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KHPHUI (1oKTOPJIHK JUccepTALUACH AHHOTAILUACH)

JuccepTanus MaB3yCHHUHT 10J13ap0Juru Ba 3apypartu. JKaxon Mukécuaa
o6 OopwmiaétraH KYymad WIMHA-aMaInA TagKUKOTIAp aKcapwsT XoJuiapa
oreparopiiap ajreOpaJapuHUHT Xoyatiapu (a30CHHH TEOMETPHK TaBcuduiail,
span C*-anreOpanmap Ba ¢on Heitman anrebpanapu, €xku JB-anreOpamap Ba
JBW-anreOpanapuauHT Xo0natiapu (azonapu OyIaguran KaBapuk TYIIaMIIApHU
aKCMOMATHUK TaJKWMK KWJIMII Kabu Macamanmapra keiarupuwiamu. S.DOpunman Ba
b.Pycco TOMOHMIaH KBaHT MEXaHUKACH XOJATJIAPUHUHT TEOMETPUK MOJENU
cudartua KapalyBud KUppalapyd CUMMETpPHUK (pa3osiap TyIIyHYacH KUPHUTHIUO,
yiily ¢dazogapHu KUPUTHILIAH aCOCUI MaKcaJ — oreparopiiap ajreopajapyuHUHT
oji Kymma (azonapuHu reoMeTpuk TaBcudam Oyaran. Kuppanapu cummeTpuk
dazonapH TreOMETpUK TacHU(IIAIl — KBAHT MEXAHUKACUHUHI CTaTHCTHK Ba
HXTUMOJUIHK KUXATIAPUHU aKCUOMATUK YPraHUITHUHT, ONlepaTopiap airedpaiapu
Ha3apusACHIard MyaMMOJIAPHU XaJl 3TUIIHUHT MyXUM Bazudanapuaan oupu 0yind
KOJIMOK/A.

XO03HUpru KyHAa ’KaxoHJa Kuppajapu CUMMETPUK (ha30JapHU TacHH(IIAII Ba
ymly ¢azonap cuHbuma omnepartopiap anreOpaqapuHd TaBcU(IAll MYXUM
axamusT kacO atMokaa. M.Heiin Ba b.Pycco ToMoHMAaH Kuppamapu CUMMETPHUK
dazomap  cundpupga  C*-anrebpanap, ¢on  Heitman  anreOpamap  Ba
JBW#*-anreOpanapHu y3 vuura ojiraH y4wIMK alreOpavK CTpyKTypara acocCiaHraH
banax da3zonapuHuHr KeHrpok cuHbu Oynran komrmiekc JB*-ydunukmapHuHr o
Kymma (azonapu reomeTpuk TaBcuuiaHraH. TabKUIJIAIl >KOU3KHU, XAKUKUAN
oreparopiiap ainreOpalapuHU T€OMETPUK TaBcU(all Macajlacu Xajluradya O4HK
Typubau. By Oopana, xKuppamapu CUMMETPUK XaKukuil (dazoimapHu TacHUGIAII,
OJIMHTaH HaTwkamapHu ymoly Qa3omap cuHbUIA XaKUKUANA —orepaTopiap
anreOpajgapuHy  TaBcUdamra TaTOMKM  MaKCaUId WIMHK TaJAKUKOTJIApJaH
XHCOOJIaHAIH.

Mamnakatumm3ga (QyHaamMeHTan (aHJIapHUHT KBaHT MEXaHWKAcH Ba
¢buzukaga TarOukura odra Oynaran gom3apd  HyHanmunuiapura 3IbTHOOP
Kydatupunau. JKymiamad, oxupru Humapia KaBapukK TYIUIAMHUHT MOMAYJIAP
JBW-anrebpacununr, xycycuit xonjga uekin ¢oH Heiliman anreOpacuHUHT,
HOpMaJ XoJiatinapu (azocura appuH uzoMopd OYIUIHMHUHT COATAPOK TEOMETPUK
[IAPTIAPUHU  TOMHII OpKaIM aMalduid MyaMMOJapHU Xal »dTHIl Oopacuia
CAIMOKJIM HATIKajapra OJSpulIiaa. «Anredpa Ba (YyHKIIMOHAT —aHAIU3»
dbaHTapUHUHT YCTYBOp HyHaIUIUIapu Oyinda Xaiakapo CTaHAapTiap Japa)kacuia
WIMHUHN TaAKUKOTIap 00O OOpuIll MaTemaTthka (haHMHUHT acocHil Bazudaiiapu Ba
daomusT #yHaMMIUTap STHO Genrmmanmu'. Kapop WKpOCHHH TabMHHIALIAA
WIMUN  HaTWwKajlapiaH wWiM-GaHHUHT TypIOIl coxXalapuaa (hougamaHwu
Makcaauia Kuppajapyu CUMMETpPUK ¢aszojap HA3apUSCUHU PUBOKIAHTHUPHII
MYXHM axXaMHUsTTa 3ra.

! V36exucron Pecry6nukacy Basupmap maxkamacn 2017 iwn 18 maiinaru «Y36exucron Pecny6iunkacn

Qdannap akageMHUACHHHMHI SHTUAAH TAIIKWI STWITAaH WIMHH TaJKMKOT Myaccacanapu (QaosMsiTHHU
TAIIKWI 3THII TYFPUCUIA»TH 292-COHIHA KapopH.
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V36exucron Pecniy6mukacu Ilpesupentunuar 2017 iun 7 despanmaru
«V36exucTon PecryOnMKacMHM sHAja PUBOMKIIAHTHPHIN OYifMua XapakaTiap
crparerusicu tyrpucuaantu [1d-4947 @apmonu, 2019 #un 9 wurongaru
«Marematuka TabIMMH Ba (aHJIAPUHU SHAJA PUBOKIAHTUPUILHU JABIAT
TOMOHHIAH KyJUIab-KyBBaTJIalll, IIYHUHIACK, Y30ekucTon Pecry6mukacu danap
akagemusicnHUHr  B.M.PomaHoBckuil HOMuaaru MaremaTtuka  HMHCTUTYTHU
daonmusTHHE  TyOJaH TAKOMIUIIAIITHPUIL  4YOpa-TagOUpiapy  TYFPUCUIANTU
[1K-4387 Kapopaapu Ba 2020 iinn 7 maiinarn «MaremaThka COXacuJard TabiIuM
cudaTiHA OIMPHUII Ba  WIMHA-TAAKUKOTIIADHA  PUBOKIAHTUPHUII  4YOpa-
tagbupnapu tyrpucuaantu [1K-4708 Kapopu xamna maszkyp ¢aoiausTra Teruium
OomKa HOPMAaTHB-XyKYyKUH XyxXoKaTiapAa OedruiaHraH BasudamapHu amanira
OIIMPHIIIA YIIOY TUCCEePTAIUs TAAKAUKOTA MyailsiH Japakaaa Xu3MaT KAIaau.

TagKuKOTHUHT pecny0juKa (paH Ba TEXHOJOTHSJIADH PHBOXKJIAHUIIA
YCTYBOP HyHaJIuNLIapura 00FIMKJAMIA. Ma3Kkyp TaaKuKoT pecrybiuka ¢daH Ba
TeXHOJOTuslap  puBOoxiIaHummHUHr [V, «Maremaruka, MexaHHWKa Ba
uH(pOpMaTHKa» YCTYBOP UYHAIUIIM JJOMpacuia Oakapuira.

Juccepranus MaB3ycH OyiiM4ya XOPHKHMHA HIMHIA-TAAKHKOTIAP mapxnz.
JBW-anrebpanap, JB*-yunuknap Ba Kuppajapu CMMMETpUK (a3ofiap Hazapusiiapu
Oyiirya WIMUHN W3JIaHUIIAP €TaKYU XOPUKUHN JaBIaTIApHUHT WIMUN MapKasziapu
Ba OJIMM TabJIUM Myaccacaiapi, xymiaaad, Denison University (Granville, USA),
Jerusalem College of Technology (Jerusalem, Israel), Mathematisches Institut der
Universitit Tiibingen (Tubingen, Germany), The Queen’s College (Oxford, United
Kingdom), Universit¢ de Provence and Centre de Physique Théorique (Marseille,
France), University College Dublin (Dublin, Ireland), University of Berne (Berne,
Switzerland), University of California (Irvine, USA), University of California
(Santa Barbara, USA), University of Granada (Granada, Spain), University of
Kansas (Lawrence, USA), University of Oslo (Oslo, Norway), Wellesley College
(Wellesley, USA)napuaa onub 60priMoKia.

Oxupru WWiapjaa ornepaTopiap ajireOpalapuHUHT XoJjaTiapu (pa3oCUHU
reoMeTpuK TaBcuduiail O0yiinya oqud OOpuiraH WIMHUNA TAJKUKOTIAP HATHXKACHTIA
Katop Ao0a3ap0 macamanap evwirad. JKymuanaH, KyWuJgard WIMHA HaTbKajgap
OJIMHTAaH: KaBapuK TYyruiamiapHUHT Tunu | O6ynran JBW-dakropHuHT HOpMa
xonatiapu ¢aszocura, JB-anreOpamapuunr xonatiapu ¢aszocura (University of
Oslo, Norway and Wellesley College), C -aare6pa  xomaTnapu (asocura
(University of Oslo, Wellesley College), JBW-anreOpanapHuHr HopMa
xonatnapu (azocura (Université de Provence and Centre de Physique Théorique,
Wellesley College) adpdun uzomopd OYIUIIMHM TabMUHJIAWIWTAH TEOMETPHUK
maptiap aHukiaanrad. JBW-anreOpanapHunr onng kymma ¢azoJapuHUHT OUPIIHK
mapu KUppaJlappuHUHT HopMa Oyiinua €nuxnurd ucbomnanran (The Queen’s
College), HeitTpan Kuppaizapu Kywin cuMMeTpuk ¢azoHuHr 1-6 tungaru Kapran

? JluccepTanus MaB3ycH OyiHMua XOPIKMH TagKuKoTiap mapxu: Acta Mathematica Hungarica:
https://www.springer.com/journal/10474, Journal of Functional Analysis:
https://www.sciencedirect.com/journal/journal-of-functional-analysis, Canadian Journal of Mathematics:
https://www.cambridge.org/core/journals/canadian-journal-of-mathematics, Ba 6omka manOanap acocuzaa
WNUIA0 YAKUITAH.
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dakropnapugad OUPUHMHT OJA KymMa (a3ocura  HM30METPUK OYIUITUHUHT
reomeTpuk maptiapu tornuiarad (Jerusalem College of Technology, University of
California), kuppajiapu cUMMETpUK (a30HUHT KOMIUIeke JB*-yunuk onn kymma
dazocura M3oMeTpUK OYJIMIIMHUHT T€OMETPUK IapTiapu aHukianrad (Denison
University, University of California).

Hynéna Oyrynru kynga banax ¢Qazomapu cunduma onepatopriap
anreOpanapuHu TaBcudiam Oyiinya OWp KaTtop H3IaHUILIAp, KyMmianaH, ¢GoH
Hetiman anreGpamapu, JBW-anre6panapu Ba JBW*-ywimkmapHuHr 011 Kymima
(dazoMapuHUHT TEOMETPUK XOCCaJapuHU YPraHWIl; KaBapuK TYIUIAMHUHT
JBW-anrebpanunr, ¢on Heliman anreOpanwHr HOpMan Xosatiapu (azocura
apdun wnzoMopd OYNMUIIMHUHT COANAPOK TEOMETPUK MIAPTIIAPUHHU TOIIHIII;
KHppalapd CUMMETPUK (Pa30JIapHUHT F€OMETPHUK TacHU(U Ba YJIAPHUHI OyHIal
dazonmap cuHbUAArH oOIepaTopiap airedpaJapuHUHT TEOMETPHK TaBcU(UTa
TaTOMKJIApy Kabu yCTyBOp HYHaiIMIUIapjAa WIMUN-TAAKAKOT HWIUIaApU OJHO
OOpUIMOK/IA.

MyaMMOHMHI  VpraHwirasmjiuk jaapasxkacu. KBaHT  HazapusicuHu
aKCHMOMAaTUK VPTaHUIIHUHT aCOCUM WYVHANMIIApUAaH OupHu “KaBapuk EHJIAIIYB
OYynub, YHUHT acocMé »dJeMEHTH (UMK CHUCTEMa XOJATJIAPUHUHT KaBapuK
tymwiamuaup. E.Anedcen, O.Ilynen, X.Xanke-Oncen Ba b.MokymmapHuHT
MIUIapuaa KaBapuk Tymrammapuunr C -anreGpa, don Heiiman amre6pacu éku
JB-anreOpanapuHuHr  xonatiaapu  (azocura appuH  uzomopd OYNIMIIMHUA
TabMHUHJIAWIUTAH TEOMETPUK IIapTiap aHWKJIAHTaH. YWIHK  anreOpaunk
CTpYyKTypara acocianran JB*-yunuknapuunr acocuit Hazapusicu Y .Kayn, T./lanr,
A.®puaman, b.Pycco, I'.Xopn Ba E.Hexepnap unuiapuna éputunran. E.Anbsdcen
Ba O.llynpn wumnuapuaa KeATHPWITaH KaBapUK TYTUIAMIAPHUHT TEOMETPHUK
xoccanapu JB*-yunukiapHuHr TaptruOiiaHMarad aHajaorjiapyu MaBxKy SKaHJIUTUHU
KypcaTaau.

Kuppanapu cummerpuk ¢azonapHuHr acocuit Hazapusicu S.Dpuaman Ba
b.Pycconunr ununapuna éputunran 6ynuo, komruieke ¢pon Heliman anreOpanapw,
JB*-anrebpanapu Ba yMyMHIpOK Oynran JB*-yunukimapHuHr onjg KymiMa
dazonapu HeWTpan Kuppajgapu KywIid CUMMETpUK (a3o OYauimm ucOOTIIaHTaH.
Keitnauanuk, ymoOy wmyamnudiaap ToMoHuAaH JB*-yunmukimapHuHT 01 KymiMa
dazocuna Yypunnau OynaauraH TYpTTa TaOMM Ba (U3NK aKCHOMaJlapHH
KaHOATJIAHTUPYBYH KENTHUPUIMANIUTaH, HEUTpan Kuppaidapyd Kydsd CUMMETPHK
¢dazonunr 1-6 tungaru Kapran dakropiapunan OMpUHUHT oij Kymma ¢aszocura
YU3UKJIM HM30METpUK OynumumHu kypcatran. M.Heiin Ba b.Pycco TOoMoHuan
KUppajlapy CHUMMETpUK (a30HUHT KOMIUIeKC JB*-yunmk ong kjymma ¢aszocura
U30METPUK OYIUINMHUHT TEOMETPHUK IapTiapu aHuWKiaHrad. IyHWHTOEK,
UXTUEPUNA HEUTpaNl KUppajapu KywId CUMMETPUK (Pa30HUHT aTOMUK Ba HOATOMHK
KAppaJapyd Kyd4Jdd CHUMMETPUK (A30JIapHUHT TYFPU WUFUHIUCUIAH uOOpar
OymuI UcOOTIaHTaH.

[II.A.AronoB, b.Mokym Ba H.faropoB wunuiapuga MNpOEKTUB KaBapUK
Tymiamiap 71e0 HOMJAHYBYM — TYIUIAMJIADHUHT  T€OMETPUK  TaBcudiapu
ypranuiras, s’bHU ymi0y TyImjiamjap KApPpaJapuHUHT TaHXapajlapu YpraHuwiuo,
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KaBapuK TYIJIaMHUHT Monyisip JBW-anreGpanunr, xycycuil Xojina 4ekid (oH
Heiiman anreOpanuHr, Hopman Xojariaapu ¢azocura addun uzoMopd
GYIMIIMHMHT COJUTAPOK TEOMETPHK MApTiapd Tomwirad. MopaaH omepatopiap
anreOpanapu Ba C -anreGpanapuHUHT XONATiIap (a30MAPUHH TEOMETPHK
tapcuduiami  yuyn E.Anbdcen, O@.Ilynsrr Ba X.Xanke-OinceHn Jyai
KypTaukiap — TapTuOiaHraH Oupiau ¢azo Ba Oazaiu Hopmara sra ¢aszojiapHu
ypranran. bazamu Hopmara sra Qaszonap Ba Kuppaidapu CUMMETpUK ¢azoiap
opacupgarn OormukimK 3ca H.JSAaropoB Ba M.MOparuMoBHMHI uHOuIapuja
ypranwirad. H.SInropoB ToMoHMIaH KuUppajdapu Ky4dCH3 CHMMETPUK (Ha30HHHT
KAppajapyd Kyd4id CHUMMETpUK (a3o OYymwmm mapté aHukianrad. H.Saropos,
K.Kynaiibeprenos Ba M.M6parumoBnap nmmnaa L -(a3ora u3oMeTpuk U3oMopd

OynraH Kuppajgapu Kywid CHMMETPUK (dazoap TaCHU(PU KeATUPUIITaH.

Juccepranus TaAAKUKOTHHUHT JUCCePTANMS Oa:KapWJIraH oJIdil TabJIUM
6K WIMHH-TAAKHKOT MYaCCACACMHUHI WIMMHU-TAAKUKOT HILIAPHU pekajapu
ounan GoramKaurm. Jluccepramus TajKMKOTH Y30EKHCTOH Pecry6imkacu
@annap Axagemusicu B.M.PomanoBckuii HOmMmparm MaremaTvka HWHCTUTYTH
OT-04-82+0T-D4-87—«Omnepatopiaap Ba HOAcCCOIMATUB airedpanapia JOKal
mupdepeHuramiam Ba aBToMopdu3MiIap, HOYM3UKIM JMHAMUK CHUCTEMaiapia
¢daza anmammnuiap Ba xaoc»+«EBknuna Ba nceBno-EBknua (azomapugaru srpu
YU3UKJIAp Ba CUPTIAPHUHT TJI00ajl WHBApUAHTIApYW HA3apUsACH Ba YHUHT
MexaHukara taroukiaapu» (2017-2019 iiunnap) Ba bepaak Homunaru Kopakanmok
naBnat yHuBepcuteTHHUHT OT-4-27 «Mopnan ywmkiaapu (asonapH, CHFUMIAp
dazonapu TaBcupimapu Ba (PYHKIUSIIAPHU TOJOMOP( JaBOM  ATTHUPHUIID)
(2017-2020 ¥wunnmap) MaB3yCHJArd WIMHM TaJAKUKOT JIOMHXajdapu Joupacuja
OaskapuIIraH.

TaakukoTHHHr Makcaam Makcaan JBW-anreOpamapHuHr o011 KyIiMma
dazonaprHN reOMETPUK TaBcHIIAll Ba KUPpAIAPH CUMMETPUK OVIraH XaKuKHi
dazonapHu TaIKUK KUIUIIIaH HOOpar.

TankukoTHUHT Basudaiapu:

KUppajlapy CUMMETpUK (pazora Kymma (Ha3o 3SJIEMEHTUHUHT TE€OMETPUK
TPUIIOTEHT OYJIUIIN MAPTUHUA aHUKJIAII;

YEeKJIM YI4aMIIu XaKUKUM Kuppajiapu CUMMETPUK (pa3onapHu TacHUIIALLL;

atomuk aben ¢on Heiiman anreOpasapHuHr oJj Kymma ¢aszosiapura
M30METPUK H3oMop(d OVaran Kuppanapu CMMMETPUK (a3ojiapHu TacHU AL,

JBW-anrebpanapausr onaj Kymma daszojapu Kuppajiapu Ky€id CUMMETPUK
dazonap OYIUIIMHUHT 3apyp Ba €TapJiv MapTIaPUHU aHUKJIAIIL.

TaakukoTHUHT 00bekTH. Kuppamapm Kywim cuMMeTpuk dasonap,
KUppajapu Kydcu3 cuMMmeTpuk ¢dazomap, JBW-anrebpanap, ¢on Heliman
anredpanapm.

TaakukoTHUHT npeametu. Kuppamapu cummerpuk Qazonap Hazapuscu,
orepaTopiap anredpanapu Ha3apUsCH.

TaakukoTHUHT ycyaapu: TagkukoT wumuAa QYyHKIMOHAT —aHAJIN3,
KHppaJlapi CHMMETpHK (asomap Haszapuscd, Mopnan bamax amreGpanapu
Ha3zapusicH ycyJuiapuian GoiganaHuiras.



