnukacu danmap
AKAACMHUACHHHUHI SHTHJAaH TallKWJI JSTUWJITraH WIMHUH TAAKUKOT MYyaccacajiapu q)aOJ'lI/IﬂTI/IHI/I TAIIKWJI JTHII
TYFpUCHAA»TH 292-COHIN KapopHu.
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(C.M.Xyan), Ba Oomka mraxapiapia IWHAMUK CHCTeManap Oyiuda WiIMui
MakTabmap daonmuat rwputmokaa. 1950-80 iwmmmapna Camapkanj —Iaxpuja
xankapo Mmukécna taH onuHran W.C.Kyknec paxOapnuruga wiMuid MakTad
baonusT Kypcatras.

JluHaMUK crcTEMAasap Ha3apUsCUHUHT YyKyp PUBOKJIAHTAHUTA KapaMacaaH,
TalMH MHUCOJUIAPHUHT cHdaT TaxXJWiId Mypakkad Bazudanuruya KOJIMOKJA.
XaTTOKU TEKUCIUKIAard IUHAMHUK CHCTeMallap YUYH XaM KYmuial Xaja KuJIMHMaran
MyamMMoJIap MaBxKyn (ynapHUHT Oup Hedacn A.A3aMoBHUHT "3aMOHaBUU
MaTeMaTUKaHUHT 10a3ap0 Myammonapu" 2019 Homnm KyutaHMaaaru Makoiacuaa
caHa0 yTunraH). bomrka TOMOHIaH XaTTO Y4 YIYOBIH JHHAMUK CHCTEMAJap YIyH
Maxcyc HyKrTajap aTpoduja CUCTEMaHUHT JOKal TabuaTu Tyia TaBcu(iaHMaraH.
[y xabu xonaT JUMUT Tymiamiap yuyH xam Ypuniu. [lyankape-bennukcon
TeOpeMacura Kypa TEKUCIMKIArd cUcTeMajap YYyH UXTHEPUNA JIUMHUT TYIUIaM
KPUTUK HYKTa, JIUMHUT LUKI, OMp €ku OMp Heya MaxCyc HyKTa Xamja yJapHU
TYTAIITUPYBYM CeMapaTpucalapHUHUT Oupiammacuaad uoopat Oymanu. Jlumwur
TYIUIaM TYIIYHYacH aBTOHOM OYyiMaraH cucTeMaiap y4yH XaMm KUpUTWIraH. by
nyHamumaa 3aHr Xy TEKHCIHMKIArd yd TypJlard CHCTeMaiap Y4YyH HaTXanap
onrad, J.JI'Anmemno, C.Onaliqu JUCKpET AMHAMUK CHCTEMallap Y4YyH JIMMHUT
TYIUIamiiapHu  Tagkuk dtrad. JK.bupkrod TomMoHMAaH KUpUTWITaH aOCTpakT
JUHAMUK CHUCTeMaiap Yy4yH JuMuT Ttyramnap Hazapuscu K.C.CuOupckuii
TOMOHMJIAH PUBOKIIAHTUPHUIITaH.

JluHaMuK cucTeMaiap Ha3apUsICMHUHT 3HT J0J13ap0 MyaMMoJiapuaaH Oupu —
J.I'unOepTHUHT YH OJTUHYM MACaJJaACHHUHT MKKUHYM KUCMHU XaMOH OUYHKJIUTHMYa
KoiMmokna. Cynru uwmiapaa FHO.C.UnsmeHko JIMMUAT LHMKIJIAD COHU  YEKIIH
Oynmumu OwiaH OOFIIMK HaTWXalap OJAM, aMMO FOKOpHJaH OaxoJjiall Macajacu
XaJau XaJl KWIMHMarad. Ky yiqoBiau cuCTEMallapHUHT JIMMUT TYTUIAMIIAPUATA OUJL
Aca XO3UPTru KyHra Kajaap (akaT CaHOKIM HaTwxXaiap MaBxya. Oxupru naitiapiaa
B.2K.Jlones, XK.JInu6pe Ba JK.3.bysnana ToMoHUAaH 103ajiapaa y3JIyKCU3 OKUMIIap
Ba AHAJIIUTUK BEKTOp MAaWJIOHJIAPHUHT JIUMUT TYIUIAMJIAPUHUHT TOIOJOTHUK
XapaKTepUCTUKACH IbJIOH KWIJIUH]IN.

Juccepranus TAAKMKOTHHHUHI JHCCePTANUA 0a’KapPWITaH OJIMI TAbJIUM
MYacCaCaCHHMHI WJIMMA-TAIKMKOT HILJIAPHU pexkaaapu OMIaH OOFJIUKJINIH.
Hucceprauus tankukotu B.M.PomaHoBckuii HOMuaaru MaremaTMka UHCTUTYTH
WIMUR-TanKUKOT wunuiapu pexacumarn OT-F4-84 «llonmmHOMuan cuctemanap
y4yH JUCKPET-COHJIM METOJ XaMmJa YHUHI UUKIMK Ba OOUIKApUIYBUYU
)apaéHaapHu MojeiramTupuinra Tatoukmapuy (2017-2020 viviap) Ba TomkeHT
MOJIHSI MHCTUTYTHIA (yHIAMEHTAI-TAIKUKOT nactypu goupacumgara OT-D4-16
“Ontuman OolKapyB Macajanapu Ba rpaduapaa auddepeHiyan TeHriaManap
y4yH 4erapaBuii macajainap HazapuscuHu unuiad umkum” (2017-2020 iiwmnap)
MaB3yCHJIary WIMHI TaAKUKOT JIOWUXaIapu Aoupacuaa OakapuiraH.

