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Kupum (IOKTOPJIHK THCCEPTAIASICH AHHOTAIUSICH)

Juccepranmsi MAaB3yCMHMHI [10J13ap0JiMrM  Ba 3apypaTM. Xajkapo
MHKECHIA AaCCOLMATUB anredpanap Ha3apMsICHIArM KOHYHHSTIAapHH Mopian
anreOpajiapy y4yH TEKIIMPUII Ba YJIAPHUHT XOCCAJAPUHU TOMMII KalOu
TaJKUKOTIIAP HOACCOLIMATHB anredpanap HA3apUSCUHUHT YCTUBOP
WyHanunuiapugan  Oupu  OYauO  KenIMokaa.  AccolMaTuB - anredpanap
KUPUTWIMIINTA Ba YJIapHU TAJKUK KWIMII OOIJITaHTaHUTa Xe4 KaHya OyiMmai,
antepHatuB, JIu Ba Mopnan anreGpanapu Ha3apHsCH BYXKyjAra Keda OOIIIAaras.
Kelinnuanuk sca Jlu Ba ﬁopﬂaH anreOpanapu (QyHKIIMOHAT aHAIN3 HYKTau
HazapuaaH Taakuk KuinuHrad. [lynu takunnam no3umku, C*-anreOpiaap cuHdura
AKUH XM ypra"nwirad cuHd — 0y Kamnanckuii anredpanapu (AW*-anredpanap),
AbHM B3p MmapTHHM KaHoaTaaHTHpyBuM C*-anrebpamap cuupuaup. Mopnas
orepaTop anredpanapy HazapHsACHIa dca, akchH4Ya, Karnanckuii anredparapuHiHD
Wopnan ananornapu, sseiu bop Mopnan Banax anreGpanapu cHHOMHH YpraHuul
MYXUM axXaMHUAT KacO TIu.

Hopnan omepatopnap anreGpanapd Ha3apUACHHUHT PHBOXIAHHUIIN y30eK
GyHKIIMOHANT aHaIW3 WIMUNA MakTaOu OujaH xaM OOFfuK. MamiakaTumus
ONMMJIAp TOMOHHMJAH TapTUOIAHTaH MHBOMIOTHB Xamja MopnaH anreGpanapu
Oyiinya Oup KAaTop HaTWXKajdap OJWHraH. XycycaH, oij Kymma banax ¢azocura
sra 6ynran HMopman Bamax anre6pamapd ydyH YI4OBIM Ba JIOKaldb YITUOBIIH
oneparopinap MWopnaH amreGpanapd KypwiraH Ba OHp KaTOp XYCYCHATIAPH
AHUKJIAHTaH.

Wopnan banax anreGpanapu cuadu nonpacuna bsp turmuarn Hopaan Banax
anreOpanapuHyd TAAKWK KWIHIN, yJIapHU TacHudam Ba KOOWK acCOIMAaTHB
omeparop aireOpajiapuHu TaBcuIam MyXHM Macala XucoOmaHanu. byHmax
Tamkapu, ymby anreGpamap yd4yH ~VO4OBIM  omepartopmap — Mopman
anreOpalapyHUHT areOpavk XoccallapuHU YpraHull Makcaauaa xamaa bap
mapTUHUHT MopaaH aHalorMHM KaHoaTdaHTHpyBuH Mopnan Banax amreGpamapu
cuHpu KeHr Oynramm yuyH bap tummparm Mopnan Bamax anrebpacu ycruma
abCTPakT YI4OBIM omepaTopnap MopraH anreGpasapiHM KypWIl Ba ypraHMII
MyXHM axaMuaT KacO O3Tau. Makyad WIMUH HWIUIAPHUHT TaXJWIH I[TYHH
KypcaTajuky, IOKOpUAa KedTupwiran cuad IopnaH anreGpanapiHH TaaKuK
KWIMITHUHT SIKYHUTA €THINN Xalh Y30K Ba Oy cHH(]Tra Taaaykium MyaMMOJIApHH
€YMMH YMYMaH SHTY EHAAITYBHU Tajdad KUIaJIu.

V36exucron Pecny6mukacu ITpesumentunmar 2008 imn 15  wmrommaru
I1K-916-con «MHHOBAIIMOH JOMHMXAJIap Ba TEXHOJIOTHSJIAPHU HILTA0 YUKApPHINTa
TaTOMK OTUIMHU parOaTHaHTUpHIN Oopacuaard KymuM4a dYopa-Taaoupiap
Tyrpucuaay Ba 2002 iiun 4 maptaaru Basupiaap Maxkamacuausr 77-con «nmwuii-
TAaAKUKOT (DAOJIUATHHHM TAIIKWAI STUITHU TaKOMWUIAIITUPHUII dYopa-Taadupiapu
TyFpucugay Kapoprmapu xamaa maskyp (aonusTra TEruinid OOITKa HOPMAaTHB-
XYKYKHI XyxoKaTiapaa OenrujaHrad BasudalapHU amaira OIIMpHINTra Yoy
JUCCEPTALIMS TAIKUKOTH MYyaisiH 1apaxajia Xu3maT KUJIaau.

TaagkMKOTHUHT pecrmy0jMKa (paH Ba TEXHOJIOTMSJIAPH PHUBOKJIAHUIIU-
HUHI YCTYBOP HyHaJ uNLIapura OOFJIMKJIUIU. Maskyp TaIKUKOT pecryOiuka
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dan Ba TexHonorusutap puBoxIaHumMHUHT V. «MaTtemaTnka, MexaHWKa Ba
uH(pOpMaTHKa» YCTYBOP UYHAIHUIIM JOMpacuia Oaxapuira.

JAuccepranusi MaB3ycu Oyin4a XOPHKUN WIMHN-TAAKUKOTIAP mapxnl.
Hopnan onepatop anreGpanapiHu TacHU(IIALI Ba yIAPHUHT GOIIKA XOCCATAPHHH
ypranum Oyiuda WIMHN H3JTaHUIUIAP €TaKud XOPWO)KUH JaBlaTJapHUHT UMUK
MapKaszjiapy Ba OJUH TabliUM Myaccacaiapuja, >kymianan, Kamudopuus
yHuBepcuTteTH, Bupxunus  yHuBepcutretd, CeHT-)KOHC  yHUBEpPCUTETH,
Maccauycerc ynuBepcutetn (AKII); MaremaTnka Ba CTaTUCTHKa Oyiinua
Hopgerust TabnuMm Ba TaAKUKOT MIULIHM Mapkasu, HopBerust ¢an Ba TexHOJIOTHsA
yauBepcutetd, Ocno yauepcutetn (Hopserusi); OBHeno yHHUBEPCHTETH
(Ucnanus); CnoBakus danmap akagemuscu Marematuka HHCTUTYTH (CioBakus);
Yex texnumka yHuBepcutetu (Uexust pecmyoOmukacu); Jla Tpobe yHHBepcHTETH
(ABctpanus); MapOypr  yauBepcutretn  (['epmanums); MockBa  jgaBiar
yauBepcuteTd, Ko3on ¢enepan ynuBepcutetd, Poccusi dannap axamemuscu
Cubupr Oynumu Marematuka wuHCTUTYTH, Poccus dannmap akagemusicu
BrnanukaBka3 unmuii mapkasu komwuaard JKanyOud maTemaTMKa WHCTUTYTHIA
(Poccust) 016 Gopunmoxa.

Hopnan onepatop anreGpanapura onj kaxoH MUKECHAA OUp KaTop 10m13apo
Macajaiap euuirad Oynu0, >KymuialaH, KyWuJard WIMHA HaTHXKalap OJUHTaH:
noxan Mopman Bamax amreGpacu ydyH yHuBepcan KoOHMK jokam C*-anreGpa
KypHWITaH Ba TecKapuiaHyBur Pukkapt Mopnan banax anre6pacuHuHT KOOUK C*-
anreopacu  Pukkapt C*-anreOpacu  Oyyimmm  umcobornanran  (Cenrt-XXoHc
yHUBepcuTeTH, MartemaTuka Ba crarhcThka Oyiinua HopBeruwss TabiuM Ba
TaJKMKOT MIJUTHA MapKas3M); OepuiiraH Maxpaxiu QuibTpra HucOaTaH OepuiraH
OynuHuILIM anreOpaHuHr 6apya Maptunaein pakropaaprHu TaOUMid paBUILIA Y3
WYUTa OJIyBYM MakcuMall MapTHHAEHN (akToOpiiapu MaBXKyIJIUTHM HUCOOTIIaHTaH
(Bupxkunust yauBepcutetn); CHHONTHK anreOpaigap ydyH Kydcus Emuk Oyirad
ﬁopﬂaH ormepaTtop anreOpacMHUHT MabliyM THIUIAp Oyinuya Elmnmacu
ymymitarrapuiran (MaccadyceTe YHUBEPCUTETH); OJI1 Ky1iMa (as3ora sra Oyiran
WMopnan Banax anreGpanapu TacHH(JIAHIaH, Ba YIAPHUHT OUp KATOP XOCCANAPH
anukaanrad (MaTemaTHKa Ba cTaTUCTHKA Oyiinda HopBerust TabauM Ba TaJKUKOT
MHJUIAH MapKasn); BEKTOp THIMIArd oupnamuu Mopran cymepanrebpanapura Ba
Yenr — Kan tunmuparu cymnepanreopanapra mucosuiap Kypwiran (C.JI.CoGosnes
HOMUJAard MaTemMaTrika MHCTUTYTH); OTIEpaTop ajire0paiapHy TaJKUK KUJIAITHUHT
byn kwitmatin ycymiapu wunuiad uukuirad (Poccust danmap akamemusicu
BnanukaBka3 uiamuii Mapkasu Komuaard JKanyOui MaTeMaTnka HHCTUTYTH); OJI
kymMa Qasora sra 6yiaran Mopman Banmax anreGpacHHHHT GHp SIEMEHTIH
accoratu Mopaan Banax kucManreGpanapiHHHT TAPTHOIAHTAH CTPYKTypanapy
opacHmard MXTHEpHil TapTHO wu3oMopdH3MH Tabumii paBmmga Mopgan

! Jluccepranus map3ycu Gyitnua xoprkmii mimMuii-Tagkukotiap mapxu: 2009 Fall Southeastern Meeting Boca
Raton, FL, www.ams.org/meetings/sectional/2161_ progfull.html; International Mathematical Forum, www.m-
hikari.com; Quaterly Journal of Mathematics, http://gjmath.oxfordjournals.org; Mathematica Slovaca,
link.springer.com/journal/12175; Foundations of Physics, link.springer.com/journal/10701; Journal of Pure and
Applied Algebra, www.journals.elsevier.com/journal-of-pure-and-applied-algebra; Cubupckuii matemaTHdecKuit
KypHai, Www.springer. com/mathematics/journal/11202 Ba Gomika MmanOanap acocuaa HILTad YUKHITaH.
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romomopdm3mu €pnamuna taBcupiaanran (Yex TexHuka yHuBepcuteTH, Ko30H
(enepan yHUBEPCUTETH).

JyHnéna ﬁopnaﬂ anreOpanapu Oyiinda KaTop, )KymiaazaaH, KyWnaaru ycTyBOp
MyHANMMIUIApAa TamKMKOTIAp onud GopmiMokza: bop tummmarn  Mopnan
anreOpajiapy Ba YJIApHUHT KOOWK accoIMaTHB ajreOpalapuHu TaBcuduiall,
Wopnan onepatop amreGpanapd Ba YIapHHHT KOOMK acCOLMATHB anreGpanapu
muddepeHnnaUTalIaApUHUAT  XOCCAIApUHU  YPraHMIll, acCOLMAaTUB anredpalap
xampa Moppman, Jlu amreGpamapu  muddepeHIHaIaLUIapHHY, — 2-JOKalb
mud depeHnramIanapuHu TaBCUgIan.

MyaMMOHHHI VPraHWITaHJIMK AapaxkacH. Vopnal amre6pa TymryHYacH
memuc ¢msurn ILHopman TomoHumaH kuputunrad. Kedmmuamuk Hoppan
anreOpanapu (yHKIIMOHAN aHAIU3 JOUpaculia XaMm KYyJulaHwia OouuiaHraH. by
HyHanuImHUHT mwaaaaTi puBoxku E.M.Ansdcen-®.B.1lynsu-E.A.llITépmep Ba
@.B.IlynbIHUHT WIMHI UNUIapuaa OOIUIaHTaH. ﬁopnaﬂ orepaTop ajiredpanapu
HA3apUACUHUHT pUBOXJIaHUII Oockuwiapu X.Xanke-Oncen Ba E.A.llltepmep
MoHorpaduscuaa ¥3 akcunu tomrad. Ly 6unan 6upra, A.I'. KycpaeB TomoHuan
Wopnan banax anreGpanapuHuHr By KuitMaTiiM TaBcH(IAHHUII TEXHUKACH HIIA0
YMKMIraH Ba yHUHr Mopnan banax anre6pagapn Ha3apUACHHUHI  ailpuM
Macajajapura TajbMKIapu oepmiarad. Maxcyc Kydcus émuk MopnaH omepatop
anreOpasiapy Ba ynapHUHr KoOWK ¢GoH Heliman anreOpanapu THUIUTAPUHUHT
Mociuru | tunparu anredpanap yuyH E.Illtepmep ToMOoHHMIAaH YpranuO YMKWITaH,
xamaa ymoy MociaukHU ypranui [I.AronoB TOMOHUIAH KOJTaH MabayM THILIAP
Oyiinya JaBOM STTUPWITAH Ba TYJIMK SKYHJIAHTaH.

Wopnan omepaTop anrebpanapy Ha3apHsICH DPHBOMIAHWIIM OMIAH Oupra
YHUHT TaJOMK Joupacu KeHrainb® Oopau. byHra HoaccoUMaTWB HHTErpajuiall
Ha3apUiACHHM  MHCOJl  KWJIMO  OJIMIIMMU3  MYMKMH. by  HazapusHHUHT
puBoxuianummra [11.A.Aronos, P.3.A6xymnaes, M.bepaukynos, A.KapumoB Ba
OolKanap KaTTa Xucca KyIuIraH.

Vuosnu onepatopmap Mopnan anre6pamapu don Heiiman anreGpacura
OMpUKTUpWITAH VI4OBIW orepatopiap bop *-anreOpamapu Owunan y3BUi
OofnaHran. Xo3upru KyHradya xap HMKKaja YIHOBJIM OMEpaTtopiiap airedpanapu
HazapusJiapy napajuies paBuliaa puBoxiaanuo kenrad. @on Heliman anrebpacura
OMpUKTUpWITaH YIUOBIM omeparopyiap bap *-anrebpanapu 6yiinua D.HenbcoHa,
H.Curana, ®.MemnoHn, C.K.bep6epuan, K.Cauto, B.1.OBunnnukos, B.1.Yunus,
M.A.MypatoB, X.Kocaku, ®.A.CykoueB, K.K.Kynaitbeprenon, Il.-Jomnc, T.K.
Honnc, b. ne Ilarrep Ba Gomikaiap TOMOHUAAH OUP KATOP HATHXKAJIAp OJIMHTaH.
Viuosnu oneparopnap Moppman anreGpamapu  Oyiinua ONMHraH OHp KaTop
Hatwkanap III.A.Awonos, P.3.AGnynnaes, M.bepaukynoB Ba Oolkamnapra
terunuuanp. @on Heliman anreOpacura OMPUKTUPHUITAH YIYOBIM OIepaTopliap
bap *-anrebpanapu 6yiinya Tyiaa mabaymoT B.M.Yunun Ba M.A.MypaToBnapHUHT
SIHTHY, yuTa KUTOOMaH nubopat MoHorpaduscuia 6aéH KUITUHTaH.

IlIynra xapamacas, JI.M.Tormunr Kypras b3p maprusuar Mopnau ananorn
Mopnan kymaiitMack épaaMmia KMPUTHIMAaraHaurd caGabmu Hopnan Bamax
anreOpanapu cunduna bap Mopaan Baxax anreGpanapy Ha3apuscH sSpaTHIMAraH
smu. Bympman Ttamkapu, Bsp Mopnan Bamax anreGpamapu ycTuaa KypHIraH
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abCcTpakT YmuoBmu omeparopnap Mopaan anreGpanapd XyCyCHATIApH —XaM
ypranuiamaras 3,u.

Juccepranmss MaB3yCHHUHI JHCCepPTalUsl 0a:KapujraH oOJMi TabJuM
MyaccacaCMHMHI MIMHUI-TAAKHUKOT MIIAPH OWJIaH 00FIMKJINTH. [uccepranus
TAIKUKOTH Y30eKMCTOH MMM  yHUBEpCHTETH KOWIMJard MareMarnka
uHCTUTYTUHUHT D4-OA-D013 «HoacconmatuB Ba oreparopiiap anredpanapu,
JUHAMUK CHCTEMallap, XamJla YyJApHUHT CTAaTUCTUK (U3MKA Ba MOMYJSALHUOH
owonorusra tanoukapun» (2012-2016) maB3ycumard WIMHE TaJIKHKOT JIOHUXACH
oupacua OakapuiraH.

TagkuKOTHHHT Makcagu Mopnan Banax anre6paiapu cHHOH JOMpachia
Bsp Mopnan banax anreGpamapy Ba yIapHHHT KoOuMK baHax anreGpaiapHHH
TaBcuuall xamaa ynap ycruaa bap tunuparu aOCTpakT YIYOBIM ONEpaTOpIIap
Vopnan anreGpanapiHn KypHIIIaH HO0par.

TaagKuKOTHUHT Basudaiapu:

WMopnan Baxax anreGpanapu mompacuna bop tumumaru Mopnan omepatop
anreOpalapuHu KUPUTHIII,

bap ﬁopnaH banax anre6panapunu TuIuiap 6yiinya TacHuGIAI,

maxcyc b3p Wopnan Banax anreOpaJapMHHMHT KOOMK MHBOJIOTHB
anreOpanapyHy TaJIKUK KHIMII Ba Oepuiaran Maxcyc bap Mopnan banax
anreOpacuHM y3 MUMra OJyBYM IHT KMYUK B3p MHBOIIOTHB anreOpacuHU KypHII
YCYJIMHU UNUTA0 YUKUIII;

daktop 6ynran Bsp Mopnan baxax anre6panapiHy TaIkKHK KHIHIL, Ba yiap
xamua dakTop 6ynaran masaym Hopman Bamax anre6paiapd opacuiard y3apo
OOFJIMKJIMKHH TOITHIIL;

Bop Hopnan bamax anre6pacura OMPHKTHPWITAH abCTPakT YIUOBIM Ba
JIOKaJIb YIT4OBIHN orepaTopiap MopaaH anre6pasapuauHr B3p THIINA SKAHIUTHHA
KypCaTuu;

IOKOpHIa  KyWwiaraH BasudangapHu  Oaxkapuill  JaBOMHJA  OJIMHTaH
HaTWXKanapuu auddepeHmaianuiapra Ba 2-jokan auddepeHnmamansiapra
TaIOUK KHJIHILI.

TagKHNKOTHHHI O0BLEKTH cn(baTHz[a C*-anrebpanap, (I)OH Heiiman
anreOpanapu, Karuanckuit anrebpanapu, I/Iopz[aH anreGpanapu, Mopnan baxax
anrebpanapu  (JB-anreGpmap), wmaxcyc Mopman banax amreGpamapu  (JC-
anreGpanap), o KymmMa dasora sra 6yiaran Maxcyc Mopnan banax anreGpanapu
(JW-anre6panap) xamza onn kymMa ¢asora sra Oyiran Hopman banax
anreOpanapu (JBW-anreOpanap) ojuHraH.

TaagKuKOTHUHI mpeaMetru bap I/IOp)IaH anre6panapn bap HOp)IaH banax
anmre6pamapu  (AJW-anrebpanap), bop  Mopman  Bamax  anre6pacura
OUPUKTHPHITaH a0CTPAKT YITYOBIM Ba JIOKANb YIYOBIM omepaTopiap MopaaH
anreOpanapugad uoopar.

TagkukoTHUHr ycysuiapu. Tankukor wmmaa bap ﬁopnaH banax
anreOpanapyHy  TaAKHK KWIHIIHUHT MopHaH anreGpaCHHHHI  MOCTIAIIYBYH
ANIEMEHTJIApM Ba MOCJANTYBYM KUCMTYIUIAMIIApU TYIITyHUYAJapura acocjIaHTaH
TEeXHHKACH Ba YCy/UIapuiaH, xamaa Mopnan anre6pamapunn, HMopman baxax
anrebpanapuny, mMaxcyc Mopnan banax anreGpanapiHu, o Kymma (asora sra
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6yaran Mopnan bBamax anreGpanapunn, ¢on Heiiman anre6pamapunn  Ba
Kamnnanckuit anrebpanapiuHu TaIKUK KWK yeyiuiapuaaH GoigalaHuirag.

TagKMKOTHUHT WIMMIA SIHTWJINTM KyHugaruiapaad uoopar:

ik 6op Bap Mopman bamax amre6pacu Tabpu(ura SKBHBAJICHT OyiraH
anreOpauk mapTiaap TOMUITaH;

bap ﬁopﬂaH banax anreOpacumaru Oapua MpoekTopiap TYIUIaMH TyJja
OPTOMOIYJISIp MaH)Kapa TAIIKWI KUJIUIIK Ba Xap KaHJal KOMIUIEKC €KU XaKUKUN
Kannmanckuii anreGpacuHuMHT ¥3-y3ura kymma kucMu bop MHopmam bamax
anrebpacu OYJIUIIN KYpcaTHIITaH,

Bsp Mopnam bBanax anreGpamapu Gapua MabIyM THIDIAp OYiinda
TacHU(IIaHTaH,

OMp BakTHUHI y3uaa (akTtop OYJIyBUM Ba MHUHHMAJ NOPOEKTOpJapra sra
6ynran bsp Mopnan banax anre6panapy TYIMK TaCHU(IAHTaH;

Xap KaHjail KyucHs3 EIHK TeckapilaHyBud MopaaH orepaTtop anreGpacHHUHT
kKoouk C*-anredpacu ¢pon Heiiman anrebpacu Oy Iunuinru ucOOTIaHTaH;

KydcH3 ENMK TecKapuiaHyBuM MopmaH omepatop — anreGpacuuaru
pOEKTOpJiap/a aHUKJIAHTaH YJIYOBHU JAaBOM OTTUPHII MYMKHH OYIrad Iry
anreOpaHuHr KoOuK Qo Heliman anreOpacugaru npoeKkTopiapAa aHMUKJIAaraH
Oapua YI4oBIIap TOMUJIITAH;

MabJIyM IIaptiap Oaxkapuiranjaa xakukuil Karmmanckuii anreOGpacUHUHT ¥3-
y3ura Kymma KACMUHUHT KOOMK C*-anrebpacu komruieke Kamnanckuii anredpacu
Oynuiy UcOOTIaHTaH;

Bop Hopnan bamax anrebpacura OMPUKTHPHITaH abCTPAaKT YIIYOBIM Ba
oKk ymuoBmH omnepatopnap Mopnan anre6panapu bsp Mopnan anre6panapu
OYIUIUIATY KYpCaTUIITaH.

TagKHKOTHHHI aMaJINd HATHIKACH. ﬂopﬂaH banax anreGpaiapuHu TaJKUK
KMINIIHUHT aHHYJISTOPIapHUHT MOpiaH aHAIOrapiHH KYJIOBYH SHTH YCY/IapH
SpaTUiITaH.

Kyucu3s énuK TecKapwiaHyB4H MopjiaH omepaTop anreGpaJapUHHHT KOGHK
don Heiiman anreGpamapura anokajop HaTwkanap Vopman —omepaTop
anreOpajapuHUHT KOOWK MHBOJIIOTHB ajreOpalapiHu TaIKUK KAJIUIITHU Ce3UIapiiv
JapakaJia OCOHJIAIITHPAIH.

['unebept Qazocunmaru ¥y3-y3ura KymmMa YI4OBAM Ba JIOKAJIb YIYOBIH
YU3UKJIM oreparopyap Ownan Oup xus OynraH aOCTpakT YI4OBIM Ba JIOKaJb
VIYOBIIM  OIlEpaTopiapHu  Kypuul  ycyiulapu — bap flop;laH oreparop
anreOpalapuHUHT aJlreOparK TY3WIMIIMHU YpraHuil UMKOHUHU Oepajy.

TagKMKOT HATIKAJAPHHHHT HIOHWIMiurn Hopnan anreGpanapu Ba
MHBOJIIOTUB aireOpanap Oyiinua ¢QyHIZaMEHTAl HATWKAJAPHUHT KYJUIaHUIIH,
Hopnan banax Ba nHBOMOTHB baHax anreGpanapuny TagKuK KHJIHITHAHT MabIyM
6yaran  ycymmapuaaH —(oiaJaHMITaHIMTH, XycycaH, b3p Mopmam Bamax
anreOpanapura OWPUKTUPWITAH aOCTPAKT YIYOBIM Ba JIOKAIb  YITYOBIH
oneparopiapHuHr bepOepuan ycynuaa Kypwirahjurd Xamjaa MaTeMaTHK
MyJIOXa3aJIapHUHT KaThbUIINTH OWIaH acOCIaHaIH.

TagKMKOT HATWKAJTAPUHUHI WJIMHMHA Ba aMaJuil axaMusiTH. TaaKuKOT
HATIDKANAPMHUHT WIMHH aXaMHATH ylapiaH omepatop Ba MopaaH omepatop
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anredpanapu HazapUsJIapUHU PUBOXKIAHTUPHUIN yUyH (DOHAaTaHUII MYMKUHIIUTU
Ba AHUK MacaJajlapHM, MAacaJlaH, AXTHUMOJUIMKHUHI KBAaHT Ha3apHsICH XaMJa
onepatop Ba MopaaH omepatop anreGpanapHHHHT IIPOEKTOpIApUIA AHUKIAHTaH
yigoBnap OuiiaH OOFJIMK MacajalapH euuia (oiganaHuIl MyMKUHIUTH OWJIaH
U30XJIaHAIH.

TagKMKOT HATMKACMHUHI aMaluil axaMuaTH Kypuiarad uekcu3 [lupce
EUMIMAIAPU  YEKCU3 yI4aMJIM MaTPUIAHWHT HOPMACMHM YHUHI aCOCHM
JUOTaHAINAA €TYBUM YEKIH YyI4amMid KHCMMaTpULalap HopMallapyu EpAaaMuaa
XucoOuami, Xamja YIYOBHUHT YI4OBra JAaBOM JTUINMHUHT Oapya HyuIapuHUHT
taBcuu ¢pon Heitman anredpacu mpoekTopiapuia aHUKJIAHTaH YITYOBIap XaKuaa
TYJIMK MabIyMOT OJIUII UMKOHUHU OEpUIN OWJIaH acoCIaHaIH.

