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KNPWLL (dancaa goktopu (PhD) anccepraymacu aHHoTayunsacum)

OunccepTayumna MaB3yCUHUHT fon3apbnuru Ba 3apypatu. XXaxoH MUKEcuaa
onn6 6opunaétraH Kynnab wnmuin-aMannuii TagkKuUKoTnap akcapuaT nonnapga
AVNCKPET XamMpaa Y3NnyKCU3 BakKTIM AUMHAMUK CUCTEManapHu TaAKWK KUINLW Kabu
mMacananapra kentupunagn. LUYHWHraek, matemMatuk MOAEMHWHT [AWHaMUKacK
AVNCKPET Ba Y31YKCU3 BaKTNM Xonatniap yyYyH Xap AOUM Xam 6up XWUn XapakTepra
ara aMacnuru norucTuk yHKUMS muconmpa sKKon kKypcatumnraH. LLYHUHr y4uyH
Y3NYKCU3 BaKTIM cuctemanap 6unaH napannen pasBuwja AWUCKPET BaKTIN
cucTeManap xam TaAKWK aTunagun. LOWUCKpeT BakTIW 6ynaknu CUNIUK AWHAMUK
cuctemanap Kynnaé Myxum (U3MK >KapaéHnapfa, XycycaH, KanuTan 3/1eKTp
CXeManapu, Tapkubuin Kucmnapy 6up-bupura  TabCUpP  KUAYBUM  MEXAHUK
Kypunmanap, WWKanaHWw, CcupnaHu €K CUKWAUW  Macananapuga xamja
MONNSBMIA coxafaru Oalwlopatniawl macananapuga Myxum axamuatra ara. Ly
oouc, 6ynaknm cUNINK QYHKUUSNAPHUHT AUHAMUKACUHMW TaAKWK 3TULI AMHAMUK
cuctemanap Hasapuscugarm MyxuMm Ba fonsapb BasudanapgaH oupu 6ynmb
KONIMOK/a.

X,031prn KyHAa >XaxoHja AMHaAMUK CUCTeEManap Hasapuacu Kynnab amanuii
MacananapHu XapakTepuHu TYLIYHULW, TaxAua KWIUW Xama onTumMan e4ynMuHu
Tonuwaa acocuin BocuTa cudatmga KynnaHuamokga.  Xpsvmpga  CUANUK
(yHKUMSNAp OpKanu aHWKIaHraH cuctemManapHu TaAKUK Kuauwga sSxXwmn
PUBOXMaHraH MeTofnap Ba reoMeTpUK EHAawyBnap MaBxya. AMMO Yoy
Hasapuagarm Hatuwxanap 6unaH MoOC XaéTuUK  cucTemanapHuM M3oxnawja
3maamMaTnap xam 6op. by Kabu 3maauMaTNapHU Xan Kunuwga cucteMaHu CUNInK
bynmaraH (hyHKUMSNap opKaauM XOCWUN KUAUHIaH MaTeMaTuUK Mogennap épaamuia
npoganaw MyMKUHAUTU  KypcaTungu. by 6opaga: Kysraimac Ba [aBpuid
HyKTanapHu Tyna TaBcunalw, TPaeKToOpuUANapHUHr 6apya NAUMUT HyKTanap
TYNnMamuMHU  aHUKAaW, CUCTEMAHUHI XaOTUKAUTMHW uUCc60oTNaw Ba YNapHUHT
mMaTemaTuK Guonormsgarn nonynsauns xapaéHnapura Tatbukm Makcagin UAMUIA
TagKuUKoTnapgaH xmcobnaHagu.

MamnakaTummsfia CyHrrn nunnapga gpyHgameHtan aHnapHUHT WAMWIA Ba
aMannin Tatbumkura ara 6ynraH reonorusd, 6uonorusa, mMatematuka Ba (U3NKa
(haHnapura 3bTU60P Kyvantupunan. >XKymnagaH, MeXaHWKa, 3/1eKTPOHUKA,
bowKapyB Hasapuscu Ba OMONOrMK cuctemanapga KeHr Tatbukura ara 6ynraH
Oynaknm CUNNUK  (DYHKUMANAPHUHT  AWMHAMWUK CUCTEManapu HasapusiCUHU
PUBOXNAHTUPULITA anoxmaa axaMusaT  6epungn.  Y3unuwira 3ara Oynrad
akcnaHTupuwnap AuHamukacu Oyhinya casMOKIM  HaTuKanapra 3spulinagu.
«@YHKUMOHAN aHanu3, mateMaTuk (u3nka Ba CTaTUCTUK (DU3nNKa» PaHNapUHUHT
yCTyBOp WyHanuwnapu OyiuMya xankapo cTaHfapTnap fgapaxacuga WiMUIA
TaflKUKoTnap onu6 6opuwl maTemaTMka (aHWHWUHT acocui Basudanapu Ba
(haonuaTt WyHanuwnapy 3tmé 6GenrmnaHamMl "apop WMXPOCMHW TabMMUHNaWa
UAMWIA  HaTuXKanapfaH WAM-(PaHHMHI  TypAow  coXanapupa ¢oirganaHuw

1 ¥Y36ekucToH Pecnybnvkacu Basvpnap maxkamacy 2017 inn 18 maiigarn «Y36ekMcToH Pecny6nivkacu daHnap
aKaJEMVSICUHUHT  SIHTMZAH TalKua 3TWAraH WIMWA  TafKMKOT Myaccacanapy (aonvsTUHM TalKua  3TULL
Tyrpucuga»ru 292-coHnm Kapopu.



Makcagunaa oynakavm CUNINK gMHaMUK CUcTeManap HasapuAaCUHN PUBOXNAHTUPULL
MYXUM axaMuaTra ara.

Y36eKUcToH Pecnybnukacu TpesnaeHTUHUHT 2017 Wun 7 deBpangaru
«Y36eKUCTOH Pecnyb6nmkacMHU SHaga PUBOXIaHTUPUW 6ylhnya xapakaTtnap
cTpatervsacu Ttyrpucufa»rn Md-4947-con ®apmonu, 2019 wiun 9 wurongaru
«MaTtemaTMka TabAMMU Ba (aHfapuHM  SHaja PUBOXMNAHTUPULIHW  AaBnat
TOMOHWAAH Kynnab-kKyBBat/all, WYHUHr4eK, Y36eknctoH Pecny6nmkacu ®aHnap
AkafeMusicuHuHr - B./.PomaHOBCKMIA  HOMMAarm  MaTemaTuka WHCTUTYTH
(haonuATUHN Ty6[aH TaKOMUNNaWTUPULW Yopa-Tagbupnapu tyrpucuga»ru MK-
4387-coH Kapopm Ba 2020 wwmn 7 manpgarm [K-4708-coH «MaTtemaTuka
coxacumgarm  TabIMM  CU(aTUHM  OWWpUW  Ba  WIMUK-TaAKMKOTNAPHU
PUBOXNAHTUPULW Yopa-Tagabupnapn Ttyrpucuga»ru MK-4708-coHnm Kapopwu
Xamfa Maskyp aonuMaTtra Teruwnm 6owka HopMaTUB-XYKYKUIA XyxoKaTnapga
6enrvnaHraH BasudganapHy amanra owupuwga ywoéy aucceptauus TagKUKOTU
MyailsiH fapaxaga Xu3amaT Kunagm.

TaAKUKOTHUHT pecnybnnka paH Ba TEXHONOTUANAP PUBOXIAHULW MHUHT
YyCTYBOp MyHanuwnapura 6o0Fnmknnrn. Maskyp TagKukoT pecny6amka gaH Ba
TexHonorvanap  puBoXnaHuwunHuHur  IV.  «MaTemaTuka, MexaHuUKa Ba
MH(opMaTMKa» YyCTYBOP MyHaNnLWKn govpacuga 6axapuirax.

MyaMMOHWHT ypraHunraHnuk gapaxacu. CyHrru nnnnapga gpusmka éxku
bvonoruagarn MatemMatuk MOJLENNAapHM YypraHuw [AUCKPEeT BaKT/IW  AUHAMUK
cuctemManapHu TagKUK Kunuwra OynraH KU3UMKULWIHW KECKUH OopTTupau. by
coxafarn pactnabkum wmnmunin Hatwkanap M. BepHapgo, C. baHeppxu, K.A.
Mopk, B. ABpyTuH, C. XoraH, K.X. Xommec, E.3. Hycce Ba A. CUMOHOBWL, Ba
bowka onumnap TOMOHMAAH a3puwunnaraH 06ynmb, couman WKTUCOANETHUHT
Yy3yKCu3 Oynakny CUANNK  MOLENMHUHI  AWUHAMWK cucTemacy 6olkapys
napameTtpnapra 60rnnMK 3skaHAUrMHKW ucboTnagunap. Mogen coppa 6ynuwura
Kapamain, ywoy mMofen AMHaAMUKacW yd XUn Typaarn xapakTtepra ara 3aKaH/Iuru
ncboTnaHraH, SbHU cucTeMaga TypryH opbutanap, Keasun-gaspuii attpaktopsap sa
XaoTUK aTTpakTopnap MaBxyanuru KypcatunraH. C. baHepaxu, M.C. KapTtuk, T.
tOaH Ba [x.A. lopknap TOMOHUAAH 6UP YNUOBAKU BYNaKAM CUNANK (YHKLMsSNAP
YUYH 6Uypkaumanap Hasapuscu puBoXIaHTUpuAraH. byHpan xoccann guHaMmuk
CUCTEMaHN TaAKWK 3TULW 3/IEKTPOH CXemanapHu yuweéy qyHkumanap 6unaH
npoganawl MyMKUHAUTUHW KypcaTraH. Cuctema (yHKumsacu copga 6Gynuwumra
Kapamai, napameTpnapHuWHI y3rapuwuy HaTuxacuga TypryH opoutanap, TypryH
bynmaraH opbuTtanap, UKKW [aBpui aTTpakTopsap Ba XaoTUK opbuTanap XOCW/
oynuwnnrn 6aéH aTuIraH.

