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KHUPHUII (pancada noxkropu (PhD) auccepranusicn aHHOTAIMACH)

Juccepranus MaB3yCUHUHT 10J13ap0Jauru Ba 3apypartu. JKaxon Mukécua
onu0® OopunaérraH Kymiaad wWiMuN-aMaluil TaJIKUKOTIAp akcapuaT XoJulapja
Apxumen €xkd  HoapXWMej ~MaiJoHNapja aHUKJIAHraH (YHKIUSJIAPHUHT
JTUHAMUKACUHM TAJKUK KWJIWIITA KEITHUPWIAIU. p-AJUK panuoHan (QpyHKuusiap
épaamMugard JUCKpET BaKTJIM JAWHAMHUK cCHUCTeManap WH(opMarthkama, pakamiiu
TaxJIWJI Ba Kpuntorpadusiaa, NICUXOJMHAMHUKA Ba aBTOMAaTHKa Ha3apuscHIa Xamja
TE€HETUK KOJJIAlll Ba MOMYJALMSIHUA OOIIKapUIga MyxuM axamusarra sra. LIlyHunr
yUyH, p-aJIUK COHJIAp MaWJOHUAAru pariioHan (yHKIUSIAPHUHT AUCKPET BAKTIU
JTMHAMHUKACUHM TAJIKUK STHUII p-aJuK JUHAMHUK CHCTEMallap Hazapuscuia goa3apo
Ba MyxuM Bazudanapaan oupu OYInbd KOJIMOKIA.

Xo3upru KyHJAa JKaxoHJa p-auK JIMHAMUK CHUCTEMajlap Has3apusiCularu
acocui MacananapaaH oupu Oepuirad QyHKIMSATAa MOC JUCKPET BAKTIU JUHAMUK
CUCTEMAaHUHT TOPTHUII COXAacH Ba 3UTeNl AWCKIAPUHU aHUKIamaup. bepuiran
dbyHKIMATa MOC JTMHAMUK CHCTEMAaHWHT TOPTHII COXallapu, 3Wresi JUCKIApU Ba
TPACKTOPUSJIAPHUHT KYy3FaaMac HyKTalapJlaH KOYHUII COXaJapuHU aHUKJIAII
JMHAMHUK CHCTEMaHW TacHHUIalIga MyXUM axaMuar kacO TMoknaa. by Oopana,
napaMeTpJIapHUHT KYy3FaJaMac HYKTajllap COHM Yy3rapaJuraH IIapTiIapuHU TONUII,
Oy mapmiap acocuja Ky3rajiMmac HyKTajap Ba yJapHUHT XapaKTepUHHM aHUKJIAILI,
TOPTYBYM KYy3FajiMac HyKTaJlap y4yH TOPTHUII COXaCHMHHU aHUKiam, Oetapad
Ky3FajiMac HyKTajap Y4yH 3Wrea AWCKIApPUHU TOMUI, Oepuirad ¢yHKIUAra
HUCOATaH WHBApUAHT TYIUIAMJIApHU Tomuil, Oy WHBapHaHT TYIUIamiIapiaru
TPACKTOPHUSAJIAPHUHT ACUMMTOTHUK Y3WHU TYTUIIMHUA YPraHUIl MaKCaJIM WUIMHHU
TaJAKUKOTIAp/IaH XUCOOIaHaIH.

Mawmtakatumusaa yrmaamenTan GaHIapHUHUT WIMHN Ba aMaluil TaaOuKura
sra Oynran wuHpOpPMATHKA, paKaMJIM HKTHCOAMET, TIOMYJSIIMOH OHOJOTHS Ba
KOTHUTUB  (anmapra 9pTHOOp KywaWtupwigu. JKymmnagaH, JgacTypJarl,
kpunrorpadus, TCUXOAMHAMUKA Ba  TEHETHKaJa ydpaljuran acocui
oOBeKTNnapaan Oupu OYynraH HoapxXuMel AMHAMHUK CHCTEMajap Ha3apHsICUHU
PUBOXKJIAHTUPUINTAa  ajoXyja dJbTUOOp  KapaTWiIaAW. p-AJUK  paldoHal
GYHKIUATApHUHT JUHAMUAKACHHHM YpraHuil Oopacuaa CaJMOKIM HaTWXaiapra
spumuian. «OyHKIIMOHAT aHAllW3, MaTeMaTHK (PU3uWKa Ba CTATHUCTHK (DHU3UKa»
(dbaHTapUHUHT YCTUBOP HMyHAIMIUIApW OYiiMda XaJlKapo CTaHAapTiap Japakacuiaa
WIMHUI TaJIKUKOTIAp o0 Oopuin maremarnka GaHWHUHT acocuid Bazudanapu Ba
daomuar HyHamUIUIApU ITHO GerHIa I . Kapop wxpocnHM TabMHUHIANIAA
p-auK NIUHAMUK CUCTEMallap HAa3apUSCHHU PUBOXKJIAHTUPHUII MYXHM axaMUATra
ara.

! V36exucron Pecrybnukacu Basupnap maxxkamacu 2017 iiun 18 maiimaru «Y36exucton Pecry6iukacu
Qdannap axkaJeMUSCHHHMHI SHTUAAH TAUIKWJ STWITaH WIMHHM TaJKUKOT Myaccacanapu (aoiusTHHH
TaLIKWII 3THIL TYFPUCUAA»TU 292-COHIIN KapopH.
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V36ekucron Pecny6mukacu Ilpesumentunuar 2017 imn 7 ¢eBpangaru
[ID-4947 «V36exucTon PecnyGIMKACHHM sfHAja PUBOXKIAHTUPUIN Oyiinda
xapakatinap crparerusicu tyrpucuaanru ®apmonu, 2017 itmn 17 deBpangaru
[1K-2789 «®annap akagaemusicu (HaoausaTH, WIMUN TAAKUKOT UIUIAPUHM TAIIKUI
ATHUI, OOWIKApUII Ba MOJHUAJAIITUPUIIHU sHAJAQ TAKOMWUIAIITUPUIL Yopa
tanoupinapu tyrpucuganru, 2018 wun 27 ampenmaru [1K-3682 «HHOBanMOH
FosiIap, TEXHOJIOTHSUIAD Ba JIOMUXAJIAPHU aMaJIMETTra >KOPUM KWIMII TU3UMUHHU
AHa/la TAKOMWUIAIITUPUIL 4opa-Tandoupyapu tyrpucuga»ru Ba 2019  iun
9 wmonmarn  [IK-4387 «Marematuka TabiauMud Ba (GaHJIapuHU  sSHaAJA
PUBOXJIAHTUPUIIIHK ~ J1aBlaT TOMOHMJAH  KYJ1aO-KyBBaTiall, UIYHUHTJEK,
V36exucron Pecniyonukacu @annap AxaaemusicuHuHr B.M. PomanoBckuii
HoMHarn MareMaTtuka WHCTUTYTH (aonusITHHM TyOJaH TaKOMUJUIAIITUPHUII
qyopa-Tai0upiiapu TYFpUCHia »I'U  Kapopiapu xamjaa MasKyp (HaoiausTra Teruiim
OOlIKa HOPMAaTHB-XYKYKHH Xyxokariapaa OenruiiaHrad BasuQanapHd amanira
OLIMpHIIJIA YIIOY AUCcepTalus TAAKUKOTA MyailsiH Japakajaa Xu3Mar KUIaiu.

TagkuKOTHUHT pecny0JuKa (aH Ba TEXHOJOTHAJIAPH PHBOKIAHUIIH
YCTYBOp HYHAJIMILIAPUTa OOFJIUKIMIUA. Ma3kyp TaiKUKOT pecrnyOnnka (an Ba
TEXHOJIOTUSIAp  pUBOXJIAHMIIMHUHT V. «MaremaTtuka, MexaHuKa Ba
nH(pOpMATHKa)» YCTYBOp WYHAIMIIU JoUpacua Oakapuiras.

MyaMMOHUHT VPraHuJraHjiuk Aapaskacu. C.AnGesepuo,
A.IO.XpennukoBnap ToMoHuaaH MoHomuan (N,0)—panmonan (yHKIUSHIUHT

JTUCKPET BaKTJIM JAUHAMUKACU Qp Ba Cp p-adK COHJAp MaWIOHUIA TaJIKUK

KWJIMHTAaH Ba KaM TMapaMeTpiid aHATUTHUK (QyHKOWsIap EpaaMuaard IUCKPeT
BaKTJIM JUHAMHK CHUCTEMAaJIAPDHUHT aTTPAKTOPJIApH Ba 3UTENl TUCKIAPUHUA TOIUII
YCYJIH KSJITUPHJIITAH.

C.An6esepuo, I[LKmomen Ba A.FO.XpeHHUKOBIApD TOMOHHUJAH 3CIIAII
BaKTHJa MyYMKHUH OYJIraH Musl XapakaTJIapuHHU TaBcH(Iaiuran OUp mapameTpiiu
(2,0)—pamnmonan G YHKIUSTHAHT p-auK JTUHAMMK cUCTeMacu
Z,— p-amuk OyTyH COHIAp Tymiamuia Taakuk otuirad. A.JO.XpeHHUKOB Ba

M.Huncconmapuuar wmmmapuna  f (X) = X" +q(X) xypurmmumarn dyHkmmsmap
AMHAMHUK CHCTeManapu Vypranwiran, Oy epaa  ((X) kuuuk koehHUIMEHTIH
KYTIXaJ KYpUHUAITHAATH () YHKITUS THAD.

®.M.Myxamenos Ba K.O.O.MenaecHHUHI wunuiapuaa p-aJIuK COHJIAP
Maiinonnaa anmkmanran T (X) = x° +ax’ KYPUHMIIIATH (DYHKIMSHUHT JTHCKPET
JUHAMUK CHUCTEMacu TaJKWK KWJIWHTaH Ba MapaMeTpHUHT Oapua KuiimMaTiapuia
JUHAMUK CHCTeMa TYIHK TacHu(u Oepwiran. YMyMHUPOK KYPUHUIIIATH, SHHU
f(x)=x*"" +ax"™
Ba @.M.MyxamMe10BIapHUHT WIIAPHA KapanraH.