TagKMKOT HATHKAJTAPUHUHT KOPUIl KWJIMHUIIM. J[uccepTanus TaAKUKOTH
Kapa€HuJa OJMHIaH WIMHK HATWXKalIap KyWHAarn MyHAIMIUIapAa aMaiuérra
KOpUI KWJIMHTaH:

B>p Hopnman Bamax anreGpamapm TacHudM Ba Wimiab umkmirad Mopnas
AHHYJIATOPJIApUHU KysuloBun ycysutap Poccusa ®annap akagemusicn Branukaskas
wimMuii  Mapkasu KanyOouit Maremaruka uHCTUTYTHHUHT Ne 0120042006
«DyHkmoHan (¢aszonapia YM3MKIM YErapajoBUd OIEpaTOpiiapHU Ba OIEpaTop
anreOpajapHu CTaHAAPT Ba HOCTaHAAPT ycyiap €paaMuaa TaIKUK KUIIUID)
noiinxacuna |, tumumarm Bsp Mopmam Bamax anreGpamapurm TacHHIama
kyymanunradn  (BrmamukaBkaz  wivumii Mapkasu  JKanyOwit Maremartuka
UHCTUTYTUHUHT 2015 i 7 centsiOpaaru Ne 147-con MabiymoTHoMacH). Unmuit
HATIWKAJIAPHUHT KYJUTAHWINIIKA byl KuiiMaTiu aHanu3 ycyiapuaan goigaianuo,
|, Turayiaru Bsp Mopnan banax anreGpanapiHUHT TYINK TACHU(GUHN OJMHMIINTA
XU3MaT KUJITaH;

oup xuHcin Bop Mopnan Bamax anrebpanapn cuabu Oyitnua oiMHraH
HaTwxkanap Poccust dhannap akagemusicu BrnagukaBkas wimuii mapkasu Kanyowuit
Marematuka uHCTUTYTHHUHT Ne 01200805081 «®@ynkimonan ¢aszonapaa
yerapajJloBud  OINepaTopJIapHU, oOmepaTop anreOpajapHM Ba  OIepaTopiiu
TEHIJIaMajlapHu TaJAKWK KWIUID) Jouuxacuaa Oup >KuHCIU bap ﬁopﬂaH banax
anreOpanapuHu (yHKIMOHAT TacBHpIalaa Kyutanwirad (BramnkaBkas uiamuii
mapkasu KanyOuit Matemaruka uHCTUTYTUHUHT 2015 #iun 7 centsiOpaaru Ne 147-
COH MabJIyMOTHOMAacH). MUl HaTWXaJapHUHT KYJUTAaHWJIAIU Oup >kxuHciu bap
Wopnan banax anreGpanapunu aiipum onepaTtop-KuitMartin ¢yHknusiap Hopran
anreOparapyHUHT TYFPU HUFHHINCH KYPUHHUII/A TACBUPIIALITa XU3MAT KUJITaH;

| Tungaru Bap Mopnan Banax amreGpanapu Ba 6up xuncim bap Mopnan
banax anreOpanapu OVyitmua onuHran Hatwkanap Poccus ¢dannap axagemusicu
BnanukaBka3 wnmuii mapkazu Maremarrka uHCTUTYTHHUHT Ne 0197-2014-0001
«banax mnaHxapajiapyuiard HOYU3HMKJIM ONEpPATOPJAPHUHT allpuM CUHGOIApUHU
TapTO aHanmm3m» sonuxacuaa | tunmmarum bop ﬁopnaH banax anrebpanapuau
TYauK TacHupramga Kyanwiarad (BragukaBka3z wnMuii Mapkasu JKanyOwid
Marematuka uWHCTUTYTHHMHT 2015 w7 cedtssOpmarm Ne  147-con
MabiIyMOTHOMacu). Mnmuil HaTwxkanapHuHr Kymutanwiamu | tungarun Bap
Nopnan bamax anrebpamapuHd TYIMK —TacHU(uamra Ba yiaap ydyH
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n3oMopu3Mraua aHUKIMKAA KapJAuHAl KUMUMATIA WHBAPUAHTIIAPHU OJIHINTa
XU3MaT KUJITaH,

TeckapuaanyBun b3p Hopman Banax anre6pacuHuHr TacHuGM Ba bop
mapTuHUHT MopnaH ananornmapnm Kymrammwirad ycymiap AKII  ArnanTuka
TEXHOJIOTHsJIap Ba TaaKuKoTiaap HHCTUTYTHHMHT STEM 1515-2016 rpantH
nonuxacuna Pukkapt ﬁopﬂaH banax anrebpacuHuHr KOOMK C*-anreOpacuHu
ypramumiga kymwianwiran (Cent-)Konc ynuBepcutetwHuHr 2016  fimn 22
aBrycTAaru  MabilymMoTHOMacu). WMiMuil  HaTWKalapHUHT  KYJUTAHWIWIIA
Teckapunanysun Pukkapr HMopnan Bamax anreGpacunmur xo6uk C*-anreGpacu
Pukkapt C*-anrebpacu OYIMIUIMTHHA UCOOTIAINTA XU3MAT KUJITaH.

TagKuKOT HATHKAJAPUHUHI anpolaumsicu. JluccepTalUsIHUHT acocuil
Ma3MyHH KyWHJard XajKapo Ba pecnyOiHKa WIMUN aHXyMaHJapuja MyXoKama
kwinHrad: «XXI| acpma marematuka. HoBocuOupck AaBiaT YHHBEPCUTETU
MM®uunr ¢aH, TabiuM Ba Tamoupkopiukaard poiu» (HoocubOupck, 2003),
«TapTn6 aHanm3u Ba MaTeMaTHK MOJCIUIAIITUPUIIHUHT KYIIMa MyaMMOJapH»
(BnagukaBkas, 2004), «Omneparopnap anrebpacu Ba KBaHT SXTUMOJLIUKIIAP
Hazapusacu» (Tomkent, 2012), «KoMmIuieke aHaIM3HUHT J0J13ap0 MyaMMOJapH»
(Tomkent, 2013), «3aMoHaBHIl TOMOJIOTHSI MyaMMOJapu Ba  YJIApPHUHT
tagoukiaapu» (Tomkent, 2013), «Anrebpa, aHanM3 Ba KBAHT IXTHUMOJUIHMKIAPID)
(Tomkent, 2015). Maskyp AuccepTanus WM HaTWXKalapu MYyHTa3aM paBHIIA
V36exncTon Mummii  yHEBEpCHTETH KOIIMAard MareMaTHKa WHCTUTYTHHHHT
«Omnepatopiiap anredpajiapy Ba yIapHUHT TaJOUKJIapU» PECIyOJIMKa CEMUHAPHU/IA,
V36exncTon Mumii  yHUBEPCHTETHHHHT «3aMOHaBMii anreGpa Ba YHHHT
TagouKIapu» Ba «DYHKIMOHAN aHAJIM3 Ba YHMHI TaJOUKJIapW» CEeMHHapJapHaa
MyXxokama Kuin0 O0opwirad. byHnan Tamkapu oiavHran Hatuxkanap HoBocuOupck
JlaBJlaT YHUBEPCUTETH MaTeMaTWK aHanu3 kadeapacu cemunHapiapuga (1993-
1998), Poccus dannap axamemmsicu Cubuppb OynmmMu Komujgara MareMmaruka
WHCTUTYTUHUHT (YHKIHUOHAT aHajiu3 JIaopaToOpHsiCM CEeMHUHapjapujia Ba IIy
WHCTUTYTHUHT T€OMETPHS Ba aHAINU3 OYITMMUHUHT Oupiamran ceMunapuaa (1995-
1998), Tomck mgaBmaT YHUBEPCUTCTHHUHI anreOpa kadeapacu (1998)
CeMUHapyapuaa, Xamjaa Amaiauil Ba MHAYCTpHAJI MaTeMaTHKa OViuda y4YWHYU
Cubupr  xonrpeccu (HoBocubupck, 1998), «Omnepatop anrebpamapu»
(Onopuanononmuc, bpaswmmsa, 2005), «banmax anreOpamapy Ba  yJIapHHUHT
taroukmapu» (bopao, ®panrus, 2005), «Hoacconuatup anredpaiap Ba yJIapHUHT
tarOukmapu» (KoumOpa, Ilopryramms, 2011) xankapo KoOHrpecciapuja Xam
Mabpy3a KYpUHHIIKMAA 0a€H STUWITaH XamJa arpobarusiad YTKa3uiraH.

TagKUKOT HATHKAJAPUHUHT IbJOH KWIMHMIIM. Jlucceprauus MaB3ycu
6yitnua xamu 35 Ta MIMMIA WII HALIP STHMIraH, IIyJIapaaH, Y30eKucToH Pecry6-
mukacu Onuil arTecTanysi KOMUCCUSICUHUHT JOKTOPJIUK AUCCEPTALMSIIAPU aCOCUI
WIMUN HaTWKAJIApUHU YOIl ATHUII TaBCUS JTWITaH wiMmuil Hampiapaa 10 Tta
MakoJia, JKymyIaJiaH, / Ta XOPFKMA Ba 3 Ta pecrnyOiiMKa >KypHAIapuaa HaIip
ATUJITaH.

JluccepTanusiHUHT TY3WJIMIIM Ba Xa:kKMM. J(uccepranus TapkuOu KUPUII,
TypTTa 000, Xynoca Ba (Qoigananuiarad agabuérnap pyixarugan wubopar.
HucceprammstHuAT XaxMu 200 OeTHU TAITKUI 3TAIH.
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JJACCEPTAIIUSIHUHI ACOCUM MASMYHH

Kupum kucmuga aumccepranys MaB3yCHHUHT JOJ3apOJIUTH Ba 3apypaTu
acocliaHraH,  TaJKUKOTHUHT  pecnyOiuka  ¢gaH  Ba  TEXHOJOTHUsIIAPH
PUBOKJIAHUILIMHUHT YCTYBOP MYHAIMIUIApUra MOCIUIH KypCaTWITaH, MaB3y
Oyinya XOpPMXKUU WIMHH-TAAKUKOTIAP IIApXyd, MYaMMOHMHI YpraHWJITaHJIUK
Japakacu KeNTUPWITaH, TaAKUKOT Makcaau, Bazudanapu, oObEKTH Ba MpPeIMETH
TaBCU(JIAHTaH, TAAKUKOTHUHI WJIMHUN SIHTWINTA Ba aMajuil HaTwxkaiapu OaéH
KWIWHTaH, OJIMHTaH HATWKaJapHUHI Ha3apuil Ba aMaldid axaMHsITH OYu0
OepwiraH, TaAKUKOT HATIKATAPUHUHT JKOPUN KUJIMHUIIM, HALIP 3TUJTAaH UILUIAp
Ba JIUCCEpTALMs TY3WIHILIN OYiirda MabIyMOTIap OEpHuIIraH.

JIMccepTaUsSHUHT «AcconuaTHB Ba Mopaan onepatop anreépaaapu» 1e
HOMJIAHI'aH OMpHMHYM 606Mia accouaTuB anrebpanap Ba Mopnan amreGpanapu
Ha3apUsUIApUHUHT aCOCHIl TMPUHUIUIAPU, YCYJUIapy Ba TYyLIIyHYaJapu KUCKaya
éputmiraH. bByHma accommatB  anreGpamap Ba Mopman  anreGpanapu
Ha3apUSJIAPUHUHT JUCCepTalusga KYMpoK (oiiamaHuiradn Oyiumiiapura acocHit
bTHOOP KapaTwiran. byHmail Oynumiapra ﬁopnaH banax anreOpanapu
Hazapuscu, C*-anreOpanap Hazapusicu, ¢on Heiiman anreOpamapu Ba AW™*-
anreGpanap Hazapusicn, Mopaan banax anreGpanapuHHMHT yHHBepcanl KOOHK C*-
anre0Opasiapu Ha3zapusicu KaOuap KupaJu.

HMucceprauussHuHr «b3p Tunuparu JB-ajaredpajapHUHI CTPYKTypacu Ba
Kiaaccupukanusacu» J1¢0 HOMIAHTaH WKKMHYM Oo0uja I7Iop;[aH banax
anrebpanapu noupacuga AJW-anreOpanap cuHpu 10 HOMIIAHYBYM SIHTU CHH(
KUpUTUATAaH Ba ypranwiran. by 0o00ma, xycycan, AJW-anrebpanap
kinaccuukanusacu Kypwiran Ba AJW-anreOpaHuHr Ttabpudura >KBUBAJICHT
oynran bap Tunuaaru mapTiap KeaTUPUITaH.

NkkrHun 600 Ma3MyHura 6aracuin TyXTaTuiand yramus.

Tavpug 1. Arap xakukuii banax ¢aszocu Oup BakTHUHT ¥V3uja OUPIUK
sneMeHTra ora Oynran Mopnan amreGpack Oymu6, KyWHmard IIaTIApHH
KaHoaTiantupca y JB-amreopa me6 aramamu: (1) |xyl[<[|X]| |lyll (X,yeA), (2)
<IN+ (xyeA), @) X=X (xeA).

Nkxknaun OoOHMHT Oupunun mnaparpaduga AJW-anrebpa TymryHUacu
kuputunrad. Kyiinnarn teopema Oepunrad maparpa@HUHT Mapka3uil TeopeMacu
XUCOOJIaHAIH.

Teopema 1. Uxtuépmii A JB-anrebpa yuyHn Kyiunaru (A), (b) Ba (B) maptnap
SKBUBAJICHT:

(A) Xap xangaih ScA, KUCMTYIIaM Y4YyH IOyHAal €EA MpoexkTop
TONMWJIAAUKA SL:Ue(A) TEHIJIMK YpuHIW Oymamu, OyHma xap KaHmai a,beA
snementiap yayr Ub=2a-(a-b)-a®b, S :={acA:(VseS) Us=0} u Us(A):={U.a:
acA};

(b) Xap xangait SCA KUCMTYIIaM y4yH IIyHJaii €EA MPOEKTOp TONUIAAUKU
+S=U,(A,) Terrmik ypunmm 6ynamu, 6ysna S:={xeA,:Ux=0, acS};

(B) xyitmnaru ukkuTa mapt Oaxapuiiaiau:

12



(1) mpoekTopJapHUHT KHCMaH TapTHOJaHTaH TYIUIaMuaa Xap KaHaai Ky r-
Ky(QTH OUJIaH OPTOTOHAJ OYJITaH 3JIEMEHTIAp KUCMTYTUIaMU Y3UHUHT aHUK FOKOpU
yerapacura (CyrpeMyMHra) ara;

(2) xap KaHmaii MakcMMand KyWwId acCOIMaTUB KucMalreOpa Y3WHHHT
npoekTopiapu €paamuaa sicaiaad (SbHU YHUHT TPOEKTOPJIIAPUHU V3 HUWra
OJIYBYM HI KWUUK €MUK KUCMalreOpa OuiaH ycTMa-ycT TYIIaIn).

AJW-anre6pa TylryH4acCHMHHA KyHugarnda KAHPUTUIIT MyMKHH:

Tavpugp 2. Arap JB-amreOpa rwoxopuma kentupuirad (A), (b) Ba (B)
[IAPTIAPHUHT OUPOPTACHHM KaHOATJIAaHTUpca, y Xonuga Oy JB-amrebpa AJW-
anreOpa meb aTamaay.

1 Teopemanan kenmub ynkanurad Hatixka cudaruma AJW-anreOpanunr 6apya
MPOEKTOPJIApH TYIUIAMH TYJIHUK MaHXKapa TallKWiI KWW Kypcatwiad. lyHu
TaKHMUIALI JIO3MMKH TeopeMaja KelTHpHIraH ST Ba S Tymiammap Kamnasckuii
anreOpanapy Ha3apUACHAATH YHT Ba 4arl aHHYIATOPIAPHUHT MopaaH aHasornapu
XUCOOJIaHAIH.

Tavpugh 3. Arap A JB-anrebpa ona kymmMa azora sra Oyica, SbHU IIyHIAM
B banax ¢azocu maBxyn 0ynu6 B*=A tenrnuk ypunnu 6yica, y xonmga A JBW-
anreOpa neb aTanaau.

Wopnan anre6panapu accolMaTuB anredpaigap OWIaH Kyimmardda y3BUid
OofnaHran. AWTalWnMK A — HMKKUAAH (QapKiId XapakTepucThkKara sra OyiraH
MaiJIOH yCTHJa accoluaThB anrebpa OyiacuH. A dasoma saru a-b=1/2(ab+ba)
(Mopnan KynmaiTHpHII aMann) KyMaiTHPHII aMaJiHA KMPUTaMU3. XOcH OYiran
anrebpann A’ opkamn Genrmnaiivus. By anre6pa Mopaan anrebpacuamp. Arap A
anreOpanuHr A, kucMdazocu a-b kymaiTupyB amanura HucOataH €nuk Oyica, y
xonma Oy kucMdaszo ymby kymaiiTupyB amamn Omman 6upra A’ anreGpaHuHr
KHCMaIreGpacHy TAIIKu Kuiaam Ba Mopaan anre6pacy 6ynamu.

Tavpugp 4. Nlynmait A, WMopman anrebpacura nsomopd 6ynran Hopmau
anreGpanap Maxcyc MWopman amreGpamapu ne6 aramagy. Maxcyc Hopnan
anreGpacu GynMaran Mopnan anreGpanapu ucrtucuonu Mopnan anre6panapu ned
aTanau.

Tavpug) 5. Maxcyc JB- Ba JBW-anrebpanap, moc pasuniga, JC- Ba JW-
anrebpanap neb aranasiu.

1 Tteopema JBW-anrebpanap Hazapuscuaard KymuuiukK Teopema Ba
neMManapau ucbotiapu Omnan Oupranmkmaa AJW-anreOpanap xomarura Aesipiiv
yarapunicu3 yTkazum UMKOHWHM Oepamu. by Illymeir Teopemacura xam
Taanykmuaup. Ukknauu 600HUHT OupuHuM naparpaduga AJW-anreOpanap ydyH
ynpr Teopemacu KenTUpwiITaH. YHIa Xap KaHmah AJW-anreOpanu maxcyc
AJW-anrebpa Ba uctucuos AJW-anrebpaiapHUHT TYFPU UUFUHIUCH KYPUHUIIIIA
TaCBUpPJIAIl MyMKUHJIUTH TaKUJJIaHAIH.

Tavpugp 6. A JB-aqireOpanuHr Oapua  MakcuMal  acCOILMaTHB
KHCMareOpajapHUHT KeCUIIMacu Ym0y ajareOpaHuHT Mapka3u el arajiaad Ba
Z(A) opkanu 6enrunananu. Arap Z(A)=R1 6ynca, y xonna A anrebpa JB-dakTop
ne6 artamaau. Arap S€A sleMeHT s?=1 IapTHU KAHOATJIAHTHPCa, Y XoJijga Oy
AIIEMEHT CUMMETpHsI 1e0 aTanaiu.
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IOxopuaarn QukpHUHT siHa OMp TacAUKU — Oy UKKMHYU OOOHMHT OMpPUHYH
naparpadua KeITUPUWIraH KyHugara JeMMaaup.

Jlemma 1. bepunran z snemenTHUHT A AJW-anrebpa Mapkasuma €TUIg Xap
KaHga s€ A cummetpusi yuyH Usz=7 TeHITIUK YPUHIA OYIUIINTa TeHT Ky4IHAnp.

Tavpugh 7. Arap JBW-dakTop A MuHMMan mpoekTopra 3ra 0yica, y xoiaga A
| Tungaru JBW-dakrop 1e6 atananu.

NkxrHun 600HUHT OupuHYM naparpaduHuHr oxupru kucmuaa JC-daxropiap
TaJKUK KuiauHrad. Kylunaru Teopema ucooTiaaHraH.

Teopema 2. Auraiimuk B JB-dakrop 6yncun, {qj} sca sup q=I1 mapTHH
KaHOATJIaHTUPYBYH, Ky(pT-KyhTHn Omnan skBuBasieHT Oynran B JB-dakropnan
OJIMHTaH OPTOTOHAJ MUHUMAJ NpOEKTOopIap TymiaMu OyicuH. Papa3 Kunailnuk, B
anreOpaHUHT Xap OWp OpPTOroHaN MPOEKTOpJapu Tymiamu B anrebpaga aHuk
IOKOpH uerapara (s’bHU cynpemymra) sra Oyncud. Y xonga, B I tungaru JBW-
dakTop Oynanu.

by teopema b3p mapTuHM KaHOATIAHTUPHIL YYyH KpuTepuiiHu Oepanu: [
tungaru JB-aktop bap Tunuparu mapTHU KaHOATIAHTHPUIIM YHHUHI FOKOpPU[A
KEJATUPWITraH TeopeMa 2 MapTUHU KAHOATJIAHTUPUILIUTA SKBUBAJICHT.

Nkxvaun OOOHMHT WKKuHYM maparpaduna AJW-anreOpaHuHr Tabpudura
SKBUBAlleHT OynaraH Ba JB-anreGpajard aHHYJISTOPNAPHMHT GomKa Mopman
aHaJoIIapy KaTHAITaH ainreOpauk mapriap KedTupwiaad. Ymoly mapTiapiaH
SHT KMCKAcH KyWHJaru KypUHUILTa dra:

(I') xap xanmait ScA, KUCMTYIIaM Yy4YyH IOyHJAal €€A MIpoeKTop
tormmnaguku Ann(S)=Ug(A) Tenriuk ypunnu Oymaam, Oynma Ann(S)={acA:(V
seS) a's=0}.

Nkknnun 000HUHT yunnuu naparpaduzaa I, II, III tungparu AJW-anredpanap
Ba MoayJsip AJW-anrebpa TymryH4aiapyu KUPUTHIITAH.

Tavpug 7. Awtavinuk A AJW-anrebpa Oyncun. peA IlpoexkropHuHTr c(p)
MapKa3uil TalTyBUMCH Jed p MPOEKTOPAaH KaTTa €KW yHTa TeHT OYJraH SHT KHYHK
MapKa3ui ImpoekTopra altmnagu. Arap peA npoextop yuyH Up(A) acconuarus
KucMmanrebpa Oynca, y xomma p AGen mpoektopu ne6 artamamm; arap Up(A)
kucmanreopanunr [0,p]:={qeP(A)NUy(A)} mnpekropiapu mHaHxapacu MOZYJIP
Oynca, y Xoijga p MOAYJSIp MpoekTop aed aramanu. A anredpaaaru €, Ba e
MapKa3uil NOpOeKTOpJapHU KyWujaarn Qopmynanap €EpaamMua KUPUTAMU3
e=sup{peP(A): 6y epma p — abex mpoektopu}, e, =sup{peP(A): 6y epaa p —
MOYJISIP TIPOEKTOP | .

PaBinanku e,<e, . Aiitaitiuk e,=1-e,-e;,. A AJW-anre6panu I (Mmoc paBumiza
I1, IIT) Tungaru AJW-anrebpa ned ataiimMus, arap ¢,=1 (Moc paBumiga e, =1,e,,=1)
oynca. Ym0y TymyH4anap Oyinda MKKMHYM OOOHWMHI acoCHi HaTWXKajdapuiaH
Oupu OynraH Kyiiuaaru Teopema YpuHIIu.

Teopema 3. Xap oup A AJW-anre6pa I, 11, IIl Tungaru kucmanredpaapHuHT
TYFPU HWUFUHIWCH KYpPUHUILJA TacBUpiaHagu. DbyHmaH Tamkapu KyWuaarua
ajomatiiap ypuHIM:

(a) A I tunga 6ynanu mry Ba ¢akar mry xosijaa KadoHku A na c(p)=1 maptau
KaHOATJIaHTUPYBYH p AOen mpoeKkTopu MaBxky[ Oyica;
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(0) A Il Tunna 6ynaau mry Ba ¢akar mry xosiga KadoHku A ga c(p)=1 maptHu
KaHOATJIAHTUPYBYHU P MOAYJISIP MIPOECKTOP MaBXKy[ OYyiica Ba A Xeu KaHJail HOJIJaH
bapkiau AGes MpOoeKTOPUHHU Y3 HUUTa 0JIMaca;

(B) A III Tunma OYmaam my Ba ¢akaT IIy X0Jj1a KaUOHKM A Xed KaHJau
HOJIIaH (apKJIu MOAYJISIp MPOSKTOPHHU Y3 MUUTa 0JIMaca.

My Ounan Oupra AJW-anreOpanapHunr JB-WUFUHIMCH TyHIyHYacH Xam
KUPUTWITaH, Kalicuku y AJW-anrebpanapHu Ba yJIapHUHT 3J€MEHTIAPUHU YEKCHU3
WAFVHIWIAD KYPUHHUINJIA TACBUPJAIIra acoCiaHrad. JB-WMFUMHAM TylIyHYacu
Oepwiran JuccepTals UIIMHUHT OWp KAaTop TeopeMalapuHd HucOoTiamaa
¢oiinamu. JB-liuruHan TymryHyacuHUHT axamuata A AJW-anreOpa Ba yHnmaru
cyripemyMu | sieMeHTra TEHT OYJraH OpTOTOHAl MapKa3Wil MPOEKTOPJIApHUHT
{z;} xucmTymmamu yayH z;A KucMmanreOpanapHuHr JB-iimFuHmucu A anreOpara
M30METPUK U3Mop(d Oynmumunru ounan OenruiaHaiy.

Nkxkvaun O6oOHUHT TYpTHHYM maparpadpuma AJW-anrebpanap noupacumaa
POCKTOPJIAPHUHT AKBUBAJICHTJIMIH YpraHwiradH. by mnaparpaduHunr Oapua
HaTwkanapu JBW-anreOpanap Hazapusicuman Jespiad Y3rapuilicH3 OJIMHTaH.
VYnapuuar wucboTiapu JBW-anrebpanap Hazapusicujard MOC HaTHXajiap
ucOoTinapura xyjaa yxXmanaud Ba JUCCEpTalMsIa MabIyMOTIAPHUHT OEpHIIMIIN
TYJa OYIMIUIUTY Y9yH KeITUPUIITaH.

Nkxkvuaun O6oOHuMHr OemmHuun maparpadu | tummaru AJW-anrebpanapHu
Vyprauuiura Oarunuianrad. Ymoy naparpada n — HaTypajl COH €KkM n=oo yuyH I
tungaru AJW-anrebpanap cuH(u KUpUTHITaH Ba YpraHuiraH.