TaaKMKOTHUHT MaKCaAU TEKUCITUK Ba dazojaru JUHAMUK CUCTEMaTapHUHT
yerapajaHMarad JIMMHUT TYTIUIaMJiapy XOcCCaJapuHU TaBCcUIAml Xamaa JIUMUT
TymiamMu OepuiraH Xoccajapra sra OYiaraH WKKM Ba Y4 VIIYOBIM JUHAMHUK
cucTemMaiap Kypulaan uoopar.



TaaKukoTHUHT Basudaapu:

JVHAMUK  CHCTEMAJIAPHUHI  4YerapajlanMaraH  JIHIMUT  TYIUIaMJIapu
XOCCAJIAPUHU YPHATHILI;

TEKUCIUKIArd aHAJIUTUK JUHAMUK CHCTEMAaJap JIMMUT TyIulamiapy KyBBaTU
(OOFNMMKJIMK KOMIIOHCHTAJIApX COHU)HU 0axoJialil;

TEKUCIIUKAA JIUMUT TYTIJIAaMU OOFJIMKIMK KOMIIOHEHTAJIAPU COHHM YEKCHU3 Ky
OYnraH aHaJUTHK AMHAMHUK CHUCTEMa KypHII MacajlaCHHHU €YUl YCYJIWHU HUILIa0
YUKUI,

y4 Yn4oBnu (azona TUMUT TYIUIaMU TallMH Tabuatra sra OYJaraH AMHAMHK
cUCTEMaJiap y4yH TECKapu MacajlaH! XaJl 3THIII;

TagkuKoTHUHT 00beKTH. YUerapasanmaraH JIUMUT TYIJIAMJIM paldOHAaT,
AHAJINTUK Ba MTOJMHOMMAJ JUHAMUK CUCTEManap.

TagKUKOTHUHI MNpeaAMeTH. Y3JIyKCU3 BaKTJIM JWHAMUK CUCTEeManap
Ha3apusaACH, AUHAMUK CUCTEMaJlapHUHT cu(aT Ha3apusCH, TECKapu MaTeMaTHK
Macalajap Ha3apHusCH.

TagkuKOTHHHT ycyanapu. TaaKuKOT wuImMAa [IWHAMUK CHCTEMajap
HazapusacH, TomoJjiorus, auddepeHnnan TeHTJIaMajJapHU EUUIIHUHT  COHJIU
yCyJuIapu, ITyHUHTJEK, KOMITBIOTEPJIM MOACIIAIITUPHUI (O TalaHUIITaH.

TaagKMKOTHUHT WIMMI SHIWINTH Kyiuaaruiapaad uoopar:

JUHAMUK CUCTEMAHUHT JIMMHUT TYIJIaMUd OOFNIUKJIM OYiMaca, y X0Jija YHUHT
xap OMp KOMIIOHEHTACH YerapajiaHMarad OyuIm ucOOT/IaHTaH;

TEKUCITUKIArd aHAJIUTUK CUCTEMAJIADHUHT JIUMHUT TYyTUIaMJiapu OOFIMKIUK
KOMIOHEHTAaIapy COHU YEKJIU EKM CAaHOKJIM OYIUIY NCOOT/IaHTaH;

TEKUCIUK/A JTUMUT TYTUIAMUHUHT OOFJIMKINK KOMIIOHEHTAJIApU COHU YEKCH3
KYT1 OYJIraH aHaJIMTUK JUHAMHUK CUCTEMa MaB)XYJIJIUTH UCOOTJIaHTaH;

JUMUT TYTUIAMHU UXTUEPUNA Ky(PT COHIaru mapasuien TYFpy Yu3UKIaH uoopar
OynraH y4 YI4OBIM AMHAMUK CHUCTEMa KYPHII TECKapH Macalacu €YujraH.

TaagKUKOTHUHI aMAJIMi HATHKACH JIUMUT TYIUIAMU 4YerapajaHMaraH Ba
KOMITOHEHTaJlapu COHM OujaH OOFJIMK Xoccajapra sra JUHAMUK CHCTeMayap
KypHIII METOAMKACH WIUIA0 YMKUITaH Ba KOHKPET MHUCOJUIapra TaTOWK STUJITaH.
Yu ymyoBmu Qazoma JUMHUT TYIJIAMU 4YerapajaHMaraH JMHAMHUK CHUCTeMasap
dazoBuil TOPTPETHMHU fcallira KOMIIBIOTEp TpadUKaCUHU KYJUlall yCyJH
PUBOKJIAHTUPUJITAH.

TagKuKOT HATHKAJIAPDUHMHI HINOHWIMJIMIM JUHAMUK CHUCTEMasap
Hazapusicu, TomoJiorusi, AuddepeHian TeHraIaMaJlapHUHr cudar Ha3apusiCu Ba
CUUITHUHT  COHJIM  ycy/ulapuaaH  ¢oijanaHwiIranv, Iy  >KyMJaJaH,
TeopeMaJlapHUHT KaThUM Ba TYJIHUK UCOOTIaHTaHU OWJIaH U30XIaHaIH.

