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KHWPHUII (10KTOPJIMK JHCCEPTANUACH AHHOTALMSCH)

Juccepranuss MaB3yCHHUHI 10J13ap0Juru Ba 3apypustu. byTyH nynéna
MaTeMaTUKaHUHT TypJu coxajapujaa oiub OopuiraH Kymiad WiaMUA Ba aMalui
TAIKUKOTJIap aKCapHiT XoJUlapja KBaHT MEXaHMKACMHUHT 3JIEMEHTap 3appaiap,
UKTUCOAUNA MyamMMoJiap Ba axoid OWOJIOTUACHHU TaxJWil KWIHII —Kabu
Macajanapra KenTupuiagu. AccoluaTuB OyiMaraH aireOpajJapHUHT MYyXUM
Typiaapugan Oupu Jlu anreOpamapu Oymmb, Oywmait anrebpamap XIX acp
oxupnapuaa JIu rpynnanapuHu ypranuin OuiiaH OOFINK HaTHXKalap OpKalu Maiiio
OynraH, XaMmJla HOACCOLMATHB airedpajap Ha3apUiACHUHM YPraHuiijga aloxXuja
axamusitra odra. Illynu Ttabkummam kepakku, gactnad Jlu anreOpanapu
«MHGUHUTE3UMAJl ~Tpymmnagap» aramacu OwiaH  ropuTwinO, X.BeimHunr
WIUTapuJaH KeWmHrrHa OyHmai anreOpanap Jlu anreOpamapu neb® HoOMIaHa
Oomwtaran. Jlu rpynmnanapu Ba JIu anreOpanapu Hazapuscu y3apo udambapuac
OOFIMK OYNTaHJIMIKM Yy4YyH YyJap Y30K BakT J[JaBOMHJA Mapajie] paBHILIA
puBOXJIaHNO KenMoKaa. MacanaH, JIu rpynnacMHUHT COAAINTH, HUIMOTEHTIIUTH
Ba CYUMIIMJIUTH Kabu XycycusTiIap Moc paBuiiia JIu anredpacu ydyH xam yXIari
XyCyCHSITIapHH KenTupu® uukapaau. DPU3MKaHUHT TYpJiad coXalapuja, KBaHT
MEXaHHMKacH/Ja Ba MaTEeMaTHKAaHUHT OOINKa coXalapuiard Kymiad TaaKUKOTIap
Owian OOFMMK MyaMMojapHu xan stuinga Jlu anrebpanapu Jlu rpynnanapuaan
MYCTaKWJ paBUIIa 3aMOHABUN alreOpaHMHI MyXUM HWYHaIMIUIapuaan Oupu
Oynmub KeIMoKaa.

XO03Upru BakTja aireOpavik OOBEKTIApHU TAJAKUK OSTUIIAA OUpop MaijoH
ycThaa OepuiraH MabiIyM yiodamid —anredpajiap KYNXWUIMKIAPUHUA — EKU
A.I'.Kypomr Tepmunu Oyitnua sreMeHTap anreOpanap CMHGUHU aHUKJIAIl MyXAM
axaMuAaT Kacd 3TMOKIa. Anredpank KYIMXWIUTMKIIapTa MHCOJ KUJINO KOMMYTaTHUB
anreGpanap, accoluaTtus anredpanap, JIu anre6panapu, Mopaan anre6panapy Ba
CYHITHM HwiapAa puBoxiIaHaéTran JlelOHuL anreOpaiapu KYNXWUIMKIAPUHU
KENTUPUIITUMHU3 MYMKUH. TabKuIai JT03uMKH, 4ekinn yimuamn Jlu anreGpanapu
Ha3apUACHHUHT KYTJa0 KiIacCuK Harwkanapu JlelOHuil anreOpanapu y4yH Xam
Vpunnu Oynanau. bepuiran anredpanap KYIXWUTMTHHA alreOpauk TacHU(IIaIlIaH
dapkiu Ynapok dyeknau ymuamiu JleOnui anredpaiap KYNXUUTUTUHU T€OMETPUK
TacHU((IIAIITA Ba YJIAPHUHT YU3UKJIA anreOpauk rpyrna TabCupuaa KeITHPUIMAC
KOMITOHEHTAJIApUHU TomMIra kKedatupunaau. by Oopaga: Oupop wmaiinoHna
Oepunrad Xap KaHmai udekyid yiadamuu JleiOuun anreOpacuHu ymuamu anredpa
YIyaMUHUHT KyOura TeHr Oynaran adduH anreOpavk KYNXWUIMTH HYKTacu
cubaruga Kapab, Oepwiaran rpymnma TabCupw — octugaru  JIeHOHUIY
anreOpasiapuHuHT n3oMopd cuHbIapura Moc KemyBYH ymi0y HyKTa OpOWTAaCHHU
Torin Ba Oapua opOuTanapHW TacHU(IAN MaKCaUIM WIMHA TaIKUKOTIApAaH
XUCOoOJIaHaIN.

Mamakatumuzaa GyHaaMeHTan GpaHIapHUHT WIMHN Ba aMaiuii TaTOMKUTa
sra non3ap0 WyHanmuuuiapaad Oupu Oynran yeknu Yymuamiuu Jlu Ba JlehOHuIL
anreOpaTapuHUHT CTPYKTYpaBUI HAa3apHsICHHH TAaJKHK ATHINTAa alOXHIa YBTHOOD
Kydatupunau. Mabnymku, JIu anredpanapuHUHT yuTa acocuil CUHGIapU MaBxKy/1
Oynu0, ynap sSpuM COAJa, €YMMIIA Ba SIPUM COJJa XaM €4uMIId XaMm Oynmaran Jlu
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anrebpanapuanp. Jlesu-ManueB Teopemacura Kypa, y4YuHYM CHUH(ra TETHUIIUIN
anreOpasiap sSipuM COJIJIa Ba €UUMJIIM ajreOpallapHUHT SIPUM TYFpU WUFUHAMCHIAH
ubopat 6ynaau. Apum conna Jlu anredpanapununar tacuudu Kapran Tomonugan
TYNMUK Xald KWiIMHTaH OYiauO, ynap cojja HWicaUIapHUHT TYFPU WHUFUHIIUCHUTA
axpanaau. ynnait kuau6, Jlu anredpanapuHUHT acocwil ydta cuHapaaH
UKKUHYUCH XUCOOJaHTaH e4yuMiIk anreOpanapHud TacHU(am Macajacu yTa
noi3ap0 myammora ainanrad. [.M.My0Oapak3ssHOB TOMOHUIaH TAKJIU( KUIUMHTaH
METOJra Kypa, 4eKiau yiadamiu edyumiu Jlu anreOpanapuHu yIapHUHT MaKCUMa
HUJTNIOTEHT WAcaIapu Ba ymlOy Wea/UTApHUHT Tamkyd auddepeHnamianuiapu
OpKadu XOCWJ KWIMII MYyMKUH. Ymly Metoggan eunmid JlelOHun
anreOpaiapuHu TacHU(IANAA XaM KYJUIalll MyYMKHAHJIUTH HCOOTIaHTraH OYyimo,
OyHIa 2JIEMEHTra YHTAaH KYMaWTHpUIN ornepaTopu eunmin JIeiOHui anredpacu
HUJPAIUKATMHAAT HUJI-3pKIA  gudepeHnuaniamm dSKaHIUTH MYXHM  POJT
yitHaiiau. Oxupru dusutapaa edumin Jleitouuiy anredpanapunu tacHudamra Ba
YIIAPHUHT KUYUK TapTHOJIU KOTOMOJIOTHK TpyIIajJapyuHHU TOMUIITa OUJ] CAIIMOKJIN
HaTWXXaJlapra >pulimiid. «Anredpa, COHIap Ha3apusIcu Ba (DYHKIIMOHAN aHATU3»
baHIapUHUHT YCTUBOp HyHanuIIapu OViimda Xajakapo CTaHIapTiap Jdapaskacujia
WIMHI TaJIKUKOTJIap o0 Oopuin MaremMaruka GaHWHUHT acocuid Basudanapu Ba
daomuaT ifyHanuuUapy >0 Oermnanm’. KapopHHHT MKPOCHHH TabMHHIAIIIA
WIMHI  HaTwKajgapjlaH WiM-QaHHUHT TypJoll coxajapujaa ¢oiiganaHuin
Makcaauaa dekiau  youamuid - JleOHun  anreOpanapuHUHT  CTPYKTypaBUi
Ha3apusICUHM KYypUIIl Ba ajreOpanap KYNXWUIMTHIArd OpOUTalapu OYMK OYiraH
anreOpajlapHu aHUKJIAIl MyXUM axaMHsITIa ora.

