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KHUPHUII (1oKTOpINK THCCEPTAIUSICH AHHOTAIUSICH)

Juccepranus MaB3yCHHUHI 10J13ap0Juru Ba 3apyparu. JKaxoH Mukécuia
o0 OGopunaérran Kyriad WiIMH-aMaluid TaJKUKOTIap akcapusaT Xosuiapaa 7op-
TOMOJIOTUK (Da3ojiap YJIAPHUHT Y3IYKCU3 AaKCIAHTUPUIIJIAPU KaTEeropuscuia
XapakaTIaHa€Tral TYpiu XYCYCHSTJIM KOBapHaHT (PYHKTOPJIAPHUHI KUMMAaTIapu
Ooynran (a3oJapHUHT T'€OMETPUK Ba TOMOJOTHK XOCCAJIAPUHU TATKUKOT KUJIUII
Macananapura kKapatwirad. KoBapuaHT (QyHKTOpiap Ba yJIapHUHT YEKJIH
Japaxxajard Xama 4YeKJId SATYBUMWIMK KUCM (PYHKTOPJIIAPDUHUHI T€OMETPUK Ba
TOIIOJIOTMK XOCCAJIAPMHM TAAKUK OTHUII, YEKIW YJIYaMJId Ba YEKCHU3 YIYAMIH
(dazoma-reoMeTpUK TOMOJOTUSl HazapuscHuIa MyXUM axamusTra sra. by Oopana
3aMOHABUI T€OMETpHUs, YMYMHUH Ba anreOpark TOmoaorus, (GyHKIIMOHA TaXJIII Ba
AXTUMOJUIAP YIIYOBIAPU HA3APUACHHHMHI SIHTM MYHAIWMIIM, OOBEKTH Xamja
yCIIyOMHU TaAKUKOT KWJIMITHUHT MyXUM Bazudanapuiad oupu 0yiud KoiamMoKaa.

Xo03upru KyHJia >kaxoHaa (pa3oslapHUHT KEHT' KaMpOBJIU TYpPJU TOIOJIOTHK
XYCYCUATIAPUHM, YEKJIW OATYBUYWIM KOBapUaHT (QyHKTOpJiap Epaamuia
dazonapHu MeTpUKajgall ME30HHHH, SXTUMOJ YiadoBiapu pyHkropu P Tabcupu
OCTHJA YEKCU3 YIuaMlIl KYNXWUIMKIAPHUHT 4YerapaBUil  TYIUIaMJIApUHHU,

AXTUMOJUIMK YIIHOBIApU P(X) ($a30CHUHUHT TYTIUIAMOCTWJIAPUHU YpraHUIIia,

AcP(X) yayn (P(X ), A) Ky P TIIMTHHAHT (Q, B(Q)) Ba  (Q,S)
Ky(OTIMKIADHUHT OMPHUIa TOIMOJOIMK SKBUBAJIEHTIMIM —Xamzaa 1YCh-TuxoHoB

(azonapu Ba YHUHI Y3JIyKCHU3 aKCIAHTUPHILIAPU KaTEropuscHIa YEKIH OYHK,
IPOEKTUB-OYUK, MPOEKTUB HHIYKTUB €MUK, NpoekTuB-haktop Ba O — P.I.C.-

KOBapUaHT (DYHKTOp KaOW SHI'M KOBapHaHT (DyHKTOpiap aHuKIaHau. by Oopana
(GyHKTOpIApHUHT (DyHKTOpHAI TaBcu(dH, Oy KOBapuaHT (PyHKTOpiap CUH(UHHUHT
KuiimMaTiapu OYynraH (a3oNapHUHT TOMOJOTHUK, TE€OMETPUK XYCYCHUSTIapUHU
YpraHuin MakcaJ I WIMAN TaJIKUKOTIapaaH XHUCOOIaHa M.

Mamnakatumusaa GyHaaMmenTan (paHJIapHUHUT UMUK Ba aMajuii TaTOMKHUra
Top -kareropusicua KapaiaéTral TypJid KOBapUAHT (PYHKTOPJIAPHUHT T€OMETPUK,

TOTOJIOTUK KUMUMaTIapyHU TaBCU( KUJIUIIAA CAIMOKJM HATHKaJlapra SPUIIIIIN.
Typau TOMOJIOTHK KaTeropusiiapjia KapalyBuM Oab3u KOBapuaHT (GyHKTOpJap
KUUMaTJIapUHUHT TOIMOJOTUK Ba TEOMETPUK Xoccajlapu OwusiaH yambapuac
OOFNUKJINTY, KOMIAKT OyimaraH (a3oHUHT METpHUKaJallaguraH TYTIaMOCTUCHUHU
ypranuui, ymoy TYIUIAMOCTUHUHT AacOCUM XyCycusiTiaapuHu Oaxonami, Oup-
Oupunan ¢GapKiau TOIMOJOTHK, TEOMETPUK XYCYCUSTIApPUHM, MacajaH, yidam,
TOPTUITYBYAHIIUTH, OOFIAMITUIINTUA XYCYCUSATIAPUHHA KPaTHIII UMKOHUHH OEp/IH.
«DyHKIIMOHANT aHaAIM3, TEOMETPUS Ba TOMOJIOTHS» (PaHIAPUHUHT YCTHBOP
nyHanmummapu Oyinda Xaikapo CTaHAapTiIap Japakacuja WIMHA TaIKHUKOTIIAp
omub6 Oopum MatemMaTuka (aHWHWHT acocwid Basudamapu Ba (paonusr
iyHamuouiapy 5>t0  OGenrmnanmul. Kapop WKPOCHHM TabMHMHIANNIA HIIMMA

! V36exucron PeciyGnukacu Basupnap maxkamacu 2017 iinn 18 maiinaru «Y36exkucton Pecrybiukacu
dannap akaJeMHUSCHHHMHI SHTUAAH TALIKWI STWITAH WIMHE TaJKUKOT Myaccacajapd (haolusTHHH
TAIIKWI 3TUII TYFPUCUAA»TH 292-COHIN KapopHu.
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HaTWXKalapAaH WiM-(QpaHHUHT Typaol coxaiapuja (oijanaHuil, KOBApUAHT
(GyHKTOpIapHUHT KuiiMaTh OynraH (a30JapHUHT TEOMETPHUK, TOMOJIOTHK
Xoccajlapy Ha3apUsCUHU PUBOKIAHTUPHIL MyXUM aXaMHUATIra 3ra.

V36exucron Pecny6mukacu Ilpesunentunmar 2017 iun 7 despaniaru
[1P-4947-con «V30ekucToH Pecry6InMKacHHU sSHAJA PHBOMKIAHTHPHIN OYifnda
xapakarinap crparerusicun tyrpucugarru ®apmonm, 2019 vnn 9 wmronmarm [1K-
4387-con «MatemaTtuka TabIMMH Ba (aHIAPUHM SHAJA PHUBOXKJIAHTUPHUILIHU
JaBIAT TOMOHMAH KY/1aG-KyBBAT/alll, IyHUHITEK, Y30eKkucToH PecryGmmkacy
®annap AxkaaemusiciHuHT B.M.PomMaHOBCKHIT HOMHMAAru MaremMaTnuka MHCTUTYTH
daonuaTUHM TyOJaH TaKOMWUIAIITHUPUII YOpa-TaaOupiiapu TYFPUCHAANTH Ba
2020 i 7 matinaru T1K-4708-con «MaTteMaTuka coxacujiard TabJiuM cudaTuHu
OIIUPUII Ba  WIMHUU-TAJAKUKOTIAPHU  PUBOXIAHTHPUII  4YOpa-TaaOupiapu
TYFPUCUIANTU  KapopJiapu xamja Ma3Kyp ¢GaosusiTra Teruiuuid 001Ka HopMaTrB-
XYKYKHM XyxoKatiapia Oedrwianran BasudalapHd amaira oludpuiiga ymoy
JUCCEPTALMS TAIKUKOTH MYaiisiH 1apaxaaa Xu3maT KUiIaa.

TaagkMKOTHUHT pecny0auKka (GaH Ba TEXHOJOTHSJIAPH PHUBOKJIAHUIIN
YCTYBOP HyHAJIMILIAPUTa OOFIMKIAMIUA. Ma3kyp TaAKUKOT pecnyOnuka ¢gaH Ba
TeXHoOJorusiap  puBoxianummHuar 1V,  «MaremaTtuka, MexaHuMKa  Ba
MH(pOpMaTHKa» YCTYBOP MYHAIUIIM JoMpacKuia Oaxapuira.

JAuccepranus MaB3ycH OYyiH4a XOPHKMHA HIMHUA-TAAKHUKOT/IAP LIAPXHU.

bab3u koBapuaHT (YHKTOpJIApDHUHT KUMaTH Oyiaran  ¢asoJapHUHT
r€OMETPUK Ba TOMOJOIMK XOCcallapy Hazapuscu Oyiinua WIMUN H3JIaHULLIAP
€TaKul XOPWXKUW JIaBIAaTJIADHUHT WJIMHI MapKaszjlapy Ba OJIHM TabJIUM
Myaccacayiapu, xxymianan JJomoHocoB Homuaaru MockBa JaBiaT YHUBEPCUTETH
(Poccus), CrexnoB Homumaru marematuka MHCTUTYTH (Poccus), WHnmana Ba
UYukaro yuuBepcutetu (AKIL), Kanama yuuBepcutetn (Kananma), Tokwuo
yHuBepcutetd Ba Ocaka yHuBepcutetn (fAnonwus), BapmaBa yHHUBepcUTETH
(ITonpmra), JIeBoB maBmat yHuBepcutetd (Ykpauna), [Ipara yHuBepcuTeTH
(UexocnaBakusi), KemOpumx yHuBepcutetn Ba Jluac ynuBepcuretu (byrok
bpuranus), Ilapmwx maremarnka uHCTUTYTH (Ppanums), bepnun Beliepmrpac
WIAS (I'epmanus) ummMuil TEKIUPHUII YHUBEPCUTETIIApUAA 0JIMO OOPUIMOK/IA.

Oxupru  WWwinapaa  TONOJOTUK  ¢azojap Ba  YHMHT  y3JyKCH3
aKCIAHTUPHUILUIAPU KaTeropucuaa (QyHKTOpjap KHUMATHHUHI TE€OMETPUK Ba
TOIOJIOTHK XOCCAJApUHHU TaJIKUKOTJIApU HaTWXacuaa Kartop Joy3ap0d macanaiap
cumrad. JKymiamaH Kydumarm WIMHE HaTwKamap oOJuHraH: ¢aszo dim
VIYaMHHUHT TOINOJIOTHK Ba F'€OMETPUK XYCYCHATJIApU XamJa YE€KJIM KynauTmana
Jorapu(MHUK TEHICU3IMK TaJAKUKOTH JOHMpacHuaa KOMIAKT (a3onap KaTeropuscu
(Kanaga ynumBepcutetn); MeTpuk ¢aszonap kareropusicu (Tokwmo Ba Ilpara
YHUBEPCUTETIApH);  10P —Tomojoruk  (asosap Ba  YHHHT  Y3IYKCH3

aKCIAHTUPUILIAPH  KATeTOPUSACH XamjJa YHUHT KHUCM  KaTeropHsuiapuia
dynkropnap Kuitmatu OynraH xoccamapu ucOomnanam (MockBa CTekJoB
HOMMJIar MaTeMaTHKa UHCTUTYTH Ba JIOMOHOCOB JlaBjaT YHUBEPCUTETH); YEKCHU3

. . . f f
Yadamiadm  KYIXWUIMKIAPHUHT  yerapaBuii  xoccamapu, Q—(,— > —(,—Q" —
KYNXWUIMKJIAPUra TOMOJIOTUK SKBUBAJICHTIIMIH, HKCTEH30PJIMK XOCCalapuHU
6



Ma3MyHIM TacHudanraH, (Bapmasa yHuBepcutetr Ba Jlyn3aHa YHUBEPCUTETH);
KOMIakT ¢a30JIapHUHT IICWI Ba SKCTCH30pJWK KuiiMatiapu (Bapiiasa
yuuBepcutetd, Kanzac), tomomoruk G —da3onapHuHr 3kcTeH30pauk (Tokuo
YHUBEPCUTETH, AMcTepaam), METpUK cemnapabden (azomapau Z —TyIaaM XoccacH
dazoHuHr  Z —TYIJIAMUHUHT TYJIAUPYBUYM TYTUTAMIIADUHUHT DKBUBAJICHTIIUTH,

(V)

. f f
yekcH3  ymuamum - cemapaben  kymxwummkmap Q- (,—2— (,— Q" —mapra

TOTIOJIOTHK KBUBAJICHTIUTH Me30HM TacHu(anran (Kamudopuaus Ba Illumonmii
Kaponuna yHHBepcHUTETIApH); KABAPUK YM3UKIU YEKCU3 YIUaMIIA KYTIXUJUIHKIAp
Ba yIapHUHT  Z —TymamMgarda ToMeoMopdH3MIapuHH  TYIMK — (¢asora
naBomyamiTupuil  Me3oHd (BapmaBa yHuBepcutetH Ba TOKHMO MaTemaTHKa
UHCTUTYTH), Yekcu3 ymuammn Q — KYIXUUTHKIIAp YerapaBuil TYTUIaMJIapu ME30HH,

yerapaBui TYIIJIaMJIAPUHUHT TYJNIUPYBUYUCH (,-TUIIBOEPT ¢azora
romeomopdaury, [Teano kommnakt X yuyH runepda3o €XP X HU Ba YHUHT KUCM

f y
¢azoocTHIAPUHUHT Q- (,—(, — KYyIXWUIMKIapra TOIOJIOTHK JKBHBAJICHT
OynmuImm XoJjariapu, KydCH3 CAaHOKIH YIIYaMJId KOMIIAKT Ba KyWIH YEKCH3
o f

Yymuammm  pazonmapuuar Q- (,—(, mapra TOMEOMOP(IMIH ME30HIAPUHH

ucootnapu kentupwirad (Jlyumsana, Texac yHUBEpPCHTETIapH);, YCKIH YIIdamiId
[leano koMmakTinapuHuHr runepdazo QyHKTOpH €XP Ba YHUHT KUCM

GbyHKTOpJIapy TabCUPHUAATK TOIOJOTMK Ba TEOMETPUK KUWMATiIapu Xoccalapu
YeKCU3 YIIUaMJIM KYNXWUIMKIapura SKBUBaIeHTIIUTUHU ucOoTnanran (Illumornuit
Kaponuna Ba Texac yHUBEpCHUTETIIAPH).

Hynéna OyryHru KyHja ctpaTuduuuk ¢azonap KaTeropusIcu Ba yHH Y3uja
cakyiiopun  1ych —Tuxonos KaTerOpUsACHIa  KOBapHaHT  (PyHKTOPIAPHUHT
Tabcupuaa (pazoJapHUHT HKCTEH30p, YyJ4yaM, IIE€WN, TOMOJOTHK, TIE€OMETPUK
XYCYCUATIApH, KYy4YCU3 CaHOKJIW YIdamid, Kywwid dekcu3 Yymaamu, C-
dazonapmaru KuiimMaTiapu, (YHKTOPJIAPHUHT OYHK Y3JIYKCH3 aKCIAHTHPHUIN Ba
YHUHT TIPOOOpa3apuHy CakJallk, X-MEeTpUKalamrad (a3onapHu cakjialiu,
AE(n)  ¢dasomapun WHBapWMaHT  KOJAMPHMINM,  (Pa30JIADHHUHT  TOMOTOIIHK

XyCyCHSITIApUHA WHBapHaHT Konnupumud, G-—dazonap kareropusicuia xapakar
Kuiaétran (QyHKTOpJIapHU SKBUBapuaHT G —QyHKTOpiapra ailllaHTUpUIIU Kabu
YCTYyBOp UyHaNMILIApa WIMUK-TAIKUKOT UIITApH OJU0 OOPUIMOKIA.
MyaMMOHMHI YPraHWITAaHJIMK Jdapasacu. bUKoOMIakTiap KaTeropusicu
METpHKajall ME30HMHU XamJla KOBapHaHT (YHKTOpJAp, SXTUMOJ YIYOBIAPH
(GyHKTOpJIApUHUHT KUMaTH OYJiIraH TOTOJOTUK (pa30JapHUHT TEOMETPUK Ba
TONOJOTUK Xycycusitiapuau B.B. ®enopuyk, M.KaretoBnap; Typau TOMOJOTHK
dazonmap ueknm kymaiitmacuma dim ymuamu KuiimMath Xamaa Oy (dasomapna
XapakaT Kujga€TraH KoBapwaHT ¢yHKTOpiap KuiMariaapuau A.H./[paHuniHuKOB,
B.H.bacmanoBnap; KomIakTiap Ba YJIAPHUHT Y3JIYKCH3 aKCJIAHTUPHUIILIAPU
Kateropusicuaaru Hopmas GyHKTOpiap Tabpuduapu, TaBcudu, ymymbyHKTOpHAI
xycycusitiapu, Oy  (YHKTOpJApHUHI  KUMMaTiapu  OYaraH  TOMOJIOTHK
(dazonapHUHr TreoMeTpuk Ba Tomosioruk  xycycustiapunu  E.B.Illenun,
10.B.CafgoBHUUMIIapHUHT WIMME TaJKUKOTJIapuAa aHUKJIaHradH. Kommaktiap
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KaTeropusicuia KOBapHaHT (PYHKTOpJApHUHI (a3zonapaard KuiMatua Oyirax
AKCTEH30PIMK, mehruk xycycuariapuau C.A.borateiii, A.B.MIBaHOBIap TaaKuK
JTraH.

Yekcn3 yimyaMiaud Ba KOMIIAKT OyiIMaraH KYOXWUIMKIAD 4YerapaBHid
XycycHusiTH TaBcupu xamaa 0y KynXxuwuIHKiIapaard 0ab3u KOBapHaHT GyHKTOpIIAp
KuiiMati Oynran  (asoocTWiapu  TYIAUPYBUMIIApU KY(PTIUTH  TOMOJOTHK
SKBUBAJICHTIIUTU ME30HJIapU J.Képruc, T.YUsnmen, P.Annepcon,
T.J100pOBOIBCKH, K. Morunbckui, I'.beccara, A. IlenpunHCKUM,
H.TopyHbuuknap TOMOHMJAH TaAKUKOT 3Tuirad. Tomonoruk G —c¢a3zonap Ba
YHUHI DKBUBAapUAHT AaKCIAHTUPHIIAPW KATETOPHACHAA Japaxara KyTapHIl
¢bynkropu kuiimatu HO.M.CmupHOB; skcTeH3opiauk xycycustiapu C.M.Arees,
miein xoccanapu kuitMatiiapu C.A.boraTbliJIapHUHT WIMHAKM TaAKUKOT UIILIApUIA
éputnrad. Tononoruk ¢azonap kareropuscuia Kapaina€TraH 4eKiau €KU YEKCHU3
Japakalid KOBapUaHT (QYHKTOPJIAPHUHT (PYHKTOpHUAJ XyCYyCHUSTIAPU T€OMETPUACU
M.M.3apuunslii; yiryam xoccanapu xamaa 0y dazomapauar dim ymdamMu KHEMaTH
T.O.banax; KydcH3 CaHOKJIM VyiIYaMid Ba KyWId YEKCU3 Yyiyamiau Oyirax
(azonapHU YEKCH3 YJI4aMJIM TOIOJIOTMK KYNXWUIMKJIApra 3KBUBAJICHT OYINIIN
xoccanapu T.H.Panymn; TOIIOJIOTUK G —dazonapna DKBUBAPHUAHT
akciaantupunuiapuan napomamtupuin [1.C.I'eBopksn; G —peTpakT reoMeTpux
xycycusitu  Kuiimath  C.A.AHTOoHsH; G -ymyam Xoccajmapud  TOIOJIOTHUSCH
kuiiMaTinapu J[.JkepMaksaHIapHUHT U3TaHULUIapUaa 0aéH KWIMHTaH.

II.A.AromoB  TaakukoT  uiuiapuga  Og-Kydcu3  pajJOH  aJIUTHUB

dbyHKIIMOHAIIAP, O, —7—CWUIMK  Kyd4CH3  aiguTuB  (QYHKIMOHAJIAPH
¢yukropaapu TYCh-TuxoHoB KaTeropuscuga KHPUTUINO YHHHI TOIOJIOTHK,

GyHKTOpHANl JKMXaTJIapd Ma3MyHJIU TaaKUKOT KuiauHrad. P.b.bemmmoBHHHT
W3NIAaHUIIIApUIa TOTIOJOTHK (pa3oyiap Ha3apUSCHHUHT KapAWHAl WHBAapHAHTIAPH,
3UWINK, Ky4CH3 3UWINK, KanuOp, [llaHuH COHM THUMHMIaru TOMOJOTHK Xoccajlapu
6aéuu kenrupmirad. A.A.3autoB Tomonnnan O, Ba O ¢yHkropmapuusar Tych

Kateropuscuia kareropuai, (QpyHkTopuan TaBcudu aHukiaran. Tomonoruk G —
(azonapHuHT 3KcTeH30pMK Ba G —dim ymuamu xoccamapuaun M.M.MaaupumoB
TaAKUK OTrad. MeTpuk (a30dapHUHT KOMIMAKT TYIJIAMOCTHIIAPU IIEUTIITUK
xoccanapy XamJia Kyl KMAMaTJIH Y3JIyKCU3 aKCIaHTUPUIUIAPHU AaBOMIIAIITHPUILL
xycycusatinapu Y.T.TammMeroB TOMOHHMAAH aHUKJIaHraH. Tomonoruk ¢azonapia
AHUKJIAHTaH YM3UKIM (YyHKUMOHAUIAp Xamja yiap OujaH OWp Karopaa Typiu
cnenudUK XyCyCHUATIM YHU3MKIM Oynmarad (yHKIIMOHAJUIAPHUHT (PYHKIMOHA,
dbyHKTOpHA XOCCaJapUHUHT KOBapHaHT (DYHKTOpJIap TabCUpPUIArU KUKWMATIIapH
TOMOJIOTHK Ba TeoMeTpuk xycycustiaapu F.d.2)Kab6opos, [.0./laBneToBiapHuHr
TaJIKUKOT UIJIApUHU 0JIUO OOpHUIITaH.

Juccepranusi TAAKMKOTUHHUHT JUCCEPTANUA 0aKAPUJITAH OJIMI TabJIUM
Myaccacacu Ba WIMHH-TAAKUKOT MHCTUTYTHHUHT WJIMMA-TAAKMKOT HILIAPH
pexanapu OujaH OoramkaMru. Jluccepramusa Ttaakukotd B..PomanoBckuii
HOMHUJlark MareMaTuka WHCTUTYTH WIMUNU-TAIKUKOT uUUiapu pexacujaaru DO4-
OA-D013 pakamumm  «OmepaTopiap Ba HOAcCOIMATUB anredpa, JIUHAMHK
cucTteMajap Ba YJAapHUHT CTaTUCTUK MEXaHWKA Ba TMOMYJSIIIMOH OHOJOTHATA
8



tagOukaapu»  (2012-2016  #imwwiap),  OT-®4-82+O0T-DP4-87  pakamim
«OmepaTopiap Ba HoaccolMaTuB anredpanapia Jokan auddepeHnramian Ba
aBToMop(u3MIap, HOYM3WKIA TUHAMUK CHCTeManapia ¢asza aaMaliuiuiap Ba
xaoc+EBKkn Ba niceBao-EBkma dazonapumaru srpyu YM3UKIap Ba CUPTIAPHUHT
ri100an WHBapUaHTIApW Ha3apwsiCH Ba YHUHT MEXaHHWKara taroukmapu» (2017-
2019 ¥unnap) Ba TOIMIKEHT AaBiaT MEJArorMka YHUBEPCUTETH WIMUNU-TAIKUKOT
unuapu pexacunaru ®4-27 pakamnu «Tomonoruk ¢aszomap Karteropusicuaa
XxapakaTiaHaétran 0ab3u KOBAapUaHT (YHKTOPJIAPHUHI TOIMOJOTMK Ba KapAWHAI
xoccanmapunu anmiiamy  (2012-2016  #wmap) Ma3ycuaard  (GyHIaMEHTa
Jouxanap roupacuia oaxapuira.

TagKMKOTHHHI MakKcaaM TYpJM XWJI KOBapuaHT QyHKTOpJapra mayd
KeNraHaa TOMOJIOTUK (Pa30JIapHUHT METpHUKajall ME30HJIapUHU OepHull Xamja
TOTOJIOTUK (Da30HUHT YEKIIW KYMalTMacHu YI4amIIapMHU Ba KEHT KaTeropusiiapiaa
XapaKaTIaHyBYM KOBapUaHT (JYHKTOPJIAPHU aHUKJIAIIIaH HOOpaT.

TagKuKOTHUHI Basudaiapu:

TONOJIOTUK  yCyJJlap Ba (QyHKTOpHAl XycycusTiapaaH (doiinananuo,
OMKOMIIAKTIAPHUHT METpPHUKaIall ME30HWHH, TOIOJOTHK CICKTPIAPHU TaTKHK
ATUO, TOMOJIOTHUK (Pazonap YeKIU KynakTMacu YITHaMUHU aHUKJIAIIL;

Tonoysioruk  (azonapaa  KypTaukiap — romeomMop(uuru  ME30HUHU
TakoMuuTamTupuO (azooctuga Oepuiaran roMmeoMophuzMiIapuHu TYIUK ¢aszora
JAaBOMJTAIITUPUIITHY aHUKJIAIII;

YEKJIU OATYBUYWIM KOBAapUAHT (PYHKTOPJAPHUHT YCYJUIAPUHU  KYJLJIaIl,
amajjiard TOMOJIOTHK KaTeropusuiapia XapakarjiaHaéTraH aWpuM KOBapUaHT
(GbyHKTOpIIap TOMOJIOTHK, TEOMETPUK XOCcallapy KUUMAaTIapuHU TaCHHU (AL,

yekcu3  Tymiaamaa — anukiaadran  P(X)  (asoHMHr  3KCTEH30PIIUK

XOCCalapyuIaH, YEKCH3 yiyaMid KyIXWUIMKIAp TYJIAUPYBUA KHCMIIApHUIra
TAAUUTYKIM XOccalapu €paamMuaa yJapHUHT TOMEOMOP(IIMIM Xamaa 4YEeKCHU3
AJIEMEHTIIM KOMIMAKTIAPHUHT WIEUIITIAPU TEHIVIMTA ME3OHWHN aHUKJIAL,

YEKCU3 DJIEMEHTIU X KOMIIAKT yYyH P(X) (ha300CTUIIAPUHUHT THIBOEPT

o f )
Kyoura, yekcu3 ymuammm (,—(,—¥— Ba Q —KyIXWUMKIapUura TOIOJIOTHK

SKBUBAJICHTJIMTUHU UCOOTIAIT,

HOpMaJl KOBAapUaHT (YHKTOPJIAPHUHT YCYJUIAPUHU KYJUIalll, TOIMOJOTHUS Ba
reomeTpusi ¢aHu YCYJUIAPUHU Y3rapTUPUI, TOMOJIOTUK (PA30HUHT TOMOTOIHK,
AKCTEH30P XYCYCUSTIAPUHU TAIKUK KWIIUII XaMmIa dXTUMOJI YITHoBIapu (PyHKTOpH
P Ba yHUHT KHCM (PYHKTOpJApUHUHT KMHMaTIApUHN aHUKJIAIII.

TagKUKOTHUHI 00beKTH 0ab3u KOBApUAHT (PYHKTOPJIAPHUHT KUWMaTH
Oynran ¢a3oJIApHUHT TEOMETPUK Ba TOMOJIOTHMK Xoccajapu, TOIMOJOTUK ¢a3o
YeKIM KynmauTMacuHuHTr dim yidamu, Yekid Japakaid KOBapHaHT (yHKTOpJap,
UPCHI XyCycHsATIapra 3ra OMKOMITaKTIap, 3XTUMON YirdoBmapu ¢yHkTopu P Ba
VHUHT Y€KCH3 KOMIAKT/Ja aHWKJIaHTaH KUcM (pyHKTOpiapu, 6ab3u Oup KOBapUaHT
(GyHKTOpJIApHUHT KUHMATH, YKCTEH30PJIMK Ba IS XyCYyCHSITIAPH.

TaagKMKOTHUHT mpeneMeTH 0ab3W KOBAPHAHT (PYHKTOPJIAPHUHT KUHMATH
Oynran ¢azoJapHUHT TEOMETPUK Ba TOMOJIOTHK XOCCAJlapd TYpJHd TOMOJIOTHK
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KaTeropusyiapia Xapakar KWJyBYM Oab3u KOBapUaHT (PYHKTOpJAp TabCUpUIA
(ha30HUHT TEOMETPHUK Ba TOMOJIOTHK XOCcajJapyu KHHMaTIapH.

TaakukoTHUHT ycyJuiapu. Hopman koBapuaHT pyHKTOpIap Ba (PyHKITMOHAI
TaxJwn  ycyiutapu, dim  ymuam  Hazapusulapu - ycyilapd, TOIOJIOTHK — (hazo
Ha3apUsICH METOJJIAPH, PETPAKTIap HA3apHUsACH YCYJUIApH, IXTUMOJUIAK YITHOBIapH
(Ga30CHHUHT MEUTIIapu HA3apHUsACH, TECKApWJIAHYBYH TOIOJOTHK CIIEKTpJIap
Ha3apusIcH  METOJJIapM  Ba  KOMIMAKT  QJIMAIITAPUIN  TYpPyXJapUHUHT
Xycycustiaapuias poiganaHuiras.