TagKuKOT HATWKAJTAPUHUHI WJIMMHA Ba aMajMi axamMusiTH. TaakukoT
HATIKAJIADUHUHT WJIMUM axaMHsITH yJap JUHAMHK CHUCTEMaJIapHUHT cudar
HA3apUsACHUTA STHTH XUCCA KYIITUIITN OWJIaH N30XTaHAIH.

TaaKMKOTHUHT aMaJIiil axamMusITH 3Ca MarucTpJjapHM TaW€pianiga Xamja
JTMHAMUK >KapaéHIapHH YJIaApHUHT Y30K BaKT OpaJIUFUIard Tabuatu Myxum OyiraHn
X0JIJIap/ia MaTeMaTHK MOJISIUIAIITUPHINIA KYJUTall UMKOHU OMJIaH OeNThiIaHaIu.



TaagkukoT HATWKAJTAPUHUHT JKopuit KWJINHHUIIHA. JlnHamMuk
CUCTEMAJapHUHI 4YerapajaHMaraH JUMUT TYyIulamjiapy Oyinya  OJIMHraH
HaTWKallap acocuia:

JUHAMUK CUCTEMaHUHT JIMMUT TYTIJIaMU OOFJIMKCU3 OYJTaH X0Ja YHUHT Xap
Oup KoOMIOHeHTacu derapananmaran Oymumugan Ne['00003440 pakamiu
«KeunkyBun  muddepeHman  TEHrIamMaJlapHUHT  cudaT Ba  MUKIOPHM
XOCCAIAPUHUHT JUHAMUK CHCTEMAajapra KYJUIAHWIMIIN» MaB3yCHAAru XOPWKUN
Jonxana KeunkyBum auddepeHnuan TeHrjJamMalapHUHr cudar TabuatuHU
anuKTama gornaranirad (bupnamran Apad AMUpPIUKIApH YHHBEPCUTETUHHHT
2021 #wmn 14  ceHTsaOpbmard  MabIyMOTHOMAacw). WMnMmuii  HaTWKaHWHT
KYJUIAaHWINIIN KeYUKYBYM IuddepeHian TeHiaMalapHuar cudaTr XoccalapuHu
TOMUIII UMKOHUHH Oepras.

TEKUCIIUKIArd aHAJIUTUK CUCTEMAJAPHUHT JUMUT TYIUIAMIIapU OOFIUKIIUK
KOMIIOHEHTaapu COHM caHOKIu Oynummaan NeOT-D4-02 pakaminu «MartemaTuk
(bU3MKaHUHT XoJaTiap TYIJIaMHd YEeKCU3 OYJraH MoJeliapy TePMOJIMHAMHUKACK))
Map3ycujaard (QyHJIaMeHTall Joinxana ¢u3nka Ba OHOJIOTHSAArd HBOJIIOIMOH
CHUCTEMAJIap XapaKTePUCTUKAJAPUHUHT KaTTa BaKT OpaJIMKIapy JaBOMUJATH
aCUMIITOTUKACUHM Kypuiija doiinananuinrad (byxopo naBiaT yHUBEPCUTETUHUHT
2021 #wun 22-uroHgarn Ne04-04/01-168-connmm  MabiymMoTHOMacw). Mmwid
HATIWKAHUHT KYJUIAHWIUIIN (UMK, MEXaHUK Ba HKOJIOTUK CHUCTEMaJapHUHT
TaOUAaTUHU Y30K MYIAATIN MPOTHO3 KUJIUII UMKOHUHHU O€praH.

TagKuKOT  HATHXKAJIAPMHUHI  anpodaumsich.  Maskyp  TaaKHUKOT
HaTWxkanapu 4 Ta Xajukapo Ba 4 Ta pecnyOiMKa WIMHAKW-aMaluil aHXyMaHJIapuja
MYXOKaMaJIaH YTKa3WJITaH.

TagKuKOT HATHKAJAPUHUHT JbJOH KHJIMHranJauru. J[luccepraums
Map3ycu Oyimda >kamu 12 Ta WIMHE HII YOI STWITaH, NIyJjapiaH, V36exucTon
Pecnybnmukacu  Onuii  arrecTtanuss  KOMHCCHUACHMHUHT  dancada  JOKTOpH
JUCCEepTalMsUIapy aCOCUW WJIMHUNA HATWXKaJapUHU YOI JTUII TaBCUA HTUITAH
WIMUKA Hampiapaa 4 Ta Mmakona, KymiagaH, | Tacm Xopukuid Ba 3 Tacu
peciyOirKa )KypHalapy/ia Halllp dTUJITaH.

J{uccepTauMSIHUHT TY3WIHIIH Ba Xa)kMM. [luccepranusi KUPUIT KUCMH,
yura 000, Xyjoca Ba QoimanaHuwiran agaOMeTiap pyWxaTUAaH TAIIKWI TOMTaH.
JluccepTanustHUHT X KMU 76 OCTHH TAIIKHIT dTaIH.