Tavpug 8. Aiiraitnuk A AJW-anreOpa, n kapauHaln coH OYicuH. Arap
HmIyHIal A JaH OJMHTAaH MPOEKTOPIAPHHUHT (Py)ye) OPTOTOHAN TYIUIAM MAaBXKY]I
Oyncaku, MXTUEPUN oL MHIEKC yuyH c(p.)=1, Sup p,=1 Ba |J|=n mapmiap ypuniu
oynca, y xonna A I, tunmaru AJW-anrebpa ne6 aranamnu. Ly 6unan Oupra, arap,
Xap XWJI h 4eKCcU3 KapauHail connap yuyH, A I, tunmaru AJW-anreOGpanapHuHT
TYFpu Huruaaucu 6yinca, y xona A |, tungaru AJW-anrebpa ne6 atanaam.

[ Tungaru AJW-anrebpanap kinaccudukanusacu Kypuiarad. AWHaH, UKKUHYU
OOOHUMHT acocHid HaTW XKajdapuaH Oupu OyiraH Kyidujgaru reopemMa ucOOTIaHraH.

Teopema 4. Xap xannaii | Tungaru AJW-anreopa A, DA PAD... OAD...
KYPUHUIIIATK TYFpU MuruHaura Eimnanu, Oyuna A, — |, tunmaru AJW-anre6pa
¢ku {0}, A, aca — |, Tummaru AJW-anreopa éxu {0}.

JBW-anrebpanap xonmunaruaex, xap kanaait I, tungaru AJW-anre6pa, Oynna
N>2 — HaTypall COH, ArOHAa KYPUHUIIIA SHAJA “‘COANApOK’ KucMaiareopamtap Tyrpu
WUFUHANCH KYPUHMINKA TACBUPJIAHUIIM XaKula Teopema MaBxyld. byHma Oy
connmapok kucmainreOpanapuuar xap Oupu C(Q,Hn(F)) xypunuimngaru aHuk
TacBupra asra, 0y epaa Q — Oy skcTpemMan KOMIakT Ba Moc paBumijaa F Oy, éxku R
XaKUKAM conjap Makgonu, €ku C KOMIUIGKC coHjap MaimoHu, ¢ku H
kBaTepHUOHIap TaHacu, €ku O Konu connapu anrebpacu (n=3 Oynranaa). JBW-
anreOpajiap HazapusicHUJard n=2 XxoJlaTAaru (QYHKIUMOHANI TacBUpP XaKHUAaru
Teopema xam AJW-anreOpanap ydyH yMyMIIalUTUPWITaH, sibHU Xap Oup I
tungaru AJW-anrebpa siroHa paBumiga Xxap OUpU 3KCTpeMall KOMIAKTHU CIUH
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dakTopra akciaHTUPyBuM (yHKIMsIap Mopman anreGpacd KYpHHHMIIIA aHHK
TacBUpra sra Oynran anreOpanap TYFpu UMFUHIUCU KYPUHUIIAA TACBUPJIAHAIY.

NkxkyuHun O60OHMHT OemnHun mnaparpaduHuar Oommga [ tummaru AJW-
dakrop Ba I, Tungaru AJW-daktop, OyHIa n — KapAWHAI COH, TyUIyHYajapH
kuputwirad. | tungaru AJW-¢akropra, macanan, R xakukuii conmap MaigoHu
yCTHIA aHMKJIAHTaH Oapua 2x2-ymgoemm Dpmut Martpunanapu H,(R) Mopnan
anrebpacu mwucon Oymaau. HWkkuHYM OOOHMHr OemuHYM TaparpauHUHT
MapKa3uil TeopeMacua Kyiuaaru TakuajiaHaIu:

Teopema 5. Xap xannai I, tungaru AJW-dakrop | tungaru JBW-dakrop
oynanu.

Kyiinparu teopeMana MUHUMAaJ MPOEKTOpJiap Ba HOpMal (DyHKIMOHAJUIAp
opacuJar y3Buil OOFIUKIMK KYpCaTHIITaH.

Teopema 6. 1 tunparu AJW-dakTopHUHT Oapuya HOpMall (PYyHKIMOHAIIAPH
dazocu ¢-Ug xypunumgaru, Oy epaa q — muHuMan npoekrop, ¢: Uy(A)->R — g
Oyiinua Kypwiran uzomopdusMm, O6apua HOpMasl (PYHKIMOHALIAPHUHT YH3UKIIN
KOOMFUHUHT €NUFU OMJIaH yCTMA — YCT TYIIAIH.

Ymby HaTWkKaHU yMyMIIAIITAPrad xoiijga, macanan, H T'masbept daszocuna
aHWKJIaHTaH Oapua y¥3 — y3ura Kynima yerapaianrad yn3ukiu onepatopiap B(H)s,
Nopnan  anre6pacMHMHr MuHMMan npoektopmapu Ba B(H), Hopnan
anreOpacunuHr JW-kucmanreOpacuia aHUKJIAHTaH HopManl (QYHKIIMOHAIAP
opacuJard IKOpHUaarura yxmam OOFIUKIUK XaKu/1a TalupUIl MyMKHUH.

bapua I tunparu AJW-dakropnap cundu 6apua I tunnaru JBW-gdakropnap
cuHpu OunaH ycTMa — yCT TyIUraHjauru cababnm, CTpyKTypara Ba
Kkinaccuukanuara Taanykan Mmyammonap | tunpmarm JBW-dakropiap  yuyH
KYHUIaAurad XyJIay IyHaaid MyamMosapra o0 kenamu. byHaaH, XycycaH, xap
kagmait | Tungarm AJW-dakropuusr, €ku ['mipbept dha3ocuaa aHuKIaHTaH Oapua
y3 — ¥y3ura KyliMa YerapajlaHraH YW3UKIU OlepaTropiiap ﬁopnaH anreOpacu
kypunuiiaa, €k Konm connmapu anredpacw ycTuaa aHUKJIAHTAH ODpMUT 3x3
maTprnanapin Ms® Mopaan anre6pacu KypHHHIIIA, SKH CIMH (GAKTOP KypPUHMIIIA
AHUK TacBHUpra 3ra OyJIuIIm Keaud YuKaIu.

Nxxunun 600HUHT ontuHuM naparpaduna Hy(F) tymnam kapanran, Oynaa F
= R, C, H, n — uekcus kapaunan con. Hy(F) — Oy Kyitmumaru mapTiapHu
KaHOATJIAHTUPYBYM, KOMIIOHEHTNIapu F TaHajaH onuHran Oapua {Ajj€jj} 4ekcus
Nxn ya4amiii MaTpyuuajiap TyIjIaMUuIup:

(1) {ej} — Oy xyitmaru KypUHHIIIArH MaTpUNANAp TYIIAMH: € — Oy (i,j)-un
KOMITOHEHTH | ra TeHr, KoiraH KoMrnoHeHTiaapu 0 ra TeHr OyiraH nxn yadamiu
MaTpuIia,

(2) 6apua 1, ) uHOEKCHap yuyH AjeF, Aj=A;*,

(3) mynnait KeR con maBxynku xap KaHgaih m HaTypan COH Ba {Ai€j}

H,(F) TyIIaMHEHT KUPHTHIITAH aareGpayk onepanysiiapra Hucbatan Hopran
anreopacu Oyimmmu Ba Hy(F)=B(lx(F,Z))sa m30MopdusM ucOotTianran, OyHIa
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I,(F,Z) — Oy uHnekcnapu TyruiaMu = Ba |Z|=n Oynran F TaHaHUHT KBaApaTHK
HuFrIIaguran sJieMeHTIapu Tyuiamiapu ['unsbept dazocu.

NkkrHuM OOOHMHI OJTHMHYM naparpapuia HUXTHEpHA X TUIEPCTOYH
xomnaktian H,(F) Mopnan anre6pacura, 6ynna moc pasumga F = R, C, H, n —
yekcu3 KapawHaia coH, akcimantupuiniapauar WC(X,Hy(C)), WC(X,Hn(R)),
WC(X,H,(H)) Mopnan anrebpanapu kuputwirad. Yiaapeuer I, Tummarn JW-
anrebpanap OYauIy nCOOTIIaHTaH.

WNkxrHun 600HUHT eTTUHYM Naparpaduia Kydujgaru reopema ucOOTIaHTaH.

Teopema 7. Wxtuépuit 1, tunpmaru A JW-anreOpa, OyHIa n—yeKkcus
KapauHaa coH, Xap owp i=1, 2, 3 unmekc yuyn A=2WC(X;H.\(F)), oynma X;i—
runepctoyH kommakT, Hy(F)—D3OpMuT nxn ymrgamim maTpuliaTapuHUHT YEKCHU3
ymuomn Mopman amreGpacu Ba Fi=R, F,=C, Fs;=H, 6ymran A=A;DADA;
KYpUHHILIAru EMAIIMAara ora.

[Ilynan takummam yno3uMkd, A.I.KycpaeBHunr unmapuaa [ tungaru AJW-
anreOpanap CTpyKTypacMHMHr ©Oaradcun TaBcudu Oepwiran Ba OyHpail
anrebpaiap nzoMopuzMraya aHUKINKIA TYITUK TaCHU(IIaHTaH.

NkxrHun 600HUHT CakKU3MHYM naparpaduaa Tyiuk yekcusz AJW-anredpa Ba
ltin Tunmarm AJW-anrebpa TtymryHuanapu kuputwirad. AJW-anreOpanapHUHT
TYNMUK KilaccuuKanusIcu Kypwirad. AitHan, xap Kanmaii AJW-anreOpa
A:A|ﬁn€l-)A|wEl-)A||16-)A||00®A”| KYpUHUIIJArd  TYFpU  HWFUHAWTA  CHUAJIUIINA
Kypcaruwirat. by epna Ay, @A, Tyrpu durunau Moxyisp AJW-anrebpa 6ynanwy,
A ©A, DA Tyrpu iurunIu dca Xycycui yekcus AJW-anreOpa Oynany.

NkxrHun 600HUHT OXUPTH TYKKU3MHYMY naparpaduna AJW-anrebpanap yayH
lin, 1oy 11, 11, Ba I TUTIIIApHUHT TabpUbIAPUHUHT ACOCIN SKAHIUTH KYpCaTUIITaH.

HMucceprauustHuar  «b3p Tunuparun JB-aareOpanapuumar kKoouk C*-
ajredpajgapu» 1e0 HOMIIAHTaH y4YMHYM 0oOMAa acocmii Makcan bap ﬁopnaH
banax anreOpanapu (spHu AJW-anrebpanap) Ba ynapHunr Koouk C*-anrebpanapu
opacujarv OOFIUKJIMKHU YpraHUIIIUP.

Tavpugh 9. Antraiinuk H I'mns6ept dazocu Ba B(H) 6y H ['mnsbept dazocuna
aHWKJIaHraH Oapya 4YerapajaHraH oreparopiap *-anreOpacu Oyiacua. B(H)
anreOpaHuHr xap Kanaaid B kyucus €nuk *-xucmanreOpacu Ba yHra U30METPHK
nzomop@d O6ynran C*-anredbpa Gon Heitman anrebpacu ne6 atamaau. Ataiinmk A
H Tunsbept dazocuaa anukianran JC-anrebpa OyiacuH. A anredpa TOMOHHIAH
scanran B(H) anreOpanunr Oup-teknc Enuk KoMIieke *-kucmanreopacuan C*(A)
opkanu oenrunaitmuz. C*(A) anredpanu A anredpanunr koouk C*-aiaredpacu 1ed
ataitmus. C*(A) anreOpanunr B(H) anrebpamarm W*(A) xydcu3 €munmacu A
anredbpanuHr KOOMK (hoH Heliman anredpacu n1e6 aTamaay.

Tavpugp 10. Arap A  accommatuB  anrebpanmnr A, Hopaau
KHUCMaITeOpACHHUHT UXTUEPUIN YEKITU MUKIOPAATHU a1, da,..., dx DJIEMEHTIApU YIyH
{a1a,...a}=1/2(a18,...aktakax 1...21) DIEMEHT A, anrebpara Terunu 0yica, y XoJaa
A, Teckapunanysun Mopnau anre6pacu ne6 atanaim.

YuyuHun GOOHUHT OMPUHYM TaparpauHUHT acOCHUN HATHXKacu Oy KyHuaaru
TeOpeMaiup.
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Teopema 8. Aiiraiinuk A — teckapwianyBun JC-anrebpa, W*(A) — Oy A
anreOpanuHr KoOWkK ¢on Heiimana anreopacu Ba C*(A) — Oy A anreOpaHUHT
koOuk C*-anrebpacu 6yncun. Y xonma A JC-anre6pannar JW-anrebpa OYnumm
W*(A)=C*(A) TeHITTUKHUHT YPHHIN OVIMIINTa TCHT KYWIHIHUP.

Yyunur O0OHUHT MKKWHYM Naparpaduga EplaMud TacAuKIap UCOOTIaHTaH.

Tavpugh 11. Avitaiinuk E — acconmaTtuB, €kM XaKUKHM, €KH KOMIUICKC *-
anredpa Ba S— E HuHT Oy 6yiMaran kucMrytuiamu 0yincut. R(S)={xeE: (VseYS)
sx=0} tymnam S tymmamuunr E garu yHr anaynstopu ne6 atamagd. Arap xap oup
oym Oynmaran ScCE xucmTymiam yuyH InyHaa mpoektop (¥3-y3ura Kymma
unaemnoreHT) geE Tormmncaku R(S)=gE Tenrmuk ypurim 6yica E anre6pa bap *-
anrebpacu 1e6 atanaau. AW*-anredpa ne6 Oup BakTHHHT Yy3uaa bap *-anrebpacu
oynran C*-anreOpara aTunaay.

Tavpug 12. Arap A xakukuii banax *-anreopacu yayn A.=A+IA *-anredpa,
oy epna A+iA={a+ib: a,beA}, mynnaii HopMananuim MyMKUH Oyicaku A, C*-
anreOpa Oyica, Ba yHUHT HopMmacu A Ja jgactiabku HopMa OWJIaH YCTMa-yCT
Tymica, y Xoinga A xakukuii C*-anreOpa aeitwmamu. bap *-anreOpacu Oynrax
xakukui C*-anreOpa xakukuit AW*-anredpa ne6 atamaau.

YuyuHur OOOHMHTI YYMHYM TMaparpa@UHUHT acoCU HATWXKAach KyWHJiaru
TeopeMa XUcoOJaHa/Iu.

Teopema 9. Aurtaiimuk A — H xommuiexc ['mnpbept dazocupa aHUKIAHTaH
xakukuid AW*-anreopa Oyicun. ®Papasz kuwiaimuk M=A+iA AW?*-anreOpa Ba
ANiA={0} oOyacun. C*(As) — Asa AJW-anreOpanmar koouk C*-anrebOpacu
oyncun. Y xonma, C*(As) AW*-anreOpa Oynaau. byHman Ttamkapu, arap Ag
AJW-anrebpa |; Tunmaru TYFpu KyumulyBYWiapra Jra OyiMmaca, y XoJija
M=C*(Asa).

by epma M=A+IA juruaauauar  AW*-anreOpa OYIMIUIMK — IIapTH
AnbOeBeprio, AromoB Ba AOAYBaWTOBIAPHUHI HILIapuaa Xakukuid AW*-
anreOpanap ypramwiramwiurd Ba A Xakukuid  AW*-anreOpuuar M=A+iA
KoMIieke Koouru AW™*-anrebpa Oyiamaran XojaTH y4yH MHCOJ TOMWJITAHIUTU
cababyy KUPUTHUIITaH.

Yuunun 600HUHT TYpTHHYM naparpaduna B(Hc) HUHT Xap KaHaai MakcuMat
TynuK xakukuii don Heiiman kucmanre6pacn B(Hr)®B(Hy) kypunmmmarn
KrcManredpa 3KaHu UcOOTIIaHraH, Oy epja Hr u Hy — moc pasuniga Hg Ba Hy
Tunsbepr dasomapuumHr myHmail xucemdasomapukn  Oynma Hg=Hg@®Hg,
Hy=Hy®H4". By epaa B(Hg) Ba B(Hy) anreGpamapHUHT GHPIMK dIeMEHTIApU
OpPTOTOHAIAMP B yinapHUHT HuruHaucu B(Hc) anreOpaHuHT OMPIMK 37€MEHTHHU
Oepanu. KelinH, onuHran HaTwxanapiaH ¢oiinanannb TteckapuianyBun JW-
anreOpaHuHr KOOMK TYNWK Xakukuil @on Heliman anrebpacu yuyH ['enbdann-
Halimapk TeopeMacMHUHT aHAJIOTU UCOOTIIAHTaH.

HMucceprauustHuar  «b3p Tunuparm JB-aaredpasap y4yH aOcTpakr
yI4oBaM omepaTopiaapHuHr Mopaan anarebpacm» 1e6 HOMJIAHTAH TYPTHHYH
OOOMHHUHT Ma3MyHH KyHuaaruiapaaH noopar.
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TypTurun 606HMHr OupunHum naparpadpuga AJW-anrebpa yuyH aOCTpakT
YIIYOBIM ONepaTopiiap KypwiraH Ba ypraHuwiaras. Yiapuuar HMopnan anreGpacu
TAIIKWAJ KAJTUIIH UCOOTIIaHTaH.

ByHuHr yuyH Kydugara OonutaHFud ImapT KaOysid KWIMHATW: alTaliauk A —
AJW-anrebpa Oyncun. @apaz kumalinuk A=A DA, Eimimana  Ag
TeckapuiaanyBun AJW-airebpa Ba Ay, anreopanunr C*(Ag,) koouk C*-anredpacu
AW*-anrebpa Oyncun. Teopema 9 ra kypa OXUpPru MIApT eTapivya yMyMHUH
IapTaup.

Tavpugh 13. Arap A anre6panunr P(A) npoekTopiap TYIJIaMUlaH OJIMHTaH
POEKTOPJIAPHUHT {€,} KeTMa - KEeTJIIMIM y4yH Oapya n HaTypaj COHAA € <€ps
mapt Gaxxapuica 6yHu e, 1e0 &3amus; arap, OYHIaH TAIIKApH, Sup e;=e Oyica,
6yun e,Te ne6 &ammus. Arap P(A) DaH ONMHTaH dIEMEHTIAPHHHT {e,} KeTMa -
KeTIINIU ydyH e,11 Ba Xap 6uMp n y4yH e,” A Ja MOIYJAp NPOEKTOp 6yica, y
xoJija {e,} Ky4wiu 3u4 coxa (K.3.C.) Aeumnaan. AcocaH YIdoBiau omneparop (a.y.o.)
e xap 6up n yuyH xp€A, {€,} — k.3.c. Ba m<n mAapT Y4yH €nXn=€mXm TECHIIIHK
Vpuniu Oynran {(X,, €n)} KypTIukiap KkeTMa - KeTurura autuiaau. bapua a.y.o.
TYIUIaMHJ1a SKBUBAJICHTIMK MyHOca0aTuHu KupuTamus. Mkkura a.y.o. {(x,,en)} Ba
{(ynfn)} sxBuBanent neitmnaau (0y {(xn,en)}={(ynfr)} opkamu Oenrunanaam), arap
IIyHjal K.3.c. {gn} MaBxya Oyicaku Xap KaHjaai n yayH gnX,=0nY, Ypuniu oyca.
A.y.0. {(Xn,€n)} HUHT [Xn,€n] SKBUBANEHTIUK cuH(HU A anreOpara OMpPUKTUPUITaH
ynuoBnu omneparop (¥.0.) aeimnamu. bapua yia4oBinu omeparopiiap TYIIAMUHU
C(A) opkamu OenrwiaiiMu3. AnreOpauk amMaiapHuHT  A[Xp,en]=[AX,, €n],
[Xn.en]H[VnFol=[XntYn.enAfal, XnenllYn: Tal=[XnYn, On] Tabpudaapu acocaumup, Oy
epaa (gn) K.3.c. (Xn), (€n), (Yn), (fn) xeT™Ma - keTIMKIIap OYiiMya aHUKJIAHTaH. YOy
amasutapra Huc6aran C(A) tymiam Mopnan anre6pacu 6yiamm.

Arap A AJW-anre6pa 6upon - 6up A AW*-anreOpanunr y3-y3ura Kymma
KUCMU Oyinca, y xoinma A anreOpara OUPUKTUPWITaH aOCTpPakT YII4OBIU
oneparopiap Mopnan anredpacu A anreGpara GUPUKTHPHITaH aGCTPaKT YT4OBIH
oneparopyap bap *-anreOpacuHuHr ¥3-y3ura KymmMa KUCMU OuWjaH ycTMa-ycT
tymaau. @on HeliMana anrebpacura OMPUKTUPHITAH YIIYOBIM ofeparopiap *-
anreOpacuna €TyBUd ¥y3-y3ura KyIima YI4OBIU OmepaTtopiap ﬁopﬂaH anrebpacu
Xap JOMM XaM YHUHT ¥3-y3ura kymma kucmu OYymaBepmaiau. LlyHunr yuyn
aGCTpakT YimuoBmy onepartopinap Mopaan anre6panapu CHHOUHH YPraHUIT MyXHM
xucobnanaau. TypTuHum OOOHMHT OupuHum maparpadu  ymlOy cuHO
anreOpanapuHu Yypranuira OarunuiaHrad. by epna Ou3HM aBBajio HOKOpHUJIA
kentupuirad (A), (b) Ba (I') mapTnapaan OupopTacuHU KaHOATIIAHTUPYBYH, SIHHU
Bap *-anreGpacununr MopnaH anangoru GyiraH, derapagaHMaraH 3JIeMEHTIAPHHU
¥3 nuura ojiraH, oupopra bap *-anre6pacuHuHr ¥3-y3ura Kynma KucMu OyiMaran
ymyoBIM omepaTopnap MopmaH amre6pach MaBxys GKM MaBKyd SMACIHTH
XaKWJaru caBoJl KM3UKTUpaau. Ym0y caBosira TYpTHHYM OOOHUHT OUpPUHYHU
naparpaMHUHT aCOCUM HaTWXKacu OYJraH Kyiuaaru teopemasia xaBoo OepuiiraH.

Teopema 10. Xap xaumaii SCC(A): TymiaMm ydyH IIyHIail €€A MPOEKTOP
makyakn  ST=U«(C(A)) Teurmuk Yypumnun Oymamu, spau C(A) bBop  *-

(V)

anredpacuHuHT Mopaan aHamoruaup.
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Ilyan takumiam kepakku, A AJW-anre6pa Ba C(A) Mopman anreGpacu
yCcTMa-yCcT TYIITaH XOJaTiap XaM MaBXyd. byHW Kyldugaru TeopeMmMalaH Xam
KYpHUII MyMKHH.

Teopema 11. A |, tTungaru AJW-dakropra Oupuktupuiran 6apua adbCcTpakt
ymaosim oneparopnap C(A) Mopnan anreGpacu A anreGpaHuHT Y31 GUIaH ycTMa-
yCT Tymaan, 0y epa n>3 — 4eKIH EKH YeKCH3 KapHaJ COH.

Vigosmu onepatopnap Mopnan anre6pacuur ypraumaa (oianaHuiIran
MYXHM HaTrkanapaan oupumaa A AJW-anrebpara OupukTupuiaran 6apda abCcTpakT
ymaoBny omepatopiap Mopnan anre6pacu A anreGpanuar AW*(A) koOux AW*-
anreOpacura OWpHKTHpUIATaH Oapya aOCTpakT YIYOBIM oreparopiap bap *-
anrebpacuaa ETUIIH TaKHU JIaHA M.

AOGCTpakT YI4oBIM omeparopiap *-anreOpanapu Hazapuscuaard Kkabu
abCTpakT YIdOBIM omepatopiap MopaaH anrebpanapd ydyH XaM KyHmaard
MyaMMO a0i3ap0 xucoOsaHamu: adTaimuk A, — AJW-anreopa Ba {Aj} — AJW-
anreOpanap tymnamu OyncuH. dapa3 kunanuk A, anredpa A; anredpaiapHUHT
JB-tiurunaucu 6ynacuH. A, (Moc paBuiga Aj) airedpara OMpUKTUpPUITaH Oapua
abctpakT ymuosmu omepatopnap C(A,) (moc pasumma C(A;)) Hopnan
anreOpacunu Kapaiimus. C(A,) anrcopanunr C(A;) anreopamapHusHr [[iC(A))
TYFpU WUFUHANCH, STbHU KOOpJWHATANM amaiap Oyiinua Oapua (X;), Oy epna
XieC(A)), TymiamiaapHuHr anareOpacu, Oymumm tyrpumu? TYpTuHUM OOOHHUHT
OupuHuM naparpadu oxupwuja, ymoly KYHWIraH caBojira, yMymaH oJiIraHaa, Xap
nouM xaM C(A.)=[[iC(Aj) TeHr MK OarkapuIaBepMaCIUTUHU TACAUKIOBYA MHCOJ
KEJITUPUII OPKaJu kaBo0 OepuiiraH.

TypTunun 00OHUHT UKKUHYM naparpaduna AJW-anredpara OUpUKTUPUITaH
a0CTpaKT JIOKaJIb YIIYOBJIM ONEPATOp TYIIyHUACH KUpUTWITaH. by Tymynua AW*-
anredpara OMPUKTUPWITAH a0CTPaKT JIOKAIh YIIYOBIHM OMEPaTOp TYUTyHUACHHUHT
ﬁopﬂaH aHAJIOTH XUCOOIaHaIH.

Tavpugp 14. A AJW-anrebpara OMPUKTHPUITAH aCOCaH JIOKAIh YITYOBIH
oreparop (a.1.y.0.) — 0y {Xq,€.} MHAEKCIaHTaH Ky(TIUKIAp TYIUIaMu, Oy epnaa
X.€C(A) Ba {e,} — Z(A) anreOpanuHT OUPIUK FJIEMEHTHUHT HXTUEPUI ERMIIMacH.
{Xw.€o} Ba {Yo. .} uKkKuTa .71.¥.0. 3KBUBaANEHT aeinnanu, 0y {Xq,e.}={Y..f.} xabu
é3unazm, arap 6apua o Ba 3 ungexciaap yuyH €,fzX,=€.fay, 6y1ca. C(A) Mopman
anredpacu OYITaHu YU4yH KUPUTHITAH MyHOCA0aT, XaKMKAaTaH XaM YKBUBAJICHTIIUK
MyHocabatu Oynamu. {X,e,} A.JLYy.0. ra MOC KelnyBud (Xy,€,) IKBUBAICHTIHK
cuHpuHU A Ta OMPUKTUPUITAH JIOKAJIb YI4OBIM oneparop (J1.y.0.) 1ed aTailmus.
bapua n.y.0. Tymiamuan S(A) opkanu OenrmnariMus. S(A) Tymiamaa anreOpank
aMaJulapHu  Kydugaruda — KUpuTamu3:  A(Xq,€q.)=(AXw€a),  (Xas€o)+(Yp.f)=
(Xa+y[3,eaf[3), (Xa,ea)(yﬁ,fB):(XayB,eafB), 6y epaa (Xa,ea), (yB’fB) - J'I.S,’.O. Ba AeR. A
AJW-anrebpara OupukTUpwiIraH Oapua JOKajdb YiauoBiu omeparopiap S(A)
Tymnamu Mopman anrebpacy TalIkmia KWJIaad. YIMOBIM omepaTtopiap Moppaw
anrebpacura  yxma6 S(A) MHopman amre6pacu AW*(A) AW*-anre6Gpara
OupuKTHpHITaH Oapya JOKalb YI4oBIM ornepartopiaap bap *-anrebpacuna éraau.
Kyiingarm Tteopema TYpTHHUM OOOHMHT WKKWHYM Taparpa@uHUHT acoCUi
HATHKACU XUCOOIaHAIH.
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Teopema 12. Xap kaumaii SCS(A). TymiaM y4yH IIyHAa €€A mpoeKTop

*

makyakn S =Ux(S(A)) tenrmuk Ypummu 6ymamu, seam S(A) Bop  *-
anre6pacuHUHT Mopaan aHamoruaup.