TagKMKOTHHUHT WJIMHUI SHITUJIMIH Kyluaaruiapaad noopar:

napakoMmnakT curma Qazonap cuH@HUAA KoIulaMa TWIMJArd YiIyaMu Y4yH
YEKJIM KYMMAUTMAHUHT yI4aMu KYNaWTyBUWIAP YJIYamMJlapyu MUFUHIUCUIAH KaTTa
Oynmacauru ucOOTIaHTaH;

F xoBapuaHT (QyHKTOp yuyH X kommakT Oynranma F(X) xommakt ¢aszo Ba

(ha300CTHIIApMHU METPUKAJIAIl ME30HU aHUKJIAHTaH;

AXTUMOJI YITYOBJIApU (PYHKTOPHMHHMHI YEKIH JapaXxald KUCM (pyHKTOpaapu
ctpatuduik  ¢aszojapHd XamjJa KyuCHM3 CaHOKJIM Yymdamiu  ¢as3ojiapHU
WHBAPUAHTJIMTY UCOOTIIAHTaH;

POEKTUB-(AKTOP, TPOCKTUB UHIYKTUB €MUK Ba CUTMA-TIPOCKTUB WHIAYKTHUB
€nuk  ¢QyHKTOpiap CcuUHGIApUHM TaBCU(IAHTaH XamJla YEKCHU3 KOMIAKT
(dazomapHUHT MIECHIUTAPUHU TEHIJIMTM WHBAPUAHT OYNAJUTraH YEKJIU DJITYBUUIIU
byHKTOpJIap aHUKJIAHTaH;

Japakacl y4/iaH KarTa €KW TeHr OYJraHjga yHUHT JUOTaHAIM TYJIIUPYBUUCH
Mpcuid HOpMaJ OYJraH KOMIAKTHUHT (Pa30HUHT METPUKAJIAIITaHIUTH UCOOTIaHTaH.

TagKUKOTHUHI aMaJMii HATHKACH HUXTHEPUM YEKCH3 METPUK KOMIIAKT
dazo yuyH Oapya 3XTUMOJUIMK Yi4doBiapu (azocuja xap Oup >koWjga 3ud cuUrma
KOMITAKT YEKCU3 CAaHOKJIM YiIyaMiu KucM (ha3ocu yerapa TyrjiaM OYJIMIUIMTMHU
AXTUMON Ya4oBiapu (azocuna Z-TymiaaM Ba YeKCU3 YIU4amiik KYIXWUIAKIap
KaBapHUKJIMK IIapTiapu €plaMujia ucOoTiall yCyulapuHu 0a€H KMUIIMHTaHIUTUIaH
noopar.

bupopra KHCM  TYmJIaMHUHI  TYJJUPYBUMCUHHMHI  UPCUM  CAHOKJIHU
NapakOMMAaKTIWTH, WPCHUM  HOPMAJUIMTH, HWPCUWA  CAHOKIM  KOMIIAKTIUTH
XYCYCUSATIIAPUHH KYPCATHINl yCyJapuaan Qoinananud, maapakacu y4JiaH KUYHK
o6ynmaran HopMan F dyskropmap yuyH F(X) (ba3oHUHT UPCHIT HOPMAJUTUTH Ba

UpCUI  CaHOKJIM KOMHOAKTAMIH X (Aa30HUHI METpUKAJATraH Oyiauimmra
SKBUBAJICHTIMTUHU COJJ1a KYpCcaTUIl UMKOHUHU O€pIy.

TaagKMKOT HATH/KAJAPMHMHI MIIOHYIMJINTH. Tomnonoruk  ¢dazomnap
Ha3apusCH, yia4yamilap Ha3apusACH, PETpPaKT Has3apusCH, IIEWN Ha3apuscu Ba
KOBapHaHT (yHKTOpJap HazapusicCUJard MYXUM TeOpeMajapHU KYIuiall,
MaTeMaTHK MYJI0Xa3a IOpUTHIL Ba KAThUI MaTeMaTUK UCOOTIaHAIH.

TagKMKOT HATHKAJIAPMHUHT WJIMHI Ba amMajauid axamMusaTu. OJMHTaH
HATWKAJIAPHUHT Ha3apuil axamMusTH KOBApUAHT (DYHKTOpJAp XapakaTiaHa€TraH
(ha30HUHT T€OMETPUK Ba TOTMOJIOTUK XYCYCUATIAPUHHU YPraHUILA XaM, Y3ura Xoc
KUMMAaTIapUHU Ba TETUUUIM TOMOJOTHMK (a30o Ba KOBapUAHTIAPHU AHMKJIAIIHUHT
y3ura Xxoc MyaMmMOJIapUHU XaJl KUJIMIIIA KYJUTAaHWIMIIK OWJIaH U30XJIaHaaH.

10



Numnunr  amanmuii  axamusitd Ga3o Ba KUCM  (Pa30JIapHUHT  Mypakkad
XOCCaJlapyHU aHUKJIAIIHU OJJIMM XoJjaTra KUCKapTupaau, Oy 3ca auccepraius
MaB3ycH Oyiinua OJMHTAaH HaTWKalap Typid Macajajapra KyJJTaHUJIHII
MMKOHUWHHU CE3UJIApJIM J1apa)kajia OIIupaai.

TagKuKOT HATWKAJAPDUHMHMHI SKOpPUM KWIMHHIOM. bab3u KoBapuaHT
(GyHKTOpJIApHUHT KUMaTH OynaraH (a3osapHUHT TEOMETPHK Ba TOMOJOTHUK
xoccanapu Oyitnda OIMHTaH HaTUXKajlap acocHuiaa:

Oapya SXTUMOJUIMK YI4OBIApH (PYHKTOPUHUHT MPOEKTUB-(HAKTOP, MPOECKTUB
UHAYKTUB €MUK Ba CHUTMa-MPOCKTUB MHAYKTHB €MUK KUCM(YHKTOpIApU
taBcuduapugan OT-D4-69 pakamnu «I'apMOHMK aHaIU3, Japakajld reOMETpUsl Ba
yJIapHUHT MaTeMaThK (U3MKa Macajajgapura KYJJIaHWIMIKWY GyHIaMeHTal
Jolnxacuja YM3UKIM OyiMaraH TeHrjiamanap cucremacuna Komm myammocuHu
eunMiIapuHn Tommiia (oinananuaarad (CamapkaHj JaBiaaT YHUBEPCUTCTUHUHT
2021 #iun 18 nosiopaarn 10-4632-connm MabayMoTHOMAacH). MUl HaTH)KaHUHT
KYJUIAaHWIMIOK Oab3W YM3HMKIM OYIMaraH TeHIJlaMalap cucTeMacH yuyH bepoin
VadoBnap cuHpuaa dypbe Y3rapuiMHUHT anMamntupunuiapu épaamuna Korm
MacaJlaCMHU YEKCHU3 KYI YMYMIAIITUPUITAH €YUMJIAPUHU TOMUII WMKOHUHU
Oepras;

nmapakoMnakTt curma (azonap cuHuaa KomjamMa TWIMAArd YiI4aMd Y4YyH
YEKJIM KyNMauTMaHWHT YI4aMu KyNaWTyBUWJIAp YII4aMmJIapu MAFUHIVMCHIIAH KaTTa
OYynMaciauruian MaTeMaThk-(GU3nKa Oujl XOPKUM WIMHM TaJIKUKOTIapJa oA
muddepeHnpan TeHrIamagap edyumiapu (Pa3oCUHU HM30IHEPTeTUK KYIXHILITUK
cuuapunn anuknamga Goinananmwirad (C.I1.Koponés nomumarm Camapa
Munmnuii  TagkukoTinap yHuBepcutetHHUHT 2021 #iunm 7 pgexabpparm 02-07-
3954/04-connmn  MabiymMOTHOMacH). WiaMuii HaTHXKaJapHUHT  KYJUTAHUJIAIINA
reTePOCTPYKTYPATAPHUHT YerapajaHTaH Ba 4YeKCcH3 OOFfJjlaHTaH MaHOamapu y4yH
yerapa IIapTJIApUHM TUKUIIA JguddepeHnyan TeHrjaMalap €YUMIAPUHUHT
XOoccaJapyuHU ONTUMAJUTAIITUPUIII UMKOHUHU OepraH;

AXTUMOJ YI4YOBIapu (PYHKTOPUHUHT YEKIU Japakal KUCM (PyHKTOpJIapu
ctpatudunk  ¢daszojapHd XamjJa KyuCHM3 CaHOKJIM Yyiuamiu  ¢as3osiapHU
MHBApUAHTIUTUAAH «IJIa3Mal TEXHOJOTHSIIAp» MaB3yCHIAru XOPWIXKUU TPaHT
jJolmxacuja TOMOTONMK  3WY  TYIJIAMOCTWJIAP  XYCYCHUATH  aHUKJIalga
doiimananunran (Camapa gaBiaaT TexHWKa yHUBepcuTeTHHUHT 2021 #imm 25
oktsiopmarn  01.0202/3277-connu  mMabayMoTHOMacu). MiamMuii  HaTHKaHUHT
KYJUIAHWJIUIIM STHTU TOMOTOIMK 3M4Y KUCMTYIUIaMJap XYyCYyCUSITH H303HEPTEeTHK
KYIXWUIMKIAp Ba TMOTOKJapAa yoopMajiap 3BOJIIOLNMOH MYCTaXKaMJIUTUHU
aHWKJIaIll KMKOHUHH OepraH.

TagKuKoT HATH:KAJAPUHMHI anpodanusicu. Jlucceprauusiga KypcaTuirad
Ma3Kyp TaJIKUKOT HaTwxkamapu 15 ta xankapo Ba 16 ta PecrmyOmmka mnamuii Ba
WIMUH-aMaJINM aH)KyMaHJIapyia MyXOKaMaJaH YTKa3WJIraH.

TagKuKOT HATWKAJAPUHUHI JIBJOH KWJIMHraHJuru. Jluccepramus
MaB3ycuja 6/ Ta Makojia YOIl ATWJTaH, LIyjap/aH V36ekucron PecnyOnukacu
OAKuunr ¢an noxropu auccepTalusiapd acoCHil WIMHUNA HaTHWXKaJapUHU YOIl
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ATHINTA TAaBCUS ATWITaH WIMHUK Hampiapaa 22 ta makoia, kymiaaan 10 tacu
xoprmxkuid Ba 12 tacu Pecniy6nuka xypHamnapuia Hamp 3TUJITaH.

JluccepTalMSIHMHT TY3WJIMIIM Ba Xaxmu. [[uccepramus kupui, Oemira
0600, Xxynoca Ba WUIUIATWITaH agabuéTnap pyWxaTugaH TalIKUI TOMNTaH.
HuccepramustHuHT XaxMu 198 6eTHM Tanmkui TraH.

JIACCEPTAIIMHUHI ACOCUM MASMYHH

Kupum kucmuaa aumccepranus MaB3yCHHUHT J0J3apOJIMTH Ba 3apypUsiTH
acocJlaHraH, TaJKMKOTHHHT peciyOiivka (haH Ba TEXHOJOTHUSIIAPU PUBOKIIAHUIIIN -
HUHT yYCTYBOp MYHAJIMIIIJIApUTra MOCJIUTH KYypcaTWITaH, MaB3y OViHuYa XOPYOKHI
WIMUK-TaJKUKOTIAp [IapXyd Ba MYaMMOHUHI YPraHWITAHIUK Japa)Xacu KeJTH-
pWiIraH, TaAKUKOT Makcaau, Bazudanapu, 0ObeKTH Ba MpEeAMETH TaBcU(IIaHTaH,
TaJKUKOTHUHT UJIMUMN SHTUJIUTH Ba aMajiuil HaTHUXanapy 0a€H KWJIMHTaH, OJIMHTaH
HATWOKQJIAPHUHT Ha3apuil Ba amMaluii axaMuatu o4uO OepuiiraH, TaJIKUKOT
HaTWKAJTAPUHUHT KOPUH KUJIMHUIIN, HALIP 3THJITAH UIUIAp Ba AUCCEPTALUSHUHT
TY3WIHIIU Oyiinya MabIyMoTiap OepuIIraH.

Arap Ou3 komMnakt (¢aszojap Ba YHHMHI Y3JIYKCH3 AaKCIAHTHUPHUILIAPHUHT
Comp — kareropusicuna (GyHKTOpIapHH Kapaiauran Oyicak, yHaa (QyHKTOpra
KYIIPOK KIJIACCHUK MHCON cudaTuia KyNaWTMaHU Ba HKCIIOHEHTa (PYHKTOpPUHU
OJINIIMMU3 MyMKHH.

E.B.lllenun QyHKTOpIapHUHT YMyMUN XOCCaJapUHHU TAIKUK KUIHO, HOpMal
KOBapuaHT (QyHKTOpiap CcUHPUHU axpatud Oepud, KOBapHAaHT HOpMa
(GyHKTOpJIApHUHT aH4Ya PUBOKJIAHTAH, UCTHUKOOJUIM Ba XKyJla Ma3MYHJIU yMYMHM
HA3apUSCUHHU SPATAH.

Vimaam TyLIyHYacH OOFNaMJIMWJIMK ~ TYUIYHYaCMHUHI  TE€OMETPHK
YyKypAAITHPULIAND: KOMIAKT OOfJiaMmiii OYyiica, YHUHT Xap KaHJall HyKTacuJaH
UCTaJIraH OOIIKA HyKTacurada 4ekJaHraH MUKAOpAA UXTUEPUA KMUMK Kaaamiiap
Ownan opkanu spunmiaan. 1981 vun Ilpara xankapo TOMOJIOTHK CUMIIO3UYyMHUA
B.B. ®enopuyk TOMOJOTUSHUHI YyIIOy cCOXacuAard TaIKUKOTIAPHUHT SIHTH
HyHanuimmHau O0enrminad OepyBUM, KOBApUAHT (PYHKTOpJap Hazapusicuaa Kyiuaaru
YMYMHA MyaMMOJIAPHH Ky UIU:

(A) Tomomoruk dazonap KaTeropusicuaard KaHjaad KoBapuaHT (HyHKTOpJIAp
A(N)R-pazo 6ymum xycycustunu ysraprupmaiinn? A(N)R-gazocu 6ymum
XYCYCHSTH KYNMHYa KyWHJaru reOMeTpUK XyCycusTiaapJaH uoopar: MabiyM OUp
Ynuamiapaa OOFIaMIIMIIMK Ba JIOKaIh OOFIaMIIMIINK, TOPTHIIYBYAHJIMK Ba JIOKAJb
TOPTUITYBYAHIIMK, TOMOJIOTHK TypPYXJIADHUHT TPUBHAUTMTH Ba Oomkamap. (A)
MYyaMMOHHUHI €YHMMHU KEHWHTHM YMYMHUMpPOK MYaMMOHHUHI Ba3udagapyuHH Xaj
KWK 3apYpPUSATUTA OJTUO KETaaH.

(b) Tomonoruk (a3oJapHUHT MabliyM OHp T€OMETPHK XOCcallapu yJjapra
Typiu KoBapuaHT (YHKTOpJAp TabCUp KWIraHga VY3UHU KaHIald TyTaau
(Y3rapaam)?
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Tomonoruk  (a3zoHUHTr XOCCaJapyUHU YHUHT  JOUMHUH  aKCIaHTUPHIL
Xycycusatiaapu cudaruga Kypumr MyMKUH Oynranmuru ca®abmu, (b) MyamMmmonu
TaOMUi paBuIla KylHJaruiapraya KEHralTUpUII MyMKHUH:

(B) Typnu xoBapuaHT (yHKTOpJap TabCUp KWITaHAa, AKCIAHTUPHUIIHUHT
MabJIyM XyCYCHATIIAPH KaHJal Uiuianm’?

Ymby MaB3y OwiiaH OOFIMK yTraH HWLIapiard TapKOK HaTwkanap CYHITH
Wuapaa  SroHa KEHr OKuMra Oupiamu0, TOMOJOTHsAa SHIM —MYHAJIMII-
KOBApUAHT ()YHKTOPJIAPHUHT TOIOJIOTUK-TEOMETPUK HA3apUSICUHU TAIIKUJ JT]IH.
OyukTopiap  Tabcupuaa  (Gazojap Ba  YHUHT  aKCIAHTUPUIUIAPUHUHT
XYCYCUSATIAPUHUHT XaTTH-XapaKaTh Xakujaru Bazuda Kyiuaaru Bazudanapau ¥3
uuyura onaau: QyHkropiap ¢azonap Ba YHH aKCIAHTUPUILUIAPUHUHT MabiIyM
XyCyCUSATIapuHM Kall mapaxaga sixmmiaau? LyHuHr yuyH xKyiugaru Myammo
TYFUITUIIN TaOUUNATUD:

() F(X) ¢azonan Ba F(f) axcmamrupumpnan, moc pasumaa X ¢asora Ba
f akcmanTupumpan  yrumiga, $aso Ba  aKCIAHTHPHIIHMHT TEOMETPUK — EKH

TOTIONIOTUK XOccallapy KaHjaah Hamo€H O6ynanu (Oy epaa F -koBapuant ¢hyHKTOP)?
AfiTainik, .7’ KaHIAUIUp TEOMETPUK €KW TOMOJIOTHK XycycusT OyncuH. Kalicn
dynxropnap yuyn, F(X) ¢aszo (moc paBumma, F(f)) my .7 xoccacura sra
skamnuruaan, X ¢aszo (Moc paBumga f akcmantupum) Oy .77 Xycycusarra sra
SKaHIUIu Kenub unkamu? Exu akcunua, Mmabiym F ¢yskrop yuyn X Ba f nam

YyTaaurad ¢azojap Ba aKCIAHTUPHUIUIAPHUHT T€OMETPUK XOCCallapyd MOC pPaBUIIIA
F(X) Ba F(f) ra xannait 6ymagu?

(1) Tononoruk (ha3oHUHT METPUK (azora roMmeoMopd OVIMIIM yIyH KaHIak
3apypuil Ba €Tapiiy mapmiap YpUuHiIn?

Tomosnoruk (azonapHu MeTpUKaNall MyaMMOCH, TOMOJOTUK (a3onap
Hazapusacu OVinya OWpMHUM wWIIIap OONUIAHTaH BakKTAaH Oomiad ymMyMuid
TOTIOJIOTUSIHUHT MapKa3uid MyaMMoOJIapura TEeTWIIIM OYnu0, Kym >KuXaTaaH
TOTIOJIOTUSIHUHT PUBOXKJIAHUIN WYnuHU Oenrunad Oepau. BUpWUHYM TOMOIOTHK
¢dazonu mMeTpukanam TeopemMaiapu MockBa TOMOJOTHSI MAaKTAOMHUHT aCOCUMIIAPH
I1.C. Anekcannpos Ba [1.C.YpricoH TOMOHUAaH UCOOTIaHTaH. MabiIyMKH, METPHUK
dazonap TomosOruK (PazoNAPHUHT KyJla KEHT Ba KyJa MyXUM CUH()DUHHU TaIIKUI
KWIaay, YyHKHM Xap Oup MeTpuka TaOWMil paBHILJAa METPUK TOMOJIOTHUS /€0
aTanajJuraH, MabiyM OUp TOMOJOTUSHU XOCUJ KWJIaau. Y MyMuid Tononorust ¢panu
TOMOHMJIaH YpraHujaJWral acocuil Ba HHI T€OMETPUK XYCYCHUSTIM TOIOJIOTHK
WHBAapUAHTJIapra, reoMeTpuK (UrypaJapHUHT YiIyamiaapd COHUHUHT 3JIEMEHTap
T€OMETPUK XYCYCHSTUHM YMYyMJAIITUPYBYU TOMOJOTUK (DA30OHUHT YiIuamu,
IIYHUHTJEK, MacallaH, YHUHI TONOJIOTHK, Xycycui xosnna, EBknua ¢ha3ocHuHHUHT
MYTJIAKO UXTHUEPUN KUYMK TYIIamjapu yiadamu, Xamza (a3oocTuiiapu yadamu
KHpaJIH.

(E) Svfnannap Ha3apUACUHHU YPraHMIIAa MapKa3uii Myammounapaas oupu 10p

KaTerOpUsCHAAard YeKJIM YiI4aMid TOMOJIOTUK ¢a3onap UYEKIM COHAaru
KyMmalT™Macu YI4aMUHHM aHUKJIANAAP, sSbHU, dIM Yauamu yuyH JorapupMuk
KOHYH /1€0 aTanajural Kydugard TEHICU3JIUK aMall KUJIaJuMu:
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dim[ T, X, <>5,dimX, (*)

HMuccepranussHuar  «bab3n  TOmoOJIOrMK  (pa3ojlapHMHI  KynadTMacu
yauamm» ae0 HomiaHraH OupuHyd 000M, mapakoMmakT o  (aszomnap,
ctpatuguiuk Qazonap, mnapakomnakr Myp ¢dazonapu, napakommakt Harata
dazonapu Ba napakomnakt MN -dazonapu yeknu kynaitMmacu ymuamu yuyH (E)
MyaMMOHHM XaJl KWJIUINTa OaruiIaHTaHup.

Acocuil HaTwKajJapHU TakKIuM OSTHUII YYyH OW3 KyWuaaru TyuryHdanap,
daktnap Ba TabpudIapHu KEATUPAMU3.

1-tabpudg. Arap X ¢azona ETyBUM TYIUIAMIAPHUHT ) CUCTEMAacH y4yH Xap
Oup Xe X HyKTaja y HHUHT YEeKJIU JIeMEHTIapu OuiaH kecuiryBud OX artpodu
MaBXKyJl OyJca, y Xolfa y JIOKajl 4yekiu 1e0 atanaiu.

2-Tabpu. Arap X (a3oHUHT KUCM TYIUIaMJIapuaaH uoopaT ¥ cucTeMacu
y4yH Xap Oup Xe€ X HyKTajza y dJeMEHTIapuJiaH Kynu OujiaH OUTTa KECUIITYBYU
Ox arpodu O¥ica, y Xolaa ¥ AUCKPET ACHIIIATH.

3-rabpud. Arap y sokan yeknanrad (moc, pasumima guckper) ¥ =Uy (
7,i=12,....) cUCTeMaJapUHUHI CAHOKJIM OupnammMacu cudaruma HQoaIarl
MYMKHH OYJica, Yy X0J/1a ¥ CHCTeMa O -JOKaJl YeKJIU (MOC paBUINJIA, O -IUCKPET)

ned aTajiaau.
4-tappud. Arap y CHUCTEMAHUHI Xap OUp AJIEMEHTH ' CHCTEMaHWHT

Kamua OWTTa DBJIEMEHTUHUHT KHUCM TYIUIaMu OyJica, y XOjja y CcHCTeMa )

cUCTeMara MUKH Yu3nirad (€Ku yHJIaH KeHUH Kenaan) qeHunaiu.

S-rabpud. Arap pazoHUHr UXTUEPUN OYMK (2 KOIUIamMacura JIOKaad YeKIU
OUMK KOIlJIJaMa @ WYKU YU3HII MYMKUH OYica, TOMOJOTMK (pa30 MapaKOMITaKT
JNEeUNIIaau.

6-rappud. Xap kanmaii Tomonoruk X (¢a3o Ba HaTypad N CoHM yuyH X
(ha30HUHT Xap KaHJal 4YeKJM OYMK Korutamacura Q kappacu <n+1 Oynran @
KOILTaMa WYKHU YM3MII MyMKHH OYiica, y Xxoiama dim X <n geiinnagu.

Arap X ¢azo dimX <n tenrcusnuruHu KaHoamiantupuo dimX <n-1
TCHICU3JIMTUHM KaHoaTJaHTHpMaca (sbHU, arap dimX <n Ba Oup BaKTHUHT
y3una 6ab3u 0YMK Koriama () y4yH yHra WYK{ YM3WIra Xap OMp O4MK KoTliama
@ >nNn+1 kappar sra 6yica), y xoamga dimX =n.

Arap xap KaHmaih Hatypalr N coH yuyH OdimX <n TEHrCH3IUTH
Oaxkapwimaca (spHU, Xap Oup N ydyH ouyuK Koriama () maBxyq Oyiica, yHIa
é3unran xap Oup ouMkK Korama @ >nN+1 kappara sra 6ynmaca), 6u3z X ¢dazonu
yeKkcH3 yruamiin ae6 aiitamus Ba dim X =oco é3ummaam.

Arap tyma perymsap X ¢dasonunr CroyH-Uex keHraiitmacum FX 1a 04MK

Tymiamiap KomiaMaiapu U, MaBxyx Oyaumb, xap Oup XeX  yuyH

ﬁS’g(x,un)cX Ypunmu Oynca, y xomma X dazo mepuct (kucka P -dazo)
n=1

IeUnIaau.
Ky#iugaru teopema mapakoMmakT o — (asojapu y4yH UYEKJIM KyMaiTMacH
IM VIYaMUHUHT KUAMATIAPUHA KYPCATAIH.
dim a K aria Kypcara
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1-Teopema. [TapakommakT o —dazonap KaTeropuscuaa
dimX xY <dim X +dimY TeHrcusnuk ypuHmM Oynanu.
7-tabpud. Arap X — T;-dpasonunr xap 6up ounk U < X tymnamu ydyH,
OYMK KHCM TYIUIamiiap {Un ‘ne N} KeTMa-KeTJINTU MaBXyJ OYynub Kyhujmaru
mapTiap ypuHiu o6ymica:
a) xap oup ne N yuyH U_nCU ;
6) U{U,:neN}=U;
c) arap U cV 6¥nca, y xonaa 6apua N yayn U, V..
VY xonaa Tomonoruk X crpatuduiiuk (Exu sxumM-xkuManop) ¢azo (kuckada St -azo)
ne6 aranany. bynna {U,} onnacu X hasoHHHT cTpaTH(UKALHiCH JeHHIa 0.

8-tabpud. Arap OGapua Xe X Hykramap yuyH X€(10(N,X) mynsgait
n=1

akcnantupuin . N x X — 7 mapxyn 6yau6 6apya n nap yayn (p,x,)<g(n,y.)
Ba g(n, p)Ng(n,x )= wapriapuu KaHoaTaIaHTUPyBUH (X,) KETMa-KETIUTH P
ra siIKMHJIaIca, y Xojiaa (X,7) Tomomoruk dazo MN -da3zo 1eb aranany.

1-teopeManuHr xysocacu, crpatuduuuk ¢paszonap Ba napaxkomnakt MN -
¢azonap kaTeropuscuaa YeKIu KymnanTMana dim yrdamMu ya9yH YpUHIUIHD.

Nkknaun 600 «BHKOMIAKTJIAPHM METPHKAJAII Ba YeKJIH JJITYBUMWIHU
KOBapuaHT (QyHKTOpJAp» AcO0 HOMJIAHAIW Ba TYypau CUH(Aaru OUMKOMMAKT
dazomapHu dYeKIM Japakadd Ba YEKIM OJITYBUWIM (PyHKTOpIap TabCUpHIa
MeTpukanam Macanacuau (myammo (I')) ypranuiira Garuinuianra.

Ymoy 606aa F(X) xypunnmmmparu Tomomoruk (asoHMHT MeTpHUKanaml
TUTIMHUHT XOCcanapy ypHatuiaau, OyHna F Oupop 4ekiu 3NTyBYMWIM KOBapHAHT
dbynkrop. Xycycas, /1(X) cynepkeHraiTMa (a30HUHT METpHUKajall MacaiacH
ypranunaau, 0y epaa X KaHgauaup OMKOMITakT dha3oaup.

Ymby O0o0OHMHr OupuHYd mnaparpagu 4YEKIW ODITYBYWIM KOBapHUAHT
dbyHkTopnapra 6arunianrad 6yiaub, EpaamMun Xycycusrra ara - 0y epaa 6us 6ab3u
dakTiapHu, 4Yekiu SATyBYWIM (yHKTOpiap cuHbuaaH Oab3u OenruiainuiapHu
Kentupamu3. €XP X  KOMIAKT TYIUIAMHUHT EMHMK KUACM  TYIUIaMJIAPUHUHT
¢yHkTopuHM onuml GyHKTOpH Owingupaan. exp @Pynkrop (Oymr Oynmaran)
KOMITaKT (pa30HU YHUHT BhieTopuc Tomonorusicu OuiaH TabMHUHIAHTaH Oapya Oy
OynMaraH €nWK KUCM TYTUIAMJIAPUHUHT exp(X) TYIUIAMUHA MOC KysIu Ba
yanykens akcnantupum f X =Y ra exp(f)(A)= f(A) axcmantupummu moc

kysau, 6y epra A exp(X). u,U,,...,Uu < X ouMK TYmIamuap yuayH
O(Uy, U,y U ) ={F : F eexp X,F c Uu,,F Nu, #&,i =1}
i=1

O(u,,u,,...,U,) KYpHHHIIIArH TYIUIamiap OYHK TYIUIamiap OMJIACHHH MOC
kyamus. by  O(U,U,,..,u) cucrema €XP(X) rtymmamma  Belietopuc
TOTOJIOTHSICHHUHT 0a3aCHHY TAITKHI KATAIH.
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F:Comp —Comp Gupopra xosapuant ¢ynkrop 6ymcun. X daszonn Y

¢dazora yTKazyBUM KOMIIAKT-OYMK TOMOJOTHs OWiaH OepwiraH 6apya y3myKcH3
akciantupunuiap dasocurn C(X,Y) Owman Oenrmmaiimus. Xycycuit xouia

C(Hk}Y) tabumit paBuiga Y ¢azoHuHr K —mapaxkacu Y® ra romeomopd Ba
E{k}>Y axcmantupum (£(0),E(D),...,E(k—1)) eY* HykTa 6mman GormaHras,
{k} - nuckper dazonup.
F ®ynkrop, X koMmakT ¢a3o Ba K HaTypan COHU y4yH
7e x i - C{K} X) x F({k}) — F(X) 1)
aKCIAHTUPUIIHUA KyHUJaru TeHIJIUK OPKAJIN aHUKJTaliMU3
Texx(&,8)=F(&)(@), 6y epna & € C({k}, X),ac F({k}).
bus anuk Oup ¢QyHkrop Ba ammk Oup kommakT X daszomap ydyH gy,

AKCTaHTUPUINMHHU 7y, Ba 77 Kabum Oenrmnaiimus. Xap KaHpad ysmykcus F
dynxrop Ba Z, Y xommakr dasomap yuyn F:C(Z,Y)—>F(F(Z),F(Y))
aKCIAHTUPHIN y3myKcu3aup. IyHuHT yuayH y3nykcu3 GyHktop F kommakr X
da3o Ba k Harypan coHM y4yH 77; y  AKCIAHTHUPHII JOUMO y3TyKCH3IHD.

