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KWPWLWL (dhancada goktopu (PhD) guccepraymacy aHHOTaLMACK)

[viccepTauma MaB3yCUHUHT J0N13aponnrn Ba 3apypatu. XKaxoH Mmukécnga
onn6 6opunaétraH Kynnab wWAMWA Ba aManuid TaAKUKOTNap Kyn Xonnapuia
CTaTUCTUK Mab/lyMOT/IapHM  TUOOMIN-OMONOrMK KapaéHnapa Tax/un KUauL,
MyXaHAMCAnKAA OOBLEKTNAPHUHT  GETYXTOB MLIMAW  BaKTUHWHE  KuAMaTnapu
KUCMUI TU3MMNAPHU MWAaH YMKAWM Xodmcacura GornMKaurnMHA TeKWUpULL Ba
Cyrypta KOMMAHUSANMAPUHUHT  MUXO3/1apura TyfnoBnap MUKLOPUM — cyrypra
XoaucanapuHy 60rMNKAUTMHY TaaKMK KU Kaby Macananapura Kentupunagu.
3aMOHaBMIn AMMNUPUK >XapaéHnap HasapUACUHUHT TaAKUKOT OOBLEKT/IApU YI4OB/IN
(yHKUMANap CUH(UM  6unaH  WHAEKCMaHraH aAMNUpPUK  ynyosnapaup. by
Ha3apUAHWHT aCOCUHMW YNYOBIW (hyHKUMsANap 6apya CUH(M Oyinya TeKMc Katta
coHnap kKoHyHnapu (KCHO, KywantmpunraH kKatta coHnap KoHyHnapu (KKCK),
Mapkasuii iumnt Teopemanap (MJ1T) BapuaHTIapy Ba 60LIKa NMMUT TeopemManap
Xamga ynapHu mateMaTvK CTaTUCTMKaHWHI acUMTOTUK Macananapura Tatonku
TaWknn Kunagn. Pasonapga TeKUC MeTpuka OunaH dpatuiraH Tonosorvsga
MHAeKcaumsnap CUMH(M Mypakkabnvk papakacura HucbataH mab/lym LiapTiap
Tanab KUAMHraHga Maxcyc AKUHAaLIULL HasapuacK uwiad ynkuarad (3HTponus
lapTiapun). AMNUPUK >KapaéHNapHUHT Oy Typaary HaTukanapu acnvpa Tyrpu
YM3MKHUHT OMpop ApVYM MHTepBanga KysaTyB MHAMKATOPWU OunaH UHAEKCNaHraH
aMNUpUK npoueccnap yyyH [nmBeHko-KaHTennm Ba  [JOHCKep  KaccuK
TeopeMaTapPUHUHT YMyM/IaLLrad aHasiornapuHy ToNuL 3XTUMOIap Hasapuacy Ba
MaTemMaTuK CTaTUCTUKaga 4on3ap6 Ba Myxum BasudanapugaH bupmn xmcobnaHaau.

Xp3vpru BakTAa, arap aMnupuK >xapaéH yn4oBav (yHKUMsANap CUH(U 6rnaH
MHAEKCNaHraH Oynca, yHAa 3aMOHaBWi 3HTponus Hasapusicn KC” Ba MNT
BapuaHTa/lapuHM  aHWKfiawra WMKOHWHM  Gepagn, Oy 3ca  y140BU
(YHKUMANAPHUHT MabnyM O6up cuHura, wy XymnagaH InmeeHko-KaHTtennm Bsa
JOHCKep TeopemanapvHu aHalornapuHY TOMULW MyXMM  MacananapgaH ovpu
Oynmb konmokaa. AManvéTaa WyHaak sKCnepuMeHTa Ba3uaTnap masxys oynmo,
yH[a Tacoanuguii MMKAOopIap Mab/lyMm Xoducanap bunaH eupra KysaTuamwm éku
YHAAH XaM KWIAWH, Tacoauguii MUKAOPNAPHUHE Y31 OYTyHNain Ky3aTuamac/imru
MYMKVUH. By 6o0pafa: ynyoBAM (QyHKUMAIap CUH(PM Oyihunya WHAEKCNaHraH
OOrNMMKCU3NIMKHUHT AMMNUPUK NPOLECCNapHN aCUMMTOTUK XOCCa/lapUHU  Tax/ini
KWL, Tacoanguii MUKOOP Ba XOAWUCANAPHWHI OGOMIMKCU3NNTUHA TeKLMPULL
KpUTEpUiiNapuHn Kypuw Ba MHAeKcnaw cuHgu 6yiunua teknc KC” sa MNT
ncboTNaL Makcag/m UIMWA TaAKUKOTNapAaH XmcobnaHaau.

Mamnakatumusga yHaameHTan aHnapHUHAT UIMWIA Ba amainid TaTomKnra
ara OynraH 3aXTUMOMIApP HasapuAack Ba MaTeMaTWK CTAaTUCTUKAHWHT [0/13apb
WyHa/Mwinapura, >kKymniagaH 3aMOHaBuW 3MMUPUK >KapaéHnap Hasapuscura
9bTMOOP KapaTungu. «IXTUMOMIAP Ha3apuacuM Ba MaTemaTvK CTaTUCTUKa»
(haHVHWHI yCTyBOp WyHanuwnapu Oyiinya xafkapo CTaHAapT/iap Hatwkacuga
WIMUIA TaKUKOTNap oMb 60puLl acocuin Basuanap Ba PaonuaT MyHanvwnapu



3TnM6 6enrnnaHanl Maskyp Kapop MXXPOCUHM TabMUHMaW4a 3aMOHaBUIA SMNNPUK
XapaéHnap coxacuga WIMUA TaaKUKOT WLLMAPUHN  PUBOXIAHTUPULL  MYXUM
axamusaTra ara. by macananapHUHr acocuin eyMMmn 6y AmMccepTaums ULWMHUHT
aCOCUHW TaLLKW/ 3Tagp.

Y36eknctoH Pecny6numkacu MpesngeHTUHUHT 2017 1nun 7 despangarn M-
4947-COH «Y30eKACTOH PecnybnvMKacvHM $Haga PUBOXNAHTMPULW  Bylinya
Xapakarnap crpaternscu tyrpucuga»rn ®@apmonmn, 2019 un 9 wwongarn MA-
4387-coOH «Marematvka Tab/iMMKM Ba (aHNapUHU AHAAa PUBOXKMAHTUPULLHK
[aBfaT TOMOHWAAH Kynnab-KyBBaT/all, WYHUHIAeK, Y36eKUcToH Pecny6nvkacu
®aHnap AkagemmnacuHuUHT B..PomaHOBCKMiA HoMugarn Matematmka UHCTUTYTH
(haonuMATMHN Ty6daH TakOMUANAWTUPULL Yopa-Tagbupnapn Tyrpucuga»ru Ba
2020 nn 7 maingarn "-4708-coH «MaTemaTnka coxacugarv Tab/IMm cuaTuHm
owvpiw  Ba  WIMWURA-TaLKWKOTNAPHW  PUBOXMAHTMPULW  Yopa-Tagbupnapu
Tyrpucuga»rm  Kapopnapu xamga Maskyp (haonvaTra Termwnm 6owka HopMaTue-
XYKYKUIA XyxoKaTnapga 6enrmnaHraH BasudanapHM amanra owuvpuwga ywoy
ayccepTaums TagKUKOTU MyalsiH Aapaxaja Xusmart Kunagu.

TafKUKOTHUHT pecny6nnka aH Ba TEXHONOrMANapu PUBOXIaHULIN
yCTyBOp WyHanuwnapura 6oFanknurn.  Ywby TagKUKOT — Y30EKWUCTOH
Pecniybnnkacmpa  (haH-TeXHMKA TapakKWMETUHWMHI  YCTYBOp  WyHanuinapura
MYBO(MK amanra owmpungun V. «MaTtematnka, mexaHuka Ba MH(POPMAaTUKa.

MyaMMOHUHT ypraHuaraHank fapaxacu. YN4oBanm (yHKUuUsNap CUHGN
OunaH MHAEKCNaHraH 3MMVMpUK npoLeccnap 6up katop myannudiap uwnapuga
ypraHuarad. XycycaH, Kyuhugaru WwiiapHu TabKugnawl o3uM:  MHAeKcaums
CUH(napura HucbataH Mab/lym 3HTponus LwapTtnapuga InveeHko-KaHTenm ea
JIOHCKep K/acCUK  TeOpeMalapUHWMHI  yMyMnalumManapy ypuHnau  GynaguraH
Tynnamnap CuUH(pU Ba (QYHKUMANap 6wunaH WHAEKCNaHraH abCTpakT 3MMMPUK
npoueccnap J. Bae, S. Kim, V.C. bopucosa, R.M. Dudley, P. Gaensler, W. Stute,
S.B. Harris, SW. Kim, J. Kuelbs, R.M. Dudley, D.M. Mason, M. Ossiander, D.
Polland, AW. Van der Vaart, JA. Wellner Ba A.W. Varron napHuHr vwnapuga
ypraHunrad 6ynné ynapga KC” sa MJ1T Tekuc BapvaHT1apn NcOOTNaHraH.

3aMOHaBMI 3MMNUPUK >KapaéHnap Hasapuacu HaTWKalapuHM  MaTemMaTuk
cTaTuctnka myammosnapuga kynnaw D.M. Mason, AW. Van der Vaart, J.A.
Wellner wvwnapuga akc STTMpunraH. Bupok, 60rMUKCU3IMKHUHT  3MINPUK
npoueccnapvHn  TagkukoTnapura onmé KenaguraH TacoguduiAi MUKOOP Ba
XOAMCAHUHT GOTIMKCU3IMTHU TeKnpuwga naingo OynaauMraH macananap Xam
ypraHunmMaraH. byHfaH Tailukapu, Kysatuwiap Tyank 6ynvaraH Takampaa, oyHaai
AMNUPUK npoueccnap ¢akar J. Bae Ba S. Kim HUWHI mwnapuga OyTyH Tyrpu
ynlnKOoa — aHuKNaHmaraH Kynaintma  KannaH-Meliep  6axocu  éppamuaa
TekwwupunaraH 6ynné, Oy YHWUHI WHTerpan CTpyKTypara ara OynraH 3Mnvpurk
npoveccnapHu ypraHwga onganaHnWHN KUAVHAALWTUPALN.

MaBxXy[ afabnéTnapHn Taxnnau WyHW KypcaTaguKy Xo3mpra Kagap yn4osim
yHKUMANap  CMH(M  OunaH  aHWKNaHraH  GOr/IMKCU3NIMKHUHE - AMIUPUK

1 ¥Y36ekunctoH Pecnybnukacu Basvpnap maxkamacu 2017 inn 18 maigarm «Y30eKUCTOH Pecnybnmnkacu
daHNap akafeMUSICUHUHE AHIMAAH TalKWA 3TUAraH UMW TaaKMKOT Myaccacaniapy (aoniMaTVHU Tallkua 3TULL
Tyrpycuga»rn 292-coHm Kapopu
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MPOLECCNAapPUHMHT  YYKYp aCMMNTOTUK Tax/WAM  eTapnM  papaxkaga onvb
bopunmaraH 3KaH.

AvccepTauma TagKUKOTUHUHT auccepTauma 6axapuaraH ofiMid Tabium
MyaccacaCUHUHT UIMUIA-TaAKUKOT ULLIapu pexkanapu éunaH 60Favknurn.

OunccepTaums TagkMKoTM Mup3o Ynyréek Homugarn Y36eKucTtoH Munnnia
yHuBepcutetn ®4-01 «TakKCMMOTNAPHUHT (PYHKUMOHAN XapaKTepuCTUKalapHu
Gaxonawl ycynnapuvHu uwiab 4YmMKuLW Ba CTaTUCTUK Gax0oMapHWHI acUMMNTOTUK
xoccanapuHm - Tagkuk»  (2012-2016 unnap), Mwup3o Ynyrbek Homupgaru
Y36ekncToH Mwunnuii yHusepcutet ®4-40 «YN4oBnn (yHKUMANap cuUHpuUaa
WHAEKCNaHraH WHTEerpan aMnuMpUK MPOLECcCNapHUMHI aCMMNTOOTUK XOccanapaHu
TaAKMK atvw» (2017-2020 Wunnap) Mas3ycuparn QyHaamMeHTan fonmxanap
aovpacuga baxapusrat.

TafKUKOTHUHT Makcagu OOrMUKCU3NIMKHUHT  SMMNUPUK Ba KETMa-KeT
AMMVPUK MPOLecCnapHn, TyNMK OynMaraH KysaTyBnap acocuja Ty3wiraH KeTma-
KET WHTerpan 3MMUPUK MPOLLeCCNapHN Taxnun KUAUW, Xamaa ynap Y4yH
MHAeKcnalw cuHpnapn byinmnya TEKUC KatTa CoHMap KOHYHapy Ba ycmb 6opaétraH
XaKMAa MapKasuii IMMAT TeopeManiapHu ncboTnawgaH noopar.

TafAKMKOTHUHT Basnganapu:

NHAMKATOPNap CUHMKM Oyinnya UHAEKCNaHraH O0rNKCU3INMKHUHT 3MMIUPUK
npoueccnapy yuyH Kyusim annpokcumMaLma HaTuxXanapuH aHUKNaL;

YYOBAU  (PYHKUMANAP CUH(M Oyinya WMHAEKCNaHraH O0rINKCU3IMKHUHT
3AMMUPUK NPOLECCapHM ypraHuvLl Ba ynap y4yH nHaekcnaw cuHpuga tekuc KCA
Ba MJ1T BapuaHTNapuUHN SbHKU, TaCOAUMUIA XaXKMNN TaHNamanap éynraH xonaa;

OO MMKCU3IMKHUHT 3MMVPUK XapaKTEPUCTUK MPOLLECCUHU TaxXn KUULL;

YYOBAM  (PyHKUMANAP CUHDKM Byiinya WHAEKCNaHraH O60rMKCU3NMKHUHE
KeTMa-KeT SMMNUPUK >XXapaéHnapnuHu ypraHuul, ynap yuyH teknc KC”, KKCK Ba
M/T BapuaHTnapuH1 ncboTnall;

YNYOBAU  (PYHKUMANAP CUH(M Oyinya WMHAEKCnaHraH O0rINKCU3IMKHUHT
KETMa-KeT MHTEerpan aMnupuK npoueccnapHu ypraHuw, ynap ydyyH MJ1T napHu
ypHaTULL;

YHI TOMOHJaH LieH3ypnaHraH KysaTyBfiap acocufa Ty3waraH WHAeKcnaHraH
OOrNMMKCU3NIMKHUHT KeTMa-KeT WHTerpai amnuvpuK MpoueccnapHn ypraHvw Ba
ynap yuyH Tekuc KCK Hu ncéotnatw.

TagKUKOTHUHT O0OBEKTU OOrIUKCU3NMKHUHT  3MMUPUK Ba KEeTMa-KeT
AMMVPUK NpoLeccnapy, xamga TynvMK OynMaraH KysaTuwiiap acocuparvm ketma-
KETIMK npoLeccnapu.

TagKUKOTHUHT NpeaMeTV  3aMOHaBMI SMNUPUK XapaéHnap Hasapuscw,
HTPOMUNA  HasapusacK, (QYHKUMOHan  (pasonapga  SXTUMOMIMK  yN40BMapu
AKMHNALLMLL Ha3apuACK Ba CTaTUCTUK TUMoTe3asiaHn TeKLIMPULL Ha3apUACH.

TagKMKOTHUHT ycynnapu. [Aucceptaumsa nwga QyHKUnMoHan dasonapgaru
AMNUPUK MpoLeccnap Y4YyH Kyunu annpokcumauusa Ycynnapu, 3HTponus Ba
aHaMTUK ycynnapaaH oinganaHnnraH.