V36exncron Pecny6mukacn Ilpesmnentunmar 2017 #un 7 deBpanarn
[1®-4947-con «V30ekucTon Pecny6iIuKacHHU sSHANA PHBOMXIAHTHPHIN Oyiirda
xapakatiap crparerusicu tyrpucuaanru ®@apmonn, 2019 hun 9 umrongarm TIK-
4387-con «MaremaTuka TabIuMU Ba (aHIApPUHU SIHANA PUBOXKIAHTHUPUIITHU
JaBjlaT TOMOHHUAAH KYyJU1a0-KyBBaTiall, IIYHUHTJEK, V36ekucron PecniyOnukacu
®annap AxkaaemusicuHuHr B.M.PoMaHOBCKHiT HOMUJIaru MaTemMaTuKa UHCTUTYTH
daonmusaTUHE TYOJaH TaKOMIIIAIITUPUII YOpa-TaaAOUpiIapu TYFPUCHAANTH Ba
2020 i 7 matinaru T1K-4708-con «MaTeMaTnka coxacuiard TabJiuM cudaTuHu
OIUPUII Ba  WIMHH-TAJAKUKOTIAPHU  PUBOXKIAHTHPUII  HOpa-TaaOupiapu
TYFPUCHIANTH  KapopJiapu Xamja Ma3Kyp (GaosusaTra Teruiuii 0OoIKa HOpMaTHB-
XYKYKHM Xy}XoKatiapia Oedrwianran BasudalapHd amaira OIIUpHUIIa Yoy
JaUccepTanus TAAKUKOTH MyailsiH Japakaga Xu3Mat Kujiaau.

TagkKuKoTHUHT pecny0/uKa (paH Ba TEXHOJIOTHSJIAPU PUBOKJIAHUIIM-
HMHI YCTYBOP HyHaJUILIapura OOFJIMKJIUIU. Maskyp TagKUKOT pecryOnuka
dan Ba TexHojorussiap puBoXJIaHUMMHUHT |V. «MaTemaTtuka, MEXaHHKa Ba
uH(pOpMaTHKa» YCTYBOP UYHAIUIIM JoMpacKia Oaxapuiras.

13 . 5 o

V36ekucron PecnyOnukacu Basupnap Maxkamacuauar 2017 #wmn 18 maiimarm «Y36ekucton PecmyOmukacu
(I)al-map AKAACMUSCUHUHI SHIMAaH TAallKWJI 3TUJIIaH HHMHﬁ-TaHKHKOT Myaccacajiapu q)aOJ'lI/IHTI/IHI/I TAallKWJI 3TUIIT
qopa-Tai0upiapu TYFpucuua»Tu 292-coH Kapopu
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Juccepranus MaB3ycH Oyiin4a XOpUKMI HIMHH TAAKHKOTJIAP IIAPXH.

AcconmatuB Oynamaran aireOpaJlapHUHT CTPYKTYpaBHM Hazapuscu Ba
yJIAPHUHT KOTOMOJIOTHK XYCYCHUSATIIAPUHU YpraHuil OVinda TaaKUKOTIap KY1uiao
WMWK MapKasjiap Ba XOPWKUK MaMJIaKATIAPHUHT YHUBEPCUTETIAPH, KyMJIJaH,
CeBunss ynuBepcuretd, Kaauc yHuBepcutetn, Cantsaro pae Kommocrena
yHuBepcuteTd, Mazapun — KoMmiuyTteHce ~ yHUBEPCHUTETH,  OJKCTpeMaaypa
yauBepcutet (Mcmanus), Bena ynuBepcureru (ABctpus), Jlopann Otsemn
yHuBepcutetd (Benrpus); Can-/luero ynuBepcutetH, Tojeqo yHHBEPCHUTETH,
Mumonuit  Kaponuna ynuepcutetn (AKIL); I[Hapkuit XuToil neaarorvka
yauBepcutetn (Xwuroit); HoBocubOupck naBnat yHuBepcutetd, Cubup denmepan
yuuBepcutetu (Poccus); Manaitzussaunr Ilytpa yHuBepcutetu (Manaiizus);
MareMaTrka Ba MaTeMaTHK MOJAEIIIAIITHPUII UHCTUTYTH, Ko3orucToH-bpuranus
texauka yauepcutetu (Kozorucron); Canra-Katapuna denepan yHuBepcuteTH,
Can-ITayny ynuBepcutetu (bpaswnus), [lopty ynuBepcureru (Ilopryramusi) Ba
OolKanap TOMOHUAAH OO OOPHUIMOK/IA.

Oxwupru wuapaa JleiOHuIy anredpasapuHUHT MapKa3uil KEHraTManapu Ba
opOuTaNapvHU TOMMINTra, XamjJa HWIpaAuKaau Oepwiran edumin JlenOHuIy
anreOpalapyHUHT TacHUGIapura Oouja Karop aoi3apd Macaiajnap eduiiraH Ba
MyXUM HaTwWxajnapra spummwirad. Kymianan: yd Ba TyprT ymuamum Jlu Ba
Jleitouuiy anrebpanapuHuHr reoMeTpuk TacHudimapu onunran (['eitnpux [eiine
Homuaaru [roccennopd yHuBepcutetd Ba boHH yHuBepcuteTH, I'epmanus);
HUJpaauKaid HoJ-¢puaudopM Ba TaOMMl ycynga rpaayupliaHrad Quindopm
anreOpacuman ubopar OynraH eunmin JlelOHMI anreOpanapUHUHT TacHUDU
OJIMHTaH Ba KOTOMOJIOTWK Tpymnmnanapu xucoOnanran (Cantsaro me Kommocrena
yHuBepcutetd Ba Manpun KommuyteHnce yHuBepcutetu, Mcnanus); JleiOnun
anreOpaJlapyHUHT UKKUHYM TapTHOJIM KOTOMOJIOTHMK Tpynnaiapy TPUBUAJUIUTUIAH
OyHnai anreOpallapHUHT KaTTUK OYnIuInM kenud yukuinyd ucOotnanrad (MKaccu-
[Tapuwx Pus I'om nHommmaru MaremaTtuka UHCTUTYTH, DpaHIus); HUIPAIAKAINA
[eitzenbepr anreOpacu Ba WKKUHYMA THUMAArd KkBasu-¢uaudopm JleiOuu
anreOpacuman ubopar Oynran eunmiu JlewOHuil anreOpamapuHUHT TacHUDU
onmuuran (bexnu naBnatr yHuBepcutetu, FapOuit Bupkunus yHUBEpPCUTETH,
Toneno ynusepcuretu, AKII); Conna Ba sspumcogna Jleioauil anredpaiapuHUHT
KOTOMOJIOTUK TpyNrajliapd HOJra TEHr OJKaHauru wucdornanran (OKanyOuit
Anabama ynuBepcutetn, AKII Ba Hant yHuBepcutern, ®paHuus), KOMILUIEKC
COHJIap MaMJOHM yCcTUJa OepuiiraH 4ekiau ymdamiu JleiOnun anreOpanapu sipum
conna JIu anredbpacu Ba YHUHT €YMMIIM PAAUKAIUHUHT SIPUM TYFPU WMFUHIUCU
KypuHUIIKAa ERum  MyMKUHIWTH — ucOoTinanran (CugHed  YHHUBEpPCUTETH,
ABcTpanus).

HNynéna cynrm  Wwwuiapga  4yekiad — yodamid  edumiin JIenOHuI
anre0palapuHUHT CTPYKTYpaBUW Ha3apHUSCUHU KypHUIIl Ba yJapHU TATOWK JTHII
Oyiinua KaTop WIMHN W3JIaHUIIUIAP, XyCycaH HWIpaauKaiapu OepuiraH eunMITi
Jleitbaun  anreOpanmapuau  TacHWbiam,  KUYUK — ymuamaarun  JleiOHuIg
anreOpaJlapyHUHT  OpOWTaNapuHu  EMWIMACMHU  TOMHUIN Ba  KEITHPUIIMAC
KOMITOHEHTAJapHA aHUWKJIANI, UXTHEpUN dekiu ymyamun JlelOuun anreOpanapu
KYIXWUIMTHAQ KaTTUK anreOpanapuu Tommmr;, JleiOaun anrebpaiapuHUHT
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auddepeHnnamuianuiapy Ba UHGUHUTE3UMaN JaedopMalnusIapuHd TacHUGIA;
eunmun JlelOHu anreOpatapuHUHT KOTOMOJIOTUK TpyNHalapuHy XyUcoouiain kadu
yCTYBOp HyHanuuuiapja WIMHA-TaJKUKOT UIILIapU 010 OOpUIMOKIA.