TypTuHunm OOOHUHT yYWMHYHU Ba TYpTHHYM maparpadiapuaa oepuiraHn AJW-
anreOpaHUHT MapKa3uJaH OJMHraH Z KucMaiareOpa yudyH TeckapuianyBuun AJW-
anredpara OMPUKTUPWITAH AHUK HOpMall SIPUMUYCKIM MapKa3ui KUWMaTiu Ba
COHJIW KHMMMaTIu u3ra HucOataH Z-YIUOBIM oOllepaTopiap TyIIyHYaJIapu
KUPUTWITAH Ba YpraHWwiradH. AHUK HOpMaJl SIpUMUYEKIId MapKa3uil KuimMaTiu (Moc
paBUIll]a COHJIM KUMMaTIM) M3ra HUcOaTaH Z-YIHOBIM olepaTopiap TaOuui
paBHUIIIa KAPUTUJITAH CKaJSIpra KYIMauTUPHUIL, KYIIUII Ba ﬁopnaH KYTIalTH pUIIU

amannapura HucOatan Mopaan anredpacu Talrkuia KWIHIITA UCOOTIaHTaH.
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XVJOCA

1. Mucceprammsaa bap Hopnan Banax anre6pacu (AJW-anre6pa) TymyHuacu
kuputunran Ba bap Mopnan bamax anreGpacu Tabpudura >KBUBAJIEHT OYiraH
anre0pank mapTiaap TOMUITaH.

2. Xap xkannmait AJW-anre6panunr I, |, I, Oy epaa n — kapaunan cos, Iy, 1,
Ba |l tTungarn AJW-anrebpanap Tyfpu iuruHaucura €iununu, Ba xap oup AJW-
¢daxropuuHr Iy, 11y, 1, Ba Il THINapaan 6upura sra OYIuIIM KYypcaTHITaH.

3. Xap 6up | tungaru AJW-daxropausr | tungaru JBW-daxrop 6ynuimm Ba
| Tungaru AJW-daxtopnap tacuudu | tungaru JBW-daxroprap tacuudu 6unan
Oup Xus OYIUIIN aCOCIAHTaHIUTHHH TabKUJIAII JIO3UM.

4. WopnaH anreGpanapu Ba HMHBOJIOTHB airebpaiap yUyH IIPOEKTOpIIAp
oyiinua [Iupc énnmMacMHUHT YeKCU3 BapuaHTu Kypwirad. Ymoy Ilupc éinunmacu
épnamuna |, tungaru JW-anrebpanap tacHuduau OepyBuM Teopemaniap HCOOT
KWJIMHTAHJIUTUHU KAl STUIT MyMKHH.

5. TeckapunanyBuu JW-anre6panunr koouk C*-anrebpacu don Heitman
anrebpacu OynuiM ucOOTIaHTaH. ByHMHr ydyH ymly TacOIUKHHHI eTapiiiya
coji/ia Ba TYFPUAAH-TYFpU UCOOTH KypUJITAHIUTUHU TabKU Al MyMKHH.

6. TeckapunanyBun JW-anreOpagaru mpoexkTopiap/ia aHUKJIAHTaH YITYOBHU
JaBOM OJTTHPUII MYMKMH Oynran my anreOpaHuHr Koowk ¢oH Heitman
anredpacuaary IpoeKTopiIapaa aHuKIarad 0apya ya4oBiap KypcaTuira.

7. R+iR timruaaucn AW*-anredpa Ba RNIR={0} 6ynaran R xakukuit AW*-
anreOpaHuHr Ry, ¥3-y3ura kymma kucMuauHr C*(Rg,) koouk C*-anredbpacuna bap
maptu Oaxapumuiu, sisbHu C*(Rg) AW*-anreOpa Oyiuig ncOOTIaHTaHTUTHHA
TabKUJIJIAI MYMKHH.

8. AJW-airebpara OUPUKTHPUITAH JITYOBIIH Ba JIOKAI JITYOBIIM OLIEpaTOpIIap
I/Iopz[aH anre6panapu bap mapTuHUHT I/Iopz[aH AHAIOTUHU KaHOATJIAHTUPHUIIHN
UCOOTIIaHTaH.

9. AJW-anrebpara OMpUKTUPIIITAH YITYOBIN Ba JIOKAJ YIYOBIU oreparopap
Wopnan anreGpamapu  AJW- -anreOpagan  Qapkan  bop  urapTuHHHT HNopnan
aHAJIOTMHY KAHOATIAHTUPYBUN Mopaan anreGpanap GY/IMIIUINIY aCOCTAHTaH.

Juccepranus Hazapuu Xapakrepra sra. Jluccepraumsga OJIMHIAaH acOCUU
HATWKajap Ba ycyuiapaaH MopaaH anreGpaJapuHHMHT GOIIKAa CHH(IAPHHHM Ba
Nopnan cynepanrebpanapy cHHGIAPUHM YPraHWIIa, KBaHT —MEXaHHKACH
Hazapuscuaa, Typiau xuil bap Tunmmarm anreOpawk Imaptiapra sra Oyirax
anreOpanapHu TacHUIaa, KYO Y3rapyBUWIM Ba YEKCHU3 KYI Y3rapyBUMIU
KOMIUIEKC (QYHKIUSIAp Hazapusacuaa, XamJa Hazapuid (QU3MKaHUHT Typid
*KapaCHJIaApUHU TaxXJIWI KWIUIiaa Gongamanui KyTAIaau.
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BBE/IEHUE (aHHOTALMS AOKTOPCKOM JUCCEPTALMHI)

AKTYaJIbHOCTb M  BOCTPeOOBAHHOCTHL TeMbl jauccepranuu. Ha
MEKIyHAPOJIHOM YPOBHE OJHUM W3 MPUOPUTETHBIX HAIMPABICHUN HCCIEAOBAHUMN
ABJISIETCSL JIOKA3aTeJIbCTBO AHAJIOTOB TEOPEM M3 TEOPHHM ACCOIMATUBHBIX airedp
Uil MOpAAHOBBIX anredp U JIeTalbHOE M3YyYE€HHUE CBOWCTB, MPUCYIIUX
UCKJIIOUMTEIBHBIM HOpAaHOBBIM anreOpam. Bckope mocie BBoJa M M3y4EHHS
aCCOIMAaTUBHBIX anreOp Havalla pa3BUBATHCA TEOPHS albTEPHATUBHBIX, JIUEBBIX U
ropmanoBbix anreOp. I[lozke mMEeBBI W HOPIAHOBHI  aNreOpbl  HAYATUCH
CUCTEMATHYECKHA HM3y4aThCsl C TOYKU 3peHUs (PYHKIIMOHAIBHOTO aHanm3a. Hamo
OTMETHTb, YTO CaMblii OJu3KuH K kiaccy C*-anrebp, XOpoIlIo u3ydeHHbBIN Ki1ace —
ato  kmacc aiaredbp  Kammanckoro  (AW*-amredp), T1.e.  C*-anre0p,
yJIOBIIETBOPSIONIUX YCIoBUIO bapa. B Teopuu HopiaHOBBIX ONEpaTOpPHBIX anredp
JeN0  OOCTOUT WHAue, H3yYeHHE Kiacca MOpPJAaHOBBIX aHAJOTOB  anredp
Kanmanckoro ocraercsi BAXKHOM HEPEHIEHHOM 3a/1aueil.

Pa3BuTre Teopuu MOPAAHOBBIX OINEPATOPHBIX AIreOp CBSI3aHO C Y30EKCKOM
Hay4YHOU IIKOJION (PYHKIIMOHAIIBHOTO aHA/IW3a. Y U€HBIMU Halllel CTpaHbl MOJTYYEH
PAI Pe3yIbTATOB MO YHOPSAOUYCHHBIM UHBOIIOTUBHBIM U HOPAAHOBBIM ajreOpam.
B wactHoctH, i HOpPIAHOBBIX  OMEPATOPHBIX  airedp,  HUMEIOIIUX
MPECONPSIKEHHOE MPOCTPAHCTBO, MOCTPOEHBI HOPAAHOBKI anreOpbl U3MEPUMBIX U
JIOKAJIbHO U3MEPUMBIX ONEPATOPOB U YCTAHOBJIEH Psijl UX CBOMCTB.

UccnegoBanne HOpJaHOBBIX OaHAXOBBIX —anredp O3POBCKOTO  THIIA,
NOTCPOEHUE MX KiIacCH(PUKAIMK B paMKaX HOPAAHOBBIX OaHAXOBBIX anreop
ABJISIETCS] BAXKHOM 3amaueii. Kpome Toro, /715 BEISICHEHUS alreOpanyecKux CBOMCTB
ATUX MOPIAHOBBIX anredp HU3MEPUMBIX OMNEPATOPOB U, TIOCKOJIbKY KJIacc
HOpIaHOBBIX OaHAXOBBIX aire0p, yIOBIETBOPSIONIUX HOPJAHOBOMY aHAJIOTy
ycioBusi bapa, sBiseTcs MIMPOKUM KJIACCOM, MOCTPOEHHUE W UCCIEHOBaHUE
HOpIaHOBBIX are0p abCTPaKTHBIX MU3MEPUMBIX OINEPATOPOB SIBISIOTCS Ba)KHBIMHU
npobnemamu. Mcxoas M3 aHanM3a — CyMIECTBYIOIMX pPabOT, HEOOXOIUMO
OTMETUTb, YTO UCCJICIOBAHUE YIOMSIHYTOrO Kjacca HOpPIaHOBBIX aiare0p AaJIEKO
OT 3aBEpIICHHUS W PEIICHUS BaXXKHBIX MPOOJEeM, KacalolMXCs H3TOro Kiacca,
TpeOyIOT COBEPIIEHHO HOBBIX MOAXO0B.

HccnenoBanne naHHOM TUCCEPTALMM B OINPEACIEHHOW CTEIEHU CIYKHUT IS
pemieHust 3amgay, obo3HaueHHbIX B llocranoBnenusix Ilpesumaenta PecnyOnumku
V36ekuctan ot 15 urons 2008 roma II1-916 «O mOMOTHUTENBHBIX Mepax IO
CTUMYJIMPOBAHUIO BHEJIPEHUS HWHHOBAIMOHHBIX IPOEKTOB W TEXHOJIOTUH B
MpOU3BOACTBO», a Takke KaOunera MunuctpoB ot 4 wmapra 2002 roma
[TIKM-77 «Meppl 1O  COBEpPLICHCTBOBAaHWIO  OpPraHU3alMd  HAy4YHO-
HCCIIEIOBATENIbCKON JIEITENBbHOCTIY U B JPYTUX HOPMATHUBHO-TIPABOBBIX aKTaX,
OTHOCSIIIIUXCS JAHHOM A TEIbHOCTH.

CooTBeTcTBHE UCCIEA0BAHMUS NMPUOPUTETHBIM HANPABJEHUSAM PA3BUTHA
HAYKH W TeXHOJOruil pecny0jauku. J[aHHOE HCCIIEIOBAHHE BBIMOJHEHO B
COOTBETCTBHUM C MPUOPUTETHBIMU HAIIPABJICHUSIMU PA3BUTHUS HAYKU U TEXHOJIOTHI
V. «Matemartuka, MexaHuka U HUHPOpMaTHKAY.
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0030p 3apy0e:KHBIX HAYYHBIX MCCJIEIOBAHUI N0 TeMe zmccepTaunnl. ITo
HOpJIaHOBBIM  OMEpPATOPHBIM anredpaM BeIyTCS Hay4dHbIE HCCICAOBAHUS B
HAay4YHBIX LEHTPaX W YHUBEPCHUTETaX BEAyLIIMX CTpaH, B TOM UYHCIE B
yauBepcuteTax Kamudopuun, Bupxunuu, Cent-Konca u Maccauycerca (CILA),
HanuonansHOM 1eHTpe o0O0Opa3oBaHHMS W UCCIENOBAaHUS [0 MaTeMaTHUKE U
cratuctuke HopBerun, HOpBEKCKOM YHUBEPCUTETE HAYKW U TEXHOJIOTHH,
yauBepcutete Ocno, yauBepcurere OBueno (Vcmanus); MHCTUTYTE MaTeMaTHKH
Axkanemun Hayk CroBakud; YenICKOM TEXHUYECKOM YHUBEPCUTETE; YHUBEPCUTETE
Jla Tpobe (Amctpanus); yHuBepcurere MapOypr (I'epmanms); MockoBckOM
rocyJlapCTBEHHOM yHHBepcutere, KaszaHnckoM (QenepaqbHOM YHUBEPCHUTETE,
nHctutyre marematuku CO PAH, HOxxnom MaremarnueckoMm mHctutyTe BHIL
PAH (Poccus).

[lo opgaHOBBIM ONEPATOPHBIM ajlredpaM B MHPOBOM MacmiTade pelleH
eI psAJ aKTyaJdbHBIX 3aJa4, B TOM 4YHCIE, OBUIM TMOJYYEHBI CIEIYIOIIHe
Hay4YHbIE pe3yJIbTaThl: MOCTPOCHA YHUBEpPCalbHAs 00epThIBatolas JokaibHass C*-
anredpa Juisl JIOKaJIbHOW HOpJAaHOBOM OaHaXOBOW anreOpbl M JOKa3aHa, 4YTO
obOeptriBatomass C*-anrebpa pUKKapTOBCKONW 0OOpaTuMoON HOpJaHOBOM anreOpbl
aBisieTcs: pukkapToBckoi (yHuBepcuteT Cenrt-XKonca, HarmumoHallbHBIA IIEHTP
00pa30BaHUs M UCCIICJIOBAHUS 110 MaTeMaTHKe U ctaTucTuke HopBerun); mokaszaHo
CYILIECTBOBAHHE MAaKCHUMAJIbHBIX MAapPTUHICIHIOBBIX (DaKTOPOB, E€CTECTBEHHBIM
o0pa3oM coJepKallMX BCE MapPTUHACHIOBBI (PAKTOPbl JaHHOW anredpsl C
JICJICHUEM  OTHOCUTENIbHO JaHHOro (uiabTpa 3HaMeHarenss (YHUBEPCUTET
Bupxunun); CcHHanTHYeCKas —anreOpa MpeacTaBisieT coboi  00oOIeHHE
caMoconpsikeHHON dacTu anreOpbl ¢poH Heiimana. J1ig cuHanTruecko anreOpbl
000011I€HO pa3yioKeHHe cIa003aMKHYTOM HOpJaHOBO OMEPATOPHOU airedpbl 1Mo
M3BECTHBIM TunaMm (yHUBepcuTeT MaccauyceTca, HWHCTUTYT MAaTEMaTHKU
Axanemun Hayk CIIOBakum); KJIACCH(PHUIIMPOBAHBI HOPAaHOBBI 0AHAXOBBI AT€OPHI
C MPENCONPSHKEHHBIMU MPOCTPAHCTBAMHU, U BBISBICHBI PSAJ KX CBOWCTB
(HamponanbHblid  1HIEHTp 0Opa30BaHUS W HCCICIOBAHUSA [0 MaTeMaTHKEe |
cratucTike HopBerwu); TMOCTPOCHBI MPUMEPHI EPBUYHBIX  HOPIAHOBBIX
cynepanreOp BEKTOpPHOro Tuma W cymnepairedp tuna Yenra-Kama (MHCTHTYT
marematuku CO PAH); paspaGortanbsl OyieBO3Ha4YHBIE METOJBI HCCICIOBAHUS
OTIEPAaTOPHBIX aJIreOp U JaHa OyJIeBO3HAUHAS peaTn3alnis HOPTaHOBBIX OAHAXOBBIX
anreop (FOxnbiii maremarnueckuii HCTUTYT BHI[ PAH); noka3ano, 4to BCskuit
MOPSAKOBBIN n3oMoppuzm MEXTY YIOPSIIOUYEHHBIMU CTPYKTypamMu
aCCOIMAaTUBHBIX MOPJIAaHOBBIX OaHAXOBBIX MOAANTeOp ¢ €AMHUIEH HOpJaaHOBOM
O0aHaxoBOMl anreOpbl C NPEACONPSIKEHHBIM POCTPAHCTBOM  €CTECTBEHHBIM
oOpa3oM peanusyeTcss HOpaaHOBBIM romMoMopduamom (Hemickuii TeXHHUeCKHM
yHuBepcuteT, KazaHckuii (hefiepalibHbIi YHUBEPCHUTET).

1 0630p 3apybexHbIX HaydHBIX HCCIeAOBaHMHA Mo Teme muccepramum: 2009 Fall Southeastern Meeting Boca
Raton, FL, www.ams.org/meetings/sectional/2161_ progfull.html; International Mathematical Forum, www.m-
hikari.com; Quaterly Journal of Mathematics, http://gjmath.oxfordjournals.org; Mathematica Slovaca,
link.springer.com/journal/12175; Foundations of Physics, link.springer.com/journal/10701; Journal of Pure and
Applied Algebra, www.journals.elsevier.com/journal-of-pure-and-applied-algebra; Cubupckuii matemaTHdeckuit
KypHai, Www.springer. com/mathematics/journal/11202 6buti HCTIONB30BaHbl M APYTHE HCTOYHHKH.
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Ha cerogHsmHuii J€Hb  OCYLIECTBIISIIOTCA  NPUOPUTETHBIE  HAYYHO-
UCCJIeI0BATENhCKUE PAOOTHI MO OMUCAHUIO HOPJIAHOBBIX aiare0p OIpPOBCKOro TUIa
U HuX OOEpTHIBAIOUIUX AaCCOIMATUBHBIX aire0p, HAXOXKIACHHUIO YCJIOBUH s
muddepeHpoBaHuil HOPAAHOBBIX ONEPATOPHBIX aNredp M UX 00EPTHIBAIOIIUX
aCCOIMAaTUBHBIX aiuredp, omnucanuioo JTuGdepeHInpoBaHU U 2-JIOKAJIBHBIX
muddepeHpoBaHuil HOpJaHOBBIX, ACCOIIMATUBHBIX U JIMEBBIX anreop.

CTeneHb H3y4eHHOCTH NPoGieMbl. MopIaHOBBI anreGphl BIIePBIC BBEICHBI
nemenxuM (mukoM I1.Hopnanom. Iosxke MopnaHOBBI anre6phl CTamy TakkKe
M3y4aTbCcd C TOYKHA 3peHHs (YyHKIMOHAIbHOro aHanu3a. Haubomee OypHoe
pa3BUTHE 3TOTO HAIpaBJieHUs Hadainoch B padorax E.M.Anbsdcena-®.B.Iymnpra-
E.A.llltepmepa u @.B.Illympua. Otansl pa3BUTHS TEOPUU  HOPJAHOBBIX
onepaTopHbIX anredp orpaxeHsl B MoHorpadun X.Xanke-Oincena u E.llltepmepa.
B tom uyucne, A.I'KycpaeBbiM pa3BuTa TeXHHKA OYJI€BO3HAYHON peasu3alyu
HopAaHOBBIX OAaHAXOBBIX aNreOp U JAaHbI €€ MPUIJIOKEHUS K HEKOTOPBIM acleKTaM
TEOpUU HOPJAHOBBIX OAaHAXOBBIX anredp. A Takxke, B Cilydyae CHEIHaIbHBIX
c1a003aMKHYTBIX HOPJAHOBBIX OINEPATOPHBIX alre0p B3aUMOOTHOILIEHUE MEXIY
TUTIaMUA 3TUX anreObp U ux oO&€prhiBarommx anredp ¢on Heiimana wuzyuyeHo
E.llltépmepom B cimyuae anrebp Tuma [ Jlamee, wu3ydeHwe 3TOro
B3aMMOOTHOIIICHHSI TPOJOJDKEHO M IOJHOCTBIO 3aBEPIICHO JUI OCTAJIBbHBIX
U3BECTHBIX ciydaeB TUIIOB 11I.A.ArOIIOBBIM.

B wMecte ¢ pa3BuTMEM TEOpHM HOpPJAHOBBIX OINEPATOPHBIX —airedp
paccpuiicss Kpyr e€ nmpuioxeHui. B kauecTBe npumMepa MOXXHO B3ATh TEOPHIO
HEaCCOILMaTUBHOTO HMHTErpUpOBaHMs. Pa3BUTHIO 3TOM Teopuu BHECTU OOJBIION
Bkian LI.A.Arwnos, P.3.A6aymnaes, M.bepaukynos, A.Kapumos u npyrue.

HopaaHOBBI anreGpsl N3MEPUMBIX ONIEPATOPOB TECHO CBA3AHBI C O3POBCKUMH
*-anreOpaMyd HM3MEPUMBIX ONEpPATOPOB, NPHUCOECAUHEHHBIX K anredpe (o
Helimana. Jlo HacTosimiero BpEeMEHH TEOpHil 00eux anredp HM3MEpUMBIX
OTEepaToOpoOB pa3BUBAINUCH MapajuieaHo. [lo 6apoBckuM *-anrebpaM H3MEPUMBIX
OIIepaToOpoOB, MPUCOEIMHEHHBIX K anredpe (pon HeliMana u Mo MX NpUMEHEHUSIM
nonyunwsn psg pesyibratoB J.Henbcon, H.Cwuran, @ Menow, C.K.bepbepuaH,
K.Cawuro, B.1.OBYMHHUKOB, B.1.YUunun, M.A.Mypartos, X.Kocakn,
®.A.Cyxoues, K.K.Kynaii6eprenos, I1.lonnc, T.K.[logac, b. ne [lartep u npyrue.
Pan pesynbraToB 1Mo HOpAAHOBBIM anreOpaM H3MEPUMBIX OIEPaTOPOB U HX
npuMmeHeHusiM npunajiexar LI.A.Awonosy, P.3.A0nynnaeBy, M.bepaukynoBy u
T.4. [lonnyro uHOpManui0 1O TeopuH OIPOBCKUX *-aredp H3MEPUMBIX
omepaTopoB, MPUCOCAMHEHHBIX K anreope ¢oH Heilimana MOXHO HalTH B
moHorpaduu B.N.Ynnuna u M.A.MypaToBa, cocTosiiell U3 TpeX KHHT.

HecMoTps Ha 3TO, MOCKOJBKY HOpP/IaHOB aHAJIOT ycioBHs bapa, mocTpoeHHbIN
J.M.TonmnuHrom, He COAEPKUT HOpJaHOBA YMHOXKEHUS, HE ObljIa pa3BUTa TEOPUS
02pOBCKHX anredp B paMKax HOpJaHOBBIX OaHaxoBbIX anredp. Kpome Toro, He
OBLITM M3y4YeHBI MOPAAHOBBI anreOphl aOCTPAKTHBIX HU3MEPUMBIX OMEPATOPOB IS
03pOBCKUX HOPIAHOBBIX OaHAXOBBIX anreop.

CBsi3p TeMBbI JHMCCEPTALMM C HAYYHO-HCCJIEI0BATEJIbCKMMH padoTamMu
BbICIIET0 00pPa30BaTEJIbLHOIO Y4Ype:KACHHMS, Ile¢ BBINOJHEHAa JUCCepPTALMS.
HccnegoBanue  BBINOJHEHO B paMKax IUlaHAa HAyYHOIO  MCCIIEJOBaHUS
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«HeacconmatuBHbIE W OMEpPaTOPHBIE alreOpbl, JUHAMHUYECKHUE CUCTEMBI M HX
OPUWIOKEHUS B  CTAaTUCTHUYECKOM (QU3MKEe U  MOMYJIAIHMOHHON OHUOJIOTHN
WNuctutyra MaremaTuku npu HarmoHanbHOM yHUBepcuteTe Y30ekucraHa (D4-
dA-D013, 2012-2016).

Heabio wucciaenoBaHMs SBISECTCS ONHMCAHWE OJPOBCKUX HOP/IaHOBBIX
0aHaxoBbIX AJIreOp U UX 00EPTHIBAIOIIUX OAHAXOBBIX AJIredp, a TaAKKe OCTPOCHHE
02PpOBCKHX MOPAAHOBBIX alnredp abCTPaKTHBIX U3MEPUMBIX OMEPATOPOB JIJISL ATUX
anreop.

3anaum uccJie10BaHUA:

BBECTU OPPOBCKHE HOPIaHOBBI ONIEPATOPHBIE ANreOphl B paMKax HOPIaHOBBIX
0aHaxoBBIX anredp;

MOCTPOUTH KJIACCU(UKAIMIO MO THHaM O3POBCKHX HOpPJAHOBBIX OaHaXOBBIX
anreop;

UCCJIEIOBaTh OOEPTHIBAIOIINE HMHBOJIIOTUBHBIE —aireOpbl  CIEHUaIbHBIX
02PpOBCKHUX HOpPJAHOBBIX OAHAXOBBIX alNredp W pa3padoTaTh METOAbI MOCTPOCHUS
HaUMEHBIIIEH O3POBCKOM WHBOJIOTUBHOM aireOpbl, cojepxkalied JaHHYIo
CrenuaIbHyI0 03pOBCKYIO HOPAAaHOBY OaHAXOBY anredpy;

UCCJIeIOBaTh OIPOBCKHE MOpPJAHOBBI OAaHAXOBBI aireOphl, SIBISIOLIUECS
dakTopamu, U HaWTU UX B3aUMOCBSI3b C U3BECTHBIMU MOP/IaHOBBIMU OAHAXOBBIMU
anredpamu, SBISIIOUTUMUCS (HaKTOpaMu;

MOKa3aTh, YTO HOPJAHOBHI anreOphl aOCTPAKTHBIX M3MEPHMBIX U JIOKAIBHO
M3MEPUMBIX OINEPaTOPOB, MPUCOEAMHEHHBIX K O9POBCKOM HOpAaHOBOM OaHaXOBOM
anredpe sIBISIIOTCA OOPOBCKUMHU HOPJAaHOBBIMH aJIr€OpaMu;

MOJIYYCHHBIC PpEe3yJabTaThl TPH PEIICHWH 3a7a4, TOCTABJIICHHBIX BHIIIIE,
MPUMEHUTH K T PepeHInpOBaHUAM U 2-JIOKAJTIbHBIM AP HEepEHIUPOBAHUSIM.