M. XXauH Ba C. baHepkunap y3unuw Hyktacu atpoguga 6ynaknm 4nsmkim
annpoKCUMaUUAHUHT napameTpnapura 60rnnk 6up ynyoBAM y3uauwra ara
QYHKUMANAPHUHT  GuUypKauuManapuHn  TacHU@AnawraH. Ynap  napametp
KUAMATNaPUHUHT Xap O6up y3rapuw opasnury yyyH, xaoc Ba Typiu Xua [aBpui
opbuTanap MaBXyaamurn xamga TypryHamru waptnapuHy Kentupmb YnkapuLlrax.
AWTULWW XXOWU3KW, ynap TOMOHMAAH ypraHunraH yHkuyua C. baHepmxu, M.C.
Kaptuk, I'. tOaH Ba [x.A. Vopknap vwungary QYHKUUSHUHT yMyMaalimacu



Oynun6, fHa Kywmmya 6MTTa napameTp Kywuwl OpKannm (PyHKUMS y3unuwira ara
OynraH QyHKUNS KYPUHULLUTA KENTUPWUIITaH.

BonbTeppa Tunugarn KBagpaTtuk ctoxacTuk onepatopnap P.H. "aHnxop>xaes
nwnapuga /1IanyHoB QPyHKUUACK Ba TYPHUPNAp HasapuanapuHu Kynnaw OopKanu
puBOXNaHTUpuUAraH. KelnH4yannk KBaApaTUK CTOXacTUK orepatopnap ydyH I-
BonbTeppa TMnugarn Ksagpatuk CTOXacTUK oneparopnap cuHgu Y.A. P03uKOB,
A. 3aga, Y.Y. XXamunosnap TOMOHUAAH; YeKCU3 YNUOBNM KBagpaTUK CTOXacTUK
onepatopnap @. MyxamegoB, X.AKuH, O. XakumoBnap TOMOHMAAH; KBaHT
KBagpaTuk cToxacTuk onepatopnap H.H. [MaHuxomxkaes, ®. Myxamepgosnap
TOMOHWUAAH YypraHunraH. JleknH, Kynnaé wWiMuini un3naHuwnapra Kapamaw,
KBagpaTuk CTOXacTUK ornepatopnap oOpkKaan XOCUN  KWUAUHTFaH [AUHaMWUK
cuctemanap yyYyH NMMUT HyKTanap TyniaMuHU Tyfa TaBcu@uHm Gepuil xanurada
oYMk Macana 6ynu6 konmokpa. byHpaH Tawkapw, ysuauwra a3ra oOynarad
KBafpaTUK CTOXaCTUK OMnepaTtopiapHX ypraHuwga xam Kynnaé Macananap
OUMKINTUYA KOJIMOK/A.

OnccepTauna TagKUKOTUHUHT guccepTtaumna 6axapunraH onmMin Tabinum
MyacCaCaCUHWHT UIMUA-TAAKUKOT N napu pexanapun émnad 6oFnnknur.

OunccepTauyms TaAKNKOTU B.N.PomaHoOBCKNiA HOMMAaaru MaTemaTunKa
WHCTUTYTUHUHT OT-F4-82 + OT-F4-87 «Onepatopan Ba HoaccoumaTue
anrebpanap nokan AaudepeHymnannawinap Ba aBTOMOPMM3IMAAPK, UYU3NKK
bynmaraH gMHaMuK cucTemManapga asanu yTuw Ba TapTUOCU3NNK» + «EBKNMA Ba
ncesfo-EBknng pasonapupgarn  arpyM  UYM3MKNap Ba YapHUHI  MexaHuKaja
Kynnanunuwu»  (2017-2020 iimnnap) Ba E®A-®Tex-2018-78 «AmeHaben
bynmaraH rpanapga AuWHaMWK Ba TepmoauMHamuK cuctemanap» (2018-2019
nunnap) MaB3ycuaarn UIMUN TagKNUKOT Noinmxanapn govpacuia 6axapuiraH.

TaAKUKOTHUHT Makcagn 6mp napameTpnn 6yTyH KUCM (PYHKLMANAP onnacu
xamfja O6up Ba WKKW YNYOBAM CUMMJEKCNapAa aHuKNaHraH ysuauwra ara
KBafgpaTMK  CTOXaCTWUK  OMnepaTop/iapHUHr  AWCKPET  BaKTAW  AUHAMUK
cuctemanapua MUXTUEPUIA OOLWINAHTUY HYKTa YUYYH TPAeKTOPUSAHWUHT NUMUT
HyKTanapu TynnaMmHu Tyna TaBcu@nawjaH néopart.

TaAKUKOTHUHT Basudanapu:

6up napameTpnn 6YTYH KUCM (DYHKUWS OpPKanu XOCW/T KUAMHFaH AMCKpeT
BaKT/NIN ANHAMUK CUCTEMAHUHT TNMUT HYKTaflapuHU TONULL;

OYTYH KUCM (DyHKUMANaphaH Xocuna 6ynraH ornepaToOpHUHT LUCKPET BaKTu
AVHAMWK cucTeMacuHu TaBcugnaly;

O6up yn4yoBnu cuMMMJeKcAa aHMKNaHraH ysuauwira ara KBagpaTuK CTOXacTuk
ONepPaTOPHUHT ANHAMUKACU XaOTUKIUTUHU KYpCaTuLL;

[laBpUiA HYKTanap MaBXxyf 6ynuiwmn yuyyH napameTtpnapra waptiap TONuLL.

TafAKUKOTHUHT 06beKTU. BYTYH KUCM (DYyHKUMA Xampa 6up Ba WKKU
YN4Y0BAM CUMMNMEKCNapAa aHWKNaHraH ysuauuwra ara KBajgpaTuK CTOXacTuK
oneparopnap.

TagKWKOTHUHT npegMeTn. XAKUKUIA y3rapyBUMamM yHKUMANap Hasapuscu,
OVUCKPEeT BakT/IM  [AUMHAMUK CUCTeManap Hasapuacu, CTOXaCTUK >KapaéHnap
HasapusacK, bugypkaunanap Hasapuscu.



TagKWUKOTHUHT ycynnapu. Aucceptaymaga QYHKUNOHAN aHaIn3, CTOXaCTUK
apaéHnap Ba AMCKPeT BaKTAM [AWHAMWUK CUCTeManap Hasapuacu ycynnapu
KyniaHurax.

TafgKUKOTHUHT UMW SHTUANTW KyidngarunapgaH noopar:

napameTp Kuiimatura 60rnMK xonga OYTYH KUCM (yHKUMAZA WUXTUEPUIA
OOLINAHINY HYKTa YUYYH TPaekTopusa KysraiMac HyKTara €KW WKKW [aBpuil
TpaekTopuAra kKM YeKCU3NMKKa UHTUANLWK UCOOTNAHTaH;

OYTYH KMCM (DYHKUMANapAaH Xocun 6ynraH MKKKW YN4oBAW orepaTop AMUCKpeT
BaKT/IN AUHaAMUKACK YUYYH WUXTUEPUIA OOWNAHTMY HYKTA TPAeKTOPUACUHUHT
XapakTepu TaBCU(aHraH;

Oup ynyoBnuM cMMMfeKcAa aHWKNaHraH ysuauwira ara KBagpaTukK CTOXacTUK
ONepaTopHUHI AUCKPET BaKTAM AMHAMWKACK napameTp/iapHUHT HOMA4aH (apKau
KuiMaTnapuia XxaoTUKINUTM UCOOTNAHTaH;

NKKW YNYOBAM CUMMEKCAA aHUKIaHTaH y3unuwra ara Ksagpatuk cToxXacTuk
onepaTop AMHamMMKacu YYyH napameTpHUHI 6epunraH Kuimatnapuga naMMut
HyKTanap Tynjamm 6utra HyKTa K1 YeKCK3 Tynaam Oynnwn ncboTtnaHraH.

TaAKUKOTHUHI amanuii HaTuXacu matemaTuk 6uonorusagarn nonynayms
apaéHMapUHUHT MaTemMaTuK Mofennapy Oynaknum CUNNUK PYHKUMANap opkanu
npoganawHM Taknug ISTUATaHNMIK Ba YWOY (yHKUMsnap €paamMmuaa Xocwu/
OynraH gMHamumK cucTemaga TpaekTopusa NMMUT HyKTanapu TynaamMuHU aHuKnaLw
ycynnapuHu 6aéH KUInHraHnnurngaH noopar.

TaAKUKOT  HaTMXaNapUHUHE  UWOHYANAUTKA  (PYHKUMOHAN  aHanus,
CTOXaCTUK >kapaéHnap Ba [AWCKPeT BaKTIW AUMHAMWK CUCTeEMasap Hasapusacu
ycynnapuaH qoiganaHunraHn xamga mateMaTuk MysoxasanapHUHT KaTbURNUTK
bunaH acocnaHagu.

TafKNMKOT HaTvKanapuHWUHT WAMUIA Ba amManuin ax,amuaTun. TaakKukoT
HaTUXXanapuHUHT UIMUIA axamuATh 6ynaknum CUNankK PyHKuManap guHammkacuia
TpaekTopus NIUMUT HyKTanap TYMJaMUHUHE TaBCUMPUAAH HOUYMIUKAN LUCKPeT
AVHAMWK  CUCTeManap Hasapuacupga qonganaHuw  MYMKUHAUTKM  GunaH
N30xnaHagm.