JIMCCEPTALIUSIHUHI ACOCU MA3ZMYHH

Kupum xucmuja guccepranuss MaB3yCHHHMHT J1OJ3apOJUMTU Ba 3apypusTU
acocllaHraH,  TaJKUKOTHUHI  pecnyOnuka  ¢gaH  Ba  TEXHOJOTHUsJIApH
PUBOXXJIAQHUIUIMHUHT  YCTYBOp  HYHaJMUUIAPUIA  MOCIMIM  KypCaTWITaH,
MYaMMOHHMHI ~ VPTaHWITAHJIUK Japakacu EpUTUITaH, TaAKUKOT MAakKCajH,
Bazu(damapu, OOBCKTH Ba NPEAMETH TaBCU(IAHTaH, TAIKMKOTHUHT WJIMHUN
SHTWJIMTH Ba aMaJuil HaTwkajlapu Oa€H KWIMHTAH, OJUHTaH HaTHKaJapHUHT
Ha3apui Ba aMaJIMi axaMUSITH KypCAaTWITaH, TaAKUKOT HATHKAJAPUHHUHT >KOPUU
KWIMHUIIK, Hamp JTWITaH WIOUAap Ba JUCCEpTalMsa Ty3WIUIIH Oyiinda
MabJIYyMOTJIAp KEITUPUJITAH.



JuccepranvsiHUHr  «JIMMUT  TYIUIAMUIADHUHT  4YerapajaHraHjJiMKk Ba
yerapajaHMaranjuru» je6 HomiaHraH OupuHud OoOuja jauccepTaius
MaB3yCHHHM Tyja EpUTHII Yy4yH 3apyp Oynran acocuii Tabpudiap Ba MyXuM
TymyHuanap kentupuwirad. llyHuHrnex, JAuHaMUK — cHCTEManap  JUMHUT
TYIUTAMIIADUHUHT OUp HeuTa Xxoccacu 0aéH KUJIMHTaH.

Yoy

x=f(x), xeE (1)

JMHAMWK CHCTEMaHM Kapaiimus, Oy epaa f e C"(E) Ba E tymnam R" dasonunr
ounK coxacu (neN',r>1). JlunamMuk cucrtemanap Haszapuscuga t y3rapysuu
BakT, E 3ca xomarnap ¢asocu cudarraa Kapansaau.

Arap Xx(t), a<t<pf, (1) cucremaHuHr euymMd Oyica, y XoJjaa
X():(a, B) > R" akcmantupuini R" (asoga opueHTalMAIAHTaH STPH YU3UKHH

aHMKIaian. By srpu 4M3MK Xojariap Tpaekropuscd Ba E coxa aca xomatiap
dazocu ne6 atamaau. (1) cuctema E (dasoma OepmiraH BEKTOp MaWIOH OKUMH
cudarua XaM Kapaauiii MyMKHH.

o(t,%,) by
x=f(x), X(0)=%

Komm macanacuauHT eynmu Ba [° arpu um3uk (1) CHCTEMaHWHT Iy eduMra Moc
TPEKTOPUSICH OYIICHH.

1-tabpud. Arap (1) cucremanunr [’ TpaekTopusicu BakTra O0FIHK OyIMmaca,
ApHH @(t, X,) = X, =Cconst Oyica, y MyBO3aHaT X0JIaTH JCHUIIAIN.

2-tappud. Arap mynnai {t.}, t, —+oo KeTMa-KETJIMK TONUINO, KyHHIaru
TEHIJIMK YPUHIM Oyiica:

ll(imq)(tk ' XO) = pl

y xonna P € E Hykra [’ TpaekTOpUSHUHT @-TUMUT HYKTaCH JICHHJIA/IH.
Iy xabu, arap t, —>—o na e(t,,%,) —> p Oyaca, y xonga p Hykra [’
TPACKTOPUSIHUHT (X -TUMUT HYKTACH JACHIIIA]IN.

3-tabpud. I TpackTopusHUHT Oapya @-ITUMUT HyKTaJapH TymuiaMud [ HUHT
@-maMUT TyTutamMu Acvmnaan Ba (') xabu Oenrunanamu. ' TpaekTopusHUHT

Oapyua «-TUMWUT HyKTaJapu TYIiamMd [ HUHT @ -MTAMHT TYIUIaMH ICWHIIaTu Ba
(") xaOu OearuaaHagu.

1-teopema. (1) cuctema I' TpaeKTOPUACHHHMHT ¢ Ba@-JTUMHT TYIUIaMJIapH,
a(I') Ba w(I'"), E xomatmap ¢dazocuHuHT ENMK KMCM TyIutamiaapuaup. Arap [
TpaekTopuss R" HUHT KoMmmakT KucM-Tymuamunaa érca, y xonma «(I) Ba o()

Tyramiap Oy 6yiMaran, OOFJIMK Ba KOMIAKT KACM-TYTIIaMiiap Oyiaau.
2-TeopemMa. Arap P Hykra [ TpEeKTOpHUSHHMHT @-JTHMHUT HyKTacu Oyica, y

xonpa (1) cucremanuHr p HykKragaH yTyBun I') TpaekTOpUACHHMHI Oapua
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HyKTaJlapu XaM [ HUHT @-TUMUT HyKrajgapu Oynaam, seHu P e w(’) man
', c o(T") kenub uyukany. My kabu p € () nan T' ) < (") kenub ynkany.