A.®an, C.DaH, Jl.JImao, 1.Banr, ®.M.MyxamenoB Ba ¥Y.A.Po3ukoBiap
tomouugad (1,1)—paruonan (QyHKIUSUITADHUHT P -aAWK JWHAMHK CHCTEMallapH

KYpUHTUIIAATA (QYHKIUSIIAPHUAT TuHaMukacu Y.A.Po3ukoB

TaJKUK 3TUIUO, aTTpakTopiiap, 3Uresl JUCKiIapu Ba Oapua MHBapUaHT cdepanap
TONWJITAH XaMm/ia IMHAMUK CUCTEMA 3PTroJIUK OYaauraH mapTiiap aHUKJIaHTaH.
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Juccepraums TAAKUKOTHHUHI JAUCCEPTANMSA 0a’KAPUITAH OJUH TAbJIUM
MYyacCaCaCHHMHI MJIMHMH-TAAKMKOT HULIAPH pesKajJapu OMIaH OOFIMKIUIH.

Jluccepranus TaaKUKOTH MaTeMaTnka MHCTUTYTMHMHT EDA-Drex-2018-78
“Amenaben Oynmaran rpadiapia JMHAMUK Ba TEPMOJMHAMUK cUcTeMaiap”
(2018-2019 #mmmap) MaB3ycuaarn WIMHH TaaKUKOT JIOMMXAcH JOMpacuaa
OakapuJiraH.

TagKMKOTHUHT MAKCAAU p-aIUK KOMIUIEKC COHJIap MalJOHH/1a aHUKJIaHTaH
(2,1)—pammonan Ba (3,2)-panuoHan (YHKIHUSJIAPHUHT JUCKPET BAKTIU TUHAMHK
CUCTEMAaJIApUHU TAAKUK KUJIUIIIaH nOopar.

TaaKUKOTHUHI Ba3u(anapu:

p-AIMK KOMIUIEKC COHJap MaWJoHMJIa aHuKjIaHraH (2,1)—pamnuonan Ba
(3,2)—panmonan GpyHKIMsIap Ky3FaiMac HyKTaJTapyuHU TOIHIII;

Ky3ranmac HykTa siroHa Oyiiran xonjaa 0y Ky3raliMac HyKTaHUHT XapaKkTepura
MOC paBHIla AMHAMUKAHU TaAKUK 3TULI,

Ky3ranmac HykTa MaBxy1 OyiIMaraH XoJjia 1aBpuil HyKTaJlapHU TOMHII Ba Oy
JaBpUil HyKTaJJApHUHT XapaKTepura MOC paBUIIa TUHAMUKAHU TaJIKUK THIII;

Ky3ranmac HyKTaJapHUHT COHM OWTTaJaH Kym OynraH Xosuiapjaa Oapua
Ky3FajiMac HYKTAJApHUHT XapaKTepUHU aHUKJIAIl Ba MOC paBHIIJA TOPTHUII
coxacu, 3ureia JAHWCKJIAPUHU Ba TPACKTOPHSUIAPHUHT KYy3FalMac HyKTajlapaaH
KOYMIII COXaJAPUHH TOIMUII Ba Oy COXaJapHHUHT Y3apo Ba3USTUHU aHUKJIAILI.

TaagKMKOTHUHI  00beKTH  p-aAMK  KOMIUIEKC  COHJiap  MaiiioHH,
(2,1)—paumonan pyukuusaap Ba (3,2)—panronan GyHKIUAIapIaH HOOPAT.

TaagkuKoTHUHT npeaMeTn: DyHKIMOHAT aHANW3, p-aJiUK aHAIU3, JUCKPET
BaKTJIW JUHAMUK CHCTEMaJlap Ha3apHsCH.

TaakKuKOTHUHT ycyajaapu: TaakuKoT uinuaa GyHKIMOHAI aHAIN3, p-aJuK
aHanM3 Ba  JUCKpPET JAWHAMUK  CHCTeMalap  Ha3apusicH  ycyJulapuaaH
dolinananuiITraH.

TagKUKOTHUHT MIIMHUIA SHTWJIMTH KyHugaruiapaad noopar:

p-Amuk  (2,1)-pammonan QyHKOMS Ky3FalMac HyKTara J3ra Oyiranua
Ky3FajiMac HYKTAJAapHUHT XapakTepura MOC paBHINJA TOPTHUII COXACH, 3HTrel
JTUCKIIApH, TPACKTOPUSUIAPHUHT KYy3FaliMac HYKTaJaH KOYHII COXaJlapu TOMUJITaH
Ba Oy COXaJIapHUHT ¥3ap0 Ba3usATH aHUKJIAHTaH;

p-Anuk (2,1)—pammonan GyHKOHs Ky3raiMmac HyKTara 3ra OyiMaraH XoJjaa
JaBpU WMKKUTa TEHr OYNraH HyKTajdap TONWIHMO, YIApHUHT XapaKTepura MocC
paBHILIa TOPTULI COXACH Ba 3Urei IUCKIApHU aHUKJIAHTaH;

p-Anuk (3,2)-panuonan GyHKIOHs STOHA Ky3FaiaMmac HyKTara sra Oyiaauraxn
X0J/1a Ky3FaaMac HYKTaHUHI XapaKTepura MOC PaBHILJA TOPTHUII COXACH, 3UTell
JUCKH Ba TPACKTOPHUSIHUHT Ky3FaaMac HyKTaJaH KOYMII COXAaCH TOMMWIITaH;

p-Anuk (3,2)—-panmonan QyHKIus OWTTagaH OPTUK Ky3FalMac HyKTara sra
Oynran xoJulapja Ky3faiaMmac HyKTaJIapHUHT XapakKTepura MOC PaBHIINA TOPTHUII
coxacu, 3urejl JUCKJIApU Ba TPAaCKTOPUSJIAPHUHI KY3faJMac HYKTaJaH KOYMII
COXaJapy TOMWIraH Xam1a Oy COXaJIapHUHT y3apo Ba3UATH aHUKJIAHTaH.



TagKNKOTHUHT aMaJINil HATUKAJIAPU:

Kyunu yuOypuak TeHrcuznuru €paamujga p-aJiuk paruoHan (QyHKIUSHUHT
JIUCKPET BAaKTIW JWHAMHUKACUHM XAKUKUU (DYHKIUSJIAPHUHT JUCKPET BaKTIU
JUHAMHUKACHU OPKaJId TaCHU (Al MyMKUHIIUTA UCOOTIaHTaH;

Homanduii xakukuil conmap TYIIAMUHM V3UHU Y3ura axkCIaHTHPYBUYHU
Oynmaxim y3nykcu3 0ab3u  (PYHKUMSUIADHUHT JUCKPET BaKTIW JUHAMHKACH
épaamuza MoC p-aJuK parroHasl (YHKIUSHUHT JUCKPET BaKTIM JUHAMHUKACH
TacHU(JIaHTaH.

TagKuKOT HATHKATAPUHUHT UIHOHYWIWJIMIY (YHKIIMOHAN aHAIIU3, p-aJIuK
aHaliu3, JUCKPET JWHAMUK CHUCTEMajap Haszapuscu Ba KYy3fajiMac HYKTaJIap
XaKUJIard TeopeMayiap XamJia MaTeMaTHK MYJIOXa3aJIApHUHT KAThUWINTKA OWIaH
ACOCJIAHTaH.

TaaKUKOT HATH/KAJAPUMHUHI WJIMHHA Ba aMaJuid axaMuATH. TagKukoT
HATHXKAJTAPUHUHT WIMUA axXaMusiTH p-aJiuK paluoHal (QyHKOMsUIAp JUCKPET
JMHAMHK CHCTeMajapy Ha3apHsICHHHM PUBOXJIAHTUPHUIIAA KYJUIAHWIUIIU OWJaH
U30XJ1aHaIu.

TagKMKOT HaTWXKAIAPUHUHT aMallui  axaMHsITH pakaMid TaxJimil Ba
Kpunrorpadus, MyHUHTACK, TEICKOMYHUKAUSHUHT 0ab3u MacajlaJapuHU CUHIIl
MMKOHHMHH OepraHjury OujaaH U30Xj1aHaIu.

TagKNKOT HATHKAJAPUHUHI KOPUl KHIMHHMIIH. p-AJIMK KOMIUIEKC
conyap maitnonuaa (2.1)—panunonan Ba (3.2)—panronan GyHKIMSUTAPHUHAT TUCKPET
JUHAMHK CHUCTEMAIAPUHM TAIKUK 3THILJIA OJIMHTaH HaTWXKajlap acocuia:

Ky3ranmac Hykrtara sra Oyaran p-amuk (2,1)-paruonan QyHKIUS y4yH
TONWITaH 3WUresl JUCKIApU Ba TPACKTOPUSIAPHUHI Ky3FalMac HYKTAJIaH KOYHII
coxamapu LabEx Bezout ANR-10-LABX-58 pakamiu “Xakukuii/p-aauK JTAHAMHUK
cucreManiap Ba ['mO0C YymyoBmapu” XOpWXKHMM WMIMHM JIOHHWXanga paldoHan Ba
KyTIXaJ KYpUHUIIAAArd (QYHKIUSJIADHUHT JUHAMUK CHCTEMAaCHHHM XaKUKUN
GYHKIUATApHUHT ~ TUCKPET BaKTIM  JAMHAMUKACH  OpKajdu  TacHudIamga
dorigananuaran (ITapmx-mapkuit Bam-ge-Mapa yauBepcutetuHuar 2019 iinn
19 urongaru MabiaymoTHoMacu, Dpannwus). WnMuii HaTHKAHUHT KYJIAHHIAIIA
JUHAMUK CHCTEMallap/ia MHBapUaHT cepantapHy TOMHII KIMKOHUHU OepraH;

p-Amuk  (3,2)-panuoHan GyHKOMsUIAp Ky3FaliMac HYKTaJapUHUHT TYIUK
tacauduaan UAEU, Grant, 315259 pakamnu “Uekcus yamdamian, OpTOrOHAIUKHA
CaKJIOBYM KBaJPATUK CTOXACTUK OIepaTopiiap” MaB3yCUIArd XOPHKHUM TaJKHUKOT
JIOMMXaJa YEKCU3 YIYaMiIM ONEPATOPJIAPHUHI Ky3FaJIMac HYKTajJapyd Ba JIMMUT
TYyIIaMuHl  aHuKIana  Qorgananwirad  (bupnamran Apabd  Amwupiukiapu
yauBepcuteTHHUHT 2019 #iun 12 cenTsOpmaru MabiymoTHOMacH). Wnmui
HATWOKAHUHT KYJUTAHWJIWIIN ~ aXOOpoT y3aTHWil XaBQCHU3IWTUHU TabMHHIIAII
MMKOHUHU O€pras;