Arap xap 6up X xommakt ¢azo yuyn F (X)=F(X) Ba 6ap3u X yuyn sca
F_.(X)=F(X) 6yaca, F dpyukrop N mapaxanu dynkrop neiinaaau sa degF <n
Kalu €3uaju.

Kecummvanapau cakinosun F  ¢yskrop yuyn a€F(X) muar snrysumcn

aHMKJIaHAAM, STbHU Oapya énmuk Ac X tymnamnapununr a € F(A) 6ynaguran

Tap3aa KeCUIlIMaiapu aHUKJIaHAIH. [lynnai KUJIHO, ons
suppe(a) ={A:ae F(A), A énux}. Arap 6u3 Kanmaii GpyHkTop Ba ($ha3o XaKuaa
ranupaéTraHiMu3 aHuK Oyica, a HyKTaCUHU OITYBUHMCH SUPPe (2) Owuman
OenruiaHaiu. by KyT KUHUMATIIN AKCIIAHTUPHUIIHU AHUKJIANIN:
supp:(a): F(X) »>exp X.

®ynkrop Ba a€F(X) mykrammnr osnryBumcm Ttaspudmman f X =Y
y3IYKCU3 aKCIAHTUPHUII YUyH KyHuAaru Kenud 4nuKaiu

f (supp(a)) = supp(F (f)(a)) (2)
OyHIaH
a e F(supp(a)). (3)
Arap ¢yHKTOp IpooOpa3IapHu cakjaca, y dJITyBUMIIAPHU CaAKJIalau, SiIbHU
f(supp(a)) = supp(F (f)(a)). (4)

AYYurornmze xap KaHAallh MOHOMOpP(}, KECHIIMaJapHU CaKJIalIurad
F:Comp—Comp  ¢ynkropau Tych-Tuxonos ¢asomapu kareropuscura

KCHTaUTUPUIITHUHT Oup ycynuHu Takimud kuiaau: X-TuxoHoB daszocu ydyH, Ou3
F,(X)={aeF(BX):supp(a) = X} ©u auukmaiiMus. ByHman Tamkapu, arap

f:X =>Y Tuxonos ¢aszonapunuHr y3jIyKcu3 aKCIAHTHPUIIM OYnIu6 Ba

P :BX = BY yuunr Croyn-Uex GMKOMMAKT KeHraiiTMacu Oyica, y xomma (2)
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nan  F(BT)(F,(X))cF,Y oxanmmru Ba wmynunr yuyn F f =F(Sf)|, wu
ypuHnury, F, KypwIMIIMHUHT (QYHKTOpIMIM Kenub vnkaan. Mabaymkn, Fj

¢yHkTOpra yTum (GyHKTOPHUHT O6apua HOpMall XyCyCHUATIApUHH Cakjad KoJau,
bab3an kepak Oynranpa ysraprupwiaan. F, GyHKTOpHHMHT Tabpudu, Xycycuii

X0J1/a, KyWUIarMHy Ha3apaa TyTaly:

f(suppFﬁ(X)(a)) = SUPPE,(v) Fﬁ(f)(a) (5)
6y epma, T:X—>Y Ba aecFy/(X) ysnykcus aKclaHTHpHII — ydyH
F:Comp —Comp ¢yukrop npooGpasnapum caxnaiigu. Kelunuamuk, xowuma
tapukacuga F:Comp —Comp  ¢yskropum Ba  yHMHr  KeHraiTMacu
F, :Tych —Tych Tuxonos asonapu kareropusicu F xapdu Gunan Genrunanay.

X —Tuxonos dasocu, F:Comp —Comp ¢ynxropu Ba k Harypan conu
yayh R (X) =7 ;5 (CHK}))xF({k}) 1ne6 omaiimak, Oy epra 7g 5y
akcnantupumHuar C({K}) x F({k}) dasonu Fy(X) dasomarn yerapananmacusu
T x x OWnaH Oenruaanany.

Arap f:X =Y ysnykeus akcmamrtupum 6ynca, S axcmamrupum yuyn
nuarpammanuar (1)  kommyratusmuru  F(ST)F (X)c R (Y) oskawmuruau
anrnaragu. [yaunr yayn, F (f)=F(8f) ne6 6enrunad F (f):F (X)) —>F(Y)
akcnanTupuinay onamus. Ilynnai kum6, 6usz F :Comp — Comp ¢ynxropunuar
keHraiitmacu 6yiran F :Tych —Tych xoBapuanT GpyHKTOpHHM aHUK A THK.

Nxxunun 000HUHI MKKUHYM naparpaguaa A ¢(yHKTOpH Ba OUKOMMAKT
(hazonapHU METpUKaJlall ME30HUTa OaFUIIIaHTaH.
Arap Ttomnonoruk X ¢a3oHUHT €MUK KUCM Tyrmiamiaap & CHUCTEMacCHHHUHT

MKKHATA SJIEMEHTH Kecullica, & 3aHXupiaHTraH jaeiimnaau. bomika 3aH)XupiiaHran

cUcTeMaja KUCM TYIIaMH OYJIMaraH 3aH)KMpJIaHTaH CHUCTeMa MakcuMasl Jied
atanaad. X KoMnakT (a3zo yuyH Hykramapu X (a3oHUHT €MUK KHYMK KHUCM
TYTUTAaMJIApUHUHT Oapya MakCHUMaJl 3aHKUPJIAHTaH cUcTeMajapu OynraH (ha3oHH
A(X) 6wran Genrmmaiimms. Arap A(X) TymaM BolMaH Tomonoruscu OuiiaH

TabMHUHJIAHTAH OYyica, y XxoJija A(X) TymaMm X TOMOJIOTUK  (Da30HUHT
CylepKeHTauTMacu JAeWumiagu. YHUHT O4YMK Oa3acMHM KyHuaard Tyrsiamiap
tamkwn Kataan: O(U,U,,...,U ) ={& e A(X): xap kanmaii i=1k yUyH, IIyHIai
F €& maexyn 6ymub F cuU,, Oy epma U —map X nga ouwmk}. Uxtuépuit X € X
HyKTa Y4YyH X HYKTacMHM ¥y3 wumra oiran X ¢a3oHuHT Oapua €MUK KUCM
Tymnamnap ounacunn 77(X) 6unan 6enrunaitvus, span, 7(X)={F c X :xeF}.

[ysnait kumob, Xap KaHaa ounk UcC X TYIJIaMU y9yH aHUK TEHIJUK OpKaJlu
17X = A(X) y3nykcu3s akCIaHTHPUITHYA aHUKTAIHK:

u=7n"0(). (6)
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By tenrmukman ymoy 7(U)=0(U)N7(X) nu omamms, seau 77:X —>n(X)
aKCIAHTUPHII OYMK aKCIAHTUpWII 3KaH. byHnman Ttamxkapu, X — T, -¢a3o yuyH
n:X =>n(X) akcnamtupum y3apo Oup Kmiimain. buz A (X) Ounan
ANTYBYMJIAPH KYBBAaTH KapJUHAIMK Japaxacu <n Oynaran Oapya Makcumal
3aHKMpJIAHTaH cucTeManapaan ubopar 6yaran A(X) cymepkeHradTMacHHUHT
KucM azocunu Oenrmnaimus. Atainuk & — énuk X TYmIaMIapHUHT MakcHUMall
3aHXKHUpJIAHTaH CUCTEMACH OVIJICHH.

Xap kaHgpai Feé yuyn dcF Oynmran ® €&’ mapxyn Oyica, y xosaa
'cé kuem cucrema & Oazacu Ae0 atamaau. Makcuman 3aHXUpJIaHTaH
CHUCTEMAaHHUHT SHI KWYHUK (KUCM TYTJIaMH HyKTad Ha3zapHuaaH) dJeMEHTIapUHUHT
&, cHucTeMa SKaHJIUTMHHM KypcaTuil OcoH Ba &, ©0aza & HUHT SHT KHYHK
Oazacuamp. supp(&) =U§H Ownan & MakcuMal 3aH)KHUpPJIAHTaH —CHCTeMa
ANTYBUMCHUHHU OenruiaimMus. Arap X 4ekcu3 KOMMakT (a3o 0yiica, yHUHT MUHUMAI
AJIEMEHTIIApUHU Kyhuaaruya Oenrmianmus.

A,(X) ={¢": ¢ € A(X),| supp(&) [< n}.

Mabaymku A (X) Oup HyKTamu >ATyBUHIA OMJIaH MakCHMal 3aH)KHPJIAHTaH
cuctemanu anukaainan Ba A,(X)\ A (X) Tymiam 6y Tymiam, 49yHKH 3NTYBYHCH
aHUK MKKUTA HYyKTaJlaH uOopar OYyiraH MakCUMal 3aHXUpPJIAHTaH CUCTEeMa HVK.
bupok, N>3 yuyn Gapua A (X) Tymiammapu N HyKTaad SJITYBYMIA MaKCHMAI
3aHKUpJIAHTaH CHUCTEMaHW aHuKiaau. Jlapxakukar, Xap KaHgaili N>3 y4yH
MaKCHMall 3aHKMpIIaHraH cUcTeMaHu Kypuil MyMkuH. ¢ € A(X) Hu oncak ynusr

ANTYBYUCH N HYKTagaH X,X,,..,X, uOopar snemeHTH Oop. Macaman, & Hu
Kyhugaru 6asza épaamuia aHUKJIa MyMKHH:

& =%, X0 X JUL{X, %} 1k =2,n}.

Arap Tomosoruk (a3zoHUHT Xap OMpP CaHOKIM OYHMK KOIJIaMacura JIOKa
YeKJIM OYMK KoIUlaMa 4YM3HII MYMKUH Oyica, y xonga Oy ¢da3o caHOKIU
napakoMmakT (azo aerumagu.

CaHokJii mapakoMIakT (pazonap yuyyH Kyduaara ypuHiu.

2-Teopema. Aiitaiimuk X Oukommakt Ba N>4 Oyncun. Arap A (X)\X

MPCU CAaHOKJIM MapakoOMITIakT Oyiica, y Xoiaa X MeTpuKaaiirad 0yiau.
Ouau N>4 ydyH koMnakT X TYIUIAMHHHUHT cynepkenraidtmacu A (X) HuHr

byHKTOp Xycycustinapuaan gorganannod, Kyinaara HaTHKaH| KEITHPAMU3.
3-teopema. Arap X Guxkommnakt ¢azo yuayn A, (X)(N=3) daso upcuit Hopmain

Oynca, y xonga X MeTpUKanamraH Oyiaam.
Nxxunun O0OHMHr y4yuHuyM naparpa¢u OUKOMIAKT  (azoJapHU
METpHKaJall Ba YEKJIM ITYBUMIM HOpMaJ pyHKTOpJapra OaruilljIaHTaH.
O-rabpud. Arap X Tomosoruk QazoHUHT Xap OUpP CAHOKIM OYHUK
KOIUJIaMacUJaH YEKJIM KOIJIaMaOCTUHHU aKpaTuO OJUIl MyMKHUH Oyica, y xonna X
TOMOJIOTUK (pa30 CAHOKIM KOMIAKT JEHUIA/IH.
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by xucmma F(X) ¢a3o upcuii caHokam koMmakT xoiar yayH (/1) caBoira
MycOart xaBob Oepamu3. X (pa3oHUHT METpUKaJIAIlyBU HCOOTHHH KEITUPAMMU3.

4-teopema. Arap HOpMaJl Japakacw yuyjaH KMUMK Oynmaran pyHkrtop F Ba
Xaycaopd canokiau kommakT X ¢asocu yuyH, F(X) daszo upcuii Hopmai 6yica, y
x0Ji1a X MEeTpUKanalral KOMIIAKTAUP.

Arap 6u3 n—papaxanu X" HU OJUIIHKA HOpMall (PYHKTOP SKAHJIMUTUHH Ba
yHUHT jauaroHanuHu {(X,X,...,X):xe X} Owman A Owmnan Oenrunacak, yHAa

N—wmyk
Kyluaarura sra 0ynamus.

Harmxka. Arap 6y xomnakr X Ba N>3 yuyn X"\A ¢daso upcuii HOpma
Oyica, y Xonaa X MeTpuKaalau.
Jluccepranyss WIIMHUHT «IXTHMOJLIMK yadosaapu P(X) ¢dasocuaunr

reoMeTpHK, TOMOJOTHK X0CCAJAPH Ba YHHHI KHCM (a3onapu» 1ed HOMIaHTaH
yuuH4Yu 000112 SXTUMOJUIUK YI4oBlIapy (PYHKTOPU Ba YHUHT KUCM (PyHKTOpJIapu
yuyH (A) - (') macananap euwnran. Kyliuaaru TymiyH4anap Ba OenruialniapHHU
KUPUTAMU3!

Arap X ¢da3oHuHT Xap OWp HYKTacu O4yuK arpodu maBxyn oynub y Y
(ha30HUHT OYMK KUCM TYTUIaMura romeomopd Oyica, y xonma X TOMOJOTHK (a3o
Y ¢azoma MoAeUIAIITUPUITAH KYNXWIUIMK €KW Y -KYOXWUIMK Je0 aTajgaiu.

Q:ﬁ[—l,l]i — T'minebepr xyOom, R 1yrpm  umsuknmarm [-11], —cermenr,
i-1

W*={(g,)eQ:g,=+1}—i—ky6 Q wnunr i—xuppacu, BdQ= [jWii - xy6 Q
|
HuHr ncepgoderapack Ba Q S =Q\BdQ —ky6HuHr ncepmonmukapucu. (-
cernapabenb ['mnbeprt ¢asocu, Q' :ﬁ[—l, 21] —T'unbepT craHmapT  FUINTHIUD;
i1 '

rintQ ={x=(x,)Q: ‘Xn‘ <t<lneN} crangapt Q' rumrtHuHT ['unbept dazocu
(,, 2 -um3ukian Koburu. By daszomap yuyn rintQ=BdQ Ba BdQ=2> Huur
TOTIOJIOTUK TEHTJIMTH YPUHIM OYnanu Ba () — UlyHnail HyKranapaan udopar (, -
['unGept $ha30CUHUHT YHU3UKIU KUCM (a3ocu OYIMO, yHUHT KOOpIMHATATIaPUHUHT
yeKknM coHM HojAaH (apk Kwnagd. Q' —T'mnGepr xyou Q HuHr kucm (asocw,
Oapua HyKTajapJaH TalIKWJI TomraH OynuO, gakaT KOOpAWHATAJapUHUHT YEKIU
conu Homzan dapk kuiaau. Q,(, Ba Y. (hazonapu Kydim 4eKcu3 Yiuamiu Ba (]
Ba Q' Kyucu3 uekcus yaaamiIuaup.

Kommaktmapuuar Oup-Oupura skoimamuimmu — OwiaH  OOFNWK — Oyirax
XYCyCHSITIapHH HMHOOATra onmu0, HSXTUMOJUITUK YiauoBiapu P GyHKTOpUHUHT
re€OMETPHK Ba TOIOJIOTHK XOccalapy KenTupirad. UXTuépuii 4ekcu3 KoMnakt X
Tymamu yayH P(X) KoMmakT TYIulaMHUHT dyerapa TYIJIaMlIapd TEKIIUPHIIAIH.
Sean, P(X) ¢asonunr vekcus yauamim I2—,Q—,Qf — Ba X - KaliCu KUCM

(dazonapu KYNXWUIMKIApra aKpaTuil MyMKUH OViaau. KoMnakT TyniamiapHUHT
Oup-oupunaru ypaunu ypraum6, P(X) xoMmakr TymaaMHMHT Kaiicu Oup KyQr
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kucm tymiamiapu (Q,BdQ) Ba (Q,B(Q)) xydrmapura romeomMopd >KaHIMIH

ucboTnanrad. bByHmaH Tamkapu, 4YeKIM ONTYBUMIIM 0apya  AXTUMOJUIUK
ymuosnapunuar P (X)  kucM  (pasOCHMHHMHI  TE€OMETPUK Ba  TOIOJIOTHK

XycycusTnapuau kypuiarad. UYekcus xommakr X tymiammaa P (X)  xucm

(Ga30CHHUHT YEeKCU3 ViauaMid YM3HKIN (a3ora romMeoMop(UK SKaHIUTHHH
xypcatuiran. lllynunraek, xap Kanaai yexcus komnakr X yayH Oy P (X) xucm

dazo kommakt P(X) HUHT yerapaBuii TYIUIAMH SKaHJIUTH KYPCATHIITaH.
YuuH4yu GOOHUHT GupuHYM nmaparpaduaa >XTUMoUTHK Yadosiaapu P(X)

(da3ocMHUHT 0ab3u T€OMETPUK Ba TOMOJOTHK XOcCcajapu XamJla YHUHT KUCM
dazonapuar X KOMMAKT METPUK TYTUIamM/ia YpraHuiras.
Avitaiinmuk 'L — R uymsukam akcnantupuin QyHKIuoHal Ba X KOMIIAKT

oyncun. Kommakr ouwmk Tomosormsira sra C(X) marm Oapya y3mykcus

¢yukpsiap Maiimonnan C(X) Guman Oenarmmaiivms. Ilyngai Kumuo, (C(X))*
¢azocu cuparuma M (X) Oenrmmamman ¢oiigananamus. Jlemak y3IyKcH3
¢yukmmonan 4:C(X)—> R ra X kommakTma yirdoB aeinnanan. Arap xap KaHmai
>0 yuyn u(p)>06ynca, ueM(X) ymuoBu mycbar neb aramagu. Mycoar
ymaomap Tymiamuan M (X) HmHr MycOar KoHycu ae0 aramamu. Arap
|| = p@y) Oynca, y xomma p mycbar ymuos Oynamu, 6y epma 1, : X —[0,1]
ailHan 1 ra TeHr OynraH QyHKUUSIUp. Arap u YI4OBU || ,u” =1 Oynca, y
HOPMA/UTAIITHPWIITAH  Jedwnaad. MycOar  HOpMaJUTAlITUPUIraH  YJIYOB
3XTUMOJUIMK YIT40B Aeinnanu. SAbpHu, x4 MycOaT ymuoBu yuyH |1, du =1 6ynca, y
XONIa £ DXTHUMOJUTHK XucoOmaHamu. buz M (X) TYrmaMuHu Kydcu3 TOMOIOTHS
Ounan TabmMuHnaimus, seru 6us M(X) mn 77{R 1@ € C(X)} connap yxununr

TuxoHOB KyTIaWTMAaCUHUHT KUCM TYTUIaMu cudatuaa Kypubd YuKaMus.
1 €M (X) snemenr arpoduapu GazacuHu

Oty P04 €) ={tt' € M(X)i 12/ (@) - ()| < 2, =LK}

Tyna perymsp ¢aso Oymamu. Ilymmaii kwaun6, M (X) Mykamman MyHTa3am
dazoaup. bapya sxTuMouK YirdoBiaapuaad uoopar M (X) HuHr KHcM daszocu
P(X) owman Oenrmianagy. M(X) nma P(X) MaliioHHM ENMKIMTMHU OCOH
KypumuMu3  MymkuH. bBywmaw rtamkapu, P(X)  daso 7I{l,:peC(X)}
cerMeHTIIap KymailtMacuna  €raau, Oy epaa I(p = [—ng” , H(z)”] Ba
o] =supfl(X)|: x e X}. Wlyrunr yayn, P(X) xommaxraup.

Arap xap xaugaii ¢ € C(X) yuyn F na [pdu=0 O6Yica, yuna g yidosu
F < X tymamuaa )xaMilaHrad JeHWIaan. (4 YIYOBU KaMJIAHTAaH DHI KWYUK €MUK
TYIUIaM YHUHT DJITYBUMCH 7e0 aTtanamu Ba SUPPu Ownan Oenrwmiananu. Jlemak
suppu={F = X:F=F Ba u(X)=u(F)}. Xap kanmaii xe X HykTa yuyH X 1a
KaMJIaHTaH SrOHAa O, J3XTHUMOJUIMK YIYOBM MaBXKyZ. XaKuUKaTaH, o, MIYHIAN
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ymuoB 6yncun. Keitnn O, (1) =1 sxarwmurugan O, (@) =0, (¢(X) -1,) = (X) 6ynammu.
bomika TomoumaH, O,(¢)=¢@(X) TeHrIUrd OWIAH aHUKIAHTAH J, VYIYOBH
AXTUMOJUIMKIUD Ba Oy X HyKTaja >kamyiaHraH o, ymuoB /upak ym4oBu aeiiunagu.
Avntraiimuk f : X —>Y kommakT ¢aszonap opacumard y3ayKCH3 aKCIaHTHPHIIL
oyicun. bus ysnykcuz akcmantupum  P(f):P(X)—>P(Y) uum xyiinmgarunua
aHUKJIaNMU3

P(f)(u)=ulpof). (7)

Byuman P(geo f)=P(g)cP(f) TeHrnmukuu onaMu3 Ba KOMMyTaTUB JuarpaMma

X —Y

gof ™\ Vg (8)

Z
KyHuJaru KOMMYTaTUB IMarpaMmmara yTajiu:

POX)—EL05 P(Y)
P(g)°P(f) ™ v P(9) 9)
P(Z)
Mlynnait  kwmmb, P xoHcTpykuus ¢yHkTopuan Oymuo, y Comp

KaTeropusICHIa Kapalaaurad HOpMasl KOBapHaHT PYHKTOPIUD.
X xommakt ¢aso yuyH P,(X) Ownan Oapya wryHZal 3XTUMOJUIHK

ymaosnapu Tyuiamuau 4 € P(X) Guman GenarumaiMu3. YHUHT ITYBUMIAPH KYITH
OwiaH N Ta HyKTaJaH udopar, SbHU:

P,(X) ={u  P(X):[supp ] <n}
Hemak P (X) dazocununr nykranapu Jupak YIdoBIapuHHUHT KyWHIArd KaBapuk
YU3UKJIA OUpPUKMaJIapaup

k Kk
>mo, ,k<nym =1m >0,
i=1 '

i1
k Kk

Arap f:X —Y axcmamtupum 6¥nca, y xomma P(f)(Xmo,)=2md;,,. Arap
i=1 ' i=1 '

P.(f)=P(f)lp ), med omecax, PR,(f):R(X)—>R,(Y) akcnautupuura ora
Oynamus.

Mlynnait kw6, 6u3z P, ¢yHkTOpMHW aHuMKIaauk, Oy aHuK P HUHT
kucMmpynkropu 6ymuo, P, xam Comp kareropusicugaru Hopmai GyHKTOPIUP.

10-tabpud. 'mnsbdepr kyou Q nmarm B 3ua o —Z — tymnam, yaya Q\B~ 7,
oyiaca, B tymam Q nmaru yerapaBuii TYIIIaM IeHUIaIN.

11-rabpud. Anitaiiiuk X Ba Y Tomosoruk (azonap OepuiraH OYICHH.
Arap f:A— B romomoppusmu f: X —Y romomopdusmra kyrapuica, y xonaa
(X,A) xyprmux (Y,B) xydramkra romeomopd neiimmamu, Oynga Ac X Ba
BcY.
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5-Teopema. Alitaiimk X uyekcu3 komnakt, A A ... sca X na &nuk

KHCM TyTuiamiap 6ynuo, OyHaa GAi TymaM X XaMma epja 3u4 Ba [OJA =X
i1

oyncuH. Y xomnma [P(X),O P(A)j ~(Q,B(Q)) romeomopduszM ypuHiu Oyaagu.

X KOMIIAKT TYIUIAMHUHT OYHK KHCM TYIulamiapu xoccanapuau Ba P(X)
dazoHuHT €NWK TYIUIaMJIApUHUHT Z —XOCCAJIapUHU  KYyJUIall  HaTWKacHUIa
KyHugaru reopema ucOOTIaHTaH.

6-teopema. Mxtuépuii uekcusz kommakt X Ba X jgaH dapkK KAJaguraH xap
KaHJai ourK 314 A TYIUIaMu y49yH Kyduaaru romeoMopdusM YpuHIM OViaaau:

(P(X),P(A)) ~(Q,B(Q)).

MabiayMKH, 6apya YeKIH SJITYBUYMIA SXTUMOJ Yirdosiaapu tymiamMu P(X) ma
XamMMa epjia 314 Ba yinap o —Z — TyIiamiIapuaup.

7/-Teopema. HxTu€puil YekcH3 YEKIM Yoyamiau KoMmaktr X yuyH
(P(X),P,(X)) xydrmk (Q,Q") sxydmukra romeomopd 63mam.

8-teopema. dapa3 xmmaimmk X dyekcu3 kommakT xamzaa P (X) daso
['unbepr xkyou Q ra romeomopd KUCM TYIUIaMH MaBXKyn OyiacuH. Y Xoiaa
KyWUJary TOMOJOTUK TEHIVIMK YPUHIIUIND:

(P(X),P,(X))=(Q,BdQ).

Yuunyu OOOHMHI HUKKMHYM mnaparpadu (a3oiapHUHT TEOMETPUK Ba
TOIOJIOTHK XOCCAJapHHU YpraHuiura Oarviuianrad. SIbHH X KOMITAKT METPHK
YUIyH SXTHMOJUTHK YmdoBmapu P ¢yakropunuar P, KucMdyHKTOpH KHAMATH

OaxoJsaHaIu.
E.B.lllenun kyiugaru xycycusiTra sra OyiaraH SXTUMOJUIMK YITYOBIQPUHUHT
P ¢yskropuuar P, KucM GYyHKTOpHMHM Kyiiparuua aHuKIaad: arap AU

VITMOBUHUHT ANITYBUMIApH N Ta X, X,,...,X, HyKTagaH ubopat Oyica, y xonga Oy
HyKTajapiaH kamuja outracuHuHr Jlupak ymuosu 1—— nan kuduk smac. by P
n

(GYHKTOp KU3UKJIMTU TTYHJIAKH, Y YEKIIU JIITYBYWIM (PYHKTOp Ba YEKIIM Japakara
sra smac. P, :Comp — Comp ¢yskropu HopMan ¢pyHKTOpaap 6apua Tanadaapura

*kaBo0 O6epanu. P, (X) dasocununr taspudunan J(X)-Aupak yrdoBnapu pazocu
P, (X) na érmmumurm kenu6 uukamu. F—X  ¢a3oHHHT €nWK TYIUIamu OYJICHH.

Arap r: X — F ysaykcus akcnantupumiga F(X) =X TeHrnuk ucrairan X e F
HyKTacu y4dyH Oyica, y xoyja I perpakius Ba F Tymiam X HHUHT peTpakTd
JeWnIIaIm.

Arap Y dasonn K cundnan omunaran X ¢aszonunr émuk tymmamu N(Y) ra
akcmantupyBun h romeomopdmsm yuyn N(Y) tymmam X dasonmHr perpaktn

(arpodun) 6¥iaca, y xonma Y € K ¢aso K cund yuyn abcomor  (arpodin)
perpaxr neitunany Ba Y € A(N)R(K) kabu 6enrunanamy.
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Tononoruk ¢azonap yuyn A(N)R ¢aszomap me3onunn Ba P, (X) dazoHuHr

KACM  (ha30TapUHUHT DKCTEH30p XYCYCHSITIAPUHU KYJUIall OpKald KyHumaru
HaTIKaHU OJIaMU3.
O-reopema. P, o¢ynkrop A(N)R-kommakTinapHu —cakmaigw, SbHH

X € A(N)R -kommakr 6y1ca, y xoinga P, (X)e A(N)R.

Yuunuu OOOHMHI YyYMHYM maparpaduaa KOMIAKT OYyiMaraH TOIOJIOTHK
dazona SXTUMOIUIMK Ya4yoBiapu P (GyHKTOpH Ba YHUHT KUCM(YHKTOPJIAPUHUHT
T€OMETPHUK Ba TOIMOJIOTHK XOccallapy KYpuO YMKUIITaH.

Arap X V3uHUHT €NUK YeKIW Yrdamiid KUCM (a30JTapuHUHT CAHOKJIH

oupnammacu 6ynca (seam X =(J X,,dim X, <o, X, = X  ga énuk Tymiam), y
i1

Xxonga X Kydcu3 CaHOKJIHU yimuamid $a3o Jehuiaim.

Maswnymkn, P (X) ¢dasocu o —kxoMnakr Oynamd, y KydcH3 Yirdamid
dazonapuu cakmaiian. Ymly xycycusitnapaaH —(QoiiganaHud, KyWuaaruHu
KEJATHPaMHU3.

10-teopema. X dekcus cemapabernsb o -KOMMIakT ¢azo OyicuH. Y Xonaa

a) arap X Kydcu3 caHOKIH-Ymdamiu G¥ica, y xomaa P (X) = (};

6) arap X Tapkubuna ['misGepr ky6u Maxkyx Oyica, y xonga P, (X)~ X

P.(X) dasocurmar oJ(X) KucM TYIUiaMu peTpakt Oymumud  Epaamuia

KyWugaruiap KypcaTuira.
11-teopema. CemnapaGens dazo P, (X) Tynma mMerpuxanamran Oynumy ydyH

X HUHT cemnapalen Ba Tyjia MEeTpUKaJallral OYJIUIIU 3apyp Ba €TapJiu.

12-teopema. X kyucus canoxau ymaamau metpuk A(N)R(DT)-daso Ba P,

byHkropuHuHr F —jokan KaBapuK KUCM@YHKTOpiapu OyicuH. Y  Xxoiija

F(X) e A(N)R(M) . Xycycnit xonma P,(X) e A(N)R(ON) 6ynamm.
OYHKTOPJIAPHUHT KYUYCU3 CaHOKJIM Yyimyamiau (a3oiapHU CaKJIallWHU,

A(N)R(™T) ¢asomap Me30HHMHH Ba SXTUMOJUIMK YI4OBIapH (HYHKTOPHHHHT

XYCYCUSATIIAPUHHN YCKJIA SATYBUWJIAPUHU OWJIaH OUprajvkaa KYJJIaliHu XucoOra
om0, Kyiuaaru ucOoTIaHaIu.

