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KHWPUII (dancada noxkropu (PhD) nuccepraumsicu aHHOTAIUSICH)

Juccepranusi MAaB3yCMHMHT 10,13ap0Juru Ba 3apypartu. XKaxon Mmukécuna
om0 Oopunaérran kyrmiad WIMHf-aMaliuil TaIKUKOTIIAp, aKCApUAT XoJulapia
Oupop KOMIAKTAa OepuiiralH XakKMKui KHAMaTiIH y3iykcu3 QyHkiusiap dasocuaa
aHUKJIAHTaH Ky4CHU3 aJUTUB TapTUOHU CAKJIOBUM HOpMajaHTraH (yHKIHMOHAIIAP
¢dazocunu TaBcudramra ouj Macananapra keatupwiaad. Kydcus agautus
TapTUOHM CaKJIOBYM HOpPMaJaHTraH (QYHKOUOHAIIAp (PA30CUHUHI T'€OMETPHUK
XOCCaJapuHM YJIapHUHI TaBcudura acociaHu® ypraHum xamja ymoy ¢azo Ba
YHUHI KaBapuK KUCM Tymuiamiapu adpuH roMmeoMopPu3MiIapuHu KYpPUHHUILINHUA
aHMKJIAIl MyXUM axaMMsITra sra. ¥Y3mykcu3 QyHKuusuiapHuHT banax nankapacunaa
Ky4CH3 aJIUTUB TapTUOHU CAKJIOBYM HOpPMaJlaHTaH (pyHKIMOHAIAp (a3osapuHu
rE€OMETPUK TaBCU(JAIl — KBAHT MEXAHUKACHMHMHI CTATUCTUK Ba HXTUMOJLIMK
KUXATIAPUHU aKCMOMATUK YPraHUIAard MyaMMOJIApHHU Xajl STUIIHUHT MYXHUM
Bazudanapuaan 6upu 6yiarb KOIMOKIA.

X03Upru KyHJa >KaxoHJa Ky4cHu3 aJJIuTUB TAPTUOHU CAKJIOBYM HOpMaJaHTaH
byHKIIMOHAIIAp dazonapunu TaBcudIaI Ba YJIAPHUHT appun
roMeoMOp(GU3MIIAPUHUHT KYPUHUILIAPUHA aHUKJIAIl MYXUM axaMusiT Kach
3TMOKJIa. bepunran KoMmakTHUHT Oym  Oynmaran Oapua €NMK  KUCM
TYIIaMIapuHUHT  (Pa30CcMHU yHIOy KOMOAKTAard KyuCU3 aJJAUTUB TapTHOHU
CakKJIOBYM HOpMalaHraH (QyHKUMOHaIap (a3ocura romMeoMopd KoWIarITHPHIL
MYMKUHJIUTM ~ MabiAyM. TabKuajam  KOWU3KH, HyKTajapia  sKUHJIALIUII
TOMOJIOTHACUIA Ky4dCH3 aJJUTUB (QYHKIMOHALIAP (a30CMHU YEKIU YiIdamiu
(azonapaa reoMeTpuK TaBcU(IIaIl Macajlacu Xajaurada ouuk TypuOau. by 6opana,
KYUCH3 aJJIMTUB TAPTUOHM CaKJIOBYM HOpMasiaHTaH PyHKImoHamwiap dhazocu apdux
roMeoMoppuM3IapUHN KYpUHUIIMHU aHUKJIAll, Ba yJapHu ywoy dasonapHu
METPUKAJIAITUPHUIITa TATOUKY MaKCaJIN UIMHUI TaJKUKOTIapAaH XUcoOIaHa Iu.

MamnakatuMu3aa, allHUKCa KeWWHTH Wwuiapaa QyHmaMmentan danmap,
KyMJIaZaH KBaHT MeEXaHMKacH Ba (uU3MKaAa TaTOMKura sra OynraH mnona3apd
HyHanmunuiapura pTHOOp KyudanTupunau. KymianaH, oXuUpru WWJUIapAa HKKA
HYKTaJId KOMIMAKT Oynranga ymOy KOMAamKTAaru Ky4dcu3 aAJUTUB TapTUOHU
CakJIOBUM HOpMaslaHTaH (yHKIUOHA/UIap (pa3ocu 4YeKIn YiadyaMiad Ba KaBapUK
KOMIAKT TYTUIaM OVIIMIIN KYpCcaTUATraH XaM/Jaa Kyucu3 aTUTHUB TAPTUOHH CaKJIOBUU
HOpMajaHraH (QyHKOUOHauap  (a30CUHMHI  anreOpamk Ba  TOMOJIOTHK
XyCYCHUSITIAPUHU aHMKJIAIl OPKalId aMaJuii MyaMMOJIapHM XaJl 3TUIl Oopacuja
CAJIMOKJIM HaTwkanapra ospumimigy. “@OyHKIUMOHAN aHalu3, TeoMeTpus Ba
TONOJOrU” (PaHIAPUHUHT YCTYBOp HyHanuuuiapu Oyinua Xajakapo cTaHaapriap
Japa)xkacuia WIMHMHA TaJAKUKOTIap onud Oopuil mMareMaTtuka (PaHUHUHI acOCHH
Basudanapu Ba (aonuaT HyHanuiiapu 51u6 Genrunanan’. MnMuii HaTvkanapad
WIM-(DaHHUHT TypJoll coxanapuaa ¢oinaiaHuIl Makcaauaa KyuCu3 aJJIuTUB
(GyHKIIMOHAJUIap Ha3apUACUHU PUBOXKIAHTUPHIL MYXUM aXaMUsTra ora.
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V36ekucron Pecnyonukacu [pesunentununr 2017 iiun 7 pespangarn  [1D-
4947-con  «VY30exuctoH PecyOnUKaCHHM sHAIa PUBONKIAHTHPHII OYifrda
xapakatiap crparterusicu Tyrpucuaayru @apmonu, 2019 #wun 9 wurongaru
[1K-4387-con «MaremaTnka TabauMu Ba (DaHIapUHU SHATA PUBOKIAHTUPHIIHA
JaBIAT TOMOHHAAH KYIIa0-KyBBAaT/Iall, IIyHUHIIEK, Y30eKHCToH PecryGiukacu
@annap akagemusiciHuHr B.JM.PomanoBckuii Homuaarn MaremMatuka WHCTUTYTH
daomuaTHHN TyOAaH TAKOMWJUIAIITHUPUII YOpa-TaaOUpiapu  TYFPUCHIANTH
Ba 2020 #iun 7 maitnaru [1K-4708-con «KMaremaTuka coxacuaaru TabJiuM cudaTuHu
OIIMPUII Ba  WIMHUH-TAAKUKOTIAPHM  PUBOXJIAHTUPUIL  Yopa-TaaOupiapu
TYFPUCUIA»TU Kapopiiapu XamJa Ma3Kyp (aonusTra Teruuuiy OomKa HOpMAaTHB-
XYKYKUH XyxXoKaTiapja OeiruiaHraH Bazu@anapHd aMalra OLIMpHUIa Yoy
JUCCepTalys TAAKUKOTH MyailsiH napaxaja Xu3maT KujIaau.

TaankuKOTHUHT pecnyOauka (GaH Ba TEXHOJOTMSJIAPH PHBOKJIAHWIIN
YCTYBOp iyHaquuuiapura O0oFIuKIUru. Maskyp TaAKUKOT peciyOnuka (an Ba
TeXHojorusuiap  puBoxianumumHuHr IV,  «Maremarnka, MexaHWka Ba
nH(pOpMaTHKa» YCTYBOP WYHATUIIH JOUpAcHIa OakapuiraH.

MyaMMOHMHI ypraHuiaratjuk jaapasxkacu. JLb.Illanupo wmwmma X
KOMIAKTIard 0apya XakukKuii HoMaH(ui y3aykcu3 GyHKIUAIap KOHycHIaru oapua
Ky4uCu3 aJAUTHB TapTHOHMU CaKJIOBYM HOPMAJIAHTaH SPUM aJIIUTHUB SPUM
MYJBTUIUIMKATHB MycOaT Oup xuHcau GyHKIuoHamwiap ¢azocu, X KOMIAKTHUHT
oy 6yamaran 6apua €MUK KUCM TYTIaMJIAPUHUHT (pa30cura roMeoMop@d SKaHIUTH
ucobotnanrad. T.Pagyn TOMOHMIAH HyKTanapja SKAHJIANIMII TOIMOJIOTUSACH
KUPUTUIITAH Ky4CHU3 aJUTHB TAPTUOHHM CaKJIOBYM HOpMajlaHTaH (hyHKIIMOHAJUIAP
(a30CHUHUHT KOMITIAKT OYJIMIIN KYpcaTUiraH Xamaa 6apya 3XTUMOJIIUK YITHOBIAP
dazocu, Oapua OV Oynmaran €nuK KUCM TyIiamiap (azocu, KYIIUIUIILIAD
runepdazocu xamaa cynepkeHraiunuiap (azonapu Kyucus aAJUTUB TapTHUOHU
CaKJIOBYM HOpMaJIaHTaH (PyHKIMoHAIIIAp (azocura romeoMopd >KOMTAIITUPUITHIIN
UCOOTIIaHTaH.

Kyucus anmutuB QpyHKIIMoHAIIAD HA3apUSCUHU TAIKUK KWIWII yCYJUTAPUHA
curumiiap (Ga3ocu XOCCaJTapuHU aHUWKJIanaa MyBad(akusaTau Kyiam MyMKHH.
Curummap ¢panmy3 wmarematuru [.Illoke ToMOHWIAH VIYOBHUHT TaOWUI
yMyMIIaITyBU cu(daT/ia KUPUTWITAH Ba HOAHWKJIMK MapTIapua eunmiiap Kaoy
KWIWII HA3apUsACHIa CUFUMIIAPHHM TaTOWK Kwiuin yciayoum sipatwirad. JI.J[xoy
UIIUa 3Ca CUFMMJIAPHUHT FOKOPH SIPUM Y3IYKCU3JIUTH IIApTIapU aHUKIAHHO,
Ky4YCHU3 TOMOJIOTHUSI KUPUTWITAH KOMIAKTIArH SIPUM Y3JIYKCU3 CUFUMIIAp (a3ocu
KoMnakT OVymumum kypcatuiarad. M.M.3apuunsiii Ba O.P.HuxudopunHHUHT
UIuiapuja KOMIAKT Xaycaopd ¢aszonapmard  CUFMMIIApPHUHT alreOpaMK Ba
TOTOJIOTUK XOCCalapy KypcaTHIITaH.

Kyucus agautuB TapTHOHU CakJIOBYM HOpMasaHraH (yHKIHoHawuap ¢a3ocu
Ba YHUHT Xap XWJI KACM (pa30JapuHUHT TOTOJIOTHK Xycycusitiapu C.AmnOeBepuo,
III.A.AronoB, P.b.bemumos, JI.E.[laBneroB, I'.®.J[)xa606apoB, A.A.3auTtos,
JL.LKapueBcka Ba OomkamapHuHr wunuiapuna ypraawirad. C.Ans0eBepuo,
[II.A.AronoB Ba A.A.3autoBnapamar nmuga X TuxoHoB (a3ocuma aHWKIaran
Ky4uCu3 aJJWTHB TAPTUOHU CaKJIOBYM HOpMayiaHraH PajoH ¢yHKOHOHAIIapu
dazocuan X (a3oHU caaMoOFura TEeHTIMTU ucOotnanrad. P.b.bemmMoB kommakT
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TalryB4ura sra 6yiran 0apya Kydcus aJJIUTUB TAPTHOHU CAKJIOBYM HOPMAJaHTaH
dyskumonamnap dasocunuar  C (G (X)) ¢asonnnr xasapuk xucm  Qasocu

oymumau ~ ucOotnarad.  bemumoB, H.K.MamapanmueBnap  wummaa  dca
OS, :Tych— Tych ¢dyukropuauar THXOHOB (Da3oiapud Ba YJIapHUHT Y3IYKCH3

aKCJIaHTUPUIILIAPH KaTeropusiCuia  HOpMallb  OYNMUIIM  KypcaTHIITaH.
[".®.J[>ka60apoB TOMOHUJAH TEKUCIUKIATH KyUCH3 aJTuTHUB MycOaT Oup KUHCIU
dbyukimoHamwiap GpazocHHUHT TaBCU(U OJMHTaH.

JAuccepranmsi TAAKUKOTHHHHT JUCCEPTANUS 0aKapWIraH OJMi TabJIuM
MYacCaCACMHUHI WJIMHI-TAAKMKOT HILJIAPH pekajapu OWJIaH OOFJIMKJIUIH.
Huccepraumst  tagkukotd  bepmak  Homumarn — Kopakanmok ~— gasnar
yauBepcutetunuar NeOT-4-27 «Mopaan yummkiaapu —(a3onapy, CHFAMIIAp
dazonmapu TaBcuduapu Ba GYHKIUSIAPHA TOJOMOP(] JaBOM  ITTHUPHIID)
MaB3yCHAaru WiMni jgonnxa noupacuaa 6axapwuiran (2017-2020 diusnap).

TaaKNKOTHHHT MaKCaIH KyUCH3 aJTUTUB TAPTUOHU CAaKJIOBUYM HOPMAaJIaHTaH
¢yHkuoHamuiap (a3zocu Ba YHHMHT KaBapukK KucM (Qa3onapuHuHr adpuH
roMeoMopu3MIApUHU TaBCU(UHU aHUKIANIaH nOopar.