Kommieke p-aauk conmap MailioHuaa aHukiaHrad (2,1)—panuonan Ba
(3,2)—pammonan (QyHKIUSIAPHUHT JTUCKPET JIWHAMUK CUCTEMAJlapDUHU TaJKHK
STHIN YCyJUIApU XOpWXWH wiaMmuil xkypHamiapaa (Advances in Mathematics,
2014; P-Adic Numbers, Ultrametric Analysis, and Applications, 2014; Journal of
Mathematical Analysis and Applications, 2015; International Journal of
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Theoretical Physics, 2015; Chaos, Solitons and Fractals, 2016; Fractals, 2016;
Dynamical Systems, 2016; Theoretical and Mathematical Physics, 2016; Journal
of Difference Equations and Applications 2017; Discrete and Continuous
Dynamical Systems, Series A, 2017-2018; Science China Mathematics, 2018;
International Journal of Network Security, 2019) wnHoapxumen ¢a3onapaa
aHUKJIaHTaH JUHAMUK cUTeMalapHu TaBcuduamnaa doigananwirad. Wnamuit
HAaTW)KAHUHI KYJUIAHWIWIIA WHBApUaHT TYIUIAaMJIApPHU QXpaTULl HUMKOHUHHU
OepraH.

TagkuKOT  HATHKAJAPUHHMHI  anmpolanmsich.  Maskyp  TagKHKOT
HaTKanapu 1 ta xankapo Ba 5 Ta pecnyOiMka UIMUNR-aMaivil aH>XXyMaHJIapuaa
MyXOKaMaJaH YTKa3WIraH.

Ta}]KI/IKOT HATH/ARKAJIAPUHUHI IBJOH KHJIUHIAHJIMUIH. TaI[KI/IKOT MaB3yCH
Oyimua »xamu 11 Ta wWIMHA WD YOm OTWIraH, IIyJapiaH, V36ekucron
Pecniybnukacu  Onuit  ATTecTanysi KOMHCCHSICMHUHT  Qaincada  JOKTOpHU
AuccepranuAaiIapu acocuil HWJIMHU HaTHW)XXAJIApWUHU YOIl 3THUII TaBCHUA OTUIITaH
WIMUH Hampiapjaa 5 Ta Makoja, KymJiaJaH, 3 Tacu XOpPWXKUH Ba 2 Tacu
peciy0JInKa )KypHaJIapuaa Hallp STHJITaH.

I[I/IccepTalll/IﬂHl/lHl" TY3WIHIIA Ba XaKMH. ﬂHCCQpTaHHH KHpHII KUCM, ydTa
0600, xymoca Ba (QolganaHwiraH anabuérnap pyWxaTuIaH TaIIKUI TOITaH.
HNucceranustHuHr ymMmymuit xaxmu 106 6eTHH TalIKuI 3TraH.

JIACCEPTALIUSITHUHI ACOCHUI MASMYHHA

Kupum kucmpaa auccepranys MaB3yCHHUHT JOJ3apOJIMTH Ba 3apypaTu
acocliaHraH,  TaJKUKOTHHHT  pecnyOimka  gaH  Ba  TEXHOJOTUSIAPU
PUBOXJIAHUIIMHUHT YCTYBOp MYHAIMIUIAPUTa MOCIHWITH KYpCaTWITaH, MaB3y
Oyinya XOPWXKUH WIMHM-TAAKAKOTIAD IIApXH, MYaMMOHHHT VPraHWITaHIUK
Japakacu KeITUPUIITAH, TaIKUKOT MaKcaau, Basudanapu, 0ObEKTH Ba MPEAMETH
TaBcU(IIaHTaH, TAAKUKOTHUHT WIMHH SHTWINTA Ba aMajuil HaTwkKamapu OaéH
KWIMHTaH, OJIMHTaH HATWKAJTAPHUHT Ha3apuil Ba aMaluid axaMUATH OYHu0
OepunraH, TaIKUKOT HATHKAIAPUHUHT KOPUN KWIMHHIIM, HANIP STHITAH HIIIap
Ba UCCEPTANMS TY3WIUIIN OViinYa MabIyMOTIIap KEATHPUIITAH.

JucceprauusgHuUHr “p-alMK aHAJU3 Ba p-aluK JAUHAMHUK CHCTeMaJjiap
xaKuaa” ne6 HomiIaHyBuM OupwHUM OoOMIa qUCCepTanus WIMWHUA EPUTHIN Ba
MaB3yHHM TaJKHUK JTHUII y4yH 3apyp Oyiran MyxuMm TyIIyHYandap KEITHPHITaH.
IIyHuHraek, aucceprauus MaB3yCH JOWpAacHAard TaAKUKOTIap OOIJIaHTyHTa
KaJap IIy coXaJla TaJKUK OJTWIraH UIUIap Ba OJIMHTAH HaTWXajlap IIapXu
Oatadcun kentupu® yrtunrad. bupuHur OOOHWHT y4uMHUM maparpadu JUCKPET
p-aIvK TUHAMUK CUCTEMajap HapusCHUIAru aCOCU TyITyHYanapra OaruInIaHTaH.

X Owmwpop Tyma woapxumen wmaimon, f !X —>X ¢Qyskuus Ba

f(x)=f(f(..f(x)..)) O6yncun. { f m(xo); me N} TYIUIaM X, HYKTaHUHT
S —
m
TPACKTOPHUACH €KUM OpOWTAcH JAEHUIIa/IN. a)(XO) OnnaH X, HyKTa OpOMTaCMHHHI

Oapya JUMUT HYKTajJapu TYIUIaMUHU OenrunaimMu3. Arap myHgai e N Hatypan
9
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COH TONWUIUO, fr(Xo): X, Oyica, y Xxonma X, € X oaepuu Hykma Ba OyHmau I
HaTypaj COHJIAPHUHT 3HT KMYMIH X, HyKTaHMHI JaBpH Jeinnanu. Arap X, HyKTa
r nmaepra sra Oyica, y xohja y r-oagputi Hykma, 1-naBpuil HyKTa 3ca Ky3eaimac
Hykma Jevnnagu. r-JlaBpuii X, HyKTaHMHI OpOHMTacH {XO, Xy yeens Xr—l} TyIUIamM
6ynanm, Oy epra X; = f J(%), 0< j<r—1. By opbura r-yuxn neinnanm.

Tavpugh 1. X, nykra f ¢ynkum yuyH r-gaBpuil HyKTa Ba g(x)= fr(X)
OyncuH. Arap X, HyKTaHuHr InyHpan U p(XO) atpodu TONWIHO, HUXTUEPHA

xeU (%) yayr lim g"(x)=x, 6y:ca, y xonna X, mopmyeuu nyxma neiinnau.
N—0o0
Yoy

A(XO)={X€ X; lim g”(x):xo}

nN—o0

TYIIaM X, HyKTaHUHT mopmuul coxacu AeHuIaiy.

Arap X, HyKramuHr Ompop U, (XO) atpodpu TOMUIUO, UXTUEPUI
xeU (X)), X=Xy yuayH |x— Xo‘p < ‘g(x)— XO‘p Oyica, y xonma X, umapyeuu
HYKma JeVniaIn.

Tavpug 2. %, Hykra f ¢yHknm yayn r-mgaBpuil HykTa Ba g(X)z fr(x)
0yicun. Arap mynmain U (XO) OYUK IIap MaBXyJ O0ynmmo, 6apua p'< p ;map yuyH
S p'(XO) chepa g ¢yHkumsra HucOaTaH WHBapUaHT OVyica, y xoinga U p(XO) map
3ucen ouck Ba X, HyKTa 3Urell JUCKHUHI MapKasu Aeknnaad. bapua X, Mapkasnu

3urea AUCKIAPUHUHT OWpJalIMacu makcuman 3ueen ouck nevmnanyd Ba Sl (XO)

KaOu Oenrnia”aiy.

JuccepTanssHUHT “p-aauk (2,1)-panuoHan QyHKIUAJIAPHUHT TUHAMHUK
cucremajgapu” 1e0 HOMJIAHYBYM HMKKHHYM OO00M p-aiuK KOMILJIEKC COHJap
MaWJOHUIa aHWKJIaHTaH UXTHEpuil (2,1)-panuonan ¢GyHkOusuap EpaaMuaarua
JUCKPET TMHAMHK CUCTEMATApHU YpraHuiira OaruIIaHraH.

Masbnymku (2,1)-panmonan GyHKIUS KyHHIard KypuHHIIIa OVirau:

2
F= XD L hede C

c#0, d®—acd +bc® %0 (4)
cx+d

p!

. d
Oy epma X#X=——.
C

Arap a=b=0 o6ynca, y xomma (4) ¢yukuus ymoby [M.Xampaes,
®.M.Myxamenos, J.Math.Anal.Appl. 2006.] nmina kapairan QyHKIUSHE Oepajy.
Ammo, 0y mmma C=1,d #0 6ynran xomn, spHH QYHKIMS Ky3FajaMmac HyKTara sra

OyimaraH xoJ1 KapajaMaras. buzjga Kylugara xojiap MaBxy/l:
1) c=1, a=d; 2) c=1,a=d, b=0;
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3)c=1,a=d, b=0; 4) c#1.