TaaKMKOTHUHT WIMMI SSHTWINTH KyHuaaruiapijgad uoopar:

pedaekcuB KOMIUIEKC KHppalapyd Ky4dJld CHUMMETPUK (PA3oHMHT KYyIIma
dazocu 3JIEMEHTH TEOMETPUK TPUMOTEHT OYIuImM ydyH Oy SJIEMEHTHUHT
OpTOTOHAN TYJIAUPYBYUCH M-OpTOroHan TYJIOUPYBUMCH OWJIAH yCTMa-yCT
TYIIUIIU 3apyp Ba €TapiIu SKAHIUTU UCOOTIIAHTaH;

oupranukaaru Ilupc €itnamacura sra 4YeKiIu Yidamiid HeUTpall Kuppajiapu
CUMMETPUK XaKUKUK (a3olapuHUHT dekin ymyamuu [uiasbept (azonapuHUHT
l,-MuFUHIICHTA N30METPHUK U30MOP(] dKAHIUTH UCOOTIIAHTaH;

TyJa TEOMETPUK TPUIIOTEHTra Ba HYKTAJIaApHUHT OYPTTUPUITAHIUTH
X0ccacWra sra aTOMHUK HEWTpald KHppaldapd KydiId CHMMETPUK (ha3oJapHUHT
atoMuk aben ¢on Heliman anreOpanapuHUHT 0171 KyIIMa (a3oiaapura n30MeTpUK
n3oMopd OYuIH NCOOTIaHTaH;

JBW-anrebpanuHr on Kymma Gazocu KAppajlapu Kywid CHMMETPUK (a3o
oynmumm yuayH Oy anreOpa aben anredpacu Ba Tumnu I, 6ynran aareOpaHuHT TYFpU
WUFUHAMCHUIaH HOOpaT OYIIUIIN 3apyp Ba €Tapiid SKAHIUTH UCOOTIaHTaH.

TaagKUKOTHUHI aMAJIMHA HATHXKAJIAPH

Yexknu ymyamum HEUTpand KAppallapd Kywid CUMMETPUK OYIraH XaKUKun
dazonapau TacHuGIANIIa XAaKUKUNA YEKIIM YI4amlid HEUTpana KUppalapu Kydwid
CUMMETPUK (DA3OHUHT HUXTUEPUM CHUMMETPUK KHUPpAcH CHMIUIEKC OYIuIIH
KYJUIQaHWJITAH;

CnuH (akTOpHUHT O] KyliMa a3ocu KUppajdapu Kyw€wid CUMMETPUK (Pa3o
OYJIMIIMHYA KYpcaTUIIA YHIArH T€OMETPUK TPUIIOTEHTIAPHUHT KYpUHUIILIAPUIAH
dbolnananuaraH.

TagkKukKoT HATHXKAJIAPUHUHT WIHOHYWIWJINTH. OYyHKIWOHAT aHAIN3,
KHppalapu CUMMETpHUK (¢a3zojapd Hazapusch Ba omeparopiap anredpacu
Hazapusicu ycyjuiapuaaH ¢oigananwirad. OJWHraH HaTWwKalap MaTeMaTHK
KUXATAaH TYFPU UCOOTIIAHTaH.

TagKUKOT HATHXKAJIAPUHUHI WIMHHA Ba aMajimil axaMHMsITH. TaaKuKOT
HATMKATAPUHUHT WIMHA axaMUsATH KUppajdapd CHMMETPUK OYIraH XaKuKui
dazomap Tacuudpu Ba JBW-anreOpamapuHUHT TreOMETpUK  TaBCUUIAH
oreparopiiap  aireOpaJapuHUHT  T€OMETPUK  XOCCAJIAPUHU  YpraHuiija
KYJUTAaHWJIWAIITA MYMKUAHITUTH OWJIaH U30XJIaHAH.

TagkuKOT HATWXKAJIApUHMHT aMajiuid axamusata Oupramukgara Ilupc
EMnIMachra 3ra 4ekiv yirgaMid HEUTpall Kuppailapy Ky4iId CHMMETPUK XaKUKUAN
(bazonapuHUHT YEKJIN YyIgamim ['unebept (dazorapuHUHT
[,;-AUFUHIUCUTA HM30METPUK HW30MOP(] OJKAHJIUTHJIAH KBAHT HA3apUSICUHU
aKCMOMAaTHUK YpraHumiaa KyJUIaHWIUIIK OUJIaH U30XJIaHa 1.

TagKUKOT HATHKAJIAPUHUHI KOPUMH KUJIMHHUINUA. XAKUKUW KUppaiapu
CUMMETpUK  (azojapHUHr TacHubU Ba yiaapHuHr JBW-anreGpanapHuHr
reOMETPUK TaBcU(Hra TaTOMKIapu OYiinya OJMHTaH HaTHKajJap acoCHUa:

aTOMUK KUppanapu cuMMeTpuk (azonapHunr TtacHuduman OT-D4-31
pakamJid TpaHT JIOWHMXAcuja AaTOMHK CHMMETPUK (a30 HU30METpHUsIIapUHA
TacHuama poitnaranmiran (Y30ekucron Pecniybiukacu Onuit Ba ypTa Maxcyc
TabauM  BasupauruHuHT 2020 #mn 3 gexkabpmaru 89-03-5051 pakamm
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MabIyMOTHOMAacH). WiaMuii  HaTWKaHUHT  KYJUITAHWIMIIM ~ HOKOMMYTAaTHUB
L;-dazonapaaru sproauk OKUMIAPHUHT €PN TEKUC SKUHIAIIYBYU SKaHIUTUHA
ucOOTIaIl UMKOHUHU OepraH;

JBW-anrebpanapuuar reomerpuk  TaBcubugan OT-D4-82+0T-D4-87
pakamiIM  TpaHT JoWuxacuaa *-anreOpaHuHr Oapua  y3-y3ura  KymiMa
snemMenTIapunuar Mopman anre6pacu Pukapr-Hopnan anreGpacu Gynranuma
GUPIMK dJIEMEHTra sra OyIHIIMHM KypcaTuiiga doimananuiran (Y36eKuCTOH
PecnyOnukacu ®annap AxanemusicuHuHr 2021 ¥iun 4 sHBapp kyHru 2-1255-10
pakamiM MabliyMOTHOMacu). MMMl HaTWKaHUHT KYJUIAHWIMIIA WAFUHIIACH
Oupra TeHr OyJIraH MKKA OOFIaMiyd MUHHMAaJ UACMIIOTEHTIAPHH Y3 WYHUTa OJIraH
ueknM ymdoBmu opMan Xakukuii yEHuTap MopnaH amrebpacd TYPT Yad4amim
Oynranna y cnuH-¢GakTopra n30MeTpuK u3oMopd OYIUIITUHN UCOOTIAI HMKOHUHU
Oepras;

SFS-dazonunr kymma ¢dasocugard OpPTOTOHAUIMK Ba M-OpPTOrOHAJIIMK
opacugaru Oormukyurugad PGC2018-093332-B-100 pakamiu XOpuXKUN TpaHT
jJouxacuja 4YEKJIW TPUIOTEHTIIAPHUHI TE€OMETPUK XOCCAIApUra OuJl MYyXUM
Macananapuu euunina ¢oinananuwirad (I'panana yausepcutetununr 2020 i 7
nexkadpaard MabiyMoTHomacu, Mcmanus). UnMui HaTHXAHUHT KYJJTAHUIMIIN
JBW*-yunuknaru yHuTap Ba TYyla TPUIIOTEHTIAPHU TaXJIMJI KWIWII WMKOHWUHU
OepraH.

TaagkukoT  HATWKAJAPUHMHI  anpolaunusick.  Maskyp  TaaKMKOT
HaTwkamapu 6 Ta xajakapo Ba 8 Ta pecnyOivKa WIMUNA-aMaluil aHXXKyMaHJIapuja
MyXOKaMaJIaH YTKa3WJITaH.

TaagKuKOT HATHKAJTAPUHUHT IbJIOH KWIMHTAHJMIH. TaJKuKOT MaB3ycu
Oyitnua sxkamu 28 Ta WIMMI MII YOI STWITaH, IIyJapaaH, Y30eKHCTOH
PecnnyOonukacu ~ Omuii ATTecTalisi ~ KOMHCCUSICMHUHT  (aH  JOKTOpH
JUCCEepTalMsUIapu aCOCUM WJIMHUM HaTWXKaJapyuHU YOI HSTHUII TaBCUSl STHITaH
unMuid Hampiapga 14 ta makona, Kymuagad, 6 Tacu XOpMXKMM Ba 8 Tacu
pecnyOauKa KypHajuIapu/ia Hallp STUJITaH.

JluccepTauMSIHUHT TY3WIMIIK Ba XaxMu. [[uccepramms kupu, TYpT 600,
Xyjnoca Ba (doijanaHuiarad agabuérnap pyWxaTuAaH TalIKWAI — TOTMTaH.
JuccepTauustHUHT XaxMu 145 O€THU TalTKUI ITTaH.
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JIACCEPTAIIUSIHUHT ACOCUM MASMYHH

Kupum kucmuaa amccepranys MaB3yCHHUHT JOJ3apOJIMTd Ba 3apypaTu
acocllaHraH,  TaJKUKOTHUHT  pecnyOnuka  ¢gaH  Ba  TEXHOJOTHUsJIApH
PUBOJIAHUIIMHUHT YCTYBOP WYHAIMILIApUra MOCIUTH KypCaTWITaH, MaB3y
Oyiinya XOpMXKUN WIMHA-TQAKUKOTIAp IIApXH, MYaMMOHUHT YPraHUITaHIIUK
Japakacu KEeNTUPWITaH, TAAKUKOT Makcaau, Basudaiapu, 0ObeKTH Ba IPEIMETH
KeJITUPWITAH, TAJKUKOTHUHI WJIMHA SIHTUJIMTM Ba aMmaluil HaTwkailapu OaéH
KWINHTAH, OJIMHTaH HaTWKaJApPHUHT Ha3apuid Ba amaiuid axamusiTh o4u0
Oepwiirad, TAAKMUKOT HATHWXKAJAPUHUHT >KOPUN KUIMHUIIM, HAIIP 3TUITAH HILIap
Ba JUCCEPTANHS TY3WININ OYnda MabIyMOTIAp KEITHPHUIITAH.

HuccepranustHuHT «/[acTiia0Ku TylIyHYaaap Ba KUPPaJjapu CUMMeETPHK
¢azonapra wMuco/iap» Howmud OupuHun  OoOuAa JIACCEPTALMSHUHT
HATWXKaTApyUHU 0a€H KWJIUII YUYYyH 3apyp OViran Kuppaiapyu CUMMETpUK (azosap
HA3apUsACUHUHT acOCUM TylIyHUaIapu kentupwirad. llyHuHTIEk, Kuppaiapu
KyWwId CHMMETpUK (azoyapra Mucos Oyiras, JBW*—yt{nHK Ba ¢oH Heiiman
anreOpanapy o Kymma (azomapuHUHT 0ab3u  XOccajapu KEJITHPHIITaH.
Kuppanapu xywin  cumMmeTpuk (a3oJapHUHT ( ,-WAFUHIACKA KUppajapu

cuMMeTpuK (azo Oynuimm wucOoTIaHau. byHAaH Tamkapu, KUppanapyd Kywid
CUMMETpPHK (Da30lapHUHT [, -MMFUHIUCU HEUTpan OYIWINM y4yH YJIAPHHUHI Xap

OMPUHUHT HEUTPAJUIUTH 3apyp Ba €TapIIU KAHIUTU KYPCATUIJIH.
Alitaiinuk, Z HopManaHraHn (a3zo OyncuH. Arap Z ¢a3oHuHr f Ba g

AJIIEMEHTIIapU YYyH
|7+ &l=1f = sl=l71+lsl

TEeHTNIUTH Oakapuica, y xonga f Ba g DJIEMEHTIapu Opmo2oHan JIeHunaau Ba
f 0 g xabu OGenrunaHaam.

Arap f Ba g DIJIEMEHTIapu OPTOrOHaN OYIuo, || f ||=||g||:1 TEHTJINTU
Oaxxapuica, y xonga f HM g Ba —g OwiaH, Ba —f HM g Ba —g OwiaH
TYyTalITUPYBYM KecMayap Z (Ha30HUHT Z, ={ f eZ:H f HSl} OUPJIUK HIAPUHUHT

yerapacuaa €taau.

Mabnymkn, A ¢ou Heiiman anreOpacumaru f Ba g  HOpMal
(GyHKIMOHAJUTApH OPTOTOHAN  OYyiumm  y4yH, f ( p):” p” Ba g(q)z”q”
TEHTJIMKJIAPUHA KaHOATJIAHTHUPYBUM p Ba ¢ KUCMHUI HM30METpHsUIap MaBXYyJ

oYUy 3apyp Ba eTapiu.
F Tynnam Z, TYIUIaMHMHT KaBapuK KUCM TyIulaMu OyicuH. Arap g,heZ,

aNieMeHTIap Ba A€ (O, 1) COHU Y4YyH Ag+ (l - /I)h € I’ skannmurunan g,heF
kenub uukca, F Tymiam kuppa nevunany.
Arap HopMacu Gupra TeHr 6yiran 6upop u€Z yuyH
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F=F ={feZ:(f u)=1]

TEHIJIUTH Oakapuiica, y Xoiaa F Hopma 6ytiuua oOypmmupunean Kuppa 1einaam.
Arap HOpMacu Oupra TeHr u €Z  (QYHKIHOHATH YJIyH < g, u>=0 TEHIJIUTU
Oapua g € Ff yayH Oakapwiica, y Xolja u npoexmus oupiaux ne6 arananu. by
IIyHH KypcaTaJWKH, HOpMa Oyiuda Oyprrupmiaran F, Kuppa Fu<> OpTOrOHAJ
TYIAMPYBUKUCHTA “TIapaiiien’” Oynaau, SbHU <u,Fu> =1, <u,Fu°> =0.

CumMmeTpuK KuppaHuHr Kyiuparu taspudu 1. @puaman Ba b. Pyccomap
TOMOHMJIAH KHUPUTWITaH. Y KHppalapyu KyuCH3 CHMMETPUK Xamja Kuppaiapu
Ky4Id CHMMETPUK (Da30JapHU KUPUTHIIAA aCOCHH TyIIyHYa XHUCOOIaHAIH.

1-tabpud. Arap Z Hu Z Ta aKCIAHTUPYBYM S, YM3HKIN H30METPUS
MaBxKys 6Y1u6, S’ =1 Ba yHUHT Ky3rajiMac HyKTalapd TYIiamu F, KAppaHuHT
YU3HUKJIM KOOUFH EnuiaMacu @Fu XaMaa OpTOTOHAT TYiaupyBuucH F’ HUHT
TOMOJIOTHK TYFpU HUFUHIUCH OWJIaH yCTMa-yCT TYyUICA, SIbHU (E?FM)(-BFM<> JaH

uobopar Oynca, y xonna Hopma Oyiimya Oyprrupwiran F, Kuppa cummempux
Kuppa neb aTaiaiu.

Arap ueZ mupoexTuB OupiuK y4yH F, CHMMETPHK Kuppa Oyinu0,
S cUMMeTpHs. Y4yH S u=u TEHTIUIH Oaxapuica, y Xolia U 2eoMempux
mpunomenm 10 aTanaiy.

SF Ba GU Owinan Moc paBulllja Z, HUHI Oapya CUMMETPHUK KHUppalapH
Tymnamu Ba Z HMHT 6apya reoMeTpHK TPUIIOTEHTIIAPH TYIUIAMUHN OeIrunaiiMus.

2-Tabpu@. Xakukuil €K1 KOMIUIEKC HOpMaaHraH Z (a3oga Z, HHUHT Xap
Oup HOpMma Oyitmda OYpTTHpUITaH KUppacu CHUMMETPUK Kuppa Oyica, y Xoiaa
Z ®azo kuppanapu xyucus cummempux gazo (WFS-gaszo) nebd aranam .

WES-¢pazona GU >u — F, € SF akCnaHTUpHILI T€OMETPUK TPUIIOTEHTIIAp

TYIUIaMu OWjIaH CUMMETPHUK KHppaiap TYIJIaMHi opacuia Ouekuus Oynaau.
Z WFS-dasocuna xap Oup F, CUMMETPHUK KUppaiap Y4YyH

P, (u), ke { 0,1, 2} ymymiiamrad [Iupe npoekropnapu Kyiuaarnya aHUKJIaHaIu:

Amm=%U—gLIWMZ%%f€ZﬁJ5~f%

R)(u) Ba Pz(u) nap Z HU MOC paBuIlAa Ff Ba Ep F' napra npoexuusuianau.

P, (u), ke { 0,1, 2} ymymiaimirad [lupe npoexropnapu Tabpudugan

Pz(u)—i-Pl(u)+PO(u):I,
By (u)= B (u)+ B (u)=S

u
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DKAHJIUTU KEJINO YMKAJIH.

Ywoy U=Z", Z(u)=P(u)(Z) n U, (u)=P,(u) (U), ke {0,1,2}
OesrunalIapHd KUPUTAMHU3.

Arap Z HopmanaHraH (a3oHMHT Xap Oup fe€Z yuyH ||Qf || =|| f ||
skaHmuruaan Qf = f keauO umkca, y Xoiga @ KHUCKApTUPUO aKCIaHTHPYBYH

MIPOEKTOP Heumpasl NENUIaau.
Arap Z HopMmasaHral azona xap oup F, CUMMETPUK KUppara Moc KeIyBuU

P,(u) npoekrop HeiTpai Oyica, y Xonga Z Hetimpan ¢ha3o AeHnnaau.

Aiiraiimuk, Z dazo WFS-dazo 6yncun. Arap x,yeZ GyHKIMOHAIAPH
yuyH xeU, (u) Ba yeU, (u) Oynran F, C Z, CAMMETPHK KUppa MaBxKy[ Oyica, y
XoJi7a 0y GyHKIHOHAIITIAP OpmocoHan ACHuIaau Ba (x<> y) Ka0u OenrniaaHaIun.

3-tabpud. Arap xap Oup HopMma Oyiimua OyprTHpwiIran F, C Z, Kuppa Ba

xap Ooup yeZ',|y|=1 onementnap yuyn F, CF, okamnmrugan S,y=y Kkeaub

YhKca, y XoinAa Z Kuppajlapud Kydcu3 CUMMETpuK (aso xuppanapu xyuau
cummempux ¢paszo (SFS-¢azo) nevinnagy, 0y epna S, — F, KUppara MOC KeJIyB4H
CUMMETPHSI.

Z weitpan SFS-dasoma =0 yuyn v, opxamu <f, v>=||f|| Ba
<v,{ f }O>:O MYHOCOOAQTJIapHU  KaHOATJIAHTUPYBYM SITOHA V  T€OMETPHUK

TPUIIOTCHTHH Oenruinaiivus. Arap f,geZ,y xonpa fOg Oynuum yuyH v, Ov p

MYHOCA0ATHUHT OaKapUJIMIIK 3apyp Ba €TapJIUIUP.

Aiiraiinuk, xap oup i€l ydyH (Zi, x||Z_) — HopManaHrad (aszo Oyicun. by

(azomapHuHr [ -UuFuHAACUH Z = ie@ll‘ Z. opkamu OenrmwnaHaau, sbHU Z  (aso
) B ||Zi <400 WIAPTMHM  KAHOATIAHTHPYBUM  Xx={x,| ~  KYpHHHIIMIArK
iel
arieMeHTIapAaH uoopar, OyHaa Z jaaru HopMa ||x|| = Z”xi”Zi KaOM aHUKJIaHAIH.
iel
Kyinnaru reopema ypuHIiIn.
1-teopema. Aumaiinux, xap oup i€l yuyn Z, — SFS-¢pazo 6yncun. Y xonoa

Z= @111 Z, xam SFS-¢hazo 6ynaou.

JlucceprauustHUHT «Kuppajnapu Kywid cuMMeTpuK (Pa30IapHUHT
reoMeTpMK TPUIOTEHTJIAPH XOCCaJapw» HOMJIM UKKMHYM Oo0Ouaa, Kuppanapu
Ky4wId CHUMMETpHK (aszoiapiard Kuppajlap Ba TE€OMETPUK TPHUIOTECHTIAPHUHT
Tr€OMETPUK XOCCaIapy YpraHuIJIH.

bupunun mnaparpadaa HeWTpan Kuppajlapd CUMMETpPUK Qazonap OupiHK
nrapiaapyd KAppaJapuHUHT TEOMETPUK XOoccalapu Ypranwiaw. byHma dexin
YyIuaMinm XakKuKUd HEWTpall Kuppajapd Kydcu3 CHUMMETpPUK ¢azonap OUpIHK
HIapJapyuHUHT Oapya 3KCTpeMall HyKTajdapu OYpTTUPWITraH HyKTa Oynuinug, XaMmaa
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YeKIM YI4amiid XaKuKHi HeWTpan Kuppaidapu Kywid CUMMETPUK (a30oJapHUHT
O0apya CUMMETPUK KHUppaJIapy CUMIUIEKC OYIUIIN KYPCATHIIIN.