TaagkukoTHUHT Basudagapu:

TEKUCITUKIATd KYyuCH3 aJIuUTUB TapTHOHM CaKJIOBYM HOpMAaJjaHraH
dbyHkmonamuiap ¢pa3oCcuHH TaBcuanm;

Ky4ucu3 aJyIUTUB (yHKUUMOHAIAD (PA30CMHUHT Ba cUFUMIAP (PA30CUHUHT
addun romeoMOpHU3MITAPUHUHT aHUK KYPUHUITUHU TOTIMIIL;

ahpdua romeoMophU3MIAPHUHT METPUK KOMIIAKTAA OepwiraH Kyucu3s
aJJIUTUB TAPTUOHM CAKJIOBYM HOPMAJIAHTaH Ba SIPUM AJAUTUB (YHKUIHOHAJIAP
dazonaprHU METPUKATAIITAPHUIITA TATOMK KUITALI.

TaagKUKOTHUHT 00bEKTHHH KyUCHU3 aITMTUB QyHKIIUOHAIIAP, IPUM aJITUTHB
byHKIIMOHALIIap, MycOaT Oup KUHCIU (PYHKIIMOHAIIAP, CUFUMIIAP (Pa30CH TAIIKHII
3TaIN.

TankukoTHUHT npeaMeTn Hounsukim ¢GyHKIMOHANIAp Ha3apUsICH, KaBapUK
KOMIAKT TYIUIamjiap Ha3zapHsICH, CUFUMIIAp Ha3apusCH, MaHXapaBuil romeoMopd
byHKIIMOHAUIap Ha3apUsACH, METPUKAIAIITUPHUII HA3apHUSICH.

TankukoTHUHT yeysuiapu. TaakukoTaa GyHKIIMOHAN aHATU3 Ba HOUM3UKIIH
GbyHKIMOHAUIAp HA3apusCH yCyJulapuiad (GoiganaHuiIraH.

TaagKUKOTHUHT WIMMI SHIWJINTH Kyiuaaruiaapaad uoopar:

Ky4CHU3 aJITUTUB TapTUOHU CAKJIOBYM HOpMajaHTaH (yHKUMOHAAp (dazocu
XaKUKUI derapaianrad ym4oBnu QyHkiusuiap cuHuauHr banax ¢azocu Oupnuk
HMIAPUHUHT YHT KucMura apdus romeomMopd SKaHJIUTH UCOOTIaHTaH;

ApUM aIIUTUB (PyHKIMOHAIAP (PA30CHHUHT FOKOPHU YErapacHHHU CaKJIOBYH
adpduH roMeoMOpOU3MUHHMHI Ba KOMIIAKTAa OepuiaraH curumiiap (Ha3oCHHUHT
namxapasuii ahGuH roMmeoMOpOU3MUHUHT aHUK KYPUHUIINA TOTTUITAH;

KOMIAakT (a3onard METPUKAHMHT YyIIOy KOMMAaKTAArd sSpuM  aJJIUTHB
dbyHKIMoHauIap dazocura JaBOMU OyIaauraH METpUKa aHUKJIaHTaH;

Ky4cH3 aJIUTUB TapTUOHHU CAKJIOBYM HOpMalaHraH (yHKIHOHaIap ¢Gazocu
MeTpUK (Pa3o OYauIm ncOOTIaHTaH.

TaaKUKOTHUHT aMaJIuii HATUKAJAPH Kyluaaruiapaan noopar:



ApUM aaauTUB GyHKUMOHAUIAp (Pa30oCcMHU MeTpuKajiaujaa ymoy (a3oHUHT
IOKOpY YerapacuHH CakjJoBYM adGuH TroMeoMOphU3MUHUHT aHUK KYPUHHIINA
KYJUTAaHWITaH;

Ky4CH3 aJIUTHUB TapTUOHHU CAKJIOBYM HOpMalaHraH (yHKIMOHaap ¢azocu
XaKUKUW derapayianrad yimuoBnu QyHKuusiap cuHuHUHT banax ¢azocu Oupiuk
HMIAPUHUHT YHT KucMura appuH romeoMopd SKaHIUTUIaH TAllyBUYUCH UKKUTAJaH
Kyn OynamaraH HyKTajJaplaH TalIKWiI TomnraH Oapya Ky4uCH3 aJIuTHUB
dbyHKIMOHAUIAp TYTJIAMUHU TaBcuduiamiaa GoiiganaHuira.

TaaKuKOT HATHKAJAPUHUHT MIHOHYJIMIMIH (QYHKIIMOHAN aHAIU3, KyuCcH3
aaIuTuB (QYHKUMOHAIAp Ha3apusacH YyCyJUlapuaaH QoipanaHuiIranu xamjaa
OJIMHTaH HaTWXajlap MaTeMaTUK JKUXATAaH TYFpU HUCOOTIAHTAHJIUTH OWiaH
U30XJIaHA/IN.

TagKMKOT HATHXKAJIAPUHUHI WIMHMHA Ba aMaJiMil axaMMATH. TaaKukoT
HATIDKAJAPUHUHT WIMUN aXaMusATH KydcHu3 aJauTHB (QyHKIHMOHamIap Qazocu
abdur roMmeoMOp(OUIMUHUHT AHUK KYPUHUIIUAAH HOUYU3HKIN (yHKIMOHAJIIAP
(a30CMHUHT TEOMETPUK XOCCaJapWHU TAIAKUKWUra KYJUlall MYMKHHJIATH OuiiaH
U30XJIaHA/I!.

TanKuKOT HATMXKANAPUHUHT aMajiuil axaMHsSITH Ky4cH3 aJJIUTUB TapTUOHH
CakJOBUM HOpPMaJaHTaH  (YHKIUOHAUIap  (PA3OCHHUHT  KaBapuK  KUCM
TymnamiaapuHUHT  apduH roeoMopduU3MH  KYPUHMIIUAAH KydCH3 aJJIUTUB
dbynkunoHasuiap ¢a3ocujia MeTpUKa Kypullia KyJUIaHWIUIIK OWJIaH U30XJIaHaIH.

TaakuKOT HATWKAJAPUHMHI skopuii KuiaumHumM. Kyucusz agautus
dbyukimonamwiap ¢azocu ahpduH romeoMophuMIapu Ba YJIAPHUHT TaTOUKJIApU
Oyiirua OJIMHraH HaTHXKaJlap acocua:

Ky4cU3 aJJIMTUB TapTHUOHM CaKJIOBYM HOpPMaJlaHraH (PyHKIMOHAILIAP
dazocunn TtaBcuduman Nel7-51-12064 pakamiu «Ontuman  OoUIKapHIIl
Macananapu Ba auddepeHnman TeHrjJamanap Ha3zapuscugard TapTubd OwiiaH
MYBO(HKIAIIYBYM ONEPATOpiap» MaB3yCHUIAru XOPWXKHM TpaHT JoWMxacuua
BEKTOp  MamXkapajapjard aJAuTUB  ONEpaTopiapHU  TAAKUK  KHIWIIIA
¢doitnananunran  (KJIL.XerarypoB Homupmarun IHumomuit Ocetus gasnat
yHuBepcuTeTUHUHT 2021 itun 1 maptaaru mabiyMoTHOMacH). MUnmMuii HaTHOKaHUHT
KYJUTAaHWINIIN BEKTOp MaHXapajapJard OpPTOrOHad aJIUTHB OIepaTOpJIapHUHT
TapTUOJIM YeTapajaHraHIUTHHN UCOOTIAIl UMKOHHHH OepraH;

Kyucu3 aaJuTuB (yHKIMOHAUIAp (a3ocu Ba YHUHT KUCM (ha3oJapUHUHT
abdun romeoMopd skannuruaaH P-4-42 pakamiau «SIpuM ajaIuTUB T-CUILIUK Ba
Panon QyHkinuoHamnapu (pazoCMHUHT KapJAWHAI Ba TOIOJIOTMK XOcCcajJapu»
MaBp3ycuaaru pyHaameHTan uwiMuid noitnxana Panon ¢dynkunonamiap Gpa3oCUHUHT
MyXMM HWHBapUaHTIApUAAH OYJraH CaJMOFMHM aHMKJIalaa  QoiianaHuirad
(V36ekucron Pecny6imukacu Onuii Ba ypTa Maxcyc TabauM Basupiuruauur 2020
iun 30 oxtsaOpaaru 89-03-4303 connu MabiaymoTHOMacH). Mnmuil HaTWKaHUHT
Kyanunuiny Panon ¢aszonapu kaTeropuscuaa xapakaTiaHyBUM Kydcu3 aJIUTUB
(YHKIIMOHAJUIADHUHT ~ TOMOJIOTHK, KAaTeTOPUK, TE€OMETPHK Ba  KapAuHal
XOCCaJapyuHU TaJKUK KUJIHII UMKOHIUHH OepraH.



TaagKuKOT HATHKAJAPUHUHI anpodanusicd. TaakukKoT HaTwxkaimapu 3 Ta
XalKapo Ba 5 Ta pecnyOiauka WIMHK-aMaduil aHXyMaHJIapuia MyXOKamaJlaH
YTKa3UITaH.

TagKNKOT HATHKAJAPUHUHT IBJOH KHUJIMHTAHJIUTH. TaJIKUKOT MaB3yCHU
Gyitmua »xamMu 15 Ta MIMMH MII €ON OSTHITAH, IIyJapAaH, Y30eKHCTOH
Pecniybmmkacn  Onuit Atrecranius KOMHCCHSCMHUHT  ¢ancada  JOKTOpU
JUCCEPTAlUSIIAPU ACOCUN WIIMUI HATHXKAJIAPUHU YOIl ATULI TABCUS STUJITAH MIIMUI
Hampiapaa 6 Ta MakoJia, KymiaJaH, 2 Tacu XOpWwKud Ba 4 Tacu pecmyOiuka
YKypHaJUIapy/1a HaIlp 3THIITaH

JAuccepTannMsiHUHT TY3WJIMIIN BAa Xa:XMH. Jlucceprauust KUpUIl KUCMU, Y4
000, xynoca Ba ¢oHganaHuiaraH aaabuéTiap pyWxatuaaH TalIKWI TOITaH.
HucceprauustHUHT XaxMu 80 OETHHU TAIIKWII 3TraH.

JIACCEPTAIIMSITHUHT ACOCUN MA3SMYHHA

Kupnm kucmuna auccepranusi MaB3yCHHUHT J0JI3apOJIMTH Ba 3apypaTH
acocjaHraH, TaJKUKOTHUHT  pecrnyonuka  ¢aH  Ba  TEXHOJOTHUsIapU
PUBOXJIAHUIIMHHAHT  YCTYBOp  WyHaJuUUIApUIra  MOCIHWIHM  KypCaTWITaH,
MYaMMOHUHT YpTraHWITaHJINK JapaXacH KEATHPWITaH, TaJAKUKOT MaKCaaH,
Basudanapu, OOBEKTH Ba MpeAMETH TaBCU(IAHTaH, TAIKUKOTHUHT WJIMHN
SHTWINTH Ba aMaluil HaTwkanapu OaH KWJIMHIaH, OJMHIaH HATHXKaJTapHUHT
Ha3apuil Ba aMaIuii axaMUsITH O4MO OepuiiraH, TaAKUKOT HaTHKaJapUHUHT KOpUN
KAJIUHUILY, Hamp OJTWIraH UIUlap Ba JAMccepTalMs Ty3wiumu —Oyiinda
MabJIyMOTJIap KEJITUPUIITaH.

JuccepTasitHUHT «Kyucus aJINTHB TAPTHOHU CaKJI0BYH
bynkuuonaiap ¢asocw» 1ae6 HOMIAHyBUM OupuHUM 0O00HIa, Y3IyKCH3
yrkuusnap ¢pasocu C(X) na aHUKIAHTaH KyucH3 aiIUTHB TapTUOHH CAKJIOBYM

HOpMaJjaHraH (pyHkuroHamap ¢hazocu XaKuaard 3apyp Tabpudaap Ba TylryHuagap
KEJITUPUIITaH.
Aitraitmuk, X kommnaxt tymiam 6yncud. C(X) opkanu HykraBuii anreOpauk

amMajyiap Ba TEHI YiI4aMiud HOpMa, SbHU H f H:max{‘ f (x)‘:xeX } HOpMaJH

ysaykens f X =R dyukuusnap dasocunu Genrunaiivus. Xap 6up ¢ € R yayn
c, opkamu ¢, (x)=c, xeX dopmyna 6yiinya aHNKIaHraH y3rapMac QyHKIUSIHI
Oenrunaiimvus.  Anrainuk, @, €C(X) 6yncun. ¢ <y TeHrcusnmuk sca Gapua
xe X nap yuyn @(x) <w/(X) TeHrcusnuk GaXkapuIUIIMHU U(OmATaMIN.
X KOMIAakTHUHT Oym OyiMmaraH ¢€nuKk KUCM TymiamMu F y4yH
A.:C(X), »U | pyaxknuonamau
A (P)=max{d(x):xe F}, peC(X). (1)
Kouja Oyiinua aHukimaiMus. A, GyHKIMOHAI KyHUIaru xoccajapra sra: KyucHs

aJINTHB; TAPTUOHU CaKJIaiau;, HOpMaJaHTaH;, MycOaT OUp KUHCIIN; SPUM a7 IUTHB,;
APUM MYJITUILUIUKATHB.



1992 #ivmu JI.B.Ianupo teckapucunu, span C(X )+ Jlary Xxap KaHjal Ky4ucus
aJITATUB, TAPTUOHM CAKJIOBYH, HOpMaJIaHTaH, MycOaT OUp JKUHCIIH, SPUM aJTUTHUB,
SIPUM MYJITHIUTAKATUB (pyHKIMoHAT (1) KypHuHUIITa 3ra OYIUIIMHA aHUKIaraH.

1998 #iunu T.Pagyn yxmam xycycustiaapra ara GyHKIHoOHaap (a3oCuHUHT
TOTIOJIOTHK XOCCAIAPUHY TAJKUK KIJIMITHH OOIIIaraH.