TaAKUKOTHUHT UNMUIA SHTUANTU KydngarnnapiaH noopar:

MOC paBuLWIAa HOpPMannawTUpWAraH WHAMKATOpnap CUHGKM  Byinda
MHAEKCNaHraH  GOTMIMKCU3IMKHUHE - SMMNUPUK  NPOLECCNAPUHUHT  BpoyH
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Kynpuknapy  KeTMa-keTaurm — 6unaH  Kyyam  annpokcumauus — HaTukacu
NCOOTNAHTraH;

AETEPMUHUCTUK Ba TaCOANMUIA XXKMIN TaHMaMa YYyH YNI4OBIN (PYyHKUUAIAP
CUH(DM OunaH MHAeKcnaHraH OOrNMKCU3IMKHUHE 3MMUPUK MNpoLEeccnapn yyyH
MHAEKCnalW CUHMUAArn TeKUC KaTTa COHMap KOHYHW, KyyalTupuiaraH katta
COH/ap KOHYHMW Ba MapKasuii IMMUT TeopeManapyn BapuaHT/iapy UCOoTNaHraH;

MHAeKcaums CuHgM  Oyinya  OOrMMKCU3NIMKHUHT  KETMA-KeT  MHTerpas
AMMUPMK NPOLLECC YUYH TEKUC MapKasnin IMMUT Teopema MCOOTNaHraH;

YHI TOMOHZAH LeH3ypfiaHraH KysaTuiwiiap acocufja Ty3waraH KeTMma-ket
WHTerpas aMnupuK npoueccnap y4yH TEKUC Ky4yanTUpUAraH Katta CoHIap KOHYHM
NCOOTNAHTaH.

TagKUKOTHUHT amanuii HaTuKacu Ty3uaraH Ba ypraHwaraH Yn4oBnu
(yHKUMANAP CUH(KM OBylnMya MHAEKCNaHraH SMMMPUK Ba KeTMa-KeT 3MMUMpUK
npoueccnap, TacoauMuUiA MUKLOP Ba XOAWCAHUHT  OOrNIMKCU3NNIM - XaKunia
rMNoTe3acHM TEKWUPULL YYYH CTATUCTUKANAPHUHT KEHT CUHMUHWUHT IUMUT
TaKCUMOT KOHYHMapUHM Ba YHI TOMOHAAH LieH3yp/aHuLW Xonatuaa KysaTtysiapu
YUYYH WHAEeKCNaw (YHKUMANapu CuUHGpW Oyinya uHTerpaniapHu Takpuouia
XuncobnawnapHn 6aéH KUNMHraHnurnaaH noopar.

TafKVMKOT HaTWKaNapuHUHE  ULWOHYAUAUT  IXTUMOSINAP  Ha3apusacu,
MaTeMaTVK CTaTUCTUKAHWHI acUMMTOTUK Ha3apuacu, LUYHUHTAEK, maTemMaTuk
My/i0Xa3alapHUHT KaTbUANNIX GUNaH acoc/aHraH.

TafKMKOT HaTuXanapuHWHT WIMWIA Ba aManuii ax,aMusaTu. TagkuKOT
HaTVKTAPUHUHT UIMUIA axaMUATU 60T IMKCU3IMKHUHT 3MNUPUK Ba KeTMa-KeT
AMMNUPUK MpoLeccnapy, Xxamaa TynuK GynmaraH KysaTuiiiap acocuaarn MHTerpas
KeTMa-KeT MpoLeccnapmMHn Ty3uLl Ba ynap YYyH UHAEKCnal CUH(U Byiinya Tekuc
KCK Ba MJ1T ncboTnawl MIMKOHUHW GeraH.

TafKNKOT  HaTWKaNapUHWHT  aMa/Iidi  axaMmusiTm  TMOOUIA-OMO/OTUK,
AeMorpauk, MyXxaHOUCIMK Ba Cyrypta uwiapuja OfIMHraH CraTtUCTUK
Mab/lyMOTNapHW  Taxaua  KWIUW,  CTAaTUCTMK  6axonawl  Hasapuscu  Ba
rmnoTesasapHy TeKLIMpULLTa UMKOH 6epuLl 6unaH n3oxnaHaiu.

TafKUKOT HaTWKaNapUHUHE XXOPUA KUAMHUWKN. DYHKUMANAP CUHDK
OunaH WHAeKCNaHraH SMMVPUK YNYOBMAPHUHT aCUMNTOTUK Xoccanapu Oyinmya
O/MHIaH HaTWXanap acocmaa:

YHI TOMOHZAH LeH3yp/faHraH Kysatuiliiap acocuga TyswiraH KeTMa-keT
WHTErpasl SMNUPUK Mpoueccnap Y4YyH TEKUC Ky4YalTupuaraH karta COHnap
KOHyHuaaH EOT-®TEX-2018-154 pakamnn “Zd naxxapanapuga Ba 'k Kamu
Aapaxtnapuga raMmuibTOHMaHNap crnekTpnaapu sa MmMb6e ynyosnapn” mMas3ycugaru
(yHOaMeHTan nolmxaga [M6G6C ynyoBnapuvHM aHuKnawga qoiganaHuaraH
(Y36eKnCTOH Munnui yHuBepcuTeTMHUHI 2021 iun 28 okTabpaarn Ne04/11-
6835-coHnM  MabnyMOTHOMAcK). WINMWIA  HaTWDKAHUHT  KYNNaHUAWMWK - TYNK
OynmaraH CTaTUCTMK TaHNaHMaapHUHE YHI TOMOH/ZaH TacoAn(nii LieH3ypnaHuLL
mofenvaa  Ko3non-IFpUHHWMHE  MPONOpUMOHan  MHTEHCUMBAMKNGP — XYCYCWUit
MOZEMHUHT YPUHAN BYNLLNHM aHMKNaL UMKOHUHW BepraH;

AETEPMUHUCTUK Ba TaCOANMUIA XXM TaHNaMa YYyH YN4OBIN PyHKUMAIAP
CUH(M OunaH MHAeKcnaHraH OOrNMKCU3IMKHUHE 3MMUPUK MNPOLEeccnapn yyyH
8



MHAEKcNal cuHdmaarn mapkasuii IMMUT Teopemacy BapmaHTugaH “APEX LIFE”
AXK cyrypta KomnaHuscuga 6axtcus Xxogucanap Ba HKYMIW KacajnmknapgaH
CyryptajlaHmil  y4yyH Tapud  CTaBKalapu  KuimatnapuHu  xucobnawga
(horiganaHnnrad (“APEX LIFE” AX Cyrypta KomnaHnuscu 2021 vun 15 mon
NoJ1bl-01/0548-coHnm MabiyMmOTHOMAcK). VNMUIA HATVXKAHUHT KynnaHuaiwn 1-
Knacc 6axTcuM3  xofucanapfaH CyryptasiaHuwl, xampga 2-Kiacc — HKyMau
Kaca/IvMKnapgaH cyrypranaHuw Oyinya cyrypta MaxcynoTtiapy yyyH Tapud
CTaBKa/lapy KMAMAaTNapuHU Xucobnawiga, Ccyrypta MaxcynoTiapu  HapXuHW
baxonatuga XaBnapH1 Taxina KAWL MMKOHUHK GepraH.

TafKUKOT  HaTwXanapuHWHr  anpobauyuacu.  Maskyp  TaAKUKOT
HaTwkanapu 14 Ta xaskapo Ba 15 Ta pecny6nnka naMmit-amanuii aHxyMaHiapvaa
MyXOKamafaH YyTKa3uraH.

TaAKUKOT HaTWXKanapUHWHI  3bJIOH  KWAWHraHauru.  Aduccepraums
MaB3ycu Oynnya Xammu 37 Ta WIMWIA MW YoM 3TWAraH, ynapaaH, Y36eKWUCTOH
Pecnybnukacn Onuid  ATTecTaums  KOMUCCUACUHWUHT  (pancaa  LOKTOpU
ayccepraumanapy  acocuii UWIMWIA - HaTMXKanapuHU 4omn 3TULW TaBCUA 3TW/raH
WAMWA Hawpniapja 8 Ta Makona, >XymiagaH, 4 Tacu XOpwbkuil Ba 4 Tacu
pecny6/vMKa XXypHaniapua Halp sTUIraH.

AvccepTayUAaHUHT TY3UNULLN Ba X,&KMU. uccepTaumns KMpuL KUCM, y4Ta
6006, xynoca, A NpPUIoXKeHUsACK, poiaanaHniraH agabunéTnap pymnxatuaaH Takus
TonraH. AuncceTaumsHUHI acoCUn KUCMHUHT Xa)KMK 100 6eTHWM TaLLKWU/ 3TraH.

NNCCEPTALIMAHUHI ACOCUIA MA3MYHW

Kupnw Kkucmaa auccepTaums MaB3yCUMHMHE  10N13ap6nmrin Ba 3apypaTy
acocnaHraH,  TaAKMKOTHUHI  pecnybnuka  ¢aH  Ba  TEXHOMOruUsinapw
PUBOXNMAHULLVHWUHT  YCTYBOP IyHanuLinapura MOC/UIU  KypcaTWUAraH, Mas3y
Byiua XOPWXKWUIA WUNMWIA-TAAKUKOTNAP LIAPXW, MYaMMOHWHT YpraHUAraHamK
[apaxacu KenTupunraH, TaaKMKOT Makcaau, Basudanapw, 00bEKTV Ba NpeaMeTy
TaBCU(NaHraH, TAAKUKOTHUHT WUAMWUIA SHTUAUIX Ba aMaivil HaTuKanapyu 0GaéH
KANWHTaH, ONMHTaH HaTWMXKANapPHWHT HasapuiA Ba aManuii  axaMusTh  ounb
bepunraH, TaAKUKOT HaTVKaNAPUHUHE XKOPUIA KUMUHULIW, Halp 3TWAraH uwnap
Ba AMCCepTaLMs Ty3MIuLWK Byiinya Mab/lyMoTNap KeNTUPUITaH.

(Q,A,P) axtumonnap asocuaa aHuknadrad, (X,B) ynuyoBnn asopa
Y3UHUHT KuiAMaTnapuHu Kabyn kunysun XKk Tacoguduii mukgop (T.m.) 6epunraH
O6ynné  6ornmkens Taxpubanap ketma-ketimrmga | ( Xk AK),k > 1| KydpTavk
Ky3atunaétraH OyncuH. by epga XeM1 Ba B =a(X)-XpgaH onuHraH bopen
TynnamnapuHuUHr - curma  anrebpacn. Ak xogmca p =P(AK) e (0,1) ymymui
axtumonra ara. S ={(Xk,Sk),1 <k <n} TaHnaHma Ky3aTunaérraH OyncuH, Oy
epaa 8k= 1 (AK) -nHgnkarop. Xap oup (Xk,SK) XYPTANK
(X ®{0,1},U,V )ctatnucTnuk MofenHu nHayuupnainan, oy epga U - curma-anreépa
©e {01} kmucm Tynnamgarv Ba B e B bopen TynnamnapvHuHr B ® © Kynantma



KypuHUIMaarn Tynnam curMa anreébpacu. U curma-anrebpaga 6epuiraH
©={0,1} aa aHMKnNaHraH

{V(B®©)=P(Xke B,ake ©),Be B,© c {0,1}}
TaKCUMOTHMU
Q(B)=v(B®{01})=V{Be{})+V{Be{l))=

=Qo(B)+0 1(B), Be B, (1)
opkanu 6enrunainvms. by epga Qn(B) =V(B ® {m}),m=0,1. Xk Tm Ba AK
xogmcaHuHr xap oup (XkAK) >XygpTavkga 6ornvmkewsnirn  xakugarm H
rmnoTesaHn Kypub umkamus. Y xonga uxtmépuii Be B yuyyH H runotesa
ypunaurnga  Qo(B) =(1- **(B) u QuB)="(B). JI(B) =Q1B)- *Q(B)
Mwopa aimMalliMHyBYM YMYOBHU Kuputamm3. Y xonga (1) Hu uHobatra onraH
xonga, H runoresa ypuHaMrnga, tokopuga KentupuaraH TeHrnKnap

N(B) =0 nxtmnépnin Be B yuyH 2
9KBMBASIEHT BYNNG KoMaau.

(1) Ba (2) thopmynanapra KApyBuM yn4yoBnapHuHr S{) TaHnaHMa byiinya B e B
YUYH SMMVPUK aHANOTTAPUHN KUPUTaMIS:

1
Qm(B):-nél (Xke BA =m), m=0,1,

1n
Qn(B)+Qm(B)=Q,(B) =-n{ﬁl(Xk e B),

1n
N (B)=Q..(B)- pmQn(B), pMQ |(X)=-nZk$1k- é3§

NxTtnépuii Be B yuyH, H runotesa ypuHmuruga, JIn(B) 6axo JI(B) HWHT
cumKMMaraH 6axocu aKaHIUIMHM KypULL MyMKUH. YHaaH Tawkapn KKC”ra kypa
xap ovp Be B Ban” m ga /in(B)—="/1(B) ypuHm.

AMNNPUK >kapaéHnap HasapuacugaH Mab/lyMKu, OyHAail HaTwkanap B
curma-anredbpaHvVHr 6apya aneMeHTnapuaa TeKUC ypuHAu amac Ba B TynnampgaH
O/IMHraH G Maxcyc CUH(N YUYH YPUHAN. LLIYHUHT yuyH

{G..(B)=0o,(n,(B)-/1(B)), Bea}, (4)

KYPUHULLIAArK [ - MHAEKCNaHraH npoueccHM (n”~pga) acMMNTOTMK XOccasiapHu
ypraHuw H runotesaHn TeKWMpULW KPUTEPUANapU YYyH CTaTUCTUKA Ty3WLL
HyKTan HasapuiaH Kasvkaw yurotagu, by epga {o,, n >1}tacogucunin HomaHqui
HOpMa/iaHraH COHMap KeTMa-keTamrn. Arap (4) KeTMma-KeTUK Y4YyH NUMAT
npouecc cugpatnga Q- bpoyH kynpurm onuHca, avHn  {G(B),Be a} laycc
YKapaéHu HOM ypTaya Ba Kyimaarn kosapuaums éunaH

cov(G(B1),G(B2))=Q(B1in B2 - Q(B)Q(B2, BLB2e 4 (5)
bepunraH 6ynca, 6y macana sHaga Kusunkapav Ba honganm KypuHaau.

Ouncceptauma nwmga f : XA MLynyoBan qyHKUUSNap cuHpum bunaH F -

NHAEKCNaHraH SMNMPUK npoueccniapu
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Gnf=JfdG,, f eF (6)

KeTMa-KeTIMKNaPUHUHT fiHaa KEHTPOK CUHMNapu ypraHunagn. bTvoop Gepuiu
kepakkn, F ={1(B), Be g) uHankatopnap cuH¢un 6ynraH xonga (4) npouecc (6)
HW Maxcyc X0/iu XucobnaHagn. (6) KypuHMLWgaru ypraHanaétraH npoueccnap
Tacogudumin an=4n [pn(1- pn)] onTuman HopMMpoOBKara 3ra Ba H runotesa
TYrpUAnNIruaa MIMMUT TaKCUMOTY Kyingarn Q - bpoyH Kynpuru 6ynaguw:

Gf=\.fdG. 7)
Y ypTayacu HO/ Ba Kyinaaru Kosapuaumsara ara
cov(Gf,Gr)=0ff -0 ff fif eF, (8)
by epaa
= Jf

Arap F={l(-ga;t], ter) wHanMkKaTopnap cuHdun o6ynca, y xonga (5) ndgoga (8)

OaH Kenvoé umkagn. Yoy aucceptaums nwmaa H o runoTe3aHn TeKWMpuL yyyH
Kyingaru (6) 60rIMKCU3NMKHUHT SMNUPUK Npoueccnap Typiapu ypraHuraH:
a) F -MHAaekcnaHraH »kapaéH
2

[nf =f fdin= " (n,-n)-f, feF, ©)
Pn(1- Pn)

6) D=TO F - KeTMa-KeT MHJEKCNaHraH npoLecc

. [ns] (10)
RSE) = dp 1 py (1 I7T-1)F " (sif)eD

oy epga T =[0,1] Ba [a] - @ HUHI GYTYH K1CMMU;
B) M =MO F - KeTma-KeT MHAEKCNaHraH rnpotecc
{v.(x;f)=4f , (t;f)eM), (11)
oy epga ft (1) =f (u)-1 (u<t).
) yHAaH Tawkapn gucceptaumaga MT=MTO F - keTma-KeT MHAEKCNaHraH
NHTErpaa npuueccu

{«.(f)=(FT-F)f=|f (WEFE™-F)(du), (t,fleM j, (12)

ypraHusraH, oy epga RT=(-<x>T], T<inf{teR: P(Xk<t)=1),
Xk=min(Tk,Ck), Sk=1(Tk<Ck). byHga F TtakcumoT yHKumsacu (T.(p.) 6unaH
TK T.M. YHrgaH ueH3ypnaHagu yHra éornunk éynmaraH Ck Tm. Ba FR - F T.Q.