HuccepTalsiHUHT «/JlMHAMHMK CcHCTeMaJiap JHUMHUT TYILUIAMJIAPUHUHT
yerapajaHMaraHJuk xoccajapw» 1e0 HOMJIAHTaH MKKMHYM O0Ouja JTUHAMHK
CUCTEMAJApHUHT  YerapajaHMaraH JIMMUT  TYIUIAMJIIADUHUHT  TOMOJIOTUK
XoccaapyuHu U(oIaJIOBUH TeopemMaap Oepuira.

Kylinnaru nuHamMuk cuctema oepuiran OyicuH

2= 1(2), )

Oy epna zeRY, d>2.
Keimaru ypunnapaa (2) cucremanunr oupop z(0) =& Oomuarud HyKTaJIaH

YTyBUH TPEKTOPHSICHHUHT (0-THMHT TYIJIaMHHUA yayH () kabu OenrwmiamigaH
doitnananamus. JluMHUT TYTUIaMM YerapajaHMaraH Ba OOFJIMKCH3 JTUHAMHK
cUCTeMajiap yuyH KyWHJaru HaTuXKa OJIMHTaH.

3-teopema. Arap (2 Tymiam OOFiMK OYyiMaca, y XOJja YHHHI Xap OHp
OOFJIMKJIMK KOMIIOHEHTaJapy YerapajaHMarat 0yiaau.

byHnaH  Tamkapu, TEKUCIUKIArd  aHATUTUK  cHcTeMalapHuHr ()
TYIJIAMUHUHT OOFJIMKJIMK KOMIIOHEHTAJIapu COHUHUHI KyBBaTH Y4yH KyWHJaru
TEOpeMa OJIMHTaH.

4-teopema. () Tyriam Oorymk OynmacuH. Arap ) TYIUIaMHHHT Xap OUp
OOFJIMKJINK KOMIIOHEHTACH Kamuaa OUTTa CUHTYJIAp OyJMaraH HyKTaHU Y3 W4YUra
oJca, y Xxonna {2 HUHT KOMIIOHEHTaJIapu COHM KYTH OWJIaH CAaHOKJIH OYJa/Iu.

5-teopema. C”* cuupra Termmm Ba () TYIUIaMH  OOFJIMKIIMK
KOMITOHEHTalapy COHU KyBBAaTH KOHTHHUYM OYJIraH JUHAMHUK CUCTEMAa MaBXKY/.

[wmaap yeruaa 2 TYIUIAMUHHHT KOMIIOHEHTajdapu KaHTop TYIuIraMUHUHT
xap Oup uerapaBuil HyKTacUra MOC KeCHUUIMaiiuraH HypJyap OupialmMacuaan
nbopaT AMHAMUK CHCTeMa KypuIll épaamMua S-reopemMa ucOOTIIaHTaH.

HucceprauussHuar  «YerapajsanMaran JMMHUT TYIUIAMJIM ~ JIUHAMHUK
cUCTeMJIAp YYYH TecKapu MacaJiay 1e0 HOMIJIaHTaH y4uH4YM 0o6una ['aMuibToH
bynkuuscunan doigananub, @-TUMUAT TYIJIAMU 4YerapajaHMaraH Ba Oepuirad
XOCCaJapHU KaHOATIAHTHPYBUM HMKKM Ba y4 YIYOBIM JIUHAMHK CHCTEMajap
KypHUII MEeTOu1apu 0aéH KUJIMHIaH.

YyuHun OOOHMHr OMpWMHYM mMaparpaduaa OJAMHIAH OEpUIraH UXTUEPHMA
HaTypadl N COHM Y4YyH TEKUCIHMKAA @-TUMUT TYymiamMu 4N Ta OOFIMKINK
KOMITOHEHTaJaH uoopaT pauroHal IMHAMUK CUCTEMA KypHJITaH.

Kylinnaru pauronan GyHKUUSHA KapaliiniK:

(Rzkz + X3y - kz))(Rzkz +y2 (X% - kz))
(¢ +RO)(y" +R?)

o(xy) =

oy epma R Ba k — mycOar mapametpiap.
N ;
Bepunran R Ba k = Rsin n COHJIAPH YUYH IOKopHaaru GyHKIus épaaMuia

Kyhnaard QyHKIUSHU aHUKJTAMIHK:
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FOGy) = £206y) - 106 y) - £ (X0 ),

m _m
6 fM(x, :f(’[xcos”—— sin=—,
yepaa f7(X,y) o y o

xsin@+ ycosﬂ} m=12,..n-1.
2n 2n

Tabkumnad yTum kepakku, F(X,y)=0 TeHrnamMaHwHr ednMiapu ¥3apo
KecUIIMaiaurad 4n Ta Yu3uKIaH uoopat Oymaau.

F(X,y) dyukuusaan doigananud, KyiHugara cucreMa

X= I:y (X,y) + ﬂ‘F(X’y) FX(X’y)’

. 3)
y=-F.(Xy)+AF(X,y)F,(X,y),
Kypwirat, Oy epaa A erapiauya KU4KuHA MycOaT COH.
6-Teopema. (3) CUCTECMaHUHT F(x,y)>0 coxaja ETyBUH

TPACKTOPUSUTAPUHUHT @ -TMMUAT TytutlaMu  F(X,y) =0 uusukman wubopar Ba

IIYHUHT Y9yH Y 4N Ta OOFIUKIMK KOMIIOHeHTacura 3ra 0yiaaau (1-pacwm).