O0bexkTOM HccaeaoBanus sBisitorcss C*-anrebpsei, anre6psl Gon Helimana,
anreOpbl Karmmanckoro, HOpaHOBbI aareOpsl, HOpaaHOBBI OaHaxoBbI anreopsl (JB-
anreOpbl), CHelnuaibHble HOpAaHOBBI OaHaxoBbl  anreOpnl  (JC-anreOps),
crienuaibHble MOPJAAHOBBI OaHAXOBBI aNreOpbl, MMEIONIUE MPEICONPSHKECHHBIC
npoctpanctBa (JW-anreOpei),  HOpAaHOBBI OaHAXOBBI ajareOpbl, HMMEIOIIHE
npezaconpspkeHHbIe npoctpancTBa (JBW-aiareOpsi).

IIpeaMer wucciaeaoBaHMsl COCTaBISIOT bepoBCkMe WOPAAHOBBI anreOphl,
09poBckHe HopaaHoBbl OaHaxoBbl anreopsl (AJW-anreOpbl), HOpIaHOBBI anreOpsl
a0CTPaKTHBIX U3MEPHUMBIX M JIOKAJTbHO U3MEPUMBIX OMEPaTOPOB, MPUCOSTUHEHHBIX
K O’pOBCKOM OopAaHOBOW OaHaXxOBOM anredpe.

Metoabl wucciaenoBanusi. B uccienoBarenbckoil padOTe MCIOJIB30BAHbI
TEXHUKA U METOJbI MCCIEAOBaHUS OIPOBCKUX HOPAAHOBBIX OaHAXOBBIX anredp,
Oasupylonyecs: Ha TMOHSATHSAX COBMECTHOCTH DJJIEMEHTOB U COBMECTHOCTH
MOJAMHOXXECTBA MOpJaHOBOM ayireOphl U METOJbl TEOPUU HOPJAHOBBIX anreop,
HOp/IaHOBBIX 0aHAXOBBIX alreOp, CleNUaTbHBIX HOPIAHOBBIX OaHAXOBBIX anreodp,
HOp/IaHOBBIX OaHAXOBBIX alredp, MMEIOIIMX MPECONPSHKEHHBIE MPOCTPAHCTBA,
teopuu anredp Kammanckoro u anredp ¢on Helimana.

HayuyHasi HOBH3HA UCCJIEIOBAHMS 3aKITIOYACTCS B CIECIYIONIEM:

BIIEPBBIC HAWJICHBI alITeOpandeCcKue YCIOBHS, IKBHBAJICHTHBIC OTIPEICICHUIO
02pOBCKOM HOP/IaHOBOM OAHAXOBOM aNTeOpHI;
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YCTaHOBJEHO, YTO MHOXXECTBO IPOEKTOPOB OAPOBCKOM  HOpIaHOBOM
O0aHaxoBOM anreOpbl OOpa3yeT TMOJHYI0 OPTOMOIYJSAPHYIO pEIIeTKy, U
CaMOCOIIPSKEHHAsT 4acTh BCSIKOM BEIIECTBEHHOM WJIM KOMIUIEKCHOM anreOphbl
Kannanckoro siBiseTcst 63poBCKO# Hop1aHOBOM 0aHaAXOBOM alreOpoi;

KJ1acCU(UIIMPOBAHBl  OIPOBCKHE HMOpPJAHOBBHI OaHAXOBBI alreOphl IO
U3BECTHBIM THUIIAM;

MOJIYYEHO TMOJIHOE OMHCaHUuEe OPPOBCKUX HOPAAHOBBIX OaHAXOBBIX ayreop,
ABIISIOMIUXCS PaKTOpaMH M COIEPIKAIIMX MUHUMAJIbHBIE IPOEKTOPHI;

YCTaHOBJICHO, 4TO obepThiBatomas C*-anreOpa BcsAkoW caab03aMKHYTOM
oOpaTuMoOil HOpPAAHOBOW OMEpaTOpPHOW anreOpsl sBIsAeTCS anreOpoil (o
Heiimana.

ONMCaHbl BCE TMPOJOJDKEHHS MEpbl Ha MPOEKTOpax ClIab03aMKHYTOM
oOpaTuMOil MOpAaHOBOW ONEpPaTOPHOM aureOpbl A0 MEphl Ha MPOEKTOpax €€
oOepThriBatoieit anredops! hoH Heitmana.

YCTaHOBJIEHO, YTO MpPU HEKOTOPBIX YCIOBUAX oOepThiBatomas C*-anredpa
CaMOCONPSKEHHOM 4YacTW BellecTBEHHOM anreOpbl Kamnmanckoro sBisercs
KOMIUIEKCHOM anredpoit Kamianckoro.

YCTaHOBJICHO, YTO MOpPAAHOBBI aireOpbl aOCTPAKTHBIX M3MEPUMBIX H
JIOKQJIbHO U3MEPUMBIX OINEpPaTOpOB, MPUCOEINHEHHBIX K O3pOBCKON HOpAaHOBOM
O0aHaxoBOM anredpe SIBISIIOTCA OOPOBCKUMU HOPIAHOBBIMU aJIreOpamH.

IIpakTH4yeckue pe3yabTaThbl HccjeI0BaHusA. Pa3paboTaHbl HOBBIE METObI
MCCJIEI0BAHMS], HCIIOIb3YIOLIME HOPIaHOBBI AHAJIOTH AHHYJISITOPOB.

PesynbraTel, Kacarommuecss oOeptTeiBatomux —anredp ¢on  Helimana
c1a003aMKHYTBIX OOpaTUMBIX HOPJIAHOBBIX ONEPATOPHBIX aiare0p MO3BOJISIIOT B
3HAYUTETBHOU CTENEHU YIPOCTUTH UCCJIEI0BAHMUS 00€epThIBAIOLIUX
MHBOJIIOTUBHBIX aJIreOp HOPIaHOBBIX ONEPATOPHBIX anredp.

MeTtoapl mocTpoeHusi abCTPaKTHBIX H3MEPUMBIX M JIOKAJIBHO H3MEPUMBIX
OIIepaTOPOB, UJIEHTUYHBIX B aIreOpandeckoM CMBICIIE C U3MEPUMBIMU U JIOKAJIBHO
U3MEPUMBIMU CaMOCOTIPSKEHHBIMU JIMHEHHBIMH  OTlepaToOpaMyd B THUILOEPTOBOM
IPOCTPAHCTBE, MO3BOJISIOT UCCIENOBATh aNreOpanyecKylo CTPYKTYpy O3pOBCKHX
HOpAaHOBBIX ONEPATOPHBIX aJIreop.

JloCTOBEpPHOCTh Pe3yJabTATOB HCCJAEJ0BAHMSA OOOCHOBAaHA CTPOTOCTHIO
MaTeMaTUYECKNX PACCYXICHUHN, MPUMEHEHHEeM (PyHIaMEHTaIbHBIX PE3YJIbTaTOB
TEOpUU HOPJAHOBBIX M WHBOJIOTUBHBIX airedp, HMCIOJb30BAHUEM H3BECTHBIX
METOZIOB  HMCCJEAOBAaHUSA  KJIacCOB  HOPJAHOBBIX OaHAXOBBIX  alnredp U
WHBOJIIOTUBHBIX 0aHaXxOBBIX ajredp, B YACTHOCTH, TEM, 4YTO aOCTpaKTHbIC
U3MEpUMBbIE U JIOKAJbHO M3MEpPUMBIE OMNEPATOPBI Jisi O3POBCKUX HOPJAHOBBIX
0aHaxoBbIX alreOp MOCTPOEHBI 110 U3BECTHOMY MeToly bepbepuana.

Hayuynas u npakruyeckasi 3HAYMMOCTb Pe3yJIbTATOB MCCJIEA0BAHUS.
HaydyHoe 3HaueHue pe3yJbTaTOB MCCIEIOBAHMS 3aKIOYaeTcs B TOM, 4TO
MOJIyYeHHBIE B pa00Te HAy4YHBIC PE3YJIBTATHl MOTYT OBITh MCIOJIB30BAaHBI KaK JJIS
JaJIbHEHIIINX HCCIEAOBAHUN OMEPATOPHBIX M HOPAAHOBBIX ONEPATOPHBIX anreop,
TaK U B KOHKDPETHBIX 3a/layaxX, HalpuMep KBAaHTOBOM TEOPUU BEPOATHOCTH,
CBA3AHHBIX C MEpAMH, OIPEACICHHBIMA Ha NPOEKTOpax OIEpaTOPHBIX H
HOpJaHOBBIX OMEPATOPHBIX aNreop.
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[IpakTryeckas 3HAUUMOCTb PE3YyJbTAaTOB MCCIEAOBAHUS COCTOUT B TOM, YTO
OCCKOHEYHbIE MMUPCOBCKUE  PA3JIOKEHUS  TO3BOJSIOT  BBIYUCIUTH  HOPMY
OECKOHEYHOMEPHON MaTpullbl MO0 HOpMaMm €€ JUaroHaJbHBIX KOHEYHOMEPHBIX
MOJIMATPHII, a TaKXKe, OMHCAHUE BCEX MPOJOJIKEHUN MEphl O MEpPbI MO3BOJISET
MOJIYYUTh MOJHYI0 HHGOPMALIMIO O Mepax Ha nmpoekTopax anredp gon Heiimana.

BHenpenne pe3yabTaToB HccJeq0BaHUA. Pe3yiabTaThl  MCClEOBaHUA
JUCCEPTALIMKI UMEIOT CJIEIYIONIUE TPUMEHEHUS:

omuicaHue OJPOBCKUX WOPAAHOBBIX OaHAXOBBIX aiaredp W  METOJPI,
HCIIOJIb3YIOIINE HOPJAHOBBI AHHYJISATOPHI MPUMEHEHBI NPH TOJIYYEHUU MOIHOU
Kiaccupukauuu O3pPOBCKUX HOpPAAHOBBIX OaHaxoBbIX anredp tuma |, B
uccienoBanusax 3apyoexnoro mpoekra Ne 0120042006 (FOxHbBIH MaTeMaTHUSCKHAN
unctutyT BHI[ PAH, Poccus, cmpaBka Ne 147 ot 7 centsiops 2015 rona).
[IpuMeHeHre pe3yJabTaTOB TMOCIYKHJIO TOJYyYEHUIO TMOJHOW Kiaccuukauuu
03pOBCKUX HOpPJAaHOBBIX OaHaxOBbIX aiaredp tumna |, W KapAMHaIBLHO3HAYHBIX
MHBAapUAHTOB, XapaKTEpU3YIOLIUX J0OyI0 O3pOBCKyI0 HOpAaHOBY OaHaxoBY
anrebpy tuna l,.

OMHCaHUE OJHOPOJHBIX O3POBCKUX HOpPJAHOBBIX OaHAXOBBIX airedp U uX
XapaKTepu3alusi U CBOMCTBA HCIOJB30BaHbl NPU IMPEACTABICHUH OJHOPOJIHBIX
03pOBCKMX HOpIAHOBBIX OAaHAXOBBIX aiaredp B UCCIEIOBaHMSIX MpoekTa No
01200805081 (FOsxubiit MmaTemarnueckuii uHCTUTYT BHL] PAH, Poccusi, cnipaBka
Ne 147 ot 7 centsops 2015 roma). [IpuMeHeHHME pE3ynbTaTOB IMOCITYKUIIO
MPEJCTABICHUIO OJTHOPOJAHBIX O3POBCKUX HOPJIaHOBBIX OAHAXOBBIX alnreOp B BUJIE
MPsAMOIl CyMMBI HOPJITAHOBBIX aiareOp onepaToOpHO-3HAYHBIX (DYHKIIHMA.

Onucanve OdPPOBCKMX MOpAAHOBBIX OaHaxoBbIX anredp Tuna | wu
XapakTepu3anus, CBOMCTBA OJHOPOAHBIX OIPOBCKUX HMOPAAHOBBIX OaHAaXOBBIX
anre0p MCHoJIb30BaHbl MPU MOJHOW Kiaccu(UKaMU O3POBCKUX HOPAAHOBBIX
OanaxoBbix anreop Ttuna | B wucciemoBanusax mnpoekta Ne (0197-2014-0001
(FOxwubiii Matematnyeckuii uacTUTYT BHIL PAH, Poccus, crpaBka Ne 147 ot 7
centsiopss 2015 roma). I[lpumeneHue pe3ynbTaTOB TMOCITYKHIO  TOJHOU
KkJaccudukanum 09POBCKUX HOPJAHOBBIX 0aHAXOBBIX anreOp Tuma | 1 mosy4eHuro
KapJUHAIHHO3HAYHBIX HMHBAPHUAHTOB, XapPaKTEPU3YIOIMIHUX JIIOOYI0 O3POBCKYIO
HopaaHoBy O0aHaxoBy anredpy Tumna | ¢ TouHOCTHIO 10 U30MOpPH3Ma.

Knaccudukanus oOpaTuMbIx O3pPOBCKUX MOPAAHOBBIX OaHAXOBBIX anreOp u
METO/Ibl MCHOJIB3YIOIINE MOP/IaHOBBI aHANIOTHU yClIOBUsS bapa Mcronb30BaHbI Mpu
uccienoBanun — obepreiBaomux — C*-anre6p  oOpaTHMbIX  PUKKAPTOBCKHUX
HopnaHoBbIX OaHaxoBbIx anredp B mpoekte STEM 1515-2016 AtnaHTHYecKOro
uHctutyta TexHosoruid u uccinenoBanuii CIIA (YauBepcuter Cent-XKoHca,
CHIA, cnpaBka ot 22 aBrycta 2016 rona). C npumeHeHue pe3yibTaToOB JI0Ka3aHo,
yT0 obOepThiBatomias C*-anredpa BCskoi oOpaTUMON PUKKAPTOBCKON HOPAaHOBOM
0aHaxoBOU anreOpsl ABISAETCA PUKKApTOBCKOM C*-anreOpoii.

Anpobauuss  pe3yabTaroB  ucciaenoBaHus. (OCHOBHOE  COJIepkKaHUE
AccepTalyi 00CYKIaI0Ch Ha CIEIYIOMINX MEXAYHAPOAHBIX U PECITyOIMKaHCKUX
Hay4yHbIX KOH(pepenuusx: «Marematuka B XXI Beke. Ponrs MM® HI'Y B nayke,
oOpazoBanuu u 6uzHece» (HoBocubupck, HI'Y, 2003), «IlopsakoBsiii aHanu3 u
CMEKHbBIE BOIPOCHI MaTEMAaTHYECKOro MojenupoBaHus» (Bmanukaskasz, 2004),
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«OrmepaTopHble areOpsl U KBaHTOBas Teopus BeposTtHocTew» (Tamkent, 2012),
«[Ipobaembl coBpeMeHHO# Tomosorun u e npuiaoxkeHus» (Tamkent, 2013),
«AKTyanbHBIE BOMPOCHI KOMIUIeKCHOTO aHanm3a» (Tamkent, 2013), «Anrebpa,
aHaJIn3 U KBaHTOBas BepoaTHOCTh» (Tamikent, 2015).

Hacrosimass pabora oOcyxpanach Ha pecrnyOJIMKaHCKUX —CeMUHapax
«OmneparopHble anreOpbl M UX MNPUIOKEHUs» MHCTUTyTa MareMaTuku mnpu
HanuonansHoM  yHHMBepcuteTe  Y30€KHMCTaHa, Ha  HAaydHOM  CEMHHape
«CoBpemeHHass aiareOpa u e mNpuwiokeHUus» HalMoHaIbHOrO YHHBEpPCUTETA
VY30ekucrana, Ha TOPOJCKOM ceMHHape Kadeapsl anreOpbl U (PyHKIHOHAIBHOTO
aHanu3za HarmumonanmpHOTO yHHMBepcuTeTa Y30€KHCTaHa, Ha CEeMHHapax Kadeapsl
MaTeMaTU4ecKoro aHanu3a HoBOCHOMPCKOTO TOCYyAapCTBEHHOIO YHUBEPCUTETA
(1993-1998), Ha cemmuHapax j1abopaTopuu (PyHKIIMOHAIBHOTO aHaau3a MHCTHTYyTA
marematuku CO PAH, o0beuHEHHOM ceMuHape OT/Aejia T€OMETPUM U aHaIu3a
WNucturyra matrematuku CO PAH (HoBocuOupck, 1995-1998), Ha cemmuape
Kadenpsl anreOpel  TomMckoro rocymapcTBeHHOro yHuepcuteta (1998).
[TonydyeHHble  pe3ylibTaThl  JOKJIQABIBAINCH  TaKKE  Ha  CIEIYIOLIHUX
MEXIYHApPOJIHbIX KOHTpeccax Tperuil cMOUPCKHUI KOHTpEcC MO MPUKIAJTHON U
uHaycrpuaibHoit Marematuke (HoBocuOupck, 1998), «OmnepaTopHbie anreOpb»
(Onopuanononuc, bpazumus, 2005), «banaxoBbl anreOpbl U UX MPUIOKEHUS
(bopmo, ®pannus, 2005), «HeaccounatuBHble anreOpbl U CBS3aHHBIC Pa3/EIbD»
(Koumb6pa, Iopryramus, 2011).

Ony0IMKOBAHHOCTH Pe3yJabTATOB HccJenoBanus. [lo Teme nuccepranmmn
omyOnukoBaHO 35 Hay4yHBIX paboT, W3 HUX 10 BXOAWT B MEpedYeHb HAYYHBIX
M3aHUN TNpeNIoKEHHBIX BpIcield aTTecTallMOHHOW Komuccued PecryOnuku
V30ekuctan JJ1sl 3aUThl JOKTOPCKUX JAUCCEPTAIUi, B TOM YHUCJIE€ U3 HUX / cTaTeu
OmnyOJIMKOBAHO B 3apyOEKHBIX U 3 B pECIyOJIMKAHCKUX HAYYHBIX KypHaIax.

Ctpykrypa U 00béM auccepramum. Jlucceprainusi COCTOMT W3 BBEIICHHS,
YeThIpeX TIJIaB, 3aKJIIOUCHHUS U CIMCKA HCIOJIb30BAaHHOW jmTeparypbl. OOmuit
o0beM auccepranmu coctapiser 200 cTpaHuil.
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OCHOBHOE COIEP KAHUE IUCCEPTALINU

Bo BBegenmu 000CHOBaHa akKTyaJlbHOCTb W BOCTPEOOBAHHOCTH TEMBI
JUCCEPTALIMM,  ONPENIEIEHO  COOTBETCTBUE  HUCCIENOBAHMUS  MPUOPUTETHBHIM
HaIpaBJICHUSAM pa3BUTUS HAYKM M TEXHOJOTUU PpecIyOJIMKH, MPUBEIECH 0030p
3apyOEKHBIX HAyYHBIX HCCIEAOBAHMM 1O TEMEe JUCCEepTallMd U CTENEHb
U3YYEHHOCTH MPpo0IieMbl, CHOPMYIUPOBAHBI LIETW U 33/1a4H, BBISIBIIEHBI O0BEKTHI U
OpeIMeT HCCIENOBaHUs, U3JI0OKEHbl Hay4yHass HOBHU3HA M IPAKTUYECKUE
pe3ynbTaThl  HUCCICNOBAaHUS, pACKpbITa TeOpeTHdyeckas U  IpaKTHYecKas
3HaYUMOCTD IMOJIYY€HHBIX PE3yJIbTAaTOB, TAHBI CBEJICHUS O BHEIPEHUH PE3yIbTaTOB
UCCIIEIOBaHMsI, 00 OMyOJINKOBAHHBIX pab0oTaxX U O CTPYKTYpE AUCCEPTAIIH.

B niepBoii rn1aBe quccepTallMOHHONM pabOThl, HA3BAaHHON «ACCONUATUBHbIE U
HopaanoBbl omepaTopHble ajiredpbl», KpaTKO ONKCHIBAIOTCS OCHOBHBIE
MPUHITUIIBEI, METOABl KIACCUYECKOW TEOPHUU aCCOIMATHUBHBIX W HOPJaHOBBIX
anre6p. [Ipu 3TOM OCHOBHOE BHUMAHUE yJIETSETCA TAKUM pa3JiesiaM KJIaCCUYECKOM
TEOpPUM AaCCOLIMATUBHBIX H MOPAAHOBBIX anreOp, KOTOpbIE 3aTeM dYacTo
IPUMEHSIOTCS B nuccepTanuu. K HUM OTHOCSTCS T€OpHUsl HOPIAaHOBBIX OaHAXOBBIX
anredp, Teopus C*-anrebp, Teopus anredp pon Helimana u AW*-anrebp, Teopus
YHUBEpCAIbHBIX 00epThiBatonux C*-anreOp opaHOBBIX OaHAXOBBIX anreop.

Bo BTopoit rnase, HazBaHHON «CTpyKTypa M Kjiaaccupukauus JB-aaredp
0epoBCKOro0 THUIA», BBEJEH M MCCIEIOBAH HOBBIM KJIacC — Kiacc OIPOBCKHUX
HopmanoBbIX OaHaxoBbIX anredp (AJW-anredp) B pamkax HOpAaHOBBIX OAaHAXOBBIX
anre6p. B wacTHOCTH, mocTpoeHa KiaccuuKanusg HOPAAHOBBIX anredp 3TOro
KJlacca U MPUBEICHBI DKBUBAJICHTHBIC yciioBUs THia bapa.

Omnurem coziep kaHue BTOPOH T1aBbl 0osiee moapoOHO.

Onpeoenenue 1. BemecTBeHHOE OaHAXOBO MPOCTPAHCTBO, KOTOPOE B TO K€
BpeMs SIBJISIETCS MOpAAHOBOW anreOpoi ¢ eauHuIEeH, Has3biBaeTcs JB-anreOpoi,
€CIIM OHO JIOMOJIHUTEIBHO yaoBieTBopsiet akcuomam (1) [[xy[[<|IX|| |IYI| (x,yeA), (2)
<Xy (xyeA), @) IKCI=IXI? (xeA).

B mepBom maparpade BTOpoil riaBel BBeneHo mnonaTtue AJW-anreOpsl.
Crnenyroniast Teopema sIBISIeTCS LIEHTPAIbHOM TeOpEeMOi JaHHOTO maparpada

Teopema 1. Jlna JB-anrebper A cnenyromme ycinoBus (A), (b) u (B)
OKBUBAJICHTHBI:

(A) anst BcAKOro moaMHoxecTBa SCA. CYIIECTBYET MPOEKTOp €EA TakoH,
aro S'=U(A), rae Ub=2a-(a-b)-a%b, S*:={acA:(VseS) U,s=0} u U (A):={U.a:
a€A} s mo0beIx a,beA;

(b) ans moboro nmogMHOXKeCTBa SCA CyHIECTBYET TaKOM MPOEKTOP €€ A, UTO
TS=Ue(A.), Te S:={xeA,:U,x=0, acS};

(B) BBINOTHEHBI CIEAYIOIINE ABA YCIOBUS:

(1) B YacTHYHO YMOPAAOYEHHOM MHOXKECTBE IPOEKTOPOB JI0OOE MOJI-
MHO>KE€CTBO TIOTIAPHO OPTOTOHAILHBIX JIEMEHTOB HMEET TOUHYIO BEPXHIOIO TPaHb;

(2) nrobast MakKCUMalTbHASI CHTBHO aCCOIMATHUBHAS IMOIare0pa Mmopok1aeTcs
CBOMMH TIPOEKTOpaMu (T.€. COBMAJACT C HAaUMEHbIIEH 3aMKHYTOW MoAaireopow,
coJiepKaliei ee MpoeKTOpHbI).
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[Toustue AJW-anrebpsl MOKHO BBECTH TaK:

Onpeoenenue 2. JB-anreOpy A, YIOBJIECTBOPSIONIYIO OJHOMY U3
SKBUBAJICHTHBIX yTBepkaeHul (A), (b) u (B), Oyaem HazbiBate AJW-aneebpotii.

B kxauecTBe cneicTBus Teopembl 1 ycTaHOBJIEHO, 4yTO Bce mpoekTopbl AJW-
anreOpbl  0Opa3ylOT MOJNHYIO pemerky. OTMETHM, 4TO MHOXectBa S- u S,
durypupyromue B GOpMyIHPOBKE TEOPEMBI, SBISAIOTCS HOPAAHOBBIMHU aHAJIOTaMH
MPaBBIX U JIEBBIX aHHYJISTOPOB MHOKECTB U3 Teopuu anredp Kammanckoro.

Onpeoenenue 3. Ecmm JB-anrebpa A umeeT mOpeaconpsiKeHHOE
IIPOCTPAHCTBO, T.€. CYIIECTBYET OaHAXOBO MPOCTpaHCTBO B Takoe, yto B*=A, TO
A nassiBaetcst JBW-anre6poi.

MopaaHoBbI anre6pbl CBA3aHBI C ACCOIMATHBHBIMU ANTeOpaMH CIIeTyIOIIM
obpazoMm. Ilycts A—accouuartuBHas aiareOpa Haj TOJEM XapaKTEPUCTHKU #2.
OnpenenuM Ha A HOBYIO ollepanuio yMHOXeHus a-b=1/2(ab+ba) (fiopmanoBo
ymHoxeHue). [TomyueHHyio anredpy o6o3naunM uepes A’. Dta anreGpa sBiseTCS
nopnanoBoit anrebpoit. Ecnam mommpoctpancTBo A, anredbpel A 3aMKHYTO
OTHOCHUTEJBHO ormepanu ad, To oHO BMecTe ¢ 3Toil omepamuelr oOpasyer
nofanre6py anre6psr A’ 1 sBIseTCS HOPAAHOBOI AIreGPOii.

Onpedenenue 4. VlopnaHoBsl anre6pbl, m3oMopdHBIE TaKo# HOpIaHOBOI
anrebpe A,, Ha3bIBAIOTCS clieluaibHBIMU. HecmennaabHble HOpAaHOBBI anreOpbl
HA3bIBAOTCS UCKITIOUNUTEIHHBIMH.

Onpeoenenue 5. Cnenuanbaple JB- um JBW-anreOGpel, COOTBETCTBEHHO,
HasbiBarotcs JC- u JW-anrebpamu.

Teopema 1 mo3BoJIsIET B MOYTH HEM3MEHHOM BHJIE IMEPEHECTH Ha Ciy4ai
AJW-anre6p muorue ¢aktsl u3 Teopun JBW-anre6p BMecTe ¢ 10Ka3aTeaIbCTBAMHU.
Oto kacaetcs u Teopemsl Lllynbia. B maparpade 2.1 npusenena teopema Illymnbia
st AJW-anre6p, B KOTOpOH yTBEp:KIaeTcs, 4To Mpous3BosibHY0 AJW-anredpy
MOXHO TpPEACTaBUTh B BUAE NpsiMOi cyMMmbl creuuanbHod AJW-anreOpsl u
uckaountensuo AJW-anreophi.