MyaMMOHMHI YPraHWIraHJaMK Aapaxacu. JleiiOnui anredpanapu gactiad
A.M.bnox TomoHmman D-anreOpamap HOMH OCTHAQa KUPUTWITaH OViuo,
kevimnyanuk, JK.JLJloge Jlu anreOpasapyHUHT aHTUKOMMYTATHB OyiaMaraH
aHajoru cudaruaa XyJau MIyHAal alHUSATHU KaHOATJIAHTUPYBUM ajreOpanapHu
anukiaran Ba [ordppua Bunrenm JleiOuun mapadura ynapuau JleitOnun
anrebpanapu 1e6 HOMiaraH. Xo3upru mnaitaa Jleibnun anreOpanapu yuyH Jlu
anrebpanapu HazapusCHIard Kymiaad KJIacCHK TeOopeMaJapHUHT aHaJorJIapH
ucbotrnanrad. Xycycas, J.bapacaunr nmmna Jleiouun anreOpanapu yuyH JleBu
TEOPEMACHUHUHT aHAJIOTU OVJIraH xap KaHjal 4ekiu yadamiau komiuiekc JlelOnun
anreOpacuHu €YMMIIM pafuKail Ba sipuM coida JIu KucM anreOpacHHHUHT SIpUM
TYFpu HuruHAucUra EWum MyMKuHIUTH ucOoTnanrad. Iy caGabnu, uekiu
ymuamnau komruieke JleHOHuI anreOpajapUHUHT TY3WIMIIWHUA TaJKUK JTHIIIA
acocuii MyamMmo Oy — €uMMJIM KUCMHHUHI TacHu(u xucoOmanaau. 11I.A.Aromnos,
X.M.Aukoue-bepmynec, M.Jlagpa, K.M.Kacac, JL.M.Kamawo, K.Mucpa,
b.A.Omupo, U.C.PaxumoB, A.X.Xygnoitbepaues, A.lllabaHcKasiapHUHT
uniapuaa  Huiapaaukanu Aoen anreOpacu, ['eiizenbepr anrebpacu, HOJI-
dumudpopm, umudopmMm, kBazu-punudopm Jleitduul anredpacu OYiraH edyuMiu
JleitOuu1 anredpasapuHUHT TaCHU(]IIAPU OJUHTaH.

Eunmmu  JleiiOuun anreOpamapyHUHT TY3WIMII Ha3apusICHAAH YJIapHUHT
KOTOMOJIOTUK XOCCAJIAPUHM TAJKUK KWIHIIJA MyXHUM pOJd YHHOBYM KATTHUK
anreOpasiapau  tonumga (Qorpananwiagu. Jlu  Ba JlelOHuiy anreGpanapu
KYIXWUIMTH, YJIAPHUHT JaeopManusiapy, XamJa KOTOMOJIOTHMK Tpymnmnaiapu
J.banaByan, A.Mannan, A.Heitenxeiic, P.Puuapacon, /[.B.MuinvoHImuKoB Ba
A.OuanoBCKUJIApHUHT HILIapuaa ypraHwiran O0ynu6, JleiOuui anreOpacMHUHT
UKKUHYM TapTUOJIM KOTOMOJIOTHMK TPYIIACH HOJTa TEHT DJKAHJIWTUJIAH YHUHT
KaTTUK aJIreOpaJiurd Keaud YMKUIIKM UCOOTJIAHTaH Ba 4dekiau ymuamiu JlenOHu
anreOpajiapy  KYNXWUIMTHAArd Oup KaHya KEJITUPWIMAC KOMIIOHEHTAJIap
TOTHJITaH.

Iynunraex, ymOy auccepranusga B.I'mu3Oypr, M.KanpanoB Ba
K.JL.Jlogenapuunr unuiapuaa kentupwirad Jleionun anredpanapu yuyn Komryn
MabHOCHAA KyIIMa OynraH anreOpajapHUHI OepuiiraH XapakTEPUCTHK KeTMa-
KETIUKKa 3ra cuH(napunu TacHudamra oua Macanaiap euwirad. JK.JI.Jlogenunr
unutapuaa Jleitounn anredpanapuauar Konryn MmabHOCHIAaru Kymma anredpainapu
y4yH aWHUAT TONWIMO, KeHuHYanuKk Oy alHHUATHH KaHOATIAHTHPYBUU
anreopanapuu «Leibnizy cy3unuHr XapduapuHu Teckapu TapTHOIA E3MII OPKAIH
«Zinbiely anreopacu ne6 Homuanrad. A.C.JxkymamwibaaeB, B.['mH30ypr,
M.Kanpanos, XK.JILJlome Ba K.M. TynenOaeBnapHUHT wuIUIapuaa 3UHOHEN
anredpalapuHUHT MYXUM Xoccajapu oiuHrad. Xycyca, A.C./xymaanibaaes Ba
K.M.Tynen0OaeBiapHuHT UIIUAA UXTUEPUM YEKIM YI4amiid KOMILUIEKC 3UHOMEN
anreOpacUHUHT HWIMOTEHT Oynuiiyd ucOOoTIaHraH. byHnaH Tamikapu, UXTUEPUI
MaiioH1a Oepuiirad YeKsd ymyamian 3uHOuen anreOpanapy y4yH HUIIOTEHTIIUK,
HUWJUTMK Ba €YUMJIIMJIMK WHJEKCIapu y4yH Oaxosiap kypcatuirad. JI.M.Kamauo,
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O.M.Kanere, C.I'omec-Bunman, N.A.KapumxanoB, H.Mcmaunos, b.A.Omupos,
A X XynoiOepAUeBIapHUHT  HWOUIApUJA  HWINOTEHTIMK  WHJEKCH Ba
XapaKTEPUCTUK KEeTMa-KeTJIMKIapura MabiyM Mapmiap Oepwiran 3uHOHEN
anreOpalapuHUHT CTPYKTYPAaBUH TY3WIMIILIIAPU aHUKJIaHTaH.

Juccepranms TAAKUKOTHHUHT JUCCEPTANMS OaKapWIraH 0JIMil TabJIUM
MYacCaCACMHMHI WJIMHI-TAAKMKOT HILIAPH peskajapu OWJIaH OOFJIMKJIUIH.
Huccepranus tankukotu B.M.PomanoBckuit HOMIM MaremaTtMka HWHCTUTYTH
WIMUANU-TAIKUKOT unapu pexacugaru @4-OA-D013 pakamun «OnepaTopiiap Ba
HOAcCOIMAaTHB ajiredpanap, IWHAMUK CHCTEMajap Ba YJIAPHUHT CTAaTUCTHK
MEXaHHMKa Ba TOMYJISIHMOH Ouojiorusra tamoukiaapm» (2012-2016 wiwmnap), OT-
D4-82+0T-D4-87 pakamun «OrepaTopiiap Ba HOACCOIMATHR aJiredpanapaa JIoKaj
auddepeHnramuian Ba aBTOMOPQU3MIIAP, HOYM3HMKIM TUHAMHUK CHUCTeMasapiaa
¢daza anmammnuiap Ba xaoctEBkima Ba mnceBmo-EBkimupa dazomapumaru srpu
YM3UKJIAp Ba CHPTJIAPHUHT T[JI00A]l WHBApHAHTIAPU HA3apUsACH Ba YHHUHT
MexaHukara tatouknapu» (2017-2019 iiunnap) Ba EOA-Drex-2018-77 pakammu
«SlpuM coaia Ba HWIMIOTEHT aireOpalapuHUHT KOTOMOJIOTHK rpymnmnanapu» (2018-
2019 innnap) maB3ycuaary GyHIaMeHTaN JoMUXalapu Toupacujia Oaxkapuira.

TagKMKOTHUHT MaKCcaAu HWINOTEHT JIeHOHuI anreOpaiapUuHUHT €UUMITU
Ba MapKas3uil KeHraiTMmanapuHu Ba JlenOuu anreOpanapura Komryn mabHOCHIA
KyIIMa ajnredpajapHUHT OepuiiraH XapaKTepUCTUK KeTMa-KeTIMKKa 3ra Oyirax
cuH(paapyuHu TacHU(IamgaH Hoopar.

TagkukoTHUHT Ba3zudanaapm KyluaaruiapaaH noopar:

I-rpagyuposkamu ¢punmudopm Jlelioaun anredpanapuHu TaCHU(IIAIL,

HUJIpagukaiu AOen anreOpacu Oynaran wmakcuman euumid JIenOHUIL
anreOpanapuHu TacHU (AT,

HWIpaAWKamu N-yadamiau  Oynran  (2n—1)-ymuammm  eunmin  JIeHOHUMIY
anreOpaiapuHu TacHUGJIAI;

HWIpaguKaiu TaOuui ycynaa rpaayupianran pP-pumudopm anrebpacu
oynran eunmiu JleitOHuL anreOpanapunu TacHu A,

Bupacopo anre6pacunuHr JleiiOHMI] Mapka3uii KEHraiTMalapuHU TPUBHUAI
OynuiHu UcOOTIaIT,

Hou-punndopm Ba Tabumid ycynaa rpaayupianrad Jlu 6ynmaran ¢pumudopm
Jleitouu1 anredpamapuHUHT MapKa3ui KeHraiTMaJapuHHU TOMULI,

EBknug Jlu anrebpacu Ownan Oornuk Oynran JleiOuuil anreOpanapuHu
TacHH A1,

conma JleiOHuIy anreOpaJlapuHUHT KOTOMOJIOTMK TpyNHaJapuHU TaJKUK
STUIII,

HWINHACKCH N—2 Ba XapaKTePUCTUK KeTMa-keTauru (N—3,2,1) ra TeHr Oyaraxn
Tabumii ycyJiaa TpaayupiiaHraH dYeKIu Yymdamun 3uHOWEn anreOpaiapuHu
TacHuam,

XapaKTEPUCTHK KeTMa-ketiauru (N—p,p) ra TeHr OyiraH TaOuuii ycymjaa
rpagyupiiaHTaH YeKJIn Yrdamin 3uHOuen anreOpaiapuHu TacHUGIIAII.