H3zox 1. 3) xonna, sean ¢=1, a=d, b=0 6ynaranna (4) yHkuus TpuBuan
f (X) = X kypuHUIIUTA KETaN.

WxkuHun O6oOHMHT OupuHum mnaparpadpu C=1 Ba a=d Oynran xonra
Oarnnuianrad. by xonna (4) pyHknus sAroHa X, Ky3ranMac HyKrara sra Oyiaau.

Kyiingarnua 6enrunam KupuTanaIuK:
=X +d|, Ba B={xe C :Ine NU{0}, f"(x) =X}

Teopema 1. Arap c=1 Ba | f'(X,)|,=1 6¥nca, y xonna 6apua r#J yuyn

S, (X,) chepa (4) pyHkimsara HucOaTaH HHBAPHAHT XaMaa

S1(%) =U;(x,)

Oynanu.
Teopema 2. Arap ¢ =1 Ba | f'(X))[,<1 6¥mca, y xonna:

1) 6apua u>06 yuyn S, (X,) coepa (4) dynxiuara nuc6aTaH UHBAPUAHT
oymamu, spun (S, (%)) =S, (X,).

2) A%) =U;(%)-

3) R<Ss5(%)-

4) Arap xeS;(X,)\R Oynca, y xonna Kyiiuaarunapaad Oupu 103 Gepuim

MYMKHH:
4.1) Wynnait keN Ba g >0 conmap MmaBxyaku, 6apua M=K yuyH

fT(x)eS, (x,) 6ynanmu.
4.2) {T(x), k=TS, (x,).

Teopema 3. Arap c=1, [ f'(x)[,=0>1Ba XeS, (X)\7, 6¥yrca, y xonna

KyWuaaruwiap YpuHIIn:
(@) Arap u <o Oynca, y xonma:

(a.1) Uxtuépuit meN yuyn uq" # 0 Oynca, y Xonaa IyHIAH SHT KHYUK
keN con rommwramukm, uQ“>0J xamma | "(X) e S,,qn (%), n=1....k;

f ' (x)eS 5q(%0); f**?(x) €S, (x,) 6ymamu, 6y epma v <5(q (IbHE TpacKTOpHs
k Ta kamampan kxeiinH U ;(X,) mapaaH 9uKu0 KeTaan).

(@.2) Arap Oupop meN vyuyn wuQ" =6 OYyuaca, y xoiaza
f'(x)eS ; (%), n=L....,mBa f™(x)eS, (X,) 6ymamm, 6y epaa v > 54

m-n

q

(b) x>0 6yncun.
(b.1) Arap > 60 6¥nca, y xonma f(x)eS, (X,) 6ynanu;
(b.2) Arap 1 <69 6¥nca, y xonma f(x)eS,,(X,) 6ymamm,
(b.3) Arap u=0q 6ynca, y xonna f(Xx)eS, (x,) 6ynanu, 6y epma v <0(.
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Wxkunun 000HUHT MKKUHYM maparpaduna ¢c=1, a=d, b=#0 Oynran xon
Kapayrad. bynna (4) yHkuus Ky3raiMac HyKTara sra Oyamaiiau Ba yioy

g(x) = f(f(x)=x ()
TeHrJamManu e4nO, t, 2-maBpuii HyKranapra sra Oynamu3. § (QyHKUMSHUHD Oy

HyKTajlapiaru  XOCWjacu  mapaMerpiapra  OoriMK ~ OYynMaraH — xoJja
0't)=09'(t,)=9 OYymamu. Mawnymxu, ¢ oynkuus C \{X, X} T1ymiamna

aHMKJIaHTaH, Oy epaa X, Hykranap f(X) =X TeHrlaMaHWHT €YUMIIAPH.

Kyingaruya GenarunanuiapHu KUpUTaMu3:
B, ={xe C_ :3neN, f"(x)e{X X ,X.}} Ba h=|t, +a| =t, +a],.

Teopema 4. Arap p=3 Oyinca, y xoimma xap Kanmaii >0 yuyH
f(S,t)\B)<S, (t,) sa (S, (t,)\RB)<S, () mynocabarnap ypunin.

Teopema 5. p=3 OyicuH, y Xola:

(@) Arap r <h 6ynca, y xonna uxtuépuit Xe S, () \ B ydyn !]!l\o f2"(x) =t,

Ba lim " (x)=t,; wuxtuépuit xeS (t,)\P, yuyn |limf*(x)=t, »a

n—

lim f°"(x) =t, Tenrmukmap ypuHmm 6ynamu.

(b) Arap r>h 6ymca, y xomma (S, (t)\R)cS,(t,) Ba

f(S,(t,)\R) < S, (t) myHOcabaTnap Ypuniu Oymany.

(c) Arap r=h O0ynca, y xonma uxruépuit xeS, (t)\7 ydyH myHzmai
v=v(X)>h tomum6, f°"(x)eS, () Ba f*"(x)eS, (t,) Mmynocabarmap;
uxtuépuit y e S, (t,)\ P, yuayn mrynnait g = u(y)>h tomum6, f*'(y)eS () Ba

fo(y)e$S .(t,) Mynocabatnap ypunnu 6¥nanu.

Nxxunun O60OHMHT yumHUM maparpaduga C=1 Oynran xon, spHu (4)
(pyHKuMsg UKKKMTA X, Ky3FaJaMac HyKTajapra sra Oyiarad Xon kapanrad. bynna

B={xe C,:Ine NU{0}, f"(x) =}

Xap oup xe C ), X# X yuyH KyWH1ard TEHTJIMKHA €3I MyMKHH
X=X a(X )+ X—X
|f(X)—XI|p:| ||p‘| (I) Ilp’ :1’2
|C|p |ﬂ(xi)+x_xi|p
2
CX” +2dx+ad —bc cx+d
Oy epma a(X) = , B(X)= :
cx+d C

Ky#innarnua OenrunanuiapHd KUpUTaMu3

a; =la() |, B =1p(%)l, 1=12.
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byHna ydra xon Oynumu MyMKMH o, <[, o, > [ Ba o, =/, . by nmpua Gapua
xomnapaa (4) QYHKIMSIHUHT JUHAMUKACU TYIWK TAaJKHK OTHITaH. XyCYCaH,
o, = [, Oynaranna Kyiularnia HaTHKa OJNIMHIaH:

Teopema 6. Arap o, = Ba Xxe S (X), 1=1,2 6ynca, y xonzaa (4) bynkuus
EpaaMuaary JMHAMUK CHCTEMa KyHHIard xoccaaapra ara:

(1) Arap |c|,=1 6¥nca, y xonna uxtuépuil r=#c; ydyn S, (X) chepa f
bynkumsra mucOGataH wuHBapuanT Ba F=¢; yayn f(S,(x)\B)c Sai* (X)(Xi)

Oynanu.
(i) Arap [c|,>1 (|C|p<1) oynca, y xonma reH ={|C|'|‘D o, k>0} yuyn

mynnait k. €N tommnamaxu, f(x)eS, () 6y1m0, arap o ( fl (X)) ¢ H 6yuca,
y xomzaa lim f"(x) = x (Iim‘ f"(x) - Xi‘p = +oo) oymamu. Ilyaunaraex, r¢ H yayn

lim £°(x) = x, (lim\ £°() x| =+oo) 6y amm.

nN—o0

JucceprauusaHuHr “p-aauk (3, 2)—paunoHa QyHKIUSIIAPHUHT JUHAMHUK
cucremajgapu” 1e0 HOMJIAHYBUM YYMHUYM O00HMIA, p-aluK KOMIUIEKC COHJIAp
MaioHuaa aHWKIaHraH (3,2)-panyd  OHal  (YHKUUSUIADHUHT  TUHAMHUKACH
KapaJiras.

Yyunuu 600HUHT OUpUHYH Taparpaduaa ymoy

X3 +ax?+bx+c —a++a’—4d

o abcedeC, brd, x2%,= ; (6)

f(x) =

C o o
ArOHa X, =——— Ky3fanMac HyKrara sra Oymnran (3,2)-pamuonan (yHKIHsIap

d-b
JTUHAMHUKACH TAJIKUK dTuirad. Kyinnarnua Genruanusiap KUpUTaMH3:
a’ bd-ac—d?

P =Ix C :9On I\Lan:~ , X)=d-——+ )
xeC,ane () =%z}, a() 4 x*+ax+d

2

a
a—‘a(xo)‘p, ﬂ—‘d 7

Ba O =

X+a
0 | .
2p

p

by a, f Ba 6 Mukmopnap ydyH 5Smin{\/;,\/ﬁ} &k \/Zﬁmin{é‘,\/ﬁ}
€k /f < min{\/g ,0} MyHocabaTiapaan Ooupu ypuriau Oymamu, Oy maparpadmua
ym0y XOJUIAPHUHT Xap OWpuaa JWHAMUK CHCTEMaHW TAaJKHK STHO TETHIILITA
HaTWKanap onuHrad. JKymmaman o < min{\/; \/E} X0J1a KyWHaara Teopema
VPUHIIU:

Teopema 7. Arap O < min{\/;,\/ﬁ} Ba XS, (X,)\P 6ynca, y xonna (6)
(GYHKIMSIHHHT P -aJIMK TUHAMUK CUCTEeMAcH KyHHUaard xoccajapra ora:

1. Kyitnnaru cepanap (6) pynkuusra HucOaTaH HHBApUAHT:
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S, (X)), r>ymax{e,f}, arap a# f Gyica,
S, (%), r #a, arap a = 8 Oyica.
2. Arap a< [ Oynca, y xonga r<\/ﬁ yayu |lim f"(x)=x, Oymamu Ba
r= \/E Oynranna
Swﬁ*(x)(xo), 5<+a,

S, 0 (%) 5=+a,

w(X) c

MyHoOcabatiap YypuHIH.
3. Arap o = f 6ynca, y xonga I = Ja yuyH o(X) C S(p Da*(x)(xo) MyHOcabaT

Y PHHIIH.
4. Arap a> [ Oyuca, y xonaga 0<r<a yayn o(X) =S (%), peA
a

MyHoca0at ypuunu 0ynaau, Oy epaa A = (\/; : \/EJ u{B}.