4-tabpud. Arap Kuppanapu Kydcus CUMMETPUK (Ha30 OUPJIMK IIAPUHUHT Xap
Oup ’KCcTpeMall HyKTacu HopMa Oyiinda OVpTTUpHITraH HyKTa OVica, y Xojhaa Oy
dazo (PE) (“nyxmanapuune 6ypmmupuneanaueu’) Xxoccara sra AeHusaim.

S.®Opuaman Ba b.Pycco nmmaa Kyugaru macana Ky unIral

1-macana. Alitaiinuk, Z Kuppajapy Kydcu3 CUMMETpHUK (a3zo OyicuH. Xap
Oup sKcTpeMai HyKTa HopMma OVitnua OypTTupmirad HyKra oymanumu?

Kyitnnaru Teopema naparpaHUHT acOCHIl HaTHXKacu OYIIMO, YEKIH YI4amiIu
XaKUKAA KUppanapu Kydcu3 CHMMETpHK (a3ojap Xojuga IOKOpPHAArd Macania
KOOI eurMra 3ra SKaHJIUTUHU KypcaTau.

2-teopema. Acap Z uexknu yruamiau Xakukuui Heumpanl Kuppaiapu Kyucu3s
cummempux gazo 6yica, y xon0a OUpauk wapHuHe xap oup skcmpeman HyKmacu
HopMa Oytuya oOypmmupuiean Hykma 0ynaou.

YMymMuil X012 FOKOpUIard Macaia OYuK TypuOau.

Ymby O600HuHT ukkuH4YM maparpadguma SFS-¢dazona dexnu reomerpuk
TPUNOTEHT TYUIYHYACU KUPUTWITaH OYiuO, YHUHT 0ab3u Xoccallapyu aHUKJIAH]IH.
Uxtuépuii dexnu yayamiu Xakukuid HeWtpan SFS-dazoHunr udexnmm OYnumm
UCOOTIIaHH.

Arap u Te€OMETPUK TPUIIOTEHT YUyH

1) dimU, (u) =1 6¥ynca, u munuman neRunagy;

2) U,(u)={0} Oynca, u maxcuman nevnnany;

3) U,(u)=U 0Oynca, u myna nerinnagy.

Arap eeGU yuyn U,(e) na makcuman Oysiran uxtuépuii u €U,(e)
reomMeTpuk TpunoreHT U,(e) na Tyma Oynca, y XO0lna e ueKkiu 2eoMempux

mpunomenm nevnnaan. Arap U naru uxXTuEpuil TEOMETPUK TPUTIOTCHT YEKIIN
Oyica, y xonaa Ou3 Z HH yekau JeiMu3.

Kyiingaru teopema ypuHIiIu.

3-teopema. Mxmuépuii uexau ynuamau xaxukuti xetumpan SFS-¢hazo uexnu
oynaou.

Yuyunun mnaparpadaa SFS-¢dazonunr kymma Qazocuparu OpTOTOHAIIUK
Owian M-OpTOrOHAIMK TyIIyHYAJIapu oOpacuaard OOFIHMKJIMK YPTaHWIIu.
PednekcuB SFS-¢dazonapaa reoMeTpuk TpPUNOTEHTIAPHUHI T€OMETPUK TaBCU(U
oepunau. PeduekcuB SFS-dazomapuunr kymma ¢azocu OUPIAMK IIAPUHUHT
IKCTpeMaj HyKTalapyd TYIUIAMH MaKCHMall TEOMETPHUK TPHUIOTCHTIAp TYILJIaMU
OWJIaH yCTMa-yCT TYIIHUIIN KYPCATHIIJIH.

Arap E HOpMmanaHraH (pa30HMHT X Ba y DJIEMCHTJIApH YUyH

)

Oakapuiica, y X0JJa X Ba y ajeMeHTIap M-opmoeonan neviunany, Ba xOy KaOu

’

[+ = max {J

OenrwIaHaan.
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E wopmananran ¢a3oHUHr H  KuUCM TYIUIAaMHUHMHT  M-opmoeonarn
TYJIIUPYBUYNUCH

H”z{er:xuy, ‘v’yeH}

KaOu aHUKJTaHAH.
Hopmacu Oupra TeHr xap oup x € E dJ1eMeHTH y4yH S, ypuHMa Ouck

Sx:{yeE: Hx+/1yH=1,V/16(C,I/1IS1}

KaOu aHUKJTaHAH.

[laparpadHuHr acocuid HaTWXKAcH Kydugarn TeopemMa Oymmb, vy
SFS-da3zonunr kymma Gazocu 3JIeMEHTIApU T€OMETPUK TPUINOTEHT OYJIUIIMHUHT
3apyp Ba €TapJiu MapTIapuHu Oepaiu.

4-teopema. Aumaiinuk, Z pegrexcue KOMNIEKC Kuppaiapu Kyuiu
cummempux ¢gazo ea ueU, |ul=1 o6yicun. V xonda wyuuoaeu wapmuap

9KBUBANEHMOUD:
(a) ueGU,;

(b) u”NU,=u’ NU,;
(c) u"NnU,=iu"NU,;
d) S, =u’NU,.

Kuppanapu cummerpuk ¢dazonap Hazapusicuja acoCui TyllyHYajdapuaaH
oupu A.Opuagman Ba b.Pyccomap wummpa kuputunrad @QazoHUHT paHTH
tymrynuacuaup. 11.A.AronoB ToMOHWAAH Oepuiradl paHru OVyitmua Kuppajiapu
cUMMETpUK (ha3oyiapHu TacHUGIANl Macanacu Kyuunaranau. JluccepraiusiHuHT
«Kuppanapu cumMMeTpuK (pa3oiapHUHT reoMeTpUK TaBcudmw» 1e0 HOMIIAHTaH
yauHYd 600U y1mi0y MacaiaHu euuiira OaruIuIaHIu.

S-tabpud. Arap y3apo OpTOroHaja reOMETPUK TPUIIOTCHTIIAPHUHT UXTUEPUI
ownacu K HaTypan coOHMmaH KaTTa OyimaraH KyBBarra sra 0ynu6, kK conparu
y3apo OpPTOTOHAN TEOMETPUK TPUIMOTEHTIApAaH MOopaT OYnraH kamujaa OWTTa
omya MaBxkyn O¥yica, y xonna Z paneu k xuppanapu cummempux pazo nevivnanm
Ba rankZ =k xabu GenrunaHaau.

bupunun nmaparpadnaa panru n OyaraH s yryamiau XakKMKUR Kuppanapu
KyWwIM CUMMETpUK ¢a3osap TacHU(IaHIM, XamMaa YHUHT L -Hopmamu ¢a3o
oymumu kypcatwiau. Mkkuauu naparpadaa banax dazonapu cuHbuma XaKukui
['unb0epT pazonapu reoMeTpuK TaBcUBIaAHIN.

Vuunun maparpadaa panry n—1 Oyinran  n yauamim XakuKui HedTpa
KUppalapy Ky4wId CHMMETPUK (azonap TacHUDIAHIH.

5-teopema. Aumaitinux, Z paneu n—1 6yrean n yruamau xaxuxuil Heumpan
Kuppanapu Ky4iu cummempux ¢azo oyicun. Y xonoa Z gaszo nopmacu
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[ x||= x5 + x5+l +.4 x|

kabu anuxnanean R" gazoea usomempux uzomopg oynaou.

JP xoccacura sra Oyiran 4ekiad yadamiiM XaKuKU HEUTpal Kuppajiapu
KyWIH CHMMETPUK (azonap TYpTuHYM naparpadaa YpraHiau.

bynna JP xoccacura sra 6yiaran uxXTUEpUil YEKITN YTdaMiTi XaKUKUH HeHTpat
KAppaTapy Ky@WId CHMMETPUK (a30HUHT YeKin Yidamin [ mie0epT GazonapuHUHT
[, -IMFUHMCUTa U30METPUK U30MOP(] SKAHIUTU UCOOTIIAHIH.

Arap ¥y3apo opToroHan HMXTHUEPUA u Ba Vv TEOMETPUK TPHUIOTECHTIIAP
Kypmurn yuyH S, =SS, TeHrMru  Oaxapuica, y xohga SFS-¢azo

JP («bupeanuxoaeu Ilupc éuunmacuy») xoccacura sra Jeriumaiu.
Masbnymkn, R" daszo ymoy

171y

HOpMa O¥iinua panru k Oynran JP xoccara sra neiitpan SFS-dazo 6ynanu, Oy
epaa l=n<n,<...<n,, =n.
Kylingaru Hatvka nmaparpa@HUHT acocuii HaTuxkacu 0ynuo, JP xoccacura ara
OynraH yekyu yimyamian Xakukuid Heidtpan SFS-¢a3onapunu TacHupIaiam.
6-teopema. Aumaiinuk, Z 4ekau Yr4amiu XaKUKUui Heumpan Kuppaiapu
Kyuau cummempux gazo JP xoccacuea 32ea 6ynean o6yicun. ¥ xonoa

oynoa H, — T'unvbepm gpazocu, iel,k 6a k=rankZ.
Mynmaii kwmb, rankZ =1, n—1,n  (ymOy XoJapHHHT Xap Oupua
M30METPUK HU30MOpPU3M aHUKIMUTUaa OuTTa (Pazo MamBxKyn) xoJulapiaH OoIlKa

l<rankZ <n—1 xomnapaa uzomopd Oynmaran (azoJapHUHT COHU {%} JaH

KuuuK sMac, 0y epaa n=dimZ, k=rankZ, [t] — ¢ cOHMHMHT OyTyH KHCMH.
bynna, wzomopd Oynmaran ¢aszonmap COHMHM KyWHIard pPEeKyppeHT dopmyra
EpaamMuia aHuKJIaI MyMKHH:

p<n>=f(—1)'"“(p(n——m(3’; _1)j+p[n——m6”2”“))j.

bemnun naparpada Tyjia reOMETpUK TPUIIOTEHTIIM HEUTpan Kuppajiapu
KyWwId CUMMETpUK (azonap Vpranunau. ATomMuk kKommyTaTuB ¢(oH Heitman
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anrebpanapu oia Kymma ¢aszojapura U30METpUK HU30Mopd OyiraH Kuppaiapu
Ky4Id CHMMETPHUK (ha3oapy TacHU(IAHIH.
Arap u,veGU yuyn F, c F, 6ynca, y xonaa u <v Kabu &3unanu.
Atitaiinuk, e € GU Oyncus. Yoy

L ={ueGU :u<e} {0}

OeNTruIaliHi KUPUTAMU3.
Masbaymku, L tymuiam " <" taptuOra HUcOaTaH Tyjaa OPTOMOAYJIAP MaHkKapa
o o L o
Oynaau, Oy epaa OpTOroHaN TYJIIUPYBUM U =€ —U KYpUHHUIIUAA aHUKJIAHAIH.
Anraiimuk, T={v,}._, owmmacu U nmaru ¥y3apo OPTOroOHaJl MHHHMA
T€OMETPUK TPUIIOTEHTIIAPHUHT MaKCUMaJl OWJIacu OYJICUH. YOy

(,(T)= {{zi},.e, DI VAL +oo}

ieJ

oenrmnamnay kuputamus. Y xonga (,(T) xyiimparn Hopma Oyiinda banax ¢azocu
oynanu:

H{A e IIE D 1A

ieJ

Arap Z, naru xap Oup F, cuMMeTpUK KUppa 3KCTpemall HyKTara sra 0yica,
y XoJila Z HopMalianraH (a3o amomux ¢azo nenunaau.

Kyiingaru teopema ymly maparpaHUHT acocHil HaTWKacu OYiIuMO, aTOMHK
KoMMyTaTuB (oH Heliman anreOpanapu ong Kymma (azoapura M30METPHUK
M30MOp(Q OYiIran Kuppaiapu Kywid CHMMETPUK (azonapHU TacHUDIANRIu.

7-Teopema. Aumatiiux, Z amomux Heumpal Kuppaiapu Kyuiu CUMMempux
¢azocu (PE) xoccacuea s2a 6yaub, e myna 2eomempux mpunomeHmu mMasicyo
oyacun. Aeap L, bynv aneebpacu 6ynca, y xonda Z ¢azo L[ (T) ¢azoea

usomempux uzomopgh o6ynraou, 6y epoa T — yzapo opmoeouan muHuMAan
2eoMempuK MmpunomeHmaapHuHe MaKCuma Ouiacu.

YHHUTap TeOMETPUK TPHUIIOTEHTIN XAKUKWWA HEWTpaJ KUppalapu Kydiu
cUMMETpHK (hazosap ymdy O0OHHMHT OJITUHYM naparpaduaa ypraHuiu.

Arap F, U F , TYINIaMHUHT KaBapHK KOOMFM Z, OMpIMK Inap OMiIaH ycTMa-

yCT TYIICA, TbHU
Z =co(F,UF). (1)
oynca, y xonna e € GU ynumap ceomempux mpunomenm NeHUIaIHN.

R" ¢pazo ymbdy
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n

lxl= D1,

i=1

HopMma Oyiimua SFS-daszo Oymamu, Oy epma x=(x)eR". Arap ecR"=(R")
MaKCUMall T€OMETPUK TPHUIIOTEHT Oyica, y xonga e=(§,....&,), & €{-1,1},
i=1,2,...,n; ury Ounan Oupra

Ez{xeR”: Zgixizl, gx; =20, i=171}
i=1

HOopMa OVitmua OYprrupwiran kuppa (1) mapTHU KaHOATIAHTHUPATH, SbHU
e YHUTap reOMETPUK TPUIIOTEHT OYIaau.

YMyMu#t Xonaa TYFpU HMFUHIN Xoccacura ara u ymaoBid (X, 44) YIT40BIH
(asonu KapakiMus, apHU Oy (dasona mynnan {Q},_, <X, 0< u(Q,) <o, ieJ ounna

MaBXyIKH, (A)<oo OynraH uxtuépuili A€X yuyH myHgad J, —J CaHOKIN

KHCM TYTJIaM Ba HOJIb yI4oBIM B Tymiam Oop 0Ynuo, A=U, S (ANQ)UB
le 0

MyHOca0at YpuHIu Oyaaau.
Adiraiimuk, L (Q,%, ) - (,2,4) na WHTEerpaulaHyBYM Oapua XaKUKHHA

Gynkumstap dazocu 6yiacun. by daso || f||= J | f(®)1du(t), feL(Q,X, 1) HOpMa

Q
oyiinua SFS-da3zo 6ynanu.
Arap ee L*(Q,2, 1) = L (Q,%, 1) MakcuMall TeOMETPUK TPUIIOTEHT Oyiica, y
xonga oupop A€ ydyH e=j}, — 7, Oyldamu, Oy epna y, — A TYIIaMHUHT
XapaKTEePUCTUK (PYHKUMICUHU Y3 MUMTra OJyBUM CUH(]. Y xo0Ji1a

F, = {f e LQI ) || fI=1, |e@)f@)du() =1}

HOpMa OVitmua OYprrupmwiradn kKuppa (1) IapTHH KaHOATIAHTUPAIW, SBHU
e YHHUTap TE€OMETPUK TPUIOTEHT OYIasn.

H.Anropos, K.KynaiibeprenoB Ba M.MOparuMoBlapHUHT HIIKMAa, arap Z
YHUTAp TE€OMETPUK TPUIIOTEHTra 53ra XaKUKUW HEHTpand Kuppajapu Kyw€id
cuMMeTpuK ¢dazo OYanbd, YHMHT HXTUEPUN MaKCUMall TEOMETPUK TPHUIIOTCHTH
yHUTap Oynca, y xonna Z (a3oHUHT L -(a3ora MU30METPUK H30MOp( Oyiuim

KypCaTUJraH.
Kyinnarn Hatuka, IOKOPUAArd TEOpeEMaZa «UXTUEPUA MAKCUMAII TEOMETPHK
TPUIMIOTEHTHUHT YHUTAP OYIUIINY» IMapTHHUHT OPTHKYA SKAHJIUTUHU KypcaTan.
1-nemma. Aumaiiiuk, 7 xaxuxuu Hetumpan SFS-¢azocuoa yuumap
2e0MempUK MPUROMEHN MABHCYO OVICUH. YV xonoa xap oup Maxkcumau ceomempux
mpunomenm yHumap 0ynaou.
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Kyitnaaru Teopema ymly naparpadHUHT aCOCHI HATHXKACUTUD.

8-Tteopema. Aumaiinux, 7 xaxuxuili Heumpan Kuppaiapu Kyuiu CUMMEmpUK
Gazocu ynumap 2eomempux mpunomenmea 32a OVICUH. Y xonoa myepu tiueunou
xoccacuea sea p ynwoeau (2, 1) yauoenu ¢azo masyncyo 6yaub, 7 ¢haszo

L (Q,%, 1) ¢aszoea usomempux usomopg 6yraou.

JuccepranystHuHT «XaKUKHH omeparopJiap ajireOpajiapuHUHT
reoMeTpuKk TaBcuguw» HOMIM TYpTUHYHM OobOuma JBW-anreGpanapHuHT 011
Kyuma ¢a3oJapuHUHT TEOMETPUK XOCCaIapy YpraHuIIu.

XaKkukui €xku KoMIiekc A anrebpaga (yMyMuil XoJjaa HOACCOIMaTURB) a o b
KkynaiitMa uxtuépuii a,b € A yuyn

1) acb=boa,

2)a’o(boa)=(a’ob)oa
aKCHOMAJIapHM KaHOATIAHTUpCa, y Xonna A Hopoan ancebpacu neiiunanm.

Bupiuk 31eMeHTra sra A Xakukuil Mopaan anre6pacuia HopMa aHHKIAHTAH
o0ynu0, Oy HopMmara HucOaraH y banax ¢gaszocu xamaa uxtuépud a,b € A yuyH

b o] =l
2) o] <l 457
3) [la = o] <|lal|lo]

mapTiapu YpuHiau oyica, y xonaa A Hu JB-aneeopa neb araiinu.
Arap A JB-anrebpacu onn KymiMa ¢aszora sra Oyica, SbHHU IIyHIal

b

HopMmajianran A, ¢aszo maBxyn 6ynub (A,) =A Tenrnuru ypuniu Oyica, y

xonna A anredpa JBW-aneebpa nevinnaiu.
NuBomtotus xomiuiekc Mopnan anrebpacuga HopMa aHHWKIaHTaH O0yiuoO, Oy
HOopMara HucOataH y banax dazocu xamaa uxtuépuit a,b € A yayH

D ][ =
2) |la~b] <[]l
3) [[{aa’al| =]al

maptiapu YpuHiu Oyica, y xonna A JB*-aneebpa nevivnanu, 0y epaa

9

{abc}:(aob)oc+(cob)oa—(a oc)Ob, a,b,c € A.

Onn kymma ¢azora sra 6ynran JB*-anre6pa JBW*-aneebpa neitnnanu.

bupnaun maparpadaa ¢on Heiliman anreOpacu XaKMKHA KUCMUHHHT OJIJT
Ky1ma ¢ha3ocu Ypranuiiam.

bynna ¢gon Heliman anreOpacu Xakukui (SbHH DPMHUT) KUCMHHHUHT OJIJ
Kymma (a3zocu Kuppasapyd Kydjad CUMMETPUK (a3o OYIuIM ydyyH yHUHT aben
anreOpa Ouiad Tuny [/, anreOpaHuHT TYFpU WHFUHIMCUIAH HOOpaT OYIuIIM 3apyp

Ba €TapJIk SKaHJINTH I/IC6OTJ'IaH,Z[I/I.
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9-teopema. Avumaiiiuk, M — ¢on Heiiman ancebpacu, A=M , — M numne
apmum Kucmu 6a A, — A Hume o010 xywima gasocu oyicun. Y xonoa xyriuoacu
wapmiap 3K6U8ANEeHMOUp.

1) A, ¢azo SFS-¢pazo d6yraou;

2)M=M ®M,, 6y epoa M, — munu I, (i=1,2) aneebpa.

Wxxkuaum maparpadaa XakKuKuid CriiH-()aKTOpIaApHUHAT OJI KymMa ¢azonapu
YpraHuiaav Ba CIOUH-(QAKTOPHUHI OJ KymiMa (a3ocu Kuppajapu Kywid
CUMMETPHUK (Ha30 OYIUIIN KYPCATUIIIH.