13-Teopema. X — cemapaben tymuk A(N)R(D1)-daso Ba F —dynkrop P,
HHUHT JIOKaJ KaBapuk KucM@yskropmap Oyicu. Y xomma F(X)e A(N)R(ON).
Xycycnit xonma P, (X) e A(N)R(N).

HuccepranustHUHT TYpTUHYN 000U «bab3u KOBAPHAHT (PYHKTOPJIAPHUHT
KUMaTapu OyJraH TomoJOruk (pa3oaapHUHT YIYaMJIM, IKCTEH30PJH Ba
mieiin xycycusitiapm» Oy epaa 6usz F Ounan P, QyHKTOPUHMHT JIOKall KaBapuk
kucMm ¢yukropnapu P,,P; P, Ba F.

by ©6obma P, Ba P

. . (QYHKTOpJIapy TabCUpUAA YEKCU3 KOMIIAKT

tymnamiaapuuar [llein xoccamapu ypranwnamu. (I') caBosra xaBoO cudatuaa
P,,P, , Ba F ¥3ura xoc gyHnkropiaap ydyH xam kentupuirad, OyHnga F — yokan
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KaBapuk P, xucM (QyHKTOpHM JIOKan KaBapuk Oynamu. Xycycan, X Ba Y dYekcus
KOMIMAKT Tyruiamiap yayH ShX =shY meirmmapHuHT TEHTIUru ME30HH OepuIIraH.

[ynunraek, xydt ¢dazonap romMmeoMopU3MUHUHT ssHA OMp ME30HU OepuiraH
OVim0, y sxtumommk yidosaapu P(X) dasocunuur xydpr KucMm (aszonapuHu

roMeoMophU3MHUHN UCOOTIAI YUYH WUIIATHIA N,
Typrunum OoOnuHr Oupunum mnaparpaduaa P, Ba P KoBapuaHt

(GYHKTOpJIApHUHT ~ KUHMaTiapu OyiraH TOMOJOTHK  (pa3oJapHUHT  Yirdam
XYCYCHSTIAPUHN KYPHIITaH.

Ky#iugaru teopemanap crparuduimk daso yaya P (X) daso ymuamuan
0axonab, P (X) GyHKTOpPHM KydcH3 CAaHOKIM yI4aMild CTpaTuGHUUUK (azosapHH

WHBAPHAHT KOJMIIIMHU KYpCcaTau.
14-teopema. X - yekiu ymuamnu St-¢azo 6yncun. Y xomma P,(X) uexnm

ymuamnu St -dazomup. byHaaH Tamkapu YHUHT Y4YyH KyWUJard TEHTCH3JIMK
YPUHIIUIUD:
dimP,(X) <dimX"+n -1 <ndim X +n-1.
15-teopema. Arap X Kydcu3 caHOKIM yausmiun St-daszo 6yica, y xonia

P (X) ¢da3o xam Kyucu3 caHOK/IM YIraaMitk Oy nay.

Typrunum OOOHUHI WKKHHYM mnaparpadpuaa 0ab3u  KOBApUAHT
(GyHKTOpJIApHUHT KUMMATIIapu OYJraH TOMOJIOTHK (a30JapHUHT KCTEH30p Ba
HIEUIl XYCYCHUATIIAPU YPTraHWIraH. S'bHU, YEKCU3 KOMIIAKT TYIUIAMJIAPHUHT LIEHUII
xoccanapu Ba P(X) ¢dasocuHHHr €MUK KuUCM TYIulamiaapuHuHr Z -XOccallapH,

YEeKCH3 KOMITAKT TYIUIaMIap MEHIIApUHUHT TCHIJIMTHHA UCOOTIIAITa SPHUIITUITaH.
16-reopema. Xap kanpgaii yekcu3 kommakr X Ba Y yuyn Sh(X)=sh(Y)

TeHrmK Qakar Ba ¢daxar mry P(X)\ P, (X)=P(Y)\P, (Y) xonna ypunmm 6ynanu.
YUekcus ynyamiy KaBapuK KOMIIAKT TYIUIAMJIADHM Ba YEKCU3 yiI4aMiiv

KYNXWIIHKIAPHUHT  Z —XOCCAJlapUHU  YpraHuill HaTWwkacuaa Ky(QTaapHUHT

TOTOJIOTUK SKBUBAJICHTIUTH ME30OHUHU UCOOTIAHAM.
17-Teopema. X - KaBapuK YCKCH3 yI4aMIIM KOMIIAKT Ba Y, YHHUHI KaBapuK

YeKkcu3 Ymyamuiu ycuO OOpyBYM KHUCM KOMIAKTIApW KETMa-KeTIuru Oyiauo,
KyHugaruaap 0a>kapuicHH:
1) Y, dazo Y;,, na Z -tymnam;

2) UY, oupnamma X 1a Xxamma jKOinIa 314 OYJICHH.
|

V xonma (X ,GYi) xybTmuk (Q,rintQ) kydraukra romeomopd 6¥ymaau.
i=1

Typrunun O0OHUHr YyuyuH4YM mnaparpapum (¢$a3oJapHUHT Ky3FaiMmac
HyKTaJlapy, Y3JIyKCU3  aKCIaHTUpULUIApH, (QYHKTOpIap Ba  yJIApHUHT
XyCycHsITIIapura OaruILIaHTaH.

18-reopema. Arap xommakt X Ky3raamac HyKTa xoccacu Ownan IleaHo
KOHTUHMYMU cuH(Y OuiaH sKMHIamTapuiran 6yuca, y xonga P (X) Ba P;  (X)

Jap Ky3FaJMac HyKTa Xxoccacura ara Oyiaju.
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MasbinymMkn, udekiad yiauamiad kommakr X Ba Y ¢asomap opacuparu |
y3nykeus ounk — akcnantupum  yuyH P(f) akcmamrupum tpuBmams Q-
KaTaaMiauaup. OHau P (X) HUHT YerapaBuii TYIJIaM SKaHJIWTHHHM XKMCOOra oMo,
KyWAHJard TeOpeMaHu UCOOTIanMU3.

19-teopema. f: X —>Y wexcus f '(y) kKamiamim 4exnu YI4amiIum KOMIIAKT
X Ba Y T1ymmamiap opacuaard OYMK aKCIaHTHUpHUIN OVyica, y XoJaa
P (f):P,(X)—>P,(Y) tpusnams B(Q) -kaTaamiu akcIaHTHPULIIND .

Huccepranyst wmuHUHT  «IIpoekTuB  (pakropiau  (GyHKTOpJIAPpHUHT
KuiiMaTiapu 6yJaran (pa3oJIJapHUHT reOMeTPUK Ba TOMOJIOTHK X0ccajJapu» 1e0
HOMJIaHTaH OeIMHYM OO00M YEKIIM-OYMK, MPOCKTHUB OYHUK, MPOCKTHB HHIYKTUB
€MUK, IPOCKTUB (DAKTOPJIM Ba MPOCKTUB & — P..C. KOBaApUAHT (DYHKTOPJIAPUHUHT
SHT'M CMH(UHU aHUKJalra OarunuiaHraH. Yoy (yHKTOpJIapHUHT (yHKTOpHAI
taBcupu Oepwiran Oy (QyHKTOpiap Tabcupuaaru (pazogapHUHT TOMOJIOTHMK Ba
reOMETpPUK Xoccanapu Yypranwirad. by ¢azomap mapakommnakt Y - (azonapu,
napakomMnakt p-dazoniap, mapakoMmnakT o —dazonapu, crpatudunuk dazonap
Oynmu6 Ba Oy Kareropusuiapu [OKOpHJArd KOBapuUaHT (PYHKTOpJIApPHUHT
1oKopuaard ¢aszonap cuadugara dim yirgyamu KuAMaTIapy KEITHPHIAIH.

Bemmmaun  GoOuumHr OupuHuym  maparpagmma  Tych dazonapu
KaTeropwsIiCHIard TPOeKTHB (akTopiau (QyHKTOpJIapw Ba YHUHT Yy3IyKCH3
aKCIIAaHTUPUIIIAPU aHUKJIAHTaH.

12-tappud. Alitaiimuk f: X —Y akcnantupuin yayd KyHugard mapriap
OakapuJICHH:

1) arap f (V) tymnamu X na oumk 6ynca, y xomma V Tymiam Y 1a o4mK;

2) arap fY(F) Tymmam X na émnmk 6ynca, xonga F tymmam Y na énwk.

VY xonga f akcianTupuin GpaxkTopIu IeHuIaIu.

Iy6xacu3, X\ f'(V)=f"(Y\V) okawmuruman 1)- Ba 2)- mapriap
SKBUBAJICHT/IHD.

Arap k Hatypan con Ba F ¢ynktop yuyn F ({k+1}) tymnamu F ({k +13})
na ouuK Oyica, F QyHKTOp uekiu ouuK e0 aTtanau.

UYeknu ounk (pyHkTOpsiapra Mucosiap GUHUT yHKTOpIap OViIaau, sbHU Xap
oup k marypan con yuyn F({k}) tymmam uexnmm 6ynran F dynkroprap ¢ubur
dbyHKTOpIIAp AeHHUIIAIN.

Xap Ooup X TuxonoB ¢asocu Ba xap Oup Harypanx K coH yuyH
7e w « - C({K} X) x F({k}) = F, (X) —akcnantupum ¢axropuan (€nuk) 6ynca, y
xonna F ¢ynkrop npoekTus Gakropiu (IPOEKTHB ENMUK) JeHUIAIN.

20-teopema. bym Tyrmuiam Ba mpooOpasznapHu cCakjJalauran xap KaHjan
y3IyKcH3 Yeksii ounk pyakrop F :Comp — Comp mpoekTuB (hakTopImIup.

21-TeopemMa. Y3JIyKCU3 DJITYBUWJIM, TTPOOOpasapHU CaKIalauraH y3i1yKCu3
¢yukrop F mpoexTus Emmkmacaup.

bemuaun 0oOHMHI MKKHHYM mnaparpadguaa napakomnakt (aszosap Ba
npoeKTUB GakTop (PyHKTOpJIApHU aHMKJIAIITa OarallIaHTaH.
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[TapakoMnakT o —da3zodapuHUHT  TabpudUIaH Xyjloca  KUJIUIIMMH3
MYMKHHKH, O —(Ga30CHHUHT €MUK TYIUIAMOCTHCH O — (a3ocuanp, SbHH O —
dazonapu €MUK TYTIIaMIapyu HACTUHIND.

13-tabpud. Arap X tomosnoruk dazoma N — o-AUCKpET OMia TOMAIUO Ba
sneMeHTIapu X HUHT €MMK CaHOKJIM KOMITAKT TYIUIaMmyIapIaH Taikui tormrad C
kortamacu 0yimO, yauHr yayH C eC Ba C cU-ounk Ba 0ab3u F e N yuyn
C c F cU ypunmu 6yica, y xonga X Tomosnoruk ¢aso X (Ha3ocu AeLUIaIu.

O -KOHCEpPBAaTUB  KOoIUIaMalu  NapakoMmnakT  aszonap, cTpaTU(UIUK
dazomapHuHr TaBcudu Maiikn Teopemacu Epmammna taBcuduanagu. [lyHuHT
yuayH Xap oup crpatudurmk (azo Hopmaimup. bomika Tomonman, X HHHT Xap
oup énuk Tymnamu G -Tymmamaup.

14-tabpud. Arap f:X —>Y osmumopd akcmantupum yuyrn X ¢asoma
myHmaii A émmk  Tymiamm Mmakyx Oynmu6, f(A)=Y Ypummm Ba f |,
yerapajianMa EnuK aKCIIaHTHPHII OyJica, y xoyiaa f WHAYKTHB €MUK Jerunau.

15-tabpud. Arap e, x « AKCIAHTHPHUII Xap oup X TuxoHoB ¢a3ocu Ba

mycbar OyTyH K COH ydyH MHAYKTUB EnuK Oyica, y xonna F, GpyHKTOp mpoekTys
MHIYKTUB €MUK (Kuckaya P.1.C.) perdunaan.

Kyimparu  Teopemanapaa  p..C.-pyHKTOpiapu  KaHgalh  QyHKTOpIap
OKAHJIMTMHU Ba yjiap MapakoOMIakT ), Ba P—daszonap CUHOUHH CaKTaAlInHH
KypcaTaJu.

22-teopema. Xap Ouwp  y3nmykcw3, MoHoMopd, Oym  TyIIIam,
KECUIIMIIIMAJIAPUHN  Ba MPooOpa3IapuHu CaKJIOBYM YEKIM OYHK (YHKTOP
F,:Comp —Comp p.i.c. pynxrop 6ynanm.

23-teopema. F, uexnm papaxanarn pic Qyukrop 6ynca, y xonma Fj
(GyHKTOp mapakoMmakT . -¢asogap CHHGHHA Ba mMapakoMmakt P -dasomap

CUH(IapUHM CaKIanIu.

bemuaun 000HMHI y4yuHuM naparpaduaa Ou3 napakoMmmakT ¢azoiap,
MIPOEKTUB MHAYKTUB €MUK (PYHKTOpIAp Ba YI4aMIIapHU YpraHUIraH.

Kyiingarn HaTika MmapakomIiakt . -¢dasojgapd yudyH M mapaxkaam p.i.C.
dyHKTOpIapHu yuyH diM YI4aMUHUHT KHAMATHHU aHUKJIA0 Oepau.

24-teopema. F, m papaxamu pi.cC. Qpynkropu Ba X —mapakoMmakT . -

dazocu 6yncuH. Y Xonaa
dimF,(X) <mdimX +dimF,({m}). (10)
Arap pic. dyHkTop Yeknu Yadamim GasoHM YEKIH Yymdamid (asora

yTka3ca, yHAa OyHAall ¢QyHKTOpjap KydCH3 CaHOKJIU Viadamiau (a3onapHU
CaKJIallUIMTU KYypCAaTUIITaH.
25-TeopemMa. F dexnu TYIIamMHU (Pa30HUHT YEKIW Ya4amiiura yTKazyBUd

gexnu papaxagarn P.1.C.-dyHkTOp Ba X KydcH3 caHOKmH yirdamin dazo 6o,
Kyhugaru Qazonap cunpugan 6upu OYICHUH:
a) ¥ —mapakoMmnakT ¢azonap; ©0) p-mnapakoMmmnakT ¢azosap;
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B) o -TlapakoMnakT ¢gazonap; T) crpatuduiuk daszonap;
1) MeTpuKaairad (azonap.
Y xomaa F,(X) Kydcus caHOKH Ymdaammn (azoaup.

Bemmnun GoO0HUHr TYpTHHYH maparpagpm dim yagamu Ba o -p.i.C.-
(GYHKTOpJIApHHUHT YIdaMIapy KWHMATHHU YpraHuiira OaruiiaHraH.
Bapua Hykranapna sntyBumiapu <K HyKramapuaa snTyBumiapu P, GpyHKTOp

o-p.i.c.-pyHKTOp OyNIraH SXTUMOIIMK YadoBnapuHUHr B, dyHkTopu Ba dim
yndamu ydyH Jorapu@MHUK KOHYHHAT XamJa MapakoMIakT pP-daszomap Ba

ctpatuduiuk dazonap yuyH YpuHau Oymumu ucootrnanrad. [lyHuHraek, 60an3u
o - p.i.C.-pyHKTOpIAp KydcHU3 CAaHOKIH Yirdamiu ¢dazoiap CHHGUHU caKiad KOJHUII

Macajacu KapaJraH.

16-rabpud. Arap F:Tych—>Tych ¢yakrop Ba K kommakt yuyH (o —
xommakt) F(K) daszo xap kanmait X e Comp  ¢dasoma koMmakT (o — KOMIIAKT)
oynca, y xonga F dynkrop komnakt (o —KOMIaKT) 1e0 aTanaiu.

Ajiraiinmk F :Tych — Tych GyHKTOp F'c, F.,ne®  wmapran

KaHoaTinaHTupcuH. Arap F yuyn F(X)= G F"(X) Vypunau Oyica, y xomna F
n=0

dbynkrop F" gyHkTOpIapHUHT OupJanmmMacuaal noopat Oyinanu neiunanu.

17-rabpud. Arap F = O (F"), 6¥nca, F:Tych—>Tych ¢yuxropu o-p.i.c.-
n=0

dyHKTOp meiinmany, Oynma xap 6up F" wexnm mapaxkanaru p.i.c.-dpyHKTOpIAPp.

Masnymku, exp, =Jexp, ¢yHkropu o-p.i.c. QyHKTOp XHcoOnanamu. B,
n=1

(YHKTOp yUyH KyHHUJaru TeopemMa YpuHIIH.
26-Teopema. Xap kKanmaii K mHarypan con yuyHn B, dyskrop o-p.i.c.-

byHKTOPIUD.
ITapakommakt P —dasonap Ba MeTpukanamran ¢asonap yuyn P, dyHkTop Ba

YHUHT KUCM(YHKTOpJIApU yUyH KyHUJard yiyaM KUAMaTUHU KypcaTaiu.
27-teopema. F ¢ynxrop Comp xareropusama P, -yHKTOpHUHT HOpMan

kucM  ¢GyHkropu Ba X mapakommnakt P—¢azo OyiacuH. Y xonga
dimF,(X) <kdimX +dimF (k). Arap F=B  Oymca, y xouza
dimB, (X) <kdimX +k —1.
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XVYJIO0CA

Jluccepransi WM KOBapuaHT  (PYHKTOPJIAPHUHT KuWMaTu  Oyniran
(dazoNapHUHT TEOMETPUK Ba TOMOJOTUK XOCCAJapUHU TaJAKUK  OTHINTra
OarvIIUTaHTaH.

TagKMKOTHUHT acCOCUU HaTWKallapu Kyhuaaruiaapaad noopar:

1. ®ynkropman xycycusariaapaan (organanund, KoMmmakT —¢Ga30HUHT
METpHKaJall ME30HU OepUIIIH;

2. Tomonoruk crnekrpiapaan ¢oiigananu0, TOMOJOTHK (PAa30HUHT YEKIU
KyIalTMAcH yyamyiapy aHUKJIAHTaH;

3. OnauH KyJUIaHWITaH YCYJUIAPHU Y3TapTUPHUIL Ba YEKCU3 YIYaMilv
KYIXWUTMKIAPHUHT XYCYCHUSTIApUHU KYIu1ad, TOmoJoTuk (a3o KyTIapUHUHT
TOIOJIOTHK KBUBAJICHTIIUKIIAPU OCpUIIIN;

4. YekaHrad 2JITYBUMIIM KOBApUAHT (PYHKTOpJIap ycyimapuaaH ¢oiaananuo,
0ab3M  TOMOJIOTMK  KaTeropusuiapjgara  0ab3d  KOBapuaHT  (QyHKTOpIap
KUIMaTJIApUHUHT TOIOJIOTHMK Ba TEOMETPUK XYCYCHSITIAPUHU TaBCU]IaHIH;

5. OXTUMOJI yIHOBIAp TYIUIAMH KUCM TYIUIAMJIAPUHUHT 3KCTEH30PJIMK
Xoccajlapy ~ YEKCU3  yIuaMmiid  KYNXWUIMKIAPHUHT  XYCYCHSTJIIapu  Ba
roMmeoMoppusMuan (organaHud, 4eKCHU3 KOMMIAKT TYIUIamiiap MIECUITapUHUHT
TEHTJINTY ME30HUHU OepUIIIN;

6. Tych-TuxonoB (a3omapu Ba YHUHT Y3JIYKCH3 aKCIAHTHPHUIILIAPU
KaTeropuscHjia XapakaT KUITyBYM KOBapUaHT GYyHKTOPJIAPHUHT OUp KaTop yMyMuUi
byHKTOpHAT XYCYCHUATIAPUHM Ba Y3JIYKCU3 aKCIAHTUPUIILIAPH  TaJAKUKOT
KWJIMHAO, TOMOJOTUK (DA30JIApHUHT KEHTPOK KATErOpUsUIapUHU WHBAPUAHT
KOJIIMPAJUTaH KOBApUAHT (PYHKTOpIIAp aHUKJIaH U,

7. Hopmain koBapuant pyHkTOpiap ycyinapuaan ¢oigananubd, reoMeTpus Ba
TOTOJIOTUSIHM MaBXYyJl YCYJJIApUHU MOJM(DUKaLUs KUIHO, SXTUMOJUIMK YII4OBIapy
¢ynkropu P Ba yHMHr KUCM (YHKTOpiapu KuKWMatiapu OYJraH TOIOJIOTHK
(ha30HUHT TOMOTOIHMSICH IIEUIH BAa SKCTEH30p XYCYCUATIAPH YPTraHUIIIH,;

8. Uekcus koMmakT X Tyruiamza, Ga3oHuHr O0apua sxtumon ymdosnapu P(X)
runs0epr kyou Q ra romeomopdamru xucobra omu0® udexkcus X yuyn P(X)

o f
KOMITAKTHUHT 4ekcu3 ymuammu (,,(,,> napra TOMOJIOTHK SKBHUBAJIEHT KUCMIIapH
AHUKJIAH]IU.
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PA3OBBIN HAYYHBIN COBET IIPUM HAYUHOM COBETE
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CTEINEHEN IPU UHCTUTYTE MATEMATUKHA

TAIIKEHTCKUI T'OCYJAPCTBEHHBIN IEJATOIr MUECKHUI
YHUBEPCUTET U UHCTUTYT MATEMATHUKHA

KYPAEB TYPCYHBOU ®AN3SHUEBUY

TEOMETPUYECKHUE U TONOJIOT'MYECKUE CBOMCTBA
IHPOCTPAHCTB, ABJAIOIUXCA 3SHAYEHUAMU HEKOTOPBIX
KOBAPUAHTHbBIX ®YHKTOPOB
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ABTOPE®EPAT JUCCEPTALIUU JOKTOPA (DSc)
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Tema moktopekoii (DSc) muccepramuu 3aperHCTpnposaHa B BbIcimeil aTTecTalMOHHOM
xomuccnn npu Kaéunere Munnctpos PecniyGiinkn Yi6ekncran 3a Ne B2021.4.DSc/FM13.

Jvccepranus BbIMOJMHEHa B TalIKeHTCKOM roCyIapCTBEHHOM MENarornyeckoM yHHBEPCUTETE U
HucTuTyTe MaTteMaTuki.

ABTOpedepaT auWccepTalMd Ha TpeX s3blkax (y30eKckui, pyCCKMH, aHMIMHCKMH (pe3tome))
pasMemeH Ha BeG-cTpamuue mo anpecy http:/kengash.mathinstuz u Ha MHbopMaLHOHHO-
o6pasoBaTensHOM mopTaie «ZiyoNet» mo agpecy www.ziyonet.uz.

HayuHbIii KOHCYJbLTAHT: AsornioB [IlaBkaT AGay/l1aeBHY
JOKTOp (M3NKO-MaTeMaTUIECKUX HAYK, aKaJeMUK

OdunmanbHbIE ONMIMOHEHTHI: Bopy06aeB AnTaii ACHIXaHOBUY
s JOKTOp U3NKO-MaTeMAaTHIECKHUX HayK, aKaJeMHK

KynaiiGeprenoB Kapuméepren KaaupGeprenoBu4
NOKTOp (hU3MKO-MaTeMaTHUECKMX HayK, TIpodeccop

3anToB Aqui0ek ATaXaHOBUY
JOKTOp QM3MKO-MaTeMaTHIeCKUX HaykK, Ipodeccop

Beaymas opranmsanus: HaumoHaIbHbIH yHUBEPCUTET ¥Y36eKuCTaHa

3amyTa Auccepranuu cocToutes « 26 » ampens 2022 r. B 16:00 yacoB Ha 3aceZlaHMd pa3oBOro
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umenn B.U.Pomarosckoro (Aapec: 100174, r. TamkeHt, AnMasapckuit patioH, yi1. YHusepcurerckas, 9.
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BBEJIEHUE (aHHOTAIUA JOKTOPCKOM JUCCEPTAIIAM)

AKTYaJILHOCTh ¥ BOCTPEOOBAHHOCTH TeMbI JAuccepTaluu. B Mupe nzydenue
TEOMETPUYECKUX ¢ TOTIOJIOTUYECKUX CBOWCTB KOBAPUAHTHBIX (PYHKTOPOB W UX
moiyHKTOPOB KOHEYHOM CTEMEHW ¥ HWMEIONMMX KOHEYHbIE HOCHTENIW Ha
KOHEYHOMEPHBIX M OCCKOHCUHOMEPHBIX TMPOCTPAHCTBAX SBISICTCS CYIIICCTBCHHBIM
BKJIaJIOM B TEOPUIO T€OMETPHUYECKOM Tomojioruu. B mocnenHee BpeMsi JOCTaTOYHO
MHTEHCUBHO HCCJEyeTCsl HOBOE HaIlpaBlICHUE B OOIEH, anreOpanveckod u
TeOMETPUUYECKON TOTOJIOTHH, BO3HHKIIEE HAa CTHIKC HECKOJBKHX TEOPUH: TECOPHIA
PETPaKTOB, TEOPHH TOMOJIOTHH W KOTOMOJIOTHH, TEOPUH IIIECHITOB, TEOPUH TTOIBHKHBIX
KOMITAKTOB, TEOPHUH TOMOJIOTMYECKOW TOIOJIOTHH, TEOPUH OECKOHEUHOMEPHBIX
TOTOJIOTUYECKUX TPOCTPAHCTBAX; TECOPUH Pa3MEPHOCTH B cMbIciae diM; Teopuu
KaTeropuy TOIMOJIOTHIECKUX TMPOCTPAHCTBAX; U TEOPHH KOBAPHAHTHBIX (YHKTOPOB —
reOMETPHYECKOM TEOPUH KOBAPUAHTHBIX (PYHKTOPOB K3 Karteropuu COMP - KOMITaKTOB

M UX HENpepbIBHBIX OTOOpakeHWi (M OoJjiee MIMPOKHX KaTeropwii). IT0 HOBOE
HarpaBJIEHUE UCCIIEAOBAaHUIA B COBPEMEHHBIN T'€OMETPUH, OOIEH U alreOpandeckon
TONOJIOTUH, (DYHKIIMOHAJIBHOM aHaJIM3€ U TEOPUU BEPOSITHOCTEH, CPOpMHUpOBaBIIICECS
COBCEM HEaBHO, 00J1aJaeT CBOUM OOBEKTOM M METO/IOM HccienoBanus. Mcenenyrores
pasIM4yHbIE  TOIOJIOTMYECKHE  CBOWCTBA  IIMPOKOrO  CIEKTpa  IPOCTPAHCTB,
METPU3AIMOHHBIE KPUTEPUN OMKOMIIAKTOB C MOMOUIbIO KOBAapUAHTHBIX (PYHKTOpPOB
KOHEYHBIMM HOCHUTEIISIMHM, W3y4arOTCs T'PaHWYHBIE MHOYKECTBA KOHEYHOMEPHBIX U
OECKOHEUHOMEPHBIX MHOrooOpa3uii mpu Bo3JecTBMM Ha HuX  ¢yHkTopa P
BEPOSITHOCTHBIX MEP M €ro MnoA(yHKTOPOB, N3y4YartOTCsS B3aUMHbBIE PACHIOI0KEHHOCTH
noaMHOXecTBa mpoctpadcTBa P(X)  BEepOSTHOCTHBIX Mep, IOKAa3bIBAETCsS IS

Hexkotoporo moaMHoxkectBa A C P(X) Tomomoruueckass >KBMBAJIEHTHOCTH Maphl

(P(X),A) xnapam (Q,B(Q)) u (Q,S).

OCHOBHOM TPUYMHOW BOCTPEOOBAHHOCTH  MCCIEAOBAaHM, CBSI3aHHBIX C
TEMAaTUKOW HACTOSALIEW JWUCCEPTALMH, SIBISETCS TECHAsl CBA3b TOIOJOIMYECKUX U
rEOMETPUUYECKUX CBOMCTB 3HAYEHHH HEKOTOPBIX KOBAPUAHTHBIX (DYHKTOPOB,
JEUCTBYIOLMX B Pa3IMYHBIX TOIOJOIMYECKUX KaTeropusix. MccnenoBaHne MHOKECTBA
METPU3YEMOCTH HEKOMITAKTHOT'O IPOCTPAHCTBA MO3BOJISIET OLIEHUTh MOLIHOCTU 3TOTO
MHOKECTBA M pa3nyare Jpyr OT Jpyra pasJiMuHble TONOJOTMYECKUE U
re€OMETPUYECKHAE CBOMCTBA THUIIA PA3MEPHOCTh, CTSATUBAEMOCTb, CBS3HOCTD 3JIEMEHTOB
ATOTO MHOXKecTBa. Hampumep, ecnu kakoi-HHOyab QyHKTOp F  HempepwiBHO
AeCTBYeT B KaTteropuu 0P TOMOJIOTHYECKUX MTPOCTPAHCTB, TO MEXKITY 00beKTaMH X

u F(X) umeercs HexkoTOpas TOMOJIOIUKO-TEOMETPUUECKAS CBS3b, OTU TOMOIOTHKO-

IeOMETPHYECKHE CBSI3M TAKOBHL: a) KAKHE€ KOBAPHMAHTHBIE (DYHKTOPHI B KAaTErOpHU
TOIOJIOTUYECKHMX TIPOCTPAHCTB coxpansior cBoicTBo ObITh A(N)R - mpoctpancTsom;

0) kak BeAyT ce0s Te WM WHBIE TEOMETPUYECKUE CBOWCTBA IMPOCTPAHCTB TpHU
BO3JICHICTBUU HAa HUX Pa3IMYHBIMU KOBAPUAHTHBIMH (DYHKTOpaMH; B) KaK BEmyT ceOs
T WIA WHBIC CBOMCTBA OTOOpPaKEHW TPW BO3ACUCTBHM HA HHUX Pa3IUMYHBIMU
KOBapUAHTHBIMU (DYHKTOpAMM; T) 337a4a METPU3AIMH TOIIOJIOTHUYECKUX TPOCTPAHCTB
CO BPEMEH TEPBBIX pabOT MO TEOPUM TOTIOJIOTHYECKUX MPOCTPAHCTB MPUHAIJICKAIA U
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K LEHTpaJIbHBIM MpobjieMaM o01el Torojioruu. B3sTHe KoHeYHOW U OeCKOHEUHOM
CTENEHH TOIOJIOTHYECKOrO0 MPOCTPAHCTBA SIBISIETCSI HOPMAJIBHBIM KOBAPUAHTHBIM
¢ynkTopom. [Ipumenenue storo QyHkropa B kareropur Comp KOMIIQKTOB M

HEMPEPHIBHBIX OTOOPaKCHUM BBISIBIIICT BO3MOXKHOCTh METPU3ALMKA KOMITAKTOB BHJIA
F (X)), ecitit oHa 061agaeT pasIMYHOro poja HaCIEACTBCHHBIMU CBOMCTBAMMU.