YUYYH PUCKap HACOATUHUHT JapaXkanm 6axocu.
AnccepTaunsHUHT “3amMOHaBMiA SMOUPUK Mpoueccnap Ha3apUACUHUHT
Tabpudnapy Ba 6ab3v acocmii HaTwxKanapu. BOFAMKCUM3NUKHUHE KNnaccuk
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AMMUPUK MpoueccrapyM YYyH Kyuaum annpokcumauuns Hatumxanapu” [eb
HOMMaHyBUYM GMpMHYM 606K acocaH €pgamun Kucm 0ynmb, 4 Ta naparpadgaH
néopart. buprHuM naparpadma Kysatuamanap MHAMKaTopIapy OpKain aHUK/IaHraH
KNacCcuK sSMMNMPUK Npouecc/ap y4yH Mab/iyM HaTukKanap Kentupunarad sa p =|Ha

TEKUC METpMKara ara WKKUHYM Typaarv ysunuwnapcus qyHkumsinap ©(K)
(hasocmaa CycT SKMHMALIMILIHKM Kypub uYMKuULLAA to3ara KenaguraH MyamMMo
TabkugaHraH. (©(K),p) Hocenapaben 6ynraHnuru cababnu, OyHAaH Kennb
YMKaAMKA 3MIMUMPUK NPOLECC YNYOBCM3 aKCNaHTMpWUW 6ynagn. Ywéy myammo
1965 wnn A.M. UnbmcoB TOMOHMAAH Kaig 3TUAraH. 3amMOHaBMiA 3MMUPUK

rnpoueccnap Hasapuacu yMyMUWAPOK (asoniapAa CyCT AKMHAALUMLLIHN aHUK/ALL
YUYyH 60LLKa Y3VHMHI éHAallyBnapura ara 6ynmo ywoy MyaMMoHu YeTnab ytaau.

Antannuk ywoey (1”7 (f),||Z(f )|[f) ¢asopa, 6yHu Tabkuanaw no3vm, 6y epaa
I”(£)- ||IZ(F)||f=sup”Z(f ),f e Fj cynpemym-Hopmara ara OynraH 6apya
yerapanaHraH f :F " XK dyHKumnanap gasocn. Ywoy EHpallys TallKyh UHTerpan
Ba TalLKWM 3XTUMOMNNK TyLIYHYanapura acocnaHraH. CToxXacTUK AKUHAALULLHUHT
3aMOHaBWUIA  HA3aPUACUHWHI  aipuM  Mab/lyMOT Ba EHAAlyBlapu  UKKUHYK
naparpauga KentupuaradH.  F - nHOekcnaHraH  aMnvMpuK — NPOLecc/iapHu
ypraHvwga, F - ynyoBnv ¢yHKCUsANap CUHQUHUMHI Mypakkabnvk Japaxacura
3HTpOMUA LWapTnapn Aeb aTtanyByuM LapTNapHUW Kyunuw Kepak Oynagn. Ly
O0OHMHI  yuyMHUM naparpaduga 3amMoHaBuM afabwétnapfa MOC 3HTPONuA
waptnapura ara 6ynraH [nvBeHko-KaHTennn Ba [JOHCKep Teopemanapu neb
atanaguraH ynyoBnv (QYHKUMANAp CUHQWM OunaH WHAEKCNaHraH aAMMnupuK
npoueccnapv Ba ynap yuyyH F cuHgm 6yinya teknc KCK Ba MJIT aHMKnaHraH.
Ywoby waptnapra Tyrpu KenraH F  cuHtnap, [nvBeHko-KaHTennm Ba
JOHCKEPHWHT cH(bnapn feb xam atanagy.

BUupmHUM  606HMHI TYpPTUHYM Naparpauaarn HatuxanapHu Tascudiall
yuyyH (XK 8K) Bektop TOMOHMAaH apatuiraH (X®{o,1},U,V) cratnctmk
MOZENHN Ba yLIOYy BEKTOP KOMMOHEHTaNIapUHUHI BOrIMKCKM3Nnrn - Xakugarm H
rmnoTesacMHM KypwnraH. byHpaH Tawkapu, F CUMH(M MHAMKaTOpniap CUHMM

oynraHnga F ={/(-pa,t], te X|, (9) 6OrNUKCU3NMK 3SMNUPUK MPOLLECCUHWNHT
XyCyCWui X0/ KYpWraH. B =(-aa,t], Q. ((-pat]) =Hn{),
Qm((-* th)=Hm(t), m=01  Q((-pat)=H(), Q. ((-pat])=H,(),
N((-pa,t]) =1(?), N, ((-pa,t]) =1,(t) éyncuH. Y xonga, J1(t)=H1(t)- pH(t) Ba

H runotesa ypunnuruga J1(B) =0 xap kaHgain te XK ydyyH. By xonga npouecc
(10) Kyingarnya aHMKnaHaau

A,(o=ﬂ,((-“1])=|€gi"Ig;l) (1,0 -A())> tex (13
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oy ePda, Pn=limHn(t).
Knaccuk I'nuBeHKo-KaHTenm Teopemacura Kypa,
lim sup An(t)) —a>0 14
im syp An(t)] (14)

3KaHWHW OCOHTMHA KYpULLL MYMKUH.
AnnpokcumuaumanoBun cugatuaa (13) >kapaéH YydyH Kyigarum [aycc
NPOLIECCNAPUHUHT KETMa-KET/IMIMHU KYypro YMKaMu3

{A@M)=[p@-p)JK(B,(t) - pB,(t) - H(t)B,(+na)), ter},

oy epga, (B((H (t1)),Bb(H (t2)) - yprayacu Hon Ba tltze M 6ynraHga

KoBapuaums CTpyKTypacu
EBN(OBnN (t2) = min(H (O, H ft)) - Hft)H (t2),
EBN(t1)Ba(t2) = min (H 1(t2XH 1(t2)) - H (t)H 1(t2)? (15)
EBm(t)Ba(t2) = min(H 1(t1XH 1(t2)) - H 1(tYH 1(t2X
OynraH BeKTop-Kuinmatnu Faycc npoweccnapuamp.
S >0 COHW Y4YyH KyiAnaaru WwapTHWU Kypné ymkamms

In >4@+s)max{p 2(1-p) &} (16)

1-Teopema. (16) wapT OaxapuncuH. Y xonga, etapnnya 6o (Q,A,P)
AXTUMONNNK (Pa3ocnia, Kyimaarn annpoKcMMaLms YpuHIm

P (s%\p}llA,(t) - An(t)| > C,,n+ log n/) < Kon{ks), (17)

oy epma, Co=Co(s,p H) Ba Ko (abcontot) mycbar y3rapmac COH/ap.
{B(y),0 <y <1} - BpoyH konpurn. (17) annpoKCUMaUUAHWUHT AKMHMALLINLL

TE3NNrn oNTUManaup.
1-xynoca. bopen-KaHtennn nemmacura acocaH (17) gaH

S%P/Im(t) - An(t)| = O@-leogn). (18)
Aap n>1 ga, H runotesaHn ypuHauruga
a- (t)=B(H (t)), teM. (19)
LLyHWHrAeK, n na (18) Ba (19) gaH [loHCKep TeOpPeMaCWMHUHI Kyiaaru
aHanorv Kkenné Ynkagu
B(M) pa a,(t)" B(H (1)) (20)

(20) AKMHMaWMW MYXUM amaniA axamuatra era. YHu ~(An) cTatucTuka

épgamMmupga, H  runoTesaHM TEKWMPULL YYyH KpUTepuiAinapHuW  Kypulaa
Kynnalmmmns MyMKU1H.
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2-Teopema. [ ©0OK) "N XK (hyHKUMOHan Nnnuwny LLIAPTUHM
KaHoaTNaHTMPCUH

[/ (n)- 1 (n2) <L -%%L (y)- u2(y)l,

oy epga, L >0 6upop mycbart ysrapmac coH. dapa3 kunainuk, / ( B(y)) T.m.

Neber ynuyoBura Huc6aTaH uyerapanaHraH 3uYnMKKa ara OyncuH. Y xonpa, 1-
Teopema LapTaapuaa Ba H runoTe3aHuHr ypuHAMrnaa

_nggwtp(/(ﬂ. (4))<x) -P(/(B(H (-)))<x)= O(«"log,)  (21)

AbHU [/, (A,) cTatnctMkaHuHr takcumotu / ( B) T.M. TaKCMMOTUIa SKMHNALINLL

Te3/IMMMHN TOMULW UMKOHUHK Bepagu.

AuccepTauusHUHT  “YN4oBAW  (PyHKCUANap CuUHMUZA aHWUKIaHraH
OOF/IMKCU3NUKHUHT 3IMMIUPUK npoueccrapn” fed HoMMaHraH WKKUH4YM 606w
yJTa naparpaiaH noopar.

NKKWHYM  BOBGHUHT  GUpMHYM  naparpadpga  SMnMpuK  NpoLeccapHuUHT
3aMOHaBWI Hasapusacu  ycynnapvgaH goinganaHraH xonga F -uHgekcnaHraH
XapaéH (10) ypraHunaan. [nvBeHko-KaHTennm sa [lOHCKep TeopemanapuHUHT
TEKUC BapuaHTNapuHK McboTnaw yyyH 6uU3 CUH( MypakKabnuruHu, svHU F
CUHMHWHT 3HTPOMMACUHN aHuKgaimmns. Lg(Q) - f : X XK diyHKcusanap asocu

Kynmngarn Hopmara ara 6y/cuH:

Qq g '=]nn
F cuHdu sHTponuacuHM aHuknaw ydyH Lg(Q)paa e - bracket TywyHYacuHu
kuputamms. Lg(Q) parm e - bracket - p,/ e Lg(Q) dyHKUMANAP >KYyPTAUTA
oymmo6, ynap yuyH Q(p(X)< /(X)) =1 I/-PL <e Q(/-p) <e
oynca. Arap Q(p(X)<f (X)</(X))=1 6ynca, f ()
e - bracket [p,/] 6unaH KonnaHagn. OvTUbOP Gepainivk, p Ba / (QYyHKUMANAPU
F cuHura Tervwnm 6ynmacamru MyMKuH, nekuH ynap vyeknm Lg(Q) Hopmanapra

ara 6ynuwn kepak. e - bracket conn N[ J(e,F,Lg(Q)), F cnH(uHM konnaw yyyH
3apyp 6ynraH Lg(Q) paru e - bracket napHUHT 3HT KUYMK COHUANP:

N[](e,F,Lg(Q)) = ™n{k :6ab3un f1,...,fke Lq(Q)

wy kabu F ¢ YIF, 0] f- g, <ej. (22)

TywyHapnvkn, e i 0ga (22) coH +ma ra ndtunagn. Ha(e) =logN[](e,F,Lq(Q))
COHM Lq(Q),qa F CYH(HWHT METPUK 3HTpONMACK Aeb HoMMaHaauW.
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MeTPUK 3HTPOMUSHUHT UHTErPaIMHN XaM aHUKNaiMM3:
A X
J'q(£) =J[KS;T;La(Q)) =j(H ,(s)) ds, 0<5<1 (23)

(23) wuHTerpas METPUK SHTPOMUSHUHI  YCULLUMHWA  Ha3opaT KWW  YYyH
nwnatunagu.
Qmm=0,1 cybynyoenapra Moc S-bracket nap COHW, MeTPUK

aHTpONMANap Ba YynapHUHr wuHTerpannapuHn Nnf](s,F,Lg(Qm), Hny(s) Ba
JA(d) nap opkanm 6enrmnainmums. 1" (1) aca ||Z(f)|fr=supnzZ(f)|,f eT|

cynpemymMm-Hopma 6unaH T fa yerapanaHraH yyHKUMAnap (asocu 6yncuH.
Kyingarn [oHckep Tunugarn Teopema T CUHMra KyudmMpoK WKKUHYM
TapTUONN LWAPTNAPHN OKTanam.

3-teopema. T cuHdp Tc L2(Qn) Ba J@(1)<", m=01 6yncuH. Y xonga
n™ [\ paa
1"(T) g2 A,fAA f
By epga {Af, f eTj — yprayacm Hon 6ynraH [aycc >apaéHu H runoresa

ypuHAMrnaa
EAfeAg=0Qfg- QfQg. / ,geT

koBapuauusacy 6unaH {Af, f eTj Q- bpoyH Kynpurn 6unaH ycTma-ycT TyLuaiu.

AbTnbop Gepuwt kepakkn, T ={/(-ga,t],te Rj 6ynraHga Af apaéHu H -
BpoyH Kynpuru 6unad B (H (1)) ycTma-ycT Tywaguw.

NKKMHUM  BOBGHWMHI  MKKMHYM naparpadupa 3aca Tacoaupuin  Xaxmau
TaHnaHMaga (9) »kapaéH ypraHunagu.

YumHuM  naparpadpga  MHAMKATOpnap  CUH(M  6unaH  MHAEeKCnaHraH
OOrNMNKCU3NMKHUHT aMIMpKUK (13) npoueccu YHrgaH Tacoauui LeH3ypraHuLL
moZennga H  runoTtesacMHM TeKwmpuw Yy4dyH KO/MOropoB KpUTEPUACKHK
Kypyuwpa wvwnatmarad. by  mogenga  ywly  runoTtesa  NPOnopuyoHa
WHTEHCUB/IMKNAP Tyrpucugarn runotesara 3KBUBaIEHTAMP. Mwcon cudartuga
n =97 XaXM/M TaHNaHMaga MOC KPUTEPUINTAPHUHT acOC/TMANIX KypcaTuraH.

NKKWHYM 6OGHWHT TYPTUHYM naparpaduia sca 60rMnMKCU3NNKHUHT Kyigaru

AMMUPUK  XapakTepucTuK  npoueccnapuHn T ={t" eist:|s|<12]  Tekuc

MHAeKcnaw CUHGKN Oyinya TagKnK KUNUTTITa 6aruiuiaHraH

{&n(s)= j eistdAn(t), se R, n>1j.

XywmnagaH, 6y >kapaéH Takcumotm C -12°12 ¢asoga H runotesa

ypuHAuruga y(s)=j eistdB(H (t)) TakcumoTM OGunaH MOC KenaguraH

MapKasnaluraH KoMnaekc Kuiimatnm Faycc npoLeccura cycT SKUHMaLwaau.
15



AunccepTaunsHUHT “Y NUYoBNK yHKUUANApPXU CUHPKN 6UNaH MHAEKCaHTaH
KeTMa-KeT aMMNUpuK npoueccnap” fed HOmIaHraH Yy4uHum 606u (10)-(12)
MPOLECCNapVHN TafKMK KUAULLITa GaruLLiaHraH.

By 606HMHT 6UpnHUKM naparpaguaa (10) >kapaéH yuyH Teknc KCK sa MJTT
ypHatunraH. Kyingarn teopema keTma-keT KKCK Hu T =[0,1] 6yiinmya Tekuc
Tacanknanau.

4-teopema. Papa3 kunannmk, Qnf 2<mp m=01, f eF 6yncuH. Y xonga
n" mpa
st r A)f

n ("l A

LLIyHW TabKmAanal no3vMKn, 4-teopemMa LwapTuaaH Yetnatimi MyMKUH 3Mac.