Onpeodenenue 6. IlepeceueHne BceX MaKCUMaIbHBIX AaCCOIMATUBHBIX
nojanreop JB-anredpsr A HaspIBaeTCs IICHTPOM U 00o03HauaeTcs uepe3 Z(A). Eciu
Z(A)=R1, 10 A HazwpBaercs JB-dpakTopoM. OnemeHT S€A Ha3bIBaeTCA
cHMMeTpHeit, ecan S°=1.

Jlemma 1. Dnement z nexut B nentpe AJW-anreOpsl A Torma u TOJIBKO
Toraa, korna Usz=z mist moboit cumMeTpun s €A.

Onpeodenenue 1. T'oBopsat, utro JBW-dpakrop A sBisercs tuna |, ecnmm A
COJICPKUT MUHUMAJIBHBINA TPOCKTOP.

B ocranpHOV WacTu mepBoro maparpada mnepBoi riaBbl ucciegoBaHbl JC-
¢akropsl. JlokazaHa ciegyroias Teopema.

Teopema 2. Tlyctb B — JB-akTop, {qi}—OeckoHeuHOE OpPTOTOHAIBHOE
CEMEHCTBO TOMAPHO SKBUBAJICHTHBIX MUHUMAJILHBIX MTPOCKTOPOB U3 B Takoe, 4To
sup gi=1. Ilpeamonoxum, 4TO KaKIO0€ OPTOTOHAIBHOE CEMEWCTBO MPOEKTOPOB
anreOpel B umeer TouHyr BepxHII rpaHb B B. Torma B saBmserca JBW-
dbakTopom Tuma 1.
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Ota Teopema naet kpurepuil 63poBoctu: 1iisg JB-pakropa tuna I umeer cumy
ycnoBue tuna bapa (A) Torga M TOJMBKO TOTrAA, KOTJA BBIMOJHSIETCS YCIOBHUE U3
PUBEACHHON BBIIIE TEOPEMBI 2.

Bo BropoM maparpadge BTOpOl TIVIaBbl TPUBOJAATCS OSKBUBAJICHTHBIC
onpeneneHnto AJW-anredpsl yciioBUs, B KOTOPBIX YYaCTBYIOT JpYrue HOpP/IaHOBBI
aHajoru aHHynatopoB. dopmynupoBka 0ojiee KOPOTKOTO U3 ITHX YCIOBHM
BBITJISITUT TaK:

(I') nnst Besikoro moaMHokecTBa SCA. CYHIECTBYET IPOEKTOpP €EA TaKou,
yro Ann(S)=U(A), rane Ann(S)={acA:(V seS) a-s=0}.

B tperbem maparpade BTopoii riaBsl BBeaeHBI nmoHATHS AJW-anrebp tuna I,
11, Il u MmoxynsipHOit AJW-anreOpsl.

Onpeoenenue 7. Ilyctb A — AJW-anreOpa. LlentpanbHbiii HOcuTeNnb C(P)
npoekTopa PEA — 3TO HAaMMEHBIIUN [IEHTPATBHBIN TPOEKTOP, MAXKOPUPYIOIIUHN P.
IIpoextop peA HasbiBaeTcsa abeneBblM, eciu Uy(A) sBisercs acconuaTUBHON
nomanreOpoii; P Ha3bIBaeTCd MOJIYJISIPHBIM, €CIM  pelIeTKa MPOEKTOPOB
[0,p]:={qeP(A)NUy(A)} anredpsr Up(A) momymspha. OmpenesuM IEHTpalIbHbIE
MIPOSKTOPHI € U € B A ¢ moMoipio cieayomux dopmyn e=sup{peP(A):p —
abenes}, e =sup{peP(A):p — moxyspeH}.

SlcHo, uTo e<ey . ITycte €,,=1-¢-ey;;. bByaem rosoputs, uto AJW-anredpa A
umeer tun I (coorBerctBenHo II, III), ecau e=1 (coorBercTBeHHO €,=1,6/;,=1).
OTHOCHUTENIBHO 3TUX OMpEACSICHNI BepHa CIeAyIoIas TeopeMa, KOTopasi sIBJISETCS
OJIHUM U3 OCHOBHBIX PE3YyJIbTaTOB BTOPO TJIaBHI.

Teopema 3. Kaxmas AJW-aire6pa A  eAUMHCTBEHHBIM  00pa3om
packiansiBaeTcs B npsimyro cymmy AJW-anre6p tumna I, IT u III. Kpome Toro,
UMEIOT MECTO CJICIYIONNE KPUTEPHUH:

(a) A umeer tur | Torma u TONIBKO TOT/IA, KOT/A CYIIIECTBYET a0eJIeB IPOCKTOP
p B A, ¢ ycioBuem c(p)=1;

(6) A umeer Tun Il Torga u ToaBKO TOrAA, KOTJa CYHIECTBYET MOIYJISIPHBIN
npoektop P B A, ¢ ycioBueM C(P)=1 m A He COACPKUT HUKAKOro aodeeBa
MIPOEKTOpa, KpOMe HYJIS;

(8) Aumeer tun 111 Torna u ToapKO TOTAA, KOT/Ia OHA HE COJIEPKUT HUKAKOTO
MOJYJISIPHOTO MPOCKTOPa, KpOME HYJIS.

Taxxke BBeaeHo moHsATHE JB-cymmbr AJW-anre6p, Ha KOTOpOE OMUPAIOTCS
npeacraBieanst AJW-anrebp W uX DJIEMEHTOB B BHUJE OCECKOHEUHBIX CYMM.
[Tonsitue JB-cymmbI 0Kka3bpIBaeTCs OJIC3HBIM TIPH T0KA3ATEIHCTBE MHOTHX TEOPEM
JAHHOW JuccepTaroHHON paboThl. [leHHOCTH MOHSATHS JB-cymMmBI 00ycroBiieHa
teM (akrtom, uto aasi AJW-aareOpbl A U ee OpPTOrOHAJIBLHOIO CeMelcTBa {zi}
LEHTPAJIbHBIX TPOEKTOPOB C TOYHOM BEpXHEH TIpaHbio, paBHOl 1, JB-cymma
noganredp zA n3oMeTpuiIecku u3oMopdHa aareope A.

B dyerBeproM maparpade BTOpOM TJIaBhl M3yYE€HA HKBHBAJICHTHOCTH
npoektopoB B AJW-aireOpax. Bce yTBepkaeHuss gaHHOTO Tmaparpada
MOTUBUpPOBaHbI Teopueit JBW-anreOp. JlokazaTenbcTBa 3TUX YTBEPKIACHUN CXOKHU
C JI0Ka3aTesbCTBAMHU COOTBETCTBYIOIIMUX yTBepxkaeHu u3 teopun JBW-anredp u
IPUBOJASTCS 37E€CH JISl TOJHOTHI U3JI0KEHUS.
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[IaTeiit maparpad BTOpO# riaBel nocBsmeH uzydenutro AJW-anrebp tuma .
Beenen u usyden kinacc AJW-anre6p tuna I,, riae n — HaTypajgbHOE YUCIO WU
n=co.

Onpeoenenue 8. Ilycte A — AJW-anrebpa, N — kapauHanbHOE uncio. bynem
roBopuTh, 4to A sBisiercss AJW-anrebpoit tuma I, ecimu cymectByeT (Po)acs —
OpPTOTOHAJIBHOE CEMENCTBO a0ENEBbIX MPOEKTOPOB M3 A Takoe, YTO JJIsl KaXKJI0TO O
c(po)=1, sup p,=1 u [Jj=n. A Takxke OymeM roBopuTh, uTo A siBisieTcs Tuna l,,
ectu A npsimas cymma AJW-anreOp I, rme N — OeckoHEYHOE KapJMHAIBHOE
YHCIIO.

[Toctpoena knaccuduxaruss AJW-anre6p tumna [. A UMEHHO, yCTaHOBJIECHO,
clenyrolas TeopeMa SBIAIONIAsICS OJHUM U3 OCHOBHBIX PE3yJbTaTOB BTOPOM
TJIaBBI.

Teopema 4. Beaxas AJW-anrebpa tuna [ packiagsiBaeTcsl B MPAMYIO CyMMY
Buga A, ,DAIPAD...DAD..., tne A, — AJW-airedpa tuna I, wm {0}, a A, —
AJW-anrebpa tuna I, umu {0}.

Kax u B cinyuae JBW-anre6p, umeer mecto Teopema o ToMm, 4to Jrodas AJW-
anrebpa tuna I,, rae n>2 — KOHEYHOE YHCIIO, PACKIIAbIBACTCS €IMHCTBEHHBIM
o0pa3oM B MmpsAMyI0 cymMMy Ooiiee «HpocThiX» mnoganredp. IIpu sTom kaxnas us3
ATUX MPOCTHIX oganre0p umeet Tounoe npeacrasienue suga C(Q,Hn(F)), roe Q -
AKCTPEMAJIbHBIN BIIOJIHE HECBSA3HBIM KOMMIAKT U F €cTh, IN0O0 1M0Jie BEIIECTBEHHBIX
gucen R, mone kommiekcHbIX uncen C, Teno kBarepHuoHOB H, niu anrebpa uucen
Komu O (B cayuwae n=3) coorBercTtBeHHO. U3 Tteopum JBW-anrebp Takke
00001eHa TeopeMa 0 (YHKIIMOHAIBHOM MPEACTABICHUU IS Ciiydyas n=2, T.e.
Bcakas AJW-anmre6pa tuma I, mpexacraBisieTcsi €IMHCTBEHHBIM 00pa3oM Kak
npsiMasi cyMMa nojaanreOp, Kaxkaas U3 KOTOPbIX UMEET TOYHOE MPEICTABICHUE B
BUJI€ MOPIaHOBOM ainreOppl (PyHKUUN M3 HKCTPEMAIBHOTO BIIOJIHE HECBA3HOTO
KOMIIaKTa B CIIUH (pakTop.

B navasie nstoro naparpacda BTopoil rinaBsl BBeJeHbl TOHATUS AJW-dakTopa
tuna [ u AJW-dakropa tuna I,, rae n — xkapaunan. [Ipumepom AJW-dakropa
tuna | sBisercs, Hanpumep, WopaaHosa anredopa Hp(R) Bcex spmuToBBIX NXN-
MEpHBIX MaTpUll HajJ mojieM AeicTBuTenbHBIX uucen R. LlenTpanbhas Teopema
ATOTO Taparpada BTOpOii TJ1aBbl YTBEPIKIACT:

Teopema 5. Besxuit AJW-dakrop tumna I, rme n — kapaIuHaIbLHOE YHUCIIO,
asisiercst JBW-¢daktopom tuna 1.

B cnenyromenn teopeMe IOKa3zaHa TeCHas CBS3b MEXIY MHUHUMAJIbHBIMU
MIPOCKTOPaMHU U HOPMaJTbHBIMU (DYHKITMOHATAMHU.

Teopema 6. IlpocTpancTBO Bcex HOpMalibHBIX (pyHKIMOHanoB AJW-dakropa
tuna | coBmagaeTr ¢ 3aMbIKaHMEM JIMHEWMHOW O0O0OJIOUYKM BCEX HOPMaIbHBIX
cocrosHuil Buga ¢-Ug, rme  — MuUHUManbHbIA mpoektop, ¢! Ui(A)—>R —
n30Mop¢u3M, MOCTPOSHHBIH TIO (.

O6o0m1ast ckazaHHOE, MOKHO TOBOPUTH 00 aHAJIOTMYHOW CBSI3U, HApPUMED,
MEXIy MHHUMAJIbHBIMH TIpOeKTOpaMu HopnaaHoBoit anrebper B(H)s, Bcex
CaMOCOIIPSKEHHBIX OTPaHUYEHHBIX JIMHEHHBIX OINEpaTOpOB B KOMILUIEKCHOM
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rmibOepTOBOM  mpocTpancTBe H  © HOpManbHBIMH  (DYHKIIMOHAJIAMH,
onpeneneHHpMU Ha JW-ntonanre6ope anredpsl B(H)s,.

brnarogaps tomy, uto kiacc Bcex AJW-daktopoB Tuma I coBmamaeTr ¢
kinaccom Bcex JBW-daktopoB Tuma I, Bompochl, Kacarouigecsi CTPYKTYpbl U
KJ1accuduKaIuu, CBOASTCS K TAKUM ke Borpocam B citydae JBW-dakropos tuna .
Otcronia, B 4aCTHOCTH, clieqyeT, uto Besikuid AJW-daktop tuna I umeer TouHoe
NpeicTaBlieHHe, WJIM B BHJIE HOpAAHOBOWM anreOpbl BCEX OrPaHUYECHHBIX
CaMOCOTIPSDKEHHBIX JIMTHEWHBIX OTIEPATOPOB B THIILOEPTOBOM IPOCTPAHCTBE, UJTU B
BHJIE HOPIAHOBOH anre6psl Ms® SpMUTOBBIX 3x3 MaTpHIl Hax aareGpoil umcen
Konu, nnu ke B Buie cniuH (akTopa.

B mecrom maparpade BTOpoit riaBel paccmorpeHo mHoxkecTBo Hy(F), rme
F=R, C, H, n— 0eckoneunoe kapauHaabHoe yucio. Hy(F) — 3To MHOKECTBO TakuX
OeCKOHEUHOMEPHBIX NxN-MaTpull {A€jj} ¢ anemenTamu u3 F, uro

(1) {ei} — cemeiicTBO MaTpHI ceayIOIIEro BUIa: ejj — NxN-mMaTpuua, (i,j)-i
AIIEMEHT KOTOPOW UMEET 3HAUYCHHE 1, OCTaIbHBIC 3JIEMEHTHI UMEIOT 3HaueHue 0,

(2) nna Besakux 1) AjelF, Li=Ai™,

(3) cymectByet uncio KeR takoe, 9To a5 J1iF060r0o HATYypajIbHOTO YKCiIa m
U BCAKOro moacemeiictBa {Aw€uitk=12..m U3 {Aj€jj} BBIIOIHAETCS YCIOBHE
[{A€ki}ui=1,2...ml| <K B anrebpe Hpm(F).

JlokazaHo, 4TO OTHOCUTEIHHO BBEIEHHBIX aireOpanmdeckux omeparmii H,(F)
sBisiercs WopaaHoBoi anredopoit u Hy(F)=B(l2(F,Z))s, rae l(F,Z) — runsbeproBo
POCTPAHCTBO KBAJIPATUYHO CYMMHUPYEMBIX CEMEHCTB ayeMeHToB u3 F ¢
WHJICKCHBIM MHO>KECTBOM = TaKUM, 4YTO | = | =n.

B mectom maparpade BTOpOH TJIaBbl BBEIEHBI HOPAAHOBBI alreOpbI
WC(X,H,(C)), WC(X,Hn(R)), WC(X, Hn(H)) oToOpaxeHuit U3 mpOU3BOILHOTO
THIIEPCTOYHOBCKOTO KommakTa X B HopaaHoBy anredpy Hp(F) 6eckoneuHOMEpHBIX
camocornpspkeHHbIX MaTpull Hax F=R, C, H, cooTBeTcTBeHHO. Y AaJI0Ch T0Ka3aTh,
4yTO OHM sBJstOTCS JW-anreOpamu tuna I,

B cenpmoM naparpade BTOpoii r1aBsl yCTaHOBJICHA CIIEAYIOINIAs TEOpeMa.

Teopema 7. Bcesikas JW-amrebpa tuma [, A, rme n — OeckoHeuHOE
KapJIMHAJIBHOE YHCJIO, HUMeeT pasiokeHne A=A;PADA; Takoe, 4YTO
A2WC(X;,H,(F;)) nnsa xaxmoro i, rae X; — runepcToyHoBckuii kommakt, Hy(F) —
OeckoHEUHOMEpHasi MopaaHoBa anredpa 3pMuToBbIX nxn-marpun u F1=R, F,=C,
F3=H.

OtmeruMm, yto B paborax A.I'.KycpaeBa mpuBOAMTCS ACTAIbLHOE OMUCAHUE
ctpykrypsl AJW-anre6ps! Tuna [ u qaercs momHas kiaaccuuUKaius TakKux anreop
C TOYHOCTBIO 710 U30oMophu3zma.

B BoceMOM maparpade BTOpoOii TJIaBbl BBEJCHBI TOHATHS YUCTO OECKOHEYHOU
AJW-anrebper 1 AJW-anreOpsr tuma lg,. Iloctpoena wmaccudpuxarus AJW-
anre0p. A MMEHHO, yCTaHOBJEHO, uTO Bcsakas AJW-anrebpa packiaapiBaeTcsl B
MpAMYIO CyMMy BHIa A=A n(—DA.@(—DAM@A”w@A.”. 3mecy wacth Ay nEI-)A“l
ABIAETCA MOAynsapHoi AJW-anrebpoi, a wacte A @A DAj — coOCTBEHHO
6eckoneuHoir AJW-anreOpoii.
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B KoHI1Ie BTOPO#i IJ1aBbl 0OOCHOBBIBAETCSI KOPPEKTHOCTD OINPEAEIICHUI TUITOB
lin, 1oy g, N w1 1T s AJW-anre6p.

B tpertbeit rnaBe, HazBaHHOU «O0OepThiBaomue C*-aareopbl JB-anaredop
0epoBCKOr0 THIA», OCHOBHOW IIENIO SIBISETCS W3YYCHUE CBS3U MEXKIY
O3pOBCKUMH HOpJIaHOBBIMHM OaHaxoBbIMH anredpamu (1.e. AJW-anredpamu) u ux
o6épTeiBaronuMu C*-anredpamu.

Onpeoenenue 9. Ilyctb H — HekoTOpoe runbdepToBo mnpoctpancTBo U B(H) —
*-anreOpa BCEX OrPaHUYEHHBIX ONEpPaTopoB, AeicTByrommx B H. Bceskas
cinabo3amkuyTas *-nogaiareopa B B B(H) u nzomerpuuecku nzomopduas et C*-
anreOpa HaszweiBaeTcs anreopoit ¢on Heiimana. Ilycte A — JC-anrebpa B
ruib0epToBOM mpocTpaHcTBe H. PaBHOMEpHO 3aMKHYTYIO KOMILIEKCHYIO *-
anreopy B B(H), mopoxnennyro A Oyaem obOo3Hadath yepe3 C*(A). AnreOpy
C*(A) Oymem wHaspBaTh oOE&pThIBatomeli C*-anreOpoit amreoper A. Craboe
3ambikanne W*(A) anreoper C*(A) B B(H) HaspiBaeTcss 0OepThIBaroIIeh anreOpoi
¢on Heiimana JC-anre6psr A.

Onpeodenenue 10. MopnanoBy momanreGpy A, acCOLMATHBHOH amreGps A
HA3bIBAIOT 0OPATUMOM, €CiiM JIs 1I000T0 KOHEUHOTO YKCia JIIEMEHTOB 81, ay,..., ak
u3 A, aaement {a,a,...axy=1/2(a;1a;...ac+axax.1...a1) JCKHUT B anredpe A,.

OcHOBHOI pe3ynbTaT MepBoro naparpada TpeTbeid IaBbl — 3TO CIEAYIOas
Teopema.

Teopema 8. Ilycte A — oOpatumas JC-anreopa, W*(A) — o00&pTriBaroIas
anreopa ¢ou Heiimana amnreoper A u C*(A) — oOeprteiBatomas C*-anreOpa
anre6psr A. Torma JC-anrebpa A sBnsercs JW-anreOpoii Torma M TONBKO TOTIA
korma W*(A)=C*(A).

Bo BropoM maparpade TpeThed TUIaBBl JOKa3aHBI BCIIOMOTATEIbHBIC
YTBEPKICHHSIL.

Onpeoenenue 11. Ilyctb E — acconuatuBHas, WM BEIICCTBEHHAs, WIH
KOMIUJIEKCHast *-anreOpa u S — HemycToe mnoaMHoXkecTBo E. MHOxecTBO
R(S)={xeE: (VseS) sx=0} wnaswiBacTCcs mpaBbIM aHHyJIsATOpoM i1 S B E.
AnreOpa E HaspiBaeTcs OIpOBCKOM *- anreOpoil, eciu sl KaXXAoro HEMyCTOTO
MOJMHOXKECTBa SCE cymiecTByeT mpoekTop (CaMOCOTPSKEHHBIH HACMIIOTEHT)
geE rakoii, uro R(S)=gE. AW*-anreOpoii Ha3wbiBaeTcsi C*-anreOpa, KoTOpas
OJTHOBPEMEHHO SIBIIICTCS O3POBCKOM *-areOpoi.

Onpeodenenue [2. Ilyctb A — BemecTBeHHass OaHaxoBa *-amrebpa. A
Ha3bIBacTCs BemlecTBeHHOM C*-anreOpoit, ecimu *-anreOpa A =A+IA, 11e
A+iA={a+ib:a,beA}, moxer ObIThb HOpMHpOBaHAa Tak, 4To A, sBsiercs C*-
anreOpoi, U ee HopMa COBMIajalia ¢ UCXOMHOM HOpMoit Ha A. BemectBennas C*-
anrebpa A, sBisomas OdpOBCKOW *-anreOpoi, Ha3bIBA€TCS COOTBETCTBEHHO
BeecTBeHHoM AW*-anreOpoii.

OCHOBHBIM peE3yJbTaTOM TpPEThero maparpada TPETheH TJIaBBI SBISETCS
ClIeyroIas TeopemMa.

Teopema 9. Ilyctb A — BemecTtBeHHass AW*-ajreOpa B KOMIUIEKCHOM
rius0epToBoM npoctpancTBe H. [penmonoxum, uto M=A+IA sBiasercas AW*-
anreopoir 1 ANIA={0}. Ilycte C*(As) — oOeprteiBatomas C*-aareopa AJW-
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anreopsl Ag,. Torma C*(Ag) sBisiercs AW*-anreopoii. bonee Toro, ecmu Ag, He
MUMEET IPSAMBIX ciiaraeMbix Tuma I, To M=C*(Ag,).

3nech nmpeanonoxenne M=A+IA sBuseTcs (KoMITICKCHONH) AW*-anreOpoit,
ompaBIaHO TeM, YTO B paborax AnbOeBepno, AronmoBa u AOayBaWTOBa
MCCIICJIOBAHbI BelIeCTBEHHbIE AW™*-anreOpbl W TOCTPOEH MpuMep, KOrnaa s
BerecTBeHHONH AW™*-anreOper A e€ xommiekcudukanuss M=A+IA He sBisgeTCs
(xomruiexcHo#) AW*-anre6poi.

B dyerBeprom maparpade TpeTheil TIIaBBl JIOKa3aHO, YTO  BCAKas
MaKkCUMaJIbHasi YUCTO BEILLIECTBEHHAs noz[anre6pa (bOH Helimana B B(Hc) aTa B
tounoctd moganre6pa suma B(Hr)®B(Hy), rae Hr u Hy — ruis6eproBsr
TIOJITPOCTPAHCTBA THIILOEPTOBBIX MpOoCTpaHCcTB Hg m Hy COOTBETCTBEHHO Takue,
uyro Hr=Hr®Hg", Hy=H ®H," . [Ipu sTOM emuHHIBI anredp B(ﬁR) u B(ﬁH)
OpTOTOHAJIBHEI M B cymMMe naroT eaunuily anreopsl B(Hc). anee, ucnons3ys
MOJIYYEHHBI pe3yibTaT JAJi1 00EpTHIBAIOIIECH YMCTO BEUIECTBEHHON aireOpsl (HoH
Heiimana oOpatumoit JW-aireOpsl  ynamoch J10Ka3aTh aHAJIOr  TEOPEMBI
I'enbdanna-Haiimapka.

OnuIeM cojepkaHne YeTBepToil I71aBbI, Ha3BaHHON «MopaHOBEI aIreGphI
a0CTPAKTHBIX M3MEPHUMBIX ONepaTopoB s JB-anre6p GepoBckoro Tumay,
0oJiee moapoOHo.

B mnepBom maparpade uyeTBepTOi TJIaBbl TMOCTPOCHBI M HCCIIEIOBAHbI
abcTpakTHble M3MepuMble omepatopsl g AJW-anre6p. [lokazaHo, 4TO OHU
o0pa3yroT HOop/1aHOBY alreopy.

[IpeaBapuTenbHO, MPUMEM, UYTO BBITIOHSIETCS CIEAYIONIEe yCIoBUe: MyCcTh A
— AJW-anrebpa. IIpeanonoxum, uto B pasnoxeHun A=AgDAq, Agy ABIACTCH
obparumoit AJW-anrebpoii, n obepreiBaromas C*-anredpa C*(Ag) moganreOpst
A, saBisiercs AW*-anreOpoil. Beugy Teopemsl 9 mocnenHee yclioBHE SIBISETCS
JI0OCTaTOYHO OOIIUM YCIIOBHEM.

Onpeoenenue 13. Jna nocnenoBatenbHocTH {€,} 31ementoB P(A) Oymem
mucathb e,1, ecim €,<ens; JUIS BCEX N; €CITH, KPOME TOTo, SUP €,=€, TO MHIIeM €, Te.
[TocnenoBarensHocTh {€,} amementoB P(A) Oynem Has3bIBaTh CHIBHO IIJIOTHOM
06mnacThio (C.1m.0.), ecin €,11 1 €, ABIAETCS MOLYIAPHEIM TIPOSKTOPOM U3 A s
moboro N. B cymecTBeHHOM U3MepUMBIH  omepartop (C.M.0.) — ITO
nocienoBarenbHOCTh map {(X,, €n)}, rae (Vn) X,€A u {e,} — c.n.o. Takas, 410 U3
M<N caeayeT emXn=€mXm.