Adraitmuk, A — JBW-aarebpa OVyncun. Arap Oapua z€A yudyH
xo(zoy)=(x0z)oy MyHocabar ypurmn Gyica, y Xonga x,y €A 3leMEHTIApH
oupeanukoa — JeWWIaad  Ba (x> y) Kabu  OenrwmiaHay. Yoy
Z(A)={xeA: x>y, VyeA} Tymiam A anreOpaHUHT Mmapkazu JeUuiaau.
Arap Z(A)={11, AR} 06ynca, y xomma A — JBW-gpaxmop neitunaam.
UxTtuépuit a € A siaeMeHT yuyH ea=a Oynagurad 3HT KUYUK MapKa3zui e € A
MPOCKTOpP MaBXkyA. By NpPOEKTOpHU a  21emMeHmHuHe MAapKa3uil Mmauty8yucu
IeUnIagn Ba c(a) KaOu OejruiaaHamgu.

Arap c(a) =1 Oyaca, y Xoimga a DJIEMEHT aHuK Jeunnamn. A
JBW-anrebpanur e Ba f NOpOEKTOpJIapU YUyH {ses} = f TCHIIUTUHU
KAHOATJaHTUPYBUM S€ A CHUMMETpuUs MaBxy] OVica, y xoiga e Ba f Jjap
CUMMETpHSI OpKaJiu OOFJIaHraH aewmiiagu. Arap p €A TPOEKTOp YUYyH { pAp}
aben anreOpacu Oyica, y Xoiaa p aden NpoeKTOpH JIeHUIaIu.

Aitraitnuk, L — A JBW-anreOpanunr Oapya mOpoeKTopJiapu MaHXapacu
OyncuH. Arap e< g TEHICU3JIMKHU KaHOATJIaHTHUPYyBUYM Oapua e,g € L Ba Oapua
f € L map yayH (ev f) ANg=eV (f A g) MyHOca0aT Oakapuica, y Xoiaa L HH
MOOYIAp namdcapa Neiunaiu.

Arap e€A TPOEKTOPH YUYH [O,e] ={ feL:f Se} MOAYJISIp TaHXkapa
Oyica, y Xoaa e mMooyasap nenunaam.

Arap A JBW-anreOpacuHuHT Oapua MpoeKTopiapu maHxapacu L MOIyJsIp
oyinca, spHu 1 Monynsip mpoekTop Oyiica, y Xoiaa A mMooyusap NeUnaau.

JBW-anrebpacu

1) arap yHaa aHuk aben MPOeKTOpU MaBxKya Oyiica, y xoyjaa tunu [ anredpa
JICUMJIaau;

2) arap y aHUK MOJYJISIp MPOEKTOpra sra Ba HOJJAH y3rada aben MpoeKkTopra
ara Oynmaca, y xonnaa tunu I anreOpa neinnay;

3) arap y HOJIJaH y3raua MOAYJISIp NMPOEKTOpra sra Oyiamaca, y Xojaa TUIH
11l anrebpa nennnaam.

Avitaiinuk, H xakukuii ['mnsbept ¢aszocu O6ynubd, x,y e H aneMeHTiIapH

CKaJsip KynailtMacuuu (x, y) kabu Oenrunaitnuk. Ymoly

A=RxH={(a,x):aeR,xe H}
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JIEKAPT KyMauTMaHU Kapanumu3. Y Hla KynauTMaH!
(a,x) o (B,y) = (aff +{x,y),ay + fx),
KYpPUHHUILINAJIA KUpUTamMu3, Oy epaa o, f € R, x,ye H. A na HopMmaHu ymiOy
| (a, %) |[=lal+|| x|, (¢ eR,x e H).

dbopmyia OViinua aHUKIanMU3.
by kymaiitma Ba HOpmara HucOataH A Tyruiam Oupiuk smementd 1=(1,0)

oynran JBW-aktop Oynmamm Ba y cnun-¢pakmop ne6 artamamm. E.lllTé€pmep
ToMoHuAaH JBW-¢pakrop tunu [/, Oynummm yd4yH yHMHI cluH-(hakTop Oyiuim

Bapyp Ba eTapJIH DKAHJIUTU I/IC60TJIaHraH.
) =RxH,|-|.), oy epia

ylLb}. A Ba ymuar kymmacu A" opacuiaru

Mabnymku, (RxH,
1 (B, ) ||.= max{l 81,

WMKKWJIAHTaHJIUK Kyiuaara ¢hopmysia Ouiian oepuiaiu:

(@, 0),(B,y)) = aff +{x, y).

Kyinnaru teopema ypuHiIn.
10-teopema. Aiimaiinux, A cnuu-gpakmop Oyacun. YV xonoa A, aso

SFS-¢gas3zo 6ynaou.
by Teopemanu ncboTtnamniga Kyiuuara JjeMmMa MyXuM YpUH drajianiam.
2-nemma. Aumaiinux, A cnun-gpakmop 6yacun. Y xonoa xap o6up uecA
2eoMempuK mpunomenm Kyuuoasu KypuHUWIApOar oupuea 2a 6ynaou:
a) u=(x1,0);
6) u=(0,a), 6y epoa || a|,=1;

1 1
8) u =(i§,aj, 6y epoa Ha||2=§.

VYuunun mnaparpadpaa JBW-anreOpanapHunr ona kymma - ¢azosiapu
Yyprauunau. JBW-anreObpanunr onna kymma pa3zocu Kuppajgapu Ky4id CUMMETPUK
(azo OynmuImM y4yH yHHMHI, a0en anreOpa OwinaH TUnM [, anreOpaHUHI TYFpU

WUFUHAMCHIaH HOOpaT OYIIUIIN 3apyp Ba €TapJid SKAHIUTH UCOOTIaH IH.
Masbnymku, Mopaan anrebpanapu Hazapusicua UXTHEPUA a € A DIIEMEHT

yayn U, x=2ao(aox)—a’ox KypuHHIINIA aHUKIaHraH U, OTepaTopd MyXHM
axamusTra sra. HWxtuépuili a € A snemeHt yuyH U, omneparopu mycOar (SbHU
U, (A")c A") Ba HOpMman (spHH, arap X, ™ x, Oynca, y xonma U x, U ,X)
6ymamu. Arap p mpoektop 6yaca, y xonna U, x=2peo(pex)—peox, ||U, [<]1,
U[f = Up Ba Up = UpUl_p =0. Ymby p <—>Up MOCJTUK OueKus Oymaau.
C.2nBapac Ba I'.PyTTmMannapHuHr uinga KydWnaar HaTHka MCOOTIaHTaH:
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Aitraiinuk, B JBW*-anredbpa, A=B,, — B HuHr 0apua y3-y3ura Kymma
anementiapuauar JBW-anrebpacu, A, — A HUHr oij KymmMa (a3ocu xamjia
A,, — A, HUHT OupiMK mapu OyiacuH. Y Xonga A,, HUHT Xap Oup Hopma Oyiinda
€nukK Kuppacu F OYpTTUpHIran 0yiuo, ymoy

F = F,=co({F,} U—{F,}), @)

KypuHHUIITa dra Oynmamu, Oy epaa p Ba ¢ Jap A HHUHT ¥y3apo OpPTOTrOHAI
IIPOEKTOPJIAPU XaMJla U = P — (.

Avitaiimuk, A — JBW-amrebpa, A, — A HuHT onja Kymma (asocu Ba
A,, — A. HuUHT Oupiuk mapu OyncuH. Y xonna (2) Oyiindya A, HUHT Xap Oup
HopMa Oyiimua Oyprrupmiaran kuppacu F, yuyn A, ma P(u), k=0,2
MPOEKTOPJIAp KyWHAaru KypHUHUIIIA AHUKJIAHAIN:

Pwf =U,f+U,f,

Bwf = U} f:

Oy epma p Ba g Jlap A HUHT ¥3apO OPTOTOHAJ MPOCKTOPJAPH XaMIa U = p —(,
feA..
Kyhiunarn nemmanapga  P,(u), k=0,2 npoexropmapHuHr obpasnapu

aHUKJTaHATH.
3-nemMma. A, Hune xap bup nopma oytiuua 6ypmmupunean kuppacu F, yuyn

sppl, = Bw)(A)={f €A Kw/f=f}

MyHocabam ypuuau oOynaou, 6y epoa p 6a q nap A HuHe y3apo OpmMO2OHA
NPOEKMOopaapu Xamoa u = p —q.
4-nemma. A, Hune xap bup nopma oytiuua 6ypmmupunean kuppacu F, yuyn

F = Bu)A)={f A RS =f),

MyHocabam ypuuau Oynaou, 6y epoa p 6a ¢ nap A HUuHe y3apo OpmMO20HA
NpoeKmopaapu xamoa u = p — (.

Kylinnaru nemmazna Oy npoekTtopiap €paamMuia OUpJIUK HIApHUHT Xap Oup
HOpMa OYitnda OYpTTUPMIIraH KUppacu YYyH CUMMETPHS aHUKJIaHAIH.

S-nemma. A, Hune xap oup nopma oytiuua 6ypmmupunean kuppacu F, yuyn

S =2P,u)+2Pu)—1,
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onepamopu cummempus 0yaub, yHuHe Kyzeaimac Hykmanapu myniamu SpF, @ F, ¢

oynaou.

[TaparpadguuHr acocuii HaTHXXKAacK KyHHIaru TeopemMaaup.

11-teopema. Aumaiinux, A JBW-aneebpa O6yacun. YV xonda kytuoaeu
wapmiap 3K6U8ANEHMOUpP:

1) A, ¢azo SFS-¢haszo 6yraou;

2) A=A @A, b6yepoa A —aben arcedbpacu, A, —munu I, arcedpa.
Xycycan, acap A — munu I (n>3) éxu Il éxu Il 6ynean JBW-anzebpa
oynca, y xonoa A, gazo WFS-¢ga3zo 6yimatiou.
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XVJOCA

Jluccepranus UK XaKUKWi KUppatapu CAMMETPUK (Pa30JIapHUHT T€OMETPUK
TacHUGU Ba yIapHUHT OyHjail ¢azonap cuHbUAArd XakuKUid omepaTopiap
anreOpalapuHUHT TEOMETPUK TaBcU(HTa TaTOMKIapUra OaruiIaHTaH.

1. SFS-¢a3onapuaa 4ekiaum reOMETpPUK TPUMOTEHT TYIIYHYACH KUPUTHINO,
YHUHT 0ab3u Oup xoccaliapu aHWKIaHAu. VXTUEpuil dekin YiruaMiau XaKuKAn
HeiTpan SFS-dazoHuHT Yeknu OYauim ncooTIaH Iu.

2. He#itpan kuppamapu cumMeTpuk (¢daszonap OUpAMK  IIapiapu
KUpPAJIAPUHUHT TEOMETPUK Xoccajapu Ypranwigud. byHna dyeknu Yimuamiu
XaKUKUI HEUTpan Kuppajiapu Ky4cu3 CUMMETPUK (azonapu OUpIIUK MIapIapUHUHT
Oapua HSKCTpeman HyKTajapu OYpTTUPWITaH HYyKTa OYIUIIM, XaMJa YeKJIH
ViIuaMin XaKuKAd HEeHUTpall KUppajlapyu Ky4dJd CUMMETPHUK (Da3ojlapuHUHT Oapua
CUMMETPUK KHppaJlapy CUMIUIEKC OYIMUIIN KYpCaTUIIIN.

3. SFS-dazonuHr kymma ¢gazocuiaru OpToroHauIuK ominaH M-opToroHauIuK
opacuaaru OOFIUKIUK Ypranwiau, Xamuaa pediaekcuB SFS-dazonapna reomerpuk
TPUIOTEHTIAPHUHT reoMeTpuk TaBcugu Oepunau. PednekcuB SFS-dazomapHuHT
Kymma (a3zocu OMpPAMK IIAPUHUHT SKCTPEMall HyKTajapu TYIUIaMH MaKCHUMAJl
T€OMETPUK TPUIIOTEHTIIAP TYIJIaMH OWJIaH yCTMa-yCT TYLIUIIH KYPCAaTUIIAN.

4. banax ¢azomnapu cuHpuna xakukuii ['miasbept (azomapura reoMeTpuk
TaBcH(p Oepuiiau Ba Oepuirad paHru Oyiuda 4eKiau yirdyaMin XaKuKuil Kuppanapu
Ky4Id CUMMETPUK (ha3oap TaCHU(IAHIU.

5. JP xoccacura sra OynraH UXTHUEPUIA YEKIW VIYamiid XaKUKAA HEHTpai
KUppaJlapyd KyWId CUMMETPUK (Pa30HUHT Yeksn ymdamiu [ unsbept dpazonapuHUHT
[, -IuFUHANCUTa N30MOP() SKAHIUTH UCOOTIIAHH.

6. Atomuk komMmyTtaTuB ¢oH Heliman anreOpacu ona kymma dazocura
U30METPUK u3oMopd OynraH Kuppaliapy Kyw€id CHMMETpUK  (dazomap
TacHU]IaHIU.

7. YHUTap TPUMIOTEHTTA dTa XaKUKUH HEUTpasl KUppatapu Ky€id CAUMMETPHUK
dazo L (Q,%, 1) hazora u3oMETpUK U30MOP() IKAHIUTU KYPCATHIIIN.

8. IBW-anrebpanunr oy Kyuma gazocu Kuppaiapu Kywid CUMMETpUK (az3o
Oynmumy ydyH yHMHr a0Oen anreOpa Owinan Tunu [, anreOpaHUHT TYFpH

WUFUHAMCHUIaH HOOPATIUTH 3apyp Ba €Tapiu SKAHIUTH UCOOTIIaH IH.
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HAYYHBIN COBET DSc.02/30.12.2019.FM.86.01 I1O
NPUCYKIEHUIO YYEHBIX CTEINEHEN TP UHCTUTYTE
MATEMATHUKHU UMEHU B.A.POMAHOBCKOI'O

NHCTUTYT MATEMATHUKH

CEUITYJIJIAEB KYMABEK XAMUIYJIJIAEBUY

OHNUCAHUE BEHIECTBEHHbIX 'PAHEBO CHMMETPUYHbIX
ITPOCTPAHCTB 1 UX TPUJIIOXKEHUSA K TEOMETPHYECKOU
XAPAKTEPU3ALIUU JBW-AJIT'EBP

01.01.01 — MaTreMaTH4YeCKHI aHAJIN3

ABTOPE®EPAT JUCCEPTALIMU JOKTOPA (DSc)
OPUBUKO-MATEMATHUYECKUX HAYK

TAIIKEHT - 2021



Tema poktopckmii (DSc) amccepranmm 3aperncrpuposana B Beicilieil aTTecTaumoHHOIM
komuccuu npu Kabunere Munucrpor Pecny6inku Vi6exncran 3a Ne B2020.4.DSc/FMS5.

Huccepranms eimonaeHa B MHcTHTyTe Matematuku umenn B.U.Pomanosckoro AH PV,

ABTopedepar auccepralMu Ha TpPEX s3bIKax (Y30eKCKHi, pycckui, aHMIMiicKuii (pesrome))
pasMemgs Ha BeG-cTpanuue mo ampecy http:/kengash.mathinstuz u ma WnpopmarmorHo-
obpaszoparensHOM mopTane «ZiyoNet» o agpecy www.ziyonet.uz.

Hayunblii KoHCYJILTAHT: Aronop IllaBkaT AGay/iiaeBny
NOKTOp (PM3HKO-MAaTeMaTHIECKHX HAyK, aKaJleMHK

Odnunanbabie ONNOHEHTHI: 3autoB AmniGexk ATaxaHOBHY
AOKTOp (hU3MKO-MaTeMaTHYECKHX HayK, nmpodeccop

3akupoB Borup CaéuroBuy
JOKTOp (pHU3UKO-MATEMATHYECKUX HAYK

Apsukyjos @apxoxxon Hemarkonosnu
JOKTOp (GH3HUKO-MAaTEMaTHYECKUX HAYK

Benymas opranuzanus: Hanuonanbuelif yauBepcuter Yibekncrana

3auuTa AUCCEpTALMH COCTOMTCH « &f 7 » Wﬂﬁ/i 2021 roga B ﬁ_o uqacoxa Ha 3aCeaHNH
Hayuworo  cosera  DSc.02/30.12.2019.FM.86.01  mpu Huctutyre  MareMaTHKH — MMeEHH
B.H.Pomanosckoro. (Axpec: 100174, r. TaukeHT, AnMasapckuii paiioH, yn. YHuBepcuterckas, 46. Tei.:
(+99871)-207-91-40, e-mail: uzbmath@umail.uz, Website: www.mathinst.uz).

C nmuccepraumedl MOXHO o3HakOMHThCA B HMH(OpPMALMOHHO-pECYpCHOM LEHTpe Uncruryta
Marematnku umenn B.M.Pomanosckoro (3aperucrpuposana 3a Ne //0). (Ampec: 100174, r. Tamkenr,
AJMasapckuil paiion, yi1. Yausepcuterckas, 46. Ten.: (+99871)-207-91-40).

ABTOpedepat JUccepTaLy pa3ociaH « 77 » u%&fﬂ/lof/ 2021 roga.

(nporokon pacchinku Ne or «19 » Mﬁ(&/{f 2021 ropa).

Y.A.Po3ukoB

BETa 10 MPUCYXKICHUIO YIEHBIX
cTeneHeH, A.¢.-M.H., mpodeccop

K.K.Anames

Vuenslii cexperaps Hayusoro
COBETA MO NPUCYKACHUIO YISHBIX
crengHer, K.Q.-M.H., cTapiumii HayYHBIH
COTPYAHHK

Y. Y. KamunoB

[peacenarens HayuHoro cemunapa
npu HaquOM COBETE 10 NPUCYKAECHUIO YUYEHBIX
cTeneHei, A.¢).-M.H., CTapIIuii HayYHBIH
COTpPYJIHUK




BBE/IEHUE (aHHOTALMS AOKTOPCKOM JUCCEPTALMHU)

AKTYaJlbHOCTh H BOCTPe0OOBAHHOCTH TeMbl JuccepranuM. MHorue
HAay4YHbIE W NPAKTUYECKHE HCCIEAOBAHHMS HAa MHUPOBOM YpPOBHE, BO MHOTHX
ClIly4asiX, CBOASTCS K F€OMETPHUECKOW XapaKTepu3alu MMPOCTPAHCTB COCTOSHHIMA
ONEPAaTOPHBIX aIredp, T.€. K aKCMOMAaTHYECKOW XapaKTEepU3alHUHd TEX BBITYKIBIX
MHO’KECTB, KOTOPBIE SIBJISAIOTCS MPOCTpaHCTBaMU cocTosiHui C*-anrebp u anredp
don Heiimana, nnu JB-anre6p u JBW-anre6p. S.Opunmanom u b.Pycco Obuto
BBEIICHO  IIOHATHE  T[PAaHEBO  CHUMMETPHYHBIX  IIPOCTPAHCTB,  KOTOPBIE
paccMaTpUBAIOTCS KaK T€OMETPUYECKAst MOJIEb COCTOSIHUM KBAHTOBOW MEXAHMKH,
OCHOBHOH IIEJIBIO BBEJICHUS KOTOPBIX SIBIISIETCS F€OMETPUYECKAsT XapaKTepu3alus
IPEJICONPSKEHHBIX IPOCTPAHCTB OMNEpaTOpHBIX anredp. OmnucaHue CUIIBHO
I'PaHEBO CUMMETPHUYHBIX IPOCTPAHCTB SBIIIETCS OJHMM M3 AKTYyaJIbHBIX 3a]a4
aKCHOMAaTUYECKOTO MW3Y4YEHHUSI CTAaTUCTUYECKUX M BEPOATHOCTHBIX aCIIEKTOB
KBaHTOBOW MEXaHUKH, U PELICHUS NPOOJIEM TEOPHH ONEPATOPHBIX aiareop.

B Hacrosimiee BpeMs B MHUpE aKTyaJlbHOM SIBJISETCS OIKMCAHHE T'PAHEBO
CUMMETPHUYHBIX MPOCTPAHCTB U XapaKTepU3alMu OINEpaTOPHBIX aiaredp B Kiacce
Takux npoctpaHcTB. M.Heiinmom um B.Pycco ObuiM TMOy4YeHbl T€OMETPUUYECKUE
XapakTepru3aluyd MPEACONPSHKEHHBIX IPOCTPAHCTB KOMIUIEKCHBIX JB*-Tpoek,
KOTOpbIE  SIBISETCS  MIUPOKMM  KJaccoM  OaHaxoBBIX  IPOCTPAHCTB,
OCHOBBIBAIOIIMECS] Ha TPOUYHOM anreOpanveckoil CTPYKType, M COJAEpKallie B
cebe C*-anredpsi, anredpsl Gon Heiimana u JBW*-anre6pel. B To ke Bpems
reoMeTpUYecKas XapakTepu3alus BEIIECTBEHHBIX ONEPATOPHBIX anredp ocraercs
OTKPBITBIM BOIIPOCOM. B CBSI3H € 3TUM, T€OMETPUUYECKOE ONMCAHUE BEIIECTBEHHBIX
I'PaHEBO CUMMETPUYHBIX IPOCTPAHCTB, U IPUMEHEHHUE MOJYUYEHHBIX PE3YIbTAaTOB K
XapaKTepu3alusM BEUIECTBEHHBIX OINEPaTOPHBIX anredp B KJacce TaKuX
IIPOCTPAHCTB SIBJIAETCS LIEJIEBBIM HAYYHBIM HUCCIIETOBAHUEM.