TagKUKOTHUHI O00beKTH HWINOTCHT, CYUMIH, SpuM coxda JIeHOHuI
anre0Opayiapu, MapKa3uii KeHraT™Maap Ba 3uHOuen anredpaiapuaad noopar.



TaagkukoTHUHT npeametru. Hunmortent, ednmim Ba sipuM conna JlelOHuI
anreOpaniap Hazapusicu, JleiOHuIl anreOpaJapuHUHT CTPYKTypaBUN Ha3apusCH,
sapuM cojia Jleitouuil anredpasapuHUHT KOTOMOJIOTHK TpyIaliapu.

TagkukoTHUHT ycyJuiapu. [uccepranusga 4YM3UKIM airedpa ycyJuiapu,
WHBapUAHTIAp Hazapusicu ycysuiapu, JleiiOHul anredpanapuHUHT CTPYKTypaBui
Ha3apusACH YCyJUJlapu, UIYHUHTAEK, KOTOMOJIOTHMK —anredpanap ycyiuiapu
KYJUIQHWJITaH.

TagKUKOTHUHT MJIMHUI SHTUJIMIH Kyiugaruiapaad noopar:

Hunpanukamm AGen anreOpacu OYynran eunmmumm JleiOnwi anreOpanapu Ba
HUWIpaAWKaM  n-yodamum — Oymrad  (2n—1)-Ymuamm  eunmin JIeHOHwMID
anreOpanapuHu TacHU(IIaHTaH,

HoJI-punudopm Ba Tabuuil ycynaa rpaayupiadrad Jlu 6ynmaran ¢unudopm
JleitOHuI anreOpaJlapyHUHT MapKa3uil KeHraiTMajgapu TacHH(IIAHTaH Xamja
Bupacopo anrebpacununr JleiiOHMII Mapka3uii KEHraTMalapuHU TPUBHAI
Oynuiy ucOOTIaHTaH;

EBkmun JIu anreOpacu Ounan Oornuk Oynran JleitOHun anreOpanapu
Kypwirad Ba y4 ymuamiu coxana Jlu anredpacu Owinan Oofnuk cogna JleiOHui
anreOpacUHUHT WKKUHYMA TapTUOIM KOTOMOJIOTHMK TPYNHACHHUHT TPUBUAJIIUTH
HCOOTIaHTaH;

OepuiiraH  XapakTepUCTUK  KETMa-KeTJIIMKKa 3ra  Tabumii  ycynna
rpagyupJaHrad YeKIn yiadyamian 3uHOuen anredpaiapu TacHU(IaHTaH.

TagKMKOTHUHT aMaJuid HATHKACH HWIPAJAUKAIN O€puiraH e4uMIId
Jleitbuui anreOpayiapHu ypraHuiiga 3apyp OYiaraH HWINOTEHT aireOpaiapHUHT
Tamku quddepennmaianuiap Epaamuaa eaumiu Jlu Ba Jleioaun anredpanapunau
TacHUDIIAI yCcyIlapuHu 0a€H KWIMHTaHIUTHIaH H0opar.

Huccepranmst wumugarn coana JleitOuui anreOpajlapuHUHT  HKKHHYA
KOTOMOJIOTHK Tpylnmnajapura Ouji HaTwKaidapu yd yadamin conna Jlu anredbpacu
épramuaa Xocu1 KWJIMHraH cojja JlelOnui anredpacu OunaH 00K OViauo, Oy
apuM cojgaa JleiOHul anreOpanapuHUHT HMKKWUHYMA TapTUONIM KOTOMOJIOTHK
TPYNIACUHUHT TPUBUAJUTUTH TYFPUCHJIA TUTIOTE3aHU YPHATHUIITa UMKOH OEp/In.

TagKuKOT HATHKAJTAPUHUHT HIHOHWIWINTH MAaTEMATUK MYJIOXa3aJlapHUHT
KaThbUWINTH, alreOpalapHUHT OoIIKa CcUH(Iapuaard MabJiyM YCyJUIapuJiaH,
TacBUpJap Hazapuscu Ba JIu anreOpaJlapuHUHT CTPYKTYpaBHil Ha3apusICHIArU
dyHmamMeHTan — HaTwkaiapjaaH  (QoWjganaHwiraniaurd  OwiaH — acocjiaHau.
Mathematica 12 maremaTuk macTypjall THIWAA sSpaTUIraH Maxcyc IacTypJap
€plamMmia KMUMK Yadamiiapaard TacHudIan HaTKaaapy TeKITHPHIIIH.

TaagKUKOT HATHKAJAPUHMHI WIMHMH Ba aMaJimil axamMHMsITH. TaJIKAKOT
HATWKAJTAPUHUHT WMWK axXaMUSTH WINa OJWHTaH WIMHN HaTWxkamap OOIIKa
anreOpaniap KYNXWUIMTHHUHT KEWWHTH TAAKUKOTIAp YYyH UIUIATHAJIAIIH
MYMKHWHIITH, IIyHUHTIEK WIUIa0 YUKWITaH ycyjuiap spuM comana JlenOHuiy
anreOpaniapu yuyyH YaWTXEIHWHI MKKUHYM JIEeMMa MYaMMOCWHU XaJl KWJIHIIIA
ol nanaHuITaHIUIU OWJIaH W30XJIaHA U,

TagkUKOT HaTHWXKAJTAPUHUHT aMaluil axaMmMusTH OepuiraH HUWIpaguKaJlIn
euumiun JleiOHui anreOpanapuHu TacHu@Iam OYiiMdya OJIMHTaH HaTWXanap,
Oolka HWwiIpagukaIm euumian JlelOHul anreOpanapyu Xakuaa TUIOTE3aiap
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ApaTHIra WUMKOH Oepuiim OuiaH u3oxjaHaau. XycycaH, yiaapHu CHOOJHUHT
KOMIUIEKC MaioHga Oepunran HwinoteHT Jlu anrebpanapu Makcumal
KEHraiTMaJlapyuHH SITOHAJIMTYU XaKUJIarkd TUIIOTE3aCUHU MUCOOTIaITra TaTOUK ITHIILI
Owian Oenruia”Hagu.

TagKUKOT HATHKAJAPUHUHI KOpuid KujaumHumu. Hwunnmorent JlenOHuMIL
anreOpaJlapyHUHT  €4YMMJIM  Ba MapKasWil KeHraTmaiapu Ba Oepuira
XapaKTEpPUCTUK KeTMa-KeTiauKka sra Komryn MabHOCHAa KyliMa anreOpaiapuHUHT
tacHU(Iapu OYHKYa OJIMHTaH HaTHXKaJlap aCOCU/IA:

Hunpangukamm AbGen anreOpacu Oynran eummim JlelOnuiy anrebpanapu
tacHupugan  NeMTM2016-79661-P pakamnun «['pynma Ba HOAcCOIMATHUB
anreOpajapHUHT TOMOJIOTHUSIAPH, TOMOTOMUK Ba KaTErOPUK WHBApUAHTIAPU»
MaB3yCHJIAard XOPWXKMA TpaHT JOMMXacuaa HWIpAJAUKaIM TaOuui ycynjaa
rpagyupianrad p-puindopm Ba Koyimuamu Oupra TeHr Oynran edumin JlerOHuUIT
anreOpanapunu  tacHuduamga Qorgananwiran (Canrsaro ne  Kommocrena
yHuBepcuTeTHHUHT 2021 i 20 utongaru MabiyMoTHomacH, Mcnanus). Mnvuit
HATWOKAQHUHT KYJUTAHWIUINN HUJIpAJAUKaIM TaOUUM yCylja TpaaydupiiaHral p-
bumudopm Ba KoymyamMu Makcuman OynraH eunmuiid JleiOHuIl anrebpanapuHu
TacHU(DJIAITHU Ba OJIMHTaH ajreOpaJlapHUHT TYJIAJIUTMHU Ba KATTUKJIUTUHU
ucOOTIaIl UMKOHUHU Oepras;

EBxmun Jlu anrebpacu Ownan Oornuk Oynran JleiOnury anreOpacu
tacauduaan Ne EDA-Dr1ex-2018-79 paxammu «Jleitonun anrebpanapuHUHT
TacBUpW» MaB3ycujaru GpyHaameHTan joitnxacuaa Butt anredpacu Ounan OOFINK
6ynran Jleiibuun anreGpanapunn TacHuduampa doinananmiran (Y36ekucToH
Pecnyommkacu ®annap Axanemusicuauar 2021 vinn 24 cenrsopaaru 2/1255-2620-
COHJIM MabJIyMOTHOMAcH). MnMmuil HaTwkaHUHT KyJulaHwidind Butt anredpacu
OwiaH OOFIMK OYyiraH yekcu3 yiadamiu JledOHun anreOpanapvHu TacHUDIAITHU
Ba Burr anrebpacu Ounan Oornuk Oynran JleiOHuil anreOpamapuHUHT KUYHK
TapTUOIM KOTOMOJIOTHMK Tpynnajgapyd TPUBHALTUTHHU HMCOOTIANl WMKOHUHU
Oepran;