TagKUKOTHUHI amanuin  axamuatTu Oynaknam CUANUK  akcnaHTupuwnap
épgammuga xocun OynraH AUHAMUK CUCTeMaja TPaekTopust NMMWUT HyKTanapwu
TynJamMHU  aHMKAaW  opkanu  martemMatuk  6uonormagarm  nonynayua
XapaéHnapura TaTouK aTULW 6unaH 6enrunaHaaun.

TafKMKOT HaTWXXaNapuHUHT >XOPUWA  KUAUHUWNK. [OWUCKpPeT BakTIu
Oynaknum cCUNNNK AUHaAMUK cucTeManap 6yinnya onnMHraH Hatmxanap acocuaa:

Oup YyN4yoBAM CUMNMEKCAa aHWKNaHraH y3unuiira ara KBagpaTWK CTOXacTUK
ONEepPaTOPHUHI AUCKPeT BaKTAN AUMHAMWKACW napamMeTpnapHUHI HOoMdaH (apknu
Kunmatnapuga xaotuknmrungaH OT-®-4-03 pakamim «Y3nyKcu3 xampa AuUckpeT
BaKT/IN aHWK AUHAMWUK cucTemanap, KUCMUA UHTerpan onepaTtopniap CnekTpnapu»
MaB3ycumparn  (QyHgameHTan —WIMWIA - oMMxafa  CTOXacTMK  onepatopnap
TPaeKToOpPUANapPUHUHT AMMNUT HyKTanapu TynnaMmuHu TaBcunawga
tonpanaHunrad (Kapwwu pasnaT yHUBepcUTeTMHUHT 2021 unn 12 uoHgarn Ne
04/1900-coHNn  MabllymMOTHOMAacK).  WVAMWA  HaTMDKAHWUHT  KyN/JaHUAULWK



BonbTeppa xamfa HOBO/bTEpPpa Tunupgarn KeagpaTUK Ba KyOWK CTOXACTUK
onepaTopfapHUHT TMMUT HYKTalapuHU TaBcuiaw UMKOHUHK GepraH;

MKKW YNYOBAM CUMIMJIEKCAA aHMKNAHTaH y3uuLwira ara KeagpaTuk cToxacTuk
onepaTop AMHamMKacu YYyH napamMeTpHUHI 6GepunraH Kuimartnapuga numut
HyKTanap Tyniaamu 6UTTa HyKTa €K1 YeKeus Tynnam 6ynuwnurugad EGA-ATex-
2018-182 pakamnn «bproccensatop Typanm UUKAUK  KUMEBUIA  peakumsanapHu
MaTeMaTUK MOLENMHN AUHAMUK CUCTeManap Hasapuacu metognapu tunaH Tagkuk
3TUW» MaB3ycugarn amannin nonmxaga KuUMEBUI peakyus MOLENNAPUHUHT
ANHaMUKacuHW  TaBcunawpga qonganaHmnraH (Y36ekuctoH Pecny6nunkacu
daHnap akagemuacuHuHr 2021 wun 23 uoHparn Ne 2/1255-1835-COHNK
Mab/lyMOTHOMAcK). WAMWIA HaTMXKAHUHT KYNNaHWIUWKW KUMEBUIA peakumanap
MoJennapura Moc AUHaAMUK CMCTeManapHUHI Kysraimac HyKTanapu Ba [aBpUHM
aHMKAalW Xamfa TpaeKTopusanapHu cu@aTuim Taxamn KUamw MMKOHUHKN Gepra.

TafKMKOT  HaTuXanapuHWHr  anpobaumacu.  Maskyp  TafKuKOT
HaTuanapu 3 Ta xankapo Ba 3 Ta pecnyb6/unka UiMnin-aManuin aHxymaHnapuga
MyXOKaMafaH yTKasuaraH.

TafKMKOT HaTWXXanapuHWUHI  3bNOH  KWUAWHTaHauru.  Aucceprayms
MaB3ycu 6ynmya xxamm 11 Ta UAMMIA MW Yon 3TWUAraH, WynapiaH, Y36eKUCTOH
Pecnybnukacn  OnuiA  attecTaumMsa  KOMUCCUACUHWUHI  pancaa  AOKTOpM
auccepraumsanapy acocMin UAMUKA  HaTUXanapuHyW 4on 3TUW TaBCUSA 3TUATaH
WAMUIA Hawpnapga 5 Ta Makona, >XXymnagaH, 2 Tacu XOpWMXKWin Ba 3 Tacu
pecny6nunka XypHannapuga Hawp aTUAraH.

AunccepTayMAaHUHT TY3UIUWN Ba X,OKMU. [uccepTaymsa Kupuw KUCMMK,
yuta 600, Xynoca Ba (oiganaHunraH agabuértnap pyrWxatugaH TallKWa TOMraH.
[AvnccepTaymAHMHT XaXXMnN 94 6eTHM TallKWA 3TraH.

NVCCEPTAUNAHUHT ACOCUIA MA3MYHM

Kupuw kucmuaa aucceptauus MaB3yCMHWHT [00N3ap6nuru Ba 3apypusTy
acocnaHraH,  TafIKUKOTHUHr  pecnybnuka  aH Ba  TeXHONOrusnapu
PUBOXMAHWILUVHWUHT  YCTYBOP  WyHanulinapura  MOCIUTKM  KypcaTWAraH,
MYaMMOHWHI  YPraHWATaHIMK AapaXacu KenTupunaraH, TafgKWKOT —Makcaaw,
Basuanapn, O0ObEKTM Ba NpeaMeTU TaBCU(NAHraH, TaAKUKOTHUHT UMW
SHIUAUTM Ba aManuii HaTuxKanapu 6aéH KWUAWHTaH, ONWHTaH HaTUXanapHWHT
Ha3apuin Ba amanuii axaMmsTL 04M6 GepunraH, TAAKUKOT HaTUXKanapUHUHT XKOpWii
KWIMHULLIW, HaWp 3TUAraH uWWnap Ba AuccepTauus  Tysunuwm  Oyiunua
MabayMOTNap KeNnTUpUAraH.

AvccepTauusaHUHT «ByTyH KucM (yHKUMAgaH xocun 6ynraH AuHaMUK
cuctemanap» fAe6 HomnaHraH 6UMpUMHUM 606MAa, AMccepTauus MaB3yCUHM Tyna
EpUTUW yuyyH 3apyp OynraH acocuii Tabpudnap Ba MyXUM TyllyH4anap

Kentupunrad. LWyHUHraek, \ AxJ OyTyH KucM GyHKUMSAaH Xocun 6ynrad
OVHAMUK crcTeManap Xakugaru Hatuxanap 6aéH KUNnMHraH.



NxTtnépuin f Ba g QyHKUMSNap yuyH, / Ba g HUHI KOMMNO3ULUACUHU
[ °g(x)=1 (a(x)) kabwn, / QYHKLUAHUHT y3-y3uUra n mapta KOMNo3uymsacu aca
/"(x):{\ 0-\-/-0/J(x) Kabun 6enrnnaHaan. bepunraH x0 (x0e !) yuyH,

n-times

X =f (x0), x2=f (xd =fix ), x3=fix) =fifix)) =fix), - (1)

{x0,f (x0),f 2(x0),...,f n(x0),...}  HykTanap Ketma-ketaurn X0  HYKTaHWHI

TpaekTopuacu éku opbutacu aeivnagn. LMCKpeT BaKTAW AMHAMMUK cuUcTeMmanap
Ha3apPMSICUHMHT acoCMii MacananapujaH 6upyv UXTUEPUIA X GOLLINAHTMY HYKTa

yuyH {fnix)}reN KeTMa-KeTNUKHUHT 6apya NUMUT HYKTanapuHu TaBcudgiailjaH

noéopar.

Arap X HykTa f ix) =X TeHrnamaHu KaHoaTnaHtTupca, y xonga X Hykra f
(OYHKUMAHWMHT  Ky3ranmac HykTtacu pgeiaunagun. Arap X Hykrta f nix) =x
TEHrlaMaHW KaHoaTnaHTupca, y xonga X Hykta f  (QYHKUMAHUHT N [aBpau
[0AaBpUil HyKTacu penmnagun. f nix) =x TeHrnama ydyH 3HI KUMYMK MycbaT n
COHMra X HYKTaHWHI Ty6 aaBpu geinnagn. Ty6 gaBpu n GynraH HykKTa n-gaBpui
HyKTa genvnagn. bapuya n-gaBpuit HykTanap tynnamm Per if) opkann xampga
bapya Ky3ranmac HykTtanap tynnamu Fixif ) opkanu 6enrunaHagu. bepunraH x
HyKTaHUHT {f"(X))n . opOUTACUHUHI NUMWUT HyKTanapu Tynnamm co{x,f) éku
co(x) kabu 6enrmnaHagu.

1-tavpud. peld. HyuTa /:M —»M GQyHKUMA Y4yyH N-O4aBpuili HyuTa Ba
p HyuTaga f nix) dyHkuua guddepeHumannanysyy 6yncuH.

* Arap |[(f n)'(p)< 16ynca,yyonga p TOpTYBuK;
 Arap |(f n)'(p)> 16ynca,yyonga p uTapysuu gaspuin HyuTa genunnagu.
2-Tabpud. / :A—A Ba ¢:B —»B dyHKkuusanap 6yncuH. Arap f Ba ¢
yHKUMsanap yyyH wyHgain h:A~>B romeomopuam Tonunmb, ho/ =g oh

TeHruK 6akapunca, y yonga f Ba g yHkumsnap TONONOruK LyliMa geiimnagu.