B Hameli crpaHe wuccrenoBaHUS TEOPUM PA3MEPHOCTH SIBISIIOTCA OJHOM U3
LHEHTPAIbHBIX ~ OpoOJieM  pa3MEpPHOCTA  KOHEYHOIO  4YHcia  MPOW3BEJCHUU
TOINOJIOTHYECKMX IPOCTPAHCTB B KaTeropud 10P, ME. BBIIOJHACTCS JIH

jorapuMUUECKUii  3aKOH Ui pasmepHoctd dim. BepHo M HepaBEeHCTBO:
dimX xY <dimX +dimY . Hccaenys (GyHKTOpHAIbHBIC, T'€OMETPUYECKHE U
TOTIOJIOTHYECKHE CBOMCTBA KOBapHUAHTHBIX (DYHKTOPOB C KOHCYHBIMH HOCHTCIISIMHU,
BBIICIAII U i ()YHKTOPHAIBHOE ONMMCAHME HOBOTO KJIacca KOHEYHO OTKPBITHIX,
IPOCKTUBHO  OTKPBITHIX, MPOCKTUBHO HWHIYKTUBHO 3aMKHYTHIX, MPOCKTHBHO
(paKTOpHBIX M & — P.i.C. KOBAPUAHTHBIX (PYHKTOPOB B Kareropusix 1YCh THXOHOBCKHX

IPOCTPAHCTB U HETIPEPBIBHBIX OTOOpakeHUH B ceOs. JlanmpHellnee HccieqoBaHue,
COOTBETCTBYIOIIEE MHMPOBBIM CTaHJApTaM IO MPUOPUTETHBIM MpolIemMam
anreOppl, T€OMETPUHM M TOMOJOTMH, OOO3HAYEHBbl KAaK OCHOBHBIE LEIH U
HAIPaBIEHHUS  JEATEIbHOCTH — mccnenoBateneii’.  TakuMm  obpasom,  Juis
UCIIOJIb30BAaHUSI HAYYHBIX PE3YJIbTATOB B CMEXKHBIX OOJIACTSIX HAYKU Ba)KHBIM
CUMTAETCA TOCTPOUTH LEMOYKH 3HAYCHHM T'€OMETPUYECKHX M TOMOJOTMYECKUX
CBOMCTB MPOCTPAHCTB NPH BO3JACHCTBMM HAa HHUX KOBAPUAHTHBIX (DYHKTOPOB
Pa3UYHBIX KaTeropuit 0P TOMOJIOTHUECKUX TMPOCTPAHCTB U HEMPEPHIBHBIX

OTOOpaKeHUM B ceO4.

HUccnenoBanuss NaHHOM AuCCEpTAllMA B ONPEACICHHOW CTEIEHU CiIyKaT
penieHunto 3aaad, 00o3HaueHHbIX B YKasze [Ipesunenta PecniyOnuku Y30ekucran
NeVI1-4947 ot 7 depans 2017 roga «O cTparerun AeHCTBUS TO JabHEUIIEMY
pazButHio PecyOnuku Y36ekuctan», B moctaHoBieHusx Nelll1-4387 ot 9 urons
2019 roma «O mMepax roCcygapCTBEHHOM MOIAECPKKH AIBHEUILETO pPa3BUTHSA
MaTeMaTUYECKOro 00pa3oBaHus U HAYKH, a TAK’K€ KOPEHHOTO COBEPIIICHCTBOBAHUS
nearenbHocTn MuctuTtyTa Marematnku nmenn B.M. PomanoBckoro Axanemun
Hayx Pecniy6muku Y30ekuctan» u NelIII-4708 ot 7 mas 2020 roga «O mepax 1o
MOBBIIIIEHUIO KadyecTBa OOpa30BaHUSI W PA3BUTHIO HAYYHBIX MCCIEAOBAaHUN B
00JIacTM MaTeMaTUKW» U B JIPYTMX HOPMATHUBHO-TIPABOBBIX aKTaX, KacarolUXCs
byHIaMEHTAIBHOW HAYKHU.

CooTBeTcTBHE HCCIEA0BAHUS NMPUOPUTETHBIM HANPABJEHUSM PA3BUTHA
HAYKH W TeXHOJOrMu pecny0auku. J[aHHOE WUCCIEIOBaHUE BBINOJIHEHO B
COOTBETCTBUU C TMPUOPUTETHHIMUA HANPABICHUAMU DPA3BUTHS HAYKH M TEXHOJIOTUN
Pecriybnmku Y36ekuctan Ne p4 “Maremarrka, Mexanuka u nHGopmaTrka”

0030p 3apy0e:kHBIX HAYYHBIX UCCJIEI0BAHUII 110 TeMe IUCCePTAIUMN.

Hayunpie uccnenoBanusi, HampaBlieHHbIE HA OOOCHOBAHWE TOIOJIOTHUECKUX H

! ocranosnenne Kabunera Munctpos Pecniy6nuku Y36exucran ot 18 mas 2017 roga Ne292 «O mepax
[0 OpPraHu3aluy JEeATENBHOCTH BHOBb CO3/IaHHBIX HAyYHO-HCCIIEN0BATENBCKUX YUPEKIACHUN AKageMHUU
Hayk Pecrrybnukn Y30ekucTan

32



TEOMETPUYECKUX CBOMCTB Pa3MEPHOCTH KOHEUHOTO MPOM3BEACHHS B cMbIcie dim, Tak
Ha3bIBaeMbIM  Jlorapumuueckum  HepaBeHCcTBoM:  diM X xY <dim X +dimY ,
MPOBOJATCA BEAYIIUMH HAYYHBIMH IIEHTpPAMHU W CIEIUAIMCTAMU YHHUBEPCUTETOB
3apyOeKHBIX CTpaH, B TOM yHcie: B MOCKOBCKOM TOCYAapCTBEHHOM YHHBEPCHUTETE
nMenn JloMoHocoBa u MaremaruyeckoM HMHCTUTYTe MMeHu CtekioBa (Poccus),
Uukarckom u Munuana ynusepcuterax (CIHIA), Kananckom ynuepcutere (Kanana),
Tokwuiickum 1 OcakoBckoM yHHBepcuTeTax (fAmonHwust), BapiiaBckoM yHuBeEpcUTETe
(ITompiia), JIbBoBCcKOM TrocymgapcTBeHHOM yHuBepcutere (Ykpauna), [Ipaxckom
yausepcutere (UexocnoBakusi), KemOpumxckom wu  JluackoM — yHHBEpcUTETax
(BemukoOputanus), Ilapwkckom — matematudyeckoM — uHCTUTYTe  (Dpanims),
bepmuuckom BeiteprrpacckoM HayuHoM 1ieHTpe WIAS (I'epManus) u B IpyTux.
Pe3ynbpTarhl HAYYHO UCCIIEIOBATEILCKUX PAOOT, MOCBSIIEHHBIX TEOMETPHUYECKIM
U TONOJOTMYECKMM CBOMCTBOM IIPOCTPAHCTB U 3HAYCHUSIMU  HEKOTOPBIX
KOBApHAHTHBIX (PYHKTOPOB, B MUPOBOM MacIlTa0e CBA3aHBI C PEIICHHEM IIENIOr0 psia
aKTyaJbHBIX 3a7a4, B TOM 4YHCJE, TMOJyYEHBl CICAYIOIIME HAy4HBIC PE3yJbTaThl:
nocroBepHOCTh HepaBeHcTBA dim X xY <dim X +dimY moka3ana B KaTeropuu
KOMITaKTHBIX TpocTpaHcTB (B KaHaackom yHUBEpCUTETE); KaTETOPUH METPHUYECKUX
npoctpancTB  (Tokumiickom  u  IlpakckoM  yHHBEpcUTETax);  KaTeropuH
MApPaKOMITAKTHBIX . -MIPOCTPAHCTB (MOCKOBCKHI TOCYJPCTBEHHBI YHUBEPCUTET
nveHn JIoMOHOCOBa); B KaTerOpuM MApakOMIIAKTHBIX [ -IIPOCTPAHCTB X,

(MOCKOBCKHI TOCY/IapCTBEHHBI yHUBepcUTeT uMeHH JlomoHocoBa); HaiineHsl
3HAYEHHs KOBAPHAHTHHIX (DYHKTOPOB B  KATCrOpUd | OP —TOMOJOTHYECKHX

NPOCTPAHCTB U HENPEPHIBHBIX OTOOpakeHUd (B MOCKOBCKOM TOCYJapCTBEHHOM
YHUBEPCUTETE MMEHH JIOMOHOCOBA M MaTeMaTHYECKOM MHCTHTYTe MMeHH CTEKIIOBa).
Brienensl rpaHMYHBIE CBOMCTBA OECKOHEYHOMEPHBIX MHOT000pa3nii, (PMKCUPOBAHBI
MOJIMHOXKECTBA, ~ KOTOPBIE  TOTMOJIOTMYECKH  OKBUBAIEHTHHI  MHOTO00pa3usM
Q- (,— 22—/ ; —,Q" — mpuBeneHBI M XapaKTEPH30BAHBI IKCTCH30PHbIC CBOHCTBA (B
BapriiasckoM yHuBepcuTeTe M yHUBepcuTere JIyw3uaHbl), HaiIeHBI IICHIIOBBIC |
AKCTEH30pHBIE CBOMCTBA  KOMIIAKTHBIX mMpocTpaHcTB (BapmiaBa u yHuUBepcUTET
Kanzac), okcrensopeie cBoiictBa G-mpoctpancTB  (TOKMICKWN — YHUBEPCHUTET,
AmMcTepraM) J1aHa XapakTepu3aiusl JIONOJHEHUH Z-MHOXKECTB —cerapabesIbHbBIX
METPUYECKUX IIPOCTPAHCTB, KOTOpBIE TOMOJIOTUYECKU SKBHUBAJICHTHBI
GexoneuroMepHbIM Q- (,— > —,(;— Q" —mHOroo6pazusm  (Kamudopruiickuii
YHUBEPCUTET W YHHUBEPCUTET ceBepHOW KapoimHbl), AaH KpuTepui NpPOAOKEHUS
romMmoMop¢u3Ma, ONpeIeTICHHBI Ha TMOJMHOKECTBE BBIMYKIIOTO OSCKOHEUHOMEPHOTO
JMHEHHOTO MHOTO00Opa3us N0 Bcero mpocTpaHcTBa (BaprmaBckuii yHHMBEpCUTET H
Tokuiickuii HHCTUTYT MaTemaTuku). Halinen xpurepuii rpaHIYHOTO MHOXECTBO Q-
MHOTo00pa3uii, JOMoJHEeHNe KOToporo siBisercst £, —MHorooodpasueM (YHHBEpPCHTET
Jlym3nanbl 1 Texac), BBIACICHO IOJMHOMECTBO JIJIS TEAHOBCKOTO KOMITAakTa X
TUIEPIPOCTPAaHCTBO €XPX W €ro  IMOAMHOMKECTB, KOTOPHIE TOIOJOIHYECKH

f f
skBuBalieHTHBl  Q—,(,— (, m Q MHOrooOpasusMm, W JONMOJHEHHS KOTOPBIX

roMeoMopGHbl THIBOEpTOBOMY mpocTpaHcTBY [, (YHuBepcuter Jlymsuansl u
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Texac), n3yueHo TONOJIOrMYECKA U TEOMETPUUECKH (PYHKTOP-TUIIEPIIPOCTPAHCTBO EXP

U ero noAQyHKTOphl B CIy4ae KOHEYHOMEPHOTO MEAHOBCKOTO KOMIIAKTa, KOTOpPHIC
roMeoMoppHbl  OECKOHEYHOMEPHBIM MHOT0oo0pasusiM  (yHuBepcuteTbl (CeBepHOi
Kapomnunst u Texaca).

B mocnennue rogpl BO MHOTMX CTpaHaX MHUpa B KauyeCTBE MPHOPUTETHBIX
HaANpaBJICHUN HCCIEAYIOTCS KOBapUaHTHbIE (YHKTOPBI, JACUCTBYIOIIME B
kareropun 1YCh — TUXOHOBCKHMX IPOCTPAHCTB M HEMPEPBIBHBIX OTOOpAKEHHH B

ceOst, COXpaHSIOUIMEe KiIacC CTPATHPUIMPYEMBIX MPOCTPAHCTB, 3HAYCHUS
TONOJIOTHYECKUX M TE€OMETPUYECKHX CBOMCTB: 3KCTEH30PHOCTh, Pa3MEPHOCTb,
mieiin, cnabasi C4eTHOMEPHOCTb, CHIIbHAs 0€CKOHEYHOMEPHOCTh, coxpaHnenue C -
IPOCTPAHCTB M  OTKPBITBIX HEMPEPHIBHBIX OTOOpakKeHUH, MpooOpa3oB, K-
METPU3YEMBIX  TMPOCTPAHCTB, OCTaBIIAIONIMX  MHBApUAHTHBIM AE(n)

MPOCTPAHCTBO, TOMOTOIMWYECKUX CBOWMCTB, EWCTBOBaBIIMX B Kareropuu G-
MPOCTPAHCTB (PYHKTOPOB, MEPEBOIIMIMX B Kareroputo G —3KBHBapHAHTHBIX
IIPOCTPAHCTB.

CreneHb M3y4eHHOCTH NPodJieMbl.  Merpuszalys OHMKOMIAKTOB, pa3Mep-
HOCTb KOHEYHBIX MPOU3BENCHUN TOINOJOTHYECKUX IPOCTPAHCTB, PACHOIOKEHHOCTD
KOMIIaKTOB JIpyI B Jpyre B MPOCTPAHCTBE BEPOATHOCTHBIX MEpP, T'PAHUYHBIC
MHOYKECTBA, IPOCTPAHCTBO BEPOSATHOCTHBIX MEpP, TOIOJIOIMYECKUE SKBUBAJICHTHOCTU
HOZAMHOXECTB MPOCTPAHCTBA BEPOSATHOCTHBIX MEpP, OINPEAEICHHBIX B OECKOHEYHOM
KOMIIAKTE, LICHIIOBBIE DKCTEH30PHBIE U PA3MEPHOCTHBIE CBOMCTBA IPOCTPAHCTB IIPU
BO3JCWCTBUM HAa HUX KOBAapUAHTHBIX (PYHKTOPOB SIBISAETCS OJHUM U3 LIEHTPAJIbHBIM
BOIIPOCOB OOILEH TOMOJIOTUM U T€OMETPUM KOBapUaHTHBIX (PyHKTOpOB. [Ipobremamu
METPU3aLMU  TOIIOJIOTUYECKUX IPOCTPAHCTB 3aHUMAIUCh W BEIM HCCIIECIOBAHUSA
tonnosiorun  E.B.  Illenmn, B.B. ®enopuyk, A.B. MHBanoB, M. Kareros.
NccnenoBanus My TOIOJIOTMYECKAX W TEOMETPUYECKHX CBOWCTB  Pa3MEPHOCTH
npou3sBenieHust B cMmbiciie dim, Tak Ha3bIBaeMbIM JIOTapU(PMUUECKUM HEPABEHCTBOM,
3aHMMAJIMCh. B KJIacCe MapaKOMITaKTHBIX 2. -TipocTpaHcTB b.A. ITachIHKOB; B Kiacce
OMKOMIIAKTOB; B Kiacce MeTpuueckux npoctpancts K. Moputa u M. Karetos.

I'eomeTpruecKknMy 1 TOMOJIOTMYECKUMU CBOWCTBAMU TUIA TPAHUYHBIX MHOKECTB,
CTSITMBAEMOCTH W JIPYTUMH, OCCKOHEYHOMEPHBIX MHOroo0pasuii, B dacTHOCTH, Q -

MHOT000pa3usiMi — TIPOBOJIMIIM UCCIIeOBaHusl amepukanckue ydensie /. Keptuc, T.
YenvoH, M. bectBuHa, monbckue mareMatuku T. JloOpoBosbekuii, Y. beccara, A.
[empunnckuid, JI. Morunbckuid. K uuciy HanOosiee W3BECTHBIX T'€OMETPUYECKUX
CBOMCTB OTHOCSATCA JKCTCH30PHBIC M IICUIIOBBIE XAPAKTEPUCTUKH KOMITAKTHBIX
METPUYECKUX MPOCTPAHCTB, C 3HAYCHUSMU KOTOPBIMHU 3aHUMaINCh [. TopyHBUMK,
M.M. 3apuunsiii, T. banax u T. Pagyn, B.B. ®enopuyk. DKCTEH30pHBIMU CBOMCTBAMU
Torojiormuecknx G -mpoctpancTB 3aEmManich FO.M.Cvupros, C.A . boratenii, C.M.
AreeB, C. AuntonsH, /. xepmaksH, . Myposma, JI. My3okama. M3BecTHO, 4TO
¢dyHkropoM P BeposITHOCTHBIX Mep W ero moadyHKTOpamH, (PyHKTOPUATHBIMHU,
TE€OMETPUYECKUMHA W TOMNOJIOTMYECKUMHU cBovicTBaMu 3aHumanuch C. [dutop, P.
XetnoH, A. Didurep.

Hapsny ¢ snmHeitHbIME  (QyHKIIMOHATIAMH  OTIPEIENIEHHBIX TOMOJIOTUYECKUX
MIPOCTPAHCTB HWHTEHCHBHO HCCIENYIOTCS WX (YHKIIMOHAIBHBIC, TOIOJOTHYECKHE
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CBOICTBa HEJIMHEWHBIX (DYHKIMOHAIOB, 00NaAA0IMX Pa3IMUHbIMU CIIELU(DUIECKUMU
coiictBamu. B paborax I1I.A. AronoBa BriepBbie ObUTM BBEICHBI M COAEPKATEIHLHO
uccnenoBanbl GyHKTOpsl O - panoHOBBIX cnabo ammuTuBHLIX U O, - QyHKTOp 7 -

[JaJKUX Cla00 aQIIMTUBHBIX  (PYHKIMOHAIOB Kareropuu 1YCh -TUXOHOBCKUX

MIPOCTPAHCTB U HEMPEPHIBHBIX OTOOPAXKEHUI B ce0sl. A TaK:ke M3y4YEeHbI UHTEPECHBIC
HEKOTOpPbIE KaTerOpUalbHbIE, TOIOJIOTHYECKUE U (PyHKTOpHAIbHbIE cBOiicTBa 3THX O

u O, -pynkropoB. B wnccnenopanumn P.b.bemmmoBa coaepkKaTelbHO  HM3ydEHBI

KapIMHAJIbHBIE  WHBAapUAHTbl  TEOPHUHM  TOMNOJOTMYECKUX  MPOCTPAHCTB U
TOTOJIOTUYECKHE, (PYHKTOpUATIbHbIE CBOMCTBA MPOCTPAHCTB THIA TUIOTHOCTH, CIabOit
TUIOTHOCTH, KanuoOpa, uucio [1lanuHa, HacIeCTBEHHOCTH HEKOTOPBIX KapIUHATBHBIX
MHBAPUAHTOB W3BECTHBIX KOBAPUAHTHBIX (PYHKTOPOB, NEHCTBYIOIIMX B KAaTETOPUSX
TOIOJIOTHYECKUX MPOCTPAHCTB. A.A.3aUTOB paccMaTpuBajl T€OMETPUUECKHAE CBOWCTBA
U COJEPKATEIIbHO HCCIIEAOBAI TOIMOJIOTHUECKME M (PYHKTOpPHAIbHBIE CTOPOHBI
¢yrxropo O, u O, B kareropuu 1YCh -THXOHOBCKHX IPOCTPAHCTB U HEHPEPBIBHBIX
oToOpakeHUM B ce0s. A TakkKe Jajl HEKOTOpOe KaTeropualibHOE ONMCAHUE ATUX
(PyHKTOpOB.

CBsi3b TeMBbI JHCCEPTALMM C HAYYHO-HCCJIEI0BATEJNbCKMMHM padoTamu
BbICIIEr0 00Pa30BaTEJIbHOI0 YYpeK/AeHHSs, I/le BHINOJHEHA JUCCePTALMS.

JHuccepranonHas padoTa BBIIOJIHEHA B COOTBETCTBUU C IIJIAHOBBIMH TEMaMH
Hay4YHO-HUCCIIEN0BATEIbCKUX pabor D4-OA-D013 «OmnepaTopsl 51
HeaccolMaTUBHAsg airedpa, AUHAMHYECKHME CHUCTEMbl W HX TMPUIOKEHUS K
CTATUCTUYECKON MEXaHMKE M MOMYyJSIMOHHOU Oumonorum» (2012-2016 rr.), OT-
D4-82+0T-D4-87 «JlokanbHbie auddepeHIUpoBaHusl W aBTOMOPGU3MBI B
orepaTopax M HeEacCOLMaTUBHBIX airedpax, (a3oBble MNEPEXojbl U Xaoc B
HEJIMHENHBIX JMHAMUYecKux cucreMax» + «Teopus rinodanbHBIX MHBApHUAaHTOB
KPUBBIX U IOBEPXHOCTEW B €BKJIUIOBOM M IICEBIOEBKIHMIOBOM IPOCTPAHCTBAX M
ee mpwioxkeHus: kK Mexanuka» (2017-2019 rr.) unctutyra Marematuku um. B.H.
PomanoBsckoro u ®4-27 «KapanHansHble M TONOJIOTMYECKHE CBOMCTBA HEKOTOPBIX
KOBAPUAHTHBIX (YHKTOPOB JIEUCTBYIOIIETO B KATErOPUM TOMOJOTMYECKHUX
npoctpancTB» (2012-2016 r.) TamkeHTCKOro rocyapCTBEHHOTO MEJarornuecKoro
YHUBEPCUTETA.

Heabr0 wHcceI0BaHUsA COCTOUT B TOM, YTOOBI MPEIOCTaBUTH KPUTEPUU
METpHU3ALMY JJIs1 TOMOJIOTMYECKUX MPOCTPAHCTB MPU CTOJKHOBEHHMHU C PAa3IMYHBIMU
KOBapUaHTHBIMU (DYHKTOPaMHU U ONPEAETUTH Pa3MEPHOCTH KOHEYHOTO MPOU3BEICHHS
TOMNOJIOTMYECKOT0 MPOCTPAHCTBA U KOBAPUAHTHOTO (PYHKTOPA, JEUCTBYIOIIETO B Oosiee
IIMPOKHUX KaTErOpHsIX.

3amauu uccie 0BaHus:

C TMOMOIIBI TOMOJIOTHYECKUX METOJIOB U, HCHONB3yd (DyHKTOPHAIbHBIC
CBOMCTBA, HAWTH KPUTEPUH METPU3YEMOCTH OWKOMITAKTOB a TaKKe TMPUMEHSS
TOITOJIOTHYECKHE CIIEKTPBI, ONPEACIUTh PAa3MEPHOCTH KOHEYHOIO NPOM3BEICHHUS
TOIOJIOTHYECKHUX MTPOCTPAHCTB;
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MOJUPULIMPYST paHee TMOJyYEHHbIE METO/Abl W MPUMEHSS XapaKTEepUCTUKU
OECKOHEUHOMEPHBIX MHOTr000pa3ui, 10Ka3aTh TOMOJOTMYECKYIO SKBHUBAJICHTHOCTD
ap TOMOJIOTMYECKUX IPOCTPAHCTB;

MIPUMEHEHUEM METO/IOB KOBAapHUAHTHBIX (DYHKTOPOB KOHEYHBIMH HOCHUTEIISIMH
XapaKTEPHU30BaTh TOMOJIOTUYECKUE U TEOMETPUYECKHAE CBOMCTBA 3HAYEHN HEKOTOPBIX
KOBapUAaHTHBIX UCCIIEIOBAHNH B ACHCTBYIOLIMX TOMOJIOTUYECKUX KAaTErOPHsX;

WCMOJIB3YSl SKCTEH30PHBIE CBOKCTBA MOJMHOXKECTB MHOXKECTBA BEPOSTHOCTHBIX
MEp W COOTBETCTBYIOIIME XapaKTEPUCTUKA U TOMEOMOP(GHOCTH JIOTIOHEHUS
OECKOHEYHOMEPHBIX MHOT000pa3uii, OINpe/euTh KPUTEpUil paBEHCTBA IIEHIIOB
0ECKOHEYHBIX KOMIIAKTOB;

B OECKOHEYHOM KOMIakTe X paccMaTpuBaeM P(X) MHOXECTBO  BCEX

BEPOSITHOCTHBIX MeEp, TMOMy4aeM TWILOEPTOB KyO, B CBSI3M 3TUM BBIICIUTH TE
MOJIMHOKECTBA OECKOHEYHOTO KOMITakTa X , KOTOpBIC TPH NpuMeHeHne GpyHKTopa P
TOIOJIOTMYECKH ~ DKBUBAJICHTHBI ~ OECKOHEUHOMEPHBIM €£ ,—Ll,,—>— H Q-

MHOT'000pa3usiM;

NPUMEHSIST METOJIbl HOPMAJIbHBIX KOBAPHAHTHBIX (DYHKTOPOB U MOIUDHUIUPYS
METOJbI TEOMETPUM W KOHCTPYKLUMH TONOJIOTMH, OIMCATh TIOMOTONMYECKHE U
OKCTEH30PHBIE CBOMCTBA TOIOJIOTMYECKUX IPOCTPAHCTB, SBISIIOLIMXCS 3HAYCHUSMU
byHKTOpa P BEpOSTHOCTHBIX MEp U €ro MOA(PYHKTOPOB.

O0bekT wucciaenoBaHus. Pa3MepHOCT MNPOU3BEAECHUS KOHEYHOTO 4YHUCia
TOIOJIOTMYECKUX  MPOCTPAHCTB, METpHU3alMsd  TONOJIOIMYECKUX  IPOCTPAHCTB,
DKCTEH30PHBIE W IIEWIIOBBIE CBOWCTBA IPOCTPAHCTB 3HAYEHUM IPOCTPAHCTB IIPH
BO3/ICCTBUM KOBAPHAHTHBIX (PYHKTOPOB.

IIpeamer wucciaenoBanus. ['eoMeTpuyeckre W TOIMOJOTMYECKUE CBOMCTBA
MIPOCTPAHCTB, KOTOpbIE SBJISIOTCA 3HAYEHHUSIMHM HEKOTOPBIX KOBAapUAHTHBIX
(YyHKTOpPOB, JEHCTBYIOUIUX B PA3JIMYHBIX TOMOJOTUYECKUX KATETOPUSX.

Meroabl ucciaenoBaHus. B gucceprauMM  MCHOJB30BAHBI  METOJBI
HOPMAaJIbHBIX KOBapUAHTHBIX (DYHKTOPOB W (DYHKIIMOHAJIBHOTO aHajM3a, METOIbI
Teopuil pasmepHocTd diM, METOIBI TEOPUU TOIMOJOIMYECKUX MPOCTPAHCTB, METOIBI
TEOPHUU MPOCTPAHCTB LIEHUITOB U IPOCTPAHCTBA BEPOSITHOCTHBIX MEP, METOJIbI TEOPUU
OOpaTHBIX  TOMOJOTMYECKUX  CIEKTPOB W METOJbl  KOMIIAKTHBIX  TPYIII
npeoOpa3oBaHUH.

Hay4Hasi HOBU3HA MCCJIeIOBAHUSA 3aKITFOYAETCS B CIEAYIOIIEM:

B KJIACCE€ MAPAKOMIAKTHBIX CHUIMA-TIPOCTPAHCTB JOKA3aHO, YTO Pa3MEpPHOCTb
KOHEYHOT'O MTPOU3BEICHUS [ U3MEPEHHUS B SI3bIKE MOKPHITUN HE IPEBOCXOAUT CYMMBbI
Pa3MEPHOCTEN MHOKHUTENIEH;

Korga X xommakTeH Jyisi kKoBapuaHTHOro gyHkropa F, onpenensiercst Kputepuii
MeTtpu3aluy komraktoB F (X) 1 ero moaMHoOKeCTB;

JIOKa3aHO, YTO TOA(PYHKTOPbl C KOHEUHbIMHM CTENEHAMU (YHKTOpa
BEPOSTHOCTHBIX MEpP COXpaHSeT CTPaTU(HUIMPYEMBIX TPOCTPAHCTB U  clabo
CUETHOMEPHBIX IPOCTPAHCTB;

OMMCAHbl  KJIAcChl  MPOEKTUBHO-(DAaKTOPHBIX,  MPOCKTUBHO-WHIYKTUBHBIX
3aMKHYTBIX M CHUTMa-TIPOSKTHBHO-WHIYKTHBHO 3aMKHYTHIX (DYHKTOPOB, a TaKXKe

36



OIpe/IeNICHbl KOHEYHO-POBOAAIIME (PYHKIUH, B KOTOPHIX MHBAPUAHTHO PABEHCTBO
BaJIOB OECKOHCYHBIX KOMIIAKTOB;

JI0Ka3aHO, YTO MPOCTPAHCTBO KOMIIAKTA, TUArOHAIBHBIA 3aIIOJHUTENb KOTOPOIo
TCHETUYECKA HOPMAJCH IMpPU YPOBHE OOJbIIE WM PABHOM TPEM, SIBIISIETCS
METPUYECKHIM.