BBenem oTHOIIEHNE YKBUBAJICHTHOCTH HAa MHOKECTBE Bcex C.M.0. J[Ba c.u.o.
{(xn,en)} 1 {(Yn,f1)} sxBuBancuTHbI (MuteMm {(Xn,en) }={(Yn,f)}), eciu cymecrByer
c.mm.o. {0} Takas, 4ro g,Xn=0nyn A1 Bcex N. Kiacc 3KBUBaJIEHTHOCTH [Xn,En] C.H.0.
{(Xn,en)} HasbIBaeTCS WU3MEPUMBIM OmEpaTOpPOM (H.0.), TPUCOCIUHECHHBIM K
anmreope A. O0o3HaunM MHOXeCTBO Bcex u.0. uepes C(A). OmnpenencHus
AXnn]=[A%n, €0, [Xnenlt[Ynfol=[Xatynennfal,  [Xoeallyn,  fol=[XaYn, G0l
areOpanyecKuX Orepanui ABJSIFOTCS KOPPEKTHBIMU, Te C.11.0. (Jn) CTpOHUTCS 1O
mHoxkecTBaM (Xp), (€n), (Yn), (fn). OtHOCHTEeNBHO 3THX omepanuii C(A) sBisercs
HOp1aHOBOM aJIreOpo.
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Ecmm AJW-anrebpa A sBIsSETCS CaMOCOIPSIKEHHOW 4YacThIO HEKOTOPOU
AW*-anredpsl A, To HiopiaHoBa anredpa aOCTpaKTHBIX M3MEPUMBIX OIEPaTOpPOB,
NPUCOCUHEHHBIX K A, COBIAQJAET C CAMOCONPSHKEHHOW YacThl0 O3POBCKOM *-
anreOpsl  aOCTPAKTHBIX M3MEPUMBIX ONEPATOPOB, NPHUCOCTUHEHHBIX K A.
HMopnanoBa anre6pa HM3MEpHMBIX OINEPATOPOB, KOTOpAs BKJIAAbIBACTCS B *-
anredpy U3MEpUMBIX OTIEPATOPOB, MPUCOECTUHEHHBIX K anredpe pon Helimana, He
BCerja SBJISIETCS €€ CaMOCONPSDKeHHOM uacThio. [lodTomMy uH3yueHue Kiacca
HOp/IaHOBBIX aire0p aOCTPAKTHBIX M3MEPUMBIX OMEPATOPOB SBISICTCS BAKHBIM.
HccnenoBanuio 3TOro kiacca anreOp W MOCBAIIEH MEpBbI maparpad deTBepToi
TJIaBbl. 37I€Ch HAC TPEKIE BCEr0 WHTEPECYeT BOMPOC O TOM, CYIIECTBYET JIU
HopraHoBa anredpa M3MEPUMBIX OMEPaTOPOB, YAOBICTBOPSIOIIAS XOTSI ObI OJHOMY
13 npuBefeHHbIX Bhiie yciaoBuid (A), (b) u (I'), T.e. sBisitomascs Hop/1aHOBBIM
aHaJIOrOM O3POBCKOU *-anreOphl, KOTOpasi COAECPKUT HEOTPAHUUYCHHBIE DJIEMEHTHI
U HE SIBJISICTCSl CaMOCONPSKEHHON 4acThio 03pOBCKoit *-anreOpsl. Ha aToT Bompoc
JlaH OTBET B CIEAYIONIIEH Teopeme, KOTopas SBJISETCS OCHOBHBIM PE3YJIbTaTOM
nepBoro naparpadga 4eTBepToi IJaBbl.

Teopema 10. J{nst Beskoro maokectBa SCC(A). cyliecTByeT MpoekTop e€A
takoif, uto ST=Uz(C(A)), T.e. C(A) siBisieTcs: HOpAAHOBBIM aHATIOrOM O3POBCKOL
*-anreOpsl.

Hano ormetuts, uto nMerotcst ciydan kormpa AJW-anreOpa A coBmajaet ¢
flopnanoBoii anreopoit C(A). DToro nmoATBEpKIaCT U CIACAYIOIIAs TCOpEMa.

Teopema 11. Wopnanosa anmre6pa C(A) Bcex aGCTPaKTHBIX H3MEPHMbIX
oneparopos, npucoeanHeHHbIX K AJW-dakTopy A tuma I,, rae n>3 — KoHEYHOE
WM OECKOHEUHOE KapAMHAIBHOE YKCIIO, COBIIAIAET C CaMOM anredpoit A.

OauH Y3 BaXHBIX PE3YJNbTATOB, HCIOJb30BAHHBIX TMPU HCCICIOBAHUU
HOpJIaHOBBIX airedp M3MEPUMBIX OINEPATOPOB, YTBEP)KIAET, YTO HOpJAaHOBA
anredpa BCeX HM3MEPHUMBIX OMNEPAaTOPOB, MPUCOCAMHEHHBIX K obOpatumoit AJW-
anredpe A, BKJIaJbIBaeTCs B O3POBCKYIO *-anreOpy BCEX U3MEPUMBIX OIEPaTOpOB,
nprcoeauHEHHbIX K o0epThiBaromiert AW*-anredpe AW*(A) anreOpsr A.

Tak e, kak B Teopun *-anreOp aOCTPaKTHBIX U3MEPUMBIX ONIEPATOPOB, JIJIS
HOpJIaHOBBIX anreOp M3MEpPHMBIX OIEepaTOpOB CIEAyIolias MpodiieMa SBISETCS
akTyanpHOM: myctb A, — AJW-amreOpa m {A;} — cemeiictBo AJW-anre0p.
[Ipeanonoxkum, uro A, sBuserca JB-cymmoit anrebp Aj, U paccMOTpuM
ropnanoBy anredpy C(A,) (coorBerctBeHHO, C(A;j)) M3MEPUMBIX OMEPATOPOB,
MPUCOEIUHEHHBIX K A, (COOTBETCTBEHHO, Aj). Bepno nu, uto C(A,,) sBusieTcs
npssMbIM nipousBeneHreM [ [iC(A) anreop C(A)), T.e. anrebpoit Bcex cemencts (X;),
XieC(Aj), ¢ MOKOOpAMHATHBIMU omepaiusMu? B koHile mepBoro maparpada
YETBEPTOM TJIaBBl ITOKa3aHO, YTO OTBET HA IIOCTABIICHHBIH BOIPOC SBISETCS
OTpHUIATENIbHBIM, T.€., BooOme roBops, paBeHcTBO C(A.,)=[[iC(Ai)) moxer He
BBITIOJTHATHCS.

Bo BTOpom maparpade ueTBepToil Ii1aBbl ONPELICHO MOHATHE a0CTPAKTHOTO
JIOKaJbHO HM3MEpPUMOro onepartopa, npucoeguHeHHoro k AJW-anrebpe A, yto
SABJISICTCS.  MOPJAAHOBBIM  QHAJIOTOM  JIOKAIBHO  HW3MEPUMOTO  Omeparopa,
npucoeanHeHHoro k AW*-anreope.
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Onpedenenue 14. B CylIeCTBEHHOM JIOKaJbHO HM3MEPUMBIA OmEpaTop
(c.1.M.0.), IPUCOCIUHEHHBIH K anredpe A — 3TO HHIEKCHPOBAHHOE CEMEHCTBO
yrnopsaodeHHbIX map {X,eq}, e X,€C(A) u {e,} — mpousBoibHOE pa30OHCHHE
eIMHULBI anreopsl Z(A).

IBa c.uru.o. {X,€.} U {Ywf.} Ha3bIBAIOTCA SKBUBAJICHTHBIMH, ITHILIEM
Xt y={Yufa}, ecmu e fpX,=€.fgy, mmst Bcex o u PB. Tak kak C(A) sBasercs
flopmaHoBO#l anreOpoli, BBEIEHHOE OTHOIICHHWE JIEHCTBUTEIBHO OTHOIICHUE
9KBUBaJICHTHOCTH. Kilacc 3KBUBaJIEHTHOCTH (X,,€,), COOTBETCTBYIOIIUN C.JI.H.O.
(Xw€s), Oymem Ha3pIBaTh JIOKAJIBHO HM3MEPHMBIM  orepatopoM  (J1.H.0.),
IpHUCOCAUHEHHBIM K A. MHOXECTBO BCeX JI.M.0. 0003HauuM depe3 S(A). B S(A)
BBEJIEM anreOpanvecKue OIeparyH, roJiarast AM(X0,€0)=(AX0,80.),
(Xaso) T (Yp:Fa)=(XotYp:€afp), (Xas€o) (Vp:Tp)=(XoYp:€afp), TE (Xou€0), (Vp,Fp)—m1.0. 1
AeR. MHuoxecTBO S(A) JOKAIBHO M3MEPUMBIX OIEPATOPOB, MPUCOCAMHEHHBIX K
AJW-anrebpe A, oOpazyeT ilop/ilaHOBY alireOpy. AHAJIOTHYHO CIy4ar0 U3MEPUMBIX
oreparopoB S(A) BKIAIBIBacTCS B O3POBCKYIO *-anreOpy BCEX JIOKAIBHO
M3MEPUMBIX OIEpaTOPOB, MPHUCOECIMHEHHBIX K oOepThiBatomein AW*-anredpe
AW*(A) anrebpsl A. Crnenyromias Teopema SIBISETCS OCHOBHBIM Pe3yJIbTaTOM
BTOpOTO Maparpada 4eTBEPTOH TIIaBBI.

Teopema 12. s Bcskoro moamMHoxecTBa SCS(A). CYyIIECTBYET HPOSKTOP €
B P(A) Takoif, uto S'=U¢(S(A)), T.e. S(A) sBisieTcss HOPIAHOBBIM aHAJIOIOM
03pOBCKOM *-anreOpsl.

B TpetheMm m yeTBepTOM maparpadax 4eTBepTOW TJIaBbl BBEJCHBI U U3YUCHBI
MOHATUSL Z-U3MEPUMOTO OINeparopa, MNpHUCOEAUHEHHOro K oOpatumoit AJW-
anreOpe, OTHOCUTEIHHO TOYHOTO HOPMAJIBHOTO MOJYKOHEYHOTO IIEHTPO3HAYHOTO
U YHUCJIOBOTO cjeda g mojanreOpbl Z w3 1eHtpa ganHod  AJW-anreOpsi.
YcTaHoBIEHO, 4YTO  Z-W3MEPHUMBIC  OIEpaTopbl  OTHOCHUTEIHLHO  TOYHOTO
HOPMAJIHOTO TIOJIYKOHEYHOTO IEHTPO3HAYHOTO (COOTBETCTBEHHO YHCIIOBOTO)
ciena oOpa3yloT HopJaaHOBY aire0py OTHOCHUTEIBLHO E€CTECTBEHHBIM 00pa3om
BBCJICHHBIX OIEpalMii yMHOXCHHUS Ha CKaJAp, CIOXKEHUS W HOpJaHOBa
YMHOKCHHUS.
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3AK/IIOYEHUE

1. Haiimensl HecKoJdbKO  anreOpanyeckux  ycioBwid  Thma  bapa,
HCIIOJIb3YIOIINX HOPJAaHOBBI aHHYJISITOPBI, SKBUBAJIEHTHBIX ompeaeneHuro AJW-
anreOps (63pOBCKOI HOpIaHOBOM OaHAXOBOM areOpHI).

2. Ilokazano, uro Bcsikas AJW-anreOpa packiaasiBaeTcs B MPIMYIO CyMMY
AJW-anre6p tuna |, 1, |,, N — xapaunaneHoe uucio, Iy, I, u 1, u xaxmpii
AJW-daktop nmeeT oauH U3 yka3aHHbIX TUTIOB |y, 1, 11, u I11.

3. YcranoBieno coBnageHue kinaccoB AJW-gakrtopoB Ttuma I u JBW-
¢daktopoB Tuma I u cBogumocth kiaccudukanuu AJW-¢paktopoB thma | x
knaccudukanuto JBW-pakropos tuna l.

4. TlocTpoeH OECKOHEYHBIH BapUAHT MHPCOBCKOTO PA3JIOKEHHS 110
npoexTopaM MopaaHOBOH M HMHBOMIOTMBHOH anre6p, MO3BOJMBIINE JOKA3aTh
CTpyKTypHBbI€ Teopembl it JW-anreOp tuna |,.

5. Jloxazano, uto oOepteiBawomas C*-anrebpa oOpartumoit JW-anreGpsi
saBisieTcs anreopoi ¢oH Helimana. JlaHO MOCTaTOYHO TIPOCTOE U MPSIMOE
JI0Ka3aTeJIbCTBO 3TOTO YTBEPKICHUSI.

6. Jlana xapaxkTepuzanus BceX NPOJOJDKEHUN Mepbl Ha obparumoit JW-
anrebpe 10 Mepbl Ha oOepThIBaroIiel anredpe hon Helimana gqanHoit JW-anreOpsi.

7. JlokazaHo, u4ro s oOepreBaromerr  C*-amreOper C*(Rgy)
caMoconpsikeHHOM Yactu Rg,  BemectBeHHOM AW*-anre6pst R Takoil, d9TO
RNIR={0} u R+IR sBasercs AW*-anreOpoii, BBHINOJHEHO yciioBue bapa, T.e.
C*(Rsy) stBiisiercst AW*-anreOpoid.

8. JlokazaHo, 4TO HOpJaHOBBI anreOphl U3MEPUMBIX M JIOKAJTbHO U3MEPUMBIX
orneparopoB, mnpucoeAuHeHHbIX K AJW-anrebpe ynoBIETBOPSIIOT HOPAAHOBOMY
aHasiory yciyosus bapa.

9. OOocHOBaHO, 4YTO WOPAAHOBBI anreOphl M3MEPUMBIX U JIOKAJIBHO
U3MEPUMBIX  OINEpaTopoB, mpucoeauHeHHbIX kK AJW-anrebpe  sBistorcs
oTiMyHbIMH 0T AJW-anreOp HOpAaHOBBIMHU alireOpaMu, YJIOBIETBOPSIIOUIUMU
WOpIaHOBOMY aHajory yciosus bapa.

PaGota HocuT TeopeTHUEeCKMH xapakTep. Pe3ymbrathl U METOJBI,
NPECTaBICHHBIE B JUCCEPTAIIH, MOTYT OBITh UCIIOJIb30BAHbI TIPHU MCCIIETOBAHUSIX
IPYruxX KiaccoB MOpmaHOBBIX anrebp U cymepainrebp, B H3y4EHHH aiuredp ¢
pasIMYHBIMK  yCIIOBUSMH THIa bdpa, B TCOpPUHM KOMIUICKCHBIX (YHKIIUN
HECKOJBKMX M OECKOHEYHOTO 4YHClIa TIEPEeMEHHBIX, a TakkKe MpU H3yUYeHUU
Pa3IMYHBIX IPOLECCOB B KBAHTOBOM MEXaHUKE U TEOPETHUECKON (U3HKeE.
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INTRODUCTION (abstract of the doctoral dissertation)

The urgency and relevance of the theme of the dissertation. On the
international level one of the priority directions of research related to this subject is
proving of Jordan analogues of theorems of the associative algebras theory and
establishing of the specific properties of exceptional Jordan algebras. Soon after
introduction and studying of associative algebras it has been started the
development of the theory of alternative, Lie and Jordan algebras. Later Lie and
Jordan algebras have been systematically studied from the point of view of
functional analysis. It should be noted that the closest to the class of C*-algebras
class is the well-studied class of Kaplansky algebras (AW*-algebras). As for the
theory of Jordan algebras it is necessary to introduce and investigate the class of
Jordan analogs of Kaplansky algebras.

The development of the theory of Jordan operator algebras is associated with
the Uzbek scientific school of functional analysis. A series of results on ordered
involutive and Jordan algebras was established by the scientists of our country. In
particular, for a Jordan operator algebra with predual space there was introduced a
Jordan algebra of measurable and locally measurable operators and a number of its
properties were established.

Investigation of Jordan Banach algebras of Baer type, their classification in
the framework of Jordan Banach algebras are important problems. In addition, in
order to determine the algebraic properties of this Jordan algebra of measurable
operators and since the class of Jordan Banach algebras satisfying the Jordan
analog of Baer condition is a broad class, introducing and investigating of a Jordan
algebra of abstract measurable operators is an important problem. Based on the
analysis of existing scientific works, it is necessary to notice, that research of the
mentioned class of Jordan algebras is far from end and solutions of important
problems, concerning this class, demand absolutely new approaches.

The investigation in this dissertation may be considered as some extent for
solving of the problems identified in Resolution of the President of the Republic of
Uzbekistan decrees dated 15 July 2008 number PR-916 "On additional measures to
stimulate innovative projects and technologies” and in Resolution of Cabinet of
Ministers of the Republic of Uzbekistan decrees dated 4 March 2002 number -77
"Measures to improve the organization of research activity" and other legal acts
concerning the activity.

Relevant the research priority areas of science and developing technology of
the republic. This dissertation was performed in accordance with the priority
direction of development of Science and Technologies IV. “Mathematics,
Mechanics and Informatics”.
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A review of international research on the topic of the dissertation’.
Research concerning studying of properties of Jordan operator algebras carried out
In research centers and universities in the leading countries, including University
of California, University of Virginia, St. John's University, University of
Massachusetts (USA); National centre of Norway for teaching and research in
mathematics and statistics, the Norwegian University of Science and Technology,
University of Oslo (Norway); Universidad de Oviedo (Spain); Mathematical
Institute, Slovak Academy of Sciences (Slovakia); Czech Technical University
(Czech Republic); La Trobe University (Australia); University of Marburg
(Germany); Moscow State University, Southern Mathematical Institute of VSC
RAS, Institute of Mathematics Siberian branch of the Russian Academy of
Sciences, Kazan Federal University (Russia).

As a result of research carried out on description of the universal enveloping
*-algebras of Jordan operator algebras and their properties series of actual
problems were solved on the world level including the following scientific results:
it is proved that for arbitrary locally JB-algebra there exists a unique up to a
topological *-isomorphism universal locally C*-algebra and an arbitrary invertible
JB-algebra is an Rickart JB-algebra then and only then when its universal
enveloping C*-algebra is an Rickart C*-algebra (St. John’s University, National
centre of Norway for teaching and research in mathematics and statistics); for any
denominatored algebra, it is shown the existence of maximal Martindale quotients
naturally containing all Martindale quotients of the algebra with respect to the
given denominator filter (University of Virginia); a synaptic algebra is a
generalization of the self-adjoint part of a von Neumann algebra. For synaptic
algebra it is generalized the decomposition of weakly closed Jordan operator
algebra for known types (University of Massachusetts, Mathematical Institute
Slovak Academy of Sciences); Jordan Banach algebras with predual spaces were
classified, and a number of their properties were established (National centre of
Norway for teaching and research in mathematics and statistics); examples of
primary Jordan superalgebras of vector type and superalgebras of type Cheng -
Kac are given (Institute of Mathematics Siberian branch of the Russian Academy
of Sciences); Boolean valued methods of research of operator algebras are
developed and a complete description of Baer Jordan Banach algebras of type I is
given (Southern Mathematical Institute of VSC RAS); it is shown that any order
isomorphism between the ordered structures of associative Jordan Banach
subalgebras with identity of a Jordan Banach algebra with predual space is
naturally implemented by a Jordan homomorphism (Czech Technical University,
Kazan Federal University).

In present time foreground scientific research works are carried out on
developing the description of Jordan algebras of Baer type and their enveloping

! Review of foreign scientific research on the theme of the dissertation: 2009 Fall Southeastern Meeting Boca Raton,
FL, www.ams.org/meetings/sectional/2161_ progfull.html; International Mathematical Forum, www.m-hikari.com;
Quaterly Journal of Mathematics, http://gjmath.oxfordjournals.org; Mathematica Slovaca,
link.springer.com/journal/12175; Foundations of Physics, link.springer.com/journal/10701; Journal of Pure and
Applied Algebra, www.journals.elsevier.com/journal-of-pure-and-applied-algebra; Cubupckuii matemaTHdeckuit
®KypHas, WWw.springer. com/mathematics/journal/11202 to be have and another sources.
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associative algebras, finding the conditions for derivations of Jordan operator
algebras and their enveloping associative algebras, description of derivations and
2-local derivations of associative, Jordan and Lie algebras.

The degree of study of the problem. Jordan algebras were first introduced
by the German physicist P.Jordan. Later, Jordan algebras have also been studied
from the point of view of functional analysis. Most rapid development of this
direction has been begun in the works of E.M.Alfsen-F.W.Shultz-E.A.Stermer and
F.W.Shultz. The stages of development of the theory of Jordan operator algebras
reflected in the monograph of H.Hanche-Olsen and E.Stermer. Also, a technique of
Boolean valued realization of Jordan Banach algebras is developed by
A.G.Kusraev, and its applications to some aspects of the theory of Jordan Banach
algebras are given. Also, relationship between types of special weakly closed
Jordan operator algebras and their enveloping von Neumann algebras is
investigated in the case of an algebra of type | by E. Stermer. Further study of this
relationship has been continued and completed for the other known cases of types
by Sh.Ayupov.

Along with the development of the theory of Jordan operator algebras it was
expanded the range of its applications. As an example we can take the
nonassociative integration theory. A great contribution to the development of this
theory is made by Sh.A.Ayupov, R.Z.Abdullaev, M.Berdikulov, A.Karimov and
others.

Jordan algebras of measurable operators are closely related to Baer *-algebras
of measurable operators affiliated with a von Neumann algebra. So far, both the
theories of algebras of measurable operators are well developed. A number of
results have been obtained concerning Baer *-algebras of measurable operators
affiliated with a von Neumann algebra and their applications by E.Nelson, N.Sigal,
F.Yedon, S.K.Berberian, K.Saito, V.lI.Ovchinnikov V.l1.Chilin, MA Muratov,
H.Kosaki, F.A.Sukochev, K.K.Kudaybergenov, P.Dodds, T.K.Dodds, B. de Pagter
and others. A number of results concerning Jordan algebras of measurable
operators and their applications belongs to Sh.A.Ayupov, R.Z.Abdullaev,
M.Berdikulov etc. Complete information about the theory of Baer *-algebras of
measurable operators affiliated with a von Neumann algebra can be found in the
monograph of V.1.Chilin and M.A.Muratov consisting of three books.

Despite this, since a Jordan analog of Baer’s condition introduced by
D.M.Topping does not contain Jordan multiplication, the theory of Baer Jordan
Banach algebras has not been developed. Besides, Jordan algebras of abstract
measurable operators for Baer Jordan Banach algebra have not been studied.

Communacation of the theme of the dissertation with the scientific-
research works of the higher educational institution, which the dissertation is
conducted in:

The research was carried out in accordance with the plan of scientific research
"Non-associative and operator algebras, dynamical systems and their application in
statistical physics and population biology" Institute of Mathematics, National
University of Uzbekistan (F4-FA-®013-F013, 2012-2016).
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The aim of the research is description of Baer Jordan Banach algebras and
their enveloping Banach algebras, also, construction of Baer Jordan algebras of
abstract measurable operators affiliated with this algebras.

The tasks of the research work:

to introduce and investigate Baer Jordan operator algebras in the class of
Jordan Banach algebras;

to classify a Baer Jordan Banach algebra by types;

to investigate enveloping involutive algebras of special Baer Jordan Banach
algebras and develop methods for constructing the smallest Baer involutive algebra
containing this special Baer Jordan Banach algebra;

to investigate Baer Jordan Banach algebras, which are factors and find their
relationship with well-known Jordan operator algebras, which are factors;

to prove that Jordan algebras of abstract measurable and locally measurable
operators affiliated to a Baer Jordan Banach algebra are Baer Jordan algebras;

to apply the above results to derivations and 2-local derivations on these
algebras.

The object of the research work are C*-algebras, von Neumann algebras,
Kaplansky algebras, Jordan algebras, Jordan Banach algebras (JB-algebras),
special Jordan Banach algebras (JC-algebras), special Jordan Banach algebras with
predual space (JW-algebras), Jordan Banach algebras with predual spaces (JBW-
algebras).

The subject of the research work are Baer Jordan algebras, Baer Jordan
Banach algebras (AJW-algebras), Jordan algebras of abstract measurable and
locally measurable operators affiliated to Baer Jordan Banach algebra.

Methods of the research work. We use the approaches and methods of
investigation of Baer Jordan Banach algebras, based on the notions of compatible
elements and compatible subsets of a Jordan algebra and methods of the theory of
Jordan algebras, Jordan Banach algebras, special Jordan Banach algebras, Jordan
Banach algebras with predual spaces, theory of Kaplansky algebras and von
Neumann algebras.

Scientific novelty of the research work is as follows:

Algebraic conditions are found, which are equivalent to the definition of a
Baer Jordan Banach algebra;

it is proved that the set of all projections of a Baer Jordan Banach algebra is a
complete orthomodular lattice, and self-adjoint part of any real or complex
Kaplansky algebra is a Baer Jordan Banach algebra;

Baer Jordan Banach algebras with respect to known types are classified;

complete description of Baer Jordan Banach algebras, which are factors and
contain minimal projections is obtained,

it is proved that the enveloping C*-algebra of every weakly closed reversible
Jordan operator algebra is a von Neumann algebra.

we described all extensions of a measure on projection of a weakly closed
reversible Jordan operator algebra to a measure on projection of its enveloping von
Neumann algebra.
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it is proved that, under additional conditions the enveloping C*-algebra of the
self-adjoint part of a real Kaplansky algebra is a complex Kaplansky algebra.

it is proved that the Jordan algebras of abstract measurable and locally
measurable operators affiliated with a Baer Jordan Banach algebra are Baer Jordan
algebras.

Practical results of the work. New methods have been developed using
Jordan counterparts of annihilators.

The results, concerning the enveloping von Neumann algebras of weakly
closed reversible Jordan operator algebras allow to essentially simplify
investigation of enveloping involutive algebras of Jordan operator algebras.

The methods of constructing of abstract measurable and locally measurable
operators that are identical in the algebraic sense with measurable and locally
measurable self-adjoint linear operators in a Hilbert space, allow us to investigate
the algebraic structure of Baer Jordan operator algebras.

The reliability of the results is justified with rigorous proofs in mathematics,
using known methods of investigation of the class of Jordan Banach algebras and
involutive Banach algebras, using the fundamental results of the theory of
involutive and Jordan algebras. Abstract measurable and locally measurable
operators for Baer Jordan Banach algebras are constructed by the well-known
method of Berberian.

Theoretical and practical significance of the study.

The scientific value of the results of the investigation lies in the fact that the
scientific results obtained in this work can be used for further investigation of
operator and Jordan operator algebras, and in solving of problems of quantum
theory, the probability associated with the measures on projections in operator and
Jordan operator algebras .

The practical significance of the results is that infinite Peirce decompositions
allows us to calculate the norm of the infinite-dimensional matrix according to the
norms of its finite-dimensional diagonal submatrices. Also, the description of all
extensions of a measure to a measure allows to obtain full information on measures
on projection of a von Neumann algebra.

Implementation of the research results. The dissertation research results
have the following applications:

Description of Baer Jordan Banach algebras and methods using Jordan
annihilators have been used in the foreign project No 0120042006 (South
Mathematical Institute of VSC RAS, Russia, Confirmation Ne 147 dated
September 7th, 2015). This description has been used to obtain a complete
classification of Baer Jordan Banach algebras of type I, and cardinal invariants
characterizing any Baer Jordan Banach algebra of type I..