AMMO, 3XTUMONUKK Oyinya skuHnawmw ydyH Qm/| <ma, m=01, f eF

LLIAPTUHN BaxXapuanLLn Kgos.
D=T0 F ga3amnvpuk maigoHNapHN KNPUTaMU3:

Y (s;.f)=Yn(s;.f)+Y,n(s;.f),
Z,(s;f)=vnY, (s;f)=2,,(s;f ) +Z,.(s:f),

X .

oy epaa
[ns] ...
Y, (s;f E (1-Sk)f (XK) - Qf (Xk)),

[ns}(l/l/ Y [ w
Yn(s;f )=vn kj k f (Xk)- Q,f(Xk)),

Ba mM=0,1 bynraHnaga

Zn (S:f) = Coldds 2o (LT) =G, f =YN(O,, - Q)T

Im(©) - D parm l|dcynpemym-HopMa OwnaH ©Gapya 4erapanaHraH

(hyHKLMsANap hasocu ByncuH.
5-Teopema. YHuBepcan KoHcTaHTa C maBXy[ 6ynn6, nxtmnépuii s >0 yuyH

P*(IY,, (s;T)|ldh>4s) <2Crnax P*(||Y,,,(1; T )|[f >5). (24)

by Teopema D O6yinya Tekuc KCK Hu F Oyiinmua Tekuc KCK ra
aIMaLITUPULL IMKOHWUHK Gepaaw.

1-tavpud. Arap F ynyosnu obyHKu,gﬂnap CUH(M Yy4yH N m fa
Y(s;f)p >0

LapT 6axkapusca, y xonga 0y cuHgra NmeBeHKo-KaHTENNMHUHT KeTMa-KeT CyCT
CUHW feivnagp.
2-Tabpu@. Arap F ynyoBan oyHKUMANAP CUHM YYyH N R fa

Y (L)——0
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lwapt Gaxapunca, y xonga 6y cuHira MmBeHKO-KaHTENIMHUHT CYCT CUMH(U
aeannann, 6y epga Y, (1;-) - Y, (1) y4yH MUHUMaN yN4oBAN MaXKopaHTaamp.
3-Tabpud. Arap F ynyosnu (byHKl#flﬂﬂap CUH(M Yy4yH N m fa

Y, (s;f))L— ~ 0
WwapTt 6akapunca, y xonga 6y cuHgpra mnBeHKO-KaHTENIMHUHE KeTMa-KeT
KY4nun CUH(U gevnagu.
4-Tabpu. Arap F ynyosnu @yHKUmManap CUHGpU y4yH n” m aa
Y, (5. )>——20

lwapT 6axkapusnca, y xonga 6y cuHra NnuneeHKO-KaHTENNMHUHT KYUYnu CUH(N
aennnaan.

2-HaTmxa. (24) Hu xucobra onmob, xap 6up e >0 bynraHnga Kyimgarura ara
Oynamma:

p*

(MX, (1;f )|IF > 4e)< P*(Y, (s;.f)[L > 4e)<
<2Cmaxp (JYm(yf )|If>e).

Y xonga F ynyosnu yHKUmManap cuH(M MBeHKO-KaHTeNIMHMHE KeTMa-
KeT cycT (EKM Kyunum) cuHgm 6ynaan akat Ba (akaT F TNnMBeHKO-KaHTeNMHUHT
CYCT (EKM Kyunm) cuHdu éynca.

6-Teopema. F cnH(DM yuyH 3-Teopema LapTiapu bakapuncuH. Y xonga F
["NBEHKO-KaHTENIMHUHT KeTMa-KeT Ky4in cuHgu 6ynagn, sbHu n ™ [ fa

w0

L
Kyingarv Teopema 3-TeopeMaHy yMymalLTupaau.
7-Teopema. F CcuvH(M y4dyH 3-Teopema LLapTiapu GakapwuicuH. Y xonga

n~ m
r(L) ga 4, (s;f)MA(sf),
oy eppa {4(s;f), (s;f)e 1 } - yprauyacu Hon GynraH Faycc Tacoanuii MainioHu
Ba H runortesaypuHaurunga
cov(f(s;f),A(t;9)) =min(s,){Qfg - QfQg}, (s;f),(t,g)e L
KoBapuaums bunaH Knep-Mronnep MaingoHn 6unaH ycTma-ycT TyLluain.

YuUnHUM BGOGHMHT MKKMHUM naparpaduaa M - nHaekcnaHrad (11) amMnmpuk
npouecc TagkuK KunnHagu. By npouecc (9) npoleccnapHn kampab onaau, YyHKu

Gapua f eF napyuyH V, (ga;f )=4,f. (1®M),|- M) baHax hasocuaa

£ Af)=[p(l- p)] 2-(~ (*f)- E~F)), (5F)e M
npoueccnapuvHn  aHukganmma, 6y epga ur(t;f)=f (X )(E. - p). PaBLuaHKu,

(t;f)=o0 Ba (t;f ),(s;g)e M 6ynraHnga
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cov& (t;f )& (s;9)) =[p(1- p)J 1°
fmf(s) _ t E 1 (25)
°JI ] fgd(Q, -2 pQj +I02Q)'J” fdAJ“ gdA}

Oynaav Ba H runotesa ypuHAN aKaHNUrngaH

cov& (t;f )& (s;9))= | fgdQ, (t;f).(s;g)ef . (26)

dapa3 kunanuk, {W(t;f ), (t;f )e A j - ypTayacn Hon Ba KoBapuaumsacu
cov(W(t;f ),W(s;g)) =cov& (t;f )& (s;0))

oynraH Maycc Tacoanduin maingoHn 6yncuH.
Y xonga 6y mavgoH H runotesa ypuHnuruga (26) Koapaumscura ara
Oynaav Ba fieMak y BuHep mMainfoHu 6ynaaw.
1N

U.(GF)=n-2B& (6F), (tF)e A,
MPpoLeccnapHn aHWKNannmk, ynap ydyyH A ra HucbataH tekuc MAT ypuHan

oynaam.
g8-Teopema. T CUH(M Y4yH 3-Teopema LuapTiapu GakapwuicuH. Y xonga
n™ mpa 5
I"(A ) pa U,(t;F) "W (t;f).
Antannuk, g, (t;f)=~0Qf 6yncuH, 6y epga 4,=N(0, (@- )).

Kosapuauuscn cov(™y, (t;f )yl (s;g)) =P (1- P)QftQgs 6ynraH " (t;f ) laycc
MPOLECCUHN Kapanmms.
9-teopema. T CUH(M ydyyH 3-Teopema LapTiapu GaxapunicuH. Y xonga

n” a
A D

I"(5) pay-(t: )MV (t;f),
oy epga {v(t;f )=W(t;f )+A (t;f )e[p@a- p)] %(t;f )e A ] yprayacn Hon

6ynraH aycc MaitgoHnaup. H runotesa ypvut-lnm bynraHaay
S S

cov(V(t:f),V(s;g))= | fgdQ-IfdQ+jgdQ, (t;f).(s;g)e 9

KoBapuaumscy 6unaH Q - bpoyH Kynpl/lrvl OunaH ycTMa-ycT TyLuaau.

YUMHYM 60OHUHT YYmHUM Naparpaduia yHraaH Tacoamtmnin LUeH3ypanaHuLL
mogenn Kypub umkmnradH. S@ ={(XkSk),1 <k <nj TaHnaHma Ky3aTW/CWH, Oy
epaa Xk=min(Tk Ck), Sk=/ (Tk<Ck), {Tkj Ba {Ckj- uKKM 6Ornuk 6ynmaraH

T.M.HUHI KeTMa-KeTnauknapn, F Ba G ynapra moc ymymuii 1.gp. nap 6yncuH
TaHnaHMa Oyinya F HM  Gaxonawl  MacaniaCMHM - Kypub  YMKamus.
AbayWwyKypoBHUHT (1998) F (t) yuyH FJRRt) 6axocvHun Kypub 4mkKamus;

F,FR(t) =1- [1' H "(t)] R(t), 6y epnqa Rn(t) = (Nn(t))‘l Nl,,(t) )
18



N (t)=/(1 - H@u=)"dH, (u), N, (t)=/ @ - H(u=3)" dtf,,, (u).
XO<X@<..<XM-{Xk k=1n) Kysatuwnapra MoC KenraH BapuvauuoH Katop

OyncuH. KeHratoByaH Tacoanduii uHTepan (—fa X ([{HO HM Kypub unkamus. by
epa OyTyH COHNMapHuWHr ketMa-ketnmrn {kn,n>1) wyHgaikn 1<kn<n Ba 1
AXTUMONIINK BUNaH Kynnaarn wapt baxapuaraH OyncuH:

(S1) Gapua katta n yuyyH k >logn Ba 9§—, n>1! KeTMa-KeTIUrM
n

acUMMTOTMK YCMaau.
ft(x)=f (x)1 (X <t) y4yyH nHTErpan sMnupuK >apaéH (12) H1 Ty3amus:

(U”(f )= 1ft(x)d (FM—F )= (F“ —F )f, (t:f)eRt 0 F=|v|13,

oy epga Rt =(—aa,T], T<inf{te R:H (t)=1).

KKCK HUWHT Kyingaru TeKUc BapuaHTu YpUHIUANP.
10-Teopema. (S1) wapTv ypuHau 6yncuH. Arap yn4osnv @yHkumsnap F

CUH(M yUyH
Fc *(F), N[I(s,F,L (F))<M,

bynca, n~ga fa )
N, (ft) m 0.

AManuin - KynnaHWIMLLK -~ YYyH t:T(rHQ 0e6 TaHnaw MyMKWH Ba

X@)
Ef(E)=j f (xX)dF(x) wHTerpanum [/ f (X)dFHR(X) cTatucTnkacu 6GunaH

—a

6axonammMm3 MyMKUH.
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XYJNOCA

AvccepTaums MWK YNYoBAM  (YHKUMSNAP CUHGM 6unaH WHAEKCNaHraH

IMMNUPUK Ba KETMa-KET IMMNUPUK npouecCnapHn TagkKnK KUnLLra GarnLLnaHraH.

20

1

2.

TaaKUKOAHMHT acocuiA HaTwdKanapy Kyinuaarunap xumcobnaHagu:

Moc HopmaniawTMpuLL OpKaan 60T IMKCU3MKHUHT 3MMIVPUK XapaéHnapu
TY3U/IraH.

NHavkatopnap CUH(M 6unaH MHAEKCNaHraH O0rINKCU3NUKHUHE SMNUPKK
npoueccnapy ydyH SKMHMAWWW  Te3Mrn - onTuman OynraH  Kydnm
annpoKcusaMaLms HaTXanapy NCOOoT/IaHraH.

Yn4oBnu (OyHKUMANAP CUH(W OWMNaH WHAEKCAHTraH OO0rINKCU3IMKHUHT
amMnupuK npoueccnapn ydyH Tekuc KC”™ Ba MJIT wucbotnaHraH. by
HaTwXanap [ nnBeHKo-KaHTenm Ba  [lOHCKepnapHWHT Knaccuk
TeopeMalapUHUHT aHa/Iorn XncobnaHaguw.

BOrNMNKCU3NUKHUHT  3IMOUPUK XapaKTEePUCTUK MPOLECCHN MapKasnallraH
KOMMMeKC KuiAMaTim [aycc npoueccura CycT SAKUHAAWMLWLIK - Xoccacu
NcOOTNaHraH.

BOrnMMKCU3NNKHUHT  KETMa-KeT 3MNUPUK npoueccnapyu Y4yH [ NMBEHKO-
KaHTennun sa [LoHCKep TeopeManiapyn TEKMUC BapuaHTIapu UCOOTIaHraH.

. Acocuii runoTesa ypuHu akaHuaa, Knugep-MonnepHUHT MKKW napameTpimn

npoueccn xocun BynaguraH  GOMMKCU3NMMKHUHT  KETMa-KeT  3MMUPUK
npoueccnapy yuyyH MHAekcaums cuHgu 6yinya MJIT Tekuc BapuaHTnapu
NCOOT/IaHraH.

YHI TOMOHZaH UeH3ypanaHraH KysaTunmanap Oyinunya Ty3uiraH KeTma-Ker
NHTErpan aMnmpunk npoueccnapn yuyH Tekuc KKCK ncbotnaHraH.



HAYYHbI COBET DSc.02/30.12.2019.FM.86.01 MO MPUCYXAEHWIO
YYEHbBIX CTEMNEHEWN MNMPUN MHCTUTYTE MATEMATUKN NMEHN
B.MN.POMAHOBCKOIO

NHCTUTYT MATEMATUKN

EPATOBA (KAKAIDXKAHOBA) NENNA PILLNTOBHA

ACUMMNTOTUYECKWVE CBONCTBA IMMNPUYECKUX MEP,
NHAEKCVPOBAHHbBIX KTACCOM ®YHKUWI

01.01.05 - Teopusi BEepOATHOCTEN M MaTeMaTHU4yecKasa cTaTucTuKa

ABTOPE®EPAT OANCCEPTALINN OOKTOPA ®JTOCODP NI (PhD) MO
PN3INKO-MATEMATNHECKM HAY KAM

TALUKEHT-2021



Tema pagmcceptaumm gokTtopa dwmnocogmm  (Doctor of Philosophy) no  ¢wm3anko-
MaTeMaTMyeCKMM HaykKaMm 3apermcTtpupoBaHa B Bbiclleil aTTecTauMOHHON KOMUCCUM  MNpU
KabuHeTe MuHucTpoB Pecnybnukm ¥Y36ekucTaH 3a Ne B2021.2.PhD/FM228.

[Jucceptaums BbinosHeHa B IHCTUTYTe Matematuky nvexdmn B.1A.PoMaHOBCKOrO.

ABTOpeepaTr AuccepTaumm Ha Tpex s3blkax (Y36eKCKWUIA, PYCCKWIA, aHrNWMIACKWUIA (pe3toMe))
pasMelleH Ha Be6-CTpaHMUe Mo agpecy http:kengash.mathinstuz un Ha WHdopmaymoHHO-
o6pa3oBaTenibHOM nopTane «ZiyoNet» no agpecy www.ziyonet.uz.

HayuHbIli pyKoBOAMTE b: Abaywykypos AbLypaxum AxXmeaosuy
[OKTOP (pM3MKO-MaTeMaTUUeCKUX HayK, npodeccop

OdmunanbHble ONMOHEHTbI: PaxumoB Abayrodyp Abaymamkniosmy
[OKTOP (bM3MKO-MaTemMaTMyecKmx Hayk, npodeccop

Caruvpgynnaes Kanmypsa Canapbaesuy
KaHAMZaT PU3NKo-MaTemMaTUYeCKnX Hayk, JOLEHT

Begyuian opraHusaums: HamaHraHckuii ["ocyjapCTBEHHbI yHUBEPCUTET

3almTa gnccepTtaumm coctomTes « 9 » aekabpsa 2021 r. B 16:00 yacoB Ha 3acefjaHMM Hay4yHOro
coeeta DSC.02/30.12.2019.FM.86.01 npu WHctutyTe MaTtematukn umeHn B..PomaHoBckoro AH
PY3.(Agpec: 100174, r. TawkeHT, ANMa3apcKuii paiioH, yn. YHuBepcuteTckas, 9. Ten.: (+99871)-207-
91-40, e-mail: uzbmath@umail.uz, Website: www.mathinst.uz).

C pauccepTtaumeii MOXHO O03HaKOMUTLCS B H(OpMaLMOHHO-PECYPCHOM LeHTpe WHCTMTYTa
MaTemaTnkn umeHn B./.PomaHoBckoro (3apeructpuposaHa 3a Ne 126). (Agpec: 100174, r. TallKeHT,
AnMa3apcKuii paiioH, yn. YHueepcuteTckas, 9. Ten.: (+99871)-207-91-40).

ABTOpeepar gucceptauuy pas3ocnaH « 24 » Hosbpsa 2021 T.
(npoTokon paccbinku Ne 2 oT « 24 » HoA6pa 2021 r.).