[VCKPeT BaKTAW AMHAMWUK CUCTeManap HaslapuscuaaH MablyMKKW, TOMOMOTUK
KyLiMa DyHKLMsinap 3KBMBaNeHT yHKUMUSNapAnp.
X & M COHHUHT BYTYH KUCM U Kyiinaarmya aHuKaaHaam:

LxJ=max{T gZ : T <x}.
BMpPUMHYM 60O6HUHT MKKMHYKM naparpadunga ywoy
IM - D= 1N1xX (2)

KypuHuwgarn /: M—M @yHKuMagaH xocun 6ynraH [UHaAMUK cuctema
KapanraH, 6y epga A e M napameTp.



dapas kunamnmk, A <0 6yncuH. A =0 Tpmeman xon Ba af0) = {0}. A<0

OyNCUH.
1-teopema. Arap A<0 6ynca, y yonga f QyHKUMA opuanm yoCcun UUAUHIaH

AMHAMWUK cucTemMayudyH wynmaarunap ypuHin:
1. Arap -1 <dA<0 6ynca, y yonga Vxe R Kyimgarv TMuMUT YPUHNN

nI/I_g.l,/th)=0,

AbHU, aox) = {0} .
2. Arap A=-1 6ynca,y yongayap 6up HongaH hapKT OYTYH COH YUYYH WKKM
naspuii  opbuTa MaedXKypn, AbHu  uxTuépun  xeZ\{0} yuyn f 2(x) =x.

LLyHuHrgek, yap 6up i e i yuyH / 3(x) =/ (X) ypuHIU, AbHU,

o) {x,/(x)}, arap xe Z 6ynca
{/(x),/2x)}, arap xeM \Z 6ynca.

3. Arap A<-1 6ynca,y yonga Vxm 0 yuyH f ix) =0 6ynagu Ba

{0}, arap xe oynca,
a(X) = < r

{-00,+00}, arap ie I\ O 6ynca.
q:

AHanm 0<HA<1l xonHm KapaWnuk. X,ap 6up Ae(OA) yuyyH wyHgan me N

HaTypan COH MaBXYAKW,------ ) < [ qum— 6ynaau.
m

m m
2-Teopema AinTannmk me N yuyyH < A< . oyncuH. Yyonga
m m +

0, arap xe[0, +ma),
k k+1

Huw/nix)= K, arap x*
n_|E|J'é|,n|x) p q

-m, arap Xe —.E.a,—m
Vv A
oy eppa ke {-1,-2,...,-T).

Kyingarn 9> 1X0n yuyH Kyiinaaru TeopeMa ypuHiu.

. T+1 m
3=Teopema. AliTaiinmk Te N HaTypan COH Y4YyH <4< . OYNCUH.
m m -

Yyonpa



7 K k+1
K, arap Xe E ------

Ay
HwTnix) = <-a, arap Xe (-4a,0),

+0a, arap Xe ﬂm,ﬁu,a

Oy epaa ke
BMpMHUM GOOHMHI YuMHUM naparpaduaa Kyhugarmya WKKWA YN4YO0BAK
onepaTop épAammaarn AUHaMUK CUCTeMa Xakmaarn Hatuxanap 6aéH KManHraH:

A(z) =i X

' z=(x,}))eR2
[ =UxJ ,

oy epaa Ae R napameTp.

(3) onepaToOpHMHI AMHAMWK CUCTeMacu Y4YyH mnapamMeTpHUHr 6apya
Knimatnapuia HaTwkanap onvHraH. XycycaH, A >1 xon y4yH Kyiumparu teopema
YPUHN.

m+l m
4-teopema. bupop meN YUyyH --——-- <A< - 1— OyncuH. Y yonga
m m -
uynmparunap ypuHn:
1) Arap
ZE§jOW o)l |~ xo<:"ﬂ" 0 <0|u |(x0M0)1 F->;0< ’\ﬂ , X0< 0”o6ynca,y
yonga

CO(Z) = {(K1 'Aa)! (-,qa, K)},
oy epga k €{0,1,2,...,m- 1}

m mw
{(-Wo)l x0<0,.¥Y o~ Uj-wo)l yo<0'x° - j\ eynca’y
yonga
co(z) = {(+Aa,-pa), (-0a, +Aa)}-
1 1
3) Arap z E\ (x0,y0) |-K <xP< K+ P <X, < P 6ynca, y yonga

@Mz) = {(x,p).(p.K)},
oy epga k,pe{0,1,2,....m- 1}.

4) Arap

7 Y. K K+1 ml11][/ 4, K k+1 m)
z Ej('vyB)/J[;? f>§90<’\ Yot T | in~Yo<M x°~n 6Yica’y
yonga

12



a)(z) = {(k, +ga), (+7a, ) },
oy epga k €{0,1,2,...,m- 1}
5) Arap z e {(xOy )|xp< 0,y0< 0} 6ynca, y yonga co(z) = {(-8a,-4a)}.

6) Arap z e J(x0,y0) |x0> ﬂ,y0> mj bynca, y yonga co(z) = {(+na, +0a)}.

[AvccepTaumMAaHMHT «BUTTa y3MAMW HYKTanu XaoTUK AMHAMUK cucCTemMa»
Ae6 HOM/TaHraH MKKMHYKM 6061aa, KKUTA TypAaH TalwKua Tonrad nonynsayuaHuHr
MaTeMaTUK Mofenn Gepunrax.

(m-1) -ynyoBnu cumnnekc

m |
HFl X=(xXLx2..,.xmeM":/e{1,2,...,/n} yuyH xt>0BA2/1 =1
§'=,1

Kabu aHubyTaHagn. ex=(1,0,...,0), er=(0,1,0,...,0), eT=(0,0,...,0,1)
HyKTanap CUMMAIEKCHUHT yunapu aeimnagu.

intS”1—x —(xxX2—XA)gS”1x. >0, ig{l,2,....m}|

Tynnam CUMMAeKCHUHT nun Ba dSml=Sml\intSml Tynnam aca CUMMIEKCHUHT

yerapacu gelmnagu.
Kyinunparu

(Mx)\ =Y fuxxt, ke {2,2,..T)
7=

KypuHuwaarn V :Sml—Sml akcnaHTUpUW KBagpaTUK CTOXacTUK onepartop
(KCO) pennnagn, 6y epga, P kK KoehduuueHTnap Kyiuugarn waptiapHu

KaHOaT/aHTUpagu
P,,> 0, PlIt=PIIt, Yf,t =1, ije{ I X-,T) 3

Ba HacnAaH Hacnra yTuw koedduumeHTnapu aeinnaau.

Arap V KCO yuyH KE {i,j} 6ynraHga R k=0 6ynca, y xonga V onepartop
BonbTeppa tunugarn KCO geinnagw.

Kyingarn V :S1— SlonepaTtopHu Kapanink

Y (xX'=x(1+ay)
a‘(y'=y(@- ax),
oy epga ae [-1,1].
NxTnépnin  6ownanrny  Hykta z=(X,y)eS1 yuyH z(n)=(x(N),yN) =Vn(z)
TpaekTopus Kynmparn KypuHuwga éynaam



x()= x )1 + ay([)
y ()=y@O)(1- ax().

KypuHnb typnoankn, x(} Ba y () ketma-ketnuknap a ®0pa MOHOTOH 6ynagu
(a=0 pa AguHamMuK cuctema TpuBman Gynagun, Wy 6ouc  ywoby XOnHK
Kapamainmns). x (i} Ba y() KeTMa-KeTnMKnap HKopuiaH uyerapanaHraH OynraHu
YUYYH NUMUTra ara Ba MMUT HyKTanap V oOnepaTOPHUHI Ky3raimac HyKTanapu
oynagu, SbHU

limz )= 110.1), arap a<0
h—m t(1,0), arap a>0.

FOkopugarn nMMnUT 6UONOTMK MabHOCK LWYHAAH NBOpaTKK, Kenaxakaa xap 4oUM
TYpnapuHr 6Mpn acCUNTOTUK NYKONMG KeTadw.

Kenaxakpga xap NKKK TYPHU caksab KOMNLL YUYH,
Vbiz=(X,y)eS1—z'=(x,y)eS1 3BONOUMOH oOrnepaToOpHM  Kyhmaarmya
aHMKAanMun3:

va(Z), if x <1
Vab(z) = = (4)

vb(z) if x > 1

oy epga a,b e [-1,1] napameTpnap Ba z=(y,x)e S1
Kang atuw no3ummkun, (3) MyHocabatga 6epunraH P KoadmuymeHTnap
x e Sml ra 60rnvk amac 3au, nekuH (4) oneparopaa
P11,1 =1- P11,2 = PZZY2 =1- P22,1 =1

Ba KonraH KoedduumneHtnap z = (x,y) e S1lra 60rnuk:

2
P\(z) = 1- PRA2) = | 1 (5)

NKKMHYM  GOBHMHI MKKUHYM naparpapuga x+y =1 akaHaurungaH (4)
onepaTtopHM 6UTTa HyKTada y3unuwra ara éynrad 6up ynuosnu fab:[0,1] —[0,1]

QyHKUMara Kentupub, yweéy dyHKuMagaH xocun OynraH [AMHaAMUK CucTema
YypraHunraH:

X(1+a-ax), 0<x<l1

fa,b(X)=< (6)
X(1-b+bx), 1<x<l

oy epga a,b napameTpnap cMmMMeTpuk OynraHun ydyyH a,be[0,1] pe6 dapas
14



Knnamus.
TonoNMOrnK Kywmanuk TylwyHyacu épgammnaa (6) QyHKUMA YUYYyH OUHAMUK
cuctemaHn a,be[0,1] napametpnap yuyH ae[0,1], a<b Tynnampgaru
KuimMaTnapuia ypraHui eTapnu.
a<b gaMyMKWH BynraH Kynmugaru xonnapHu Kapammms:
1)a=b=0;2)a=0,b>0; 3) ab>0.
1-m30x,. Arap a=b =0 6ynca, y yonga gpyHkumns f 0x) =x, 0<x <1 aiHuin

yHKUuMa 6ynagn. by yonaT umsny amac.
a=0, b>0 xonga agnHamunk cuctema Tyna ypraHunaradH. ab >0 Xon yuyyH

jr(ﬁ()k: AA HW KaHOaTNaHTUPYBUU AA: (1 b ,~1 + a NHBapWaHT TynjaaMm MaBXy[.