YyuHun OOOHMHI HWKKMHYM maparpaguaa p-aJuk KOMIUIEKC COHJIAp
MailIoHN/1a aHUKJIaHTaH, UKKUTa X, Ky3rajJMac HyKrara 3ra OyiraH Kylujaaru

X3 +ax® +bx+c —d ++d?—4e

f(x)= , a,b,c,d,eeC ,a=d, x=X,= 7

() X +dx +e P M1z 2 (7)

GYHKIUSHUHT JUCKPET TUHAMUK CUCTEMAacH TaJIKUK dTUJITaH.
Kylinnarnua Genrwiamnuiap KUpUTHIITaH:
a ex’ +(ae—c)x+be—cd a’ d
a,(X)=X+—=, a,(X)= -, X)=X+—_,
1(X) 5 %) T drto 7 A 5
o
aqi = aa(X)p, @i =l () p, Bri = B s Bo= &= 1=12,

p
a; = max{al,i’\/TZ,i}’ B = mﬂ{ﬂl,i’@}-

by muknpopmap yuym o #.|ap; Ba S #fp, €kn oy =.|ap; Ba
Bri#\Bo, &xu oy #\Jo; Ba Bi=\fp, €ku ay;=.a,; Ba Bri =P

MyHOcalaTinapjaan Oupu ypuninu Oymanu, Oy maparpadia ymoly XOJUTApHHUHT Xap
Oupuga AMHAMUK CHCTEMaHHM TAaJIKUK OTHO TETUIIUIM HATIKalap OJUHTaH.

Kymnanan oy # o Ba B # /[, X0naa Kyiunara Teopema ypuHiIu:
Teopema 8. Arap ay; # o, Pri#Pp Ba XS (X)\P, i=12 6ynca, y

xo17a (7) pyHKUUSHUHT P -aAuK JMHAMUK CUCTEMAacH KyHHJaru xoccajapra ara:
1. Arap ¢, < S, 6ynca, y xonga
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1.1) r> B yuyn S,(x) coepa (7) pyHkimsara HucoOaTaH HHBAPHAHT;

1.2) A(%)=U, (x);

1.3) r=4 yayn o(x) =S, (X,) MyHOCabaT ypuHmm.

2. Arap ¢; > 8 Gyica, y xonna

2.1) r>¢; yayn S, (x) cdepa (7) byHkuusra HucOaTaH UHBApUAHT;

2.2) 0<r<q, yuyH ‘ f(x)—x ‘p > ‘X — Xi‘p TEHICU3JIUK YPUHIIH.

3. Arap ¢, = 0yica, y Xonaa

3.1) r#¢, yayn S (X ) cdepa (7) byHkuusra HucOaTaH UHBAPUAHT;

3.2) r=q; yuyn o(X) < S, ,)(X,) MyHOCabat ypunim.

Yyynun OOOHMHI y4YMHYM mNaparpaduia yuyTa Ky3rajiMmac HyKTara jra

oynran (3,2)—parmonan GyHKIMSUIADHUHT KyHHIaruva Oujiacu KapajiraH:

X+Db

f(x):ax(—j , a(a-1(b—-c)(@ab*-c*)#0,a,b,ceC_, x=X=—C (8)
X+C

p ]
by ¢ynkmma X,=0, X = —% Ba X, = —% KYpUHUIIMArU
a— a-+

Ky3FajaMmac HykTamapra osra. (8) (yHKUMSHHHT D Ba C mapaMmerpiapud ydyH
Kyiimnarnga xommapra sramms: |b| <|c[, &km |b| =[c| &éxu |b| >|c| . By

XOJUTAPHUHT Xap OMpHIa IUHAMUK CHCTEMA TYIUK TaAKWK JTHIrad. XycCycaH,
|b|,=|c|, 6¥nranna Kyiunarnya HaTHKara sramus:

Teopema 9. Arap |b| =[c|, Ba xS, (0) 6¥nca, y xonna (8) GyHKuusHUHT
P -aJMK JMHAMHK CHCTEMacH KyWHIard Xxoccajaapra ara:

A.|a|,<1 6yncumn:

A.a) Arap r ¢ H 6¥yica, y xonma lim f"(x) =0 6ynaan.

A.b) Arap reH 6ynca, y xonga myunait k>0 tommmu6, r=a ‘b |, Ba
f(x) e SIblp (0) mynocabatap ypurau Gyaamu.

A.C) Arap X e SIblp (0) Ba b"(X) ¢ H 6¥uca, y xonna LI_TO f"(x) =0 6ymamu.

A.d) Arap xe SIblp (0) Ba b’ (x)eH 6¥ynca, y xomma myHmaii k>0
tormmu6, b (X) =|a b |, Ba f “1(x) e SIblp (0) mynocabarnap ypurau 6yaamm.

Ae) X Ba X, Ky3faimMac HyKTajap HTapyBul HyKramap O0ymuo,
X; € Sy, 0), 1=1, 2 6ynann.

B. |al,=1 6Yncun. ¥V xomga r=#|b|, yayn S (0) cdhepa (8) dymkuusra
HucOaTaH HWHBapUaHT OYymagu. Arap XeS|b|p(0) Oyaca, y xoijga KyWHaard

TacIUKIap/laH OUTTacu YpUHIU OYIaau
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B.a) mynnaii keN Ba g #/b|, comnap Tommu6, Gapya n=K yuyn
f"(x)eS, (0), 6apya m<k -1 yayn f"(x)e SIIOIp (0) mynocabar ypuriu;

B.b) {f*(x), k> S|b|p(0).

C. |af,>1 6¥ncun. ¥V xonza:

C.a) rg H oynca lﬁil' f"(X)],=+oo OYymanm.

Cb) reH 6yaca, mynmait k>0 conm Tommaub, r=|a ™ b |, Ba
f(x) e SIblp (0) mynocabarmap ypurnu 6yaanu.

C.c) xe SIblp (0) Ba b (X) ¢ H 6¥ca, LT?O| f"(X)|,=+oo OYymanm.

Cd) xe SIblp (0) Ba b’ (x)eH o6¥ynca, mysmaii k>0 con Tommmo,
b"(x)=|a™Db|

C.e) X Ba X, KYy3raaMac HyKTajJap WTapyBud HyKramap O0ynm0,
X € SIblp (0), 1=1, 2 6ynmamu. by epna H ={| a_kb|p: k=0,12,..}.

, Ba f “(x) e S|b|p (0) mynocabariap ypurau 6yaanu.

XVYJIOCA

Juccepranus WM p-aJuk  KOMIUIEKC COHJIap  MaWJOHH  ycTHIa
(2,1)-pammonan Ba (3,2)-panmoHan (GYHKIMSJIAPHUHT JUCKPET JIHHAMHUK
CUCTEMAaJIapUHU TAJKUK TUIITA OaFUIIUIaHTaH.

TanKUKOTHUHT acOCUi HATHXaJlapu KyhHuaaruiapaad uoopar:

1.  p-Amuk (2,1)-pammonan ¢yHKOHS Ky3FaaMac HyKTara jsra Oynranua
Ky3FaiMac HyKTaJIapHUHT XapaKTepura MOC paBHIa TOPTUII COXACH Ba 3UTE
JTUCKJIApW Ba TPACKTOPHSUIAPHUHT KYy3FalMac HYKTaJaH KOYHII coXajapu
TONMWJITaH Ba Oy COXaJapHUHT Y¥3apo Ba3USATH aHUKJIAHTaH.

2.  p-Anuk (2,1)-panvonan GyHKIMsS Ky3FajJMac HyKTara sra OyjaMaraH XoJijia
JaBpU WKKUTA TEHT OYJiraH HyKTaJlap Ba YJIAPHUHT XapaKTepHra MOC PaBHIIIA
TOPTHII COXACH Ba 3UTeJ NUCKJIAPU TOTIHIITaH.

3. p-Anuk (3,2)-panmroHan QyHKIUS siTOHA Ky3FaJiMac HyKTara sra Oynaaura
X0J/1a Ky3FaaMac HYKTaHHHT XapaKTepura MOC PaBHINA TOPTHUII COXACH, 3UTEN
JUCKU Ba TPACKTOPHUSIHUHT KY3FaliMac HyKTaJaH KOYHIIl COXAaCH TOMUJIITaH.

4.  p-Anux (3,2)-panuonan GyHKIHS OUTTagaH OPTHK Ky3FaaMac HyKrTara sra
OynraH xoJulapja Ky3raJiMac HyKTaJApHUHT XapaKTepHura MOC paBHUIAA TOPTHII
coxacu, 3Wreql TUCKIApU Ba TPACKTOPHUSJIAPHHUHT Ky3FaliMac HYKTaJaH KOYHIII
coXaJiapy TOTMIITaH XaMm/1a Oy COXaJIapHUHT y3apo Ba3usITH aHUKJIAHTaH.
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INTRODUCTION (abstract of PhD thesis)

Actuality and demand of the theme of dissertation. In the world many
scientific and applied research are reduced to the studies that have focused
on discrete-time dynamics of the functions defined in Archimedean or
non-Archimedean fields. p-Adic dynamical systems generated by rational
functions are effective in informatics, digital analysis and cryptography,
psychodynamics and automation theory, genetic coding and population
management. In p-adic analysis, rational functions play an important role similar to
those of analytical functions in complex analysis. Therefore, the study of the
dynamics of rational functions in the field of p-adic numbers is one of the most
important tasks in the theory of dynamical systems.

Nowadays in the world, one of the central problems in the theory of
p-adic dynamical systems is to describe the limiting points of the trajectory
of a discrete-time dynamical system corresponding to the given function and
the basin of attraction, Siegel disks and area of escape of trajectory from the
fixed points are important. In this regard, the important tasks of this scientific
research are the following: finding the conditions on parameters for changing
the number of fixed points, to determine the fixed points and their character
under these conditions, to determine the basin of attraction for attractive
fixed points, finding Siegel discs for indifferent fixed points and for the
repelling fixed points, to define the set of escape of trajectory from the fixed
points. The above-mentioned research activities are important areas of the
research.