Y.A.Po3nkos

Mpencepatens HayyHoro coseta
Mo NPUCYXXAEHWIO YUEHbIX
cTeneHen, 4..-M.H., npoceccop

Y X K. Agawes
YueHblli cekpeTapb Hay4HOro
COBeTa N0 NPUCYXKAEHNIO YUEHbIX
cTeneHew, A.¢.-M.H., CTapLLni

3amecTuTens npeaceaarens
Hay4yHoro cemvHapa npy HayyHom
COBETe MO NPUCYXAEHNIO YUEHbIX
cTeneHein, A.t).-M.H., IOLEHT


http://www.ziyonet.uz
mailto:uzbmath@umail.uz
http://www.mathinst.uz

BBEAEHWE (aHHOTaumsa gucceptaunm goktopa gpunocogpun (PhD))

AKTYyanbHOCTb M BOCTPebOBaHHOCTb TeMbl gucceptayun. MNpoBognmMble B
MMPOBOM  MacliTabe MHOrMe Hay4yHO-MpakTUYecKmMe WCCNefoBaHMs  4acTo
NpuUBOAAT K TakKMM 3afayaM, Kak aHain3 CTaTUCTUYECKUX [aHHbIX B MeAMKO-
OMONIOrMYecKUX npoueccax, W3yyeHne 3aBUCUMOCTU BEIMUMHbLI  HapaboTOK
0ObEKTOB OT OTKA30B NOACUCTEM B UCMbITAHUAX OOBEKTOB Ha NMPOAO/HKUTENILHOCTb
6e30TKa3HON paboTbl B WHXEHEPUWU, WCCNefoBaHME 3aBUCUMOCTU BeIUYMHbI
BbIM/1aT CTPaxoBbIX KOMMNaHWIA KNMEeHTaM OT CTPaxoBOro C/y4as B CTPaxoOBOM [ere.
OO6bekTaMn M1CCNefoBaHUS COBPEMEHHOM TeOpMM 3MMUPUYECKUX MPOLIECCOB
ABNAKOTCA  3MMUPUYECKME Mepbl, WHAEKCUPOBaHHbIE KNacCoOM  U3MEPUMbIX
(hyHKUMn. OCHOBY 3TOIl TeOpWMM COCTaBNSAKOT PaBHOMEPHblE MO BCEMY Kraccy
N3MEPUMBIX (DYHKLUMA BapuaHTbl 3aKOHOB 60/bwnx uymcen (3BY), YyCWNEHHbIX
3aKOHOB 60nbLMX uncen (Y3BY), ueHTpanbHbIX npefenbHbix Teopem (LIMT) u
Apyrve npegenbHble Teopembl, a TakkKe WX NPUMEHEHUS B aCUMMTOTUYECKUX
3afja4ax MaremaTuMyeckoill CTaTUCTUKW. Pa3paboTaHa creyuasbHas Teopus
cxogMmMocTend B 6Gonee 0OLUMX NPOCTPAHCTBaxX C TOMOJOTMEN MOPOXAEHHOM
PaBHOMEPHOW METPUKOI Mpu TpeboBaHUWN OMNpeAeneHHbIX YCNOBUA Ha CTerneHb
CNOXHOCTM  Kfacca WHAeKcaumy  (SHTpoOnuidHble  ycnoBus).  Takoro pofa
pesynbTatbl  ANnA  3MOUPUYECKMX MNPOLLECCOB, WHAEKCUPOBaHHbLIX  KNaccoMm
N3MEPUMBbIX  (DYHKUMIA N0 CyTU  ABNAOTCA  060O6LLEHHBbIMW  aHasioramu
Kfaccuyecknx TteopeM [mBeHKo-KaHTennm v [oHCKepa 419 3MMMPUYECKONA
(YHKUMM  pacnpefeneHns, WHAEKCMPOBAHHON WMHAMKATOPOM Hab/lofeHnin Ha
HEKOTOPOM MOMYUHTEPBa/IE Ha MNPAMOM, Haxox[eHWe TakuxX 00006LLEHHbIX
aHa/10roB K/1laCCUYeCKMX TeOPeM ABMISETCA O4HON M3 aKTyaslbHbIX U BaXXHbIX 3a4a4
COBPEMEHHO Teopun BEPOSITHOCTEN M MaTeMaTUYeCKUIA CTaTUCTUKM.

B HacTosLee Bpems, ecny 3MMUPUYECKUA NPOLLECC UHAEKCMPOBAH K/1aCCOM
N3MEPUMBIX  (DYHKLWA, TO COBPEMEHHas 3HTPOMUNHas Teopus MO3BOJISET
YCTaHOBWUTb pPaBHOMEPHbIE MO ONpPeAeNeHHOMY Kaccy M3MePUMbIX (YHKLNI
BapuaHTbl Y3BY 1 LT, BKatovatowme B cebs Teopembl [mBeHKO-KaHTenm un
JoHckepa. Ha npakTvke MOryT NoABAATLCA TaKuMe IKCNepUMEHTa/IbHbIE CUTYaLMK,
B KOTOPbIX MWHTEpPecyrllMe Hac C/y4valHble Be/UYMHbI  HabnogaloTca B
COMNPOBOX/AEHNN HEKOTOPbIX COObITUIA WM ele CNOXHee, caMu C/ly4ailHble
BE/IMYMHbI MOrYT ObITb He MOMHOCTbIO HabnojaembiMu. B cBA3M € 3Tuwm,
nccnefoBaHMe  aCMMMNTOTUYECKUMX — CBOWMCTB  3MMMUPUYECKMX  MPOLLECCOB
He3aBMCKMMOCTM, MHAEKCUPOBaHHbIX KNacCoM U3MepUMbIX (PYHKLMIA, NOCTPOeHe
KpUTEPVEB TMPOBEPKM HE3aBUCUMOCTWU C/lyYyalHbIX BEIMYMH M COObLITMIA 1
[l0Ka3aTe/lb,CTBO paBHOMepPHbIX 3bY 1 LIMNT no knaccy mMHAekcauuu, ABNAKTCA
LieNIeBbIMN Hay4HbIMW UCCNeA0BaHUAMM.

B Hawei ctpaHe ocoboe BHMMaHWe yaensetcs (hyHAaMeHTa/IbHbIM HayKam,
MMELWMM  NPUKIagHoOe  3HayeHue, TakKMM  KaK COBpPEMeHHas  Teopus
AMMUPUYECKMX MPOLECCOB. BbINO MOCTAHOBMEHO, YTO MPOBEAEHME HAYYHbIX
MCCNefoBaHWA MO TNaBHbIM  HanpaBfeHUAM  «Teopun  BEPOSITHOCTEN U
MaTemMaTUYeCcKon CTaTUCTUKM» Ha YPOBHE MeXAYyHapOLHbIX CTaHAapPTOB AB/AETCA
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OCHOBHOM 3aflayeil M aKTUBHbIM HanpasneHneMl lccnefoBaHus B 06/1acTy
COBPEMEHHOW Teopuu 3MMUPUYECKMX TMPOLECCOB MWrpaloT BaXKHYH pofib B
MCMNOMHEHUN MNOCTaHOBMEHNS. PelleHMe 3TUX 334a4y COCTaBNSET OCHOBHOE
cofepykaHve JaHHOW aMccepTaumoHHOM paboThl.

ccnenoBaHns faHHOW AuccepTaumMm B ONPeAeNeHHON CTemneHu Cchiyxat
peLleHnto 3aad, 0603HavYeHHbIX B YKase [pe3ngeHTta Pecnybnukm Y36ekucTaH
NoYT1-4947 ot 7 peBpana 2017 roga «O cTpaterun AencTBUS MO AanbHelemy
pa3BuTU0 Pecnybnnkn Y36ekucTaH», B nocTaHoBNeHnaX N«1111-4387 ot 9 utons
2019 roga «O Mepax rocyfapCTBEHHOM MOAAEPXKKN AanbHENLero passuTus
MaTemaTmMyeckoro obpasoBaHus U HayKW, a TakKe KOPEHHOro COBEPLLEHCTBOBAHUA
nedtensHoctn MHcTuTyTa Matematvku nmeHn B.. PomaHOBCKOro Akagemun
Hayk Pecny6nunkun ¥Y36ekuctaH» n N«1111-4708 ot 7 mas 2020 roga «O mepax no
MOBbLILLIEHNIO KayecTBa 06pa30BaHWA W PasBUTUIO Hay4HbIX WCCNeAoBaHWUA B
obnacT marematukm» U B APYrMx HOPMATMBHO-MPABOBbLIX aKTaX, KacatoLmxcs
(hyHAAMEHTa/IbHOW HayKW.

Co0oTBeTCTBME MCCEf0BAHUIA NMPUOPUTETHLIM HamnpaBleHNAM pPa3BUTUS
HayKu W TexXHonoruin pecny6nmku. [OaHHOe WCCNefoBaHMe BbIMO/IHEHO B
COOTBETCTBUW C MPUOPUTETHLIMI HaMNPaBEHUAMUN Pa3BUTUS HAYKN U TEXHOOI U
B pecny6nmke Y36ekuctaH IV. «MaTematuka, MexaHuka U nHopmMaTrKa.

CTeneHb  WM3YyYeHHOCTU  MpoGsieMbl.  IMMNUPUYECKME  MPOLECCHI,
WHAEKCUPOBAHHbIE K1AaCCOM M3MEPUMbIX PYHKUWIA, Bbinn UccnefoBaHbl B paboTax
MHOIMX aBTOpPOB. B 4acTHOCTW, MOXHO BblAennTb paboTel J. Bae, S. Kim, N.C.
Bopucosa, R.M. Dadley, P. Gaensler, W. Stute, S.B. Harris, SW. Kim, J. Kuelbs,
R.M. Dadley, D.M. Mason, M. Ossiander, D. Polland, AW. Van der Vaart, J.A.
Wellner n AW. Varron, B KOTOpbIX OblM WCCNeAoBaHbl abCTpPaKTHbIE
AMMNUPUYECKME MPOLECCHI MHAEKCMPOBAHHbIE KaccaMy MHOXECTB U (PYHKUMIA, U
[OKa3aHbl paBHOMepHble BapuaHTbl 3BY n LT, asnsiowmecs 06006LLEHMSMU
Knaccuyeckmx Tteopem [nmBeHko-KaHTennu u [loHCKepa npu onpefeneHHbIX
3HTPOMUIHbLIX YCMOBUAX Ha KNacChbl MHAEKCALMN.

MprMeHeHMe pe3ybTaToB COBPEMEHHO TEOPUM IMMUPUYECKMX NPOLLECCOB B
3afja4ax MaTemMaTUyecKom CTaTUCTUKIN XOPOLLO OTpaXkeHbl B pabotax D.M. Mason,
AW. Van der Vaart, J.A. Wellner. OgHako, 3aaun BO3HMKaOLLME MPU MPOBepKe
3aBMCMMOCTM C/ly4aliHON BENMYMHBI U COObITUA, U MPUBOASALLME K UCCEA0BaHUIO
AMMUPUYECKMX MPOLECCOB HE3aBMCUMOCTM [0 CUX NMOpP He Oblnn usydeHbl. Kpome
TOro, B C/y4ae HenosHOTbl HabMOLEHUA AMMNUPUYECKME MpPOLecchbl  Bbinn
nccnefoBaHbl NMMLLL B padoTtax J. Bae un S. Kim ¢ 1cnofb30BaHMEM MHOXUTE/TbHOM
oueHKn KannaHa-Meiepa, KoTopasi He onpefeneHa Ha BCeW MPAMON, uTO
3aTpy[HAET €ee WUCno/sb30BaHWe NpU WUCCNeAOBaHUN 3MMNUPUYECKMX MNPOLLECCOB
MHTErpasibHoM CTPYKTYpbI.

AHanv3 VIMEILLENCS NUTepaTypbl NoKasas TO, YTO K HACTOALLEMY BpPeMeEHW
He Obln B [JOCTATOYHON CTerneHW rnyboKo W3yyeH acMMMNTOTUYECKUA aHan3

1MocTaHoBNeHUe KabuHeTa MuHUCTPOB Pecnybnnkn Y3beknctaHa ot 18 mas 2017 roga Ne 292 «O mepax
Nno opraHM3aumMm [esiTeNlbHOCTW BHOBb CO3[aHHbIX Hay4HO-UCC/ef0BaTe/IbCKUX YUPeXAeHUn AKafemum Hayk
Pecnybnunkun ¥Y36eKnctaH».
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3MMUPUYECKMX  MPOLECCOB  HE3aBUCUMOCTW  UHAEKCUMPOBAHHLIX  KI1acCOM
N3MEPUMBIX PYHKLNN,

CBA3b  guccepraymm C  Hay4HO-UCC/efoBaTeNbCKMMKU  paboTamu
yupexx[eHns BbICWero o06pa3oBaHWA, TrAe BbINOMHAETCA AuccepTayus,
iccnepoBaHWe BbINOMIHEHO B COOTBETCTBMM C MJIAHOM Hay4yHOro npoekta ®4-01
«Pa3paboTka  MeTOJOB  OUEHMBaHMS  (DYHKUMOHA/IbHBIX  XapaKTepuUCTUK
pacnpefeneHuii U UCCnefoBaHUA acUMMTOTUYECKUX CBOWCTB CTATUCTUMYECKMX
OLeHOK» HaumoHanbHOro yHuBepcuTeTa Y3bekuctaHa uvM. Mup3o Ynyrbeka
(2012-2016  rr.), @4-40 «MWccnepoBaHMA  aCMMMTOTUYECKUMX — CBOWCTB
NHTErpaibHbIX  3MMNUPUYECKUX  MPOLECCOB,  WHAEKCUPOBaHHLIX  K1accoMm
N3MEPUMBIX (DYHKLMIA» HaumoHanbHOro yHuBepcuteta Y3bekucrtaHa um. Mupso
Ynyroeka (2017-2020 rr.).

Llenbio  nccnefoBaHUA  ABNAKOTCA  UCCNELOBaHMA  AMIMUPUYECKUX U
nocnegoBate/lbHO-3MMNUPUYECKUX  MPOLIECCOB  HE3aBUCUMOCTU,  UHTErpasibHbIX
nocnegoBaTe/lbHO-3MMNUPUYECKUX  MPOLLECCOB, MOCTPOEHHBLIX MO  HEMno/HbIM
HabMo4eHNAM N AOKa3aTeIbCTBa A5 HUX paBHOMEPHbIX MO Knaccam MHAeKcauum
3aKOHOB 60/bLmMX yncen (3b6Y) 1 ueHTpanbHbIX npegenbHbix Teopem (LIMT) npw
pacTyLem obbeme BbIOOPKN.

3afiaum uccnegoBaHua:

orpefenieHne pesynbTaToB CW/IbHOW annpoKcuMaumyi Ans SMIVPUYECcKmX
NPOL,ECCOB HE3aBUCUMOCTU, MHAEKCUPOBAHHBIX KNacCoM MHANKATOPOB;

nccnegoBaHne AMMUPUYECKUX npoLeccos He3aBMCMMOCTH,
NHAEKCUPOBAHHBIX KMacCOM M3MEPUMbIX (YHKUUA M YCTaHOBMEHME AN HUX
PaBHOMEPHbIX MO Knaccy nHaekcaumy sapmaHTos 364 1 LT, BKAOYas u cnyyain
Cy4ainHoro o6beMa BbIGOPKMU;

nccnefoBaHue 3MMMPUYECKOr0 XapaKTepUCTUYECKOro npouecca
He3aBMCMMOCTH;

nccnegoBaHne nocnegoBaTtesibHbIX AMMUPUYECKMX npoL,eccoB
He3aBMCMMOCTH, NHOEKCUPOBaHHbLIX  K/1acCcoMm N3MEPUMBIX  (OYHKLWIA,
YCTaHOB/IEHME ANA HNX paBHOMepHbIX BapuaHToB 364, Y3b4Y n UIT,

nccnefoBaHne nNocnefoBaTes/bHbIX MHTErpasibHbIX IMMUPUYECKMX MPOLLECCOoB
He3aBMCKMMOCTH, NHOEKCUPOBaHHbLIX  K/1acCcoMm N3MEPUMBIX  (OYHKLWMIA,
YCTaHOB/IEHMEM A1 HUX paBHOMEPHbIX LT,

nccnefoBaHWe NocnefoBaTebHbIX MHTErPasibHbIX IMMUPUYECKMX NPOLECCOB,
MOCTPOEHHbIX MO LEH3YPUpPOBaHHbIM CnpaBa HabNHOAEHVAM W [0Ka3aTe/bCTBO
paBHOMepHoOro Y364 ansa Hux.