HoJI-bunudopm Ba Tabuuil ycynaa rpaayupianrad Jlu 6ynmaran punmudopm
Jleitbuuiy anreOpallapyHUHT MapKaswil KeHrauTMaiaapu TacHU(PHUIAH XOPHUKUN
WIMHUI KypHaiutapaaru makoiamnapaa (Communications in Algebra, 2019, 47(1),
173-181; Algebras and Representation Theory, 2021, 24(1), 135-148;
Communications in Algebra, 2020, 48(8), 3608-3623) HUIMOTEHT aCCOCHMMETPHK
Ba aHTUKOMMYTATHB aJIreOpaTapHUHT MapKa3uil KeHralTMalapuHu TaBcuiamniia
doitnananunran. WnMuli  HaTWKAHUHT  KYJUIAHWIMIIM —~ KAYUK ~ YJI4aMJard
aCCOCHMMETPHK Ba AaHTUKOMMYTAaTHB anreOpaiapHud TacHU(pIAIl WMKOHWHU
Oepras;

Oepwiran  XapakTEepUCTUK  KETMa-KeTJIMKKa dra  Tabumii  ycysjaa
rpagydpiiaHTaH 4Yekiu yiadamin 3uHOuen anreOpanapu TacHU(UIAH XOPUKHUI
WIMUN KypHaUiapjaaru Makonanapaa (ovimananwiran (Linear and Multilinear
Algebra, 2018, 66(4), 704-716; Communications in Algebra, 2020, 48(1), 204-209;
Journal of Siberian Federal University. Mathematics & Physics, 2019, 12(2), 173-
184). VnMuii HATW)KaHUHT KYJUTAHWIWITN KOMILIEKC MaijoHja Oepuiran Oern
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ymuamnu HWINOTeHT TopTkapa anredpalapuHUHT anreOpauk Ba TE€OMETPHUK
TacHHU (Al UIMKOHUHH OepraH.

TagkukoT  HATHKAJTAPDUHHUHT  anpolaummsicd. Mas3Kkyp  TagKUKOT
HaTwXkanapu 4 Ta xajikapo Ba 21 ta pecnyOiuka WIMHA-aMalui aHKyMaHIapuaa
MyXOKaMaJiaH YTKa3WIraH.

TagkMKOT HATHKAJTAPUHUHT JIbJOH KWIMHraHJuru. Jluccepranus
MaB3ycH Oyiinda sxamu 41 Ta MIMHIl MII YOI STWIraH, LIyIapAaH, Y36eKHCTOH
PecriyOnukacu Onwmii atTecTarysi KOMUCCHSICHHUHT JOKTOPJIUK TUCCEpTalUsIapu
acocui WIMHIA HaTH KaJTApUHU YOTI STHII TaBCUS ATHITaH UIMHI Hampiaapaa 16 ta
WIMUH Makoia, >KymyagaH, 8 Tacum Xopwxkud Ba 8 Tacum pecmyOimka
KypHaJIJIapya HAIIP STUJITaH.

JluccepTanMsiHUHT TY3WIHIIHA Ba XakMu. Jluccepranus KAPUIT KHCMH,
TyprTa 000, Xynmoca Ba QoiiganaHuiran agabuérimap pyhxatunad uobopar.
JlucceprauustHUHT XakMu 194 GeTHU TalIKWII 3TraH.

JACCEPTAIUSIHUHI ACOCUM MASMYHHA

Kupum kucmuga auccepraiids MaB3yCHHUHT J0JI3apOJIMTHA Ba 3apypUATH
acoCJIaHTaH, TAJKUKOTHHHT peciyOiivka (haH Ba TEXHOJOTHUSIIAPU PUBOKIIAHUIIIH -
HUHT YCTYBOp WYHAJIMILIApUTra MOCIUTH KypcaTWiraH, MaB3y OViWYa XOPHKUIMA
WIMHUK-TaJKUKOTIAp MIapXU Ba MYaMMOHUHI YPraHWITAHJIUK Japa)kacu KeJTH-
puiraH, TaAKUKOT Makcaau, Bazudanapu, oObeKTH Ba MPEIMETH TaBCHU(IaHTaH,
TaJKUKOTHUHT WJIMUM SHIUJIUTH Ba aMajiuil HaTWXkanapy 0a€H KWJIMHTaH, OJIMHTaH
HaTWKAJapHUHT Ha3apuid Ba aMajauil axaMmHusITH O4yuO OepwiraH, TaJAKUKOT
HATWKAJIAPUHUHT KOPUM KWIMHUILK, HAIIP 3TUITaH UILJIAP Ba AUCCEPTALUSIHUHT
TY3WJUIIY Oyiinya MabIyMoTiap OepuiraH.

O®panny3 marematuru JK.JI.Jlome Ba yHMHI IIOTMPJIAPUHUHT HILUIApUIA
KylHJ1arnya KaTeropusijiap AuarpaMMacy KeJITepUJIraH:

Dend / \ Dias
Zinb / \ As / \ Leib
om\ / Lie

oy epma Zinb, Dend, x, Com, As, Dias, Vect, Lie, Leib Genrunammap moc
paBumiga  3uHOuen,  naeHapudopm,  y-airedp,  accolUaTUB-KOMMYTATHB,
acconuaruB, amacconuaTuB, AOen Jlu anreOpa (AbHHM, XaMMa KymaWTMalapu
Hoyra TeHr Oynran amrebpa), Jlu Ba JleiiOnuil anreOpanap KaTerOpHsUIApUHU
udonanaviqu. bepunran guarpammana A—B Oenrm A kareropusiHu B
Kateropusira KucMm skaniauruau, A—B Oenrm sca A kareropusimaru UXTHEPUN
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anrebpafa SIHTM KynmailTMa aHMKJIacak, y Xojjga Xocwn Oynran anreOpa B
KaTeropusra TeruilIi 3KaHJIUTUHA Ouiaupaau. XycycaH,
acconatuB anreopanapu JIu anredpanapura Kyiuaaru koujaa oyiinda yraau:
(As, - ) — (Lie, [-,-]): [X, Y] =Xy —yX;
3unOuen anredpanapu accoUaTHB-KOMMYTATHB aireOpaiapura KyWuaard
Kouza Oyiinua yTaau:
(Zinb, o) — (Com, ¢ ): Xey = Xoy + yoX;
neaapudopMm anredpamapu accoruaTuB anreOpamapura KyHUJarn KOWIa
Oyiinya yranu:
(Dend, <, >) — (Ass, - ): Xy=X<Yy+Yy>X;
auacconmatuB  anreOpamapu JleiiOHua anreOpamapura Kyduaardn Kowaa
oyitnya yranu:
(Dias,, }) - (Leib, [--]):  [x,yl=xdy-y}x;
KOMMyTaTuB anredpanapu Aden Jlu anrebpanapura Kyituaaru Kouja Oyitnda
yTaau:
(Com, + ) — (Vect, [-,-]): [X, y]=x°y — y*x;
y-ajareOpanapu JuaccolyaTuB airedpaigapura Kyhdujgaru koujaa Oyiinya
yTanu:

X Fy:=X"Yy+XNY.

Tabkupnam Kou3KkH, IOKOPUJATH JMarpaMmaja KeJITUPWITaH ajiredpanap
KaTeropusylapyu accollMaTUB ajreOpaiap KaTEeropusch OpKalu YTYyBUM BepTHKAJ
KoWnamran — TYFpu — uM3uWKKka HucOatan  Komryn  MabHOcHIa — KymiMa
KaTteropusiapiaan uoopart Oynamu, OyHmai anreOpanapHu Oepuiran anredpara
Kymma anreopa nevinnanau. bynna y-anrebpanap Ba Vect — A6en Jlu anredpanap
Komyn masHOCHAA ¥3-Y3ura KyimMa anredpanap O0yiau.

UYexnu Ymuamu JleitOHu anredpaiapy TaaKuK dTUIAA HUINOTEHT JIeHOHuI
anreOpaapuHUHT €YMMIIM Ba MapKasWid KEHTaTManmapu TacHH(IIapH KyJaa
MYXUMJIUP, YyHKU Oy TacHuuap yeknu ymgamin Jleionur anredpanapununr Jiu
anredpacumard YpuHJIM Xoccajapyd Ba OOINKA SHTH XOCCAJIAPUHU  YPTaHMIII
)Kapa€Hura xu3mar KAJIaau.