1-rappud. v:C(X) > R pyukumonanu, arap:

bapua ¢eC(X) Ba ceR yuyn v(g+c,)=v(4)+c-v(l,) TeHrmmK
OaxkapmiIca, Kyucus aooumuse,

capua @, € C(X) nap yuyn ¢ <y tenrcusmuknad V(@) <v(\) TeHrcusamk
KeJMO YuKca, mapmubHu cakiosyl,

v(1,)=1 6ynca, nopmananean;

Gapua peC(X), teR, t>0 napna v(tg)=tv(¢4) TeHrmK Gaxapuica,
mycoam oup HcuHcIu;

Gapua ¢,y € C(X) nap yuyn v(¢+y)<v(¢)+v(y) TeHrcH3 MK ypuHIK

oyica, apum aooumus nenunaau.
X KOMIAKT y4yH KyWHJaru OenruianuiapHd KUPUTAMU3:
O(X ) — C(X) pmarm Oapua Kydcu3 ajJuTUB, TapTHOHM CaKJIOBYM

HOpMaJIaHraH (yHKIHOHAILIAP TYILIAMUY;
OH (X) — O(X) nau onunran Gapua Myc6aT Oup >XMHCIN QYHKIHOHAIIAP

TYIIAMU;
OS(X ) - OH (X ) JaH OJUHTaH Oapya spuUM aaauTUB (YHKIMOHAJIAp

TYILIAMH.
F(X) tymmamma, 6y epma F'=0, OH, OS nykramapha sSKMHTAIIAII

TONOJNOTUACUHN  KapaiimMus, Xycycuit xomma v e F(X) (pyHKUMOHATHUHT
aTtpodapu 0a3acuHH
(Vg @y 0y, €) :{V' e F(X) :‘v'((pi)—v((pi)‘ <e, i=lk },

KYPUHUILJATY TYIUIaMiIap TalIKWI 3Taay, Oy epaa € >0, ¢ € C(X ) Li=1,k.

Masbnymku, ucranran X KoMmmakT ydyH F(X) ¢a3o KaBapuK KOMIIAKT
oynanu, 6y epaa F'=0, OH, OS.

P(X) opkamm C(X) pgarm 6Gapua HoOpMmanaHran wmyc0aT YHM3UKIHA
dbyHKIIMOHAUIAp TYIIIIAMUHM OenrunaiMu3. MabiyMKu,

P(X)cOS(X)cOH(X)cO(X).

Awraiinuk, A — X KOMIAKTHUHT €nuK (azocu OYViacuH. Arapaa f ‘A = g‘A
IAPTUHK KaHOATIaHTHPYBuH Oapua f,g € C(X ) nap yuyn v(f)=v(g) TeHrauru
Gaxxapuica, y xonma veO(X) obynkuuonamn A 1a ocamnanean NeRNTagn. V
(GyHKIIMOHAT KamylaHTaH OYIyBUM SHT KWYHMK €nuk 4 C X Tymmamra v e O(X )
(YHKIMOHATHUHT mautysuucy ISHAIaIn Ba suppy Kabu OerunaHaim, SbHa

suppv =({4: v — 4 0a scamnanzan}.
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Aiitaiinuk, A Ba B nap — E TONOJOTUK (Pa30HUHT KaBapUK KUCM TYTIamiaapu

oyncun. T : A—> B akcnantupuin yayH O6apua X,y €A Ba a €[0,1] nmapaa
Tax+(1-a)y)=al(x)+(1-a)T(y)
TEHIJIMK Oa)kapuiica, y X0J1a YHra aggun akcranmupuul NeAnIau.

bynna, arap T : A — B akcianTupuil ¥3apo Oup KHNMaTIU Ba ¥3apo y3ITyKCHU3
Oyiica, y Xoaa yHra agpgun comeomopduzm nednnau.

TaakukoT umvHuHT «Kyducn3 aganTus GyHKuuoHaNIap (a30cu Ba YHHHT
KucM (PazosapuHuHr apdun romeomopdusmiaapmw» 160 HOMIAHYBYM UKKUHYN
600uma, kyucus aaauTuB QyHKIMOHAIIap Ga3ocu Ba YHUHT KUCM (pa30JapUHUHT
ap¢uH roMmeomoppuzMIapy ypraHwirad. O(2) (pa3oHUHT TaBCUPU OJUHIU, O(2)

+

Ba L (R) dazonapununr addun romeomopdmurn ucbormanran. L (R)

1
¢dazonunr O(2) daszora apdua roMeoMOPPU3IMUHUHT AHUK KYPUHUIIA aHUKIAH]IH.

SlpuMm  ammutuB  QyHKOMOHAIIAp (PA3OCUHUHT OKOPDU YErapaHd CakKJIOBYM

romeomopdusmiapy Kapanad. KommakTaaru 0apua CUFMMIIADHHMHT KaBapHK,

KOMIAKTIAPUHUHT Mamkapasuii ap(uH roMeoMoppU3MIapU TABCH(PH OIMHIH.
Ocnatu6 yTamusky, 71 -HyKTanum kommakt n={0,1,2,...n—1},nell, yuyn

C(n) dazo R" dazora usomopdaup, Oy epaarn usomopdusm Kyiiumark Konaa
oyiinua 6epunaau: f € C(n) —>(f(0), f(l), ey f(n —1)) eR".

Masnymkn, I'.®.Jxa66aposuunr uumaa OH (2) daso Tekuc KBampaTra
addun romeomopd skanmmru Ba OH (n) HUHT Gapya 1 >3 Japaa 4eKCH3 YT40BIH
OyIuIIH KypCcaThiTaH.

dapa3 Kuaaimmk, L w(R) Ba L (R) moc paBuuiia — R jaru Xakukuit aHuk

yerapajanrad Y4oBnd (QyHKIMsuIap CMH(GUHUHT Ba XaKUMKUK MHTETPaUIaHyBYH
dynkumsnap cunpuHuHr Ganax Qaszomapu 6yncun. Ilynnuraex, L, (R) ¢aso

L (R) dazonunr kymma pasocura u30MeTpuk n3omMopd OyaraHanruaas,
L, (R) ={feL, (R):0< f<1},
TYTIamMu *-Ky4cus KOMIAKT Tymiam 6ynanu, Oy epaa 1 — L (R) naru Gupmuk.
Ky#innaru teopema ymoy maparpaHUHT aCOCHUH HATHKACH XUCOOIaHA IH.

1-Teopema. 0(2) ¢aso LOO(R)I+ gazoea aggun 2omeomopd, OyHOa
L, (R)l+ — 0(2) eomeomopghuzm ywoy

x=y
,u(x,y): I (p(t)dt+y, pel, (R)1 . (2)
0
Kouoa oytuua bepunraou.
0, (X ) OpKaJI TalllyBUMCH MKKHUTAJaH Kyn OyiIMaraH HyKTajapJaH TalIKuil
TonraH 6apua x4 € O(X) GyHKUHOHAIAP TYIUIIAMUHH OeNrnIaiMus3.
Kenrycn Taciuk O, (X ') TymiaMHuHT TaBcuUHN Oepau.

1-tacauk. Aumaiinux, X xomnakm ¢hpazo 6yicun. Y xonoa xap Kawoatil
p € 0,(X) gyuryuonan Kyiuoazu Kypunuwea rea 6ynau:
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f(xl )‘f(»"z)

u(r)=" 1 oldre s (x) G

Oy epaa suppy ={x,.,x,}, pe L (R) .

K xaBapuk KOMMakT yuyH cc(K) opkamm yHMHr Gapuya Oym GyiamaraH
KaBapuK €MUK KUCM TYTIIIaMJIapUHU OeITHIIaiMu3.

Arapma v,,v,€O0S(X) mnap yuyn T(v,vv,)=T(v,)vT(v,) TeHIIHK

Gaxapuica, y xomma T:0S(X)—>OS(Y) akclaHTHpHINTa IOKOPH 4HerapaHH

CaKJIOBYM aKCAAHTHUPHII 1e0 aTaiiMmu3.
Abiraiinuk, f: X =Y — ysnykcns akcaantupum 6yincud. V xonga

0S(f):0S(X)— 0S(Y)
ACKJIAaHTHPHIII FOKOPH YerapaHu CakjIOBUH TOMEOMOP(HU3M OYIaIu.

2-teopema. Aeapoa T OS(X ) — OS(Y ) aKCIaHmupuul 10KoOpu 4e2apanu
caknoguu 2omeomoppusm 6Oyaca, y xonoa wynoau g:X —>Y comeomopguzm
masdncyo 6ynub, T = OS(g) menenux 6asxcapunau.

X =2 ukxu HyKTanu guckpeT ¢paso yuyn O(2) dasonunr OS(g) KypunHIIIa
ndonaranmaiiuran ahGuH aKCTAHTHUPUIITUTA MUCOJT KSJITUPHUIITAH.

Xap 6up X kommakt yuyH exp(X) opkamu X HuHr Oapua Oy Gyimaran
€MUK KUCM TYTUTaMJIapUHK OeNruiaiMus.

Arappa p:C(X)— [0 Ky#iunaru Gemra XoccaH! KaHOATIaHTHPCA:

a) t(p) =0, 6apua ¢ >0 nap yuys;

byul,)=1

¢) u(kep)=ku(p), 6apua ¢ C(X) Ba k € R nap yuys;

d) w(e+y)=u(p)+ u(y), xap 6up @,y € C(X) KoMOHOTOH (yHKUHMSIAD
KY(DTIUTH yIyH;

@) uy), o<y waptu Ouiran xap Ooup @, eC(X) nap yuyn
Oaxxapuica, y Xxonna u — Illoke unmezpanu nevivnany.

a) — e) xoccanapra sra Oyiran xap kaugaii 4#:C(X)—>R  ¢dyskuuonan
Kyuuaru

c(F)= inf{,u(qo) cpeC (X)), p(x)=1, Vxe F}

Gopmysa Ounan anuknanaaurad ¢ € M(X) yuyn Iloke unterpanyu Gyiaam.

Jlemak, 6u3 sHAUTH MyJoxa3ajiapnaa Oapua I1loke uHTerpauiapu TYIUIaMHu Ba
KOMITaKT/Iard CUFUMJIAPHU TEHTJIAIITHPUIIIMMHU3 MyMKHH.

SvfsrapMac byHKIMS Xap KaHmad (yHKOHSITa KOMOHOTOH OViaaw, y Xojja
[IToke WHTETPAaJIMHUHT WKKH KOMOHOTOH (QYHKIHSJIAD YYyH aJTUTHUBIUTHIAH
Kyucu3 aAaAuTUB Oyiuiu keaubd unkaay. [yHnnai kunuo,

M(X)cOH(X)cO(X).

c,,c, € M (X)nap yuyH

(6, v &)(F) = max{c,(F),e,(F)}  Ba (¢ Ac,)(F)=min{e,(F).c,(F)}
ne6 xapaiimus, 0y epna F € exp(X).
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Masbaymku, M(X)xM(X) nan M(X) ra
(¢,c,) > v,
Ba
(cl’cz) - Cl A CZ
Kouga Oyiinya aHUKIaHraH WKKHUTa AaKCIAHTHUPUIN y3JIyKCHU3OUp. byHzaa
(M(X),V,A) yunuk namkapa 0yaaim.
O:M(X)>M(X) akcnanTvpuil naudcapasuil akcianmupuul NeWWIanu,
arapzaa 6apua c,,c, € M(X) nap yuyH
B, ve)=B(e)vD(e) B Bl ac)=D(e) AD(C,)
TEHIJIMKIIAp Oaskapuiica.
3-reopema. Ainrtaiimmk, X — xomnakm ea D:M(X)—>M(X) apdun

comeomoppuszm oyacun. Kytiuoaeu macoukiap 3xeusanenm oyiaou:
a) © nawnoxcapasuii comeomopghuzm d6ynaou;
6) wynoau f:X > X zomeomoppuzm masxncyo 6ymub, ©=M(f) menanux

VPUHAUOUD.
1-mucoor. Ajitaiinnk, X =2 — KK HyKTanu JuckpeT $aso 6yicuH. c € M (2)

Y4YH KyHuJaru COHJIApHA aHUKJIAUMM3:

a =c({i}), i=12.
ceM(2), y xomma 0<g<1, i=1,2. PaBmauku, M (2) KaBapuK
KOMNakTHUHT [0,1]x[0,1] kxBaapaTra
ceM(2)-> (a,a,)€[0,1]x[0,1]
KOouJ1a OMJIaH aHUKJIaHTaH akcaaHTUpuiu agpdun romeomopdusm 6ymub Tomumaam.
[lynnait xkunub, M (2) KaBapuK KoMImakT [0,1]x[0,1] kBaxgpatra addun

romMeoMop(d Ba OU3 yJIapHU TEHINIAINTUPUIIUMU3 MyMKUH. IIlyHMHT yayH KBajgpar
ydaapuia

(LO)— (1,1), (0,1) (0,0), (0,0)(0,1), (1,1)> (1,0)
Kouna Oyiuua aHMKIaHraH kBaxpaT apdun romeomopdusmu T: M (2)— M (2)
adpuH romeomoppuzMuHU OEpaan.

Xap xanpaii g:2—2 romeomoppusm yuyn M (g):M(2)— M (2) abdun
romeomopdusm {(1,0), (0,1)} Tymnamun y3ura yrkasaam. Ilywnmait sxan, 7 Hu
M (g) xypunnmmia udomanab oymaiim.