1-pacm. N=2 yuyH (3) CUCTEMaHUHT TpaeKTOpUsIapUIaH OUpH Ba YHUHT -
JIAMUT TYTIJIAMHU.

Yyunyn G00HUHT MKKMHYM Taparpadujia MOC PaBUIIA @ -JTUMHUT TYTUIAMH
YEeKCU3 Ky OOFIMKJINK KOMIIOHEHTACHIaH noopaT Ba 4 Ta TYFpH YM3UKJIaH uOopar
OYNTraH UKKY Ba Y4 YIUYOBIU aHATUTHK JUHAMUK CHUCTEMaJlap KypUJTaH.

Tekucnukaa ['aMUIbTOH CHCTEMACUHU KY3FaTUIL YCYJIA OPKAIU Kyuujaaru

X:Fy(X’y)_/“:(Xiy)Fx(X’y)’ (4)
y=-F.(XYy)-AF(X,y)F,(X,y),

cucreMa Kypuiras, 0y epaa F(x,y) =y (X, Y)(1— y?cosx), w(x,y) =1+ x*+y")™,
A>0.
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(4) cucremanuHr Z= {(X, y)eR*[0<F(x,y) <1} COXaHUHI UXTUEPHI

(Xo,Yo) OOMLIIaHFMY HYKTAaCHAAH yTyBuH TpaekTopusch z(t)=(x(t), y(t)) 6yncuH.
7-Teopema. Z(t) TPacKTOPUAHMHI @-IMMHT Tymmamu F(X,y)=0 4usukiaH

ndopat 6ynmb, y 4eKCu3 Ky OOFIUKINK KOMIIOHCHTAJIApPHTa dTa.
2-pacmaa F(X,y) =0 uu3uk Ba z(t) TpackTopHs TacBUpJIAHTaH.

A

v’

2-paCM. Yekcus KS'/H 6OFJII/IKJ'IHK KOMIIOHCHTAJIapura 3ra aHaJIMTUK CUCTCMaA.

Hap6arnaru natmka R* dazoma Oepunran
X =-siny + &sin x(Cos x + cos y),
y =sin X+ £sin y(Cos X + CoS ), (5)

2
7=|1+ 22 (sinzl—sinzij.
z°+1 2 2

aHAJUTUK cucTema OunaH OornukK, Oy epla & erapiuya KUYKHUHA MycOaT COH.
YHUHT TpaeKTopHsIapu KyMuaaru yerapajaHMaral coxaja ypraHuiiaau:

H:{(x,y,z)eR?" ly+X|< 7, |y—x|<7r}.

(Xo,Yo:20) €I1/(0, 0, 0) HykTaman yTyBum Tpaektopusiau &(t) =(x(t), y(t), z(t))
Kabu Oenruinaimus.

8-teopema. &(t) TpaekropussHHHT @-JuMHAT TyTmiamMu Oz yKura mapaien Ba
(7, 0,0), (0, £ 7, 0) HykTamapiaH YTyBYM TYpTTa TYFPH YH3HKIAH HOOpar
oymamau (3-pacm).

Yyunun OOOHMHT y4WHYM maparpaduma derapajaHMarad JUMHUT TYTIIAMIIH
UKKH Ba yd4 YIYOBIM IIOJIMHOMHAI CHCTEMajlap yYyH TeCKapu Macajajap

KapaJiraH.
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3-pacM. (5) cuctemMaHUHT (pa3zaBuil MOPTPETU

9-teopema. UxTtuépuii mycoatr 6yryn N COHM y4yH TPAeKTOPHUSICUHUHT -
aumuT TymiamMu N Ta OOFJIMKJIMK KOMIIOHEHTaJlaH uoopaT OYyiraH MmoImHOMHAI
JTMHAMHUK CUCTeMa MaBxyl (4-pacm).

4-pacM. 7 Ta OOFTUKINK KOMIIOHEHTACHUTa 3ra OYJIraH MOoJMHOMHUAN CUCTEMA
Texucnukaa @-nmumut tymwiamMd N Ta OOFJIMKIMK KOMIIOHEHTaJaH ubopat
OynTraH MoMMHOMHAI JMHAMUK CHCTEMa KypuIll opkainu 9-treopema rcOOTIaHaraH.
[laparpadHMHI WMKKMHYM KHCMHAA Y4 YI4OBIM (azofa JHUMHT TYIJIaMU
UXTUEPUNA KYyPT COHIArd KOMIIOHEHTalapAaH wubOopaT OViraH mMOJIMHOMHUAT
JUHAMUK CHCTEMa KypUJITaH.
by makcanna 6epuiran uxtuépuit me N coHu yuyH

F(xy)=G(x,y) H(x,y)
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byHKIUSA KupuTUIaau, oy epaa

2m _ _
G(x,y) = H(XCOS%+ ySinM—cosi),

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

Cyar F(X,y) dynkuusicu épmamuna

X:—Fy—/iFFX,
y:FX—/lFFy, (6)
72 m (21 -1) . (21-1)
7=|1+ COS———— — XSIN——
( 1+ z° E(y 2m 2m j

cUcTeMa Kypuiiral, Oy epyia A erapinya KW4KMHA MycOaT COH.
(6) cucrema TpaeKTOPUSIIADUHUHT TabuaTu uyerapamanmaran D=GxR
coxaja ypranwiras, oynga G = IntI"\ (0,0),

1“:{(x,y)eR2 ‘ XCOSM+ ysinmscosi, i:1,2,...,2m}
2m 2m 2m

— MyHTa3aM Kynoypuyax.