In our country much attention has been paid to develop important directions
of informatics, digital economics, cognitive sciences, and population biology,
which have applications to the applied and fundamental sciences. As a result,
special attention for the development of the theory of dynamical systems of
p-adic rational functions in which one of the main subjects of informatics, digital
economics, cognitive sciences, and population biology are paid. Taken useful
results on studying the set of limiting points of trajectory of rational functions
on the field of complex p-adic numbers and these results have been admitted
by foreign scientists. Investigations on the international level in such important
areas as the functional analysis, mathematical physics, theory of probability
and theory of dynamical systems considered as the main task of fundamental
research®. At the present time, the development of investigations on the theory
of p-adic dynamical systems plays an important role in the implementation of this
decree.

% 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 of the President of the Republic of Uzbekistan PD-4947
of February 7, 2017 “On the strategy of action for the further development Of the
Republic of Uzbekistan”, PD-2789 dated February 17, 2017 “On measures to
further improvement of the activities of the Academy of Sciences, organization,
management and financing of research activities, PD-3682 from April 27, 2018
“On measures to further improve the system of practical implementation of
Innovative ideas, technologies and projects” and PD-4387 from July 9, 2019
“On measures to further development of mathematical education and science, and
also root improvement of the activity of the Uzbekistan Academy of Sciences
V.I. Romanovsky Institute of Mathematics™, as well as in other regulations related
to basic science.

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 Republic of Uzbekistan 1V,
“Mathematics, Mechanics and Computer Science”.

The degree of scrutiny of the problem. In works of S.Albeverio,
A.Yu.Khrennikov and others the properties of a discrete-time dynamical systems
of the monomial (n,0)-rational function in the fields of p-adic numbers Q, and

C, are studied, and given the methods of finding the Siegel discs, the attractors of

the discrete-time dynamical systems generated by analytic functions with low-
parameters.
The properties of the nonlinear p-adic dynamical system of (2,0)—rational

function on the integer p-adic numbers Z, are investigated in works of
S.Albeverio, P.E.Kloeden and A.Yu.Khrennikov. This dynamical system illustrates

possible brain behaviors during remembering. In the works of A.Yu.Khrennikov
and M.Nilsson studied dynamical systems defined by the functions

f,(X) =x"+q(x), where q(x) is a polynomial whose coefficients have small
p -adic absolute value.

The dynamical systems associated with the function f(x)=x>+ax* on the
set of p-adic numbers is studied in works of F.M.Mukhamedov and J.F.F.Mendes.

n+1

More general form of this function, i.e., f(x)=x"""+ax

U.A.Rozikov and F.M.Mukhamedov.
A. Fan, S. Fan, L. Liao, Y. Wang, FM Mukhamedov and U. Rozikov
investigated p-adic dynamical systems of (1,1)-rational functions and found

, 1S considered by

20



attractors, Siegel discs and all invariant spheres, also defined the conditions in
which the dynamical system is ergodic.

Connection of the theme of the dissertation with the research works of
higher education, where the dissertation is carried out. The dissertation work is
done in accordance with the planned theme of scientific research “YoOT-Ftex-
2018-78, Dynamical and thermodynamical systems on non-amenable graphs”
Institute of Mathematics (2018-2019 y).

The aim of research work is to study of discrete time dynamical systems of
(2,1)-rational and (3,2)-rational functions defined in the field of complex p-adic
numbers.

Research problems:

To find fixed points for (2,1) —rational and (3,2)-rational functions on the
field of complex p-adic numbers;

in the case of unique fixed point, to investigate the dynamics respectively to
the character of the fixed point;

in the case of no fixed point, to find the periodic points of the given function
and to investigate the dynamical system respectively to the character of the
periodic points;

in the case of fixed points more than one to define the character of all fixed
points and respectively finding the basin of attraction for attractive points, Siegel
discs for indifferent points and for the repelling fixed points to define the set of
escape of trajectory from the fixed points, moreover, to determine the mutual
situation of these areas.

The research object: Field of complex p-adic numbers, (2,1)-rational
functions, (3,2)—rational functions.

The research subject: Functional analysis, p-adic analysis, discrete time
dynamical systems.

Research methods: in the research the methods of functional analysis, p-adic
analysis and theory of discrete dynamical systems are used.

Scientific novelty of the research work consists of the following:

In case when the p-adic (2,1)-rational function has fixed points, the basin of
attraction, Siegel discs and the set of escape of trajectory from the fixed points are
found, moreover, relations between these sets are given;

In the case when p-adic (2,1)-rational function has not fixed point, two
periodic points and basin of attraction are found and Siegel discs are defined
respectively to the character of the periodic points;

In the case when p-adic (3,2)-rational function has unique fixed points, the
basin of attraction, Siegel discs and the set of escape of trajectory from the fixed
point are obtained;
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In the case when p-adic (3,2)-rational function has more than one fixed
points, the characters of all fixed points are defined and respectively the basin of
attraction for attractive points, Siegel discs for indifferent points are obtained and
for the repelling fixed points the set of escape of trajectory from the fixed points is
found, moreover, the relations of these sets are studied.

Practical results of the research. It is proved that the discrete-time dynamics
of p-adic rational function can be classified by the discrete-time dynamics of real
functions using the strong triangle inequality.

The discrete-time dynamics of the corresponding p-adic rational function is
classified by the discrete-time dynamics of piecewise continuous functions, which
mapping nonnegative real numbers to itself.

The reliability of the results of the study. Our results have been obtained by
using the methods of functional analysis, p-adic analysis, theory of discrete time
dynamical systems and fixed point theorems. The obtained results are proved
mathematically correct.

Scientific and practical significance of the research results. The scientific
significance of the research results lies in the facts that they can be applied in the
theory of discrete dynamical systems of p-adic rational functions.

The practical significance of the thesis is that in the digital analysis and
cryptography, also to getting the solutions of some problems of
telecommunications.

Implementation of the research results. In according to obtained results in
research of discrete time dynamical systems of (2.1)-rational and (3.2)-rational
functions, defined on the field of complex p-adic numbers:

Siegel discs and trajectory avoidance areas found for the p-adic (2,1)-rational
function with fixed point have been used to classify p-adic dynamical system of
rational and polynomial functions on the set p-adic integers through discrete time
dynamics of real functions in the foreign scientific project "Real/p-adic dynamical
systems and Gibbs measures" with number LabEx Bezout ANR-10-LABX-58
(Paris-Est Créteil Val-de-Marne University, France, certificate dated June 19,
2019). The application of the scientific result allowed finding invariant spheres in
dynamical systems;

The results obtained in the dissertation on dynamical systems p-adic
(2,1)-rational and (3,2)-rational functions were used to determine the fixed points
and limit sets of infinite dimensional operators in the foreign scientific project
“Infinite-dimensional orthogonal preserving quadratic stochastic operators” with
number UAEU Grant, 315259 (Al Ain, UAE University Certificate of September
12, 2019). The use of scientific results has ensured data security;
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Methods of research of discrete dynamic systems of (2,1)-rational and
(3,2)-rational functions defined on the field of complex p-adic numbers have been
used in the description of dynamical systems on non-Archimedean space in the
foreign scientific journals (Advances in Mathematics, 2014; p-Adic Numbers,
Ultrametric Analysis, and Applications, 2014; Journal of Mathematical Analysis
and Applications, 2015; International Journal of Theoretical Physics, 2015; Chaos,
Solitons and Fractals, 2016; Fractals, 2016; Dynamical Systems,
2016; Theoretical and Mathematical Physics, 2016; Journal of Difference
Equations and Applications 2017; Discrete and Continuous Dynamical Systems,
Series A, 2017-2018; Science China Mathematics, 2018; International Journal of
Network Security, 2019). The application of the scientific result allowed the
separation of invariant sets.

Approbation of the research results. The main results of the research have
been discussed at 1 international and 5 national scientific conferences.

Publications of the research results. On the topic of the dissertation 11
research papers have been published in the scientific journals, 5 of them are
included in the list of journals proposed by the Higher Attestation Commission of
the Republic of Uzbekistan for defending the PhD thesis, in addition 3 of them
were published in international journals of mathematics and physics and 2 papers
published in national mathematical journal.

The structure and volume of the dissertation. The dissertation consists of
an introduction, three chapters, conclusion and bibliography. The general volume
of the thesis is 106 pages.

THE MAIN CONTENT OF THE DISSERTATION

In the introduction the motivation of research theme and correspondence to
the priority research areas of science and technology of the Republic are given, we
present a review of international research on the theme of the dissertation and
degree of scrutiny of the problem, formulate our goals and objectives, identify the
object and subject of study, and state scientific novelty and practical results of the
research. Moreover, we give the theoretical and practical importance of the
obtained results, and also give information on the implementation of the research
results, the published works and the structure of dissertation.

In the first chapter of the thesis, titled “On p-adic analysis and p-adic
dynamical systems” we give main definitions and important insights necessary to
cover the dissertation and research the subject, it also provides a detailed overview
of the studies and results obtained in this area before the research on the topic. The
third section of the first chapter deals with the basic notions of p-adic dynamical

systems.
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Let X be a complete non-Archimedean field, f : X — X be a function
and f"(x)=f(f(..f(x)...)). For a given point x, the set of points
%/_J
m

{fm(xo); me N} is called the trajectory or orbit through x,. The set all limiting
points of orbit of point x, is denote by w(x,). A point x,e X is said to be a

periodic point if there exists reN such that f"(x,)=x,. The least r with this
property is called the period of x,. If x, has period r, it is called an r-periodic
point. A 1-periodic point is called a fixed point. The orbit of an r -periodic point
Xo IS {Xg:Xq, X4}, Where X; =f1(%), 0<j<r-1. This orbit is called an
r-cycle.