Tankukor nmuauar «Kyucus agauTus GpyHkuuonaxiap ¢gazoc Ba YHHHD
KucM Ga3oJapuHd MeTPH3alUsaIam» 1e6 HOMIaHyBUM YYUMHYM 00OMIa sSpUM

anIUTUB Ba Kyucu3 aiAuTUB (yHKUMOHAIUIAp (a30JapuHU METpPUKAIAIITHPHII
Macanajapyd TaJKHK STWiIraH Oynu0, OyHAa METpPUK KOMIIAKTJarn METPUKAHU

naBOM STTUpPYBYM cudaruna kapamaau, OS (X ) da3zona MeTpuKa aHWKJIaHTaH, X

KOMITaKT/Jard  Ky4CH3  aJJUTUB  TapTUOHM  CaKJIOBYM  HOPMAaJaHraH
(GyHKIMOHAJUTAPHUHT O(X ) dazocuna KantopoBuu—PyOUHIIITEHH METPUKACUHUHT
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Y3rapTUpWITaH aHaJOTH KypWIrad Ba O, METPHUKA O(X ) TyIUIaMJa HyKTajuapaa

SKUHJIAIINII TOTIOJIOTUSICUHU SPATUIIN UCOOTIaHTaH.
Ocnatud yTamMu3ku, Xap oup A € cc(P (X )) KUCM TYTLIaM

v,(@)=sup{u(p): ped}, peC(X).
(GYHKIIMOHATTHY aHUKJIAa, OyHIaH TalllKapH,
Aecc(P(X))>v, 0S(X) (4)
MOCJIHK cc(P (X )) Ba OS(X) dasonapu opacunarn adbdun romeoMopdusMHu
oepanau.

Aditaiinuk, X Ba Y — xommakT MeTpuk ¢asomnap, f : X =Y — oca ynap
opacuaaru y3IYKCH3 aKCIaHTUPHIII OyicuH. Ocnatud yramms,
OS(f): OS(X)— OS(Y) aKkcnaHTHpHII

OS(f)(u)@) = u(go [), 1eOS(X),peC(X)
Koujia Oyinya anuktaHaau. Kyiugara MOCiIuK XaM YpUHIUIUD:
OS(1)(V) =Yy (5)

Oumu 63 OS(X) dasonm X MeTpUK KOMIAKT  Oynran Xosaria
MeTpuKkanamTupamus. Auranmmk, X, X,, X;— X KOMNAaKkTHUHI HyCXaJapH
oyicuH. Yoy

X=X xX,xX,, X, =XxX,
OenTuUiIanuIapHA KUPUTAMHU3 Ba alTAITHK,
P, XX, pliX, —>X,
TaGuuii NpoeKIysIIapra TeHr 6yncun, 6y epaa k €1{i, j},i<j ne6 xapanauu.

Ajitaitnuk, v,,v, € OS(X ). Ymly v e OS(X,,) dynxumonan (v,, v, )-maxbyn

Jleuuiaau, arapaa
oS(p?)(v)=v, i=12

TCHI'JIMK 6a>1<ap1/mca

Bapua (v,,v,)-MakOyn dQynkimonamiap tymiamuan  A(v,, v, ) opkam

oenrunaimus.
1-nemma. Aumaviaux, v,=v,, i=1,2. YVxonoa
P(pP)(C)=4, i=1,2
bynaouean xap xanoau C ecc(P(X 12)) yuyn v, e A(v,,v,) ypunauoup. Xycycan,
won EA(VLV,), 0y epoa A ® A, ={u @,y € 4,i=1,2}.
2-1IeMMma. Avmaiinx, v,e0S8(X,), v, €08(X,), v, €0S(X,,)

@yHKYyuoHaIapu yuyH
OS( )( ) € _OS( )( 23)

12
6yncun. Y xonoa wynoaii v € OS(X,,,) gynxyuonanu masxcyo 6yuo,
OS(p,)(v)=va, OS(pn)(v)=v,

14
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basicapunaou.
Ymby p=p, merpukam X koMnakT yayH OS(X) KoMHIakTaa p,, = Posix)

Macoda GyHKIMACUHN KyWuIarna aHuKIaiMus:
pos(vl,vz):inf{v(p(xl,xz)):veA(vl,vz)}. (6)
3-nemma. Ulynnaii (v,, v, )-maxbyn v,, gynxyuonanu masiucyo 6ymuo,
Pos (Vl’ Vz) =Vi (IO(XU X, ))

basicapunaou.
4-nemma. Avimaiik, v e OS(X,,) 6a v(p)=0. ¥ xonoa

08 (p")(v)=0S(py)(v).
4-teopema. p,. Gyukyuscu, OS(X) mynaamoa p mempukanu 0asom
ammupyeuu mempura 6ynaou, avhu 6apua x, y € X aap yuyn p(x,y)=p,s(x, y).
Bynoa diamOS (X ) = diamX .
1-m30x. P(X) dasocu yuyn p, merpukanunr tabpudu JI.B.Kantoposuu

TOMOHHM/IAH TaKIH( KUJIMHIaH.
P(X) naru 6omka p, merpukanu JI.B.Kantoposnu Ba I'. 111 PyGumiTeiinnap

Takmu$ KuiraH. By MeTpuka YXIa Tap3/ia aHMKJIaHAIu:

o (v, v,)= inf{v(p(xl, x,)):veA (v, vz)},
Oy epma A, = {v eP(X*):P(p?)(v)-P(py)(v)=v,— Vz}. Byngan Ttamkapu,
maskyp Hopma C(X)dasomarn Gapuya YM3HKIM y3IyKcu3 (yHKLUHOHAJUIAPHUHT
4M3HKIH (pazocuark HopmMa OpKamu aHukmaHaau. P(X ) na Oy MeTpuKaiap ycrMa-

ycT Tymaad. KaHTOpoBWY MeTpHKacH »SKCTpeMan Macanainapaa Oup KaHda
KYJUTaHWIHIIUTAPTa 3T,
(6) dopmynara yximamr Tap3na aHMKIaHraH 0, Gyskuus OH (X )dasona

XaTTO MCEBIOMETPUKA XaM OYIIMACIUTY MUCOJIa KypcaTUiraH.
Alitaitnuk, p, - P(X) ¢azona (6) dopmyna kabu 6epunran Kanroposuu

merpukacu Gyncnn. cc(P(X)) dasona
p,(4,B)= max{manpP (1, B), max p, (4, A)} , A,B € cc(P(X))
e €

Kouja Oyiinya aHuKIaHTaH Xaycaopd MEeTpUKaCUHU KapanMus.
Ky#tnnaru Teopema acocuii HaTHXa XUCOOIaHATH.
5-teopema. (4) xypunuwoa anuxnanean axcianmupuwi (cc(P(X)),p, ) 6a

(OS(X), p,s) pasorapu opacudazu apun 2omeomopgusm 6ynaou.

Kyiinmarn HaTvKa KeaIuo YMKaIH.
1-naTmxka. p,, mempuxa OS(X ) oa HyKmanapoa — SAKUHIAUIUUL

MONONOCUSACUHU XOCUT KULAOU.
AWTannuk, (X , p) — METpPHK KOMIaKT. Xap oup k €[] yuyn

Lipk(X):{(p:X—>R‘ ‘go(x)—(p(y)‘ﬁkp(x,y), Vx,yeX}
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Ba Lip(X)= LOOJLipk (X) 6enrmnammu  xupuramus. p,:O(X)xO(X)—>R
k=1

byHKIUSICHHA
P (u,v)=sup{lu(¢)-v(¢):#eLip, (X)}, wveO(X). (7
TEHTJIMK OWJIaH aHUKJIaiiMU3.
S-nemma. Xap 6up k ell yuyn (7) menenux ounan anukiamean p, Qyukyus

O(X) 0a ncesdomempuxra 6ynaou.
P,:0(X)xO(X)— R dyHKIMACHHN

po(uv) =22 p(v).  mreO(X) (®)

TEHIJIMK OWJIaH aHMKJIaiMM3.
6-1emMma. (8) meneaux Ounan anuxnaneaw p, QYHKYus O(X ) oa mempuxa

oynaou.
Kyiinnaru TeopeMa acocuii HaTxa 6YIu0 XucoOaaHaIu.
6-Teopema. p, mempuxa O(X ) 0a HyKmanapoa SAKUHIAUUUL MONOA02USCUHU

apamaou.
2-naTmka. p, mempukanune F(X) oaeu kucumuuu F(X) 0a nykmanapoa

AKUHIQUULW Mmonono2uscunu apamaodu, 6y epoa F'=P, OS, OH .

2-u30x. B.B.®degopuyk MeTpuKaiaHyBUM, TEHT YI4aMJId METPUKAJIAHYBYHU Ba
MyKaMMall METpUKaJIaHyBuUM (PYHKTOp TYyUIyYHYAJIapUHU KUPUTAM Ba OyHnmal
(GYHKTOPJIADHUHT YEKCHU3 UTEPANMSUIAPUHN TAAKUK KUIIH. XYCyCaH, SXTUMOJIIHK
ymaoBnapu (PYHKTOPUHUHT MyKamMMmaldl METPUKAJIaHyBYU OVIIMINM aHWUKJIAH]IH.
M.M.3apuunnii, O.P.Hukudopunnnap curumiap $Ha30CHHA METPUKAIAIITHPHUIITHA
yprangunap. ['.D.J/[xab66apoB mycOaT Oup kuHCIH (HyHKIMOHAIUTAP (PYHKTOPH
KAUCM  (YHKTOPJAPUHUHT MyKaMMal METPUKAJIAaHyBYM OYIUIIM IIapTIapUHA
TaIKUK KWigu. VaeMmoTeHTIM SXTUMOJUTMK YI4doBimapu (a3zocu MeTpuKamani
A.A.3auToB TOMOHHMJAH KYypcaTWiAu. OcCIaThO YTaMU3KH, KyuCHU3 aJJUTUB
dbyHKuroHau1ap GyHKTOPUHU MyKaMMaJll METpUKaalll Macajlacu OYMK KOJMOK/IA.

IIynn xam scnatu® YT KOM3KH, Oup HyKTamn Oymmaran (X, p) MeTpHK

KoMIakT yuyH (7) ¢opmyna Oyiinya anukinanran p, (k=1) pyHkuus MeTpuka
oymaian.

XVYJOCA

Ymly auccepramusi Kydcu3 aaJuTHB TapTHOHU CAKJIOBYM HOpMajaHTaH
dbyukimonamwiap  ¢azocuHUHr  apduH  TOMEeoMOp(U3MIIAPMHU  YpraHUIITa
OarvIUTaHTaH.

TagKMKOTHUHT acCOCUM HaTXKaJIapy KyWuaaruiapjan uoopar:
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1. 0(2) dazonunr L (R) ¢asoraapdun romeomMoppusmu aHuKIAHIH, O(2)
dasonuur L (R)  ¢asora apdun romeomopd OSKaHIMrM HCOOTIAHAM Ba
L, (R )1 — 0(2) TOMeOMOP(PU3MHUHT AaHUK KYPUHUIIN KYPCATUIIIH.

2. Xap KaHmai rokopu derapaHu cakioBun @D:O0OS (X ) —0S (Y ) ahpun
romeomopdmsmu yuayn mynmaii f X —Y romeomopdusmu mamxyn 6ymm6,

O =0§ ( f ) TEHITMKHUHT Oaxapuiuiny ucootnannu. Iy 6unan 6upra, curummap

dazonapu mnamwxkapaBuii apduH romeoMOpPUIMIAPUHUHT YMYMHH KYPUHUIIN
TOTIAJIIH.

3. SlpuMm apauTUB Ba Kyucu3 aiauTuB (pyHKIMoHamap (asocuiga MeTpuka
AHWKJTaH]TH.

4. X MeTpuK KOMIAKTIaryd Kyucus3 aJJINTUB TAPTHOHU CaKJIOBYH HOpMaJIaHTaH

dyukuonamiap  ¢aszocu O(X ) na KanTtopoBuu-PyOuHIITEHH MeTpHUKACHHUHT

Y3rapTUpWIrad aHajgoru Kypwigud. L, METPUKAHUHT O(X ) Ja HyKrajapaa
SIKVHJIAIIUIL TOMIOJIOTUSCUHU SIpaTUILU UCOOTIIaHIN.
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BBEJIEHUE (anHoTauust nucceprauuu 1okropa ¢puinocopuu(PhD))

AKTYaJIbHOCTh U BOCTPe0OOBAHHOCTDH TeMbl AuccepTanun. Bo Bcem mupe
MHOTHE Hay4YHbI€ U TMPAKTUYECKUE HCCIECIOBAHMs, MPOBOJMMBIE B Pa3IMUHBIX
o0JacTsIX MaTeMaTUKH B OOJIBIIMHCTBE CIy4aeB, MPUBOAMUTCA K 3a/la4aM OMHMCAHUS
IPOCTPAHCTBA CJIa00 aJIUTUBHBIX, COXPAHSIOUUX MOPSAAOK, HOPMHUPOBAHHBIX
(YHKIIMOHAJIOB, OMNpPENEJICHHBIX HAa MPOCTPAHCTBE JACWCTBUTEIHLHO3HAUHBIX
GyHKIMH, 3aJaHHBIX Ha HEKOTOPOM KoMIlakTe. MccrnemoBaHue reoMeTprUuecKux
CBOWMCTB  MPOCTpaHCTBA  CJa00  aAJUTUBHBIX, COXPAHAIOMUX  MOPSJIOK,
HOPMHPOBAHHBIX (DYHKIIIOHAJIOB HA OCHOBE €T0 OMHMCAHUs, a TAK)KE OMpe/esieHHe
BU0B ad(pUHHOTO roMeoMopdu3Ma MPOCTPAHCTBA U €TI0 BHITYKIIBIX TOJIMHOMKECTB
SBIISIETCA aKTyalbHOH 3amadeil. ['eomeTrpuueckoe onucaHue MPOCTPAHCTBA cIabo
aIIUTUBHBIX, COXPAHAIOIIUX TOPSI0K, HOPMHPOBAHHBIX (DYHKIIMOHAJIOB Ha
banaxoBoii pemeTke HEeMpephIBHBIX (YHKIMNA SBISETCS OJHUM U3 BaXHBIX 33]a4
pemieHuss mpoOJsieM aKCMOMAaTHYECKOrO HCCJIENOBAaHUS ~ CTATUCTUYECKUX U
BEPOATHOCTHBIX aCMIEKTOB KBAHTOBOW MEXaHHKH.