(6) cucteMaHuHT OUPOP (X(O), y(0), Z(O)) € D Oolmanfud HyKTa/laH YTyBUH
TpaekTopusicn £ (t) =(x(t), y(t), z(t)) 6yncumn.

10-Teopema. ' (t) TpaekTOpUSHUHT @-TUMHUT TyuiamMu OZ YKura mapaiedn,

.7k
(COS%, sin %, OJ, k=12,...,2m nHykragapaan yTyBud 2M Ta TYFPH YU3UKIAH
ndopar.

5-pacmma m=4 xomu yuyH ((t) TpackTopus Ba YHH @-JHMHT TYTIJIAaMH

X

TaCBHUpJIAHTaH.

S-pacM. JIUMHT TYIIaMH CaKKM3Ta TYFPHU YM3UKIAH HOOpaT Oyiran y4 YiidoBiau
MOJIMHOMUAJ CUCTEMa

o
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XVJO0CA

Juccepranus WM JUHAMHUK CHCTEMAJApHUHT derapajaHMaraH JIUMUT
TYTUIaMJIApUHUHT TOTIOJOTHK XOCCAIAPUHM TAIKUK KYUIAIITA OaFUIIUIaHTaH.

TanKUKOTHUHT acOCUI HATIKAIApH KyWHIaruiapiad uoopar:

1. JlnHAMHUK CUCTEMAaHHWHT JUMHUT TYIJIaMH OOFIMKIM OYynMaca, y XoJma
YHHUHT Xap OUp KOMIIOHEHTACH YerapajsaHMarad OYImIm ucOOTIaHTaH.

2. Tekucnukaarn aHATMTUK CHCTEMAaJIApHUHT JIMMHT TYTUTAMIIApH OOFITUKIUK
KOMIIOHEHTAaJapy COHU YK EKM CAHOKJIM OYIUIIN UCOOTIaHTaH.

3. Cuwmk (yHkusIap cuHGUTa TETHILIH, OOFIUKINK KOMIIOHEHTAJIApU
COHU KOHTHHHYM OYJraH AMHAMUK CHCTEMa MaBXYJUIUTH UCOOTIIaHTaH.

4. l'amunbTOH QYHKUMACH YCYIM OWUIaH TEKUCIMKIA Ba y4 YI4oBiu (azona
JUMHUT TYTjamMu OepwiraH Xoccajapra ira OyiraH paiuoHal, aHaJIUTHUK Ba
MOJIMHOMHUAJI CHCTeMajap KypHIll Macajajapy €4uiITraH.
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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.

! 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.
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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.l. 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 Science».

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, I.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 1.S. Kukles.

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 A.Azamov'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), xekE, (1)

where f eC"(E) and E is an open subset of space R" (neN*,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(\) : (a, 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=1(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—00
Similarly, if ¢(t,,%,) — 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 w-
limit set of I" and it is denoted by @(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 o and w-limit sets of a trajectory I' of (1), a(I')and o(I'),

are closed subsets of E. If " is contained in a compact subset of R", then «(T")
and o(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 T" j of (1) through the point p are also -limit points of I

;1.e., if pe (') then T', c (") and similarly if pea(T) then T, < 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 €. Following results are taken for

the dynamical systems with unbounded and disconnected limit sets.

Theorem 3. If €2 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 €2 of planar analytical systems.

Theorem 4. Let QO be disconnected. If each connectivity component of €2
contains at least one non-singular point, then the number of components of € is
not more than countable.

Theorem 5. It exists a dynamical system of the class C” with Q 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 L x2(y? - kz))(Rzkz +y2 (- kz))
(x® +R))(y® +R?)

2% 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

FO,y)=f200y) - £106y) o £ (X Y)

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,(xy)+AF(X,y)F(x,y)
y = _Fx(Xiy) +AF(X1y)Fy(X’y)

where A is a small enough positive number.

where f™(x,y) = fo(xcos%—ysin%, xsin 2 ¢ ycos%), 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=-F.(X,y) = AF(X,y)F,(X,y)
is constructed, where F(x,y) =w(x,y)(1—y?cosx), w(x,y) =1+ x*+y*)*, 2>0.
Let z(t)=(x(t), y(t)) be a trajectory of the system (4) passing through an
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.

(4)

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(Cosx + cosy),
y =sin X+ &sin y(cos X + cos y), (5)

2
7=1+ 22 (sinzl—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?" ly+X|< 7, |y—x|<7r}.

Let &(t) =(x(t), y(t), z(t)) be a trajectory of the system (5) passing through
(X0, Yo:20) €I1/(0,0,0).
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Theorem 8. The w-limit set of the trajectory £(t) consists of four straight
lines parallel to the Oz axes and passing through the points (+z, 0, 0), (O, =+ 7, 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(x,y) =H(XCOS%+ ysinm—cosi}

k=1 2m 2m

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

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

X=-F, — AFF,,
y=F, - AFF,, (6)
22 \m Qi) . z(2i-1)
Z2=1+ COS———— — XSIn—— |,
( 1+ z° E(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

[=<(xy)eR? ‘ xcos”(2'_1)+ysin ”(2'_1)30051, i=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

: : : : k . 7k
lines parallel to the Oz axis and passing through the points (cos%, sin % OJ,
k=12,...,2m.