LLIYyHUHrgeK, ywoéy XoNi y4YyH [AWHAMWK CUCTEMaHW A WHBapuaHT Tynnampja
ypraHuw etapnuaup. YyHku, arap 60wWMaHrny HyKTaHW UHBapUaHT TYNAaMHUHT
TalKapucuaaH oncak, YeKnuTa KajamgaH CyHr TpaeKTOPUAHMHIE 6apya HyKTanapu
A fa>xonnawagu.

2-n30Xx,. PaBwaHku, uUysranmac HyuTanap Tynnamum ab >0  yu4yH
Fix(f ) ={0,1} paH wubopaT. LWyHuHrgek, |/'(0)|=1+a>1, |/'(1)|=1+Db>1.
AbHU, yap WKKM uUy3ranmac HyytTanap uTapysun. LUy 6ouc, yap WKKM Typ
Kena>kakga caunaHm6 yonaau.

[aBpunin HyKTanap TUNU y4yH Kynngarn Teopema ypuHn.

5-teopema. Arap f paBpuil HyyTanapra ara 6ynca, y yonga 6y aaspuid
HyyTanap nrapysun 6ynaam.

X =f(x) J[WCKpeT BakTAM [AUHAMUK CUCTeMa Ba X  HyKTajaH

6oLLNaHyBUYM OpOUTa YUYH JIANYHOB 3KCNOHEHTacK Kylinaaruia tabpugnaHagm:

1 n-1
AX,)=1im-2 > | f \x,)|. (7)
HIN i=o
J1ANyHOB 3KCMOHEHTACU TYpP/AU XU opbuTanapHu gapknawja MyxmMm axamuatra
ara.

1-tacank. xO0e [0,2]\ {1} O6yncuH. ¥ yonpa (6) yHKUMA y4yH J1ANyHOB

9KCMOHEHTacu HoMaHpunin bynaau.
1-Tacamkka kypa J1> 0 6ynagu, y xonga

« J1=0 myHocabaT TpaekTopusa 6eTapag KysrasiMac HyKtara WUHTWUAULIUHA
Kypcartagu.

e JI1>0 paH AMHaAMWUK CUCTEMa XaoTUKAUTUM Kennb uYumKagu, AbHWU, AKUH
HyKTanap TpaekTopusanapu, KaH4aamk SKMH 6ynnnaaH KaTtbuidi Hasap, xap
KaHfan uXTuépuin  macodara y3oknawuwym MyMKUH. Oxup-okubat
TpaekTopusa Tynnamgarn 6apya HykTanapra 6opagu. by HykTanap TypryH
bynmaraH HyKTanap genunnagu.

LLIyHMHTrOeK, napaMeTpnapHuMHr  6ab3nM  MyHocabaTnapun  yuyyH  (6)
PYHKUNAHUHT ongypkayms Avarpammanapu YN3NTAH. Budypkayma



Anarpammacu TPaeKTOPUAHUHT acMMNTOTMK WHTUIYBYM HyKTanapu (Kysranamac
HyKTanap, pAaBpuii opbuTanap kKM XaoTMK aTTpakTopnap)HM udoaanoByn
cuctemagarn napameTpHuMHr dyHkumacugmp. Ogatga TypryH HykKTanap y3nykcus
4Yn3nMK GunaH Ba rapyu, TypryH 6ynmaraH HykTanap Tywun6 Konuwura kapamai,
ynap HyKTanum u4usuMknap 6unaH TacBupnaHagwu. [Maparpad cyHruga 6ab3m
6nonoruk wapxnap 6epunrax.

AunccepTayaHUHT «bup Ba UKKW YNYOBAW CUMNMEKCNapAa aHUKAaHTaH
y3unuwra ara KBagpaTUK CTOXaCTUK OMNepaTOpNapHUHT  AWHaAMUK
cuctemacu» f[e6 HomnaHraH yuyumHum 606uga, 6Up ynNyoBAM CUMMEKcAa
aHWKNMaHraH HoOBO/MbTEPPA TUNMAArM Y3UAUWITa 3ra KBagpaTUK CTOXAaCTMK
onepaTtop Ba WKKWM YN4yoBAW CUMMNNAEKCAAa aHWKNaHraH BonbTeppa Tunupgaru
y3uauwra ara KeaApaTMK CTOXaCTMK OMnepatop AMHaMUK CcucTeManapu
ypraHunara.

W :S1—S1l1Ba W :S1— SlonepatopniapHu Kynungarvmya aHMKnanMms:

w =\X'zax2+2xy+y2 w  \x =x(1+bY)
a=1/=(- a)x2 , b=1/=y(@- bx),
oy eppgaae [0,1], be[-11].

Wh:z=(X,y) e S1—z = (X,y') e S1onepatopHu Kapaniuk:

W (z), arap x<1/2
Wab (Z) = IWI(2), arap x >1/2.

x+y =1 épgamnga, Wab onepatopHun gab(x):[0,1] [0,1] dyHKumara
Kentupamms

/uy  1(a- 1)x2+1, x<1/2

9 () =0ab0) =0 C1i b B, x>1 /2" ®)

oy epga ae [0,1], be[-1,1].
ae[0,1], be[-1,1] napameTpnapHuHr 6apya Kunumatnapm YyuyH (8)

QYHKUMAAAH XOCUN BYNraH AMHAMWUK cucTeMa Tyna ypraHurax.
O0<a<1lBa -1<b<0 xonyuyH, Kyiingaru Teopema ypuHu.

6-Teopema. (8) dyHKUMSAAH yocun 6ynraH AMHAMUK CUCTEMa Y4yH
Lyiingarunap ypuHu:

a) g yHKUMA sToHa X = 1uy3ranmac HyluTara ara.

b) Arap a =1 6ynca, y yonga x (0} 6ownaHrny HyyTa ydyyH X(n} TpaekTopus
Lyingarv nIMMUTra UHTunaau:

IniLnx(n) =1

c) Arap 0<a<16ynca,y Xxonja g MKK1 AaBpuil HyuTanapra ara amac.



Vb4 +24b2+ 1b2- b’ N

d) Arap O<a< 6ynca, y yonga g y4 gaspui
HyyTanapra ara.

YUnmHUM 60O6HMHI WMKKMHYM Ba Y4YMHYM nMaparpagpnapmja WKKW Yn4yoBau
cuMnfeKcha aHuKnaHraH ysunauwra ara BonbTeppa onepaTopuUHUMHE AWHAMUK
cucTemacu ypraHuarat.

KCO Hu Kyhngarnya tabpugnanmms:

V(x), min{X,y,zZ}=x Ba X Py EKku x:(%%%)

V(x) - Vac(x) = \V2(x), min{x,y,z}=y Ba y ®z 9)
V (x), min{Xx,y,z} =z Ba Xz

oy epga x = (X,y,z) e S2, a,b,ce [0,1] Ba

X X(1+ay+bz) X X(1- by- cz) X X(1- az+cy)
V y'=y(l-ax+cz),V y'=y(l+az+bx), V3 y'=y(l- bz-cx)
z'=2z(1- bx- cy) z =z(1- ay +cx) z2'=z(1+ ax + by).

Arap a=b=0 Ba c¢c>0 6ynca, y Xonga KyuWumgarn WKKuTa nemMma
TpaekTopuAHUHr (V onepatopgaH Xocun KuanHraH) <y(x@Q) nmmuiT HyKTanapu
TynfamuHU TaBcudnanam.

1-nemma. V onepaTtop (9) opuanu 6epunraH KCO 6yncuH. Y yonga
nxTuépuin xQ e S2yuyH co(x(@ ¢ DSZpunHnn ynaam.

2-nemmMa. (9) onepaTop Aaspuii opbuTanapra ara amac.

Nemma 1Ba Jlemma 2 napgaH Kynunaarv TeopeMaHu Xynoca Kninamma.

7-Teopema. Arap a=b =0 Ba ¢ >0 6ynca, y yonga *(x(@) Tynnam € 6uTTa
HyuTagaH, €K Yyekcus TynnamaaH noopaT 6ynaau.

Arap b=c=0, a>0 6ynca, y xonaa kynuaarn Teopema ypuHnu.

8-Teopema. V onepaTop (9) opuann 6epunraH KCO 6yncuH. Y yonga

Per2(V) = {0}

Ba
Per3(V) = {xi,x2,x3}
oy epaa
* 2 2 2
Xi=
(—a+3+yja —2a+9 a+3+ —2a+9 a+3+%a —2a+9)
* 2 2 2
2=
X2=(, 4 34yja —2a+9 a+3+%a —2a+9 —a+3+%a —2a+9)
* 2 2 2
x3=( ).

a+3+>a2—2a+9 a+3+>a2—2a+9 a+3+%2—2a+9



XYNOCA

OunccepTayma uwmn 6YyTYH KUCM (YHKUMS Xamaa OUp Ba WKKW YN4OBAK
cuMnnekcnapaa aHWKNaHraH y3unuuwra  ara KBagpaTuK CTOXaCTUK
onepaTtopflapHUHI AUCKPET BaKTIW AWHAMWUK CUCTEMaNapUHU TaaKWUK KWUULLIra
oarnwnaHraH.

TagKMKOTHUHI acOCUn HaTWXXanapy KyingarmnapgaH néopar:

1

ByTyH KuCM QyHKUMsigaH Xocun 6ynraH AWHaAMUK CUCTEMA  Y4yH
Ky3ranmac HyKTanap Tynnamu TonuiaraH Ba 6apya TpPaeKTOpUSNapHUHT
NUMUT HYKTanapu Tynnamu Tyna TaBcugnaHraH.