O6beKT  uccrefoBaHUA - AMMUWPUYECKME W MNOCNefoBaTe/ibHble
AMNUPUYECKME  TMPOLECCHl  HE3aBUCUMOCTW, a TakXKe TMocnefoBaTesbHble
3AMMUPUYECKIME NPOLLECCHI, MOCTPOEHHbIE MO LeH3YPUPOBaHHBIM Hab/HOAEHMSM.

[MpegMeT nccnefoBaHUA - COBPEMEHHAA Teopus IMMUPUYECKMX MPOLLECCOoB,
3HTPOMNUINHAA Teopusi, CXOAUMOCTb BEPOSTHOCTHLIX Mep B (PYHKUMOHaNbHbIX
NPOCTPaHCTBaxX U TEOPUA NPOBEPKM CTATUCTUYECKUX TUMOTES.

MeToabl wuccnegoBaHua. B paboTe Mcnonb3oBaHbl MeTOAbl  CUBHOW
annpoKcMMaLun, 3HTPOMUINHOM Teopn abCTPaKTHBIX AMMMPUYECKUX MPOLLECCOB B
(hYHKUMOHaIbHBLIX MPOCTPAHCTBAX, a TaKXKe aHa/IMTUYeCKne MeTOApbI.
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HayuyHad HOBM3Ha UccnefoBaHUA COCTOUT B C/ieAyHOLLEM:

[lOKa3aH pe3ynbTaT CWIbHOM  anmnpoKCcMMauuy  MOAXOAAWMM  06pa3oM
HOPMWPOBaHHbLIX IMMNPUYECKUX MPOLLECCOB HE3aBMCMMOCTU, MHIAEKCUPOBAHHbLIX
KfacCcoM  MHAMKATOpOB  MOC/eA0BaTe/lbHOCTbIO ~ OPOYHOBCKMX  MOCTOB €
OMTUMa/IbHON CKOPOCTHHO CXOAMMOCTY;

yCTaHOB/IeHbl PaBHOMEpPHbIE MO Kaccy MHaekcaunmn sapnaHTel 364, Y3bY n
LUIT ong smnupuyecknx npoLeccoB He3aBUCUMOCTU, UHAEKCUPOBaHHbLIX KNaccoMm
N3MEPUMbIX (PYHKLMIA NPU 4eTEPMUHNPOBAHHOM W Clly4ailHOM 06bemax BblIGOPOK;

[lOKasaHa paBHOMepHas Mo Bcemy Knaccy wWHAekcaumn UIMT  ang
nocnefoBaTe/lbHOro MHTErPasibHOro0 AMMMUPUYECKOT0 npoLiecca He3aBUCUMOCTH;

[loOKa3aH paBHOMepHbIM Y3BY ana nocnefoBaTtefibHbIX  UHTErpasibHbIX
AMMUPUYECKMX MNPOLLECCOB, MOCTPOEHHbLIX MO  LEH3ypUpOBaHHbLIM  CrpaBa
HaboAeHNAM.

[MpakTnyeckue pesynbTaTbl UCCNEeL0BaHUA COCTOAT B CEAYIOLLEM:

MOCTPOEHHbIE U WUCCMEA0BaHHbIE 3MMUPUYECKME U MOCNeA0BaTEebHO-
AMMNUPUYECKME NPOLIECChl, WMHAEKCMPOBAHHbIE KAaCCOM W3MEPUMbIX  (DYHKLWNA,
MO3BONIAOT BbIMUC/IEHNA MPefe/ibHbIX 3aKOHOB pacnpeaenieHnin LIMPOKOro Knacca
CTaTUCTUK A1 NPOBEPKM TUMOTe3bl O HE3aBUCUMOCTU C.B. M COObITUA, a Takxke
MPUBIMKEHHOIO BbIYMC/IEHNA WMHTErpasioB Mo Kiaccy (YHKUUA MHAeKcauun B
CNydae LieH3yprpoBaHHbIX cripaBa Hab/to4eHuiA.

[l0CTOBEPHOCTbL pPe3ynbTaToB UccnefoBaHNs 060CHOBaHA MCMO/b30BAHNEM
MeTOZOB Teopuu BepPOATHOCTEN, acUMMTOTMYECKON Teopuu MaTemaTuUyecKoid
CTATUCTUKMW, a TaKXKEe CTPOroCTbi0 MaTemMaTUUYECKNX [OKas3aTe/bCTB.

HayuyHas v npakTnyeckas 3Ha4YMMOCTb pe3ynbLTaToB UcCneq0BaHuUS.

HayuyHoe 3HauyeHMe pes3ynbTaToB WCCMEA0BaHUA 3aK/I4vaeTca B TOM, 4TO
MOCTPOEHbI M UccnefoBaHbl 3IMNUPUYECKME W nocnegoBaTelbHO-3MNNUPUYecKme
NpoLEecCbl HE3aBMCUMOCTU, a TaKXe UHTErpasibHble NocnefoBaTeNlbHbIE MPOLEecChl
MO HenosHbIM HabnaeHnsaMm. N4 HUX [0Kas3aHbl pPaBHOMEPHbIE MO Knaccy
nHaekcauun 364 m UMT.

[MpakTnyeckasa 3HAUYMMOCTbL AuccepTauuyM COCTOUT B TOM, YTO pe3ynbTathbl
nccnefoBaHnA  JakdT  BO3MOXKHOCTb — aHa/M3a  CTATUCTUMYECKUX  JaHHbIX,
MO/MlyYEHHbIX B MeAMKO-OMONOTMYECKUX  UCCNefoBaHusAX,  AemMorpagun,
NHXXEHepUn 1 CTpaxoBOM Jefne, B TEOPUN CTATUCTUYECKOrO OLEHMBaHUA W
MPOBEPKU rnnoTes.

BHegpeHne pe3ynbTatoB wuccnefoBaHusa. Ha OCHOBaHUW MOSYyYeHHbIX
pe3ynbTaTtoB MO0  aCUMMTOTUYECKMM  CBOWCTBAM  SMMUPUYUCKUX  Mep,
NHAEKCUPBAHHbIX K1acCoM (DYHKUWIA:

B (yHAamMeHTasbHOM  npoekte  EOT-PTEX-2018-154  “CnekTpbl
raMmmnbTOHMAHOB W pa3mMepHoCTelt 'nbbca B 7aceTkax 1 B gepeBbsax Kenn” ans
onpedeneHns  pasvepHocted  mMbb6ca,  MCMOML30Ba/IOCL  WUCCNe0BaHKe
nocnefoBaTeNibHbIX MHTErpaibHbIX 3MNUPUYECKUX MPOLECCOB, MOCTPOEHHLIX MO
LIeH3YPUPOBaHHbIM CripaBa HabMHAEHNAM U 10Ka3aTeIbCTBO paBHOMepPHOro Y364
Ans Hux (CnpaBka HaumoHanbHOro YHuBepcuteTa Y36ekucTaHa MMeHn Mupso
Ynyréeka Ne 04/11-6835 oT 28 okTsi6ps 2021 r.). Kcnonb3oBaHWE Hay4HOro
pesynbTata  MO3BOAWIO  OMPefesMTb  YMECTHOCTb  4YaCTHOM  Mojgenu
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MPONOPUMOHA/IbHBLIX WHTEHCMBHOCTeW Kosuona-IpuHa B MoAenu CryyariHoro
LIEH3YpMPOBaHNA CripaBa, MOCTPOEHHOI MO HEMOoJIHOW CTaTUCTUYECKOW BbIOOPKE;
paBHOMepHble MO Knaccy MHAekcauuwn sapuaHTbl 364, Y3BY m UMT pna
AMMNUPUYECKMX  MPOLECCOB  HE3aBUCUMOCTM,  MHAEKCUPOBAHHLIX  K/1acCoMm
N3MEPUMBIX (PYHKUMIA NPpU AeTEPMUHMPOBAHHOM U ClyYaliHOM 06beMax BbIOOPOK
MCMoNb30Ba/IMCb B CTpaxoBo komnaHum AO “APEX LIFE” B pacuyertax
TapUMPHbLIX CTABOK /11 CTPaxoBblX MNPOAYKTOB “CTpaxoBaHuWe OT HecyacTHbIX
cny4yaeB” n “CTpaxoBaHue Ha Cny4vail MHGEeKUMOHHbIX 3abonesaHnin” (CnpaBka
cTpaxosor komnaHum AO “APEX LIFE” NeALI-01/0548 ot 15 mnons 2021 roga).
cnonb3oBaHWe Hay4yHOro pesynbTara NnoMorai0 B pacyeTax TapuHbIX CTaBOK A
CTpaxoBbIX MpoAyKToB “CTpaxoBaHMe OT HecyacTHbIX cfyyaeB” (1 Knacc) u
“CTpaxoBaHue Ha Cnydar MHMEKLUMOHHbBIX 3a60/1eBaHMIA” (2 Knacc), a Takxe npu
OLleHMBaHMM CTPaxoBoOW NPeMUKN NPOAYKTa B NPOLIECCe aHa/IM3a PUCKOB.

Anpobaums  pesynbtaToB  uUccnegoBaHuns:  OCHOBHOe — COAepKaHue
ancceptaummn  o6cyaanocb Ha 14 mexayHapoAHbiX U 15 pecny6/MKaHCKMX
Hay4HbIX KOH(hepeHUmaX.

Mybnukauma pesynbTaToB uUCCnefoBaHua. [lo Teme gucceprauyuu
ony6nnKoBaHO 37 Hayu4HbIX PaboT, M3 HUX 8 BXOAAT B MepeyveHb Hay4yHbIX
n3naHuii, PeKoMeHAyeMbIX BbICLLe aTTecTauMoHHON KoMuccuein Pecny6ivKm
Y306eKncTaH Ana 3aWumTbl guccepTauuini foktopa gunocouun, B TOM uyucne 4
cTatby OMy6/IMKOBaHbI B 3apy6eXXHbIX XypHanax, 4 B pecrny6/IMKaHCKNX HayYHbIX
N30aHUAX.

CTpyKTypa 1 06beM pamuccepTaymu. [uccepTaums COCTOMT M3 BBeAeHUS,
Tpex rnae, NPUIOXKEHMS A W CMNMUCKa WCNOMb30BaHHOW nutepatypbl. O6beM
OCHOBHOI YacTu AuccepTauum cocTaBnseT 100 CTpaHULL.

OCHOBHOE COAEPXAHWE ONCCEPTALNU

Bo BBefeHUN 0OOCHOBaHblI aKTya/lbHOCTb W BOCTPEOGOBAHHOCTb TEMbI
ouccepTauuy,  OnpeaeneHO  COOTBETCTBME  WUCCMEAOBaHWUS — MPUOPUTETHBLIM
HanpaBNeHVAM PasBUTUS HAyKW W TEXHOMOruiA pecrny6nnku, npuBefeHbl 0630p
3apy6eXXHbIX Hay4HbIX WCCNeAoBaHWIA Mo TeMe AMccepTauumM U CTeneHb
M3YUYEHHOCTU NPOGeMbI, CHOPMY/IMPOBaHbI LiENM W 3aayl, BbiSBNEHbI 0OBEKT U
NPeAMET  UCCNEOBaHMS, W3MOXEHbI HayyHash HOBM3HA W NPaKTUYecKue
pe3ynbTaTbl  WUCCNEAOBaHWs, packpbiTa TeOpeTMYeckass W MpaKTU4eckas
3HAUYMMOCTb MOMYYEHHbIX Pe3yNbTaToB, faHbl CBEEHUS O BHEPEHUN Pe3ynbTaToB
ccneaoBaHus, 06 ony6IMKOBaHHbIX paboTax U CTPYKTYpe AuccepTaLmi.

MycTb B NOCMeA0BaTENbHOCTM HE3aBUCUMbIX 3KCMEPUMEHTOB Hab/oAatoTCS

napbl {(XkAK),k>1), rge cnyyaiHble BenMuMHbl (C.B) XK onpegeneHbl Ha
BepOATHOCTHOM npocTpaHcTee (Q,A,P), nNpuMHMMAIOT CBOM 3HayeHUA B
n3mepnmom npoctpaHctee (X,B). 3gecb XcM1 n B =ct(X)- curma-anrebpa
bopeneBCcKNX MHOXecTB M3 X. CobbITus MMEKT O00LLYH BepPOATHOCTb
P=P(AK)e(0,1). [MpeanonoXxum, yTo HabnohaeTca BbI6OpKa
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S={(XkSk),1 <k<n}, roe Sk=1(Ak)-ungukatop. Kaxgaa napa (XKk,SK)
NHAYUMPYET cTaTucTmyeckyto mogenb (X 0 {0,1},U,V), rae U - curma-anredpa

MHOXeCTB Buga npoussefeHns B0 © 6openeBCKMX MHOXecTB Be B Ha
nogmHoxectea ©c {0,1}. PacnpeaeneHve

{V(BO ©)=P(Xke B,ake ©),Be B,© c {0,1}},
3afjaHHoe Ha curma-anrebpe U npn ©={0,1} 0603Haunm yepes
Q(B)=V(Ee{1})=VBe{)+VBe®{l})=

=Qo(B) +0 1(B), Be B, (1)
roe Qn(B) =Vv(B 0 {m})m=0,1. PaccmoTpum runotesy H 0 He3aBMCUMOCTU
c.B. Xk n cobbitna Ak B kaxxpoin nape (XkAk). Torga gna ntoboro Be B npu
cnpasegnmsoctn runotesbl H @ Qo(B) =@ - p)Q(B) n Q1B) ="Q(B). Beegem
3HakornepemeHHyto mepy J1(B) =Qi(B)- "Q(B). Torga ¢ ydetom (1), npwu
CrnpaBefMBOCTN TUMNoOTe3bl H , npuBefeHHble [Ba paBeHCTBA CTAHOBATCA

9KBMBA/IEHTHbIMW OHOMY
N1(B) =0 ansa nto6oro Be B . 2

Beesem amnupuyeckue aHanorv mep, Bxogawmx B gopmynsl (1) n (2) ans
B e B no Bbibopke S(n):

1n
Qm(B)=-2 1(XkeBA =m),m=01,
n k=1
1 n
Q,n(B)+Q,(B)=Q,,(B)=-z I (Xk e B),
n k=
1 n
n.,(B)y=QJB) -p.Q.(B), p =Q,(X)=-2Z"ke-

n k= ’(31)1

3ameTuMm, 4TO npu cnpasegavMeocT runotessl H, JIn(B) saBnsetcs
HecMeLLeHHOW oueHkoi J1(B) ana nto6oro B e B . bonee Toro, cornacHo ¥Y3BY,
npu kaxkgom BeB u n , In(B)—"N1(B). W3 Teopun aMNMpUYECKUX

MPOLIECCOB M3BECTHO, UTO Takue pe3ynbTaTbl He MMEKT MeCcTO PaBHOMEPHO MO
BCEM 3/1leMEHTaM CUrMa-anredpbl B, 1 MOryT BbINOMHATLCS ANS ONPeAe/ieHHOro
knacca G MHoxecTB M3 B . CneaosaTenbHO, McCMeaoBaHWe acMMNTOTUYECKMX

(Npu N pa) cBoicTB G - MHAEKCMPOBAHHbIX NMPOLIECCOB BrAa

{G.(B)=a (n,(8)-n(s)), Be5|, (4)
C BO3MOXHO C/y4aliHO NocneaoBaTe/lbHOCTbH HEOTPULIATENbHBIX HOPMUPYHOLLIMX
uncen {an n>1}, NnpeacTaBNseT MHTEPEC C TOUKM 3PEHUS MOCTPOEHUS CTATUCTUK

ONS KPUTEPUEB MPOBEPKM runoTe3bl H . 3apaya CTaHOBUTCS eLUE MHTepecHee W
nonesHee ecnn npeaenbHbLIM MPOLECCOM ANt NocneaoBaTenbHOCT (4) 6yaet

BbICTynatb Q - 6GpOYHOBCKWUIA MOCT, T.e. rayccoBckuin npouecc {G(B),Be”} c
HY/IEBbIM CpeAHMM 1 KoBapuauuen npn BLB2e£

cov(G(BJ),G(B2)=Q(BjnB 2 - Q(BYQ(B2). ()
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B gaHHOW auccepTaumMoHHON paboTe OyayT pacCMOTpeHbl 6onee LUMPOKME
Knaccbl MoCnefoBaTe/lbHOCTEN 3MMMPUYECKMX MPOLECCOB, WHAEKCUPOBaHHbIX
knaccom f umamepumbIX PyHKUmin f : X~ ML

G,f=JfdG, f Ef 6)

X

3ameTum, 4to npouecc (4) aBnAeTcA cneuymnasnibHbiM cnydaem (6), korga f
asngetca knaccom wuHamkatopos f ={l(B), Beg). Wccnegyemble Hamu

npoueccbl Buga (6) MMEHT C/y4yailHyt0 HOPMUPOBKY an=4n [pni-p )] >

ONTUMasbHYKO B TOM CMbIC/IE, YTO B Npefene nNpu cnpaseaMBOCTA rmnoTessl H
nonyyaem Q - 6pPOYHOBCKMIA MOCT

Gf=JfdG (7)
C HyNeBbIM CpeAHUM W1 KoBapuauuen npu /, f2e f
cov(GfLGf)=Qff-Q A f (8)
rae
Qf=Jf dQ.