B nacrosiee Bpemsi BO BceM MHUpE aKTyallbHOM SIBISIETCS 3aJada OMUCAHUS
IPOCTPAHCTBA CJIa00 aJIUTUBHBIX, COXPAHSIOUIUX MOPSAIOK, HOPMHUPOBAHHBIX
(YHKIIMOHAJIOB U OMPEIENICHUs SBHBIX BUIOB MX ad(PUHHBIX TOMEOMOpP(HU3MOB.
W3BecTHO, YTO MPOCTPAHCTBO BCEX HEMYCTHIX 3aMKHYTHIX TOJIMHOKECTB 33JJAHHOTO
KOMIIAKTa TOMEOMOP(GHO BIOXHMM B  MPOCTPAHCTBO C€JAa00 aJIMTUBHBIX,
COXpAaHSIOUIMX  TOPSIOK, HOPMUPOBAaHHBIX  (PYHKIMOHAJIOB Ha  3TOM
KoMmmakTe.OTMETHUM, UTO 3a/1a4a T€OMETPUYECKOTO OMMCAHUS POCTPAHCTBA c1a00
alIUTUBHBIX (YHKIIMOHAJIOB Ha KOHEYHOMEPHBIX MPOCTPAHCTBAX B TOMOJOTHU
MOTOYEYHOM CXOTUMOCTH OCTAETCA OTKPHITOM. B CBsA3M ¢ 3THM, onpesienieHHe SIBHBIX
BUJI0B  appuHHBIX roMeoMoppH3MOB MPOCTPAHCTBA CJ1a00  aJJIUTUBHBIX
COXPAHSIOUIMX TOPAJOK HOPMHUPOBAaHHBIX (DYHKIMOHANOB, U NPUIIOKECHUS
MOJIyYE€HHBIX PE3yJbTaTOB K METPHU3ALUH 3TUX MPOCTPAHCTB, CYUTACTCA LEIEBHIM
HAyYHBIM HUCCIEIOBAaHUEM.

B namreit ctpane, 0cOOEHHO B MOCJEIHUE TOABI 0CO00€ BHUMAHUE YICIIAETCS
(GyHIaMEHTaIbHBIM JAMCHUIUIMHAM, B YaCTHOCTH aKTyaJbHBIM HAIpPaBICHUSM
KOTOpBIE UMEIOT MPHJIOKEHUS K KBAHTOBOM MexaHuke u (pusuke. B wactHocTH, B
NOCNEAHUE TOAbl OBUIO TMOKa3aHO, YTO B CIIy4ae JBYX TOUEYHOTO KOMIIAKTa
IPOCTPAHCTBO €Jab0 aJAUTHUBHBIX, COXPAHAIOIIUX MOPAIOK, HOPMHUPOBAHHBIX
(GYHKIMOHAOB Ha O3TOM KOMIAKTe SBISETCS BBIIYKIBIM  KOMIIAKTHBIM
MHOXECTBOM, a TaKXe, JIOCTUTHYTbl BECOMBIE pe3yJIbTaThl NpPU PELICHUU 3a]ad
IOCPEJICTBOM  OIpPEIENICHUs] aireOpauuyeckux U  TOIMOJIOTUYECKHX CBOMCTB
IOpOCTpaHCTBa cabo aIJUTHUBHBIX, COXPAHSIOMIMX MOPSAO0K, HOPMHUPOBAHHBIX
¢yukunonanos. [IpoBenenue rccnenoBaHuii HA YPOBHE MUPOBBIX CTaHAAPTOB TIO
OPUOPUTETHBIM  HANpaBICHUSAM  TUCIMIUIMH  «DyHKIMOHAIBHBIA  aHAJIM3,
reoMeTpusi U anredpa» 0003HAYEHBbl KaK OCHOBHbBIE II€JTM M HaIpaBJICHUS
JESTEIbHOCTH MaTeMaTUKUA. B 1Lensx HCMIonb30BaHUs HAyYHBIX pPE3yJbTaTOB B
CMEXHBIX 00JIACTAX HAYKH BaKHOM CUNTAETCS Pa3BUTUE TEOPUU C1a00 aATMTUBHBIX
(YHKIIMOHATIOB.
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WccnenoBanusi aHHOW AMCCEpTAllMM B ONPENENICHHON CTENEeHH CIy»Kat
pemieHuto 3agad, o0o3HaueHHbIX B Ykasze [Ipesunenra PecnyOnuku Y36ekucrtan
NeVII1-4947 ot 7 despans 2017 roga «O crpaTeruu NeHUCTBUS MO JalbHEHIIEMY
pasutHio PecyOnuku Y36ekuctan», B moctaHoBieHusx Nelll1-4387 ot 9 urons
2019 roga «O wMepax TroCyIapCTBEHHON MOIAEPKKUA AalTbHEHUIIEro pa3BUTHUS
MaTEMaTUYECKOro 00pa30BaHMs U HAYKH, a TAKKE KOPEHHOTO COBEPIIICHCTBOBAHUS
nestenpHocT MHCTMTYTa MaTtematuku umenu B. WM. PomanoBckoro Akanemuu
Hayk Pecniy6muku Y36exuctan» u NelllI-4708 ot 7 mas 2020 roga «O Mepax 1o
MOBBIIICHUIO KadecTBa OOpa30BaHUS U PA3BUTHIO HAYYHBIX HCCIEAOBAHHUI B
00J1lacTH MaTEeMaTUKW», U B JPYTUX HOPMATHUBHO-MPABOBBIX AKTaX, KaCAIOIIMXCA
byHAaMEHTaIbHON HAYKH.

CooTBeTcTBHE HCCJIEIOBAHNS MPUOPUTETHBIM HANIPABJIEHUAM Pa3BUTHS
HAYKM W TeXHOJOrui pecnydjuku. J[aHHOe wuccienoBaHUE BBHIMIOJIHEHO B
COOTBETCTBHUU C IPUOPUTETHHIMU HAMPABICHUSIMHU PAa3BUTUS HAYKHU U TEXHOJIOTUI
B PecrryOnuke Y30ekucran IV. «MaTemaTnka, MeXaHuKa ¥ HH(POpMaTHKA.

CreneHb u3yuyeHHOCTH NpoodJembl. B pabore JI.b.Illammpo Ob110 10Ka3aHo,
YTO TMPOCTPAHCTBO BCEX C€JNAa00 AIIUTUBHBIX, COXPAHSIONINX IOPSIOK,
HOPMHPOBAHHBIX, TOTYaJIUTUBHBIX, TOJyMYJIbTUILTUKATUBHBIX, MOJOXKUTEIHHO-
OJTHOPOJHBIX (YHKIIMOHAJIOB Ha KOMIakTe X,sBIsAeTCI  TroMeoMOp(HBIM

IIPOCTPAHCTBY BCEX HEMYCTBHIX 3aMKHYTHIX MOAMHOXKecTB kommakra X.T. Pamyn
MOKa3aJl, YTO MPOCTPAHCTBO BCEX CJIa00 AJAUTUBHBIX, COXPAHSIOUIUX MOPAJIOK,
HOPMHMPOBAHHBIX, (YHKIIMOHAJIOB, CHA0XEHHOE TOMOJOTHEH MOTOYEYHOU
CXOJIUMOCTH, SIBJISIETCS KOMIIAKTOM, M MPOCTPAHCTBO BCEX BEPOSITHOCTHBIX MED,
MPOCTPAHCTBO BCEX HEMYCThIX 3aMKHYTBHIX MOAMHOKECTB, THIEPHPOCTPAHCTBO
BKJIFOUCHU W TPOCTPAHCTBO CYNEPPACHIUPEHUS TOMEOMOP(HBI BJIOKHMBI B
MIPOCTPAHCTBO BCEX CJIA00 aIUTUBHBIX, COXPAHSIONINX MOPSIA0K, HOPMUPOBAHHBIX,
(GyHKIIMOHATIOB.

Metoapl UCCIAeIOBaHMS TEOPUHU CJIA00 AJTUTUBHBIX (PYHKIIMOHAIOB MOXKHO
YCIIEIIHO MPUMEHNUTHh MPU MU3YYEHHH CBOMCTB MPOCTPAHCTBA €MKOCTEN. EMKOCTH
ObuTH BBeACHBI (ppaHIly3ckuM MaTemaTikoM [ .I1loke kak ecTecTBEHHOE 000011IeHNE
Mep U ObUIM pa3padoTaHbl METOJbI MPUIIOKEHUS €MKOCTEH B TEOPUU MPUHATHUSA
peleHuil B yCJIOBHUSX HeorpeaeneHHocTu. B padote JI.[[)oy Oblu ornpeseseHsl
BEpXHHE TOJYHENPEpPhIBHBIE E€MKOCTH M TOKa3aHO, YTO MPOCTPAHCTBO
MOJIYHENIPEPHIBHBIX €MKOCTEH Ha KOMIAaKTe, CHa0XEeHHOE CJ1adoi TOMOJOTUEH,
TaK)Ke SIBISIETCS KOMIAKTOM. AJjreOpandyeckue U TOIMOJOTMYECKUE CBOMCTBA
€MKOCTEH Ha KOMIIAKTHOM XaycAop(}oBOM NpPOCTpaHCTBE ObLIM IMOKa3aHbl B
pabotax M.M.3apuunero u O.P.Hukudopunna.

HccnenoBanuio anreOpanuyeckux U TOMOJOTMYECKUX CBOMCTB MPOCTPAHCTBA
c1ab0 aJIUTUBHBIX COXPAHSIONINX MOPSIIOK HOPMUPOBAHHBIX (DyHKIIMOHATIOB M MIX
pasIUYHBIX TOMMPOCTPAHCTB ObUTM TOCBAIIEHB paboTel  C.Anb0eBepuo,
[II.A.AronoBa, P.b.bemmumona, [[.E.JlaBneroBa, I'.®.J/[>xa06apoBa, A.A.3antoBa,
JI.LKapuescka u ap. B padote C.Annb6eBepuo, [11.A.AronoBa n A.A.3autoBa Ob1IO
J0Ka3aHO, YTO MPOCTPAHCTBO CJA00 AaJAUTHBHBIX, COXPAHSIOIIUX MOPSAOK
HOPMHPOBaHHBIX PaioHOBBIX (DYHKIIMOHAIOB ONPEEICHHBIX Ha MPOCTPAHCTBE
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TuxonoBa X paBHO Becy mnpoctpaHctBa X . P.b.bemmmoB pokaszan, 4To
MPOCTPAHCTBO CNa00 aJMUTUBHBIX, COXPAHSIONIUX TIOPSAIOK, HOPMHUPOBAHHBIX,
(GyHKIIMOHATIOB, WMEIONINI KOMIIAKTHBIA HOCHUTENb,  SBIISICTCS  BBIMYKJIBIM

noxnpoctparcteoM npocrparctea  C (C(X)). B pabore P.b.Bemmnmosa,

H.K.MamananmueBa Obuto mokaszano, uto ¢yukrop OS, :Tych —Tych ssasercs

HOpMaJbHBIM B TPOCTpPAaHCTBE THXOHOBa W B KaTErOPHUH HX HEMPEPHIBHBIX
otoOpaxkenuit. ['.®.J[)xab0apoBbIM TMOJIy4EHO OMMCAHUE TMPOCTPAHCTBA CJIA00
aJIUTUBHBIX, MOJIOKUTEITHLHO OJJHOPOAHBIX (DYHKIIMOHATIOB HA MJIOCKOCTH.

CBsi3b TeMbl JHCCEPTANMHM C HAYYHO-HCCJIeA0BATEJIbCKMMHU padoTamMu
yupexJaeHneM BbICHIero 00pa30BaHMsl, IJie BbINOJHJIACH AUCCEPTAIUS.
HccnenoBanue BBIMOJHEHO B COOTBETCTBMM C IUIAHOM HAy4YHOTO THPOEKTa
OT-4-27 «Onucanue mnOpeAyalbHbIX IPOCTPAHCTB  MOPIAHOBBIX  TPOEK,
MPOCTPAHCTBA  €MKOCTeH W rojomMopdHOE  mpoAomKeHHEe  (yHKIIUM»
Kapakanmakckoro rocygapcTBeHHOro yuusepcurera uM. bepaaxa (2017-2020 rr.).

Hean HCCIIe0BAHMSA. Onpenenenue OMUCAHUS adHUHHBIX
rOMEOMOP(PHU3MOB MPOCTPAHCTBA C€JIa00 AAJAUTHUBHBIX COXPAHSIOUINX MOPSIOK
HOPMHUPOBAHHBIX (PYHKIIMOHAJIOB M UX BBIMYKJBIX MOAIPOCTPAHCTB.

3agaum uccje10BaHNA:

OMHCaHHE TMPOCTPAHCTBA CJab0 aJAUTHUBHBIX, COXPAHAIOMIUX MOPAJIOK,
HOPMMPOBAHHBIX (DYHKIIMOHAJIOB HA TJIOCKOCTH;

HaXOXKJEHUE IBHOTO BUJ1a ahPUHHBIX TOMEOMOP(PHU3MOB MPOCTPAHCTBA €1a00
aJIUTUBHBIX (YHKIIMOHAJIOB U MMPOCTPAHCTBA EMKOCTEH;

npwiokeHuss  ap@UHHBIX roMeoMOpP(U3MOB K METPHU3ALUMU MPOCTPAHCTBA
c1ab0 aJTUTUBHBIX COXPAHSIOIIUX MOPSAOK HOPMHUPOBAHHBIX (DYHKIIMOHAJIOB U
NOJIyaJAAUTUBHBIX (DYHKIIMOHAJIOB 33JJaHHBIX HA METPUUECKOM KOMIAKTE.

OO0bekT mcciaegoBaHusi —  crabo  aAaUTUBHBIE  (DYHKUIMOHAJIBI,
NOJyaJqUTHBHbIE (YHKIHMOHAJBI, MOJOXKUTEIbHO-OTHOPOIHBIE (HYHKIIMOHAIIBI,
MIPOCTPAHCTBO EMKOCTEM.