BuTTa y3unuw HykTtara ara QyHKUMaaaH Xocun 6ynraH AMHamMuUK cuctema
XaoTUKIUTK JIANYHOB 3KCMNOHEHTACK épAammia NcboTnaHraH.

JTInMUT HyKTanap TynnamumHu TaBcu@noBYn 6udypkauma auarpammManapu
TacBMpnaHraH.

Bup ynyoBnn cumnnekcaa aHuknaHraH ysunuwra sra KCO auHamumk
CUCTEMACUMHUHT NMMUT HYKTanapu Tynnamu TONUraH.

VKKM ynyoBnM cUMNNEKcAa aHuKnaHraH yaunuwra ara BonbTeppa
Tunugarn KCO yuyyH a=b=0, c¢>0 6ynraHga NUMUT HyKTanap
Tynnamu cUMMeKC vyerapacuga étuwm ncbotnaHraH. LWWyHunHraek, a >0,
b=c=0 (moc pasBuwpa, a=c=0, b>0) xonnap y4yyH xap [Aoum
NTapyBYM Y4 AaBPUIA HYKTanap MaBXyanmru ncboTnaHraH.
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INTRODUCTION

Actuality and demand of the theme of the thesis. In the world, a lot of
scientific and practical researches are reduced to the studies of discrete-time and
continuous dynamical systems. It is also clear from the example of the logistic map
that the dynamics of a mathematical model is not always the same for discrete and
continuous time cases. Therefore, the discrete-time dynamical systems are also
examined in parallel with the continuous case. Discrete-time dynamical systems
generated by piecewise-smooth functions play important role in helping to
understand the behavior of many important physical phenomena such as electrical
circuits that have switches, mechanical devices in which components impact with
each other, problems with friction, sliding, or squealing, and financial forecasting.
Hence, the study of the dynamical systems associated with piecewise-smooth
functions remains one of essential and actual tasks in the theory of dynamical
systems.

Nowadays in the world, theory of dynamical systems has been proven to be a
powerful tool for analyzing and understanding the behavior of a wide range of
problems. There is now a well-developed qualitative or geometric approach to
dynamical systems that usually relies on the evolution of a system as determined
by the smooth function. But there are also contradictions in the interpretation of
real-life systems consistent with the results of this theory. In solving such
contradictions, it has been shown that the system can be expressed using
mathematical models generated by non-smooth functions. In this regard, the main
problems are: a complete classification of fixed and periodic points, the
determination of the set of all limit points of the trajectories, proof ofthe chaoticity
of the system and their application to population processes in mathematical
biology.

In recent years, our country has paid more attention to geology, biology,
mathematics and physics, which have a scientific and practical application of
fundamental sciences. In particular, special attention was paid to the development
of the theory of dynamical systems of piecewise-smooth functions, which are
widely used in mechanics, electronics, control theory and biological systems.
Significant results were obtained on the dynamical systems generated by
discontinuous function. Investigations on the international level in such important
areas as the functional analysis and dynamical systems theory has been considered
the main task of fundamental researchl Currently, the development of
investigations on the theory of piecewise-smooth dynamical systems plays an
important role in the implementation of this decree.

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

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



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.I. 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 the Republic of Uzbekistan 1V,
«Mathematics, Mechanics and Computer Science».

The degree of scrutiny of the problem. Efforts to understand mathematical
models in physical or biological systems have aroused interest in studying the
methods of discrete-time dynamical systems. Preliminary scientific results in this
field achieved by M. Bernardo, S. Banerjee, J. A. Yorke, V. Avrutin, S. Hogan, K.
H. Hommes, H.E. Nusse, and A. Simonovits and others, they proved that the
dynamical system of the continuous piecewise-smooth model of the social
economy depends on control parameters. Although the model is quite simple, they
have found three different types of behavior in the dynamics of the system due to
the following different types of attractors: stable cycles, quasi-periodic attractors,
and chaotic attractors. In the work of S. Banerjee, M.S. Karthik, G. Yuan, and J.A.
Yorke, published in 2000, the bifurcation theory of one-dimensional piecewise-
smooth maps is developed and the border collision bifurcations defined. The
motivation to study the dynamics is that some switching circuits can be represented
by these maps. Although the function of the system is simple, while changing in
parameters there are stable orbits, unstable orbits, two periodic attractors, and
chaotic orbits.

P. Jain, S. Banerjee present a classification of border-collision bifurcations in
one-dimensional discontinuous maps depending on the parameters of the piecewise
linear approximation in the neighborhood of the point of discontinuity. For each
range of parameter values, they derived the condition of existence and stability of
various periodic orbits and of chaos. It should be noted that the function studied by
them is a generalization of the function in the work of S. Banerjee, M.S. Karthik,
G. Yuan, and J.A. Yorke, and by adding one more parameter, the function is
reduced to the form of a function with one discontinuity point.

In the works of R.N. Ganikhodjaev the theory of Volterra quadratic stochastic
operators was developed using theories of the Lyapunov function and tournaments.
Later for quadratic stochastic operators, the class of /-Volterra quadratic stochastic
operators was studied by U.A. Rozikov, A. Zada, U.U. Jamilov; infinite-
dimensional quadratic stochastic operators was studied by F. Mukhamedov, X.

Akin, O. Khakimov; quantum quadratic stochastic operators were introduced by
22



N.N. Ganikhodjaev, F. Mukhamedov. However, despite of numerous works, it
remains an open problem to give a full description of the set of limit points for
dynamical systems generated by quadratic stochastic operators. In addition, there
are many open problems in the study of discontinuous quadratic stochastic
operators.

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-F4-82 + OT-F4-87 «Local derivations and automorphisms of operator
and nonassociative algebras, phase transitions and chaos in nonlinear dynamical
systems» + «The theory of global invariants of curves and surfaces in Euclidean
and pseudo-Euclidean spaces and its applications in mechanics» (2017-2020) and
scientific research «YoOT-Ftex- 2018-78, Dynamical and thermodynamical
systems on non-amenable graphs» (2018-2019) at the Institute of Mathematics
after named V.I. Romanovskiy.

The aim of the research work is to describe a set of limit points of the
trajectory for an arbitrary initial point in discrete-time dynamical systems of the
floor function and discontinuous quadratic stochastic operators on one- and two-
dimensional simplexes.

Research problems:

to find fixed points for the floor functions;

to describe all sets of limit points of the dynamics generated by the floor
functions;

to show that the dynamics of a quadratic stochastic operator on the one-
dimensional simplex is chaotic;

to find conditions on parameters for existence of periodic points.

The research object. The floor function, discontinuous quadratic stochastic
operators on one- and two-dimensional simplexes.

The research subject. Theory of functions of real variables, theory of
discrete-time dynamical systems, theory of stochastic processes, theory of
bifurcations.

Research methods. In the research the methods of functional analysis,
stochastic processes and theory of discrete dynamical systems are used.

Scientific novelty of the research work consists of the following:

depending on the parameter value it is proved that the trajectory for an
arbitrary initial point in the floor function converges to either a fixed point or two
periodic trajectory or infinity;

the nature of trajectories of a two-dimensional operator generated by the floor
function is described;



the discrete-time dynamics of a discontinuous quadratic stochastic operator on
the one-dimensional simplex is proved to be chaotic for non-zero values of the
parameters;

for dynamics of a discontinuous quadratic stochastic operator on a two-
dimensional simplex, it has been proved that at given values of the parameters the
set of limit points is either a single point or an infinite set.

Practical results of the research are that mathematical models of population
processes in mathematical biology are proposed to be expressed by piecewise-
smooth functions and methods for determining the set of trajectory limit points in a
dynamical system generated by these functions are described.

The reliability of the results of the study. The results have been obtained by
using the methods of functional analysis, theory of discrete time dynamical
systems and stochastic processes. The obtained results are mathematically strongly
proved.

Scientific and practical significance of the research results. The scientific
significance of the research results is explained by the fact that the description of
the set of trajectory limit points in the dynamical systems of piecewise-smooth
functions can be used in the theory of nonlinear discrete-time dynamical systems.

The practical significance of the research is determined by applications to
population processes in mathematical biology by determining the set of limit
points oftrajectory in a dynamical system generated by piecewise-smooth maps.

Implementation of the research results. Results related to piecewise-
smooth dynamical systems with discrete-time were used in the following research
projects:

the results on the chaoticity of the discrete-time dynamics of a discontinuous
quadratic stochastic operator on the one-dimensional simplex for non-zero values
of parameters have been used for describing the sets of limit points of trajectories
of stochastic operators in the research project No. OT-®-4-03 (Reference No.
04/1900 of Karshi State University dated June 12, 2021). The application of the
scientific result allowed to classify the limit points of quadratic and cubic
stochastic operators of Volterra and non-Volterra;

the results that the set of limit points at given values of the parameters for the
dynamics of a discontinuous quadratic stochastic operator on the two-dimensional
simplex is a single point or an infinite set have been used for describing the
dynamics of chemical reaction models in the research project No. E®A-ATex-
2018-182 (Reference No. 2/1255-1835 ofthe Academy of Sciences ofthe Republic
of Uzbekistan dated June 23, 2021). The use of scientific results has ensured
determining fixed points and period of dynamical systems in accordance with the
models of chemical reactions, as well as qualitative analysis of trajectories.

Approbation of the research results. The main results of the research have

been discussed at 3 international and 3 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 ofjournals proposed by the Higher Attestation Commission of
the Republic of Uzbekistan for defending the PhD thesis, in addition 2 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 94 pages.

THE MAIN CONTENT OF THE THESIS

The the introduction of the thesis includes the motivation of the research,
the relevance ofthe 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 ofthe thesis.