B Hameil crpane ocoboe BHUMaHUE YJEISETCS aKTyalbHbIM HaIpPaBICHUSIM
(byHIaMEHTAJIbHBIX HAYK, KOTOPbIE UMEIOT HAYYHbIE U TPAKTUYECKUE PUMEHEHHUS
B KBaHTOBOW MexaHHUKe U Qu3uke. B mocnenHue rojpl 3HAaUUTEIbHBIE PE3YIbTaThI
ObUTM JOCTUTHYTBHI MPHU PEIICHWU MPAKTUUYECKUX 3aJlad HaxOoXKJIeHueM Ooree
MPOCTBIX FEOMETPUUYECKHUX YCIOBUM, MPU KOTOPBIX BBIMYKJIOE MHOXXECTBO OyneT
adhpuHHO M30MOP(PHO MPOCTPAHCTBY HOPMAIBHBIX COCTOSIHUM Moay sipHoi JBW -
anredpbl, B YACTHOCTH, KOHEUHOU anreOps! (hoH Helimana. [IpoBeaeHne HaydHBIX
UCCJIEOBAHUM Ha YpPOBHE MEXIYHApPOJIHBIX CTaHAApPTOB IO IPUOPUTETHBIM
HAyYHBIM HaNpaBJICHUSAM CIIEHUATBHOCTH «Aredpa u QyHKIIMOHAIBHBIA aHATN3»
paccMaTpUBaeTCs KAaK OCHOBHBIE 3a/Jayd W  HaIpaBJICHUS JAESATENbHOCTU
DyHIaMEHTaNIBHBIX HCCIEOBAHMIT . PasBUTHE TEOPHH TIPAHEBO CHMMETPHYHBIX
IPOCTPAHCTB JUIA  JAJbHEHIIEro HMCHOJb30BAHUS PE3YyJIbTAaTOB HMCCIECAOBAaHUSA B
CMEXHBIX 00JacTsSIX HAayKH, UTPaeT BaXKHYIO pOJIb B OOECIEUEHUHU peaTu3aliu
JTAHHOTO TIOCTAHOBJICHUS.

Mocranosnenne Kabuuera MunmctpoB PecryGmukn VYisbexucrtan ot 18 mas 2017 roma Ne292
«O Mepax Mo OpraHHU3alVM JIEATEIBHOCTH BHOBb CO3[JaHHBIX HAYYHO-HCCIIEN0BATENBCKUX YUPEKICHUN
Axkanemuu Hayk PeciyOnvku ¥Y30eknucTamy.
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HccenenoBanuss NaHHOM JAMCCEPTAMU B OINPENEICHHOM CTEIEHHM CIIy)KaT
pelieHuo 3aaay, o0o3HaueHHbIX B Ykase [Ipesunenra Pecnybnuku Y36ekuctan
NeVI1-4947 ot 7 deBpans 2017 rona «O cTpareruu JeHCTBUS N0 AaJbHEHIIEMY
pazButio PecnyOnuku Y30ekuctan», B mnoctaHoBieHusx NellIlI-4387 or
9 wmrona 2019 roma «O Mepax rocyJapCTBEHHOW NOAACPKKH HaIbHEHUIIEro
pa3BUTHS MaTeMaTUYeCKOro oOpa30BaHHUS M HayKd, a TakKe KOPEHHOTO
COBEpILIEHCTBOBAaHMUS  JAesaTenbHOCTH — MHCTMTYTa ~ Marematuku  MMEHH
B.N.PomanoBckoro Akagemun Hayk Pecryonmuku Y3oekuctan» u Nelll1-4708 ot
7 mast 2020 roga «O Mepax Mo TOBBIIMIEHUIO KauecTBa 00pa30BaHUS U Pa3BUTHIO
HAay4YHBIX HCCIICIOBAHUI B 00JIACTM MaTEMaTUKW», U B JPYTrUX HOPMaTHUBHO-
MPABOBBIX aKTaX, Kacaromuxcs QyHIaMEHTATPHOW HAYKH.

CooTBeTcTBHE HCCJIEOBAHUSA NPUOPUTETHBIM HANPABJEHUSAM Pa3BUTHUA
HAYKM M TeXHOJOTMH B pecmy0/mke. HccnenoBaHnue BBINOJHEHO B
COOTBETCTBHH C MPUOPUTETHBIMU HAMPABICHUSIMH Pa3BUTHUS HAYKU U TEXHOJOTHIA
B PecniyOnuke Y36ekucran, pasn. IV «Marematuka, MexaHuka U UHQOpPMaTUKA.

O0630p 3apy0e:KHBLIX HAYYHBLIX HCCJIEJOBAHHN IO TeMe auccepramuu’,
HccnenoBannsi 1O TEOpPUM  TPAHEBO  CHUMMETPUYHBIX  MPOCTPAHCTB,
JBW-anrebp u JB*-Tpoek, BeayTcss AOBOJBHO HIMPOKO B HAYYHBIX IEHTpaxX H
YHUBEpPCUTETAX BEAylIMX cTpaH, B ToMm uucie: Denison University (Granville,
USA), Jerusalem College of Technology (Jerusalem, Israel), Mathematisches
Institut der Universitat Tiibingen (Tubingen, Germany), The Queen’s College
(Oxford, United Kingdom), Universit¢ de Provence and Centre de Physique
Théorique (Marseille, France), University College Dublin (Dublin, Ireland),
University of Berne (Berne, Switzerland), University of California (Irvine, USA) ,
University of California (Santa Barbara, USA), University of Granada (Granada,
Spain), University of Kansas (Lawrence, USA), University of Oslo (Oslo,
Norway), Wellesley College (Wellesley, USA).

B mnocnenHue ronapl B pe3ysibTaTe€ HAyYHBIX HMCCIEAOBAHUN CBSI3aHHBIX C
T€OMETPUYECKUM OIMMCAHUEM MPOCTPAHCTB COCTOSIHUN ONEPATOPHBIX anreOp ObLITu
pEeIIeHbl s aKTyaJlbHBIX 3a7a4. A HMEHHO, OBLIM TIOJYYEHBI CIEIYIONINe
pEe3yAbTaThl: OMNpPEEICHbl T€OMETPUUYECKUE YCIOBUS HA BBIMYKJIbIE MHOMXECTBA
oOecrieunBaomme ux apPuHHYI0O H30OMOP(HOCTH TPOCTPAHCTBY HOPMAIBHBIX
cocrosiuuii  JBW-dakropa tuma [, mpoctpancTBy cocrosiHuii JB-anre6psl
(University of Oslo, Norway and Wellesley College), mpocTpaHCTBY COCTOSIHUI
C -anre6pst (University of Oslo, Wellesley College), mpocTpaHCTBY HOPMAIbHBIX
coctostHuit JBW-anre6per (Universit¢é de Provence and Centre de Physique
Théorique, Wellesley College). [lokazano, 4YTO TpaHU EIUHUYHOTO Ilapa
npeAconpsHKEHHOTO MpocTpaHcTBa JBW-anre0p 3aMKHYTBI OTHOCUTEIHLHO HOPMBI
(The Queen’s College), HalimeHbl TeOMETPUUYECKHE YCIOBHS, IMPU KOTOPBIX
HEWUTpaJIbHOE TPAHEBO CHUMMETPUYHOE IMPOCTPAHCTBO SBISETCS N30METPUUYHBIM

*0630p 3apyOexKHBIX HAYYHBIX HCCIENOBAHMH MO Teme mucceprammm: Acta Mathematica Hungarica:
https://www.springer.com/journal/10474, Journal of Functional Analysis:
https://www.sciencedirect.com/journal/journal-of-functional-analysis, Canadian Journal of Mathematics:
https://www.cambridge.org/core/journals/canadian-journal-of-mathematics, Takxe ObLIM MCIOJIB30BAHBI
U JIpyTHe UCTOYHHKH.
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IPECONPSKEHHOMY TPOCTPaHCTBY ofHoro u3 (pakropoB Kaprana tuma 1-6
(Jerusalem College of Technology, University of California), ompenenensl
r€OMETPUYECKHUE YCIOBUSI, PH KOTOPHIX TPAHEBO CUMMETPUYHOE MPOCTPAHCTBO
ABJISIETCA HW30METPUYHBIM TPEACOINPSIKEHHOMY IPOCTPAHCTBY KOMIUIEKCHOM
JB*-tpoiiku (Denison University, University of California).

B HacTosimiee BpeMs B MHUPE IPOJOJKAIOTCS  MCCIEAOBAHUU IO
XapaKTepu3aluu OINEepaTOPHbIX alredp B Kiacce OaHAaXxOBBIX MPOCTPAHCTB. A
UMEHHO, BEIyTCS HCCIEJOBAaHUSA IO TaKUM [PUOPUTETHBIM  HAay4HO-
UCCJIEIOBATEIbCKUM HAMNpPABICHUSIM KaK: HM3yYEHHE T'€OMETPUYECKHUX CBOMCTB
MPEACONPSHKEHHBIX TpOCTpaHcTB anredp ¢on Heitmana, JBW-anre6p wu
JBW#*-Tpoek; HaxoxaeHue Ooiee MNpPOCThIX T'€OMETPUUYECKUX YCIOBUH, NpHU
KOTOPBIX BBIITYKJIOE€ MHOXECTBO sIBisieTcs adphuHHO M3MOP(HBIM MPOCTPAHCTBY
HOpPMaJIbHBIX cocTosiHui JBW-anrebOp, anrebp ¢on Helimana; reomerpuueckoe
OMHMCAaHWE TPAHEBO CHMMETPUYHBIX MPOCTPAHCTB, MU UX MPUIOKEHUE K
r€OMETPUYECKON XapaKTepu3alliu OMNEpPaTOPHBIX anredp B KIacce TaKHuX
IIPOCTPAHCTB.

Crenedb HM3y4eHHOCTH MpoOJemMbl. OIHUM W3 OCHOBHBIX HaIPaBICHUI
aKCMOMAaTUYECKOr0 M3YYEHHS] KBAHTOBOUW TEOPUU SIBIIAECTCS “‘BBIMYKIIBIA TMOAXOJ,
OCHOBHBIM 3JIEMEHTOM KOTOPOTO SIBJIIETCS BBIMYKJIBIE MHOXXECTBA COCTOSIHHM
busnueckux cucrem. B paborax E.Anbdcena, @.1lyneua, X.Xanke-Oncena u
b.Mokyma ObulM HaiiJIeHBI T€OMETPUYECKUE YCIIOBHSI Ha BBIMYKIIBIE MHOXECTBA,
oOecrieynBame UX aPPUHHYIO H30MOP(PHOCTH MTPOCTPAHCTBY COCTOSTHUM
C'-amre6per, amre6pst ¢on Hejimana mm JB-amre6ps.. basosas Teopus
JB*-Tpoek, OCHOBaHHAas Ha TPOWYHOW aiNreOpauveckol CTPYKType, ObLUIO
uznoxkeHa B padorax VY.Kayma, T.[anra, d.®puamana, I'.Xopna u E.Hexepa.
['eoMeTpuyeckue CBOICTBA BBIMYKIIBIX MHOXECTB, IPUBEIECHHbIE B pabdoTax
E.Anmppcena un  @.Illynpiia, mokKa3pIBalOT, YTO HMEIOTCS HEYIMOPSIOUYCHHBIC
anajoru JB*-tpoexk.

OcHOBHasi TeOpUsl TPaHEBO CHUMMETPHYHBIX IMPOCTPAHCTB ObUIa pa3BUTa B
paborax S.dpunmana u b.Pycco. OHm pokazanm, 4YTO NPENCONPSHKEHHOE
MPOCTPAHCTBO KOMIUIEKCHBIX anreOp ¢on Heiimana, JB*-anreOp, u Oonee oOmmx
JB*-Tpoek SIBISIOTCS HEUTPAIbHBIMU T'PAHEBO CUMMETPUYHBIMUA TPOCTPAHCTBAMHU.
[To3z:xe 3TMMH aBTOpaMu OBLJIO IOKa3aHO, YTO HEMPUBOAMMOE, HEHTpaibHOE,
CWIBHO TPAaHEBO CHUMMETPUYHOE MPOCTPAHCTBO JMHEHHO M30METPUYHO
MpeACONPSHKEHHOMY TTPOCTPAHCTBY ojHOTO U3 paktopoB Kaprana tuna 1-6, npu
YCIIOBUM, YTO OHO YJOBJETBOPSET YETHIPEM E€CTECTBEHHBIM M (HU3MUYECKUM
aKkCMOMaM, KOTOpbI€  BBIMOJHSIOTCA B TNPEICONPSDKEHHBIX — MPOCTPAHCTBAX
JB*-tpoek. M.Heiinom u b.Pycco Obun HalifieHbl T€OMETPUYECKHUE YCIOBUS, MPU
KOTOPBIX TPAaHEBO CUMMETPUYHOE MPOCTPAHCTBO SIBISAECTCA HW30METPUYHBIM
NpeACONpsHKEHHOMY TpocTpaHcTBY JB*-Tpoliku. bBbuio gokazaHo, 4TO BCSIKOE
HEUTpPAJIBHOE CWJIBHO T'PAaHEBO CHMMETPUYHOE MPOCTPAHCTBO pa3jlaraercs B
MNPSIMYIO CYMMY aTOMUYECKUX U HE ATOMUYECKUX CUJIBHO IPAHEBO CUMMETPUYHBIX
IIPOCTPAHCTB.
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B pabGorax UI.A.AwmnoBa, b.HMokyma u H.flaropoBa Obuin u3ydeHsI
F€OMETPUYECKUE XapaKTEPU3aLUKM TAaK HA3bIBAEMBIX IPOEKTUBHBIX BBIMYKJIBIX
MHOKECTB: M3YYEHbI PEIIETKM MX TPAHEW W HAWAEHBI MPOCTHIE TEOMETPUUECKUE
YCIOBUSL TOTO, 4YTO BBINYKJIOE MHOXECTBO Oyner adduHHO u30oMopdHO
MPOCTPAHCTBY HOPMAJIbHBIX COCTOSHUI MoayssipHoi JBW-anreOpsl, B 4aCTHOCTH,
KoHeyHoM anreOpsl ¢poH Heiimana. E.Anbdcen, @.1ynbi, n X.Xanke-Omncen amns
XapaKTepu3aluu MPOCTPAHCTB COCTOSIHUM MOPAAHOBBIX ONEPATOPHBIX alredp u
C*—aﬂre6p V3YYWJIM JyaldbHbIC MApbl — MPOCTPAHCTBO C MOPSAKOBOM €IMHULIEN U
IPOCTPAHCTBO ¢ 0a30Boil HOpMOH. CBsA3b MEXIYy NPOCTPAHCTBAMU C 0a30BOM
HOPMOM M TpPAaHEBO CHMMETPUYHBIMU MPOCTPAHCTBAMHM OblIa  yKa3aHa
H.SInropoBeim u M.MOparumMoBeiM. YcioBHe, TPH KOTOPOM CJIab0 TPaHEBO
CUMMETPUYHOE MPOCTPAHCTBO SBISAETCS CHJIBHO TI'DAHEBO CUMMETPUYHBIM
npocTpaHcTBOM Obuio  monydeHo H.SaropoeiMm. B pabore H.Snaroposa,
K.KynaitbeprenoBa u M.MOparumoBa ObUIO JaHO OMNHMCAHHWE CUJIBHO IPAaHEBO
CUMMETPUYHBIX  IPOCTPAHCTB,  KOTOPbIE  HM30OMETPUYECKH  H30MOP(HBI
L, -TpOCTPaHCTBY.

CBs3b TeMBbI JHCCEPTALUM € HAYYHO-HCCJIEI0BATENbCKUMH Ppadoramu
BbICILIEI0 00pPa30BaTEJbHOIO YYpPE:KICHHS WJIH HAYYHO-HCCJIeI0BATEIbCKOM
OpPraHM3aluy, I/ie BbINOJHEHA Auccepranus. /(ruccepTaimoHHOE UCCIEN0BAaHUE
BBIIIOJIHEHO B PAMKAX HAYYHBIX-UCCIENOBATENBCKUX NPOeKTOB OT-P4-82+0T-
®4-87-«JlokanbHble AUPGEpeHIUPOBAHUS W aBTOMOP(PU3MBI ONEPATOPHBIX H
HEacCCOLMAaTUBHBIX anreOp, (a3oBble NEpexXoapl H XaoC B  JIMHEHHBIX
JUHAMUYECKUX cuctemMax» + «Teopus T1JI00aNbHBIX HWHBAPUAHTOB KPHUBBIX
noBepxHocTed B EBKIMIOBOM M IceBIO-EBKIMIOBOM IpOCTpaHCTBaX M €€
MPUJIOKEHHUSI B MEXaHHMKE» WHCTUTYTa MareMatuku nmeHu B.J.PomanoBckoro
Axanemun Hayk Pecniyonuku Y306ekuctan (2017-2019 rr.) u OT-4-27 «Onucanue
IpeayalbHbIX IPOCTPAHCTB HOPAAHOBBIX TPOEK, IPOCTPAHCTBA EMKOCTEW H
rojoMopproe mnpononkeHue (ynkuun» Kapaxanmakckoro I'ocynapcTBeHHOTO
yHuBepcuteTa uMm. bepnaxa (2017-2020 rr.).

Leabo uccaenoBaHMsl  SBIKIETCS TEOMETPUYECKAs  XapaKTepu3alus
npeAconpsHKEHHBIX  TTpocTpancTB JBW-anrebp u uccieoBaHue BEIECTBEHHBIX
I'PaHEBO CUMMETPUYHBIX IPOCTPAHCTB.

3axauu uccjie10BaHKSA:

Haxoxnenue ycioBuil, Ipu KOTOPBIX JIEMEHT COMNPSKEHHOTO MPOCTPAaHCTBA
CWIBHO TPAaHEBO CHMMETPHUYHOIO MPOCTPAHCTBA SIBISIETCS TE€OMETPHUUYECKUM
TPUIIOTEHTOM;

OnucaHue KOHEYHOMEPHBIX BEIIECTBEHHBIX TI'PAaHEBO CHMMETPUYHBIX
IIPOCTPAHCTB;

OnucaHue TpaHeBO CUMMETPUYHBIX IPOCTPAHCTB, KOTOPHIE U30METPUUECKHU
U30MOP(HBI MPECONPSHKEHHOMY TPOCTPAHCTBY aTOMHUYECKHX a0eeBhIX anreOp
¢don Heitmana;

VYcraHoBneHue  HEOOXOIMMOIO M JOCTAaTOYHOTO  YCJOBHUS,  KOrJa
npeaconpsikeHHble  npoctpaHcTBa JBW-anre6p sBISIOTCS CHUJIBHO TPaHEBO
CUMMETPUYHBIMU MTPOCTPAHCTBAMH.
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O0bexkT wucciaegoBanus. Cnabo M CHUIBHO TPAHEBO CHMMETPHYHBIC
npocTtpancTBa, JBW-anreopsl, anre6psl pon Helimana.

IIpeamer wucciaenoBanusi. Teopusi rpaHeBO CUMMETPUYHBIX MPOCTPAHCTB,
TEOpHUsl ONIEPaTOPHBIX aareop.

Metoasbl ucciienoBanus. B nuccepraninoHHON paboTe MPUMEHEHBI METO/IbI
(GYHKUIHMOHATIBHOTO aHajin3a, TEOPUH TPAHEBO CHUMMETPUYHBIX IPOCTPAHCTB,
TEOPUH MOPIAHOBBIX 0AHAXOBBIX aNreop.