IIpeameT uccieq0oBaHus — TEOPHUS HEIMHEHHBIX (YHKIIMOHAIOB, TEOPHS
BBIMYKJIBIX KOMIIAKTOB, TEOPHsI €MKOCTEH, TEOpUs PELIETOUYHBIX TOMEOMOP(HBIX
(GYHKIIMOHAIOB, TEOPUSI METPU3AIIIH.

Metoabpl ucciaegoBanus. B guccepranuum nNpUMEHEHbI  METObI
(GyHKIHMOHAJIBHOTO aHaIN3a U TEOPUU HEJIMHEUHBIX (YHKIIMOHAJIOB.

Hay4ynasi HOBU3HA HCCJIeJOBAHUS COCTOUT B CIIEIYIOUIEM:

JI0Ka3aHO, YTO MPOCTPAHCTBA CJIa00 aJJUTUBHBIX, COXPAHSIOMIUX MOPSIOK,
HOPMHUPOBAHHBIX (PYHKIMOHAIOB a(hUHHO TOMEOMOP(PHO MOJIOKUTEIILHON YacTH
€AMHUYHOTO IIapa ©OaHaxoBa TMPOCTPAHCTBA  KJIACCOB  JEHCTBUTEIBHBIX
CYILIECTBEHHO OIPAHUYEHHBIX U3MEPUMBIX (PYHKIIUML;

HalieH SBHBINA BUI apPUHHOTO roMeoMOp(H3Ma COXPaHSAIOMIETO BEpXHUE
rpaHd MPOCTPAHCTBA TONYAIIUTUBHBIX (PYHKIIMOHAIOB, ¥ SBHBIM BHI
pemeroyHoro adgpuHHOr0 roMmeoMop@u3Ma MPOCTPAHCTBA €MKOCTEH, 3aJaHHbIX
Ha KOMIIaKTe;

IOCTPOCHA METPUKa Ha MPOCTPAHCTBE MOJYaJTUTHBHBIX (HYHKIHMOHAJIOB,
IIPOJOJDKAIOIIEH METPUKY UCXOJHOTO KOMITIAKTa;

23



JI0Ka3aHo, YTO MPOCTPAHCTBO CJA00 aTUTUBHBIX, COXPAHSIOMIUX MOPSAIOK,
HOPMHUPOBAHHBIX (DYHKIIMOHAJIOB SBJISIETCS METPUUECKUM MTPOCTPAHCTBOM.

IIpakTHYecKue pe3yJbTAThI HCCJIETOBAHUS COCTOUT B CIIEIYIONIECM:

JUIST METPHU3allMM TMPOCTPAHCTBA TMONYAJJIUTUBHBIX (YHKIIMOHATIOB OBLT
UCIIOJIb30BaH SIBHBIM BUJI aGUHHOTO TOMEOoMOp(pHU3Ma, COXPAHSIOIINE BEPXHUE
TPaHM 3TOTO MIPOCTPAHCTBA;

JUTSI OMTUCAHUSI MHOYKECTBA BCeX C1a00 aIMTUBHBIX (DYHKIIMOHAJIOB, HOCUTEIH
KOTOPBIX COCTOAT HEe 0oJiee 4eM U3 ABYX TOYEK, Oblia MCIoib30BaHa adduHHAs
roMeoMop(HOCTh MPOCTPAHCTBA C€Ia00 ANTUTHUBHBIX, COXPAHSIOMIUX MOPSIOK,
HOPMHUPOBAHHBIX (YHKIIMOHAJIIOB K MOJOXKHUTEJIbHOM YacTH €JMHUYHOTO Iapa
banaxoBa mpocTpaHCcTBa KJIACCOB ACHCTBUTENBHBIX CYIIECTBEHHO OrPAHUYEHHBIX
U3MEPUMBIX PYHKIIHUMA.

JlocTOBEpPHOCTDH Pe3yJIbTATOB HCCJIeI0BaAHNsI 000CHOBaHA UCIOJIb30BAHUEM
METO/IOB (hYHKIIMOHATHLHOTO aHaM3a, TEOPUHU CIIa00 aJIUTHUBHBIX (PYHKIIMOHAIOB,
a TAKXKE CTPOTOCTHIO MATEMATHIECKUX PACCYKICHHM.

HayuyHnasi M npakTuyeckasi 3HAUMMOCTb Pe3yJbTATOB HCCJIeI0BAHMSI.

Hayunas 3Ha4MMOCTB pe3yJIbTaTOB MCCIIEAOBAHUS MOTYT OBITH 0OOCHOBAHBI
MPUMEHECHHEM SBHOTO BuAa adduHHOrO TOMeoMopdu3Ma MpOCTpaHCTBA C€Iabo
QIIUTUBHBIX  (PYHKIMOHAJIOB B UCCJICIOBAHUM T'€OMETPUUYECKUX CBOWCTB
MPOCTPAHCTBA HETMHEHHBIX (DYHKIIMOHAJIOB.

[IpakTHueckass 3HAYUMOCTb PE3yJbTATOB HCCIEAOBAHUS MOTYT OBITh
000CHOBaHbI UCIIOJIb30BaHUEM o001mero Bujaa ad@PUHHBIX TOMEOMOP(PHU3MOB
BBINTYKJIBIX TOJIMHOKECTB MPOCTPAHCTBA CJIa00 aJJUTUBHBIX, COXPAHSIOIIUX
NOPSIIOK, HOPMHUPOBAHHBIX (PYHKIMOHATIOB Ui TOCTPOCHHS METPUKH B
IPOCTPAHCTBE €00 AATUTUBHBIX PYHKIIMOHAJIOB.

BHenpeHue pe3yJbTaTOB MHCCIeI0BaHMsA. Pe3ylnbTaThl, CBsSI3aHHbIE C
ahbduHHBIME ~ ToMeoMop(du3MaMH  TpoCTpaHCTBA  cl1ab0  aIMTHUBHBIX
(GYHKIIMOHAIOB M WX MPUJIOKEHUN OBLIM MCIOJIB30BAHBI B CIEAYIONIMX HAYYHO-
UCCIIEIOBATEIIbCKUX TPOCKTaX:

OTHMCaHUE TMPOCTPAHCTBA BCEX CJIA00 AIMTUBHBIX COXPAHSIONIUX MOPSIOK
HOPMHPOBAHHBIX (DYHKIIMOHAJIOB OBLIO HMCIIOJI30BAHO B 3apyOEKHOM IPOEKTE
Nel17-51-12064 «OmepaTopbl, COTJIaCOBaHHBIE C TOPSJIKOM, B  3ajadax
ONTHMAJBHOTO YIIPaBICHUS W B Teopud TUDPEpeHIMATBHBIX YPaBHCHUW» IS
UCCJIeI0BAHMS QIIMTUBHBIX ONIEPATOPOB B BEKTOPHBIX pemieTkax (Crpaska Cesepo-
OceTtuHcKOro rocynapctsennoro yuusepcurera umenu K.JI. Xeraryposa ot 1 mapra
2021 r.). Mcnonb30BaHUE HAYYHOTO pe3yjbTaTa MO3BOIMIIO A0KA3aTh MOPSAKOBYIO
OTPAaHUYEHHOCTh OPTOTOHANBHBIX AJJIMTHUBHBIX OINEPATOPOB B  BEKTOPHBIX
pelieTKax;

appunHass  romMeoMOpPHOCTH  MPOCTpaHCTBA  C€Ia00  AJJAUTUBHBIX
(GyHKIIMOHATIOB W €r0 TOJAMPOCTPAHCTB OBLJIO MCIOJIB30BaHO B mpoekte d-4-42
«KapnuHanbHbBIE ¥ TOTOJIOTHYECKHNE CBOMCTBA MPOCTPAHCTBA MOIYaITUTUBHBIX T-
mIankux U PamoHOBBIX (PYHKIIMOHAIOB» IS OMPEISICHUS OJHOTO M3 Ba’KHBIX
WHBApUAHTOB TpocTpaHcTBa PamoHoBBIX (GyHKmmMoHamoB — Beca (CropaBka
MuHucTepCTBa BBICIIETO M CPEIHErO CIENUalbHOTO oOpa3zoBanmsi PecmyOmuku
VY36ekuctan 3a HomepoM 89-03-4303 ot 30 oxTs6pst 2020 roga). Ucnons3zoBanue
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HAy4YHOI'O pe3yjpTaTa IIO03BOJWIIO HCCIEAOBaTh TONOJOTUYECKHE, KaTErOpHbIE,
reOMEeTPUUECKHE U KapAWHaJbHbIe CBOWCTBA CcIab0 aJAUTUBHBIX (DYHKIMOHAJIOB,
JNEHCTBYIOIMX B KaTErOpUsAX NpocTpaHcTBa PajgoHa.

Anpobauus pe3yabTaroB HcciaegoBanus. (OCHOBHOE coJep)KaHHE
JUCCepTalui 00CYKAAN0Ch Ha 3 MEeXKAYHAPOIHBIX U 5 pecmyOIMKaHCKUX HAYYHbBIX
KOH(EpEeHIIUSIX.

IIy0aukanus pe3yabTaToB mHccjaenoBanusi. llo Teme aumcceprauuu
ony0JINKOBaHO 15 HayuyHBIX paboT, U3 HUX 6 BXOAAT B IEPEUEHb HAYUHBIX U3JaHUMH,
npeyIoKeHHbIX Briciiei aTrecTtaiuoHHONM komuccuer PecnyOnuku Y30ekucraH
JUIs 3alllUThl JUccepTaluid JoKTopa ¢uiocopuu, B TOM YHCIE, U3 HHUX 2
OIyOJINKOBAaHbI B 3apyO€KHBIX XKypHanax, 4 B peclnyOJUMKaHCKMX Hay4HbIX
U3JIaHUSX.

CrpykTypa u 00beM auccepranuu. luccepranus COCTOUT U3 BBEACHMUS,
TPEX IJIaB, 3aKJIFOYEHNS] 1 HAMMEHOBAHUY UCIIOJIb30BaHHOM JIUTEpaTyphl. [1omHbIM
o0BbeM auccepTanuu coctabisieT 80 cTpaHull.

OCHOBHOE COAEP KXAHUE JUCCEPTAIIUU

Bo BBegeHuH OOOCHOBAaHbI aKTyaJlbHOCTh M BOCTPEOOBAHHOCTh TEMBI
JUCCEPTALMM, ONPENEIIEHO COOTBETCTBHE  HCCIEAOBAaHUS  IPUOPUTETHBIM
HAIPAaBJICHUSIM Pa3BUTHUA HAYKH U TEXHOJOTHI pecryOJIMKH, MPUBEIEHBI 0030p
3apyOeXHBIX HAyYHBIX HCCJIECIOBAaHMM 1O TEeMe [AUCCEepPTallud U CTENEHb
U3YYEHHOCTH MpoOIeMbl, CHOPMYIUPOBAHBI LEIH U 3a/1a4H, BBIABICHBI OOBEKT U
IIpeAMET UCCIEN0BAHNS, N3JI0’KEHBI HAy4YHAs! HOBU3HA U IIPAKTUYECKHUE PE3YJIbTATHI
UCCJIEIOBAHMS, pACKpbITa TEOPETUYECKass M  IMPAKTUYECKas 3HAYMMOCTb
IIOJIy4YEHHBIX  pE3YyJIbTaTOB, JaHbl CBEICHUS O BHEAPEHUU PE3YyJIbTATOB
UCCIIEI0BaHMsI, 00 OIyOIMKOBaHHBIX paboTax U O CTPYKTYpE JUCCEPTALUU.

B nmepBoil rmaBe guccepranuu, Ha3BaHHOW «IIpocrpaHcTBO ci1ado
AJAMTHBHBIX  COXPAHAKUMIUX TMOPAJOK  (PYHKUUOHAJIOBY», IIPUBEICHBI
HEOOXOJMMbIE ONPENENICHUS M MOHATUS O NPOCTPAHCTBE c€1ab0 aJJUTUBHBIX
COXPAHSIIOIIMX HOPSAAOK HOPMHUPOBAaHHBIX (YHKIMOHAJIOB, OIPEICICHHBIX Ha
npoctpancTse HenpepbiBHBIX Gynkuuii C(X).

IIycte X — xommakr. Yepes C(X) o0003Ha4uM MPOCTPAHCTBO BCEX
HenpepbBHbIX  pynkuuit  f: X >R ¢ noroueunsiMm  anreGpamueckumu
OlEPAISIME 1 PABHOMEPHON HOPMOIi, T.e. ¢ HOpMOil |/ :max{‘ f (x)‘ xeX }
Jlist kaxaoro ¢ € R yepes ¢, 0003HAYUM MOCTOSIHHYIO (DYHKIIUIO, ONPEIEISEMYIO
no dopmyne c,(x)=c, xeX. Ilycre @, eC(X). HepaBencto ¢ <y
o3HauaerT, 4yTo @(X) <w(x) g Becex x € X .

Jns HemycTtoro 3aMKHYTOrO NOAMHOXECTBa [ kommakta X oOmnpenenum
¢ynkimonan A, : C(X), - U | no npasuiry

A:(9) = maxig(x): x € I}, e C(X). (1)
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dynkunonan A, o0magaer cluexyrONMMH CBOWCTBaMH: ciIa0O aJIUTHBEH;

COXpAaHSET NMOPANOK; HOPMUPOBAH; IOJOKUTEIbHO-OJHOPOJAECH; IOIYaIIUTHBEH;
NOJIyMYJIbTUILINKATUBEH.

B 1992 rony JL.b.Illanupo ycranoBun oOpaTHOE, a UMEHHO, BCSKHM CIIa0o
aQAUTUBHBIA, COXPaHSAIOUIMN TOPSAJOK, HOPMHMPOBAHHBIM, IIOJOKUTEIBHO-
OJTHOPO/THBIM, TIOJTy 3 TATUBHBIH, MTOTYMYJIbTHILTHKATUBGIN (yHKImonan Ha C(X),

umeeT Bu (1).