In the first chapter of the thesis, titled «On dynamical systems generated by
the floor function» we give main definitions and important notions necessary to
cover the dissertation and research the subject. Also we have studied the dynamical

systems generated by the floor function \ AxJ .

Let X be non empty subset of real numbers. If f is a map from X to
itself we will express that as f : X » X, x” f (X). Sometimes we will also
express the map as a difference equation xnl=1f (xn). If the function f depends
on a parameter A we write f (x) and say that f is a one-parameter family of

maps.

For arbitrary maps / and g, the composition of / and g will be denoted as
[ og(x) =f (g(x)). The n-fold composition of / with itself will be denoted as
f n(x) :f40..vof(x). For a given x0(x0e |),

x =f X0, x2=f(xD)=f 2(x0), x3=1(x2) =1 (f 2(x0) =f3(x0), = (1)
a sequence jx0,f (x0),f 2(x0),...,f n(x0),...} are called the trajectory ofthe point xO.

One of the main prob/ems of the dynamical systems is to describe all limit
points ofthe sequence {f n(x)} for any initial points x.

The point x is a fixed point for f if f (x) =x.The point x is a periodic point
of period n if f n(x) =x. The least positive n for which f n(x) =x is called the
prime period of x . We denote the set of period points of period n by Per (f ), and
the set of fixed points by Fix(f ). The set of all iterates of a periodic point form a



periodic orbit. For a given function / :R~ R the co-limit set of x e t, denoted

by co{x,f) or co(x), is the set of cluster points of the forward orbit {/"(x)},.&K°f
the iterated function f .
Definition 1. Let p be aperiodic point ofprime period nand we assume that

f n(x) isdifferentiab/e at p .
If\(f n)'(p)| <1, then p is attracting;
If\(f n)'(p)|>1, then p is repe//ing.

Definition 2. Let f :A”™ A and g :B” B betwomaps. f and g are said to

be topologically conjugate if there exists a homeomorphism h:A”>B such that,
hof —g°h. The homeomorphism h is called a topological conjugacy.

From the theory of discrete-time dynamical systems topologically conjugate
functions are considered equivalent functions.
The floor function of x e R is defined by

LxJ=max{me Z : m <x}.

We consider the dynamical system associated with the function / :R —R
defined by

f{x) =fx{x) =VAx\, (2)

where A e M is a parameter.
Let A<0. The case A =0 istrivial ~(0) = {0}. Consider the case A<0.

Theorem 1. If A<0 then the dynamica/ system generated by f has the
fo//owing properties:

1. 1f-1<4A<0 then Vxe R we have
lim/n(x) =~
l.e., ca(x) = {0}.
2. If A=-\ then each non-zero integer has period two, i.e. f 2(x) =xfor any

X e Z\{0}. Moreover / 3(x) =/ (x), for each xe R, i.e.,

O}(x) = $ Jcez
1{/(x),/2x)}, if xeR\Z.

3. 1fA<-1 then Vxe(1/4,0] we have f (x) =0, and

f x~(1/4,0]
{-00,+00}, if xeK\(1/4,0].



Let 0<JI<1l. Note that for each ne (0,1) there exists me N such that

_rr_1__-_%< A< m
m m+1
Theorem 2. Let ——- <A< M for some me N. Then
m m+1
0, for all xe 0,+n3),
limf <k, forall xe K K+l®
imfn(x) - =K, qr q J
-m, forall x -pa,—-
Vv Ay
where K e .
For the case A>1 we have the following theorem.
m+1 m
Theorem 3. | f--—-—-- <A< - for some meN, then
m m -
+
K, forall xe KoK+l
A Ay

Mmfn(x) = <-ga, forall xe (- ga,0X

m
+aa, forall xe —,+m
1y

where £e{0,l,....m-1}.
In the second paragraph of the first chapter we have investigated two-
dimensional dynamical system generated by (2). The operator is defined by:
X' =\_Ayj

A(z) == z =(x,y)e.
y = LaxJ

where Ae M is a parameter.
The dynamical system of this operator is also studied for all parameter values.
For A > 1 the following theorem holds.

m+1 m .
Theorem 4. Let-—-- <A<——————1-for some me N. Then thefollowing hold:
m m -
/ \, Kk k+1 noiil \,k k+1 n
¥ zg| (x0,Y0) |- <x0<— % <0W 1(*o>y0)]- <% <— ,x0<0

then
6)(2) = {(K,',ﬂ,a), (',ﬂ,a, K)},
where Kk e{0,1,2,....m-1}.

1fze |(Mo,Y0) IXo< /1 A U jC/0,Y0) IYo< Oxx0>  ,then



00(z) = {(*+0a, -na), (-na, +ia)}-

N
¥ e’\lréxo,yO) \—<x0< l(--t}, P xo< -9-1}11 , then
A

A | A
n(z) ={(kp).(p.K)},
where k,p e{0,1,2,....m —1}.

a1 I/ \,K ~ K +\ Aw] - y, K " £+1 " ml
J - Xo<M y°~J fUjJ(Wo) I
then
co(z) = {(k, +a), (+ma, K) },
where ke{0,1,2,....m -1}.

elfze{(xo¥%)\o <0,% <0}, then
00(z) = {(-Aa.,-Aa)}-

elfze|(xq¥%)\WX0>m ,¥% >mj, then

az) = {(+pa, +a)}-

In the second chapter of the thesis, titled «On a chaotic dynamical system
associated with one discontinuity point» we give the mathematical model of
population which consists of two species.

The (m-1) -dimensional simplex is defined by

Nl={x=(iLi12...,iJgR ":i>0 for /e{l,2,....m} and ]Tl'x =1}.

Vertexes of the simplex are ex= (1 ,0 ,e2=(0,1,0,...,0),
em= (0,0,...,0,1). We denote the interior ofthe simplex by

intSml ={x =(x1,x2,...,xmeSmi\x. >0 for all /e{l,2

and the boundary ofthe simplex by SSm =Sm \intS
QSO isamapping V:SmL* Sml defined by

m

(FX)\ =2 7, xx , ke{\,2,...,m}

ij=1
Here, P k are hereditary coefficients and satisfy

m

Pol >0, Puf="P,,, =1, ysjl,2,...,m). 3)

k=\

Recall that a QSO V is called Volterraifone has P =0 when Kk E {i,j}.

For a parameter a e [-1,1] define the operator V :S1” Slas



V JIx' = x(1 + ay)
ally =y(1- ax)

For an initial point z = (x,y) e S1the trajectory z(0) = (X(n),y (n) = Vn(z) is given by

x () = x(n)(1 + ay ()
{(n+l)= y (- ax().
From this system it is clear that the sequences x(] and y () are monotone for any

a0 (the case a=0 gives a trivial dynamical system, therefore we will not
consider it). Since both sequences are bounded they have a limit, the limit points
are fixed points of V . Therefore we get the following

H if a<0
limz {(1,0), if a>0.

The last limit means that if a >0 (resp. a <0) then the specie 2 (resp. 1) will
extinct and the specie 1 (resp. 2) will dominate (grow).

To ensure that both species will have equal domination we define an
evolution operator, Vb:z=(x,y) e S1—z'=(x",¥)e Slby

V(z), if x<05
\&b(2) (4)

W(z), if x>0.5
where a,b e [-1,1] are parameters and z = (y, X).
We note that the probabilities P mentioned in (3) are independent on
x e Sm, but for operator (4) we have

P11,1 =1- P11,2 = Pzz,z =1- P22,1 =1

and the remaining coefficients depend on the points z = (x,y) ofthe simplex S1:

+
1*a 4 v<o05

Po\(z) = 1- P22(z) = _ (5)
1—2b, if x>0.5.

Then we have studied the dynamical system of the operator (4) by reducing to one-
dimensional function f ab:[0,1] — [0,1] with one discontinuity point:
X(L+a-ax), 0<x<05
fag(x) - I[x(l -b+bx), 05<x<1
where by the symmetry of parameters we can assume that a,b e [0,1].
By using the notion topological conjugacy we proved that it is sufficient to
study the dynamical system generated by (6) for the parameters a,be[0,1] with
the condition ae [0,1], a<b.

(6)



Consider the following cases: 1) a=b=0;2) a=0,b>0;3) a>0,b>0.
Remark 1. If a=Db=0 then thefunction has theform f Ox)=x, 0<x<Ll

This case is not interesting.
In the case a=0, b>0we have completely investigated the dynamical

. i 1 b1 a
sa/stems. For the case a>0, b>0 we found an invariant set A:’\247+Z

which f (A)=A holds. Moreover, we have given the result what about it is

sufficient to study the dynamical systems in the invariant set. Because if we take
an initial point outer of the invariant set, after several steps all points in the
trajectory lies on the A.

Remark 2. Obviously, the set offixed points is Fix(f ) = {0,1} for ab >0.

Besides we have |f '(0)|=1+a>1,/f'(1)|=1 +b>1. Thus both fixed points are

repeller. Therefore both species will always survive.
For the type of periodic points we have the theorem.
Theorem 5. 1f f has aperiodic point then the point is a repelling.

For discrete time dynamical system xnl=f (xn), for an orbit starting with x0
the Lyapunov exponent can be defined as follows:
14
ANMlim -2 > | f\x,)]. @)
—Ni-=o
The Lyapunov exponent "A", is useful for distinguishing among the various types
of orbits.

Proposition 1. Let x0e [0,1]\ {0.5}. Then the Lyapunov exponent is non
negativefor (6).

By Proposition 1we have A >0, in the case

* A=0 it indicates that the trajectory converges to an indifferent fixed point.

* A>0 it follows that the dynamical system is chaotic, i.e., nearby points, no
matter how close, will diverge to any arbitrary separation. All neighborhoods in the
phase space will eventually be visited. These points are said to be unstable.