JlucceprauustHuHT «I'paayupianran JleiiOHuMIL Ba 3unOuen
ajJredpajapuHuHr tacHuduapum» 1e0 HOMJIaHTaH OupuHUM O0OMIa 3apypuit
Tabpu( Ba TylryH4agap KentupwinO, |-rpagyupnanran ¢uimpopm JlelOHwMIT
anrebpatapuHUHT TaCHU(IAPU KEITHUPUIITaH.

bupunun 600HUMHT OMpuHYM naparpadu €paamMuu xapakrtepra sra 0ynuo, Oy
epana Jlu Ba JlelOuun anreOpanapu Hazapusuilapura OWJ  MabIyMOTJIap
KeITUPHUJIITaH.

1-tabpud. F maiinon ycruna anukinanradn G anreOpaHUHT UXTUEPHUH X, Y, Z
AIIEMEHTIIapW YUyH KyHuaaru aitHusTIap 0axapusica,

[X, X] = 0 — aHTHKOMMYTaTHBIINK AHHUSITH,

[[X, v, z] + Iy, z], X] + [[z, X], Y] = 0 — SIlko0Ou aiiHusTH,
y xonma G anreOpa Jlu anreOpacu nerimnamu, Oy epaa [-,-] — G anreOpana
AQHMKJIAHTaH KYITaUTUPUILL aMaJIy.

(¢, 7N) — (Dias, 4, F): X‘Ly =XNY+XCY,
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2-tappud. F maiinon yctuaa anuknanrad L anreOpaHuHr UXTUEPHH X, Y, Z

aJIEMEHTIIapH yuyH Kyhuaaru JleOHuil aitHusATH Oa)kapusica,

[x, Iy, 21 = [[x, 1, 2] - [[x, 2], 1,
y xonma L anrebpa JleiOuwi anreOpacu aevimnaau, Oy epma [--] — L na
AHUKJIAHTaH KYTIaUTUPUII aMaJl.

Arap JleliOHuIl anreOpacMHUHT UXTUEPUN X U Yy DJIEMEHTJIApH YYyH [X,y]=-
[y,x] mapt Oaxapwica, y xonaa JleiOunun adHusata SkoOu  aliHuUsTHUTA
allllaHUIIMHA ~ OCOHTMHA TeKHMpUMU3 MyMKUH. Ulynunr yuyn JleiOnuig
anrebpanapu JIu anreOparaprHUHT yMyMJamMacuaaH noopat Oymaau.

Uxtuépuit L JlelOuur anrebpacu yuyyH KyWHIard XOCWJIaBHM Ba KyiH
MapKa3uil KaTopJapHU aHUKJIANMU3:

a) LM =, L= L 6)L'=L, L™ =[L" LY.
3-Trabpud. Jleitbuun anrebpacu ydyH OIyHAAl# M HaTypajl COH MaBXYyJ
o0ynuo, Lm= {0} O6¥ynca, y xonna L eunmin JIeitOHu1 anredpacu neiuiaim.

Arap JleiOHun anrebpacu y4yH IIyHJIail S HaTypaJl COH MaBxyna OYiuoO,
L°={0} 6¥uca, y xomna L numnomenm Jleiibuun anrebpacu aeiintagn. Ymoby L
# {0} Ba L° = {0} waprmapHu KaHOATIAHTHPYBYM OSHI KHMYHK S COHra L
aNreOpPaHUHT HUTNOMEHMIUK uHoekcu (Humunoekcu) NeHnnaim.

Jleitouu1 anreOpacMHUHT MaKCUMaJl HUJIMOTEHT UACaId YHUHT HUIPAOUKAIU
IeNnIaau.

Antaitnuk, G — agautuB rpynna O0yncuH. Arap L anreGpanu [ L ng] c

Lgicgj apTHA KaHoaTqaHtupysun L = L @®L &-@®L, «ypuHnmiga Eiuim

MyMKHH OYiica, y xonna L anre6pa G-rpagyupianran aiareopa qednsiaim.

busra yeknu ymdamian nuianoreHt L JIenOnun anrebpacu Oepuiran 0yiicuH.
Arap gr(L)i=L/L™, 1 < i < s-1 Ba grL=gr(L),®gr(L),®®gr(L)s: xabu
oenrmnacak, y xonma [gr(L)i, gr(L);] < gr(L)isj xoccann Ba grL rpaxympnanran
anreOpaHu XOocui KujlamMu3, 0y epaa s — L anreOpaHuHT HUJIMH]IEKCH.

4-taspud. FOKopugaru KypuHuIga XOCuiI KUWIMHTaH rpajyupoBKara TaOuuii
ycynnaru TrpaayupoBka nevunamu. Arap L JleiOnun anreGpacu grL anreGpara
m3omop(d Oynca, y xonaa L anrebpara Tabuuit ycynna rpaayupiianrad JleiOHuil
anrebpacu JIeHrIIa Iu. _

5-rabpud. Arap n yauammu L JleiiOnun anredpacu yuyn dim L'=n-i, 2 <i <
n mapt Oaxapuica, y xohga L anredopa dunmudopm JlelOuun anredpacu
JNEeUNIIaau.

Masbnymku, HI.A.AronoB Ba b.A.OMUpOBIApHUHTI HMIUIAPHUJA HUXTUEPUNA N
ymaamm  punudopm  JleObuun, anredbpacuaa myHma {ei, €, ..., €,} 0a3uc
TonuauO, Oy Oasucna  anreOpaHUHr  KYmaWTMacMHU  KyWHMJard  ydra
KEeCHIIIMalIuTad cCuH(IapaH OMprUra KeITHPHUIIT MyMKHHIIUTH UCOOTIaHTaH:
Fl(OLA,, as, ..., Olp, 6) [el, el] = €3 [ei, el] = €i+1, 2<1<n-1,

[el, ez] = 0uestosest ... +O(,n_1en,1+een,

[ej', ez] = 0U4Cj+2H0sEj+3T ... TOln+2-iEn, 2 S_] <n-2,
Fo(Ba, Bss --» Brs ¥): [e1, e1] = es, [ei, 1] = €jsa, 3<i<n-1,

[€1, €2] = Ba€atPsesT ... +Bnn, [€2, €2] = Ve,

g’

14



[ej, €2] = Ba€jsotPsjrat ... TPnsojn, 3<j<n-2,

F3(04, 05, 03): [ei, e1] = €i+1, 2<1<n-1,
[ell eI] = _ei+11 3 S 1 S n-— 11
[e1, €1] = 61€y, [e1, €2] = —€3+02€), [e2,e2] = 036,

[e2, &]] = —[ej, e2]l€{®j+2, €43, --» €n}, 3<j<n—-2,
S | P :
[ei, €] =—[€&j, ei]l€{€is, Einjr1, ..., €0}, 3 <1 S[E]’ 1<) =n-l,

Oy epaa a;, 0, B, ye C Ba kenTupuiIMaraH KynaiTMasiap HOJII'a TEHT.

bupunun OoOHMHT yumH4M maparpaduga Tabumii ycynga XOCHJI KUJIMHTaH
rpaayupoBKagan Qapkau |-rpamympoBka TymryHWacu KupuTwirad. bynma |-
rpagyvpoBka Tyurynyacu ¢uindopm Jlu anredbpanapu yuyn @.Ouapre, M.Mapkec
Ba X.HyHecnapHuHT unuiapua KapairaHIurHHA 3CIIaTHO YTHII )KOU3.

6-tabpud. Alitainmuk n ymuammu L JleliOnun anreOpanuHr Oupop {gitisi
rpajyupoBKacu Oepwiran 0ymuo, Oy rpamxyupoBkana L anreOpanu arap | > 2 yuyH

L=g; ®{0}®-D{0} ® 9i D gi+1 DD Gns1-2,

kypununiga éku arap | =2 yayn L = g, @ ¢, ©-@D ¢, xypuHumaa EMum MyMKIHH
oyiaca, y xomma L JleitOuun anredpacura |-rpagyupiianrad aiareopa acinnanu, Oy
epaa Gapua i ap yayH dimg;=0.

7-tabpud. Arap L dumudopm JleitOuui anredpacu |-rpagynpoBka Oepunran
Oyiaca, y xomma L anreOpara |-rpanyupnanran ¢ummudopm JleOuun anredpacu
NEUnIIaau.

Kyitumaru Teopemanapna |-rpamyupnanran  Jlu  OynMaran  ¢umdopm
JleitOuu1 anredpasapuHUHT TaCHU(IAPH KEITHPUIITAH.

1-teopema. Fi(0y, Os, ..., 0y, 0) cuHman onuHran uxTHEpUt N Yruamm |-
rpaayupianrad (3 < | < n-2) dummudopm JlenOuui anreOpacu Kyiumaru yzapo
n3omopd O6yamaran anredpanapaan oupura uzomopd oynaau:

L. [X, X = Xis, 2<i<n-1;
Lo(D) : [Xi, X1] = Xi+1, 2<i<n-1,
[Xi, X2] = X4, 2<i<n-|,
Oy epma KeaTHpWIMaraH Kymaiitmamap Hoara teHr, {X;, Xz, ..., Xp} -—
anreOpanapHUHT Oa3uciiapu.
2-reopema. F,(Bs, Bs, ..., Pn, ¥ ) cundaa l-rpagyupnanran (3 < | < n-2)

bundopm Jleitbaur anredpacu MaBxy 1 smac.