The trajectory ¢(t) and its @-limit set are depicted in the Figure 5 for m=4.
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“a

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.
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BBEJIEHUE (anHoTauus aucceprauuu 10kropa puinocopuu(PhD))

Lenabio wuccien0BaHMsA SBISECTCS ONKMCAHME CBOMCTB HEOIPAaHUYEHHBIX
MpeIesIbHBIX MHOYKECTB IMHAMUYECKHX CUCTEM Ha IJIOCKOCTH U B MIPOCTPAHCTBE, a
TAaK)K€ IMOCTPOCHUE JBYMEPHBIX M TPEXMEPHBIX JIMHAMHYECKUX CHUCTEM C
MpeesIbHBIM MHOKECTBOM, 00JIaJal0OIIMM 3aIaHHBIMUA CBOMCTBAMH.

O0beKkT  HCCIe0BAHMSA: AHQIUTUYECKHAE,  NOJMHOMHAIBHBIE U
palMoHaNbHbIE JUHAMHYECKHE CHUCTEMbl C HEOTPAHMYEHHBIMHU MpeIebHBIMU
MHOKECTBaMHU.

HayuyHasi HOBH3HA HCCJIEIOBAHUS COCTOUT B CJICIYIONIEM:

JIOKa3aHO, YTO KaXJas KOMIIOHEHTa CBS3HOCTH TPEIEIHHOTO MHOXKECTBA
TUHAMUAYECKOH CHCTEMBI SIBIIICTCA HEOTPAHWYECHHBIM MHOXXECTBOM, KOT/Ia
MpeIeIbHOE MHOKECTBO HECBSI3HO,

JIOKa3aHO, YTO YHCIO KOMITOHEHTOB CBSI3HOCTH TIPEIEITbHBIX MHOXKECTB
IJIOCKUX aHATMTUYECKUX CUCTEM KOHEYHO WJIM CUETHO;

JIOKA3aHO CYIIIECTBOBAHUE IUIOCKON aHAJIMTUYECKOW CUCTEMBI C MpeAeIbHBIM
MHOKECTBOM, 00J1aato1el OECKOHEYHBIM YUCIIOM KOMIIOHEHT CBA3HOCTH;

perieHa oOpaTHas 3ajja4a MOCTPOCHUSI TPEXMEPHONU JTUHAMUYECKON CHUCTEMBI
C TpENesbHBIM MHOXECTBOM, COCTOSIIUM W3 MPOU3BOJIBHOIO YETHOTO 4YHUCIa
napaJiyieIbHBIX TPSIMBIX.

BHenpenne pe3yJbTaTOB HCCJAeI0BaHHMA. Pe3ynbrartel AuccepTalnuu,
KacaroIrecss HEOTPAHWUYCHHBIX TMPEACTbHBIX MHOXKECTB JTUHAMHYCCKHX CHCTEM,
BHEJIPEHBI B MPAKTHUKY B CICTYIOIINX 00JIaCTSX:

pe3yibpTaThl O HEOTPAHMYCHHOCTH KOMIIOHEHTOB CBSI3HOCTH HECBSI3aHHOTO
MPEACTbHOTO MHOXXECTBA JUHAMUYCCKAX CHCTEM OBLIM WCIIOJIB30BAHBI  JIJIS
WCCJICIOBaHMsI KadeCTBEHHOTO TMOBeACHUS IU(PPEpeHITNATBHBIX YpaBHEHUH C
3ama3apiBaHeM B HaydHoM TmpoekTte (G00003440 (CnpaBka YHuBepcuTeTa
OO0benuHeHHbIX Apabckux OmuparoB ot 14 centsoOps 2021 rona). [lpumenenus
HAyYHBIX  PE3yJIbTAaTOB  TO3BOJIMJIA  BBISIBUTH  KadyeCTBEEHBbIE  CBOMCTBA
nudepeHnnanbHbIX YpaBHEHUH C 3aI1a3/IbIBAHUEM.

pe3ynbTaThl O CYEHOCTH MOITHOCTH MPENETbHBIX MHOKECTB aHATUTHUYECKUX
CHUCTEM Ha TUIOCKOCTH HCIIOJIb30BAHBI U1l aHAIM3a ACHMIITOTHYECKUX CBOWMCTB
XapaKTEPUCTHK DBOJIONUOHHBIX CUCTEM B (DU3UKE M OMOJIOTUH, MCCIECIYIOMBIX B
HayunoM 1nipoekte OT-F4-02 (CmpaBka bByxapckoro rocynapcTBEHHOTO
yauBepcuteta Ne04-04/01-168 ot 22 urons 2021 rona). [IpuMeneHus pe3yabTaToB
MO3BOJIUJIA  JOJTOCPOYHO MPOTHO3UPOBATh  XapaKTEepPbI bU3HIeCKHUX,
MEXaHUYIECKUX M SKOJIOTUYECKUX CUCTEM.

Crpykrypa m 00beM auccepraumu. J[uccepramusi COCTOUT U3 BBEICHHS,
TpEX TUIaB, 3aKIIOYEHHUS W CIUCKA HCIIOJIb30BaHHON smTepaTypbl. OObeM
JMCCEePTAIMK COCTABISET /6 CTpaHMUII.
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