3ametum, uyto (5) cnegyetr u3 (8), ecrm f ={l(-ga;t], te M)-knacc

MHAMKATOpPOB. B [JaHHON AuccepTalMOHHON paboTe McCnefoBaHbl CrefytoLime
Pa3HOBMAHOCTM 3MMMPUYECKUX MPOLECCOB HE3aBUCUMOCTU (6) AN MPOBEPKM
rmnotesbl H :

a) T -MHAeKCMPOBaHHLIN NpoLiecc

2
Onf=3fdg = (n.-n)-f, fef, (9
Pnl1- P.).
6) nocnepoBaTenbHbln © = T®f - MHAEKCMPOBAHHBIN NpoLecc

e o Lns] e (10)
B (5:0)= o 39 g UM -1 (sif)e©

roe T=[0.1] n [a]- uenasd yacTb uncna a;
B) nocnefosatesibHbii M = M® f — MHAEKCMPOBaHHbIN MpoLecc
{v.(t;fM X (t;f)eM), (11)
roe f (n)=1 (u)-1(u<t).
r) B Aucceptaumm uUCCnefyeTcs Takxe W Cneaylowmii nocnefosate/bHbIN
MT=MT®fTf - MHAEKCUPOBaHHbIA UHTErPasIbHBIA MPoLecc

I<U,(/) =(F*“ - F)f =X (u)(FnmB- F)(du), (;,/)eMr j, (12)

roe Rt=(-pa,T], T<inf{teR: P(X, <t)=1), X.=min(T.,C,)), S, =I(T, <C)).
Mpun atom c.B. T, ¢ (PyHKUMen pacnpepeneHuns (h.p.) F LeH3ypupyeTcs cnpasa
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He3aBucsLWen oT Hee ¢.B. Ck n F,MR - cTeneHHas OLEHKa OTHOLLEHWS PUCKOB A/
Q.p. F.

[MepBas rnaea Amccepraumy, HasBaHHas «OnpefeneHUs N HEKOTOpble
OCHOBHblE pe3y/nbTaTbl COBPEMEHHON Teopuu 3SMMNUPUYECKUX MPOLLECCOB.
pe3ynbTaTtbl CWU/IbHOW  anmnpoKCMMauMn  KIaCCUYECKUX  IMMUPUYECKUX
MPOLLECCOB HE3aBUCUMOCTU» MO 60/bLUE YacTU SABNSETCA BCMOMOraTeslbHOM u
COCTOMT 13 YeTblpex naparpagos. B 81.1 npuBefeHbl U3BECTHbIE pPe3y/bTaTbl 41
KN1IaCCUYECKMX 3MMUPUYECKMX MPOLIECCOB, OMpefenseMblX Yepe3 WHAMKATOPbI
HabnMogeHNA 1 nog4vepkHyTa npobnema, BO3HMKalOWAs MNpu pPaccMOTPeHUn
cnaboi cxoAMMOCTI B NPOCTPaHCTBE (PYHKLMIA 6e3 pa3pbiBOB BTOPOro poda ©(M)

C paBHOMepHO wmeTpukor P =|[J". Tak kak (©(M),p) HecenapabenbHo,

cnefoBaTesilbHO AMMUPUYECKMIA NPOLIECC ABMSETCA HE N3MEPUMbIM OTOOPaXKEHNEM.
310 6bINO OoTMevyeHo [A.M. YumbucosbiM B 1965 1. CoBpemeHHast Teopus
AMMUPUYECKMX MPOLECCOB 00XOAWUT 3Ty Mpobnemy, uUMmes B CBOEM apceHase
apyrve noaxoapl Ans onpegeneHns cnabon cxoguMmocTM B 6onee  00WMX

npocTtpaHcTeax, ckaxem B (/"(7),||lz (f )|[r), rae /"(7)- npocTpaHCTBO BCEX
OorpaHnyeHHbIX (hyHKLMIA f:TA M c cynpemym HOPMOM
MOAXO[ OMMPaeTCa Ha MOHATUA BHELLUHEro

MHTerpasia W BHELWHe BepoOsATHOCTM. HeKoTopble CBeAeHUA W NoAXOAbl
COBPEMEHHOW TEOpUN CTOXaCTUYECKMX CXOAMMOCTei npusedeHbl B 81.2. Mpu
nccnepoBaHUM T - MHAEKCUPOBAHHBIX 3MMUPUYECKMX MNPOLECCOB MNMPUXOAUTCA
HanaraTb YC/IOBUA Ha CTeneHb C/IOKHOCTU Kracca M3MepUMbIX (yHKUMA T,
Ha3blBaeMbIX 3HTPONUIHLIMK YycnosusMn. B 81.3 auccepTaumm onpepeneHsi
3AMMMPUYECKIME NPOLIECChI, MHAEKCUPOBAHHbIE KACCOM U3MEPUMBIX YHKUMA T 1
paBHOMepHble no knaccy T 3bY v LIMNT ansg HuX, HasbiBaemble B COBPEMEHHOIA
nMTepaType  Takke Teopemamn  [nvBeHKo-KaHTennn w [loHckepa C
COOTBETCTBYIOLWMUMM 3HTPOMUAHLIMK  ycroBusMK.  Knaccbl T A0S KOTOPbIX
CnpaBe/IMBbl 3TN YC/IOBUA TakXe HasblBalOT Knaccamu [MBeHKO-KaHTeniv u
JOHCKepa.

[na onvcaHus pesynbtaToB §1.4 guccepraumm pacCMOTPUM CTATUCTUYECKYHO
mogens (X ®{0,1},U,V), nopoxaeHHyto Bektopom (XKkSK) u runotesy H o
He3aBMCMMOCTM KOMIMOHEHT 3Toro Bektopa. B 81.4 paccmaTpuBaeTcs YacCTHbIiA
C/lyyai aSMNUPMYECKOro npotiecca HezaBucumocTtu (9), korga T ABMSETCA K1accom

nHagnkatopos T={/(-",t],teRj. Nycte B=(-",t], Qn((-",t]) =Hn(t),
Qni((-llit]) = H,,,,(O, m= Onuv Q ((-"’t]) = H(t)’ Q"((_"’(]) = H,,(t),
A((-"t) =AM, A" t)=A (). Torga A(t)=HLt)- pH(t) ©n npu
cnpasegnmeocTn runotesbl H @ A(B)=0 gna nwoboro te XX. B aTom cnyyae
npouecc (10) onpenensercsa Kak
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A.(0=n.((-"t)= " (An(t)-A (1))> ter  (13)
pn(1- pn)

roe pn=kmHZL,@t).
CornacHo Knaccuyeckoin teopeme [MBEHKO-KaHTennu, nerko yctaHoBUTb,
yTo

lim sup a,,(0)] >0, (14)

B KauyectBe annpokcumupyrowein ana  npouecca (13) paccMoTpuM
MocnefoBaTe/lbHOCTb rayCCOBCKUX MPOLLECCOB

n0(t) =[P - p)] 2(B1,(t)- pB, (t)- H(1)B1,(*")), teR

rae (B,,(H (t))>B1,(H (t2))) -BeKTOp3HaYHbIe rayCCOBCKME NPOLECCHI C HY/1EBbIMU
CpeAHVMU 1 KOBapWaLMOHHOW CTPYKTYpOK npu tnt2e M:
EB,,(t1)B,, (t2) = min(H ft), H ft)) - Hft)H (t2),

EBN(t1)B1,(t2) = min(H 1(t2XH 1(t2)) - H (tDH 1(t2), (15)
EB1,(t)B1,(t2) = mi,, (H 1(t2XH 14(t2)) - H [(t)H 1(t2).
Ons ynucna £ >0 paccMoTpuM ycnoBue

>4@1*") max{p 2,(1-p) 2] (16)
logn

Teopema 1 TycTb BbINONHeHO ycnosue (16). Toraa Ha gocTaTovyHO 6oraTom
BEPOATHOCTHOM npocTpaHcTee (Q,A,P) nmeeT MeCTO annpokcumauus

P(S,gglﬂ,,(t)- (1) >Ca,” log n) <Kon-+g, (17)
roe Co=Co(', p H) n Ko(-abcosntoTHbIE) NOMOXKMTENbHbIE NMOCTOSHHBbIE.

Myctb  {B(y),0 <y <1j-6poyHOBCKMIA  MOCT. Annpokcumaums  (17)

ONTMMa/ibHa M0 CKOPOCTU CXOAMMOCTH.
Cneancteue 1. M3 (17) no nemme bopens-KaHTtennm

M/ 1 \
s%&ﬂ,,,(t) - A..(t) = O{p Iogn). (18)
[Npn cnpaBefnnMBOCTW runoTesbl H , npy Kaxkgom n > 1
O-(t)=B(H (t)), teM. (19)

CnepoBatenbHo, npu n>" u3 (18) m (19) mmeem aHanor TeOpeMbl
LloHcKepa

A.()" B(H (1)) B O(M). (20)
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CxogumocTb (20) MMeeT BaXHOe MpPaKTUYeCcKoe 3HayeHve. EE MOXXHO
MCMONb30BaTh [/11 MOCTPOEHUS KPUTEpWeB ANS NPOBEPKU runotesbl H, ¢

Mcnosib3oBaHeM ctatucTtuk /(A n).
Teopema 2. MNyctb ¢yHKUMoHan /: ©(K) A XX yOoBneTBOpseT YCNoBUIO
Jivnwnya

[/(U)- /() <L RIUL(Y) - (Y,

roe L>0 HekoTopas nNOMOXWUTeSlbHas MOCTOsSHHasA. [peAnonoXum, 4to C.B.
/ (B(y)) VIMeeT orpaHMU4YeHHYO MIOTHOCTb OTHOCUTE/NLHO Mepbl Slebera. Toraa B

YCNOBUAX TEOPEMbI 11 cnpaBeAMBOCTU runoTesbl H

_ﬁgggﬂb (/(An(m)<x)-P(/(B(A (m)<x)= O(n"logn). (1)

Cxogumocte  (21) no3BONSeT  Haxo4uTb  CKOPOCTb  CXOAMMOCTM
pacnpegeneHnsa ctatuctukmn / n(An) K pacnpegeneHuto c.e. / ( B).

BTopasd rnaea guccepraumm «3dmnunpuyeckme npoueccbl He3aBUCUMOCTH,
3aflaHble K1accoM M3MePUMbIX (PYHKLMIA» COCTOUT 13 YeTbipex naparpadgos.

B 82.1 nccnepyetca F-nHaekcupoBaHHbIn npouecc (10) ¢ ncnosib3oBaHneM
METOA0B COBPEMEHHO TEOpPWUM 3MMMPUYECKUX MpoLeccoB. [ns foKas3aTe/bCTBa
F -paBHOMepHbIX BapuaHToB TeopeM [ imBeHKO-KaHTennm n  [IOHCKepa
Onpesennm CNOXHOCTb, T.e. 3HTponuio Knacca F . MNyctb Lg(Q) - npocTpaHCTBO

yHKymin T X~ XK ¢ Hopmoii

Qq 't '=]nfl
[na onpeaeneHnsa aHTponun Knacca F Beefem noHaTue s - bracket B Lg

s- bracket B Lg(Q) ectb napa QyHkumin p,/e Lq(Q) Takux, u4TO
Q(p(X)</(X)=1wn ||/-p|Q@<s,Te. Q(/-p) <sq.Mpn aToM yHKUUA
MoKpbIBaeTca s -cetoto [p,/],ecnn Q(p(X)< f (X)< /(X)) =1. OT™MeTUM, YTO
(yHKUMM ¢>1 /| MOryT He NpuUHag/iexartb Knaccy F, ofHako OHW LO/MKHbI UMETb
KoHeuHble Lg(Q) Hopmbl. Yucno s -bracket N[](s,F,Lq(Q)) ecTb HanmeHbLLee
ymcno s -bracket B Lq(Q), HeobxoanMbIX A8 NOKPbITUA F :

Nn (s F,L (Q)) =min{k:ana Hekotopbix /,...,f e Lg(Q)
Takux, yto F ¢ y [/,f ]:|f- f \g, <st} (22)
[MoHATHO, 4TO uucno (22) cxogutca K +ma  npu s -10. Ywucno

q, (s)=iogN[](s,F. (Q)) Ha3blBaeTCA METPUYECKOW 3HTponuein Knacca F B
Ly Q). Onpeaenvm Takxke MHTErpan METPUYECKO 3HTPONMK
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J@(5) =JG;T;E,(Q)) =j(H,(fi)) de,  0<5<1 (23)

NHTerpan (23) ucnonb3yetcd AN KOHTPONMPOBAHUA POCTa METPUYECKOM
SHTpPONUMN.

YUepes Nnp](fi,T,Lq(Qm), Hnyfi) n J f~ ) o6o3Haumm uncna fi-cCKoOOK,
METPUYECKMe 3JHTPOMUM W WX WHTEerpaibl, COOTBETCTBYHOLME CybMmepam
Qmm=0,1. MycTb I/T) NPOCTPAaHCTBO OrpaHUYeHHbIX YyHKUMin Z (/) Ha T ¢
cynpemym-Hopmon |z (/)|lr=sup{lZ(f )|,/ eT|.

Cnepytowasa Teopema Tuna [OHCKepa HanaraeT 6o0fiee CU/bHblE YC/IOBUSA
BTOPOro nopsfka Ha knacc T .

Teopema 3. MycTb knacc T Takos, uto Tc L2(Qm) u "™ (1) <m m=0,1.
Torganpu n*pga B
O./°0 1 8lHT),

roe {4/, f eTj - rayccoBCKuin MNPOLECC C HYNEBbIM CPeAHUM W npwu
crnpase4MBOCTU runotesbl H , 3TOT npouecc cosnagaetr ¢ Q -6poyHOBCKMM
mocTom {Af,f e Tj c koBapuaunen npn /,geT

EA/<Ag =Qfg- Q/Qg.
3ametnm, uto npu T={/(-pa,t],te Rj npouecc A/ coBnagaer c

H -6poyHoBckum MocToM B(H (t)).

B §2.2 nccnepyetcs npouecc (9) npu cnyvariHoM 06beMe BbIGOPKN.

B 82.3 aMnMpuyecknini NpoLecc He3aBMCUMOCTM, UHAEKCUPOBAHHbIA KNaccoMm
WHOMKATOPOB, WccnefoBaHHbIN B 81.4 npouecc (13), wucnonb3oBaH And
MocTpoeHna Kputepua Konmoroposa An1d MpoBepku runotesbl H B mogenu
C/ly4aliHOro LieH3ypupoBaHus crpasa. B aToil Mofenu ata runoTesa 3KBMBa/leHTHa
rMnoTese O MPOMoOpPLMOHabHOCTU MHTEHCMBHOCTEW. Ha npumepe BbIGOPKM
obbema n =97 nokasaHa COCTOATE/IbHOCTb COOTBETCTBYHOLLETO KpUTEPUS.