3-reopema. F3(01, 0,, 03) cundua I-rpagyupnanran (3 < | < n-2) dummdopm
JleitOHUI anredpacu MaBxKyJ] IMac.

HMucceprauussHuHr  «Huamorent JleidOHun ajare0OpajjapHMHI  e4HMJIH
KeHrarmajgapu» ae0 HOMIIAHTaH HMKKMHYM OoOuja Hupagukamiapu Aoben
anreOpacu, anreOpaHuHT KBaJpaTH OUpra TeHT, TaOWUN yCyiia rpagyupiaHran p-
bummudopm JleiObuuir anredpanapy Ba Koyiauamjapd MHUHMMal Ba MaKCHMAal
oynran eunmiu JleiOnu anredpaapuHUHT TacHUbIapura OaruiIaHTaH.

Hunpanukamu N ra tenr 6ynran eunmmm L JleiiOnun anreGpacu Oepuiraxn
oynca, y xonaa L JleitOnun anrebpanu L = N @ Q kypunuinga €3umn MyMKuH, 0y
epaa Q tymmam N HunmpaaukadHUHr L anreOparaya TYIAUpYyBUM KHCM (ha30CH.
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R(N, s) opkamu Hwipaaukand N ra TeHr Oynran Oapua eunmin JlerOHuUI
anreOpanapu owsiacuHU Oenrunaimus, oyaaa dimQ = s.

NxxuH4r 600HUHT OMpUHYM Maparpaduia HUIpagukaIu N yadamim a, Aben
anrebpacu OViaran 2n Yiadgamm edumian JleiOuuir anreOpanapu TacHUGIaHUO,
YJIAPHUHT KaTTUKJIUTH KYpCaTUIITaH.

JleliOHuIl altHUATHIAH aareOpaHUHT X AJIEMEHTH YYyH VHTJaH KYTaWTHPUIL
onepatopu Ry nmuddepeHumnamam OVIUIIM OCOHTMHA Kenud dyukaau. JICHOHMIY
anre0palapuHUHT OyHmain mud depeHnmamTanIapuHu UyKU
oughgepenyuanrawnap ned aranimus. Arap JlelOHuUIl anreOpacMHMHT MapKasu
TpuBHal Ba Oapua auddepeHIHaUIanUIapd WYKW Oyica, y Xoiaa OyHmai
anreOpara myux anredpa nernmaam.

OHAM HUJpaaukanu a, AOen anreOpacu OyiaraH 2n yia4amid €YUMIHU
JleitOnur anreOpanapuHUHT TaCHU(PUHH KenTupamu3. MabiyMKd, U30MOphU3M
AHUKJIUTUIA UKKUTA UKKU Yirdamin eaumiii JIeionuil anredpanapu MaBxyI:

I,: [e, X] =eBar,: [e, X] =€, [X, e] =—e.

4-reopema. R(a,, n) owragaH oJWMHTraH WUXTHEPUH anreOpa n Ta TPUBHAI
OynMaraH HWMKKM  ymyamiad  edyumiad  JIelOHun — anreOpanapHUHT  TYFpH
WuruHaMcuaan uoopar Oynanu. SAvHu R(a,, n) maH oguHran uxTtuépui anredpa
Kylnjaaru anredpara uzomopd:

L =L®L®---®,®r,®dr,®---Dr,
t mapra (n—t) mapra
Oy epna t (0<t<n) L;anrebpana kaTHamraH |, airedopanap coHu.

M3ox. R(ak, k) omnagaru y3apo uzomopd Oyimaran anredopanap conu k+1 ra
TEHT.

Avwitaiinuk, L Jleitoaui anre6pacu Ba yauar M tacBupu 6epuiiran 6yinuo, n >
0 yuyH Kyliugara OenrunanuiapHil KHPUTAMU3:

C"(L,M):=Hom(L®",M) (arap n < 0 6¥uca, y xoxza C"(L,M)=0).

Adtaitmuk  C'(L,M):=@ C"(L,M) 6¥ncun. C'(L,M) 1ymmam snemeHTIApH

nezZ
kuiiMaty M nan omuarad L musr xoszamxupnapu, C'(L,M) Tymnam snemenTnapu
aca Jlapakacu N OYJraH KO3amKupJap JeHuIaIu.
d": C"(L,M) »> C"™(L,M) — romomophu3M KyiiHnarinda aHHKIaHraH OYIICHH:

(d”f)(xl,...,Xn+1):=[x1,f(x2,...,xn+1)]+§ DX Koo X)X

+ Y D)X X XX ] X1 Kiveees e Xne),

I<i<j<n+l
oy epma f eC"(L,M), xjelL Ba X Oenru X >IEMEHTHUHI KaTHAIIMAraHJIATUHU
ounaupau.

d" omeparoprunr sgpocu snemenTiapunu N-xoumkmnap (Kerd™:=ZL"(L,M)
ouman Genrmmaiivus) Ba d™' omepatop 06pasu dIeMEHTIAPHHM N-Koderapasiap
(Imd™*:=BL"(L,M) Guman 6Gemrmmaiimus) ne6 ataiimms. d"'od"=0 skammuruman
BL"(L,M) < ZL"(L,M) Vypunnu OYIMIDMHM KYpPUIIMMH3 MyMKHH. YOy
HL"(L,M):=ZL"(L,M)/BL"(L,M) ¢akrop ¢azo kumiimatn M pgaH onmuran L
anreOpaHuHT N-TapTHOIH KOTOMOJIOTHK TPYIIIAcH JICHHTaIH.
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8-rabpud. Arap L Jleii6nnm anrebpacn yayn HL*(L,L)= {0} 6¥ca, y xomma
L JleiiOHuIr anredpacu KOroMOJIOTHK KATTUK JACHUIaIH.

5-reopema. bapua t (0 <t <n) map yuyn L; anreopanap 2n yimuamiuu JIeHOHuUIT
anredpanapu KyIXWUIMTHIa KOTOMOJIOTHK KaTTHK.

NxxuHYM G0OHUHT UKKMHYM Taparpaduia HUIpaJuKaaid n yiodamiu a, Aoen
anreOpacu Ba KoyJyaMu S ra TeHr Oynran eyumid JleiOHuil anredpagapura ouj
HaTI>Kajgap ucOOTIaHTaH. byHIaH Tamkapu, HUJIpaTuKaTuHUHT YI9aMA N Ta TCHT
oyaran (2n—1) ymuamnu eunmnn JleiOuui anreOpamapu TacHUQIAHTaH Ba
yIApHUHT Opacua KaTTUK anreopaiap TOMHIITaH.

Kynaiinuk yuyH a, anredpanunr 6asucu cudartuna {ei, €y, ..., €y}, Q dazona
aca {X1, X, ..., Xs} OJIaMmu3.

6-reopema. R(a,, S) cuHdman onumHran uxTUépuil euynmim R JlelOHwMII
anreOpacw y4yH ImIyHAall Oa3uc MaBxyaku, Oy Oasucna R.. 1 <1< s

an

orneparopjiapHU KYpUHUILIApU OUp BAKTHUHT Yy3una KopaaH HOopMan INAKJIWra
KEJIaJIu.

6-Teopemara kypa, R(a, S) cuHbman onuHran euummian R JleHOHuIY
anreOpaHuHT KYTTaWTUPHUII JKaIBaJIM KyHugaru KypuHuIra sra 0yiaau:

e, X, 1= X 8 + A} €, 1St <N -1,1<i <5,

[e..x;]1=2', e, 1<i<s,

Gy epna Xy, — R, omeparoprumr xoc kuiimarh Ba A, €{0,1}..
n

7-Teopema. Aiitaiiuk R — R(a,, s) cuHdman onunran eunmin JIeHOHUIY
anreOpacu OyicuH. Y Xoiaa Kyiuaaru MyHoca0aT YpUHIIH:
Nn—s=>m,
Oy epaa m — KaHJauIup 1 y4yH kiml =1 Oynaaurad t ap COHHU.

OHAM HUWIpaAWKaId Ya4aMd n ra TeHr Oynran (2n—1) ynauamim edumiu
Jleitbuuiy anreOpanap TacHUPUHU KenTUpamu3. Mabiaymku, OyHAAM ednMITu
Jleitbuuiy anreOpatapHUHT HWIpaAWKamM €ku n ymyamum AGen anreOpacu €xu
anreOpaHuHr  KBajgpatu Oup ymuamnaum  Oynran  HwinoteHT  JlehnOHwMI
anreOpanapuaan uobopar Oynaau. Hunpaaukanu n yauamim AGen anredpacu
oynran xonu P.K.IaitOymiaes, A.X. Xynonbepaues Ba K.IlomtapHunr unuiapuaa
TymuK TacHudmanrad. IyHuHr yayH ymOy amccepTranys HWIIHaa HIIPaIuKaIun
anreOpaHUHT KBaapaTu Oup ymuamiu OYiaraH n yiadamiid HUIMOTEHT JISHOHMIY
anreOpanapu OYaraH X0Jau KapaJraH.