B 1998 rony T.Pagyn uHULIIMMPOBAJ UCCIEAOBAHUE TOMOJIOTMYECKUX CBOMCTB
IPOCTPaHCTBA (DYHKIIMOHATIOB C TIOJIOOHBIMUA CBOMCTBAMH.

Onpenenenne 1. dynximonan v : C(X)— R naspiBaercs:

cn1abo anauTuBHEIM, eciv 1715 BeeX @ € C(X) u ¢ € R BBINONHAETCA PABEHCTBO
vig+ce,)=v(g)+c-v(l,);

COXpaHAIOMUM Mopsanok, ecan mis Beex P €C(X) u3 @<y BbTeKaeT
V(@) <v(y);

HOPMHUPOBAHHBIM, eciu v (1, )=1;

TOJIOXKHUTEIILHO-0JHOPOIHBIM, ecin v (i¢) =1v(¢) npn Beex peC(X), t€R
,120;

TOJTyaTMTHBHEIM, ecii v (¢ +y ) <v(¢)+v(w) npuBcex ¢,y € C(X).

Jlnst kommakTa X BBOIMM CJEAYIOMIE 0003HAYEHUS:
O(X) — MHOXKECTBO BCeX Cnabo aJJMTHBHBIX, COXPAHSIOLUIMII TOPSIOK U

HOpMHpOBaHHBIX (yHKImoHanoB Ha C(X);
OH (X') — MHOXECTBO BCEX IIOJIOXKHUTEIIBHO-OIHOPOIHBIX (PYHKIIMOHAIIOB M3
O(X);
OS(X) — MHOXECTBO BCeX IOJTyaUIMTHBHBIX QyHKIMOHANOB 13 OH (X );
PaccmoTpuM Ha MHOXeCTBe [ (X ), rne F=0, OH, OS, Ttononoruso

IIOTOYEYHON CXOJMMOCTH, B YAaCTHOCTH, 0a3y OKpecTHOCTeil (yHKIMOHAIa
ve F(X) obpasylor MHOXECTBA BH/Ia

<v; D> Py D,y 5>={v' eF(X) :‘v'(gol.)—v(goi)‘ <eg,i=1,k },

rie £>0,peC(X), i=lk, kel .

VI3BeCTHO, 4TO JUIs IIPOM3BOJIBHOTO KoMIakTa X mnpoctpaHcTBo F(X) , rae
F=0, OH, OS, saBnsercs BbITYKIBIM KOMIAKTOM.

Yepes P(X) 0603Ha4uM MHOXKECTBO BCEX HOPMUPOBAHHBIX, TOJIOKHUTEIBHBIX
muHeinbx Gynkiunonanos Ha C(X). ScHo

P(X)cOS(X)cOH(X)cO(X).

[Tycts A —3aMKHyTOE IPOCTPaHCTBO Kommakra X . CkaxkeM, 4T0 (PyHKIHOHAI

veO(X) cocpenotouen Ha A, ecmu v(f)=v(g) mia Beex f,geC(X) c

f ‘A = g‘A. Hanmenbliee mo BKIIOYEHUIO 3aMKHYTO€ MHOXkecTBO A C X Ha
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KOTOpOM (YHKIIMOHAJN V COCPEIOTOYEH, Ha3bIBAETCS HOCUTENEM (DyHKIIMOHAA
v e O(X) u obo3Hauaercs suppv, T.e.,

suppv =({4: v —cocpenorouer Ha A}.
IIyctb A u B — BBINYKIbIE MOAMHOKECTBA JMHEHHOIO TOMOJIOTHYECKOTO
npoctpanctBa E . OtoOpaxenue T : A —> B Has3biBaeTcs aQUMHHBIM, €CIIH
T(ax+(1-a)y)=al (x)+(1-a)T(y)
s Beex X, V€A n a [0,1].

[Tpu sToMm, eciiu orobpaxkenue 7 : A — B SBIAETCS B3aMMHO OJTHO3HAYHBIM U
B3aMMHO HEMPEPHIBHBIM OTOOpa)K€HHMEM, TO OHO Ha3blBaeTcs apPUHHBIM
roMeomMoppu3zMom.

Bo BTOpOI1 ri1aBe auccepTanuu, Ha3BaHHOU «A(duHHbIE TOMeoMOpPPU3MbI
MPOCTPAHCTBA €JIAa00 AJAUTHBHBIX (PYHKIHOHAJIOB M MX NOANPOCTPAHCTBY,
u3yuyeHol ad@PuHHBIE TOMEOMOP(PU3MBI MPOCTPAHCTBA CJIA00  AJAMTHUBHBIX
(GyHKIHMOHAJIOB M UX OANPOCTpaHcTB. [lomyyeHo onvcanue npocTpancTea O(2) U

Ha O(2).

Paccmotpensr COXpAaHSIOIIME rpaHd  roMeoMOp(HU3MBI  TIPOCTPAHCTBA
MOy IUTUBHBIX (DyHKITMOHAIOB. [lomydeHo onumcanue penmeTouHbix ahuHHBIX
roMeoMOP(HU3MOB BBIITYKIIOIO KOMIIAKTa BCEX EMKOCTEH Ha KOMITAKTe.

OrmerM, 4YTO IS /1 -TOYCYHOTO KOMIIAKTa N = {1, 2,..., n} ,nell,

MoKa3aH SBHBIM BUI apPuUHHOrO TrOMeomMoppuzMa U3 Lm(R);

npoctpanctBo C(n) u30MOpPGHO HPOCTPaHCTBY R”, HpH 3TOM H30MOPGU3M

sagaercst no npasuny f € C(n) > (£ (1), £(2),..., f(n))eR".

OtMetnMm, uTo B pabote I'.®.JI:xab06apoBa OBLIO MOKA3aHO, YTO IPOCTPAHCTBO
OH (2) addunHO romeomopdHo mIOCKOMY KBajpaty u OH(m) sBusercs

6eCKOHEUHOMEPHBIM IS BeeX 71> 3.
Iycre L (R) m L(R) — 0aHaxoBO IPOCTPAHCTBO  KIIACCOB

JCVCTBUTENBHBIX  CYIIECTBEHHO OrPaHUYECHHBIX W3MEPHUMBIX UM  KJIACcCOB
JNEHCTBUTENLHBIX UHTETpUpyeMbIx (QyHkimit Ha R, cooTBercTBeHHO. [l0CKOMBKY
IIPOCTPAHCTBO Lw(R) U30METPUIECKH M30MOPGHHO COMPSHKEHHOMY MPOCTPAHCTBY

npoctpanctea L, (R), To
L (R) ={feL, (R):0<f<1},
rae, 1 —enunnna B L, (R), sBsieTcs *-c1a60 KOMIAKTHBIM MHOXKECTBOM.

OCHOBHBIM pe3yJIbTATOM HACTOSIIETO maparpada siBiaseTcs Ciemyomas
Teopema 1. Ilpocmpancmseo 0O(2) apgunno comeomoppuo npocmpancmay

L, (R)', npu smom comeomoppusm L, (R) — O(2) sadaemcs no npaguiy

u(x.y)= [ p(t)di+y,  peL. (R). @)

UYepes O,(X) o00603HaunmM MHOXKECTBO BceX (yHKIHMOHANOB 4 eO(X),

HOCHUTEIIH KOTOPBIX COCTOAT He 0O0JIEE Ye€M U3 JABYX TOUEK.
Crnestyromee yTBepKIeHHE JaeT onncanue MHOxkecTBa O, (X ).
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Ipenaoxenne 1. I[lycmvs X — kxomnaxm. Toeoa ecaxuii @yHKyuoHan
ue0,(X) umeem 6uo
f(xl )*f(xz)

u(f)= [ e@)di+f(x,), 3)
0
rae,suppu ={x.x,}, peL (R) .
Jlnst BbimyKioro kommakta K 4epes cc(K) 0603Ha4MM MPOCTPAHCTBO BCEX

HEITyCTBIX BBITYKIIBIX 3aMKHYTBIX ITOJAMHOKECTB.
OroGpaxenue T :0S(X)— OS(Y) Ha30BeM COXPAHSIOINM BEPXHHUE IPAHH,

eciu 1 v,,v, € OS (X ) nMeeT MecTo
T(v,vv,)=T(v,)vT(v,).
IIycts f: X —Y — nenpepsiBHOE oTOOpaxenue. Torma oToOpaxkenue
OS(f):08(X)—>0S(Y)
ABJIAETCS COXPAHAIOIIMM BEPXHUE MPAHU TOMEOMOPHU3MOM.

Teopema 2. Ecau T:0S(X)—>OS(Y) coxpansiowee eepxuue cpanu
comeomoppusm, mo cywecmeyem 2omeomopgusm  g:X =Y  maxoiu, umo
T=0S§ ( g).

JIJis IByXTOYEYHOrO JUCKPETHOIO MPOCTpaHCTBA X =2 NPHUBENEH NPUMED
adpuHHOrO OTOOpaKEHUSI NPOCTPAHCTBA ((2) KOTOPOE HE MOXKET ObITh
npescTasieHo B Buae OS(g).

Jlotst kaxkgoro kommakTa X Mbl 0603HauaeM yepes exp(X) mpocTpaHcTBo Beex
HEMYCTBIX 3aMKHYTBIX TIOJIMHOXECTB X .

Ecmu p:C(X)— [ ynoBIeTBopsieT ClIeIyOMHM MATH CBOHCTBAM:!

a) 1) =0 nns scex ¢ >0;

b) (1) =1

) (ko) = k(@) nns Beex peC(X) u keR

A (e+w)=w(@)+(v) nns kaxmol napel KOMOHOTOHHBIX (DYyHKIMIA
o,y € C(X);

e) (@) < u(w) nna xaxnoit naper @, € C(X) ¢ ycnosuem ¢ <y, torma u

Has3biBaeTcs unrerpaiom Illoxke.
Kaxnpii ¢ynkiuonan 4:C(X)—>R co cpoiictBamu a) — €) sBasercs

unTerpanom loke nus emxoctu ¢ € M(X) onpenensemoii, o gopmyie
c(F) Zinf{,u(@: peC.(X), p(x)=1, Vxe F}
Takum oOpa3om, B JajbHEHIIIEM Mbl MOKEM OTOXKIECTBIIATH MHOKECTBO BCEX
uHTerpaioB l1oke 1 eMKOCTEN Ha KOMITAKTE.
Tak kak mocTrossHHasE (QYHKIMS KOMOHOTOHHA JII0OOW GYHKIMH, TO

aaAUTUBHOCTh MHTerpana Illoke ays I1ByX KOMOHOTOHHBIX (DYHKIIUNA BJICYET, YTO
unrerpan [lloke siBasieTcs cnado aaAUTUBHBIM. TakuM 00pa3om,

M(X)cOH(X)cO(X).

28



Hast c,c, € M(X)nonoxum
(e, v e)F)=maxic(F)e,(F)} 1 (¢ Ae)(F)=minie,(Fle,(F)},
rae F eexp(X).
WsBecTHO, uTO crnexyromue asa orodopaxenus us M(X)xM(X) 8 M(X)
OIpeIesIeHHbIE, TI0 IPaBUIaM
(cl’cz) =6 VG
u
(c,,c,) > ¢ Ac,
HenpepsiBHEL [Ipu aToMm, Tpoiika (M (X),V,A) saBusercs pemeTKoi.
Oro6paxenne @: M(X)—> M(X) naspiBaeTcst pelIETOYHBIM, €CIIU
Do, ve)=B(e)vd(ec) u Do Ac)=D(e) AD(E,)
1715 Beex ¢;,¢, € M (X).
Teopema 3. Ilycmv X-— xomnakm u DP:M(X)—>M(X) saersemcs

apunnuvim comeomopghuzmom. Cneodyrowue ymeaepicoeHus 3K8UBANEHMHbL.
a) ® ssnsiemcsa peuemounbim 20MeoMopPHUIMOM,
b) cywecmeyem 2omeomopgusm f: X — X maxoii, umo ®=M(f).

Ipumep 1. IIycts X =2 — ABYXTOUEUHOE JUCKPETHOE MPOCTPAHCTBO. [lis
KaXI0ro ¢ e M (2) ompenenum cleylonue Ynucia

a =c({i}), i=L2.
Tak xkak ce M (2) ,To 0<¢, <1, i=1,2. fIcHO, 4TO OTOOpa’KEHUE BBIITYKIIOIO
KoMnakra M (2) B KBajapar [0,1]x[0,1] ONpeneseHHbll, 110 IPaBULy
ceM(2)->(a,a,)€[0,1]x[0,1]
sBisiercst  apduuHBIM romMeomopduszmom. CnenoBartensHo, M (2)  addunHO

roMmeoMopdHO kBaapaty [0,1]x[0,1], © MBI MOXXEM UX OTOXAECCTBIAThH. [loaTOMY

adpuHHOE OTOOpAXKEHNE KBaIpaTa 3aJaHHOC Ha ¢€ BepIIMHAX 110 TIPABUITY
(1,0) > (L1), (0,1) (0,0), (0,0)+ (0,1), (1,1) (1,0)

3ajaeT Takke adduuHbII romeomopdusm T:M(2)—> M (2). Jnaa Bcskoro
romeomopdusma g:2—>2 abdunnsii romeomopbusm M (g): M (2)— M(2)
nepesoguT MHOMKecTBO {(1,0),(0,1)} B cebs. CnenoBarensHo, T He MOXET ObITh
npesicTaBieH B Buae M (g).