HayuyHasi HOBH3HA HCCJIEIOBAHUSA COCTOUT B CIIEAYIOLIEM:

JlokazaHo, YTO DJIEMEHT COIpPSHKEHHOTO MPOCTPAHCTBA pedICKCUBHOTO
KOMILJIEKCHOIO ~ CHJIBHO TPAaHEBO CHMMETPUYHOIO  MPOCTPAaHCTBA  OyJer
T€OMETPUYECKUM TPUIIOTEHTOM TOI/IA M TOJBKO TOrJa KOIZIa OPTOrOHAIBHOE
JOTIOJTHEHUE ATOTO 3JIEMEHTA COBMAAAET C €ro M-0pTOrOHaJIBHBIM JIOIIOJIHEHHEM;

Jloka3aHO, 4YTO KOHEYHOMEpPHBIE BELIECTBEHHBIE HEUTPAJIbHBIE CHIIBHO
IpPaHEBO CHUMMETPUYHBIE MPOCTPAHCTBA, 00JaJaI0IIME CBONCTBOM COBMECTHOIO
[TupcoBckoro pa3IoKEeHuUs, U30METPUYECKU U30MOpP(HBI [;-cymme
KOHEYHOMEPHBIX TMJIBOEPTOBBIX MPOCTPAHCTB;

JIoka3aHo, 4TO aTOMHYECKOE HEUTPAJIbHOE CHIIBHO I'PAHEBO CUMMETPUYHOE
IPOCTPAHCTBA C IMOJIHBIM TE€OMETPUYECKUM TPUIIOTEHTOM U 00JaiaroImui
CBOMCTBOM BBICTaBJICHHOCTH TOYEK U30METPUYECKHU N30MOp(HHO
IPEICONPSKEHHOMY IPOCTPAHCTBY  aTOMHUYECKOM aleneBoil anreOpsl (poH
Heiimana;

JlokazaHo, 4TO MpeAconpsuKeHHoe MpocTpaHcTBO JBW-anreOpnl sBisieTcs
CWJIbHO TPaHEBO CUMMETPUYHBIM MPOCTPAHCTBOM B TOM U TOJIBKO TOM CIiydYae,
Korja 3Ta ajaredpa ecThb npsMasi cymma adeseBoi anreopsl U anreOpsl Tuna /.

IIpakTH4Yeckue pe3yabTaThl COCTOUT B CIEIYIOLIEM:

®axT, 4TO NMr00as CUMMETPUUYECKasl TPaHb BEIIECTBEHHOTO KOHEYHOMEPHOTO
HEHUTPAJIBHOIO CHJIBHO TIPAaHEBO CHMMETPHUYHOIO IIPOCTPAHCTBA  SIBISIETCS
CUMIUIEKCOM  OBLIO HMCHOJB30BAaHO TPU XapaKTepu3allMd BEIIECTBEHHOTO
KOHEYHOMEPHOI'0 HEUTPAIBHOTO CHIIBHO TPAHEBO CUMMETPUYHOIO ITPOCTPAHCTBA,

YTBepKIeHHEe, YTO MPEACONPSHKEHHOE MPOCTPAHCTBO — CHUH-(akTopa
SBJIIETCS CWJIBHO TPAaHEBO CHUMMETPUYHBIM IPOCTPAHCTBOM OBbLI TMOKa3aH C
MIOMOILBIO BUJ0B F€OMETPUUECKUX TPUIIOTEHTOB.

JIOCTOBEPHOCTH Pe3yJIbTATOB MCCIeA0BaAHUsA. J(OCTOBEPHOCTD MOJTYyYEHHBIX
pe3yNbTaTOB OOOCHOBAHA NMPUMEHEHHEM METOJOB (PYHKUHMOHAIBHOIO aHalln3a,
TEOpPUH TPAHEBO CHUMMETPUYHBIX MPOCTPAHCTB U OMEPATOPHBIX airedp, a TakxKe
CTPOTOCThIO MATEMATUYECKUX PACCYKACHUM U I0KA3aTeNIbCTB.

HayuyHnasi m npakTuyeckasi 3HAYMMOCTD Pe3yJbTATOB HCCJIEI0BAHUSA.

Haydnast 3HauMMOCTh AMCCEPTAllUM COCTOUT B TOM, YTO TOJYyYEHHbIE
pe3ynbTaThl, CBS3aHHBIE C  XapakKTepus3alluell TPaHeBO  CHUMMETPUYHBIX
IPOCTPAHCTB M TeOMeTpudeckoi Xapakrtepuszanuein JBW-anrebp moryt ObITH
UCIIOJIb30BaHbI IPH U3yYEHUH T€OMETPUUECKUX CBOMCTB ONEPATOPHBIX aireop.

[IpakTrueckas 3HaYUMOCTb WCCJIEI0BAHHUS XapaKTepU3yeTcs
UCIIOJIb30BaHUEM U30METPUUECKON N30MOP(PHOCTH KOHEUHOMEPHIX BEIIECTBEHHBIX
HEUTpaJbHBIX CHJIBHO TPAHEBO CHMMETPUYHBIX IPOCTPAHCTB, OOJIAaJAIOLINX
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CBOMCTBOM COBMECTHOIO IIMpcOBCKOTO paznoxeHus, K /;-cyMMe KOHEYHOMEPHBIX
I'JIbOEPTOBBIX IPOCTPAHCTB MIPU AKCUOMATUUYECKOM M3yUY€HUU KBAHTOBOM TEOPHHU.
BHeapenue pe3yabTaToB HMCCJIeI0BAHUS. Pe3ylbTaThl, MOJyYEHHBIE MPU
OMMCAaHWH BEUIECTBEHHBIX TI'PAHEBO CHUMMETPUYHBIX MPOCTPAHCTB H ux
NPWIOKEHUU K  TeoMeTpudeckoll  xapaktepusanuu JBW-anrebp  Obuin
MCIIOJIb30BaHbl B CIEAYIOMNX HAYYHO-UCCIEA0BATEIbCKUX IPOCKTAX:

Onucanue aTOMUYECKHX CHJIBHO TPAHEBO CUMMETPUYHBIX IPOCTPAHCTB
OBLJIO HKCIIONB30BAHO Uil OMHMCAHUS M30METPHUIl aTOMHUYECKUMX CHUMMETPUYHBIX
npocTpancTB B ¢yHnaMmeHTanbHOM npoekte OT-®4-31 (cnpaBka MunucrepcTBa
BBICIIIETO U CPEJIHETO CreluaibHoro oopazopanusa PecnyOnuku Y30ekucrtana ot 3
nekabpst 2020 roma 3a HomepoM 89-03-5051). HMcmosib3oBaHHE HAYyYHOTO
pe3ysbTaTa MO3BOJIMIIO JOKAa3aTh MOYTH PABHOMEPHYIO CXOAUMOCTh IProJAHYECKUX
MOTOKOB B HEKOMMYTATHBHBIX L -IpOCTpaHCTBAX;

['eomerpuyeckass xapakrepusanus JBW-anrebp Obula mnpuMeHeHa s
yCTaHOBJIeHUs (aKTa, 4YTO €ClIu HopaaHoBa aiaredpa BCEX CaMOCOIPSKEHHBIX
3NIeMEHTOB *-anreGphl sBNseTcss anrebpoii Pukapra-HMopmasa, To oHO 6ymer
UMETh CIUHUYHBIA dJEMEHT, B (yHIAMEHTAIBHOM IPOCKTE 33 HOMEPOM
OT-®4-82 + OT-D4-87 (cnpaska Akagemuu Hayk PecnyOnuku Y30ekucrtan ot
4 sguBaps 2021 roma 3a HOMepom 2-1255-10). IlpumeHeHHne pe3ynbTaTOB
UCCIIEJIOBAHUS J1aJl0 BO3MOXKHOCTH JI0Ka3aTh, YTO YEThIpeXMepHas (GopmMmalibHas
BEILIECTBEHHAsd YHHUTapHas MHoOpAaHoBa anredpa cojepikamias JBa CBA3HBIX
MUHHUMAaJIbHBIX HAEMIOTEHTa ¢ cymMmoil 1 u3oMerpuyecku H30MOp(dHa CIHH-
baxropy.

CBsi3b  MEXJy OpPTOTOHAJIBHOCTBIO B  CONPSKEHHOM MPOCTPAHCTBE
SFS-nipocTpancTBa 1 M-OpTOroHaIbHOCTHIO OBLIM MCIOJIB30BAHBI B 3apy0EKHOM
npoekte 3a HomepoM PGC2018-093332-B-100 gnst pemieHus BaKHBIX 3aj1ad,
CBSI3aHHBIX C T€OMETPUYECKHUMHU CBOMCTBAMM KOHEUYHBIX TpumnoteHToB (CmpaBka
YuuBepcutera ['pananpi, Ucnanus ot 7 nekabps 2020 r.). Hcmonb3zoBanue
pe3yJIbTaTOB MO3BOJIAJIO MPOAHAIU3UPOBATh YHUTAPHBIEC U TIOJHBIE TPUIIOTEHTHI B
JBW*-Tpoiikax.

AnpobGanus pe3yJbTAaTOB HCCIAEAOBAHUs. Pe3ynpTaTel IHcCEpTalMOHHOTO
UCCIIEIOBaHMsI OOCYXKJalIuch Ha 6 MEXAYHapOIAHBIX U 8 peclyOJMKaHCKHUX
HAYYHO-TIPAKTUYECKUX KOH(DEPEHIUSX.

IIyoamkanust pe3yabTaToB HcciaenoBanus. [lo Tteme auccepTallMOHHOTO
UCCJIEeI0BaHUS OMyOJIMKOBAaHO 28 Hay4HbIX padoTa, U3 HUX 14 BXOAAT B MEpPEUYCHb
HAay4YHbIX HW3JAHUM, NPENIOKEHHBIX BpIclied arrecTalluoHHOM KOMUCCUEH
PecnyOinku Y306ekucTan sl 3alUThl JUCCEPTALMI TOKTOpa HAayK, B TOM UYHCIIE,
U3 HUX 6 OmyOJMKOBaHBI B 3apyOeXHBIX XKypHajaXx M 8 B pecrnyOJMKaHCKUX
Hay4YHBIX U3JAHUAX

O0bemM M cTpyKTypa amccepranuM. Jlucceprauus COCTOMT W3 BBEIACHUS,
YeThIpeX TJIaB, 3aKIIOYEHUS M CIHUCKAa HCIOJIh30BaHHOW muTeparypbl. OObeM
JUCCEpTaIUM cocTaBiisieT 145 cTpaHuil.
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OCHOBHOE COIAEP KAHUE JTUCCEPTAIIUU

Bo BBemeHmm 00OCHOBaHBI AaKTyaJlbHOCTh M BOCTPEOOBAaHHOCTH TEMBI
JHACCEPTALUM, OMNPEAECICHO COOTBETCTBHME  MCCJICIOBAHUS  NPUOPUTETHBIM
HaIpaBJICHUSAM Pa3BUTHS HAYKHM W TEXHOJIOTHH pecrmyOauKH, TPHUBEACHBI 0030D
3apyOeXKHBIX HAy4YHBIX HCCICIOBAaHUN MO TEeME JUCCEepPTAllMd U CTEICHb
W3YYCHHOCTH MPOOJIeMbl, CHOPMYIUPOBAHBI 1IETU U 33]1a4M, BBISIBJICHBI OOBEKT U
MPEIMET HCCIEAOBAaHUS, W3JIOKEHBI HAay4yHas HOBU3HA W IPAKTUYECKHE
pe3yJIbTaThl  MCCIEIOBAHUA, paCKphiTa TEOpETHYECKas W  IpaKTUYECKas
3HAYUMOCTh MOJYYEHHBIX PE3YyJIbTAaTOB, IaHbI CBEACHHUS O BHEAPEHUHU PE3YJIbTATOB
HcclieIoBaHusl, 00 OmyOJUKOBAaHHBIX pab0OTax U O CTPYKTYpE JUCCEPTAIIUH.

B nepBoii rinaBe nuccepraunu, Ha3BaHHOU «IIpeaBapuTe/ibHbIC CBeICHUS U
NpUMepbl TPaHEBO CUMMETPHYHBIX MPOCTPAHCTB», MPUBEACHBI HEOOXOIUMBIC
CBEJCHUSI U3 TEOPUU FPAHEBO CUMMETPUYHBIX MPOCTPAHCTB, KOTOPHIC
HEOOXOJMMBI JIJII  M3JI0KEHUSI OCHOBHBIX PE3YyJbTATOB AMCCEpTaluu. Takxke
MPUBEJICHBl HEKOTOPHIE CBOMCTBA MPEACONPSIKEHHBIX MPOCTPAHCTB K airedpam
don Heiimana u JBW - TpoiikaM, KOTOpbIC SBISIOTCA MPUMEPAMH CHIIBHO
IPaHEBO CUMMETPUYHBIX IIPOCTPAHCTB. /loKa3aHO, YTO ( -CyMMa CHJIBHO TPaHEBO

CUMMCTPHUYHBLIX ITPOCTPAHCTB ABJIACTCA I'PAHCBO CUMMCTPUYHBIM IIPOCTPAHCTBOM.
KpOMe TOrO, ﬁl-CYMMa CUJIBHO I'PaHCBO CHUMMCTPHUYHBIX IIPOCTPAHCTB ABJISACTCA

HEUTPAJIBHBIM TOTJA U TOJBKO TOTJIa KOT/IA KAK/Ias U3 HUX HEUTpAJIbHA.
[lyctb Z — HOPMHUpPOBAHHOE TIPOCTPAHCTBO. OJEMEHTHI [ HU g

HOPMHUPOBAHHOT'O MPOCTPAHCTBA Z HA3BIBAIOTCS OPIMO2OHANbHBIMU ( VY g), eciu

|7+ 8l=1f = sl=l71+]s]\

Ecnu »nemeHTtsl f W ¢ OpPTOrOHAJIbHBI M || f || =|| g|| =1, To oTpe3KH,
coequHsOME f C g U —g, U —f C g U —g, JIeKAT Ha TPAHULE CAUHUIHOTO
mapa Z, = {f e’l: Hf” < 1} MPOCTPAHCTBA Z .

OtmeTuM, 4TO HOpMaJibHbIE (YHKIIMOHAIBI f U ¢ Ha anrebpe dhon Heiimana
SBIISIIOTCA  OPTOIOHAJIBHBIMU TOTJAa W TOJBKO TOIJ@, KOIJa CYIIECTBYIOT
OpPTOTOHAJIbHBIE YACTUYHBIE M30METPUM p M ¢ B A Takue, 4yto f ( p)=|| p|| U
g(a)=|dl-

HamoMHuM, 4YTO BBIIIYKIOE IOAMHOXKECTBO F MHOMXKECTBA Z, Ha3bIBAECTCS
epamvio, ecmi 1 g,heZ,, A€ (O, 1) u3 Ag + (1— /I)h e F cienyer, uto g,he F .

I'panb F Ha3bIBACTCs 8bICMABIEHHOU no HopMme, eclin
F=F, ={erl: <f, u>=1} , IJTsl HEKOTOPOTO U € Z € ||u||=1

33



DieMeHT u€Z® Ha3bIBACTCS MPOCKMUBHOU eOunuyell, ecin ||u||=1 u

¢
(g, u>=0 I Bcex g € F. DOTO 03Ha4aeT, 4TO BBICTABICHHAs II0 HOPME T'paHb
0 0
F, “napauensHa” x F,, T.e. <u,Fu> =1, <”’Fu >=()'

Crnenyroiiee ornpeiesieHHe CUMMETPUYHOM TpaHU ObLUIO BIIEPBBIE BBEICHO
A.®dpunmanom u b.Pycco. OHO sBisieTCsi OCHOBHBIM MOHSITUEM JUIsl BBEICHUS
c;1a00 ¥ CHJIBHO TPaHEBO CUMMETPUYHBIX IIPOCTPAHCTB.

Onpenesienne 1. BpicTaBieHHas 0 HOPME TpaHb F, M3 Z, HAa3bIBacTCA

CUMMEMPUYHOU 2PAaHbIO, ECIHU CYLIECTBYET JUHEWHAs U30MeTpus S, U3 Z Ha Z ¢
2 )

S. =1, MHOECTBO BCEX HENOJBUKHBIX TOYEK KOTOPOM B TOYHOCTH COBIAJAET C

IPSMON TOIOJIOTHYECKOM CyMMOM 3aMbIKaHMs sp F, MTMHENHOH 00OJOYKH IpaHU

. —
F, 71 €€ OPTOTOHATIBHOTO JONOJAHEHHUS F', T.€. COBIIANAET € (spFu ) DF’.

[IpoexkTiBHAsg  enMHUIA ueZ  Ha3bIBACTCA  2e0MempudecKum
mpunomenmom, ecnu F, SBISETCS CUMMETPUYHON IpaHbio W Su=u s
CUMMCTpPHH S, .

Yepes SFF u GU 0003Ha4uM MHOMKECTBO CHMMETPHYHBIX IpaHed Z, H
MHOKECTBO BCEX T€OMETPHUECKUX TPHIIOTEHTOB Z COOTBETCTBEHHO.

Omnpenesienue 2. BelecTBeHHOE WM  KOMIUIEKCHOE HOPMHMPOBAaHHOE
MPOCTPAHCTBO Z HA3BIBACTCS CIAOO 2pAHe8o CUMMEMPUUHBIM NPOCMPAHCIEOM

(WES-npocmpancmeom), eciau Kaxaas BBICTABIEHHAs 10 HOPME TpaHb W3
Z, — CHMMETpHUYHa.

Ha WEFS-npoctpanctee Z oroOpaxkenne GU >u —> F, € SF sABusercs

OWekimen  MeXIy  MHOXECTBAaMH  TE€OMETPUYECKUX  TPUINOTCHTOB  H
CUMMETPUUYECKUX T'PAHE.
Ha WEFS-poctpancTtee Z, 1O KaXI0i CHMMETPUYHOM rpaHu F,

onpenenarcs o06o0bwennvie Ilupcosckue npoekmopuor B, (u), k e { 0,1, 2}
CJICTYIOIINM 00pa3oMm:

1
Rw=2(I-5,), Rw(@)={f €Z:S,f ==f}.
P(u) u P(u) npoextupytor Z ma F, u spF,, cootseTcTBeHHo. U3

onpenencHust  06o0menHbx Ilupcoekux mpoekropos P (1),  ke{0,1,2}

BBITCKACT, 4YTO

O6osuaunm U =Z°, Z,(u)=F,(u)(Z) u U, (u)=P,(u) (U), k€{0,1,2}.



Cxumaromuii  Tpoektop () Ha HOPMHUPOBAHHOM IPOCTPAHCTBE Z
HA3BIBACTCS HelUmpaibHblM, €CIA Uil oboro fe€Z wu3 ||Qf ||=|| f || BBITEKACT
HopmupoBaHHOE NpPOCTPAHCTBO Z HA3BIBACTCSH HEUMPAIbHbIM, €CIHA IS
KaXXI0M CUMMETPUYHON I'pPaHU F, COOTBETCTBYIOIIMU NMPOEKTOpP P,(u) ABIAETCH

HEUTPAJIbHBIM.
.
[Iycte  Z  saBmsgercas WES-nipoctpanctBoM. @PyHKIMOHAIBI X,y €Z
Ha3bIBAIOTCS OPMO20HAbHLIMU (x<> y), €CJIM CYILIECTBYET CUMMETPHUYHAs TPaHb
F, c Z, takas, uto xeU,(u) u y €U, (u).
Onpenenenue 3. Cnabo rpaHeBO CHMMETPUYHOE MPOCTPAHCTBO HA3BIBACTCS
CUTILHO 2PAHEeB0 CUMMEMPUYHbLIM npocmpancmeom (SFS-npocmpancmeom), ecnu

=1

o o ok
JUI KOKI0M BLICTABJIEHHOM 110 HOPME I'PaHu F, U3 Z, ¥ KaXJI0ro yeZ ¢
u3 F, C F| crienyer § ;y =y, TAc S, — CHMMETpHS COOTBETCTBYIOIas F .
B ueiitpansHom SES-mpoctpanctse Z mist  f #0, vepes v, obo3Hayaercs

€IUHCTBEHHBI T€OMETPUYECKUN TPUIIOTEHT v I KOTOPOTO < f v>=|| f || 151

<v,{ f }0>:0. Ecmu f,geZ,10 f0g TOraa i TOmbKO TOrAa, Korma v, Ov, .

IlycTh (Zl. ,

|x”2,-) — HOPMHPOBAHHOE IIPOCTPAHCTBO Ui Bcex iel. Uepes

l
Z=@"Z, obo3HauaeTcs [ ,-CyMMa 3THX INPOCTPAHCTB, T.e. Z COCTOHUT u3

iel

9JIEMEHTOB BHJIA X = {x

i

}l_el TaKuX, 4YTO ZHxin,. <+00, MPU ATOM HOpMA Ha Z
iel
onpenensiercs kak x| =[x, -
iel

HNmeet MecTo crenyrommas

Teopema 1. Ilycmv Z, — SFS-npocmpancmeo ona ecex iel. Tozoa
Z = @111 Z. maxorce aensiemcs SFS-npocmpancmeom.

le

Bo BTOpoOil rnaBe auccepranuu, Ha3BaHHOW «(CBOMCTBa reoMeTPHYECKHX
TPUNOTEHTOB CHJIbHO I'PAHEBO CMMMETPHUYHLIX NMPOCTPAHCTB», UCCIICIOBAHbBI
r€OMETPUYECKUE CBOWCTBA TIpaHEd M TEOMETPUYECKUX TPUIIOTEHTOB CHUJIBHO
I'PaHEBO CUMMETPUYHBIX TPOCTPAHCTB.