Moreover, we have sketched bifurcation diagrams of the function (6) for some
parameter values. A bifurcation diagram2 shows the values visited or approached
asymptotically (fixed points, periodic orbits, or chaotic attractors) of a system as a
function of a bifurcation parameter in the system. It is usual to represent stable
values with a solid line and unstable values with a dotted line, although often the
unstable points are omitted. Then we give some biological interpretations.

In the third chapter of the thesis, titled «On the dynamical systems of
discontinuous quadratic stochastic operators on one- and two-dimensional
simplexes» we study the dynamical systems of a discontinuous non-Volterra
quadratic stochastic operator on one-dimensional simplex and a discontinuous

2https://en.wikipedia.org/wiki/Bifurcation diagram
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Volterra quadratic stochastic operator on two-dimensional simplex.
Let us consider the operators Wa:S1—Sland W :S1—S1

X ax’+2xy+y’ x'=X(1+by)
y'=(@- a)x W o [y =y(- bx),
where ae [0,1], be [-1,1].

W =

Define an evolution operator, Wal):z=(x,y) e S1—z =(x,Y')ES1lby
w W (z), ifx<1/2
a() ™M(),IfX>12
Using x+y =1, W b operator can be reduced to gab(x): [0,1] — [0,1] defined by

(a—)x +1, x<1/2

9(X)=9a0(X) 1 4b- bx), x>1/2° ®)

where ae [0,1], be [-1,1].
For the cases ae[0,1], be [-1,1] we have completely studied the dynamical

system generated by (8). In the case 0<a<1, -1 <b <0, we have the following.
Theorem 6. For the dynamical system generated by function (8) the
followings hold:
a) g has uniquefixedpoint x = 1.

b) if a=1, thenfor any initial point x(0} the trajectory x(n has thefollowing
limit
Hmmx(n) =1

c) if0<a <1, then g does not have aperiodic point ofperiod two.

2b- b +2¥bd+ 2%/b

d) if0<a<
b2

, then g has periodic points of

period three.
In the second section of the third chapter the dynamical systems of a
discontinuous three-dimensional Volterra operator is investigated.
Define a QSO as the following:
V(x), min{x,y,z} =x and x ¢y or x=(1/3,1/3,1/3)

V(X) =[V2x), min{x,y,z}=y and y ¢z €)]
V3(x), min{x,y,z}=z and x pz
where x = (X,y,z) e S2, a,b,ce[0,1] and

X =x(1+ay+hbz) X =X(1- by- cz) X =X(1- az +cy)
V=<Y=y(l-ax+cz), =<Y =y(l+az+bx),V=<Y =y(1l- bz- cx)
2'=2(1- bx- cy) z =z(1- ay +cx) z'=12z(1+ax+by).

Ifa=b=0 and c >0 then the following two lemmas give information about
A(x()) ofthe trajectory (under the operator V).



Lemma 1. Let V be QSO given by (9). Then for any xQe S2 it holds
&>(x@) ¢ dS2.

Lemma 2. The operator (9) does not have periodic cycle.

We can conclude the following theorem from Lemma 1 and Lemma 2.

Theorem 7. 1fa=b =0 and ¢ >0 then the set *(x () either consists a single
point, or is an infinite set.

If b=c=0, a>0, then we have the following theorem.
Theorem 8. Let V be QSO given by (9). Then

Per (V)= {0}
and
Per3(V)= {x*x2x3}

where

x* —( 2 2 2

—-a+3+yja —2a+9 a+3+na 2a+9 a+3+yja —2a+9
2 2 2
“GE3iVa 224973757V —2a+9' 78737V —2a+9)
* 2 2 2
Y T (S

) , . , ) ).
a+3+Va2—2a+9 a+3+>@2—2a+9 a+3+%2—2a+9

CONCLUSION

The thesis is devoted to investigation of the dynamical systems generated by

the floor function and discontinuous QSOs.

Basic results of the research are as follows:

1. For the dynamical systems associated with the floor function, the set of
fixed points was found and the set of limit points of all trajectories was
described.

2. lItis proved that the dynamical system generated by the function with one

discontinuity point is chaotic by using the Lyapunov exponent.

It is sketched the bifurcation diagrams which described limit sets.

4. The set of limit points of the dynamical system discontinuous QSO on the
one-dimensional simplex is found.

5. For the discontinuous Volterra QSO on two-dimensional simplex it is
proved that the set of limit points is a subset of the boundary of the
simplex for a=b=0 and cd0. Also for the values of the parameters
a0, b=c=0(resp. a=c=0, bdO0) it is proved that there are always
three repelling periodic points.

w
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BBEAEHWE (aHHOTaymnsa gncceptaymm goktopa punocopum(PhD))

Llenbto nccnefosaHuns SBNsSeTCA OnmMcaHMe MHOXECTBa MpefenbHbIX ToYekK
TPaeKTopumn Ans NPoM3BONbHOM HayasbHOM TOUYKW B AMHAMMUYECKMX CUCTEMax C
OUCKPETHbIM BpeMeHeM (YHKUMM Lenoi 4acTu W paspbiBHbIX KBaApaTUYHbIX
CTOXaCTUYECKNX 0MepaTopoB Ha OAHOMEPHbIX N ABYMEPHbIX CUMMNIEKCaX.

OO6beKT uccnegoBaHnsa: ®yHKLMA Lenas 4acTb, pa3pbiBHblIE KBapaTUUHbIe
CTOXaCTUYecKune onepartopbl Ha O4HOMEPHbLIX U ABYMEPHbIX CUMIIEKCAX.

Hay4yHaa HOBU3Ha nccnefoBaHUA COCTOUT B CNefyHOLLEM:

B 3aBMCUMOCTW OT 3HauyeHUA MnapamMeTpa [OKa3aHO, UYTO TpaekTopusa And
MPOM3BOJIbHON HayanbHOW TOYKM B (PYHKUMM Lenas 4acTb CXOAUTCA NNG0 K
(hMKCMPOBaAHHON TOuYKe, MO0 K ABYM MepUOLNYECKUM TpaekTopusam, nnéo K
6eCKOHEYHOCTMU;

OMNMncaH XapakTep TpPaekTopui [BYMEPHOro oneparopa, MNOPOXAEHHOIO
(hyHKUMEN LLeNnoin vactu;

f0Ka3aHa XaoTUYHOCTb AUCKPETHON AMHAMUKW Pa3pbiBHOIO0 KBagpaTU4HOro
CTOXaCTMYeckoro onepatopa Ha OAHOMEPHOM CUMIJIEKCE MNpPU  HEHYNeBbIX
3HayeHnAX napameTpos;

ANA AUHAMUKW paspbiBHOTO KBaApaTMUYHOIO CTOXaCTUYECKOro oneparopa Ha
ABYMEPHOM CUMMEKCe A0Ka3aHO, YTO MpU 3afaHHbIX 3HAYEHUAX MapameTpoB
MHOXECTBO nNpefefibHbIX To4veK ABnseTcAd NGO eLUHCTBEHHON TOYKOW, NGO
6eCKOHEYHbIM MHOXECTBOM.

BHegpeHue pe3ynbLTatoB MUccNefoBaHUA. PesynbTatbl, CBfA3aHHble C
KYCOYHO-IMafKUMN AUHAMUYECKUMWN CUCTEMAMWN C SUCKPETHBIM BpPeEMeHeM, BObinu
MCMONb30BaHbl B C/IeAYHOLWUX UCC/Eef0BATeNIbCKMUX MPOEKTax:

pe3ynbTatbl 0  XaOTMYHOCTU  AWCKPETHON  AWHAMWUKM  Pa3pbiBHOIO
KBafpaTMYHOro CTOXaCTUYECKOro onepartopa Ha OLHOMEPHOM CUMIJIEKCe Mnpu
HEHY/IeBbIX 3HAaYeHUAX napaMeTpoB OblM  UCMONb30BaHbl A1 ONUCAHUA
MHOXECTB nNpefe/ibHbIX TO4YeK TPAeKTOpPUil CTOXaCTUYeCKMX OrepaTopoB B
nccnegosarenisCkom  npoekte Ne  0T-®-4-03 (CnpaBka  KapLliMHCKOro
rocygapcteeHHoro yHusepcuteta Ne 04/1900 ot 12 mioHA 2021 r.). NpuMeHeHune
Hay4yHOro pesynbtata MO3BOAMAO KaaccuuuupoBaTb MpefenbHble  TOYKK
KBafpaTUUHbIX M KyOBMYeCKMX CTOXaCTU4YeCKMX onepaTopoB BonbTeppa M He
BonbTeppa;

pe3ynbTaTbl OTOM, 4YTO MHOXECTBO TMpeAeNibHbIX TOYEeK MNpu 3afaHHbIX
3HayeHMAX  MapameTpoB  ANA  AMHAMWKW  paspbiBHONO  KBaApaTWUYHOro
CTOXacCTMYEeCKOro ornepaTtopa Ha ABYMepHOM CUMNEKCe NpeacTaBnset cobom nméo
e[UHCTBEHHYIO TOYKY, NMO60 GECKOHEYHOe MHOXeCTBO, Obl/I UCMO/b30BaHbl AN
onucaHusa AWUHAMWKW MOfeNe XMMWUYECKUX peakuuini B MCCNefoBaTe/IbCKOM
npoekte Ne E®A-ATex-2018-182 (CnpaBka AKageMunm HaykK Pecny6iuku
Y36eknctaH Ne 2/1255-1825 ot 23 wutoHs 2021 r.). Vicnonb3oBaHne Hay4HbIX
pe3ynbTaToOB O0becneynnio onpegeneHne (UKCMPOBAHHLIX TOYEK W nepuoja
ANHaMUYECKMX CUCTEM B COOTBETCTBMM C MOAENAMM XUMMWYECKMX peakuuit, a
TakXXe KayeCTBEHHbIV aHann3 TpaeKTopWUiA.
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