IIpakTnyeckne pe3yabTaThl HCCAEIOBAHMS COCTOST B CleAyromeM: Z-
MHO’KECTBA IMPOCTPAHCTBA BCEX BEPOSITHOCTHBIX MEP U CBOMCTBA BBIMYKIOCTU
OECKOHEYHOMEPHBIX MHOr000pa3uii TMO3BOJIMJIO METOJAbl JI0Ka3aTeslbCTBA  JIs
IPOU3BOJIBHOTO OECKOHEYHOT0 KOMIIAKTa MPOCTPACTBO BCEX BEPOSITHOCTHBIX MEP C
KOHEUHBIMU HOCHUTEJSIMU SIBJIIETCSI TPAHUYHBIM MHOKECTBOM ITPOCTPAHCTBA BCEX
BEPOSITHBIX MEP.

JIOTIOJIbHEHHE HEKOTOPOT0 HEMYCTOTO MHOYKECTBA HACJIEACTBEHHO CUETHO
NapakOMIAKTHOCTH, HACJIEICTBEHHON HOPMAIBHOCTH W HACJIEICTBEHHOM CUETHOU
KOMITAKTHOCTH BO BCEM IPOCTPAHCTBE MO3BOJMIO JIJII OECKOHEYHOTO KOMMAkT X |
HOpMaibHOTO (yHKTOpa F cremenm He MeHbmie 3 jokasarh, kommakTta F(X)
HACJIEICTBEHHO CUYETHO MapaKOMIIAKTHOCTH, HACIIEJACTBEHHONM HOPMaIbHOCTU U
HACJIE/ICTBEHHON CYETHOM KOMITAKTHOCTH SKBUBAJICHTHO METPU3YEMOCTH KOMITaKTa X.

JlOCTOBEPHOCTHh Pe3yJIbTATOB HMCCJIEAOBAHUS OOOCHOBaHA CTPOTOCTHIO
MaTeMaTUYECKUX PACCYX ICHUU, HCIOIb30BAaHUEM H3BECTHBIX METOJOB TEOPHUU
TOIOJIOTHYECKUX TPOCTPAHCTB, TEOPHUHU PAa3MEPHOCTH, TEOPUU PETPAKTOB, TEOPHH
IICHTNIOB U TEOPUU KOBAaPUAHTHBIX (DYHKTOPOB, & TAKKE M3BECTHBIX METOJIOB TEOPHUU
GYyHKUIUY 1 QYHKIIMOHAILHOTO aHAJIN3A.

Hay4Hasi 1 npakTHYeCcKas 3HAYUMOCTb Pe3yJIbTATOB HCCJICJOBAHMSI.

HayuyHoe 3HaueHue TOIYYEHHBIX PE3YJbTATOB COCTOMT B HCCJIEIOBAaHUU
FEOMETPUYECKUX U  TOMNOJOTMYECKUX CBOMCTBAX MPOCTPAHCTB, SIBIISIOIIMXCS
3HAYEHUSIMA KOBAPHUAHTHBIX (DYHKTOPOB.

[IpakTHyeckass 3HAYMMOCTh JUCCEPTALIMM COCTOUT B TOM, UTO PE3YJbTaThI,
Kacaroulecss pa3MEpHOCTH MPOU3BEIACHUS, METPU3YEMOCTH TOMOJOTHYECKHUX
MPOCTPAHCTB, OyAYT HCIOJB30BAHbI B TEOPUU T'€OMETPUKO-TOMOJIOTHYECKUX
CBOMCTB KOBApPUAHTHBIX (DYHKTOPOB.

BHenpenne pe3yJbTaroB Hccje0BaHusi. Pe3ynbTarbl, CBSI3aHHBIE C
TE€OMETPUYECKUMUA W TOIMOJIOTUYECKUMU CBOMCTBAMM TPOCTPAHCTB, SIBJISIOIIAXCS
3HAYCHUSMU HEKOTOPhIX KOBAPHUAHTHBIX (DYHKTOPOB, OBLIM UCHOJB30BAHBI B
CIIEAYIOIIMX HAYYHO-UCCIIEI0BATELCKUX MPOEKTaX:

Pesynbrarhl OTHOCSIIMECS K OMHCAHUS KJIAcChl MPOEKTUBHO-(DAKTOPHBIX,
MPOEKTUBHO-UHAYKTUBHBIX  3aMKHYTBIX M  CUTI'Ma-IPOEKTUBHO-UHAYKTHUBHO
3aMKHYTBIX (PYHKTOpPOB OBLIM HCIOJIb30BaHbBI B mpoekre OT-D4-69
«"apMOHHYECKU aHAIU3, CTENEHHAs] FeOMETPUS M HMX NPWIOKEHHS K 3aJadam
MaTeMaTu4ecKod (U3UKW» TPU HAXOXKACHUE PEIICHUNA CHUCTEM HETWHEHHBIX
ypaBHeHmid Juis 3amaun Komm (crpaBka CaMapKaHICKOTO TOCYAapCTBEHHOTO
yauBepcutete ot 18 HosiOpst 2021 1., No 10-4632). [IpumMeHeHHe 3TUX HAYYHBIX
pe3yabTaTOB TO3BOJIMIIO HAaWTH OECKOHEYHOE YHCIO0 OOOOIIEHHBIX pEelIeHUN
3anaun Komm B kinacce OOpeneBCKUX MeEp, A1 HEKOTOPBIX CUCTEM HETWHEHWHBIX
ypaBHEeHUH ¢ npeodpo3zoBannn Dyprbe.
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Pe3ynararel oTHOCALIMXCA B Kacce IAPAKOMIIAKTHBIX CUTMa-IPOCTPAHCTB
pPa3sMEpPHOCTH KOHEYHOI'O MPOW3BEACHUS B SI3bIKE MOKPBHITUN HE MPEBOCXOJUT CYMMBI
pa3sMEpHOCTEN KOHEYHOI'O YKCJIa MHOXHUTEIEH ObUIM MCHOJB30BAHO B 3apy0eKHOM
UCJICIOBAaHUM  MaTeMaTHUYeCKud  (QUBHKH  JUIS  OMNpEeleICHHS KJ1acc
M303HEPTeTUYECKUIT MHOrooOpa3uii MpPOCTPAHCTBA PEIICHHH OOBIKHOBEHHBIX
nuddepeHnranbable  ypaBHeHHH — (cmpaBka — (CaMapcKoro — HalMOHAIbHOTO
uccnenosarenbekoro ynuepcurera umeHu C.IL.KoponeBa or 7 nekadbps 2022
roga, Ne02-07-3954 4/04). IlpumeHeHHEe HAydyHOTO pe3yJbTaTa IO3BOJIHIO
ONTUMU3HUPOBATh CBOWCTBAa peEIICHUN AU(PepeHInanbHbIX YPAaBHEHUNA MpU
CIIMBKE TPAHUYHBIX YCJIOBHUH JJIi OIPAaHUYEHHBIX UM OECKOHEYHBIX MCTOYHHUKOB
JIETUPOBAHUS TETEPOCTPYKTYP.

pe3ysbTaThl OTHOCALIMECS K NOA(DYHKTOpaM C KOHEYHBIMU CTENEHSIMHU
(pyHKTOpa BEPOSITHOCTHBIX MEP COXPAHSIET CTPAaTHU(PUIIPYyEMbIE IPOCTPAHCTBA U C1a00
CUETHOMEPHBIX MTPOCTPAHCTB ObLIO UCIIOIB30BAHO B 3apy0€KHOM HAYYHOM ITPOEKTE
«Ilna3MeHHble TEXHOJOTUM» TPH ONPEIEICHUE  TOMOTONMYECKUU IUIOTHBIX
CBOMCTB MOANPOCTPAHCTB (crpaBka CamMapCcKOro rocy1apCTBEHHOIO TEXHUYECKOTO
yHuBepcuteta oT 25 okTa0ps 2021 roma, Ne 01.0202/3277). Ilpumenenue
HAay4YHOI'O pe3yJibTaTa I[I03BOJWJIO HANTH HOBBIE TOIOJOTMYECKUE CBOWCTBA—
FOMOTONMYECKM  IUJIOTHBIE  TMOJMHOXXECTBA  KJIACCHI  M303HEPreTHYECKHUX
MHOTIO00pa3uii W ONpEAeNUTh YCTOWYMBOWUTU TOIMOJOTMYECKUE TMPUUUHBI
HBOJIIOLIMY BUXPEW B MOTOKAX.

Anpodanusi pe3yJbTaTOB HCCJIeAOBAHMA. Pe3ynbTaThl AUCCEPTAIIMIOHHOTO
UccienoBaHus oOCyknanuch Ha 15 mexmyHapoaueix W 16 pecmyOnmkaHCKHX
HAYYHO-TIPAKTUYECKUX KOH(pEPEeHLIHSIX.

Iy0imkanusi pe3yabTaToB HccjaenoBanusa. [lo Tteme auccepTaliOHHOIO
UCClIeIOBaHUs OMmyOMKoBaHa 67 HaydHas paboTa, U3 HUX 22 BXOHST B MEPEUYEHb
HAay4YHbIX HW3JAHUW, MPEIJIOKECHHBIX BpICIIel aTTEeCTalMOHHOM KOMMCCHEN
PecnyOnuku Y30ekucTan s 3alUThl JUCCEPTALMi TOKTOpa HayK, B TOM YHCIIE,
u3 Hux 10 omyOnMKOBaHBI B 3apyOeKHBIX KypHaIax U 12 — B pecmyOIMKaHCKIX
HAYYHBIX U3aHUIX.

O0beM u cTpyKTypa aucceprauum. J[uccepraiusi COCTOUT W3 BBEICHHS,
MATA TJIaB, 3aKJIIOYEHHS] M CIKCKAa HWCIOJIb30BaHHOM JuTepaTypbl. OObeM
aucceprannu cocrasisieT 198 crpanum.

OCHOBHOE COIAEPKAHME IMCCEPTAIIMN

Bo BBemeHuM O0OOOCHOBaHBl AaKTYaJbHOCTh U BOCTPEOOBAHHOCTH TEMBI
JMCCepTalliid, B COOTBETCTBUM HCCIEIOBAHMSAM TMPHOPUTETHBIX HAIpaBJICHHMA
pa3BUTHSL HayKH U TexHosnoruit PecryOmuku Y30ekucrana, hopMyaupyeTcs 1elb U
3a/1a4d, a TaKke OOBEKT U MPEAMET HUCCIIEIOBaHMsI, U3/IaraloTcsl HaydHas HOBHU3HA U
NPaKTUYEeCKUE  Pe3ybTaThl  WCCICAOBaHMS, OOOCHOBBIBACTCSI  JTOCTOBEPHOCTH
TIOTyYCHHBIX PE3yJbTaTOB, PACKPHIBACTCS WX TEOPETHUYECKas W TPaKTUUECcKas
3HAQUUMOCTh, TIPHBEJACH CHHCOK BHEAPEHUH W TPAKTUYECKUX PE3YJIbTATOB
WCCIIEZIOBAHUS, CBEICHHS MO OMYOJMKOBAaHHBIM PabOTaM M CTPYKTYpE TUCCEPTAIIUH.
3aTeM wu3naraercs MEXIyHapOIHBIA 0030p HAYYHBIX KCCIIEOBAHUM IO TEMe
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JMCCEePTAlMY, CTENEeHb W3YYEHHOCTH MpoOieMbl M KpaTKuil 0030p MOJIyYEHHBIX
PE3yJIbTaTOB.
Ecnmu  paccmartpuBath  (GyHKTOpel B Kateropuu  COMP —KOMIAKTHBIX

IPOCTPAHCTB U HEMPEPBHIBHBIX OTOOpakeHH B cels, TO 0Oojee KIacCUYECKUM
(«IpeBHUM») TIpUMEPOM SIBIIsIeTCA (YHKTOP B3SITUE TPOU3BEACHUS U B3SITHE
AKCIIOHEHTHI exp .

E.B.lllennn, wuccnenys oOmue cBoWCTBa (YHKTOPOB, BBIASIHII KIIACC
HOPMAJIBHBIX KOBApHWAHTHBIX (PYHKTOPOB, MOCTPOWJI JAJEKO TMPOABHHYTYIO U
OYEHb  COJIEP)KATENbHYIO  OOIIyI0 TEOPHI0 KOBAapPHMAHTHBIX  HOPMAJbHBIX
(YHKTOPOB.

B nmocnegHee Bpems [1O0CTaTOYHO WHTEHCHUBHO HCCIENYETCS HOBOE
HampaBJeHHE B TOIOJOIMU, BO3HMKIIEE HA CTBIKE TEOpui: oO0mmell  Teopuu
TOIOJIOTUYECKUX ITPOCTPAHCTB, TEOPUU PA3MEPHOCTH; TEOPUHU PETPAKTOB; TEOPUI
OECKOHEYHOMEPHBIX MHOroo0pa3uii U TeopuH (YHKTOPOB-T€OMETPUUECKON
TCOPUH KOBapHaHTHBIX (PYHKTOpPOB, Ha KaTeropuu COMP—KOMIIAaKTOB U

HEIPEPBIBHBIX 0TOOpakeHUH (1 0oJiee IUPOKUX KATErOPHil) B ATy K€ KATErOPHIO.

[lonsiTE pa3MEpPHOCTU SIBISIETCS YINIyOJIEHHMEM T'€OMETPUUYECKUX MOHATUI
CBA3HOCTH: KOMIIAKT CBSI3€H €CJIM B HEM OT JIF0O00M TOUYKH /10 JHO00M IpYroil TOUKH
MOXHO JOTSHYTHCSI KOHEYHBIM YHCJIOM IIPOM3BOJIBHO MayblX MmiaroB. Ha
[IpaxkckoM  MEXIyHapOJIHOM  TOIOJOrHuYeckoM cummno3uyme 1981  rona
B.B.®enopuyk nocraBui cienyromue oomuye npo0iaemMsl B TEOPUH KOBaPUAHTHBIX
(yHKTOPOB, ONpEEIMBIINE HOBOE HAMPABICHHUE UCCIIEI0OBAaHUI B TaHHOM 00J1aCTH
tononoruu: (A) Kakue koBapuaHTHbIE (PYHKTOpPHI B KaTETOPUH TOMOJIOTUYECKUX
npocTpancTB coxpanstoT coicTBo 0T A(N )R -nipoctpancTeom?

CaoiictBo ObiTh A(N)R -npocTpancTBOM 3a4acTyro CKIAIbIBAETCS U3 TAKHX

F€OMETPUYECKHX CBOMCTB KaK: CBSI3HOCTb M JIOKaJbHAas CBS3HOCTh B
ONPENICIICHHBIX Pa3MEPHOCTSIX, CTATMBAEMOCTb M JIOKAJIIbHAS CTATUBAEMOCTD,
TPUBHAIBHOCTH TPYII ToMoJIoruil u T.4. Pemienune npoOnembl (A) NMpUBOAUT K
HEOOXOJIMMOCTH pellaTh 3a7a4u Cleayroliei 0osee obiiei mpooIeMsl.

(b) Kak BegyT ce0st Te MM MHBIE TEOMETPUYECKHUE CBOMCTBA TOMOJIOTUUECKUX
MPOCTPAHCTB MPU BO3ACHCTBUM HA HUX PA3IUYHBIMU  KOBapUaHTHBIMU
dyHKTOpamMu?

ITockonbky CBOMCTBAa  TOMOJIOTMYECKOTO MIPOCTPAHCTBA MOYKHO
paccMaTpuBaTh Kak CBOWCTBA €r0 MOCTOSIHHOTO OToOpaxeHus, To npoonemy (b)
€CTECTBEHHO MOKHO PACIIMPUTH JI0 CJIEYIOLIEH:

(B) Kak BemyT ceOst Te Win WHBIE CBOMCTBA OTOOpaKEHUHN TIPU BO3JACHUCTBUU
Ha HUX Pa3INYHBIMU KOBAPUAHTHBIMH (PYHKTOpaMu?

Pa3po3HeHHbIe pe3yabTaThl OPOUUIBIX JIET, OTHOCSAIIUECS K 3TOW TEMATHUKE, B
MOCJIETHAE TOMAbl CIWINCh B €IWHBIN IIMUPOKUA TIOTOK, OOpa3oBaB HOBOE
HalpaBJI€HUE B  TOMOJOTMM —  TOMOJIOTUKO-TEOMETPUYECKYIO  TEOPHIO
KOBapHaHTHBIX (YyHKTOpPOB. Bompoc moBenaeHUsT CBOWCTB MNPOCTPAHCTB U
OTOOpaKEHUM TPU BO3JCUCTBMM Ha HUX (YHKTOpaMu COJEPXKHUT B cede
CJIEYIOLIMN BOIMPOC: HACKOJIBKO (PYHKTOPHI YIYYIIAIOT T€ WM HHbIE CBOMCTBA
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IpOCTPaHCTB U O0TOOpakeHuil? IloaTOMy, €CTeCTBEHHO, MOCTaBUTh CIEAYIOIIYIO
npodJieMy:

(I') Kak Beagyt ce0s TeOMETpUYECKHME WM TOIOJOIMYECKUE CBOMCTBA
IPOCTPAaHCTBA M OTOOpaKEHWM mpu mepexome orT mpocrpanctBa F(X) u

orobpakenust F(f)x mpocrpanctsy X u orobpaxenwuro f coorBeTcTBEHHO (31€CH

F-koBapuanTHbli  QyHKTOp)? B wactHOCTH, TyCcTh .7 — HEKOTOpPOE
reOMETPUYECKOE MJIU TOMOJOTHYECKOe CBOMCTBO. I Kakux (pyHKTOPOB U3 TOTO,
yro F(X) (coorsercrBenno F(f)) oOmamaer coiictBoM .7, BhITEKaeT, 4to X

(coorBerctBenHo f) oOmamaer »TUM cBolicTBoM? M Hao0OpOT, KaKOBBHI
r€OMETPUYECKHE CBOMCTBA MPOCTPAHCTB U OTOOPaKCHHH, KOTOPBIC IS JTaHHOTO
¢ynkropa F nepexomsar or F(X) u F(f) k X u f coorsercrBenno?

(1) Haiftu HeoOXomumble W JOCTAaTOYHBIC YCIOBHS JJIi TOTO, YTOOBI
TOMOJIOTMYECKOE  IPOCTPAHCTBO  OBUIO  TOMEOMOP(HO  METPUUYECKOMY
OPOCTPAaHCTBY. JTa mpobjemMa METPU3ALUU TOMOJIOTHYECKHX IPOCTPAHCTB CO
BPEMEH IMEPBBIX padOT O TEOPUHU TOMOJOTHUECKUX MPOCTPAHCTB MPHUHAMJIEKAIA K
LEHTpaJIbHBIM Tpo0iieMaM OOIIe TOMOJIOTHH, ONPEASIUBIIMM BO MHOIHMX
OTHOIIICHUSX MYTH Pa3BUTHSL.

[lepBble METpHU3aMOHHBIE TEOPEMBbl OBUIM JIOKAa3aHbl OCHOBATEISIMHU
MOCKOBCKoW Tonosnornueckor mkosbl [1.C.AnexkcangpoeiM u I1.C.YpsicoHOM.
N3BecTHO, UTO METPUUECKUE MTPOCTPAHCTBA 00PA3yIOT BeCbMa OOLIMPHBINA U OYEHB
BAKHBIM KJIACC TOMOJOTMYECKUX MPOCTPAHCTB, IOCKOJIBKY BCSKas METpHUKa
€CTECTBEHHBIM 00pa3oM TMOPOXKAAET ONPEIEICHHYI0 TOMOJOTHI0, KOTOpas
Ha3bIBACTCSI METPUUECKON Tomosiorneid. K ocCHOBHBIM M Hambojee reoMeTpUYHbIM
TOMOJIOTMYECKUM HHBapUaHTaM, H3y4aeMbIM OOLIEH TOIMOJIOrHel, OTHOCUTCS
pa3MepHOCTh TOIOJIOTMYECKOTO MPOCTPAaHCTBA, oOoOmaromas 3JIeMEHTapHO-
reOMETPUUYECKOE IMOHSATHE YHClIa H3MEPEHUH TeOMEeTpUyYecKux (Guryp, HoO W,
HaIpuMep, COBEPIUEHHO ITPOU3BOJIBHBIE IOJMHOKECTBA TOIOJOTHYECKHUX, B
YaCTHOCTH, €BKJIMJIOBBIX MPOCTPAHCTB.

(E) B uccinenoBanuu Teopun pa3MepHOCTH OJHOW M3 LEHTPAIBHBIX MPOOIeM
ABJISIETCS  Pa3MEPHOCTh KOHEYHOrO0 YHCIa MPOU3BEICHUS KOHEYHOMEPHBIX
TOIOJIOTHYECKUX TPOCTPAHCTB B KaTEropud [10P, T.e. BBHIMOJHAETCS JIH

CIeNyIOlee HEPABEHCTBO, HA3bIBAEMOE JIOTAPU(PMUYECKAM 3aKOHOM  JIJISt
pa3meproctu dim:
dim[ T, X; <>, dimX, (*)

[lepass rnaBa jucceprauuy, Ha3BaHHas «Pa3MepHOCTH TIpoM3BeeHUSA
HEKOTOPBIX TOMOJOTHYECKUX MPOCTPAHCTBY, MOCBsIIEHa peieHuto mpoodiemsl (E)
st pazmeprocT dim Tpon3BeICHUS B KATETOPUH TTAPAKOMITAKTHBIX O -[IPOCTPAHCTB,
CTpaTU(PUIIMPYEMBIX TPOCTPAHCTB, IMAPAKOMIIAKTHBIX MYPOBCKUX MPOCTPAHCTB,
MapaKOMIIAKTHBIX MpocTpancTB Haratel u mapakommnakTHbix MN -mipocTpaHCTB.

JIJist M370KEeHNUsSI OCHOBHBIX PE3yJIbTATOB NMpHBeneM (aKThl U ONpeNeTeHUs
CIEAYIOUIUX MOHIATHH.

Onpenesedue 1. Cucrema y MHOXECTB, JIeXKAIIUX B MPOCTPAHCTBE X ,
Ha3bIBACTCSl JIOKAbHO-KOHEYHOW B X, €COM Kakaas Touka Xe€ X HMeeT
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OKPECTHOCTDH OX, NEPECCKAOIIYIOCsA HE 60.]'[66, 9€M C KOHCYHBIM 4YHCIOM
QJICMCHTOB CUCTCMBI Y .

Onpenenenne 2. CucreMa ¥ MOAMHOXKECTB MPOCTPAHCTBA X HAa3bIBACTCS

JUCKpETHOM B X, €CIIM KaxJas Toyka XxeX o0nagaeT okpecTHOCThIo OX,
nepecekaroierics He 6oiee, 4eM ¢ OJHUM U3 MHOKECTB CUCTEMBI ¥ .

Onpeneﬂenne 3. Cucrema Y IMOJAMHOKCCTB HpOCTpaHCTBaX , HA3BIBACTCA O

-JIOKQJIbHO-KOHEYHOM (COOTBETCTBEHHO O -IUCKPETHOI), €CJIM OHA MPEJCTaBUMa B
BUJIE CYeTHOH cymMmbl y =)y, JOKaIbHO-KOHEYHBIX, (COOTBETCTBEHHO,

JHCKPETHBIX) CHCTEM J;,1=1,2,...

Omnpenenenue 4. Mbl TOBOpUM, 4YTO CHCTEMAa MHOXKECTB ) BIIMCAaHA B
CHUCTEMY MHOXECTB ¥ ( WU CIEAYyeT 3a HEl), €CIU KaXKJbIi JIEMEHT CUCTEMbI )
SBJISIETCS] TIOJIMHOKECTBOM XOTS OBl OJTHOTO AJIEMEHTA CUCTEM ¥ .

Onpenenenue 5. Tonosnoruyeckoe IIPOCTPAHCTBO Ha3bIBACTCS
MapaKOMITAKTHBIM, €CJIH BO BCSKOE OTKPHITOE MOKPHITHE () 3TOT0 MPOCTPAHCTBA
MO>KHO BIHCATh OTKPBITOE MOKPBITUE (V, SIBISIFOIIEECS JTOKAIbHO-KOHEYHBIM.

Omnpenesenue 6. [l m1000TO TOMOJOTHYECKOTO MPOCTpaHcTBa X U
HaTypaJlbHOTO 4yKciaa N monaraem dim X <n, eciu B 1000€ KOHEYHOE OTKPHITOC
nokpeiTie (2 mpocTpaHcTBa X MOKHO BIHCAaTh KOHEYHOE OTKPBITOE MOKPBITHE
@ KpatHoctd <Nn+1.

Ecmu mpoctpanctBo X  yaomieTBopsier HepaBeHCTBY dimX <n, HO He
ynoByieTBopsieT HepaBeHCTBY dIM X <n—1 (t.e. ecim dim X <N u B TO K& BpeMs
JUIS HEKOTOPOTO OTKPBITOIO HMOKPBHITHS ) BCSAKOE BIIMCAHHOE B HETO OTKPHITOE
MOKPBITHE (@ UMEET KpaTHOCTH>N+1), To dimX =n.

Ecnmu HM s kakoro HaTypaibHOrO N HepaBeHcTBO diIMX <n He
OKa3bIBACTCsI HE BBHIMOJIHEHHBIM (T.€. €CIM KO BCAKOMY N CYIIECTBYET TaKoe
OTKPBITOE MOKpHITHE (), UTO BCSIKOE BIIMCAHHOE B HETO OTKPBHITOE MOKPBITHE @
UMeEET KPaTHOCTh > N+1), TO TOBOPUM, UTO MPOCTPAHCTBO X OECKOHEYHOMEPHO, U
numiem dimX =o0.

Bronne perymspHoe mpocTpaHCTBO X — Ha3bIBaeTCsl MEPUCTBIM (P -

NPOCTPAaHCTBOM), €CIM CYHIECTBYET CYETHOE CEMEWCTBO U, IOKPHITUH

MpOCTpaHCTBAa X MHOXECTBAMH, OTKPBITBIMH B ero pacrmpenun CroyHa-Yexa
e 0]
SX Takoe, uto ()3,(x,u,)C X nns xaxnoi Xe X .
n=1
B cneayromedi TeopeMbl TMOKa3aHO 3HAYeHHUH pasMepHocTtd dim s
apaKOMITAKTHBIX ¢ —IIPOCTPAHCTB
Teopema 1. B xareropuu mapakOMIAKTHBIX o —IPOCTPAHCTB BEPHO
HepaBeHcTBO: diM X xY <dim X +dimY .
Onpenenenne 7. Tononornyeckoe T,-npocTpaHcTBO X Ha3bIBAETCS

CTpaTuPUIUPyEeMbIM  (WJIM  KPYKEBHBIM)  TMPOCTPAHCTBOM  (KOpPOTKO,  St-
MPOCTPAHCTBOM), €CIM KaKIOMY OTKphITOMy MHOXecTBYy U — X  MOXHO
COIIOCTABUTH MOC/EA0BATENBHOCTh {U :Ne N} OTKPBITBIX MOAMHOXKECTB TAKHM

00pa3oM, 4TOOBI BBITTOJIHSUIUCH CIAEAYIOIINE YCIOBHUS:
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a) U cU s kaxgoro neN; 6) U{U,:neN}=U; B) ecru UV, 10
U, <V, s Beex N. CemelictBo {Un} Ha3bIBAETCS CTpaTHU(PUKALUEH (KPY>KEBOM)

npocTpancTea X .
Omnpenenenne 8. Tomonornyeckoe npocrpanctso (X,7) maswiBaercs MN —

IPOCTPAHCTBOM, €CIU CyIIeCTByeT Takoe otoOpaxkenue (J:NxX =7, dro

XxeNg(nX) gt Beex Touek X€ X M OHO YNOBICTBOPSET CIELYIOLIMM
n=1

yenosusim: ecin (p,x. )< g(ny,) 1 g(n p)g(nx )< mia sBecex Nn. Torma
TII0CJIEIOBATENBHOCTD (X ) CXOOHUTCS K TOUKE P .

3akioYeHUe TeopeMbl 1 BepHO i pa3MepHocTH OiM  KOHEYHOTO
IPOU3BECHUS B KATETOPUH CTPATU(DUIIMPYEMBIX IPOCTPAHCTB U MAPAKOMITAKTHBIX
MN -mipocTpaHCTB.

Bropas riaBa HazaHa «MeTpHU3yeMOCTh OMKOMIIAKTOB M KOBAPHAHTHBIE
(pyHKTOPBI ¢ KOHEYHBIMH HOCUTEJISIMH» U TIOCBSILEHA H3YYEHHUIO BOIPOCA
(mpobsiemsl (1)) METPU3YEMOCTH pa3IMYHOro Kjlacca OMKOMITAKTOB MPH BO3IECHCTBUU
Ha HHUX OINpPENEIIEHHOIO Kjlacca KOBAPUAHTHBIX (DYHKTOPOB C KOHEYHOM CTENEHBIO U
KOHEYHBIMU HOCUTEIISIMHU.

B oroii  riaBe  yCTaHOBIIEHBI ~ CBOMCTBAa  THMNA  METPU3YEMOCTH
TOIOJIOTHYECKOTO  mpoctpanctBa Buma F(X), rme F —  Hekoropsi
KOBapHAaHTHBIM (PyHKTOp C KOHEYHBIM HOcWUTeJIeM. B yacTHOCTH, uccienoBaH
BOIIPOC O METPH3yeMOCTH IPOCTpaHCTBa cymeppacmmpenns A(X), rme X —
HEKOTOPBI OMKOMIAKT.