B mnepBom mnaparpade wuccieqoBaHbl T€OMETPUYECKHE CBOMCTBA TIpaHel
CAUHUYHBIX  I[IAPOB  HEUTPAJIBHOTO  CHJIBHO TPAaHEBO  CHMMETPUYHOTO
npocTpancTBa. [lokazaHo, 4TO BesAKas IKCTpeMalibHash TOYKA €AMHUYHOTO Iapa
BEII[ECTBEHHOTO KOHEYHOMEPHOTO HEHUTPAIBHOTO CJIa00 TPAaHEBO CUMMETPUYHOTO
MPOCTPAHCTBA SIBJISIETCS BBHICTABJICHHOU, U JIOKAa3aHO, UYTO BCSKas CUMMETpPUYHAs
IrpaHb BEIIECTBEHHOTO KOHEUYHOMEPHOI'O HEUTPAIIbHOTO CHJIBHO T'PaHEBO
CUMMETPHUYHOTO MPOCTPAHCTBA SIBISIETCS CUMILIIEKCOM.

Onpenenenue 4. 'oBopAT, uTo c1a00 TPAaHEBO CUMMETPUYHOE MTPOCTPAHCTBO
obmamaer cBoiictBoM (PE) (“svicmasnennocmu  mouex), ecnmm  Kaxnas
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AKCTpeMalibHasl TOYKA E€AMHUYHOTO Illapa SBJSETCA BBICTABICHHOW IO HOpPME
TOYKOM.

B pa6ote .dpunmanom u b.Pycco O6bl1a mocrapieHa ciemyromas

IIpobaema 1. Ilycte Z — cnabo rpaHeBO CUMMETPUYHOE MPOCTPAHCTBO.
SIBngercs N KaxKaas SKCTpeMaabHas TOYKA BBICTABJIEHHON IO HOPME TOYKOW?

Crnenyromasi TeopemMa SIBJISIETCS OCHOBHBIM pe3yJIbTaToOM maparpada, kotopas
JaeT TOJIOKUTENBHOE pElICHUE BbIINIEYKa3aHHOMW MpoOjeMbl B cliydae
BEII[ECTBEHHOT'O KOHEYHOMEPHOTO ¢J1a00 TPaHEeBO CHMMETPHUIHOTO MPOCTPAHCTRA.

Teopema 2. Eciu Z — KoHeyHOMepHOe HelUmpalbHOe GeujecmeeHHoe Clabo
2paneso CUMMEmMpPUYHOe NPOCMPAHCMBO, MO KaAXCoas IKCMPeMAanbHdas MOUYKa
€0UHUYHO20 Wapa A6emcsl 8bICIMABAEHHOU NO HOPpMe MOYKOLI.

B o0uieM ciydae npoGiemMa 0CTaeTcs OTKPBITHIM.

Bo BropoM maparpade maHHONW TJIaBBl BBEJCHO TIOHSITHE KOHEYHOTO
r€OMETPUYECKOI0 TPUMOTEHTa B SFS-MPOCTpaHCTBE, U YCTAHOBJIEHBI HEKOTOPHIE
ero cBo#cTBa. JlokazaHO, 4YTO BCSKOE KOHEYHOMEPHOE BEILIECTBEHHOE
HelTpanbHoe SFS-TTpoCTpaHCTBO SABIAETCS KOHEUHBIM.

['eomeTpuveCcKuil TPUIIOTEHT 1 HA3bIBAETCS

1) munumanvuvim, ecmn dimU, (u) =1;
2) maxcumanvroim, ecnu U (u) ={0};
3) noanvim, ecma U, (u) =U.

HazoBem reomerpuueckuii  TpunoreHr ecGU  xoweunvim,  eCnu
IIPOU3BOJIbHBIA T€OMETPUYECKUN TPUIOTEHT u €U,(e) KOTOPBIA MaKCUMAaJICH B

U,(e) saBnsgerca mnonHeiM B U,(e). Ecium 1pou3BOIBHBIA T'€OMETPHUYECKUI

TpUNIOTEHT B U KOHEUYEH, MBI CKaXEM, YTO Z — KOHEUEH.

Nmeetr mecTo creqyromas

Teopema 3. Bcakoe «KoneunHomepHoe HeUmMpaibHOe  BeujeCmBeHHOe
SFS-npocmpancmeo Z a61:emcs KOHEYHbIM.

B tperbem maparpade wusydeHa CBsI3b MEXAY M-OpPTOrOHAIBHOCTHIO H
OPTOTOHAJIIBHOCTBIO B CONpPsKEHHOM mnpocTpaHcTBe SFS-mpoctpancTtBa. [laHa
reoMeTpUYeCcKas XapakTepu3alus reOMETPUUECKIX TPUTIOTEHTOB B pe(IIeKCUBHBIX
SFES-npoctpancTBax. [loka3aHO, 4TO MHOECTBO BCEX SKCTPEMAJbHBIX TOYEK

€AUHUYHOTO  Iapa  COMNPSDKEHHOrO0  MPOCTPaHCTBA pedIeKCUBHBIX
SFS-npocTpaHCTB COBMANAET ¢ MHOXECTBOM MAaKCUMAJIBHBIX T€OMETPUUYECKHUX
TPUIIOTEHTOB.

JlBa nymeMeHTa x W y HOPMHPOBAHHOTO MPOCTpaHCTBa [E Ha3pIBaroTCs
M-opmoconanbrvimu 1 0003HAYAIOTCS KaK xOy , €CIIH

-

M-opmozonanvrnoe oononnenue (M-pgomomnenme) HS mnoaMHoxkectBa H
HOPMHPOBAHHOT'O IIPOCTpaHCTBA £ ompeaenseTcs Kak

b

e o] = maxc
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H”={er:x|:|y, ‘v’yeH}.

Jlns Kaknoro sjaeMeHTa x € £ ¢ eqMHUYHOW HOPMOH Kacamenvhblil Ouck S
ONPEAEIACTCS KaK

S, ={yeE: |x+y|=1,VieC, 1A}

OCHOBHBIM pe3yJIbTaTOM Maparpada sBisieTcs claeayrolas TeopeMa, KoTopas
JaeT HEoOXOAMMOE M JOCTATOYHOE YCJIOBHME, KOTAA AJIEMEHTHI COMPSKEHHOTO
npoctpancTBa SFS-nipocTpaHCcTBa ABISIOTCA T€OMETPUIECKUMH TPUIIOTEHTAMM.

Teopema 4. [lycmv Z — peghrexcugnoe KOMNIEKCHOE CUNbHO 2PAHEBO
cummempuynoe npocmparncmeo u u€lU, ||ul||=1. Toz0a credyrowue ycrosus

IK6UBA/IEHNIHbL.

(a) ueGU;

(b) u>NU, =u’ "U,;
(c) u"nNU, =iu"NU;
d) S, =u’NU,.

OmHuM W3  BaXHBIX TMOHSATUA B TEOPUH TPAaHEBO CHUMMETPUYHBIX
MPOCTPAHCTBAX SIBJISACTCS TOHSATHE paHra MNPOCTPAHCTBA, BBEICHHOE B paboTe
SA.®puamana u b.Pycco. III.A.AronoBsiM OblJIa MOCTaBJICHA 3a/1adya 00 OMUCAHUU
FPAaHEBO CHMMETPUYHBIX TMPOCTPAHCTB JAHHOTO paHra. [peTed TIJiaBa
aucceprauny, HazBaHHOUW «l'eomerpuyeckasi Xxapakrepu3anuss TIPaHEBO
CUMMETPHYHBIX POCTPAHCTB» ITOCBALICHA PEIICHUIO 3TOM 3a1a4H.

Omnpenenenue 5. ['paHEeBO CUMMETPUYHOE MPOCTPAHCTBO Z HA3bIBAETCS
npocmpancmeom panea k (keN), ecim BCSIKOe CEMEHCTBO B3aWMHO
OpPTOTOHAIBHBIX T€OMETPUUYECKUX TPUIIOTEHTOB UMEET MOITHOCTh He Ooiiee k, u
CYHIECTBYET [0 KpaWHEH Mepe OJHO CEMEWCTBO B3aMMHO OPTOrOHAJIBHBIX
r€OMETPUYECKUX TPUIIOTEHTOB COJEpIKalliee poBHO k d3JeMeHTOB (0003HaueHUE
rankZ =k ).

B nepBom maparpade naHO OnMcaHWE BEHIECTBEHHBIX #n-MEPHBIX CHUIIBHO
IPAaHEBO CHMMETPUYHBIX IMPOCTPAHCTB paHra n MW TMOKa3aHO, YTO 3TO
IPOCTPAHCTBO ¢ L, -HOpMO. Bo BTOpoM mnaparpade npuseneHbl TeOMETPUYECKHE

XapakTepu3allii BEIIECTBEHHBIX TUILOEPTOBBIX MPOCTPAHCTB B KjIacce 0aHaXxOBbIX
MIPOCTPAHCTB.
B TperheMm mnaparpade modydeHBI OIMUCAHUS 71 -MEPHBIX BEIIECTBEHHBIX
HEUTpaJIbHBIX CUJIILHO TPAHEBO CUMMETPUYHBIX MPOCTPAHCTB paHra n—1.
Teopema 5. [lycmv Z — n-mepHoe gewjecmeenHnoe HeUmpaibHOe CUTLHO
epaneso cummempuuroe npocmpancmeo pawea n—1. Toeda Z uzomempuuecku
uzomopguo npocmparcmsy R" ¢ nopmou

| x]|= x5+ x5+l 1+t x, |
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BemiecTBeHHbIE ~ KOHEYHOMEPHBIE ~ HEUTPAJIBHBIE  CHJIBHO  T'PAHEBO
CUMMETPUYHBIE TPOCTPAHCTBA CO CBOMCTBOM JP HcCClegoBaHbl B UYETBEPTOM
naparpade. bputo moka3zaHo, YTO BCSKOE€ KOHEYHOMEPHOE HEUTPabHOE CHIIBHO
TPAaHEBO CUMMETPUYHOE IIPOCTPAHCTBO CO CBOMCTBOM JP wu3omerpuuecku
U30MOPGHO [, -CyMME KOHEUHOMEPHBIX I'MIILOEPTOBBIX IIPOCTPAHCTB.

['oBopsiT, yto SFS-mpocTtpancTBo obnamaer ceoticmeom JP («COBMECTHOE
[lupcoBckoe paziokeHue»), eciad g Jo00M mapel u# YW v B3aUMHO
OPTOTOHAJIIBHBIX ~ T'€OMETPUYECKUX  TPUIIOTEHTOB  BBIMIOJHSAETCS  PABEHCTBO
S.=SS.

OtMmeTHM, 9TO TIpocTpancTBo R" ¢ HOpMO#

||f\|=§

rae l=n,<n,<...<mn,, =n, ABIAETCI HEUTPAIBLHBIM SFS-IIPOCTPaHCTBOM paHra

k n obnanaer cBorictBoM JP.

Crnenyromuii pe3yabTaT SBJISIETCS OCHOBHBIM PE3yJIbTaToM Maparpada, u r1aet
OMMCAaHWE KOHEYHOMEPHBIX BEIIECTBEHHBIX HEWUTpaidbHbIX SFS-mpocTpaHCcTB co
cBoictBoM JP.

Teopema 6. Ilycmv Z — KOHeUHOMEpHOE BeujeCmeeHHoe HeumpalbHoe
CUTIbHO 2PAHEB0 CUMMEMPUUHOE NPOCMPancmeo co ceoticmeom JP. Toeoa

k
Z=@"H,
i=1

e0e H, — eunvbepmoso npocmpancmeo, i €1,k u k =rankZ.
Takum oOpa3om, B OTIWYUU OT ciiydasi korna rankZ =1, n—1, n (B KaxaoM

U3 OTUX CIy4aeB B TOYHOCTH JO H30METPUYECKOTO H30MOp(du3Ma CYIIECTBYET
OJIHO TIPOCTPAHCTBO), B ciaydae |<rankZ <n—1 KOIMYECTBO HE H3O0MOPQHBIX

n .
IIPOCTPAHCTB HE MCHBIIIC YeM [;}, rae n=dimZ, k=rankZ, [t] — uenas 4actb

yucna t.[Ipu, 3ToM KOIM4ecTBO HE M30MOPGHBIX MPOCTPAHCTB MOKHO BBIYHCIIUTH
PEKYPPEHTHBIM COOTHOILLICHUEM:

p(n)=i(—l)m+l p(n_@j_kp(n_@J .

B nsitom naparpade uzydeHbl HEHTpaJlbHbIE CUJIBHO TPAHEBO CUMMETPUYHbIE
IIPOCTPAHCTBA C IOJHBIM F'€OMETPUYECKUM TPUNOHTEHTOM. llomyyeHo omnmcanue
CUJIBHO TPAaHEBO CHMMETPUYHBIX MPOCTPAHCTB, KOTOPbIE HN30METPUUYECKHU
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U30MOP(HBI MPEACONPSKEHHOMY HPOCTPAaHCTBY aTOMHMYECKOW KOMMYTAaTHBHOMN
anreopsl ¢poH Helimana.
Hns u,v € GU Oynem nucatb u<v,ecnu F, C F,.

[Tycth e € GU. O603HauUM
L ={ueGU :u<e}u{0}.

M3BeCTHO, UTO OTHOCHUTEIBHO MOPAAKA " <" MHOXKECTBO L SABIJIAECTCS MOJHOM

OPTOMOIYJIIPHOM PEIIETKOM, C OPTOAOIOIHEHUEM U = € — L.
IIycte T ={v,} MaKCHUMaJIbHOE€ CEMEWCTBO B3aUMHO OPTOTOHAIBHBIX

MHWHHUMAJIBHBIX TCOMCTPHUICCKHUX TPUIIOTCHTOB U3 U. Tlonoxum

ieJ

0T =H{ A ey DN A 1<+

ie

Torpa ¢ (T) — 6aHaxOBO MIPOCTPAHCTBO OTHOCHTEIBHO HOPMBI

” {/Ii}iej H: Zlﬂv,- l.

ieJ

HOpMI/IpOBaHHoe IMPOCTPAaHCTBO Z Ha3bIBACTCH amomuvecKkum, €CIN KaKJaas
CUMMCTpPHUYHAA I'PAHb Fu H3 Z1 COACPKUT SKCTPCMAJIBHYIO TOUKY.

Crenyromiasi TeopemMa SBIISIETCS OCHOBHBIM pe3yJbTaToOM maparpada, ¥ gaet
ONMMCAHWE CUJIBLHO TPAHEBO CHMMETPUYHBIX TIPOCTPAHCTB HM30OMETPHUCCKH
U30MOP(HBIX TPEICONPSHKEHHOMY TMPOCTPAHCTBY ATOMUYHOW KOMMYTAaTHBHOMN
anreopsl ¢poH Helimana.

Teopema 7. Ilycmv Z — amomuueckoe HeUmpanbHOEe CUNLHO 2PAHEBO
cummempuyroe npocmpancmeo c yciosuem (PE) maxoe, umo cywecmeyem
NONHbIL 2eomempuyeckuil. mpunomeum e. Eciu L, — Oynesa ancebpa, mo Z

uzomempuyecku uzomoppuo npocmpauncmey [ (T), 20e T — makcumanvroe

cemelicmeo 83AUMHO OPMOCOHANIbHBIX ~ MUHUMANIbHBIX — 2eoMempudeckux
mpunomenmos uz U.

BemiecTBeHHbIE HEUTPAIIBHBIE CUIILHO TPAHEBO CHUMMETPUYHBIE TPOCTPAHCTBA
C YHUTApHBIM T€OMETPHUYECKUM TPUIIOTEHTOM PAacCMOTPEHBI B IIECTOM Iaparpade
JTAaHHOM TJIaBHI.

I'eomerpuueckuit  TpunoteHT € € GU Ha3bIBaeTCSI  yHUMAPHLIM, — €CIH
BBIITYKJIas 000J10UKa MHOKECTBA F, OF , coBnagaet ¢ ¢AMHUYHBIM IIApOM Z,,

T.C.

Z =co(F, UF). (1)
[MpoctpanctBo R" ¢ Hopmoii
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n
lxl= D1,
i=1

rie x=(x,)eR", sBusercs SFS-npoctpanctBom. Ecin e e R" = (R")" sBisiercs
MAaKCHMAJIbHBIM T€OMETPHYECKHM TPHUIIOTEHTOM, TO e =(&,...,&,), & €{—1,1},
i=1,2,...,n; 1 B 3TOM CJIy4ya€ BBICTABJICHHAs 110 HOPME I'PaHb

E:{xeR": zgl.xizl, gx; =20, izlja}
i=l1

YAOBJIETBOPSET ycloBHio (1), T.e. e — yHUTapEH.

B Gosiee obmiem ciiygae pacCMOTPUM HU3MEPUMOE MPOCTPaHCTBO ((Q,%, 1) ¢
MepoH p, obnagaroiiee CBOWCTBOM MPSIMOW CYMMBI, T.€. CYLIECTBYET CEMEUCTBO
{Q}_, <X 0< () <o, ieJ, Takoe, 4To 1 JMoboro AeXc u(A) <o,
CYIIECTBYET CUETHOE IOJMHOXECTBO J, —J M MHOXECTBO B HyJIE€BOW MEDEI,

rakoeuto A=) (AnQ)UB.
le 0

ITycts L (€),X,44) — TNPOCTPAHCTBO BCEX BELIECTBEHHBIX HMHTETPUPYEMBIX

ynkimit Ha (Q,%, ). IIpoctpanctBo L,(€,%, 1) ¢ HOpMOI || f ||=JI f@®)du),

Q
feL(QZ, ), ABJISECTCS SFS-npocTpaHcTBOM. Ecnun

ec L°(QLE, u)=L(Q,Z, )" — MaKCUMaJbHBIA I€OMETPUUYECKHUI TPUIIOTEHT, TO
e=},—Zo4 M1 Hekotoporo Ae€X, r1ae jJ, — Kilacc, CoOIepKalui

XapaKTEePUCTHUECKYI0 (YHKLIHMIO MHOXecTBaA € 2. Torma BbICTaBIE€HHAs IO
HOPME TPaHb

F,=1feL(QX,p:| f|=1 le®f®)duit) =1

yIOBIETBOPSET yciaoBuio (1), T.e. ¢ — yHUTapeH.

B pabore H.Aaropora, K.KynaitbeprenoBa u M.MOparumoBa ObLIO
YCTAaHOBJIEHO, YTO €CIU Z BEIIECTBEHHOE HEUTPAIBHOE CHIIBHO T'PAHEBO
CUMMETPUYHOE MPOCTPAHCTBO C YHUTAPHBIM TE€OMETPUYECKUM TPUIOTEHTOM
TaKOE, YTO BCSIKMHA MAKCUMAIBHBIM TE€OMETPUYECKUN TPHUIIOTEHT SBISACTCSA
YHUTapHBIM, TO Z HW30METPUYECKH U30MOP(HO L, -IPOCTPAHCTBY.

Crnenyromuii pe3yabTaT MOKa3bIBAET, YTO YCIOBHE «BCSKHI MaKCHMalbHBII
T€OMETPUYCCKUN TPUTIOTCHT SIBJISICTCS YHUTAPHBIM» B BBINMICYKAa3aHHOW Teopeme
W3ITUIIEH.

Jlemma 1. Ilycme Z — sewecmseennoe neumpanvtoe SFS-npocmpancmeo c
VHUMAPHBLIM 2e0Mempuyeckum mpunomeHmom. Toz20a Kaxicowvlli MAKCUMANbHbIU
2eoMempuyecKull. mpunomeHm YHUmapeH.
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OCHOBHBIM pe3yIbTaTOM maparpada sSBISETCS CIeayIomas

Teopema 8. [lycmv Z sewecmeennoe HeumpaibHoe CUIbHO 2PAHEBO
CUMMEMPUYHOE NPOCMPAHCINEO C YHUMAPHBIM 2e0MeMmpUdecKum mpunomeHmoM.
Tocoa cywecmeyem usmepumoe npocmpancmeo (Q,Z, 1) ¢ Mmepou U,
obnaoaiowee CBOUCMEOM NPAMOU CYMMbl MAKoe, YMO HNPOCMPAHCMEo Z
uzomempuiecku uzomopgno npocmpamncmey L (€L, 11).