Definition 1. Let x, be a r-periodic point and let g(x)=f'(x). If there
exists a ball U ,(x,) such that for every xeU ,(x,) we have LiTg”(x): Xy, then

we say that x, is an attractor. The set

A(XO)={X€ X; lim g”(x):xo}

nN—o0

is called the basin of attraction of x,.
Let x, be an r-periodic point. If there exists a ball U ,(x,) such that

\x—xo\p<\g(x)—x0\p for every xeU (X)), x=X, then x, is said to be a

repeller.
Definition 2. Let x, be a r-periodic point. If there exists an open ball

U, (%) such that for every p'< p the spheres S, .(x,) are invariant under the

map g=f" then Up(xo) Is said to be a Siegel disk and X, is said to be a center of
a Siegel disk. The union of all Siegel disks with center at X, is said to a maximum
Siegel disk and is denoted by SI(X;).

The second chapter , titled “Dynamical systems of p-adic (2,1)-rational
functions” is devoted to study the discrete time dynamical systems of
(2,1)-rational functions on the field of complex p-adic numbers.

Note that any (2,1)-rational function has the following form:

X* +ax+b

f(x)=——, a,b,c,de C

c#0, d®—acd +bc® =0 (4)
cx+d

p!

- d
where X # X=——.
C

If we take a =b =0 then the function coincides with the function considered
in [Khamraev M., Mukhamedov F.M. Journal of Mathematical Analysis and
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Applications. 2006]. But the authors did not consider the case c=1, d #0 in which
case the function has no fixed point. We have the following cases:
1) c=1,a=d;2)c=1,a=d,b#0;3)c=1,a=d,b=0;4) c-1.
Remark 1. In the case 3) the function (4) is the id-function i.e., f(x)=x.

The first section of chapter two is devoted to the case c=1, a=d. In this
case function (4) has a unique fixed point x,. Denote

o=x+d]|, and B, ={xe C, :Ine NU{O}, f"(x) =X}

Theorem 1. If c=1and | f'(x,)[,=1, then the sphere S (x,) is invariant with

respect to function (4) for any r = . Moreover, SI(x,)=U(x,).
Theorem 2. If c=1, | f'(x,)[,<1, then

1) for any u> 6 the sphere S, (X,) is invariant with respect to function (4),
i.e. F(S,(x)) =S, ().
2) Al%) =U,(%o).

3) ReS5(%)-
4) If xeS;(x,)\ R, then there exist the following two possibilities:

4.1) There exists keN and g >0J such that f’“(x)esuk (x,), for any
m=>Kk.

4.2) The trajectory {f*(x),k >1} is a subset of S,(x,).

Theorem 3. If c=1, | f'(x)|,=9>1and xeS,(%)\7, then the following

properties hold:
(@) If u<o, then:

(a.1) If uq™ =6 for all meN then there exists k eN such that xq* >6
and f"(x)€S (%), N=1...k; F“x) €S, (%); F*(x) €S, (x,), where v <50,
I.e. the trajectory after k steps leaves U(Xx,).

(@.2) If uq" =6 for some meN then f"(x)eS ; (X,), n=1...,m;

m-n

q
f™(x)eS,(x,), where v>4q.
(b) If u> o then
(b.1) If u>05q then f(X)eS,(X,);
(b.2) If u<oq then f(x)e S (%),
(0.3) If L=0q then f(x)eS, (x,) where v <oq.
The second section of chapter two considered the case c=1, a=d, b=0. In

this case function (4) has not a fixed point. Therefore, we solve the following
equation

g(x)=f(f(x))=x ()
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and it has the 2-periodic points t,,. It is a surprise that g'(t)=9g'(t,) =9, i.e. the
value does not depend on parameters a and b. Note that the function g is defined
in C,\{X=-a, X,}, where X, are the solutions to the equation f(x)=X. Denote

B, ={xe C, :3neN, suchthat f"(x)e{X X ,%3}} and h=lt +a| =[t,+a],.

Theorem 4. If p=3 then (S (t)\B)<S, (), (S, L)\R)=S, (), for

any r>0.
Theorem 5. If p=3 then:

(a) If r<h then forany xeS (t)\ 7B, limf*(x)=t and lim f*"(x) =t,;

forany xeS, (t,)\ B, limf*(x)=t, and lim f*"(x) =t,.

(b) I r>h then f(S.()\B)=S, L), F(S.(6)\R)CS.(1).

(c) If r=h then for any xeS,(t)\ 7, there exists v=v(x)>h such that
F(x) €8, (1) and 1) €S, (L,);

for any yeS,(t,)\P, there exists x=u(y)>h such that f*'(y)eS,(t,)
and f*"(y)eS,(t).

In the third section of chapter two considered the case ¢ #1, i.e., function (4)
has two distinct fixed points. This case

B={xe C,:Ine NU{0}, f"(x) =}

Forany xe C_, x= X, by simple calculations we get

p ]

| X=X, _|a(xi)+x_xi|p

|f(X)_Xl| = ’ :112
P |C|p |ﬂ(xl)+x_xllp
2 —
where a(x) = CX” + 2dx + ad bc’ 'B(X):cx+d.
cx+d C

Denote o; =[a(x)|,, B=B8(x)],, i=12.

We have the three cases: ¢, < 3, o, > f and ¢, = £ . In this thesis all cases
was investigated. Specifically, the case o, = £ taken the following result:

Theorem 6. If o, =4, and xe S (x), =12, then the dynamical system

generated by function (4) has the following properties:
(i) If [c[,=1, then for all r # ¢, the sphere S (x;) is invariant with respect to

f and for r =co; we have f(S,(x)\B)cS . (x).
(ii) I [c],>1 (|c|,<1), then for re H ={|c|; & 1k >0} there exists k, €N
such that f“(x)eS,(x), and if ai*(fkf(x))gH, then lim f"(x)=x,

nN—oo
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f”(x)—xi‘p=+oo). Moreover, for reH we have limf"(x)=x

(Iim
(Iim f“(x)—xi\p:m).

In the third chapter of the thesis titled “Dynamical systems of p-adic
(3,2)-rational functions”, we considered p -adic dynamical systems generated by
(3,2)—rational functions on the field of complex p-adic numbers C .

In the first section of chapter three investigate the behavior of trajectories of

a (3,2)-rational p-adic dynamical systems with unique fixed point X, :ﬁ.

Such functions has the following form:

X3 +ax®+bx+c —a++a’—4d

f(x)= . a,b,c,deC_,b=d, X .= 6
(X) NERP e, X# X, > (6)

Denote

a® bd-ac—d?

P={xeC_ :3dIneN,f"X)=%.}, a(X)=d ——+————,
{ € p € ( ) X1,2} a( ) 4 X2+aX+d

a2

a=la(x),, ﬂ=‘d—7 ,and &=

p

X+a
O | .
2P

We have that «, f and ¢ satisfy one of the following relations:

s <min{a,\[B} or o <min{s,\/p} or /B <min{J/a,5}.

In this thesis all cases was investigated. Specifically, the case
s <min{v/a,+/8} taken the following result:

Theorem 7. If § <min{s/a,\/} and x €S, (x,), then the p-adic dynamical

system generated by function (6) has the following properties:
1. The following spheres are invariant with respect to function (6):

S, (%), if r>max{a, g} and «a = B,
S.(x,), if r=Ja,and =4,
2. For a<pf, we have limf"(x)=x,, forall r<\/ﬁ, and
f(S,(%)\P)cS,(x,), forall r>./3,

S . (%), ifs<a,
w(x)c{ " _ for r=./p.
Sppruy) 6= Ja,
3. If a=pf, then f(S,(x)\P)c=S.(x), forall r=a, and

O(X) S, o) (%), i r=vJa;
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4. If a>p, then o(X)cS, (%), peA, for all 0<r<<a, and

(04

f(S,(%)\P)cS, (%), forall r>+/a, where A:(\/E,\/EJU{E}.

The second section of chapter three, investigate the behavior of trajectories of
a (3,2)-rational p-adic dynamical systems with two fixed points. Such functions

has the following form

X3 +ax® +bx+c —d ++d?—4e

f(x)= T idrie a,b,c,d,eeC ,a=d, x=%,= > (7)
Denote
a ex’ +(ae—c)x+be—cd @&’ d
X)=X+—, &, (X)= ——, B(X)=x+—,
, (X) > a,(X) Z diae 2 B.(x) >
2
A =|a1(xi)|p, Ay = aZ(Xi)lp! B :|ﬂ1(xi)|p, B = e—T ,1=12,

p
o =max{an.\Jay 3. B =max{Bii\[o}

One of the relationships is hold o ; # ~/0‘2,i and f; ¢\/ﬂ72, or o =,|ay

and B # B, 0 ay; ;t,/az,i and B =\/ﬂ72, or ay; =,/a2,i and B =./p, for

these quantities. In this section, the dynamical system in each of these cases is
studied and the corresponding results are obtained. In particular oy ; # /o, ; and

By # B, the following theorem is hold
Theorem 8. If oy; # \Ja; . B #+/B, and xeS (%)\P, i=12, then the
p-adic dynamical systems of function (7) has the following properties:
1. If o, < B, then
1.1) for r > g the sphere S _(x;) is invariant with respect to function (7);
1.2) A(%)=U, (%)
1.3) for r = 5 we have o(x) c Sﬁi(x)(xo) .
2.1f o> p, then
2.1) for r > o, the sphere S, (x.) is invariant with respect to function (7);
2.2) for 0<r <o we have [f(x)=x| >[x—x] .
3.If o, =4, then
3.1) for r = ¢, the sphere S _(x.) is invariant with respect to function (7);
3.2) for r =o; we have @(x) =S, ,, (%)) -

The third section of chapter three, considered the following family of (3,2)—
rational functions:
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o X£EX=—C (8)

f(x):ax(x—cj , a(a-1(b—-c)(@ab*-c*) #0,a,b,ceC

This function has three fixed points the following form

b\/a—c b\/5+c
=0, X, =——F————and X, =—————.
X, X, \/__1 and x, \/§+1

For the parameters b and ¢ of function (8) we have the following cases:
|bl,<[c]|, or[b],=[c]|, or |b]| >[c| . Ineach of these cases, the dynamical system

is fully explored. In particular, the case |b| =|c|, we have the following results:
Theorem 9. If |b| =|c|, and xS (0), then the p-adic dynamical system

generated by f has the following properties:
A. Let |a|,<1. Then:

Aa)lf reH ={la™b|:k=0,1,2,..}, then lim £"(x) =0.