IlepBblii maparpad 3Toil rjaBbl NOCBSIIEH KOBAPUAHTHBIM (PYHKTOpaM C
KOHEYHBIMM HOCUTEIISIMU U HOCUT BCIIOMOTaTEIbHBIA XapaKTep-3/1€Ch TPUBOIUTCSA
HEKOTOpbIe (paKThl, 0003HAUYCHUSI U3 Ki1acca (PYHKTOPOB KOHEUYHBIMU HOCUTEIISIMHU.
Yepez exp obOo3HauaeTcsi (PYHKTOp B3STHS TUIEPIPOCTPAHCTBA 3aMKHYTBIX
MOJIMHOKECTB KOMIakTa. DYHKTOp €XP CTaBUT B COOTBETCTBUE (HEIYCTOMY)
OMKOMITaKTy X  MHOXECTBO exp(X) BCEX HEMYCTbIX 3aMKHYTBIX €rO

MOJAMHOXKECTB,  HajJeJleHHOe  (KOHe4YHoM)  TomoJsiorued  Brletopuca, a
nenpepbiBHOMY otobpaxenuto f : X —Y —orobpaxenne exp(f)(A)= f(A), rue

Aeexp(X). Jlast OTKPBITBIX MHOKECTB Uy, U,,...,U. < X MOJOKHM
O(u,,u,,...,u)={F:FeexpX,F c Lnjui, FNu, #,i=1n}:;
i—1

CemelictBo MHoOxkecTB Buga O(U,,U,,...,U ) oOpasyer 0a3y TONOIOTUU
BrleTopuca Ha MHOXKecTBe EXP(X).
IIycts  F :Comp — Comp —koBapuantueiii  ¢pynkrop. Yepes C(X,Y)

0003HavYaeTcs MPOCTPAHCTBO HEMPEPBIBHBIX 0TOOpaxkeHn 3 X B Y CHaOXXEHHOE
KOMIIAKTHO-OTKpbITOM  Tomojorueit. B wactaoctn, C({k},Y) ecrectBenno

romeomopdro K —oif cremenu Y mpoctpanctBa Y :otobpaxennto & :i{k}—Y
craButcs B coorsercTBUE Touka (£(0),£(D),...,E(k —1) e Y.
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s pyukropa F, Oukommakra X M HaTypaidbHOro yucia K ompemenum

O0TOOpaKeHUE
7e x i - C{K}, X) x F({k}) > F(X) 1)
PaBCHCTBOM
e x (& @) =F(&)(@), rne £ e C({k}, X),ae F({k}).

Koraa sicho, 0 kakoM (pyHKTOpe U 0 KakoM OukomiakTe X HAET pedb, MbI Oy1eM
0003HayaTe OTOOpaxkeHMe 7, 4Yepes 7wy, wm .. Orobpaxkenue

F:C(Z,Y)—> F(F(Z),F(Y)) menpepbiBHO /jisl BCAKOTO HEMPEPHIBHOIO (PYHKTOpPA

F u 6ukommaktoB Z u Y. CiemoBarenbHO, Il HENpepbIBHOTO ¢GyHKTOpa F |
OukommnakTa X M HaTypaJbHOTO umcia K oroOpakeHue 7. , , HENPEPHIBHO.

®ynkrop F HazeBaercs dynkTopom cremeHu N, ecan F (X)=F(X) ms
Becakoro oukommnakra X , Ho F ,(X)# F(X) ans nexoroporo X .

Jlist dynkropa F, COXpaHSIONIEr0 TE€PECceucHusl, OMpeneieH HOCUTEINb
snementa a€F(X), 1. e. mepeceueHme BceX 3aMKHYTHIX MHOXecTB Ac X,

Takux, 4yro a€ F(A). 3naunt, umeem supp.(a) =A:aeF(A),A 3aMkHyTO B
X}. Ecnu sicHO, 0 KakoM (YHKTOpE U MPOCTPAHCTBE UAET Pedb, HOCUTENb TOYKH
a o0Oo3HadaeTcsa depe3 SUPP-(a). Tem caMbIM OIPEAENEHO MHOTO3HAYHOE
oTobpaxkeHue: supp.(a): F(X) —»>expX.

N3 onpeneneHuit pyHKTOpa U HOCUTENS BHITEKAET, UTO

f (supp(a)) = supp(F(f)(a)) (2)
s HerpepbiBHOTO otoopaxkenus f X =Y u aeF(X). ScHo Takxe, uro
a e F(supp(a)). (3)
Ecnu pynxrop F coxpansier mpooOpassl, To F coxpansieT Hocutenu, T.€
f(supp(a)) = supp(F ()(a)). (4)

AUYurorumze NOpemIoKUI OJWH  CIMOCOO  MPOJOJDKEHUS]  BCIKOTO
MOHOMOpP(GHOTO0, coxpansromniero nepeceucnus ¢pyuakropa F:Comp — Comp, na

KaTeropuro  1YCh-TUXOHOBCKUX MPOCTPAaHCTB  CIHEAYIOMIUM  00pasoM: JUis
THXOHOBCKOTO mpoctpanctea X mnosaraercs F,(X)={aeF(8X):supp(a) < X}.
Hanee, ecin f 1 X —>Y —HenpepsiBHOE 0TOOpaKEHUE TUXOHOBCKUX IPOCTPAHCTB
u Lf:fX > LY ero (eaMHCTBEHHOE) MPOJOKEHHE HA CTOYH-YEXOBCKYIO
KOMIMaKTU(PUKAIIUIO, TO U3 (2) Beitekaer, 4to F(Bf)(F,(X))cFY n,
cnepoatenbHo, nonaras F,f =F(Bf)[,, ycranasnmsaercs (yHKTOpHaIBHOCTD

KoHCTpyKumu F,. M3BectHo, 4ro mepexox Kk (QyHkTOpy F, coxpanser Bce

CBOMCTBA  HOPMAJIBHOCTH dbyHKTOpA, MHOTJa 1O HEO0OXO0IMMOCTHU
mouduimposanHbie. 13 onpenenenust pyHkTOopa F, BEITCKAET, B Y4CTHOCTH, 4TO
f(SuppFﬂ(X)(a)) :SuppFﬁ(Y) Fﬂ(f)(a) (5)

I coxpansromiero mpoobpaser ¢ynkropa F:Comp — Comp, nenpepsiBHOTO
oroopaxkernus f: X >Y u ae F,(X). B nanbHeiinem, Kak mpaBuiio, Mbl OyaeM
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0003HauaTh OAHOMN M TOM ke OykBoii F kak ¢yukrop F:Comp — Comp, tak u

ero nponoinkenue F,:Tych —Tych Ha KaTeropuio THXOHOBCKUX IPOCTPAHCTB.
Jlns TuxoHoBckoro mpoctpanctBa X, dynkropa F:Comp —>Comp wu

HaTypalibHOrO  umcia K nonoxuMm R (X) =7 ,,  (CHk})) < F({k}).

Orpannyenne OTOOpaXeHus 7, ;. Ha C({k}) x F({k}) obGo3naunm uepes 7, .

Ecmm f:X —>Y - wHenpepriBHOE 0TOOpakeHHE, TO W3 KOMMYTaTHBHOCTH
nuarpammMel (1) st otobpaxenust ff Borekaer, uro F(Bf)F (X)cF (Y).
CnenoBarenbHo,  mojaras F(f)=F(8f), mnomydaem  oToOpaxenue
F(f):F(X)—>F/(Y). Takum oO6pa3oM, ompejelleH KOBapUAHTHBIA (YyHKTOD
F :Tych — Tych, sBrstomuiics nponomkenuem dpynkropa F:Comp — Comp.

Bo BTOpoMm mnaparpade BTOpOii riaBe wu3zyyaercsi QyHKTOp A H
METPU3YEMOCTh OMKOMIIAKTOB.
Cucrema & 3aMKHYTBIX T[IOJMHOXKECTB TIPOCTpaHCTBa X  Ha3bIBaeTCS

CHGHHCHHOﬁ, eCIIH JIIOOBIe ABa JJICMCHTa H3 5 IMCPCCCKArOTCA. CI.[GHJIGHH&H

CHCTEMa, HE COJIEPIKAIIAsACS HU B KAKOM JIPYyroi CHEIUIEHHON CUCTEME, Ha3hbIBACTCsS
MaKCHMaJIbHOM (KOPOTKO, M.c.c.). [l Ouxkomnakra X uepe3 A(X) oGosHauyaercs

IPOCTPAHCTBO, TOYKAMH KOTOPOTO CIy>KaT BCE MAaKCHUMAJIbHBIE CUEIJICHHBIE
CHCTEMBI 3aMKHYTHIX IIOJMHOKECTB TpocTpancTBa X . Mmuoxkectso A(X)

HA3BIBAETCS CYINEPPACIIMPEHUEM TOIOJIOTMYECKOTO MPOCTPAaHCTBA X , €CIH OHO
HaJIEJICHO BOJMAYHOBCKOM TOMOJIOTHEH, OTKPBITYI0 0a3y KOTOpoll 00pa3yroT

MHOkecTBa BuAa: O(Uy,U,,...,U ) ={& € A(X): ana moboro i=1k cymecTByer
F €& rtakoe, uro K cuU,, rae U —OTKpBITEL B X, i —1,k. Jlna mpou3BOIBLHOI
Toukn X € X uepe3 77(X) 0003HAUMM CEMENCTBO BCEX 3aMKHYTHIX MOJAMHOKECTB
npocTpancTBa X , comepxammx touky X, T.e. 77(X)={F c X:xeF}. Takum
oOpasom, onpezeneno orobpaxenue 77: X — A(X), KoTopoe HENPEPLIBHO B CHITY
OYEBHIHOTO PABCHCTBA

u=7"0(u) (6)
JUIA JII00Or0 OTKpBITOro MHOXKectBa UC X . M3 paBeHctBa (6) momydaem, 49To
n(u) =0(u)Nn(X). Crenosarensho, otobpakenue 77:X —1(X) oTKphITO.
Kpome Toro, mus T, -mpoctpanctBa X oToOpaxenue 77:X —>77(X) B3auMHO
ogHo3HayHo. Yepes A (X) 0003Ha4MM MOAIPOCTPAHCTBO CYNEPPACIIUPEHUST
A(X), cocrosiiiiee W3 BCEX MAaKCHMAIBHBIX CIEIIEHHBIX CHCTEM, HOCHTEIH
KOTOPBIX UMEIOT MOIIHOCTh <N. [lycTh £ —MakcuManbHas CICTUICHHAs CUCTeMa

(KOpOTKO, MCC) 3aMKHYTBIX MHOXKECTB X .
IToncucremy &'c & nHazoBem 0azoit &, ecnu mis moboro sneMenta F e &

cymectByeT Takod snmeMeHT ®el', uro dcF. Herpynmno mnokasarb, 4TO
cuctemMa &, HauMMEHBIIMX (IO BKIIOYEHHIO) DIEMEHTOB M.C.C. & SBIIAETCA
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HauMeHbIe Oaszoit &. Hocutenem w.c.c. £ OyaeMm Ha3bplBaTh MHOXECTBO
supp(&) =USE, . Ectn X - OeckoHeuHbIH OMKOMIIAKT, TOJI0KUM

A4, (X)={¢": ¢ € A(X),| supp(&) [< n}-
3amerumM, mnpexnae Bcero, 4ro A (X) (OTOXKIECTBIAETCA M.C.C. C €€
ongHorodeyHbiM HocuteneM) U A, (X)\ A4 (X), NOCKoaBKy HE CYIIECTBYET M.C.C.,

HOCHUTETb KOTOPOM coCTOsT ObI POBHO M3 ABYX Todek. OpaHako mpu N >3 Bce
MHO)kecTBa A (X) pasauyeel. B camoM geme, i mo6oro N=>3 MOXKHO

MOCTPOUTh M.c.c. & € A(X), HOCHTENb KOTOPOH COCTOMT U3 N TOYCK X, X,,..., X, .

Hanpumep, & M0OXHO 3a/1aTh ¢ ITOMOIIBIO TaKOW 0a3bl:

& =X X X FU{{X X} k = 2,

HarmoMHMM, 9TO TOMOJOTMYECKOE MPOCTPAHCTBO CYETHO MapaKOMIIAKTHBIM,
€CJIM B KaXJIO€ €ro CYCTHOE OTKPBITOE MOKPHITHE MOXKHO IUCATh JIOKAJIBHO-
KOHEYHOE OTKPBITOE TIOKPHITHE.

Teopema 2. ITycts X - Guxommnakt u N>4. Ecmu npoctpanctBo A (X)\ X

HACJIEICTBEHHO CYETHO-TTAPAKOMITAKTHO, TO OMKOMITAKT X METPHU3YEM.
Hcnons3ys GyHKTOpHANIBHEIE CBOMCTBA cyneppacuupenus A (X) xoMmakTa

X mpu N>4 noka3pIBaeTCs CIEIyOmas
Teopema 3. Ecin pana Ouxommakra X  mpoctpanctBo A (X)(N>3)

HACJIEICTBEHHO HOPMAJIbHO, TO OH METPU3YEM.

Tperbeit maparpad BTOpOl TIJIaBbl TIOCBSLIEH  METPU3YEMOCTH
OMKOMIIAKTOB U HOPMAJIbHBIM (DYHKTOpPaM C KOHEUHBIMU HOCUTEIISIMH.

Omnpenenenue 9. Tomojornyeckoe MPOCTPAHCTBO X HA3BIBACTCS CUYETHO-
KOMITAKTHBIM, €CJTA U3 KaKJOTO CYETHOTO OTKPHITOTO TIOKPBITHS MPOCTPAHCTBA X
MOKHO BBIOPAaTh KOHEUHOE TIOIITOKPBITHE.

B nanHO# WacTH maercsi MOJIOKHUTENBbHBIN OTBEeT Ha Bompoc (D) B ciydae,
xoraa npocrpanctBo F(X) HaciencTBEHHO CUETHO-KOMIIAKTHO M JIOKA3BIBAETCS

METPU3YEMOCTh ITpocTpaHcTBa X .
Teopema 4. Eciiu nnst kakoro-HuOy1p HOpMalibHOTO (byHKTOpa F  cTenenu
>3 wum xaycmoppoBa cyeTHO-KOMIAakTHOro X  mpocrpancteo  F(X)

HACJIEICTBEHHO HOPMAJIbHO, TO X - METPU3YEMBbI KOMIIAKT.

Ecnu paccMoTpuM HOpManbHBIH (QyHKTOpP B3ATHS N—0# creneHn X' H
yepe3 A 0603Hauum ero auaroHanu {(X, X,...,X): X € X}, To umeer MecTo.
N—wwmyx
CaeacrBue. Ecimm mua  Ouxkommakra X npoctpaictBo X'\ A
HACJIEJICTBEHHO HOPMaJIbHO, TO X MeTpusyeM (rae N> 3).
B Tperbeli rmaBe guccepraumu, Ha3zBaHHOM —«l'eomerpuuyeckue U
TOMOJIOTHYECKHE cBoiicTBa mpocTpancrBa P(X) BeposiTHOCTHBIX Mep M ero

NMOAMPOCTPAHCTBY, peatorcs 3agaun (A)-(I) s pyHkTOpa P BEpOSITHOCTHBIX MEp
U ero noAQpyHKTOpoB. Ham HYyXHBI Clieayrone MoHITHE U 0003HAYCHUS: HATIOMHHM,
YTO  TOMOJIOTUYECKOE  MPOCTPaHCTBO X Ha3bIBACTCA  MHOTOOOpa3ueM,
MOJICJIMPOBAHHBIM Ha mpocTpaHcTBe Y wi Y -MHOrooOpasueM, eCIIM BCSIKash TOYKa

MIPOCTPAHCTBA X HWMEET OKPECTHOCTh, TOMEOMOP(HYIO OTKPHITOMY IMOJMHOXKECTBY
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npocrpanctea Y. Q= ﬁ[—l,l]i —rub0epToB KyO, [-1,1], —orpesok Ha mpsmon R,
i-1

W* ={(g,) €Q: g, =+1}—i—as rpanb kyda Q, BdQ = [jWii — TICeBIOTPaHMUIIA Ky0a
i1
Q, a S=Q\BdQ —nceBnoBuyTpeHHOCTE Kyba Q . (,-cemapabenbHoe rHIE0epTOBO
npoctpanctBo, Q'= ﬁ[—l, 21] —TWIBOCPTOB  KUPIHY; . -JWHEHHAs 000J0uKa
i .

craHiapTHoro  kuprmya Q' B TrwibOeproBaM  IpOCTpaHcTBE /[,

rintQ={x=(x,)Q: ‘Xn‘ <t<l,neN}, [ng 3THUX MNPOCTPAHCTB HMEET MECTO
Tomonorndeckue  paserctBo  [INtQ=BdQ wu BdQ=X, () —muneinoe
TMOATPOCTPAHCTBO TMIILOEPTOBA MPOCTPAHCTBA (,, COCTOSAIIEE U3 BCEX TOUEK, JHIIb
KOHEYHOE 4YHUCIO KOOPAMHAT KOTOPHIX OTIMYHO OT Hyns, Q' —mommpocTpaHcTBO
runsOepToBa Kyba Q , cocrosiiiiee U3 BCeX TOYEK JIMIIb KOHEYHOE YHCIIO KOOPUHAT
KOTOPBIX OTJIMYHO OT HyJIsI, IPOCTpaHcTBa Q,(, M Y. CHUIbHO OECKOHEYHOMEPHBIE, a
() 1 Q' cmabo GeCKOHETHOMEPHEL.

W3y4eHbpl TeOMETPHUYECKHE U TOIMOJOTMYECKHE CBoWcTBa (QyHKTOpa P
BEPOSTHOCTHBIX MEpP, CBS3aHHBIE PACIOJIOKEHHEM KOMIIAKTOB JpPyr B JPYTe.
OGcrieoBalbl  TpaHr4Hble MHOKecTBa Kommakrta P(X) s mpou3BoibHOIO

O6eckoHeyHoro kommakta X . BblfeneHbl Kakue MOANPOCTPAHCTBA MPOCTPAHCTBA
P(X) seusorcs 6Geckomeuromepubimu |,—Q—-Q' — w ¥ -MHOrooGpasusmu.

M3y4ast pacIoiOKEHHOCTh KOMITAKTOB JPYT B JIpyre, JOKa3aHO KaKWe Mapbl
noamuoxecTB kommakta P(X) romeomopdusr mapam (Q,BdQ) u (Q,B(Q)). Hanee

PacCMOTPEHBI F€OMETPUYECKHUE U TONIOJNIOTMYECKUE CBOKCTBA noanpocTpanctsa P (X)

BCEX BEPOSTHOCTHBIX MEp C KOHEYHBIMH HOCHTEISIMUA B OECKOHEYHOM KOMIakTe X |
NOKa3aHO, 4YTO MnoanpocTpancTtBo P (X) romeoMoppHO OECKOHEYHOMEPHOMY

JMHEHHOMY TIPOCTpaHCTBY. Jlamee mMokazaHO, YTO ISl JIFOOOTO OECKOHEYHOTO
Kommakrta X 9T0 HOApocTpaHcTBo P (X) sABisieTcss IpaHUYHBIM MHOMKECTBOM

xommakrta P(X).

B mnepBom maparpajge Tperbell IUIaBbl HCCIEAYETCS HEKOTOPBIC
reOMETpUYECKHE W TOMOJIOTHYECKHe  CBoicTBa  mpocrpanctBa  P(X)

BEPOSITHOCTHBIX MEP M €0 MOAMPOCTPAHCTB HA METPUICCKOM KoMmakTe X .
[lycts p:L — R nuHeliHoe oTOOpakeHHWe Ha3biBaeTCa PyHKIMOHAT U X —

ouxommakT. Yepes C(X) 0603HauMM IPOCTPAHCTBO BCEX HENPEPHIBHLIX (DYHKIHIA
Ha X ¢ OMKOMITAaKTHO-OTKPBITOM Tomojorueid. MTak, mcronbp3yem o003HaYeHUE
M(X) mms npocrpanctBa  (C(X ))*, T.e. HENPEPBIBHBIM  (YHKIIMOHAI
1:C(X)>R mnasosem wMepoii ma X. Mepa wpeM(X) mnassiBaercs
MOJIOKUTENLHOM (cumBoamMyecku 1 >0), ecmn (@) >0 mis Beskoro ¢>0.

MHOXECTBO  IOJIOKUTENbHBIX MEpP HA3bIBAETCH  IIOJOXKUTENLHBIM  KOHYCOM
npocrpanctea M (X). Mepa 4 monoxuTenbHa TOTAa M TOJNLKO TOTAA, KOTAA
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|| = @, rme 1,:X —[0,1]- dynxuus, ToxnectBenHo pasHas 1. Mepa u
HA3BIBACTCA HOPMHUpOBaHHOH, ecmn [u|=1. TlomoxurensHas HOPMHpPOBaHHAs
MEpa Ha3bIBAETCSl BEPOSATHOCTHOM. 3HAUWT, MOJOXKHUTENIbHAs Mepa /L SBIAETCA
BEPOSITHOCTHOM TOIJa M TOJIBKO TOTHa, KOraa Jlxd u=1. HagenuMm MHOXKECTBO
M (X) cnaboii Ttomosoruei, T.e. Oymem cuurath M (X) nogMHOXKECTBOM
TUXOHOBCKOrO IpousBe/ieHus 4YucIoBbIX mnpsmeix [/{R :peC(X)}. basy
OKPECTHOCTEN AJIEMEHTA ueM(X) 00pa3yroT MHOKECTBA

O(t, 1y, €) ={’ e M(X);
peryispraoe mpocrpanctso. IlogmpoctpanctBo M (X), cocrosmee wu3 Bcex

1(p)—ulp)|<e,i =1k}. Wrak, M(X)-Bronue

BEPOSATHOCTHBIX Mep, 00o3HaunM P(X). Jlerko Buaers, uto mpoctpanctso P(X)
samkayTo B M(X). Kpome toro, P(X) nexur B Npou3BeeHMH OTPE3KOB
m,:0e000) e L=[lollel] n  lol-suplo]:xe X3,
CnenoBarensio, P(X) sBisiercst GUKOMITaKTOM.

[oBopsaT, 4TO Mepa 4 cocpeloTodeHa Ha MHoxectBe F < X, ecnm
[pdp=0 mna moboit ¢ € C(X), obpamatomieiics B Hynp Ha F. Hanmensiuee
3aMKHYTO€ MHOXECTBO, Ha KOTOPOM COCpPEIOTOYCHa Mepa [/, Ha3bIBaeTcs e
HOCcHTeNneM 1 o6o3Haudaercs SUpP 2 ; suppu=(KF c X:F=F u u(X)=u(F)}
. JIns BesikoM TOYKH X € X CYIIECTBYET CAMHCTBEHHAs] BEPOSITHOCTHAsE mepa &, ,
cocpefioToueHHas B X. B camom nene, mycts O, —Takasa mepa. Toraa J, (L) =1 u,
3HauuT, O, () =0, ((X)-1)=¢(X). C npyroit CTopoHsl, Mepa O, , olpeaenaemMas
paBeHCTBOM O, (@) = ¢(X) — BEPOATHOCTHAS M COCPEAOTOYEHA B Touke X. Mepa J,

COCPENOTOYEHHAS B TOUKE X, Ha3bIBaeTcs mepoi Jnpaka.
IIycte f:X —>Y HenpepbiBHOE oTOOpakeHHe MEXKIAY OMKOMIIAKTAMHU.

Omnpenenum menpepsiBaoe oroopaxkenue P(f):P(X) — P(Y), monaras
P(1)(12) = ulpo ). @
HenocpencTBenHas IpoBepKa MOKa3bIBAET, YTO KMEET MECTO PABEHCTBO
P(ge f)=P(g)°P(f),

T.C. KOMMYTAaTHUBHAA JUarpaMMa

X—15Y
gof N g (8)
Z
IIEPEXOUT B KOMMYTATHBHYIO JHATPAMMY
P(X)—P1) 5 P(Y)
P(9)°P(f) N « P(g) 9)
P(Z)

Taxum oOpazom, KOHCTpyKIMs P (dyHKTOpHanbHa U SBISETCS HOPMAIBHBIM
KOBapHAHTHBIM (DYHKTOPOM, JIeiicTBYy oMM B KaTteropun Comp.
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Hns ouxomnakra X dyepes P (X) 0003HauYuM MHOMKECTBO BEPOSATHOCTHBIX
Bcex Mep 4 € P(X), HocuTenn KOTOPHIX COCTOAT He 0oJiee, YeM U3 N TOUEK, T.€.
P,(X) ={u e P(X):lsupp ] <n}.
3HauuT, TOYKH npocTpancTBa P, (X) — 3To BHINyKIIbIE TMHEHBIE KOMOUHAIIH

k k
>mo, . k<nym =1m >0,
i=1 '

=
K K

mep [Jupaka. Ecmm f:X —Y— orobpaxenne, To P(f)(Xmd,)=2md;.,.
i=1 ' i=1 '

3HAYuT, noJjaras P.(f)=P(f) s %) OJTy4aeM 0TOOpaKeHHE
P.(f):R,(X) > R,(Y).

Takum ob6pasom, Mbl onpexenumu (yHKTOp P, 04eBHIHO, SBIAIOLIMICS
noAQyHKTOpoM (QyHKTOpa P, KOTOpBIN SBIAETCS HOPMAJIbHBIM (YHKTOPOM B
kareropun Comp.

Onpenenenne 10. IlnotHoe o—-Z —muoxkectBo B B Q HaseBaercs
rpaHnYHBIM MHOXKecTBOM B Q , ecitt Q\B = /.

Omnpenesenue 11. [lycte X u Y - Tomosioruyeckue MpoCTPaHCTBA, TOBOPAT,
yro mapa (X,A) romeomopdua mape (Y,B), ecnu romeomopdpusm f:A—B
npoaoipkaercs 10 romomoppmzma f: X Y, e Ac X u BcY.

Teopema 5. Ilycte X -OeckoHEuUHBI KOMMAKT, a A < A, C...— 3aMKHYTBIE

o0 o0
[MOAMHOXeECTBA B X , TaKUE, 4TO U A, BCIOAYy IIJIOTHO B X u UA =X, Torna
i=1 i=1

MMEET MECTO TOMEOMOPHHU3M (P(X), U P(A)] ~(Q,B(Q)).
i=1
[TpumeHnsist CBOMCTBA OTKPBITHIX MOAMHOMXECTB KOMIakTa X U Z —CBOWCTB
3aMKHYTBIX OJMHOXeCTB npoctpancTBa P(X) mokasana.

Teopema 6. I mpoW3BOJBHOTO OECKOHEYHOTO KOMIIakTa X | JIFOOOTO
OTKPBITOTO BCIOAY IJIOTHOTO MOJAMHOXKECTBa A, OTIMYHOTO OT X , UMEET MECTO

TrOMEOMOP(PU3M:
(P(X),P(A))=(Q,B(Q)).

N3BecTHO, YTO MHOXKECTBO BCEX MEp C KOHEYHBIMH HOCHUTEIISIMU BCIOIY
IUIOTHO M OHH siBIsieTcs o —Z —mHoxkecTtBamu B P(X).

Teopema 7. JIyis1 mpou3BOJIBLHOTO 0€CKOHEYHOTO KOHEUHOMEPHOI'O KOMITAKTa
X mapa (P(X),P,(X)) romeomopdna nape (Q,Q").

Teopema 8. ITycte X — Takoii OeckOHEUHBII KOMNAKT, uTo P (X) comepkut
MHO€ECTBO, roMeoMopdHoe runsdbeproBomy Kyoy Q . Torma

(P(X),P,(X))=(Q,BdQ)
Bo BTropom maparpage Tperbei riiaBbl pacCMaTpUBAIOTCSA T€OMETPUUYECKUE

Y TOTIOJIOTUYECKUE CBOMCTBA MPOCTPAHCTB, SBIIAIONINECS 3HaYCHUEM TTOIPYyHKTOpa
P, ¢yHkTOpa P BEpOsSTHOCTHBIX MEp Ha METPUYECKOM KoMMakTe X .
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E.B.Illenun onpenemut noagyHkrop P, ¢yHKTOpa P BEpOATHOCTHBIX MED,

oOnafarouii ClIeAyIOUM CBOMCTBOM: €CIM HOCHTENIb MEpPbl [ COCTOUT U3 N
TOYEK X, X,,..., X, TO MEPA, M0 KPaHEN Mepe, OJHOU U3 3TUX TOYEK, HE MEHBIIIE

1_1. On HHTCPCCCH TCM, 4YTO SABJIACTCA q)YHKTOpOM C KOHCYHBIMH HOCHUTCIIIMHU H
n

He uMmeeT KoHeuHou crenenu. Oynkrop P, :Comp — Comp ymoBIETBOPSAET BCEM

TpeOOBaHUsIM, HalaraéMbM Ha HOpMalbHbIE (YHKTOpPEL. W3 ompeneneHus
npoctpanctBa P, (X) caemyer, uro mpoctpancTtBo O(X)- mep Jupaka JeKHUT B

P.(X). Ilycts F -3amkHyTO€ MHOXECTBO mpocTpancTBa X . HemnpepsiBHoe

otoOpaxenue I:X — F HasweiBaercs perpakimeit, ecou F(X)=X s Beskoi

Touku X € F . MHOXecTBO F Ha3bIBacTCsI MPU 3TOM PETPAKTOM.
['oBOpAT, YTO TOMOJOTHYECKOE MPOCTPAHCTBO Y SBISETCS aOCOFOTHBIM
(oxpectaoctueiM) perpakroM B kiaacce K, Y € A(N)R(K), ecim Y eK s

BCsikoro romeomopdusma h, otobpaxaromiero Y Ha 3aMKHYTOE MOJAMHOKECTBO
h(Y) mpoctpanctBa X wu3 wimacca K, muoxkectso Nh(Y) sBusercs perpakTom

(OKpeCTHOCTHBIM) MpocTpancTBa X .
IMpumensst kputepuii  A(N)R  mpoctpancTB M 3KCTEH30pHBIE CBOMCTBA

noAnpocTpancTs P, (X), mokaspiBaercs
Teopema 9. dyukrop P, coxpanser A(N)R -kommakTsr.