B derBeproi riaBe jauccepranuu, Ha3BaHHOUW —«I'eomerpuueckasi
XapaKTepu3alus BeEUIECTBEHHbIX ONEPATOPHBIX aJjaredp», HCCIEIOBAHbI
reOMETPUYECKUE CBOMCTBA MPEACONPSIKEHHBIX MpocTpancTB JBW-anreop.

Hamomuum, uto tiopdanosa aneebpa — 3To BEUIECTBEHHAS WM KOMIUJIEKCHAs
anrebpa A C yMHOXEHHEM dob (a,b € A), B 00IIeM Cily4ae HeaccollMaTHBHA,
YAOBJIETBOPSIONIAS CIIETYIOMIUM IBYM aKCHOMaM:

1) acb=boa nna modbIX a,b e A;

2) a*o(boa)=(a’ob)oa nns mobsx a,b e A.

BemectBennas iopnaHoBa anredpa ¢ eIuMHUIICH HasbiBaeTca JB-aneebpoil,

€CIIM Ha HeH 3a/laHa HOpPMAd, OTHOCHUTCIIBHO KOTOpOfI A saBasgeTcs OaHaXOBBIM
IMPOCTPAHCTBOM U YIAOBJICTBOPACT YCJIIOBUAM:

2
1) HazH = ||a|| JUISL TIOOBIX a € A;
2) HaZH < Ha2 +b2H JUISL TIOOBIX a,b € A;

3) ||a0b|| S”a””b” U1 JII0OBIX a,b € A.
JB-anrebpa A  HaszwmBaerca JBW-ancebpoii, ecnm oHa  oOiamaer
MIPEACONPSHKEHHBIM MTPOCTPAHCTBOM, T.€., CYIIECTBYET TaKO€ HOPMHPOBAHHOE
%
MPOCTPAHCTBO A,, uTO (A,) = A.

KomrekcHas WopnanoBa anreOpa C  WHBOJIONMEH  Ha3bIBACTCS
JB*-aneebpoii, eciiu Ha HEW 3a/laHa HOpPMa, OTHOCUTEIHHO KOTOPOH A SBISETCS
0aHaXOBBIM MIPOCTPAHCTBOM H YIOBJIETBOPSIET YCIOBUSIM:

1) Ha*H = ||a|| IUTSL TIOOBIX a € A;
2) ||a o b|| < ||a||||b|| U TIO0BIX a,b € A;
3) H{aa*a}H = ||a||3z[nﬂ M00BIX a,b € A,

rIe {abc}:(aOb)oc+(COb)oa—(a oc)Ob, a,b,c € A.

JB*-anrebpa A HazwBaetcs JBW*-aneebpoii, ecnu oHa oOnmamgaeT
MPEACONPSIKEHHBIM MTPOCTPAHCTBOM.

B mepBom maparpadge u3y4deHBI MPEACONPSHKEHHBIE  MPOCTPAHCTBA
BellleCTBEHHON 4JacTh anreOp ¢on Heitmana. J[okazaHo, 4TO mpenconpsyKEHHOE
BEIIIECTBEHHOM (T.€. 9pMUTOBOI) yactu anreOpsl ¢poH Heitmana sBisieTCS] CHIIBHO
I'PAaHEBO CUMMETPHUYHBIM MPOCTPAHCTBOM B TOM M TOJIBKO TOM Ciiy4yae, Korja 3Ta
anreOpa ecTh NpsiMas CyMMa adeseBoi ajreOpsl U anreOpsl Tvna I,.
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Teopema 9. Ilycmv M — ancebpa ¢pon Heiimana, A=M , — spmumosa
yacmve M u A, — npedconpsdicennoe npocmparncmeo k A. Tocoa credyrowue

VCI08USL IKEUBANEHMHDL.

1) A, asnsemcsa SFS-npocmpancmeom;

2)M=M ®M,, 20e M, — ancebpa muna I,, i=1,2.

Bo BTopoM maparpade paccMOTpeHBI MPEACONPSIKEHHBIE IPOCTPAHCTBA
BCIIIECTBCHHBIX CIUH-()akTOpoB. [lokazaHo, 4TO MPEACONPSIKEHHOE MPOCTPAHCTBO
cnuH-(GaKkTopa SBJISETCS CUIBHO TPAHEBO CUMMETPUYHBIM MPOCTPAHCTBOM.

[Iyctb A — JBW-anreOpa. DineMeHTBl X,y € A COBMECTHBI (X <> y), €CIH

xo(zoy)= (x o z) oy s BCEX ze€A. MHo0ecTBO
Z(A)={xeA: x>y, VyeA} Ha3bIBACTCS YeHmpom A. Ecau
Z(A)={A1, 1R}, to A naswiBaetcsa JBW-gpaxmopom. Jns moOoro snemMeHTa
a€A CyleCcTBYeT HAaWMEHBIIUN LEHTPAIbHBIA IPOEKTOP €€ A TakoW, 4To
ea = a; OH Ha3bIBACTCS YeHmpaibHbiM Hocumenem 0 1 0003Ha4aeTcs c(a). Eciu
c(a) =1, TO »nemMeHT (@ Ha3pBaeTcs mounbiM. IIpoekTopel € W f U3
JBW-anreOpbl A Ha3bIBAIOTCS CEA3AHHBIMU Yepe3 CUMMempUro, €CIu CYIIeCTBYET
Takas CHMMETpus S € A, 9TO {ses} = f. IlpoekTop p € A Ha3bIBaeTCA abenesvim,
ecau { pAp} — abenes.

[Iycts L — pemerka Bcex mpoektopoB JBW-anreOpsl A. L Ha3biBaeTcd
MOOYJIAPHOU peulemKot, €CiIu (e Vv f) ANg=eV (f A g) sl Bcex e, f,geL
Takux, 4ro e<g. Ilpoektop e€A Ha3bIBaCTCA MOOYIAPHBIM, €CIIN
[O,e]z{ felL:f Se} ABJISIETCST  MOnyJsipHOM pemierkoir. JBW-anre6pa A

HA3bIBACTCS MOOYIAPHOL, €CIIU penieTka L Bcex e€ MpOeKTOPOB MOYJIsSIpHa, T.€. 1
ABJISIETCA MOYJISIPHBIM IIPOEKTOPOM.

Hamomuaum, uro JBW-anrebpa A umeer

1) Tun I, ecnu B HEl CyIIECTBYET TOUHBIN abesieB MPOEKTOP;

2) tun II, eciu oHa COACPKUT TOUHBIA MOMAYJSPHBIA MPOEKTOP U HE

COJIEPKUT HEHYJIEBBIX a0€IeBBIX MTPOCKTOPOB;
3) tun [ll, ecnu oHa HE COJAEPKUT HEHYJIEBBIX MOAYJISIPHBIX TIPOEKTOPOB.

[Iycte H — BEWIECTBEHHOE TUIBOEPTOBO MPOCTPAHCTBO CO CKAISPHBIM
MPOM3BEICHUEM (X, V), TI€ X,y € H. PacCMOTpuUM J1€KapTOBO MPOU3BEAECHNE

A=RxH={(a,x):aeR,xe H}

)41 onpenenHM B A HpOI/IBBeI[eHI/Ie
(a,x)o(B,y)=(af +{x,y),ay+ [x),

rne o, R, x,ye H. Hopmy B A onpenenum no hopmyie
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|, 0) ||l +| x|, (¢ eR,xe€ H).

C »TuM mpou3BeIEHUEM U HOPMOMl MHOkecTBO A siBisiercs JBW-dakTopom ¢
equauIei 1= (1,0) xoTopslii Ha3sIBaeTCs cnur-paxkmopom. E.1llTépmep mokazai,

gyro JBW-dakTop umeeT TUIl /, TOrAa U TOJIBKO TOTAA, KOIJA OH SBISETCS CIHH-
(hakTopOM.

) =(RxH,||-[l,) rae [|(8,y) .= max{l AL]| ¥}
JIBOMCTBEHHOCTE MEXIY A U €ro CONpsHKeHHBIM A° 3amaercsa GopMyIoi

((a,%),(B,y)) =af +{x,y).

3amerum, uto (RxH,||-

HwmeeT mecTo creayromas
Teopema 10. Ilycmv A — cnun-gpakmop. Toeoa A, aensemcs

SFS-npocmpancmeom.

KitoueBbIM pe3yiIbTaTOM TIPH JIOKA3aTEIBCTBE ATOW TEOPEMBI SBISETCS
clIeyrotmas

Jlemma 2. Ilycme A — cnun-goakmop. Toeoa kadxicowiti ceomempuyeckull
mpunomenm u € A umeem 0OUH U3 CLeOVIOUUX BUOOB:

a) u=(x1,0);

0) u=(0,a), 20e | al,=1;

1 I
8) u=|t—,a |, eoe ||al,=—.
) (5.0, c0e ali=3

B Ttperbem maparpade wucciaeaoBaHbl MPEACONPSIKEHHBIE MPOCTPAHCTBA
JBW-anrebp. [okazano, yTo mpenconpsbkeHHoe mpocTpanctBo JBW-anreOpsi
SBJISIETCS CUJIBHO TPAHEBO CHMMETPHUYHBIM MPOCTPAHCTBOM B TOM U TOJIBKO TOM
cillyyae, Korja 3Ta aiaredpa ecTh mpsmasi cymMma adeneBoi anreOphl U anredpbl
THIA /,.

OTMeTHM, YTO B TCOpPUM HOPAAHOBBIX aiaredp A BaXHYIO pPOJIb HIrpaeT
omepatop U,, ONpelNeNeHHbI i JI000ro snemMeHra ac€A  Kak

Ux=2ac(acx)—a’ox. Omepatop U , SBIAETCA IOJOXHUTEIbHBIM (T.€.
U,(A")c A") u sopmamsubiM (T.e. ecmn x, Tx, To U x, TU x) nna mo6oro
aeA. Ecmn p — mpoextop, 10 U x=2pe(pox)—pex, |U,|<1, U =U, u
U p = U pU p = 0. CootrBerctBHE p <> U b= OHMEKTUBHO.

B pabote C.OaBapaca u I'.Pyrtumana Obu1 osTyueH Cleaylomui pe3yabTar:
IIycts B — JBW*-anrebpa, A= B_ — JBW-anredpa Bcex caMOCONpPSKEHHBIX

DJIIEMEHTOB U3 B, A — NPEACONPSHKEHHOE NMPOCTPAHCTBO A M A,,— €AUHUYHBIN
map A.. Torma Bceskasd 3aMKHyTas II0 HOpME TIpaHb F W3 A, SBIAETCA
BBICTaBJICHHOM, W UMEET CIEAYIOIINN BHUJI

F=F,=co({F,} U~{(F,)), 2)
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Ile u=p—¢q, p U g B3aUMHO OPTOTOHAJIbHBIE IPOEKTOPBI U3 A .

[Iyctb A — JBW-anrebpa, A, — mNOpeaconpsikK€HHOE MNpOCTpaHCTBAa A U
A,,— equHnYHBIA map A,. Torma B cumy (2) Auist KaKIOM BBICTaBICHHOW IO HOpME
rpanu F, u3 A, mpoektopbl P,(u), k=0,2 Ha A, ompeaensiorTcs CieayloluM
obpazom:

Pwf =U,f+U,f,

Bwf =U, 1,

rne u=p—q, p U g —B3aUMHO OPTOTOHAJIbHBIC POCKTOPHI U3 A, f € A,.
B cnenyromux semMMax omnpeaeneHs! 00passl npoeKTopoB P, (1), k=0,2.
Jlemma 3. /[na kaswcoou evicmaenennoil no Hopme epanu F, uz A, umeem
mecmo

spk, = P,u)(A)={f €A PRWf=f},

e0e U=p—q, p U q 83aUMHO OPMO2OHATbHbIE NPOEKMOPbL U3 A.
Jlemma 4. [{na kascootl evicmasniennol no Hopme 2panu F, u3 A., umeem
mecmo

F) = Bu)A)={f €A :Rwf = f},

20e U=p—q, p U g 83aUMHO OPMO2OHATbHbLE NPOEKMOPbL U3 A.

B caenyromieit ieMme ¢ MOMOIIBIO 3TUX TPOCKTOPOB OMPEICIICHA CUMMETPUS
JUISl KOKJIOM BBICTABJICHHOM MO HOPME I'PaHU U3 €IMHUYHOIO I1apa.
Jlemma S. /[na kaoswcoou evicmasnennotl no Hopme epanu F, uz A, onepamop

S =2P,u)+2Pu)—1,

o 0
A6TAEMCA cummempueu ¢ MHOICeCmeom HEeNnoO0BUMNCHBIX MOYUeK SpFM ® F; .

OCHOBHBIM pe3ybTaToOM Maparpada sBIsSETCS CIeaYyIomast

Teopema 11. Ilycmv A — JBW-aneceopa. Toeoa credyrowue yciosust
9KBUBATICHMHDIL:

1) A, sasnaemca SEFS-npocmpancmeom;

2) A=A ®A,, 20e A —abenesa, A, —anzebpa muna I,.
B uacmnocmu, eciu A — JBW-ancebpa muna 1, (n>3) uau Il unu 111, mo

A, He sengemcsa WES-npocmpancmeom.
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3AK/IIOYEHUE

Huccepranonnass paboTa TMOCBSIIEHa TE€OMETPUYECKOMY  OMHCAHUIO
BEILIECTBEHHBIX T'PAHEBO CUMMETPUYHBIX MPOCTPAHCTB M MUX MPUIOKEHUIO K
F€OMETPUYECKON XapaKTepHU3alMy BEIIECTBEHHBIX ONEPATOPHBIX anreOp B Kiacce
TaKUX MMPOCTPAHCTB.

1. BBeneHO  TOHATHME KOHEYHOIO TE€OMETPUYECKOTO  TPHUIIOTEHTa B
SFS-npoctpancTBax, ¥ yCTAaHOBJIEHBI HEKOTOpBIE €ro CBOMCTBA. J[OKa3aHO, 4TO
BCAKOE KOHEYHOMEPHOE BEUIECTBEHHOE HEUTpaIbHOE SFS-IIpOCTpaHCTBO ABIISETCA
KOHEYHBIM.

2. HccnenoBanbl T€OMETPUYECKUME CBOMCTBA TpaHEHd  EIMHUYHBIX IIAPOB
HEHUTPAJIBHOIO CUJIBHO T'PaHEBO CHUMMETPHYHOTO mnpocrpaHcTsBa. [lokazaHo, 4o
BCAKAas  OKCTpEMallbHasg  TOYKAa  €IMHWYHOTO  [Iapa  BEUICCTBEHHOTO
KOHEYHOMEPHOI'O HEUTpaNbHOIO Cj1ab0 I'PaHEBO CHUMMETPUYHOIO IMPOCTPAHCTBA
ABJIIETCSI BBICTaBICHHOW, W JI0OKa3aHO, YTO BCSAKAas CUMMETpPUYHAs TpaHb
BEILIECTBEHHOI'0 KOHEYHOMEPHOI'O HEUTPATBHOTO CHIIBHO TPAHEBO CUMMETPUYHOTO
MPOCTPAHCTBA SBJIAETCS CUMILIEKCOM.

3. N3yuena cBsA3p MexAy M-OpPTOrOHaIBbHOCTBIO W OPTOTOHAJIBHOCTBIO B
CONPSDKEHHOM  mpocTpaHcTBe  SES-mpocTpancTBa M gaHa reoMeTpUdYecKas
XapaKTepHu3anus r€OMETPUUYECKHUX TPUIIOTEHTOB B pedaeKCUBHBIX
SFS-npoctpancTBax. IlokazaHo, 4TO MHOKECTBO BCEX IKCTPEMAIBHBIX TOYEK
€AMHUYHOIO  IIapa  CONPSDKEHHOIO  IIPOCTPAHCTBA peQIIEeKCUBHBIX
SFS-npocTpaHcTB COBHANAET € MHOXECTBOM MAaKCHUMAJIbHBIX I'€OMETPUYECKUX
TPUIIOTEHTOB.

4. Jlana reomeTpuyeckas XapakTepu3alHsl BEIIECTBEHHBIX T'MJIbOEPTOBBIX
IPOCTPAHCTB B Kjacce OaHAXOBBIX NPOCTPAHCTB U MOJYYEHO OMNHCAHUE
KOHEYHOMEPHBIX BEIIECTBEHHBIX HEUTPAIbHBIX CHUJIBHO I'PAHEBO CHUMMETPUYHBIX
MPOCTPAHCTB 3aIaHHOT0 PaHTa.

5. Tloka3aHO, YTO BCSIKO€ KOHEUYHOMEPHOE HEWTPAIBHOE CHJIBHO TPAHEBO
CUMMETPUYHOE MPOCTPAHCTBO CO cBoMcTBOM JP m3omerpuuecku nzomophHO
[, -CyMM€ KOHEUHOMEPHBIX THIBOEPTOBBIX IPOCTPAHCTB.

6. IlomydyeHsl omUCaHUsI CUJIBHO TPAHEBO CHUMMETPUYHBIX MPOCTPAHCTB,
KOTOpPbIE HM30METPUUYECKH HM30MOP(HBI  MPEACONPSKEHHOMY MPOCTPAHCTBY
aTOMHYECKOM KOMMYTaTUBHOMU anreOps! pon Helimana.

7. Iloka3zaHo, 4TO BEIIECTBEHHOE HEUTPAIIbHOE CHJIBHO TIPAHEBO
CUMMETPUYHOE IIPOCTPAHCTBO C YHUTAPHBIM TPHIIOTEHTOM HW30METPUYCCKHU
U30MOP(HO NPOCTpaHCTBY L (Q, X, 10).

8. JlokazaHo, 4TO MpeAconpsKEHHOE MpocTpaHcTBO JBW-anreOps! sBisieTcs
CWJIBHO TPaHEBO CHMMETPUYHBIM TMPOCTPAHCTBOM B TOM U TOJBKO TOM Ciyd4ae,
KOIZa 3Ta anredpa ecTb IpsMasi cyMMa a0eseBor areOpsl U anredpsl Tuna /,.
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INTRODUCTION (abstract of DSc thesis)

The aim of research work is the geometric characterization of predual
spaces of JBW-algebras and investigation of real facially symmetric spaces and.

The research object: Weakly and strongly facially symmetric spaces,
JBW-algebras, von Neumann algebras.

Scientific novelty of the research work: is as follows:

It 1s proved that an element of a dual space of a reflexive complex strongly
facially symmetric space will be a geometric tripotent if and only if the orthogonal
complement of this element coincides with its M-orthogonal complement;

It is proved that finite dimensional real neutral strongly facially symmetric
spaces, which have the property of joint Peirce decomposition, are isometrically
isomorphic to the /;-sum of finite dimensional Hilbert spaces;

It is proved that an atomic neutral strongly facially symmetric space with a
complete geometric tripotent and having the property of point exposure is
isometrically isomorphic to the predual space of an atomic Abelian von Neumann
algebra;

It is proved that the predual space of an JBW-algebra is a strongly facially
symmetric space if and only if this algebra is a direct sum of an Abelian algebra
and an algebra of type L.

Implementation of the research results. In according to obtained results in
the description of real facially symmetric spaces and their application to the
geometric characterization of JBW-algebras were used in the following research
projects:

The description of atomic strongly facially symmetric spaces was used in the
fundamental project OT-F4-31 to describe isometries of atomic symmetric spaces
(Certificate of the Ministry of Higher and Secondary Special Education of the
Republic of Uzbekistan, December 3, 2020, No. 89-03-5051). The application of
the scientific results made it possible to prove the almost uniform convergence of
ergodic flows in non-commutative L,-spaces;

The geometric characterization of JBW-algebras was applied in the
fundamental project No.OT-F4-82 + OT-F4-87 to establish the fact that if the
Jordan algebra of all self-adjoint elements of a *-algebra is a Ricart-Jordan algebra,
then it will have a unit element (Certificate of the Academy of Sciences of the
Republic of Uzbekistan, January 4, 2021, No.2-1255-10). The application of the
results of the research made it possible to prove that a four-dimensional formal real
unitary Jordan algebra containing two connected minimal idempotents with sum 1
is isometrically isomorphic to the spin factor.

The relationship between orthogonality in the dual space of SFS-space and
M-orthogonality was used in a foreign project No.PGC2018-093332-B-100 to
solve important problems related to the geometric properties of finite tripotents
(Certificate of the University of Granada, Spain. December 7, 2020). The
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application of the scientific results made it possible to analyze unitary and
complete tripotents in JBW*-triples.

The structure and volume of the thesis. The dissertation consists of an
introduction, four chapters, a conclusion and a list of references. The volume of the
dissertation is 145 pages.
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