B tperber rnaBe aucceprauuv, Ha3BaHHOM «MeTpu3auus NpoOCTPAHCTBA
cJ1a00 AJAUTHBHBIX (PYHKIHMOHAJOB M MX MNOANPOCTPAHCTBY», HCCIIECIOBAHbI
BONIPOCHI  METPHU3AIMKA TPOCTPAHCTBA TMONYaJAUTHBHBIX M CJIa00 aJIMTHBHBIX
(GyHKIIMOHAJIOB, MPOIODKAIOIINE UCXOAHYIO METPUKY 3aJaHHOW Ha METPUYECKOM

KOMITaKTe, ONpejelieHa MeTpuka Ha mpoctpaHctBe OS (X ), MOCTPOEH AaHaJIoT

MoauduupoBaHHoi MeTpuku KantopoBuua—PyOuHiTeiiHa Ha mpoCTpaHCTBE
O(X ) cmab0  aJAUTHBHBIX  COXPAHSIONIMX  TMOPSJAOK  HOPMHPOBAHHBIX
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(YyHKIIMOHAJIOB HAa METPUYECKOM KommakTe X U J0Ka3aHa, YyTO MeTpuka PO, ,
MOPOXKAAET TOMOJIOTHIO TOTOYEYHON CXOJJUMOCTH Ha O(X ) :
HamomauMm, 4YTOo Kaxkaoe MOAMHOXECTBO A€ cc(P (X )) OIpenensier
byHKIIMOHAT
v.(p)=sup{u(p): ped}, peC(X).
0oJiee TOro, COOTBETCTBHE

Aecc(P(X))>v,e08(X) (4)

3amaet apPpuHHBIN romeoMopdr3M MEXIY TPOCTPAHCTBAMU cc(P (X )) u 0S (X ) .
I[lyctb X w Y — KOMIIAKTHBIE METPUUECKHE TNPOCTPAHCTBA, a

f ¢ X—>Y — wuenpepoiBHOE OTOOpakeHHE MeXIy HMMHU. HamoMmHUM, YTO

otobpaxenue OS(f): OS(X)— OS(Y) onpezensercs no npaBHILy
OS(f)(p)(@)=u(po f), ueOS(X),peC(X).

M5 Taroke gyacto OylieM UCIONb30BaTh ClIeIyoIee COOTHOIICHUE
OS(f)(V.) = Vo (5)
Teneps 3a1aauM MeTpusamuio npoctpanctea OS(X), B ciydae korma X —
Mmetpuyeckuii kommakT. Ilycte X, X,, X, — 9K3eMIUIApbl OJHOIO M TOTrO e
xommnakrta X . ITonoxum
X=X xX,xX,, X, =XxX,
¥ IyCTh
p, XX, pliX, X,
PABHbI €CTECTBEHHBIM [POSKTHPOBAHHSIM, /I IIPEAIoIaraeTcs,, uro k € {i, j},i< j.
Iycts v,, v, € OS (X ). @ynkumonan v € OS(X,,) HazoBeM (v,v,)

1272 1272

- IOy CTHMBIM, €CIIH
os(p’)(v)=v, i=12.
MHuoxectBo Beex (Vv,,V,)-IOMYCTHMBIX (YHKIMOHAIOB OOO3HAYMM Hepe3
Av,v,).

1272

Jemma 1. Ilycmo v, =v,, i=1,2. Toeoa ona eécaxoco C e cc(P(Xlz)), umo,

P(pP)(C)=4, i=1,2
umeem  mecmo  v.eA(v,,v,
ARA={p®u uecd,i=12}

B uwacmnocmu, v, €A(v,v,), eoe

Jdemma 2. Ilycmo gynxyuonamst v, € OS(X,),v,, € 0S(X,,),v,, € 0S(X,,)

makKkoevl, 4umo
OS(p})(v,,)=v, =0S(p3*)(v,,)-

Toz0a cywecmeyem maxoii pynkyuonan v € OS(X,,,), umo
OS(pl2)(V) =V OS(pzs)(V) =V
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Jlnsa xommakrta X ¢ METPUKOM p= p, ompenenuM (yHKIHUIO PacCTOSHUSA
Pos = Pos(y) Ha KOMIAKTE OS (X) cnemyromum obpasom:

pos(vl,vz):inf{v(p(xl,xz)):veA(vl,vz)}. (6)

Jdemma 3. Cywecmeyem maxkoti (v,, v, )-0onycmumblii oyHKYUOHAT V,,, YMO

Pos(Visv2) =V, (,O(xl, xz))'
Jdemma 4. [Tycmo v e OS(X,,) u v(p)=0. Tozoa
08 (p")(v)=0S(py)(v).
Teopema 4. QyHKUMA O, SBIACTCS METPUKOH Ha MHOkecTBe OS(X),
IPOIOIKAIOLIEN METPUKY 0, T.€.
P(X,y) = Py (9,,6,)
s Beex x, y € X . bonee Toro, diamOS (X )= diamX .
3ameuanne 1. OmpenencHue MeTpHKHM p, s npoctpaHcTBa P(X)

npeanoxkeno JI.B.Kantoposuuom.
Jpyryio Metpuky p, Ha P(X) npennoxunn JI.B.KantopoBud u

[".II1.PyOunIITEliH. DTa METPUKA OINpPESAeTCsS aHATOTUYHBIM 00pa3oMm:

o (v, v,) :inf{v(p(xl, x,)):veA (v, vz)},
e A = {v eP(X*):P(p?)(v)-P(py)(v)=v,— Vz}. Boiree Toro, oHa
MOPOKAAETCSI HOPMOW HAa JIMHEWHOM MPOCTPAHCTBE BCEX HEMPEPBIBHBIX JTUHENHBIX
dynkumonanos Ha C(X). Ha P(X) >tm MeTpukum coBmajgaoT. Merpuka

KanropoBuda numMeeT MHOTOUMCIIEHHBIE MIPUIIOKEHHUS B SKCTPEMAJIbHBIX 3a/1a4ax.
Ha mnpumepe nokaszaHo, uro B mnpoctpanctee OH (X) dyukuus p,,,

ompeIeIICHHAs aHAJIOTHYHO (popMyiie (6) He SBISICTCS JaXke IICEBJIOMETPHKOM.
ITycts p, - MmeTpuka KanropoBuua Ha mpocTpaHcTBE P(X ), KOTOpas 3aaeTcs

ananormuHo (6). Paccmorpum metpuky Xaycnopa na npocrpanctsecce(P(X)),

ONIPEIENAEMOE, TI0 IIPABUITY
p,(4,B)= max{nl}ix p, (4, B), max p, (4, A)}, A,B e cc(P(X)).

OCHOBHBIM PE3yJILTATOM SIBJISIETCS CJIECAYIOIAs
Teopema 5. Omoobpasicenue, onpedenennoe no npasuny (4) sensemcs
agppunnvim omeomopuzmom mexncoy (cc(P(X)),p, ) u (0OS(X), p,g)-

Cie10BaTeNbHO, BHITEKAET CIENYIOLIEE
Cnencrue 1. Mempuxka p,, nopoxcoaem na OS(X) mononoeuio

HOMOYEUHOU CXOOUMOCHIU.
Iycts (X, p) — MeTpuuecknii KommaxT. [l kaxaoro k €[] monoxum

Lipk(X):{(o:X—>R‘ ‘(o(x)—go(y)‘ﬁkp(x,y), Vx,yeX}
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u Lip(X) =0Lipk(X). OnpenenuM  dynkimio  p, :0(X)xO(X)—>R 1o
k=1

NIPABHITY
o v)= sup{‘,u(¢) —V(¢)‘ :¢ e Lip, (X)} , M,veO(X). (7)
Jlemma 5. /[na xaocooeo k €ll ¢pyukyusa p,, onpedenennasn no npasuny (7)
aenaemcs ncegdomempurou ha O(X).

Onpenenum Gpynkumio p,:O(X)xO(X)— R no npasuiy

po(/uav):zz_k_lpk (,U,V), ,U,VEO(X) (8)
=1
Jemma 6. Qynkyus p,,onpederennas no npaguny (8), seiaemcs Mempurou

na O(X).
Crenytomasi Teopema sIBISIETCS OCHOBHBIM PE3YJIBTATOM.
Teopema 6. Mempuxa p, nopodcoaem monoio2u0 NOMOYEYHOU

cxooumocmu na O(X).
Cnencreue 2. Cyocenue mempuru p, na F(X) nopoxcoaem mononozuio
nomoueunou cxooumocmu na F(X), 20e F'=P,0S, OH .

3ameuanue 2. B.B.®degopuyk BBEN MOHATHS METPU3YEMOTO, PaBHOMEPHO
METPHU3YEMOTO U COBEPLIEHHO MeTpuzyeMoro (yHKTOpa U HCCIEA0BA
OECKOHEUHBIE UTEpAIM TaKuX (PYHKTOPOB. B yacTHOCTH, OBUIO yCTAHOBIICHO, YTO
(GYyHKTOp  BEpPOSTHOCTHBIX  MEp  SBISETCS  COBEPIICHHO  METPU3YEMBIM.
M.M.3apuunsiii, O.P.HukudopuuH wu3yuniam MeTpU3aLHUIO MPOCTPAHCTBA
emkocteil. I'.d./[>)xkab0apoB wHcclieoBall YCIOBUS COBEPIICHHON METPU3yEeMOCTH
noAQYHKTOPOB  (PyHKTOpa  MOJIOKHUTEIBHO-OJHOPOJIHBIX  (PYHKIMOHAJIOB.
Mertpu3aiiysi TpoCTpaHCTBA UJIEMIIOTEHTHBIX BEPOSATHOCTHBIX Mep ObLIa MOJy4YeHa
A.A.3autoBeiM. OTMETHM, YTO COBEpIIEHHA METPU3YEeMOCTh (PyHKTOpa ciaado
aJIUTUBHBIX (YHKIIMOHAJIOB OCTAE€TCA OTKPHITHIM BOITPOCOM.

OTMeTHM, YTO JUIsi HE OJHOTOYEYHOTO METPHYEcKoro Kommakra (X, p)

dynkuus p, (k =1), onpenenentoe, o ¢popmyse (7) He ABISETCA METPUKOIL.

3AKJIIOYEHUE

Hacrosmas JCCepTaIus MIOCBSIIIIEHA 1763 (9:17000) adHUHHBIX
roMeoMOpPPU3MOB TIPOCTPAHCTBA CJIA00 AJMUTUBHBIX COXPAHSAIOIMIUX TOPSIIOK
HOPMHUPOBAHHBIX (DYHKIIMOHAJIOB.

OCHOBHBIE pe3ybTaThl HCCIEAOBAHUS COCTOST B CICAYIOIIEM:

1. Omnpenenensl adPuHHBIE TOMEOMOPPU3MBI MPOCTPAHCTBA  O(2)

npoctpanctBy L (R)’, J0Ka3aHo, 4TO MPOCTPAHCTBO O(2) adduHHO
roMmeoMopHo mpoctpaHcTBy L (R)', ¥ ykasaH sBHbIA Bun apduHHOTO

romeomoppuzma L (R) — O(2).
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2. JokazaHo, 4ro ans  Beskoro  ad@uHHOrO  romeoMopdusma
D:08 (X ) —> 0§ (Y ) COXpAaHSIIOIINE BEPXHUE TPAHU, CYIIECTBYET TOMEOMOPPH3M

f:X>Y rakoit, uto ®=0S ( f ) Taxxe HalieH OOIMMN BHUI PEIICTOYHBIX

apGUHHBIX TOMEOMOP(PU3MOB MPOCTPAHCTBA EMKOCTEH.
3. OmpeneneHbl METPUKM Ha MPOCTPAHCTBE MOJYAIJUTHUBHBIX U CJIa00

aJJIMTUBHBIX (PYHKIMOHAJIOB.
4. Tloctpoen anamor MoauduuupoBaHHOM MeTpukn KaHTopoBHYa—

PyOGunmireitna Ha mpocTpaHCcTBE O(X ) c1a00 aTUTUBHBIX COXPAHSIONIUX MOPSII0K
HOPMHUPOBAHHBIX (DYHKIMOHAJIOB HAa METPUYECKOM KOMMakTe X, JOKa3aHa, 4YTO
MeTpuKa L, , TOPOXKJIAET TONOJOTHIO TOTOYEUHON CXOIMMOCTH Ha O(X )
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INTRODUCTION (abstract of PhD thesis)

The aim of research work is to definition of a description of affine
homeomorphisms of the space of weakly additive order-preserving normed
functionals and their convex subspaces.

The object of the research work is the weakly additive functionals, semi-
additive functionals, positively homogeneous functionals, space of capacities.

Scientific novelty of the research work are as follows:

it is proved that the spaces of weakly additive, order-preserving, normalized
functionals are affinely homeomorphic to the positive part of the unit ball of the
Banach space of classes of real essentially bounded measurable functions;

an explicit form of an affine homeomorphism of the space of semi-additive
functionals preserving the upper bounds is found, and an explicit form of a lattice
affine homeomorphism of the space of capacities given on a compactum;

a metric was constructed on the space of semi-additive functionals, which
continues the metric of the original compact;

it i1s proved that the space of weakly additive, order-preserving, normed

functionals is a metric space.
Implementation of the research results. The results were used in the

following scientific studies:

the description of the space of all weakly additive order-preserving normalized
functionals was used in the foreign project No. 17-51-12064 "Operators consistent
with the order in optimal control problems and in the theory of differential
equations" to study additive operators in vector lattices (Reference of the North
Ossetian State University named after K.L. Khetagurov dated March 1, 2021). The
use of the scientific result made it possible to prove the ordinal boundedness of
orthogonal additive operators in vector lattices;

the affine homeomorphism of the space of weakly additive functionals and its
subspaces was used in the project F-4-42 "Cardinal and topological properties of the
space of semi-additive r-smooth and Radon functionals" to determine one of the
important invariants of the space of Radon functionals - the weight education of the
Republic of Uzbekistan under the number 89-03-4303 dated October 30, 2020). The
use of the scientific result made it possible to investigate the topological, categorical,
geometric and cardinal properties of weakly additive functionals acting in the
categories of the Radon space.

The structure and volume of the thesis. The thesis consists of an introduction,
three chapters, conclusion and titles of used literature. The full volume of the thesis
is 80 pages.
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