Obtained in the dissertation description of homogeneous Baer Jordan Banach
algebra and their characterization and properties are used in the research project
No 01200805081 (South Mathematical Institute of VSC RAS, Russia,
Confirmation Ne 147 dated September 7th, 2015) to present a homogeneous Baer
Jordan Banach algebra in the form of a direct sum of Jordan algebras of operator-
valued functions satisfying certain conditions.
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Description of Baer Jordan Banach algebras of type | and characterization and
properties of homogeneous Baer Jordan Banach algebras have been used in the
project No 0197-2014-0001 (South Mathematical Institute of VSC RAS, Russia,
Confirmation Ne 147 dated September 7th, 2015) to give complete classification
of Baer Jordan Banach algebras of type | and receipt of cardinal invariants
characterizing any Baer Jordan Banach algebra of type I up to isomorphism.

Classification of reversible Baer Jordan Banach algebras and methods using
Jordan analogues of Baer’s condition applied in investigation of the enveloping
C*-algebras of reversible Rickart Jordan Banach algebras in the project STEM
1515-2016 US Atlantic Technology and Research Institute (St. John’s University,
USA, Confirmation dated August 22th, 2016). Application of the results allowed to
prove that the enveloping C*-algebra of a reversible Rickart Jordan Banach algebra
Is a Rickart C*-algebra.

Approbation of the research results. The main results of the dissertation
were discussed at the following international and republican scientific conferences:
«Mathematics in the XXI century. The role of the MMD of NSU in science,
education and business» (Novosibirsk, NSU, 2003), «Order analysis and related
questions of mathematical modeling» (Vladikavkaz, 2004), «Operator algebras and
guantum probability» (Tashkent, 2012 .), «Problems of modern topology and its
applicationsy (Tashkent, 2013), «Actual problems of complex analysis» (Tashkent,
2013), «Algebra , analysis and quantum probability» (Tashkent, 2015).

This work was discussed at the republican seminars “Operator algebras and
their applications” of the Institute of Mathematics at the National University of
Uzbekistan, at the seminar “Modern algebra and its applications” of the National
University of Uzbekistan, at the city seminar of Department of Algebra and
Functional Analysis of the National University of Uzbekistan, at seminars of the
Department of Mathematical Analysis at Novosibirsk State University (1993-
1998), at seminars Laboratory of Functional Analysis Institute of Mathematics, at
the joint seminar of the Department of Geometry and Analysis Institute of
Mathematics of SB RAS (Novosibirsk, 1995-1998), at the seminar of Department
of Algebra Tomsk state University (1998). The obtained result were presented in
the following international congresses: The Third Siberian Congress on Industrial
and Applied Mathematics (Novosibirsk, 1998), «Operator algebras»
(Florianopolis, Brazil, 2005), «The Banach algebra and their applicationsy»
(Bordeaux, France, 2005), «Non-associative algebra and related topics» (Coimbra,
Portugal, 2011).

Publications of the research results. The results of the dissertation are
published in 35 scientific papers, 10 of them are in the list of scientific publications
proposed by the Higher Attestation Commission of the Republic of Uzbekistan for
Defende of doctoral theses, including 7 of them published in international
scientific journals and 3 papers in national scientific journals.

The structure and volume of the thesis. The thesis consists of an
introduction, four chapters, conclusion and bibliography. The total volume of the
thesis is 200 pages.
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THE MAIN CONTENT OF THE DISSERTATION

In introduction the actuality and demand for the theme of the dissertation is
verificated, connection of the research to priority directions of development of
Science and Technologies of the Republic is stated, review of foreign scientific
research on the theme of the dissertation and the degree of scrutiny of the problem
are provided, the aim and problems are formulated, the object and the subject of
research are described, scientific novelty and practical results of research are
stated, the theoretical and practical significance of obtained results is revealed, the
Implementation of research results in practice, the list of published works and the
dissertation structure are given.

In the first chapter of the dissertation which named «Associative and Jordan
operator algebras» it is briefly described the basic principles and methods of the
classical theory of associative and Jordan algebras. The main attention is focused
on such sections of the classical theory of associative and Jordan algebras, which
are often used in the dissertation. These include the theory of Jordan Banach
algebras, C*-algebra theory, the theory of von Neumann algebras and AW*-
algebras, the theory of universal enveloping C*-algebras of Jordan Banach algebra.

In the second chapter of the dissertation named «Structure and classification
of JB-algebra of Baer type» we introduce and study a new class, namely the class
of Baer Jordan Banach algebras (AJW-algebras) in the class of Jordan Banach
algebras. In particular, a classification of Jordan algebras of this class is obtained
and equivalent conditions of Baer type are provided.

We describe the contents of the second chapter in more detail.

Definition 1. A real Banach space, which is a unital Jordan algebra at the
same time, is said to be a JB-algebra if it satisfies the following axioms: (1)
IxylI<IX] Iyl (xyeA), (2) [XFI<|x*+y?| (xyeA), B) [XI=[X]* (xeA).

In the first paragraph of the second chapter a notion of AJW-algebra is
introduced. The following theorem is the central theorem of this section.

Theorem 1. For a JB-algebra A following conditions (A), (B) and (C) are
equivalent:

(A) for every nonempty subset SCA. there exists a projection e€A such that
S*=U.(A), where, for every a, beA, U,b =2a (ab)-a’h, S":={acA: (VseS) U,s=0}
and Ug(A):={U.a: acA};

(B) for every nonempty subset SCA there exists a projection ecA such that
TS=U(A.), where “S:={xeA,:U.x=0, acS};

(C) the following two conditions are valid:

(1) in the partially ordered set of projections every subset has a least upper
bound of pairwise orthogonal elements;

(2) any maximal strongly associative subalgebra is generated by its
projections (i.e., coincides with the smallest closed subalgebra containing its
projections).

The notion of AJW-algebra can be defined as follows:

Definition 2. A JB-algebra A, satisfying one of the equivalent conditions (A),
(B) and (B) will be called AJW-algebra.
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As a corollary of Theorem 1 it is established that all projections of an AJW-
algebra form a complete lattice. Note that the sets S* and S, appearing in the
statement of the theorem 1 is Jordan analogs of left and right annihilators of a set
in the theory of Kaplansky algebras.

Definition 3. If a JB-algebra A has predual space, i.e., there is a Banach space
B such that B*=A, then A is called a JBW-algebra.

Jordan algebras are connected with associative algebras as follows. Let A be
an associative algebra over a field of characteristic #2. We define on A a new
multiplication a-b=1/2(ab + ba) (the Jordan multiplication). The resulting algebra is
denoted by A’. This algebra is a Jordan algebra. If the subspace A, of A is closed
under a-b operation, it is with this operation forms a subalgebra of A’ and forms a
Jordan algebra.

Definition 4. A Jordan algebra isomorphic to A, is called a special Jordan
algebra. Non special Jordan algebra are said to be exceptional.

Definition 5. Special JB- and JBW-algebra are called JC- and JW-algebra,
respectively.

Theorem 1 enables us to reformulate for AJW-algebras in almost the same
form many facts with proofs from the theory of JBW-algebras. This also concerns
Shultz theorem. In section 2.1, we prove Shulz theorem for AJW-algebras, which
states that an arbitrary AJW-algebra can be represented as a direct sum of a special
AJW-algebra and an exceptional AJW-algebra.

Definition 6. The intersection of all maximal associative subalgebras of JB-
algebra A is called a center and is denoted by Z(A). If Z(A)=R1, then A is called a
JB-factor.

An element seA called a symmetry, if s°=1.

Lemma 1. An element z lies in the center of an AJW-algebra A if and only if
Usz = z for every symmetry seA.

Definition 7. We say that a JBW-factor A is of type I, if A contains a minimal
projection.

The rest part of the first section of the first chapter it is investigated JC-
factors. The following theorem is proved.

Theorem 2. Let B be a JB-factor, {gi} be an infinite orthogonal family of
pairwise equivalent minimal projections of B such that sup g;=1. Assume that each
family of orthogonal projections of B has a least upper bound in B. Then B is a
JBW-factor of type I.  This theorem gives a criterion of a condition of Baer type:
for a JB-factor of type | condition (A) of Baer type is valid if and only if the
condition of the theorem 2 is valid.

In the second section of the second chapter gives conditions involving other
Jordan analogues of annihilators equivalent to the definition of an AJW-algebra.
The shorter of these conditions is the following condition:

(G) for every subset ScA. there exists a projection ecA such that
ANNn(S)=U(A), where Ann(S)={acA :(VseS) a-'s=0}.

In the third section of the second chapter we introduced the notions of AJW-
algebras of type I, Il, 11l and a modular AJW-algebra.
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Definition 7. Let A be an AJW-algebra. The central support c(p) of a
projection peA is the smallest central projection majorizing p. A projection peA is
said to be Abelian if Uy(A) is an associative subalgebra; p is said to be modular if
the lattice [0,p]:={qeP(A)nU,(A)} of projections of the algebra U,(A) is modular.
Define the central projections e, and e, in A by the following formulas
e=sup{peP(A):p is Abelian}, e,/ "=sup{p<P(A):p is modular}.

It is clear that e,<e,*. Let e;,=1-¢,-e;,;. We say that AJW-algebra A is of type |
(respectively 11, IIl), if e=1 (respectively e;=1, e;;=1). With respect to these
definitions the following theorem, which is one of the main results of the second
chapter, is valid.

Theorem 3. Each AJW-algebra A is uniquely decomposes into a direct sum of
AJW-algebras of type I, 1l and Ill. In addition, the following criteria are take place:

(A) Ais atype | if and only if there exists an Abelian projection p in A, with
the condition ¢ (p) = 1;

(B) A is a type Il if and only if there exists a modular projection p in A, with
the condition ¢ (p) = 1 and A does not contain any Abelian projection other than
Zero;

(A) Alis atype Il if and only if it contains no modular projection than zero.

Further we introduce a notion of JB-sum AJW-algebras, which are based on
representation of AJW-algebras and their elements in the form of infinite sums.
The concept of JB-sum is useful in proving many theorems of this dissertation. The
importance of the notion of JB-sum due to the fact that for an AJW-algebra A and
orthogonal family {z;} of its central projections with the least upper bound 1, the
JB-sum of subalgebras z;A is isometrically isomorphic to A.

In the fourth section of the second chapter we study the equivalence of
projections in AJW-algebras. All statements in this section are motivated by the
theory of the JBW-algebra. The proofs of these assertions are similar to the proofs
of the corresponding assertions from the theory of JBW-algebra and they are
formulated here for the sake of completeness.

The fifth section of the second chapter is devoted to the study of AJW-
algebras of type I. We introduce and study the class of AJW-algebras of type I,,
where n is integer or n = oo,

Definition 8. Let A be an AJW-algebra, n be a cardinal number. We say that
A is an AJW-algebra of type I,, if there is a orthogonal family (p.).<; 0Of Abelian
projections in A such that for every a c(p,)=1, sup p,=1 and |J|=n. And we say that
A is of type I, if A is a direct sum of AJW-algebras of type I,, where n is an
infinite cardinal number.

We obtained a classification of AJW-algebras type I. Namely, the following
theorem is established, which is one of the main results of the second chapter.

Theorem 4. Every AJW-algebra of type | is the direct sum of the form
A DA DAD.. DAD..., where A, is an AJW-algebra of type I, or {0}, and A, is
an AJW-algebra of type I, or {0}.

As in the case of a JBW-algebras, there is a theorem asserted that any AJW-
algebra of type I,, where n>2 is a finite number, is uniquely decomposed into a
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direct sum of a "simple" subalgebras. In addition, each of these simple subalgebras
has a faithful representation of the form C(Q,H.(F)), where Q is an extremelly
disconnected compact and F is the field of real numbers R, or the field of complex
numbers C, or the quaternions H, or algebra of Cayley numbers O (in the case n =
3), respectively. The theorem of functional representation for the case n = 2 from
the theory of JBW-algebras is generalized, i.e., every AJW-algebra of type I, is
represented uniquely as a direct sum of subalgebras, each of which is a faithful
representation of a Jordan algebra of functions mapping an extremelly
disconnected compact to spin factor.

At the beginning of the fifth section of the second chapter notions of an AJW-
factor of type | and an AJW-factor of type I, are introduced, where n is a cardinal
number. An example of AJW-factor type | is, for example, the Jordan algebra
H,(R) of all Hermitian nxn-dimensional matrices over the field of real numbers R.
The central theorem of the fifth section of the second chapter states:

Theorem 5. Every AJW-factor of type I,, where n is a cardinal number, is a
JBW-factor of type I.

The following theorem shows the close relationship between the minimum
projections and normal functionals.

Theorem 6. The space of all normal functionals on an AJW-factor of type I is
the closure of the linear span of all normal functionals of kind ¢-U,, where q is a
minimal projection, ¢: U,(A)—R is an isomorphism generated by g.

In summary, we can talk about similar connection, for example, between the
minimal projections of the Jordan algebra B (H), of all self-adjoint bounded linear
operators on a complex Hilbert space H and normal functional defined on the JW-
subalgebra of B(H)s..

Due to the fact that the class of AJW-factors of type | coincides with the class
of JBW-factors of type | problems relating to the structure and classification, are
reduced to the same problems in the case of JBW-factors of type I. Hence, in
particular, it follows that every AJW-factor of type | has a faithful representation,
either in the form of the Jordan algebra of all bounded linear self-adjoint operators
on a Hilbert space, or in the form of the Jordan algebra Ms® of Hermitian 3x3-
matrices over the algebra of Cayley numbers, or in the form of a spin factor.

The sixth section of the second chapter is devoted to H,(F), where F = R, C,
H, n is an infinite cardinal number. H,(F) is the set of infinite nxn-matrices {A;e;j}
with elements in F, which

(1) {e;} is the family of matrices of the following form: e; is a nxn-matrix,
(i,J) -th element of which is 1, all other elements have the value 0,

(2) for all IJ }\.ijEF, kij:kji*,

(3) there exists a number KeR such that for any natural number m and each
the algebra H,(F).

It is proved that with respect to the algebraic operations H,(F) is a Jordan
algebra and H,(F)=B(l,(F,Z))s., Where Iy(F,Z) is the Hilbert space of square
summable families of elements of F with the index set = such that | = | =n.
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In the sixth section of the second chapter we introduce Jordan algebras
WC(X,H,(C)), WC(X,H,(R)), WC(X, Hn(H)) of maps from arbitrary hyperstonean
compact X to the Jordan algebra H,(F) of infinite self-adjoint matrices over F = R,
C, H, respectively. It was proved that they are JW-algebras of type I,.

In the seventh section of the second chapter we established the following
theorem.

Theorem 7. Every JW-algebra A of type I,, where n is an infinite cardinal
number, has decomposition A=A;®A,DA; such that A=WC(X;,H,(F;)) for each i,
where X; is a hyperstonean compact, H,(F;) is an infinite dimensional Jordan
algebra of Hermitian nxn- matrices and F,=R, F,=C, Fz=H.

Note that in the works of A.G.Kusraev a detailed description is given of the
structure of AJW-algebras of type | and a complete classification of such algebras
up to isomorphism is obtained.

In the eighth section of the second chapter a notion of a purely infinite AJW-
algebra and AJW-algebra of type Iy, are introduced. We obtaine a classification of
AJW-algebras. Namely, it is proved that any AJW-algebra is the direct sum of the
form A=A OA, A, OA, BA. Here the part of A OA), is a modular AJW-

algebra, and the part A;_ @A, @A, is a properly infinite AJW-algebra.

At the end of the second chapter it is proved that the definitions of types I,
l., 14, 11, and I11 for AJW-algebras are correct.

The third chapter of the dissertation named «Enveloping C*-algebras of JB-
algebras of Baer type» devoted to study of relationship between Baer Jordan
Banach algebras (i.e. AJW-algebras) and their enveloping C*-algebra.

Definition 9. Let H be a Hilbert space and let B(H) be the *-algebra of all
bounded operators on H. Every weakly closed subalgebra B of B(H) and a C*-
algebra isometrically isomorphic to B is called a von Neumann algebra. Let A be a
JC-algebra on a Hilbert space H. A uniformly closed complex *-algebra in B (H),
generated by A is denoted by C*(A). The algebra C*(A) will be called the
enveloping C*-algebra of A. The weak closure W*(A) of the algebra C*(A) in
B(H) is called the enveloping von Neumann algebra of A.

Definition 10. A Jordan subalgebra A, of an associative algebra A is said to
be reversible if for any finite number of elements a;, a,,..., ax of A, the element
{a1a,...a}=1/2(a;a;...axtakax.1...a1) lies in the algebra A,.

The main result of the first section of the third chapter is the following
theorem.

Theorem 8. Let A be a reversible JC-algebra, W*(A) be the enveloping von
Neumann algebra of A and C*(A) be the enveloping C*-algebra of A. Then JC-
algebra A is a JW-algebra if and only if W*(A)=C*(A).

In the second section of the third chapter we prove auxiliary assertions.

Definition 11. Let E be an associative, or a real or complex *-algebra and S be
a non-empty subset of E. The set R(S)={xecE: (VseS) sx=0} is called the right
annihilator of S in E. The algebra E is called a Baer *-algebra if for every non-
empty subset ScE there is a projection (self-adjoint idempotent) gcE such that
R(S) =gE. A C*-algebra, which is also a Baer *-algebra is called an AW*-algebra.
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Definition 12. Let A be a real Banach *-algebra. A is a real C*-algebra if the
*-algebra A.=A+iA, where A+iA={a+ib: a, be A}, can be normalized so that A, is
a C*-algebra, and its norm coincides with the original norm on A. A real C*-
algebra, which is a Baer *-algebra, is called a real AW*-algebra.

The main result of the third section of the third chapter is the following
theorem.

Theorem 9. Let A be a real AW*-algebra on a complex Hilbert space H.
Suppose that M = A + 1A is an AW*-algebra and AniA = {0}. Let C*(Ay,) be the
enveloping C*-algebra of the AJW-algebra As,. Then C*(Ag,) is an AW*-algebra.
Moreover, if A, has no direct summands of type I;, then M=C*(A,).

Here, the assumption M = A + iA is an (complex) AW*-algebra, is justified
by the fact that in the works of Albeverio Ayupov and Abduvaitov it is studied real
AW*-algebras, and an example is constructed, when the complexification
M=A+iA of a real AW*-algebra A is not an (complex) AW*-algebra.

In the fourth section of the third chapter it is proved that any maximal purely
real von Neumann subalgebra in B(Hc) is represented as B(Hg)®B(H,,), where Hg
and Hy, are Hilbert subspace of the Hilbert spaces Hg and Hy, respectively, such
that He=Hr®Hg", Hy=H@®H,". The units of B(Hg) and B(H,) are mutually
orthogonal and their sum is equal to the unit of B(Hc). Then, using this result an
analogue of Gelfand-Naimark theorem for the enveloping purely real von
Neumann algebra of a reversible JW-algebra is proved.

Now, we describe the content of the forth chapter of the dissertation named
«Jordan Algebras of Abstract Measurable Operators for JB-algebra
berovskogo type» in more detail.

In the first section of the fourth chapter abstract measurable operators
affiliated with an AJW-algebra are constructed and investigated. It is proved that
they form a Jordan algebra.

Previously, we assume the following condition: Let A be an AJW-algebra.
Suppose that in the decomposition A=Ag,@Ac, Ay, is a reversible AJW-algebra,
and the enveloping C*-algebra C*(Ay,) of the subalgebra Ay, is an AW*-algebra.
By theorem 9, the latter condition is a sufficiently common condition.

Definition 13. For a sequence {e,} of elements of P(A) we write e,T, if
en<ens1 for all n; if, moreover, sup e,=e, we write e,Te. The sequence {e,} of
elements of P(A) will be called a strongly dense domain (s.d.d.) if e,T1 and 1—e, is
a modular projection in A for any n.

Essentially measurable operator (e.m.0.) is a sequence of pairs {(X,,en)},
where x,€A for each n and {e,} is s.d.d. such that from m<n it follows that
emXn=€mXm. We introduce an equivalence relation on the set of s.d.d. Two s.d.d.
{(xn,en)} and {(y,,f.)} are equivalent (we write {(X,,en)}={(ynf)}), if there exists
s.d.d. {gn} such that g\x,=gny» for all n. The equivalence class [x,e,] of s.d.d.
{(xn,en)} is called a measurable operator (m.o.), affiliated with A. We denote by
C(A) the set of all m.o. The definitions A[Xnen]=[AXn.enl, [Xn.enl*t[Ynfl=
[XntYnenAfils [Xn.enllYn Tol=[XnYn, On] Of the algebraic operations are correct, where

56



s.d.d. (gn) is calculated using the sets (x,), (en), (yn), (f.). With respect to these
operations C(A) is a Jordan algebra.

If an AJW-algebra A is the self-adjoint part of an AW*-algebra A, the Jordan
algebra of abstract measurable operators affiliated with A, coincides with the self-
adjoint part of the Baer *-algebra of abstract measurable operators affiliated with
A. A Jordan algebra of measurable operators, which is embedded into the *-
algebra of measurable operators affiliated with an AW*-algebra is not always its
self-adjoint part. Therefore, study of the class of Jordan algebras of abstract
measurable operators is important. The first section of the fourth chapter is
dedicated to investigation of algebras in this class. Here we are primarily interested
in the question of whether there is a Jordan algebra of measurable operators,
satisfying at least one of the above conditions (A), (B) and (D), i.e., it is a Jordan
analog of a Baer *-algebra, which contains unbounded elements and is not the self-
adjoint part of a Baer *-algebra. An answer for this question is the following
theorem, which is the main result of the first section of the fourth chapter.

Theorem 10. For every sudset SCC(A). there exists a projection ecA such
that S'=U-(C(A)), i.e., C(A) is a Jordan analog of a Baer *-algebra.

It should be noted that there is a case when A coincides with C(A). This is
confirmed by the following theorem.

Theorem 11. The Jordan algebra C(A) of all abstract measurable operators
affiliated with a AJW-factor of type I, A, where n>3 is a finite or infinite cardinal
number, coincides with A, i.e. C(A)=A.

One of the important results used in the study of Jordan algebras of measurable
operators, argues that the Jordan algebra of all measurable operators affiliated with a
reversible AJW-algebra A, is embedded in the Baer *-algebra of all measurable
operators affiliated with the enveloping AW*-algebra AW*(A) of A.

Just as in the theory of *-algebras of abstract measurable operators for Jordan
algebras of abstract measurable operators the following problem is important: let
A, be an AJW-algebra and {A;} be a family of AJW-algebras. Suppose that A, is
a JB-sum of the algebras A;, and consider the Jordan algebra C(A.,) (respectively,
C(A))) of measurable operators affiliated with A, (respectively, A;). Is it true that
C(A.,) is the direct product JJ;C(A;) of the algebras C(A)), i.e., the algebra of all
families (x;), x;e C(A;), with coordinatewise operations? At the end of the first
paragraph of the fourth chapter it is showen that an answer to this question is
negative, that is, the equality C(A..)=][iC(A;) may be not valid.

In the second paragraph of the fourth chapter we define the notion of abstract
locally measurable operator affiliated with an AJW-algebra A, which is a Jordan
analog of a locally measurable operator affiliated with an AW*-algebra.

Definition 14. An essentially locally measurable operator (s.l.i.0.) affiliated
with A is an indexed family of ordered pairs {X,,e.}, where x,€C(A) and {e,} is
an arbitrary decomposition of the unit of the algebra Z(A).

Two s.li.o. {X,e.} and {y.f.} is said to be equivalent, we write
{Xa.eay={Yufu}, If e.fpXo=e.fpy. for all o and B. Since C(A) is a Jordan algebra,
the introduced relation is really an equivalence relation. The equivalence class
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(Xw,80), corresponding to s.l.i.o. (X.,e.), is called a locally measurable operator
(l.i.o.) affiliated with A. The set of all l.i.o. is denoted by S(A). In S(A) we
introduce the algebraic operations A(Xq,e,)=(AXx€q), (Xou€a)F (Ve fp)=(XatYp.€afp),
(Xaso) (Yp.Fp)=(XoYp.€afp), Where (Xq.8,), (Yp.fp) are Li.o. and LeR. The set S(A) of
locally measurable operators affiliated with A, forms a Jordan algebra. As in the
case of measurable operators S(A) is embedded in the Baer *-algebra of all locally
measurable operators affiliated with the enveloping AW*-algebra AW*(A) of A.
The following theorem is the main result of the second paragraph of the fourth
chapter.

Theorem 12. For any subset ScS(A). there exists a projection e in P(A) such
that S'=U(S(A)), i.e. S(A) is a Jordan analog of a Baer *-algebra.

In the third and fourth sections of the fourth chapter we introduce and study
notions of Z-measurable operators affiliated with a reversible AJW-algebra A with
respect to a faithful normal semifinite Z-valued (number-valued) trace for a
subalgebra Z of a center of A. It was proved that Z-measurable operators with
respect to a faithful normal semifinite center-valued (number-valued) trace form a
Jordan algebra with respect to a naturally introduced scalar multiplication, addition
and Jordan multiplication.
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CONCLUSION

1. Several algebraic conditions of Baer type are found equivalent to the
definition of an AJW-algebra (Baer Jordan Banach algebra) using Jordan
annulators.

2. It is proved that every AJW-algebra is a direct sum of AJW-algebras of
type I, I, 1, where n is a cardinal number, Il 11, and Ill, and each AJW-factor is
one of types I, Iy, I, and IlI.

3. It is proved that every AJW-factor of type | is a JBW-factor of type I. Thus,
the classification problem for AJW-factors of type | is reduced to the classification
problem for JBW-factors of type I.

4. An infinite version of the Peirce decomposition on projections is obtained
in Jordan and involutive algebras allowing to prove structure theorems for JW-
algebras of type I,.

5. It is proved that the enveloping C* -algebra of a reversible JW-algebra is a
von Neumann algebra. This result was proved by a sufficiently simple and direct
way.

6. A description is obtained of all extensions of a measure on projections of a
reversible JW-algebra to a measure on projections of the enveloping von Neumann
algebra of this JW-algebra.

7. It is proved that the enveloping C*-algebra C*(Rs,) of the self-adjoint part
R, of a real AW*-algebra R such that RniR={0} and R+IR is an AW*-algebra, is
an AW*-algebra.

8. It is proved that the Jordan algebras of measurable and locally measurable
operators affiliated with an AJW-algebra satisfy a Jordan analog of the Baer
condition.

9. We prove that the Jordan algebras of measurable and locally measurable
operators affiliated with an AJW-algebra are Jordan algebras, satisfying a Jordan
analog of the Baer condition, and they are different from underlying AJW-
algebras.

The dissertation is theoretical. The results and methods presented in the
dissertation, can be used for study of other classes of Jordan algebras and
superalgebras in study of algebra with various conditions such as the Baer
condition, in the theory of complex functions of several and infinite number of
variables, as well as in the study of various processes in quantum mechanics and
theoretical physics.
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