82.4 anccepraunm MOCBSALLIEH nccnefoBaHNIo AMMUPUYECKUX
XapaKTepncTN4eCKnX NpoLeccoB He3aB1CMMOCTH

{©,(s)= | eistdd, (1), seR, n>1]j

paBHOMepHO N0 Knaccy wuHAekcauum T ={t" eisti|s|<”™ j. B yacTHOCTW,

YCTaHOB/IEHO, YTO 3TOT MPOLIECC Cabo cxoauTcs B NpocTpaHcTee C /1’2-735 K

LlEHTPMPOBAHHOMY KOMM/IEKCHO3HAYHOMY rayCCOBCKOMY npoLieccy,
pacripefiefieHne KOTOPOro rMpu CrpaBeAnMBOCTM TuUnotessl H coBnajaeT ¢
pacnpeeneHMem npoLecca

y(s)= ] esdB (A (1)).
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TpeTba rnasa  Avccepraumm, HasBaHHast  «[llocnegoBaTefibHble
AMMUPUYECKME  MPOLECCbl, WHAEKCUPOBAHHbIE  KNAcCOM  U3MEPUMbIX
(hYHKLMIA» MOCBALLEHA NCCNef0BaHNIO NnpoueccoB (10)-(12).

B 83.1 ycrtaHoBfeHbl paBHOMepHble 3BY u UMNT gna npouecca (10).
Crepytolas TeopeMa YTBepXKAaeT MocnefoBatefibHblii Y3BY paBHOMEpPHO NO

T=1o,1].
Teopema 4. lMpegnonoxum, yto Qnf2<pmp m=01 f E f. Torga npu

[ns], H
n (I -M)f

CnefyeT OTMETWUTb, YTO YC/OBME TEOPEMbl 4 HE MOXKET ObITb OCMAGMEHO.
OfHako, AN CXOAUMOCTU MO BEPOSTHOCTM [OCTAaTOYHO BbINOHEHWS YC/IOBMS

Qmifl <ga, m=o0,1,f ef .
Beegem amnupuyeckune nond Ha ©=1 ®f : ¥.(s;f) = (s;f) +Y (s;f),

z.(s;/ )=V«¥Yn(s;/ )=Zc (s;f )+zb(s;f)>rae

¥(s;f)=[ns]U (1-s,)f (x,)- Q.F(X;)),
n =

->0.

Yn(sf )= F:A] Ej(s F(X))- QI (X)),

n npn m=0,1, Zrm(s;f)z\/@r)] GmHf, Zm(Lf )=Gmf = nm  sm

Myctb 1@(©) - NpoCcTpaHCTBO BCEX OrpaHMYeHHbIX DYHKUMA Ha © C cynpemym-
HopmoW 1 1O
Teopema 5. CyulecTByeT YyHuBepcasibHas KOHCTaHTa C, Takas 4yTo A1
KaXkaoro s >0
P*(||¥. (s;)||©> 4s) <2C max P*(||%,,. (1;f )|If >5s). (24)
3JTa Teopema No3BosAeT cBeCTU © -paBHOMepHble 3BY K f -paBHOMEPHbIM.

Onpegenernve 1. Knacc nsmepumbix yHKUMin f HasoBem nocnefosartesibHO
cnabbiM Knaccom 'nmnBeHKo-KaHTenu, ecnvlljr npn N m

M(s;f)|e- L ~o
Onpegenenvie 2. Knacc uamepumbiX (yHkumin f  HasoBeM crabbiv
["nuBeHKo-KaHTenn knaccom, ecnv npy N Mm
Y. (L )*——o,
roe Yn(l-) - MyHMManbHaa nsmeprmMas MaxkopaHta gna Yn(l;-).

OnpepgeneHne 3. Knacc namepmmbix QyHKUmin f HasoBem nocnefgosatesibHO-
CUNbHLIM ['NMBeHKO-KaHTenm Knaccom, ecnv npy n” m
H
Y(sflle 0
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OnpepeneHne 4. Knacc wusmMepumbIX QYHKUMIA L Ha30BEM CUMbHbIM
[ nnBeHKo-KaHTennm knaccom, ecnv npu n”* g

y, 1 ®——" o
Cneacteue 2. C yyetom (24), nmeeM npun kaxkaom s >0

P*(ly, (Lf )|F >45)<P*IX,(s:fID >45)<

- 2Cmo?P*(Y’n(1;f "L > 4
Torga Knacc M3mepuMbIX (YHKUMIA L ABNseTcs nocnefoBaTe/ibHO-CnabbiM
(v cunbHbIM) IMBEHKO-KaHTeNnM KnaccoM Torga W TOMbKO Toraa, Korga L
ABNSieTCA cnabbIM (MM CUNbHLIM) TNMBEHKO-KaHTeN 1M Knaccom.
Teopema 6. [1ycTb BbINOMHEHLI YCnoBUA Teopembl 4 ang Knacca L. Torga L
FBNAETCA nocnefoBaTeNbHO CUIbHbIM [ MBeHKO-KaHTennnm knaccom, T.e. Mpu

n" a

*

n (AH -A)f "0

CregytoLias Teopema 06006LLaeT Teopemy 3.
Teopema 7. TyCcTb BbINOMHEHbI YCN0BUA Teopembl 3 And knacca L. Torpa

npn n” aq
A(s;H)MA(s;f) B 1A®),
roe {A(s;f), (s;f)e d}- rayccoBckoe cny4yailHOe Mnosie C HY/MEBbIM CPEAHUM W

npu cnpasefinMBocTM runotessl H 310 none cosnagaet ¢ nonem Kudepa-
Mtonnepa ¢ kosapuauveid npu (s;/), (t,g)e D :

cov(A(s;T ), A(t;g)) =min(s,t){Q/g - Q/Qg}.
B 83.2 gucceprtauum uccnefytotca M - MHAEKCMPOBaHHbIE 3MMUPUYECKME
npoueccbl (11). OueBMAgHO, 3TW Mpoueccbl Takke codepxar (9), Tak Kak

Vn(ag;/ )=Arf pgna Bcex f eL. B 6aHaxoBom npoctpaHctBe (/gdM), | M)
onpeaenvmM npoLecehbl

£ (t;f ):[p (1- p)] 2l (t;f )- E7 (t;f )> (t;f )EM

roe 7 (t;/ )=ft (X )(E. - p). Torga, EE (t;/ )=0 nnpu (t;/ ),(s;9)e M

cov(E£ (t;f) ( s;9))=[p(1-p)}-im

mirts) t S 1 (25)
] fgd(Q,-2pQ +pX)-J fdJ1-J gdﬂll-

[Mpw cnpasegnneocTn runoTesbl H
cov(£ (%f).£ (s;9))= J fgdQ, (%f).(s;g)e M- (26)

Myctb  {W(t;f ), (t;f )e M }-rayccoBckoe cnyvalHoe Mone C HyeBbIM

cpeaHum n Kosapuaumen cov (W (t;f ),W(s;g)) =cov(£E (t;f ),£ (s;9)).
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Torpa 310 none Npu crnpaBeAMBOCTY rUMNoTe3bl H MMeeT KoBapuaLmio (26)
1 CNeaoBaTeNbHO ABNSAETCA BUHEPOBCKMM nonem. Onpeaenm npoLecchbl

U, (t;f ) = 1/2%& (tf), (F)e s,

ANS KOTOpbIX BepHa A - paBHoMepHasa LUMT.
Teopema 8. [yCTb BbINOMHEHbI YCNOBUA TeopeMbl 3 Ana Knacca T. Torga

npyu n™ m 5
U, (t;) "W (t;/) B 1HA).
Myctb uo(t;f)=UoQ/, rae uo=N(0,"(1-p)). MayccoBcknin npouecc c
cov(m (t;f )u (s;g)) =p (1- p)QftQgs.
Teopema 9. MycTb BbINONHEHbI YC/10BUA TeopeMbl 3 Ana Knacca T. Torga

npyu n™ m >

V(GO (t;f) B IHA ):
roe {v(t;f)=W(t;f )+uo(t;f )e[p (- p)] 2 (t;f)e A J ABNAETCA rayCCoOBCKNM

NnosieM C HyneBbIM cpefHuM. pu cnpaBefMBOCTU rMMNoTe3bl H OHO sBNsieTcH
Q - 6poyHOBCKMM MOCTOM C KoBapuaumein npu (t;f ),(s;g)e A
nrty t S
cov(V(tf),V(s;9))= | fgdQ-jfdQ jgdQ.

B nocrnegHem 83.3 paccmoTpeHa Mo,qenb C/ly4yarHOro LeH3ypMpoBaHUs
cnpaga. [lyctb  Habnopaetcd  Bblbopka  §(M)={(Xk5Kk),1<k<nj, rae

X =min(T,C), 5 =1(T<C), {T] n {Cj-gBe  HesaBUCUMbIE
nocnefoBaTe/lbHOCTU He3aBUCUMBIX C.B. C 00WmMKn ¢.p. F 1 G COOTBETCTBEHHO.
PaccMoTpum 3aady oOLeHuMBaHMA F Mo BbIOOPKe . PaccmoTpuM  oueHKy

F™(t) Abaywykyposa (1998) ana F (t): F*“ (1) =1-[1-4,, ()]R(), roe

R (") = (N,,(1))-IN1(t), N, ()= _j(l -Am.,, 1dH,,(n),

t 1
Nt(t)=j(1- A (n-))_dHb(m).

Myctb XO<X@<..<X@ - BapvaynmoHHbIA psg U3 HabnoLeHWIA
{Xk, k= . PaccmoTpum paclumpsatomincs cnyyanHolini nHTepsan (—ga,X(, k)] .

3fecb nocnegosarenbHOCTh Lenblx yncen {k,, n>1j takosa uto 1<Kk, <, u ansa

YTBEPXXAEHUI C BEPOATHOCTLIO 1 BbIMO/IHEHO YC/IOBUE:
(S1) k,>log,, Ans Bcex OOCTaTOYHO OONbLUMX N W NOCNEA0BaTEe/IbHOCTb

Tk 1
j—, , >1>acMmMnTOTMYECKM HEe BO3PACTaET.
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CocTaBMM  WHTerpanbHblil  amMnupuuyecknid  npouecc  (12)  npwu
f (xX)=f (x)1(x<t)
{U.(f)=J3f (X)d(FT - F)=(FT - F)f, (t;f)ERt®f =M]j,

roe Rt =(-ga,T], T<inf{?e M:H (t)=1).

IMeeT MeCTO paBHOMEpPHbI BapyaHT Y3bU.
Teopema 10. MNyctb cnpasegmeo ycnosue (S1). Ecnm Knacc mM3MepumbIx

(yHkumiA f Takos, UTO
fc£,(F), NI(s,f.£1(F))<na,

Tonpu N m

[Na nNpakTUYeckoro WCnosb3oBaHUA MOXHO nonaratb tzT(I'I-;) N OLEHUTb

X

) (n-,n)
nuterpan Ef (T1) = Jf (X)dF (x) ctatuctukon J f (X)dFmR(X).
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SAKNMKOYEHNE

[unccepTalumoHHas pab6oTa MOCBSAILLEHA WCCNEA0BAHMI0 SMMMPUYECKMX I
NocneaoBaTe/lbHbIX  AMMMPUYECKMX MPOLECCOB, WHAEKCUPOBAHHBLIX  K/1AaCCOM
N3MEPUMbIX (DYHKLIVIA.

OCHOBHbIM pe3ynbTaTaMu UCCel0BaHUS SBASOTCS CNeAyHOLLVE:

1 TMoCTpOeHbl 3MMMPUYECKME MPOLIECCHI HE3aBMCMMOCTM C MOAXOAsLLelt

2.

C/Ty4ainHON HOPMWPOBKOW.

[okazaHbl pe3ynbTaTbl CWUAbHOW annpoKcuMauuv Anas SMNPUYECcKmX
MPOLLECCOB He3aBUCUMOCTU, UHAEKCMPOBAHHbIX K/1aCCOM MHAMKATOPOB C
OMTUMa/IbHOM OLeHKON CKOPOCTU CXOLMMOCTM.

JokasaHbl paBHOMepHble 3BY n UIMT gna smMnnpuyecknx npoLeccos
He3aBMCMMOCTM, MHAEKCMPOBAHHBIX K1acCOM M3MEPUMbIX (DYHKUMIA. 3TK
pesynbTatbl ABMAKOTCA aHaloramm KacCMYeckux Teopem [ IMBEHKO-
KaHtennn wn  [loHckepa. TlpedenbHblii  rayCCOBCKWMMA  Mpouecc npu
OCHOBHOW rvnoTese SBNseTcH 6POYHOBCKUM MOCTOM.

[lokaszaHo CBOWCTBO cnaboi CXOAUMOCTM 3AMMMPUYECKOTO
XapaKTep1CTUYECKOro npoLecca He3aBUCUMOCTN K KOMM/IEKCHO3HaYHOMY
LIEHTPMPOBAHHOMY rayCCOBCKOMY MpoLieccy.

JOKa3aHbl paBHOMepHble BapuaHTbl TeopeM Tuna nnBeHKo-KaHTenm u
[loHCckepa  AnA  nocnefosaTeslbHbIX — 3MMUPUYECKUX  MPOLLECCOB
He3aBUCUMOCTW.

JoKa3aHbl paBHOMepHbIE MO BCEMY K/acCy MHAekcauuu BapuaHTtbl LIMT
AN19 nocnefoBaTe/lbHbIX SMMMPUYECKUX MPOLLeCCOB HE3aBUCUMOCTHI, TAe B
npegene npv  CrpaBef/IMBOCTM  OCHOBHOWM  TUMOTe3bl  NOMy4vaeTcs
ABYyXnapameTpuyeckuin npouecc Kudgepa-Mionnepa.

[na  nocnefoBate/ibHbIX  MHTErpasibHbIX  AMMUPUYECKUX  MPOLLECCOB,
MOCTPOEHHbIX MO LIeH3YpPUPOBaHHLIM CripaBa HabMAeHUAM [OKa3aH
paBHOMEPHbIA Y3BUY.
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INTRODUCTION (abstract of (PhD) thesis)

The aim of the research work is investigating of empirical and sequential-
empirical processes of independence, integral sequential-empirical processes
constructed from incomplete observations and proofs of laws of large numbers
(LLN) and central limit theorems (CLT) uniform in the indexing classes for them
with an increasing sample size.

Scientific novelty of the research work is as follows:

the result of a strong approximation of appropriately normalized empirical
independence processes indexed by a class of indicators by a sequence of
Brownian bridges with optimal convergence rate is proved;

for empirical processes of independence, indexed by the class of measurable
functions for deterministic and random sample sizes are established the uniform
variants of LLN, SLLN and CLT by the indexing class;

Glivenko-Cantelli type theorems (in weak and strong forms) are proved and
also for sequential-empirical processes of independence uniformly over the entire
indexing class Donsker type theorems are proved,;

for sequential integral empirical processes of independence constructed from
right-censored observations uniformly SLLN is proved;

in all versions ofthe CLT, Gaussian processes with zero mean are obtained in
the limit and if the hypothesis H is valid, coincide with the Brownian bridge.

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

uniform versions of limit theorems for integral empirical processes intended
to test the independence of random variables and events were used in the
fundamental project EOT-®TEX-2018-154 “Spectra of Hamiltonians and Gibbs
dimensions in Zd-grids and Gk-Keli trees” (Reference of the National University of
Uzbekistan named by Mirzo Ulugbek, October 28, 2021, No 04/11-6835). The
application of the scientific result made it possible to determine the relevance of
the particular model of proportional hazards model (PHM) of Koziol-Green in the
model of right random censoring construct by incomplete statistical sample.

the criteria constructed using empirical processes made it possible verify the
independence of a random variable and event, also limit theorems for them, were
used to verify the dependence of the insurance payment and the insured event in
the insurance company JSC “APEX LIFE” (Reference of the insurance company
JSC “APEX LIFE”, July 15, 2021, No ALI-01/0548). The application of the
scientific result helped in calculation of tariff rates for insurance products
“Accident insurance” (class 1) and “Insurance against infectious diseases” (class
2), also estimating the insurance premium of the product in the process of risk
analysis.

The structure and volume of the thesis. The thesis consists of an
introduction, three chapters, conclusion, application A and title of used literatures.
The full volume of the thesis is 100 pages.
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