Bo BTOpom maparpade Tperbeii ri1aBbl pacCMaTPUBAIOTCSI TEOMETPUICCKHE
M TOIOJIOTHYECKHe CcBoWcTBa (yHKTOpa P BEpOSATHOCTHBIX MEp M €ro
101 yHKTOPOB HA HEKOMITAKTHBIM TOIOJIOTHYECKUM TIPOCTPAHCTBE.

Hssectno, urto mnpocrpanctBo P (X) O —KOMIAKTHO M  COXpaHAET
CJ1a00CYETHOMEPHBIC MTPOCTPAHCTBA. VICTIONB3ys ATH CBOMCTBA JTOKA3bIBACTCS

Teopema 10. Ilyctp X - OeckoHeuHOE cernapabeabHOe O -KOMIIAKTHOE
nmpoctpancTBo. Toraa:

a) P (X)=(},ecin X cnabo cueTHOMEPHO;

6) P,(X)~x ,ecmn X comepKut runs6epToB Kyo.

[IpuMeHsst peTpakTHBIE CBOMCTBa mnoaMHOkectBa O(X) mpocrpaHcTBa
P, (X) nmokasaHo cienyromnias

Teopema 11. CenapabenbHOe NpOCTpaHcTBO P, (X) MeTpusyeMo IOJHOH
METPHKOM, TOTJa M TOJILKO TOT[a, Korja camo X cenapaOenbHO W METPU3YyEeMO
MIOJIHOM METPUKOM.

['oBOpsIT, 9TO TPOCTPAaHCTBO X SBISETCA CIA0OCYETHOMEPHBIM, €ciu X
SBJISICTCSI  CUETHBIM  OOBEAMHEHHUEM CBOMX 3aMKHYTBIX KOHEYHOMEPHBIX

noanpoctpancts, T.e. X =J X;,dimX; <o, X; —3amkayto B X .
i1

Teopema 12. Ilycts X - cmabocuernomepuoe merpuueckoe A(N)R(IN)-
IPOCTPaHCTBO, a F —nokanpHO BBIMYKIBIE MOAQYHKTOPHI QyHKTOpa P, . Torma
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F(X)e A(N)R(N) . B gactaoctu, P,(X)e A(N)R(DN).

Nmest B BHIY cOXpaHeHHe (YHKTOpaMu CI1abOCYCTHOMEPHBIX MPOCTPAHCTB,
kputepuit  A(N)R(9) -tipoctpacte W npuMeHss  CBOMCTB  (pyHKTOpa
BEPOSTHOCTHBIX MEpP C KOHCYHBIMU HOCUTEIISIMH, JIOKA3bIBACTCS CIICTYFOIIHE

Teopema 13. ITycts X —cenapabensnoe nmoanoe A(N)R(9) - mpocrpancTso
u  F-nokanmeHo  Bhmykible  nmoadyHKTOpel  GyHkTOopa  P,.  Torma
F(X)e A(N)R(OM), u cnenosarensuo, P (X) e A(N)R(IN).

YerBepTas I71aBa JUCCEPTAINM, Ha3BaHHas «Pa3MepHOCTHBIE, IKCTEH30PHbIE
M 1IeiiloBble CBOWCTBA TOMOJOTHYECKHMX TMPOCTPAHCTB, SIBJISIIONINECS
3HAYEHUSIMM HEKOTOPBHIX KOBAPHAHTHBIX (PYHKTOPOB)» TOCBSIICHA H3YYCHHUIO
Pa3MEpPHOCTHBIX, SKCTCH30PHBIX U MICHIIOBBIX CBOMCTB TOMOJIOTMYECKUX MPOCTPAHCTB,
KaTeropuii KOHCYHOMEPHBIX WM CIA0OCYCTHOMEPHBIX KOMITAKTOB, KOHEYHOMEPHBIX
MapaKOMITAKTHBIX O -POCTPAHCTB, CTPATU(UIMPYEMBIX MPOCTPAHCTB SBIISIFOIINECS
3HAYEHMAMU  KoBapuaHTHeIX (ynkropos P,,P, ,P, m F, rne F —nokambHO

BBIITYKJIBIE 110J] (PYHKTOPBI yHKTOpaA P, .

N3ydeHbl u uccaenoBaHbl MICUIOBBIE CBOMCTBA OSCKOHEYHBIX KOMITAKTOB IIPU
Bo3zekicTBuM QyHkTOopoB P, MP, A Tarke maerca orser Ha Bompoc (I)
KOHKpETHBIX (yHKTOpoB P,,P, u F, rne F —nokanbHO BBIIyKIIbIE IO (PYHKTOPBI

¢ynxropa P,. B uactHocTH, 17151 6€CKOHEUHBIX KOMNAKTOB X MY MpUBEIEH KPUTEPHUIA
paBeHctBa  meinoB ShX =shY; A Takke mNpuBeleH elle OIUH KPHTCPHI
roMeoMop(hHOCTH TIap MPOCTPAHCTB, KOTOPBIN OyNEeT MpUMEHEH I JOKa3aTelbCTBa
roMeoMOP(HHOCTH Map TMOANPOCTPaHCTB IpocTpancTBa P (X)) BeposSTHOCTHBIX Mep.

B  mepBom maparpade  yerBepTOM  IJaBbl  PacCMATPUBAKOTCS
pa3MEpHOCTHBIE  CBOWMCTBA  TOIMOJIOTMYECKUX  IPOCTPAHCTB,  SBISIFOIIUXCS
3HAQYEHUSAMM KOBAPUAHTHBIX PyHKTOpOB P, u P, .

B cnenyromux Teopemax JaeTcsl OLEHKa pa3MEpHOCTH mpocTpaHcTea P (X)
IS CTPaTU(UIIIPYEMOTO MTPOCTPAHCTBA M JOKA3BIBACTCS COXpaHEHHE (PYyHKTOPOM
P (X) cnabocueTHOMEPHBIX CTPaTH(OULIUPYEMBIX IPOCTPAHCTB.

Teopema 14. Ilycts X —koHeyHoMepHoe St-mpoctpanctBo. Torma P (X)

KOHEeUYHOMepHOoe St —TpocTpaHcTBO. boiee Toro, BEpHO HEPABEHCTBO
dimP, (X)<dimX"+n -1 <ndim X +n—1.

Teopema 15. Ecmu X -cmaGocueTHOMepHOE St -ITPOCTPAHCTBO,  TO
npoctpatctBo P, (X) Toxe cnaGocueTHOMEPHSI.

Bo BTopom nmaparpade yerBepToi ri1aBbl pacCMaTPUBACTCS SKCTEH30PHBIE
U IIEUIOBBIE CBOMCTBA TOMOJOTUYECKUX MPOCTPAHCTB, SBISIOIIUXCS 3HAUCHUSIMU
HEKOTOPBIX KOBApUAHTHBIX ()YHKTOPOB

[lefinoBble CBOMCTBAa OECKOHEYHBIX KOMITAKTOB M Z - CBOWMCTB 3aMKHYTBHIX
OAMHOKECTB npocTpancTBa P(X), mo3Bonmio mokasarh O paBEeHCTBO LIEHUIIOB

OECKOHEYHBIN KOMITAKTOB.
Teopema 16. J[ns m00b1x OeckOHEYHBIX KOMMAKTOB X u Y UMEET MecCTO:
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Sh(X) =sh(Y) rtoraa u Tonsko Toraa, koraa P(X)\ P, (X)~P(Y)\P.(Y).
N3ydyeHne OCECKOHEUHOMEPHBIX BBIMYKIBIX KOMIIAKTOB H Z — CBOWCTB
OECKOHEYHOMEPHBIX MHOT000pPAa3Mii, TIO3BOJIWI JaTh KPUTEPHHA TOIMOJIOTHUYECKOM
HKBHUBAJICHTHOCTH T1ap. T.€.
Teopema 17. Ilycte X - BBEINYKIBIA OECKOHEYHOMEPHBIM KOMIIAKT, a Y, —

pactyuiasa MOCJICAOBAaTCIBHOCTD €ro BBIITYKJIBIX 6CCKOHC‘-IHOMepHBIX

0
MOJKOMIIAKTOB, Takas, 4ro 1) Y, ects Z- MHOXecTBO B Y, ,; 2) UY, Bcrony
i=1

mnotHo B X . Torna mapa (X,UY;) romeomopdna nape (Q,rintQ).
i1

Tperbueit maparpad 4YerBeprol IJIaBbl IIOCBSIIECH HENPEPBIBHBIM
oToOpakeHUsIM, (PYHKTOPAaM U CBOMCTBAM HEIOJBU)KHBIX TOUYEK ITPOCTPAHCTB.

Teopema 18. Eciiu kommakr X anmpoKCUMHUPYETCS] KJIACCOM KOHTHHYYMOB
ITeaHo co CBOWCTBOM HEMOIBWKHOW TOYKH, TOo P (X) u P, (X) obnagaror

CBOVMCTBOM HEMOJBUKHON TOYKH.

UssectHo, uto otoOpaxenne P(f):P(X)—> P(Y) saBasercs tpusmaaHbiMu
Q —pacciioeHusAMH 1T HEMPEPBIBHOTO OTOOPaKEHHUST MEKAY KOHEYHOMEPHBIMHU
komnaktaMu X u Y ¢ 6eckoHeuHoMepHBIMU crosimu T (Y).

Teopema 19. Ilycte f:X —>Y— orkpeiToe oTOOpaXkeHne MeXIy
KOHEYHOMEPHEIMU KommnaktaMu X u Y ¢ OeckoHeunsivu cinosmu f (). Torma
otobpaxenue P (f):P (X)—P (Y) susercs B(Q)-pacciaoenuem.

[Taras rmaBa guccepraunu, Ha3BaHHas «I'eoMeTpUUYecKHe M TONMOJIOTHYECKHE
CBOJCTBA NMPOCTPAHCTB, ABJAKIINXCH 3HAYCHUSIMH NPOEKTUBHO (PAKTOPHBIX
(pyHKTOpPOB», TOCBSIIEHA ONPEACTICHUI0 HOBOIO KJacca KOHEYHO-OTKPBITHIX,
IPOEKTUBHO OTKPBITHIX, MPOEKTUBHO WHAYKTUBHO 3aMKHYTBIX, M IPOEKTUBHO
(GakTOpHBIX ¥  TPOEKTMBHO O — P..C.  KOBapuUaHTHBIX  (yHKTOpOB. JlaHO
(yHKTOpHATIBHOE OINMUCAaHWE JTUX (YHKTOPOB M M3Y4YEHbl TOIOJOIMYECKHUE,
TE€OMETPUYECKHUE CBOWCTBA IPOCTPAHCTB, SBJSIOLIMECS 3HAYEHHUSAMU 3TOTO KIlacca
KOBAPUAHTHBIX (DYHKTOPOB B KATETOPHUSIX IMAapaKOMMAKTHBIX Y. — IIPOCTPAHCTB,
MapaKOMITAKTHBIX P -IIPOCTPAHCTB, MapaKOMITAKTHBIX O —IPOCTPAHCTB,
CTpaTU(PUIIMPYEMBIX IPOCTPAHCTB U METPU3YEMBIX IIPOCTPAHCTB.

B mepsBom maparpade naToM rJaBbl ONPEACTAIOTCS MPOEKTUBHO
(akTopuble (YHKTOpHI B KaTeropuu 1YCh ImpOCTpaHCTB M  HENPEPLIBHEIE
OTOOpPaXKEHUHU B CEOI.

Hawm HyXHBI cieayromue 001en3BeCTHRIC MTOHITUS

Onpenenenne 12. OtoOpaxenune f:X —Y mpocrpanctea X  Ha
npoctpaHcTBa Y Ha3bIBaeTcsl (haKTOPHBIM, €CITU

(1) Muoxectso V <Y o1kpeiTo B Y TOrzma ¥ TOJLKO TOIA, KOIJA OTKPEITO B

X wmHoxectBo f1(V);

OueBugro, B cumy paserctBo X\ f'(V)=f*(Y\V) ycioosue (1)

SKBHUBAJICHTHO YCJIOBHIO.
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(2) MHOXeCTBO ¢h C Y 3aMKkHYTO B Y TOIJIa M TOJBKO TOTJIa, KOT/Ia 3aMKHYTO

B X MHoxkectBO f ()]

®ynkTop F Ha30BEM KOHEYHO-OTKPHITHIM, €CIIM JUIS HATYPaIbHOTO Yncia K
muaoxkectBo F ({k+1}) Obuto otkpeito B F ({k+1}). IIpumepamu KoHEUHO-

OTKPBITHIX (PYHKTOPOB SIBISIOTCSA (PUHUTHBIE (QYHKTOPHI, T.e. QyHKTOpHI F, mms
kotopeix MHOkecTBO F({K}) koHeuno mnst Bcsikoro HarypaiapHOrO umcia K.

®dyukrop F  Ha30BeM MPOEKTUBHO (aKTOPHBIM, E€CITH IS BCIKOTO THXOHOBCKOTO
npoctpancTBa X W BCAKOTO HATypalbHOro uymciaa K oToOpaxkenue

e x « - C({K}, X) x F({k}) = F (X) — daxropso.
Teopema 20. Bcesikuli HENpepbIBHBINA COXPAHSIONIMN ITyCTOE MHOXECTBO U
npooOpas3bl,  KOHEYHO-OTKPHITHIH  ¢dyHKTOp  F:Comp —Comp  siBisieTcs

MIPOEKTUBHO (PaKTOPHBIM.

Teopema 21. Hukakoil HenpepbIBHBINA, COXPAHSIIOMMN MPooOpa3bl PyHKTOP
F ¢ HenpepbIBHBIMUA HOCUTENSIMU HE SIBJISIETCS IPOEKTUBHO 3aMKHYTHIM.

Bo BTOpoM mnaparpadge nfATOd IJaBbl HUCCIEAYIOTCS IMapaKOMIIAKTHBIE
MIPOCTPAHCTBA U MPOEKTUBHO (PaKTOPHBIE (PYHKTOPHI

W3 onpenenenns napakOMNAaKTHBIX O —IPOCTPAHCTB MOKEM 3aKIIOYUTh, YTO
3aMKHYTO€ ITOJAMHOYKECTBO O —IIPOCTPAHCTBA €CThb O —IPOCTPAHCTBO T.€. O —
IPOCTPAHCTBA HACJIEAYIOTCS 110 3aMKHYTBIM MHOXKECTBAM.

Omnpenesenune 13. Tomojoruyeckoe MpOCTpaHCTBO X Ha3bIBaeTCS X -
IPOCTPAHCTBOM, €CJIM B HEM UMEETCS o -AUCKpeTHOe ceMelcTBO N UM MOKphITHE
C mpoctpaHcTBa X , COCTOSIIEE U3 3aMKHYTHIX CYETHO-KOMIIAKTHBIX MHOYKECTB,
takux, 4T0 CeC u CcU — otkpwito. Torna Cc F cU gns HexkoToporo
FeN.

N3 xapakrepuzanuii CTpaTUPUUUPYEMBIX TMPOCTPAHCTB U U3 TEOPEMBI
Maiikia XapakTepu3ylTcs NapakOMMIAKTHBIE MPOCTPAHCTBA, HMEIOIIUE O -
KOHCEpBAaTUBHOE TOKpbITHE. (CneaoBaTellbHO, KaxA0€ CTpaTHPUUIUpyeMoe
MIPOCTPAHCTBO  HOopMmainbHO. C  7pyro  CTOPOHBI, KaXI0€  3aMKHYTOE
TIOZIMHOKECTBO MPOCTPAHCTBA X ecTh G;-MHOKECTBO.

Onpenenenne 14. Dmumoppusm f:X —>Y HasbiBaercs MHIYKTHBHO

3aMKHYTBIM, €CITH CYIIECTBYET TAKOE 3aMKHYTO€ MOJMHOXECTBO A MPOCTpPaHCTBA
X Takoe, uto f(A)=Y uorpanudenue f|, ectb 3aMKHYyTOE OTOOpaXKECHHE.

Onpenenenne 15. ®ynkrop F, HasbBacTCsi NMPOCKTUBHO HHIYKTHBHO
3aMKHYTBIM (KOPOTKO- P.i.C.), €clii OTOOpakeHue 7Te, x x MHIYKTHBHO 3aMKHYTO

TS KaXI0TO TUXOHOBCKOI'O MPOCTpaHcTBa X U MOJOXKHUTEIBHO 1e0ro yncia K.
B cnenyrommx Teopemax TOKa3aHO Kakue (QYHKTOpE SBISIFOTCS — P.i.C.
(YHKTOPOM M COXpAHSET KJIACC MapaKOMIAKTHBIX .- U P —IPOCTPAHCTB.

Teopema 22. Kaxpiii HempepbIBHBIN, MOHOMOPGHBIN, KOHEYHO-OTKPBITHIMH,
COXPaHSIOMUNA TYCTO€ MHOXECTBO, TIEPECEUCHUs U MPooOpasbl  (HYHKTOP
F,:Comp — Comp sBisiercst P.i.C.-GyHKTOPOM.

Teopema 23. Ilycte F; ecte pic-QyHkTop KoHeuHO# cremeHn. Torma
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¢yHKTOp F, COXpaHsieT KIacC MapaKOMIAKTHBIX 2 -IPOCTPAHCTB U KIACC

apaKOMIAKTHBIX P -TIPOCTPAHCTB.

B Tpernbeit mnaparpage mnaTod IrJaBbl H3y4aeTCs IapAKOMIIAKTHBIC
MIPOCTPAHCTBA, MPOCKTUBHO MHIyKTUBHO 3aMKHYTHIE ()YHKTOPBI U Pa3MEpPHOCTb.

B crnenyromeM pesynbraTe JaHO 3HadYeHHWE pasMepHoctd dim s p.i.c.-
(YHKTOpPOB cTeneHr M Jis HapaKOMITAKTHBIX 2. -TIPOCTPAHCTB.

Teopema 24. Ilycts F, ecte pic.-QyHkrop cremern m u X -—

apaKoOMIIaKTHOE . -IPOoCcTpaHcTBO. Toraa
dimF,(X) <mdim X +dimF,({m}). (10)
Ecnu  p.i.c.-pyHKTOp TEepeBOAUT KOHEYHOMEPHOE TMPOCTPAaHCTBA B

KOHEYHOMEPHOE MPOCTPAHCTBA, TO IMOKA3aHO YTO Takue (PyHKTOPHI COXpaHSET
CJ1a00CYETHOMEPHBIE IIPOCTPAHCTBA. T.€. UMEET MECTO
Teopema 25. Ilyctb F ecth p.i.C.-PyHKTOp KOHEYHOW CTEIEHH,

NEPEBOAIINNA KOHEUHOE MHOKECTBO B KOHEYHOUN Pa3MEPHOCTH MPOCTPAHCTBO, X
€CTh CJIa00CYETHOMEPHOE MPOCTPAHCTBO W SABJISIETCS OJHUM W3 CIEAYIOIIETO
KJIacca MPOCTPAHCTB:

a) X —MapakOMIIaKTHBIC  IPOCTPAaHCTBa,  b) p -TIApaKOMITAKTHBIE

IPOCTPAHCTBA; C) o -MIAPAKOMIIAKTHBIC IMPOCTPAHCTBA; d) CTPATUPUIMPYEMbIC
MIPOCTPAHCTBA; € ) METPU3YyEMBbIE MTPOCTPAHCTBA.
Torna Fﬂ(X) ABJISIETCA CJTA00CYETHOMEPHBIM IPOCTPAHCTBOM.

Yerpeproiii naparpag nsaTOM IJIaBbl NOCBIUIEH NU3YYCHUIO Pa3MEPHOCTU
dimu o-p.i.c.-dynkropam. B aToii maparpade Mbl BBOAUM MOHATHE O -P.I.C.-
Gynkrop. JlokaszaHo, 4To GyHKTOpP P, BEPOATHOCTHBIX MEP, HOCUTEIN KOTOPHIX B

<k Toukax, sBisIeTCA a o - P.I.C.-PYHKTOpOM, a JOrapupMHUUCCKUN 3aKOH IS
pasmepHocTH Oim mmeer mMecto mns P, M MapakOMIAKTHBIX [ -IPOCTPAHCTB H

CTpaTU(UIIUPYEMBIX MPOCTPAHCTB. PaccMaTpuBaeTCs Takke BOMPOC COXPaHCHHUS
KJ1acca cJIab0CYCTHOMEPHBIX IMTPOCTPAHCTB HEKOTOPBIMH ¢ -P.1.C - HYHKTOpaMHU.
Onpenenenne 16. dyuxrop F :Tych — Tych masbiBaercs kommakTHBEIM (O —

koMmnakTtaeiM), ecaum  F(K) kommakTeH (o —KOMIIAKTHBIM) IS JIFOOOTO
npoctpanctBa X € Comp.
[ycts F:Tych —»Tych- ¢ynkrop u F" <, F,new. Mbi roBopum, uto F —

oobenunenue F"(F = G F"), ecmu F(X)= [OJ F"(X) s 110060ro THXOHOBCKOTO
n=0 n=0

npocTpancTra X.
Onpenenenne 17. Oyukrop F:Tych > Tych mnaseBaercs dynxropom o-

p.i.c.-, ecru F = U (F"),, roe kaxaprii F" sBnsercs p.i.c-pyHKTOpOM KOHEUHOMH
n=0

CTCIICHU.

®ynxTop exp,, = |Jexp, ABIsIETCs O -p.1.C.(QYHKTOPOM.
n=1

Hns ynkropa P, mmeer MecTo
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Teopema 26. ®yuktop P, sABmsercs o -p.i.C.-pyHKTOpOM I JHOOOTO

HaTypaibHOro uncia k.
B cnemyromieit TeopeMe IS MapaKOMITAKTHBIX P —IIPOCTPaHCTB U METPU3YEMBIX
NPOCTPAHCTB IIOKA3bIBACTCA 3HAYEHHE DasMepHOCTH i1 QyHKTOopa P, m ero

noAQyHKTOp

Teopema 27. Ilycte F-nHopmanssbli noadynkrop P, B Comp, mycts X-
apaKOMIIAKTHOE P-MPOCTPAHCTBO (B YACTHOCTH, METPU3YEMOE MPOCTPAHCTBO).
Torna dimF,(X) <kdim X +dimF (k). Ecnu F=PR, TO

dimP.(X) <kdimX +k —1.
3AKVIIOYEHHUE

JuccepraionHas paboTa MOCBSIEHa TEOMETPUYECKHUM M TOMOJOTMYECKUM
CBOWMCTBAM IIPOCTPAHCTB, SBJSIIOIIMXCS 3HAYECHUSMM HEKOTOPBIX KOBAPHUAHTHBIX
(PyHKTOpOB.

B 3akimioyeHHe MOXKHO CIeNnarh CIEAyIONIME BBIBOABI 10 PE3YJIbTaTaM
HCCJICIOBAHUH:

1. Ucnonb3ys (pyHKTOpHANIBHBIE CBOMCTBA, BBIABICH KPUTEPUI METPU3YEMOCTH
OMKOMITAKTOB,

2. IIpuMeHsIs TOMOJIOTHYECKUE CIEKTPBI, ONPEAEIICHa Pa3MEPHOCTh KOHEYHOTO
IIPOU3BEACHNUS TOIIOJIOTUYECKUX IPOCTPAHCTB;

3. Momuduuupys paHee MOIy4YEHHbIE METO/bl U MPUMEHSSI XapaKTEpPUCTUKU
OECKOHEUHOMEPHBIX MHOT000pa3uii, olucaHa TONOJIOTHYECKas HIKBUBAJIEHTHOCTD Iap
TOIIOJIOTUYECKUX IIPOCTPAHCTB;

4. IlpuMeHeHneM METOJI0B KOBapUAHTHBIX (DYHKTOPOB KOHEUYHBIMH HOCUTEIISIMU
OXapaKTEPU30BaHbl TOMNOJOTMYECKUE M TIEOMETPUYECKHE CBOMCTBA 3HAYEHUM
HEKOTOPBIX KOBAPUAHTHBIX (PYHKTOPOB, IEHCTBYIOIIMX B KATETOPHSIX TOMOJIOTMYECKUX
MIPOCTPAHCTB U UX HEMPEPHIBHBIX OTOOPAKEHU;

5. Hcrnonb3ys 9KCTEH30pHBIE U IIEUIIOBBIE CBOMCTBA MOJMHOKECTB MHOXKECTBA
BEPOSITHOCTHBIX MEpP, COOTBETCTBYIOIIME XapaKTEPUCTUKA W TOMEOMOP(HOCTU
JOTIOJIHEHUSI OECKOHEYHOMEPHBIX MHOIo0Opasuii, HailleH KpUTepudl paBEHCTBA
HIEUTOB OECKOHEYHBIX KOMIIAKTOB;

6. Uccniemyst psim oO1mx (pyHKTOPUATHBIX CBOMCTB KOBAPUAHTHBIX (DYHKTOPOB,
JICUCTBYIOIMX B Kareropud 1YCH -THXOHOBCKHMX TIPOCTPAHCTB M  HEMPEPHIBHBIX

oroOpaxkeHnd B ce0s, BbLIENEHbl (OMNpENeNieHbl) KOBapUaHTHbIE (DYHKTOPBI,
coxpassitore Oosee oOIIee CBOMCTBA M IIMPOKHUE KAaTETOPUM TOMOJIOTUYECKUX
POCTPAHCTB,

7. IlpumMensist METOIbI HOPMAJIBHBIX KOBAPHAHTHBIX (DYHKTOPOB U MOAUGMHUIIUPYS
METOIbI TEOMETPUHN U KOHCTPYKIIMH TOTIOJIOTHH, O XapaKTepPHU30BaHbI TOMOTOITIYECKUE
U DKCTEH30PHbIE CBOMCTBA TOMOJIOTMYECKUX MPOCTPAHCTB, SIBIISIOMIMXCS 3HAYCHUSIMU
¢byHKTOpa P BEpOSITHOCTHBIX MEp U €0 Mo/IYHKTOPOB,;

8. OnmcaHbI MOJIMHOKECTBA BCEX BEPOSTHOCTHEIX Mep P(X) B GeckoHedHOM

KoMrakTe X, KOTOpbIE TONOJOTMYECKH SKBUBAIECHTHBI —OECKOHEYHOMEPHBIM
()= 0,—, 3~ n Q —MHOrOOGpazMsAM.
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INTRODUCTION (abstract of DSc thesis)

The aim of the research work is to provide metrization criteria for topological
spaces when faced with various covariant functors and to determine the finite
dimensions of topological space multiplication and covariant functors moving in broad
categories.

The object of the research work. Dimension of a product of a finite number of
topological spaces, metrization of topological spaces, extensor and shape properties of
spaces of values of spaces under the influence of covariant functors.

Scientific novelty of the research work is as follows:

in the class of paracompact sigma-spaces, it is proved that the dimension of a
finite product for measurement in the language of coverings does not exceed the
sum of the dimensions of factors;

when X is compact for the covariant functor F, a criterion for the metrization
of F(X) of compact sets and spatial subsets is defined;

it is proved that subfunctors with finite powers of the functor of probability
measures preserve stratifiable spaces and weakly countable-dimensional spaces;

classes of projective-factorial, projectively-inductive closed, and sigma-
projectively-inductively closed functors are described, as well as finitely
conducting functions are defined in which the equality of shafts of infinite compact
sets is invariant;

it is proved that the space of a compact whose diagonal filler is genetically
normal at a level greater than or equal to three is metric.

Implementation of research results. Results related to the geometric and
topological properties of spaces that are the values of some covariant functors have
been used in the following research projects:

the results related to the description of the classes of projective-factorial,
projectively-inductive closed and sigma-projectively-inductively closed functors
were used in the project OT-F4-69 "Harmonic analysis, power geometry and their
applications to problems of mathematical physics” when finding solutions to
systems of nonlinear equations for the Cauchy problem (certificate of Samarkand
State University dated November 18, 2021, No. 10-4632). The application of these
scientific results made it possible to find an infinite number of generalized
solutions of the Cauchy problem in the class of Borel measures, for some systems
of nonlinear equations with the Fourier transform;

the results of the dimension of the finite product in the class of paracompact
sigma-spaces in the language of coverings does not exceed the sum of the
dimensions of a finite number of factors were used in a foreign study of
mathematical physics to determine the class of isoenergy manifolds of the space of
solutions of ordinary differential equations (reference of Samara National Research
University named after S.P. Korolev dated December 7, 2022, No. 02-07-3954
4/04). The application of the scientific result made it possible to optimize the
properties of solutions of differential equations when matching the boundary
conditions for limited and infinite sources of doping of heterostructures;
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results related to subfunctors with finite degrees of the functor of probability
measures preserves stratifiable spaces and weakly countable spaces was used in the
foreign scientific project "Plasma Technologies" in determining the homotopy
dense properties of subspaces (certificate of the Samara State Technical University
dated October 25, 2021, No. 01.0202/3277) . The application of the scientific
result made it possible to find new topological properties - homotopically dense
subsets of classes of isoenergetic manifolds and to determine the stable topological
reasons for the evolution of vortices in flows.

The structure and volume of the thesis. The dissertation consists of an
introduction, five chapters, a conclusion and a bibliography. The volume of the
thesis is 198 pages.
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dbynkropoB. Bce Poccuiickas Hayunas kondepenuusa. Yuupepcuter JlpyxOa
Haponos, Mocksa 1999, c. 6-7.
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ABTOpedepar «Y36EKUCTOH MaTeMaTHKa KYpHAIIN) TaxXpUPUITH]IA
2022 itun 30 mapTaa TaxpupJaH YTKa3uiIau.

BocMvaxoHa JTHLIEH3HUSACH

Buunmu: 84x60 Y/16. «Times New Romany» rapaurypacu.
Pakamiu 6ocma ycynga Oocuiau.
[laptiau 6ocma Taboru: 4. Axaau 100 nona. Bytoptma Ne 40/22.

I'yBoxHoMa Ne 851684.
«Tipograffy MUK 6ocmaxoHacuaa 4om TUIITaH.
bocmaxona manzunu: 100011, TomkenT u1., bepynuii kyuacu, 83-yii.