Ab) If reH, then there exists k>0 such that r< a*"b|p and
f (x) e S, (0).

A.c) If xe Sy, (0) and b"(x) ¢ H then lim £7(x) =0.

Ad) If xe SIblp (0) and b’ (xX)eH then there exists k>0 such that
b"(x)=|a™b|, and fk+l(X)€S|b|p (0).

A.e) The fixed points x,, x, are repeller and x, € SIblp 0), 1=1 2.

B. Let |a[,=1. Then the sphere S (0) is invariant for f if r=b| . If
X €Sy, (0), then one of the following two possibilities holds:

B.a) There exists ke N and g, #|b], suchthat f"(x)e S, (0) forany n>k
and f"(x)e SIblp (0) forany m<k -1.

B.b) The trajectory {f*(x), k >1} is a subset of S, (0).

C. Let |a|,>1. Then:

C.a) If rg H , then Ml' f7(x)],= +oc.

C.b) If reH, then there exists k>0 such that r=| a"‘b|p and
f (x) e SIblp (0).

C.c) If xeS,, (0) and b"(x) ¢ H then lim| £"(x)[,=+o.

Cd) If xe SIblp (0) and b’ (x)eH then there exists k>0 such that
b"(x) =a™b |, and fH(x) e SIblp (0).

C.e) The fixed points x,, x, are repeller and X, € SIblp 0), 1=1 2.
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CONCLUSION

The thesis is devoted to the study of discrete dynamical systems of
(2,1)-rational and (3,2) - rational functions on the field of complex p-adic numbers.
The main results of the research are as follows:

1. In case when the p-adic (2,1)-rational function has fixed points, the basin of
attraction, Siegel discs and the set of escape of trajectory from the fixed points are
found, moreover, relations between these sets are given;

2. In the case when p-adic (2,1)-rational function has not fixed point, two
periodic points and basin of attraction are found and Siegel discs are defined
respectively to the character of the periodic points;

3. In the case when p-adic (3,2)-rational function has unique fixed point, the
basin of attraction, Siegel discs and the set of escape of trajectory from the fixed
point are obtained;

4. In the case when p-adic (3,2)-rational function has more than one fixed
points, the characters of all fixed points are defined and respectively the basin of
attraction for attractive points, Siegel discs for indifferent points are obtained and
for the repelling fixed points the sets of escape of trajectory from the fixed points
are found, moreover, the relations between these sets are studied.
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BBEJIEHUE (anHoTrauus guccepranuu 10kropa ¢puiaocopun(PhD))

Henbio uccaenoBaHMs SBISETCS H3YUYCHHE IUCKPETHBIX TUHAMHYECKHX
cucteM (2,1) -pauroHanbHbIX U (3,2)-palMOHAIbHBIX (YHKUUN, ONPEIEeIEHHbIX Ha
10JI€ KOMIUIEKCHBIX P-aJUYECKUX YUCE.

O0bexkT wuccaenoBanusi: Ilojle KOMIUIEKCHBIX P-aJIMYECKUX  YMCEI,
(2,1)-panmonanbubie GpyHKIMY, (3,2)-paliioHANbHbIC ()YHKIIHH.

Hayuynasi HoBH3HA HccJieJOBaHUSI COCTOUT B CIIEAYIOLIEM:

Ecnu p-aguueckas (2,1)-paumoHanbHasi (yHKUMS HMMEET HEMOJBUXKHBIE
TOYKH, HAWJICHbl OACCEMH MPUTSIKEHUS, JUCKH 3Uresisi 1 MHOXKECTBO OTKJIIOHCHHH
TPACKTOPUU OT HEMOJABI)KHBIX TOUYEK, Oojiee TOro, OMpeeNsieTcss B3auMHas
CUTYyaIus dTUX 00JIacTei;

B cllydae, Korjga p-aaudeckas (2,1)-panuoHanbHas (QyHKUUS HE HMeEET
HETMOJABMKHON TOYKHW, HAWJIEHBI 2-TIEPUOIUUECKUE TOUYKU U 00JIaCTh MPUTIKECHMUS,
JUCKU 3UTENIsl ONPENIETSIOTCS COOTBETCTBEHHO XapaKTepy MepUOANUYECKUX TOUCK;

B cCiy4ae, Korja p-agudeckas (3,2)-panuoHanbHas (DYHKIUS HWMEET
€MHCTBCHHYIO HETOJBIDKHYIO TOYKY, HaiJIeHbl 0acCeiH MPUTSIKEHUS, JHUCK
3uresns ¥ MHOXKECTBO OTKJIOHCHHH TPACKTOPUHU OT HEMOABUKHOM TOUKH;

B ciyyae P-aguveckoil (3,2)-pannoHaIbHON (YHKIMH, KOTJIa OHA HMEeT
O0onee OAHOW HEMOJBH)KHOM TOYKH, OIPEICNICH XapaKTep BCEX HEMOJABMXHBIX
TOYEK M COOTBETCTBEHHO HaiiJieHbl 0AacCEeH MPUTSIKEHUS, NUCKU 3UTeNs U s
OTTAJKHUBAIOUIUX HEMOJBI)KHBIX TOYEK OIPEACIICHO MHOXKECTBO OTKJIOHEHUMN
TPACKTOPUU OT HEMOABMKHBIX TOUYEK, KPOME TOTO, OIpeAeNseTcsl B3auMHOE
MOJIOKEHHE ITUX 00IacTei.

BHeapenue  pe3yabTaToB  HccJaeaoBaHusi. B coorBercTBUHM  C
MOJIYYCHHBIMU pe3yJbTaTaMH TPH UCCIECJAOBAHUM JUCKPETHBIX TUHAMUYECKHUX
cucteM (2.1)-parmoHanbHbBIX U (3.2)-palliOHAIBHBIX (YHKIUH, OTPEICIICHHBIX Ha
10JIe KOMIUJIEKCHBIX P-aAMYeCKUX YUCEN:

Jucku 3urenss W OaccelH NPUTSKEHUs, HaWJCHHBIE I P-aJluuecKon
(2,1)-parrmonanpHoli QyHKIHKM ¢ (PUKCUPOBAHHOW TOYKOW, WCIIONH30BAINCH B
3apy0e)KHOM HAayYHOM IpoekTe «BemiecTBeHHble / P-agudecKkue IMHAMHUYCCKUE
cuctemsl U Mepbl [ 160ca» mo mporpamme LabEx Bezout No ANR-10-LABX-58
JUTsE KIaccu(UKAIMU TUHAMUYECKOW CHCTEMBI PAIMOHANBHBIX (YHKIUNA dYepes
JMHAMHKY C JHUCKPETHBIM BPEMEHHUM BeliecTBeHHbIX (pyHkmmii (CrmpaBka ot 19
utoHs 2019 roga Yuusepcurera [lapuxk - Oct Kpereit Banb-ne-Maphu, @panius).
[IpumeHeHne Hay4yHOTO pe3yibTaTa IMO3BOJIAJIO HAWTH WHBApPHAHTHBIC ChEphl B
JUHAMHYECKUX CUCTEMAX.

Pe3ynbTaThl, MONy4YeHHbIE B JHMCCEPTALIMU O JIWHAMHUYECKHUX CHCTEMax
p-agumueckux  (2,1)-panmvonHanbHbix W (3,2)-palMOHANIBHBIX  (DYHKIHAX
UCIOJB30BAINCH, B 3apyOexHOM  HaydyHoM  mpoekte  Ne 315259
«beckoHeuHOMEpHBIE OpTOrOHAJIbHBIE, COXpaHSIoII1e KBaJpaTUYHbIC

CTOXAaCTHUYCCKHUC OIICpaTOphl» AJIA OIPCACIICHMA HCIOABHMIKHBIX TOUYCK H
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NpeeIbHOTO0 MHOXECTBa OeCKOHEYHOMepHBIX omepaTopoB (CmpaBka ot 12
ceHtsa0ps 2019 roga Yuusepcutera O0benuHeHHBIX ApaOckux Dmupatos, OAD).
[IpuMeHeHne Hay4YHbIX pEe3yJbTAaTOB IMO3BOJMIO OOECHEYUTh MH(DOPMALMOHHYIO
0€301acHOCTb,

MeTOIIBI HUCCIICIOBAHUS AUCKPCTHBIX ANHAMHUYCCKUX CUCTEM
(2,1)-parmonanpHbix U (3,2)-palliOHATBHBIX (PYHKIHMMA, ONMPEICICHHBIX Ha IOJIe
KOMIIJICKCHBIX p-aI[I/I‘IeCKI/IX YHUCCII, ObUIM HCIIOJIH30BAaHBI IIpu  OIMMCaHUHN
JUHAMUYECKUX CHUCTEM Ha HEApXUMEJAOBOM IMPOCTPAHCTBE B 3apyOEKHBIX
HayuyHbIX okypHamax (Advances in Mathematics, 2014; P-Adic Numbers,
Ultrametric Analysis, and Applications, 2014; Journal of Mathematical Analysis
and Applications, 2015; International Journal of Theoretical Physics, 2015; Chaos,
Solitons and Fractals, 2016; Fractals, 2016; Dynamical Systems,
2016; Theoretical and Mathematical Physics, 2016; Journal of Difference
Equations and Applications 2017; Discrete and Continuous Dynamical Systems,
Series A, 2017-2018; Science China Mathematics, 2018; International Journal of
Network Security, 2019), mnpuMeHeHHE HAy4YHOrO pe3yjbTaTa IO3BOJKIIO
PasacCiInTb MHBAPUAHTHBIC MHOKCCTBA.

CtpykTypa H 00beM auccepramum. Jlucceprauusi COCTOUT W3 BBEICHMS,
TpeX TJIaB, 3aKJIFOUYCHUSI M CIUCKA HUCTOJb30BaHHOW nuTepaTypbl. OOmuii o0beM
nuccepraiuu cocrapnsgeT 106 ctpaHuil.
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