Tabkunam Kou3kd, arap n = 2 0Oynca, y XoiJa yd yiIdamiad €4uMITU
JleiiOnuny anrebpacura sra Oymamus, OyHpait anrebpamap X.Kacac, M.HHcya,
M.Jlanpa Ba C.JlagpanapHuHr unuiapuga ypranwirad, n = 3 Oynranma Oermr
Vmuamnu eunmuin  JleiOuun anrebpanapu xocun Oynmaaw, OyHmait anrebpanap
A X XynonibepnueB, W.C.PaxumoB Ba III.K.Caun-Xycawnmap TOMOHHIIaH
TacHU(DIAHTaH. DHAN UXTUEPUI N yIyH TaCHU(DHU KEITUPAMU3.
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8-teopema. Atnitaitimuk R — R(N, n—1) cundman onmmHran euyumim anredpa
6ymu6 dimN? = 1 mapr Gaxapuwicus. Y xomma R anrebpa Kyitmaard usomopd
OynmMmaran anreOpanapaan oupura nsomopd Oymaau:
[e;.e.]=e, [e,e,]=B.e, [e,x]=¢6, I<i<n-1,

Ll(BZ’BS""’Bn—l): [en’Xl]:en’ [en’xz]:en’ [Xl’el]:_el’
[xi.e]=Biei. [x,.6,1=Be,, [X.€,]1=P.€,, 2<i<n-1,

L lee]=e,, [e,x]=¢, [e.x]=2e, 1<i<n-1,
(B B Poa): [x,.e,]=-¢, [x.e]=Be,, 2<i<n-1,
oy epna Bi e{-1, 0} Ba {e1, e, ..., €n, X1, X2, ..., Xp_1} — QIrcOpaHUHT OA3UCH.
1-tacamk. Li(B2, B3, ..., Bn1) Ba Lo(B2, B3, ..., Pn1) anredpasap oMIaCHHUHT
UXTUEPUI anreOpacu TYJIUK,.

9-teopema. bapua B map yayn Li(Bz, Bs, ..., Bn1) Ba La(B2, Bs, -, Bna)
owJiaJap/laH OJIMHTaH UXTUEPUI anredpa KOrOMOJIOTHK KATTHK.

NkxkvHun OOOHMHI Y4YMHYHM, TYPTUHYM Ba OemuHYM naparpadiapu
HWIpaJuKaId TaOuud ycynjga rpaayupianrad p-¢uiudopMm OYiAraH edumiu
Jleitonur anredbpanapunu TacHU@IIaTa OaruIIaHTaH.

Busra mmmmotent L JleiiGuun anre6pacu Gepuran 6ymu6, xe L\L® 6y1cum.
Vurnan xymaiitupum onepatopu R, muHr JKopmaH KaTakiapu yimdaMiapHHHHT

KaMmaium taptuouaa ty3mirad C(x)=(ny, Ny, ..., Nk) KeTMa-KETIMKHU KapaiIuK Ba
OyHJail KeTMa-KeTJIMKIIAp JEKCUKOrpaduk TapTHO €paamMuia TAaKKOCIaHCHH.
9-tappud. Ymoy C(L) = maxC(X) xerma-kemiukka L anreGpaHunr

xeL\L?
XapaKTEPUCTUK KETMa-KETJIUTU JACHIIIA N,

10-tabpud. Arap L JleliOuuir anreOpaHiHT XapaKTEPUCTUK KETMa-KEeTJIUTH
C(L)=(n-p, 1 1,..,1) xypunumma Oyica, y xoinma L anrebpa p-dpunudopm
JlelOnu anredbpacu aevwnanu, Oy epaa p > 0.

Uxtuépuit N ymuamnm tabumii ycynga rpaayupiadnrad Jlu Oynmaran p-
bumupopm (n — p = 4) JleiOuun anredpanapu JI.M.Kamauo, X.P.I'omec,
A.X.TI'oncanec Ba Bb.A.OmupoBnapHuHr umuga tacHuduanran Oynaub, OyHmai
anreOpaniap  Kydumaru y3apo wuzoMmopd OynmaraH anreOpaiapaan Oupura
nzomop@d 6Viaam:

arap p = 2k 6ynca, y xonaa
[UED [ei, e]_] =@+, 1 <1< n—2k-1, [el, fj] = fk+j9 1 S] <k,
Ha:  [ei, €1] = g, 1 <i<n-2k-1, [ey, f1] = €2+ fius,
[ei, fl] = @41, 251< n—2k-1, [el, fj] = fk+ja 2 SJ <k,
arap p=2k+1 6yuca, y xonaa
3. [el, el] = €3, [ei, el] =@j+1,2<1< n—2k-1,
[e1, fi] = fisj, [€2, Fi] = fisj, 1 <j <Kk,
Oynanu, Oy epaa {ei, €, ..., enp, f1, T2, ..., f} anredpanapuunr 6azucy.

OHIIM HWIpAAUKAUIApU [y, Hp, Mz Ba KOYIYaMH IKCTpeMan (MUHUMAN EKU

Makcuman) Oynran eunmiu  JlelOHuIy  anreOpanapHUHr  TaCHU(IIAPUHU
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kentupamu3. Kyitnnaru teopemana W, i = 1, 2, 3 anrOpanapHUHT KOYI4aMiapu
yuyH 0axoyap KeJITUPUIITaH.

10-Teopema. Aiiraiinuk R — Hunpamukamapu p;, | = 1, 2, 3 6ynaran equmim
Jletiouun anrebpacu OYyicuH. Y XOJja HWIPAJUKAUIADHUHT KOYIdamiapu
KyWHIard TEHICU3IMKHU KAaHOATIAHTUPAIN:

mn1QQM)Sk+2[%}

by TeopemanaH KypuHAIWKH, HAJIPATUKAIIIAPH L1, Ll Ba L3 OYIraH eduMIiIu
JleitOnauI anrebpanapu KOy T9aMIApUHUHT HT KaTTa KHiMaTiiapu Moc paBuiiaa k,
k Ba k+2 napra Tenr 6ynaau.

11-treopema. R(u;, K) owmmagan onmHraH wXTUEpHU ainreOpaHWHT MIyHJAN
0a3ucu MaBXyAku, Oy Oaszuciaa anreOpaHUHT KYNAUTHPHUIN >KaaBaId KyHumarua

KYpUHUILITA 3Tra OyIaau:
n-2k
[e, %;]= Zat—i+1jet’ 1<i<n-2k, 1<j<Kk,

t=i+l

R, k)@ 50 9:5,8;) [fi.xi]=-Ix. fil1=1, [fx]=1, 1<i<k
[x;.f,1= ¢ fi.) 1<i=#j<Kk,

[Xi, X1 =8 1ok 1<i,j<k.

12-teopema. R(u,, K) omnamaH onuHraH MXTHEPUA aareOpaHUHT ITyHIAM
0azucu MaBXyaku, Oy Oasuciaa anreOpaHUHT KYNMaWTHPUII KaJlBajdd KyHuIarua
KYpHUHUIITa dra OYiaau:
[el’ Xl] = fl + blfk+1’ [eZ’ Xl] = e2 + fk+1’
[e;, %, ]=(]-1)e,, 3<)<n-2k,
[x,,e,]=—F +B.f... [e,,x;]=Dbf ., 2<i<Kk,

R(uy, K)(0,.B,, 0, 1,6, ) 1 {[F ;1= 1, [x.,f.]=-f, 1<i<k,
[Fei Xi1= fiis [xi.e.]=Bifeas 2<i<k,
[x,.f.1= o, fi.. 1<i<k 2<j<k, i#j,
X, X,1= 6, o, 1<i,j<k.

13-teopema. R(us, K + 2) onwnagan onvHraH MXTUEPUH anreOpaHUHT ITyH/AH
0a3ucu MaBXyAKd, Oy Oaszucna anreOpaHUHT KYyHauTHUpHIL KaABaldW KyWumarua
KYpHUHUIITA dTa OYiaau:

[e.,y:]=¢e, [ej’yl]:(j_z)ej! 2<]<n=2K,
R(, K +2):] [y..el=-e, [e,y,]=¢, 2<jsn-2k

[fein Y. 1= [fix1=1, 1<i<k,

[feixil=f [x,f]1=-f 1<i<k.

M3ox. 13-Teopemama KenTUpHITaH anre6paz[a k = 0 ne6 onmHCa, y X0iaa
HUJpaJUKaIM TaOUUK ycynja TpaayupiaHTad EhunMaiaurad  Quimdopm
Jleitbaun anreOpacuman ubopar Oynran eummum JleOHuUIl anredbpacu XOCHII
O0ynaau Ba OyHmait anreopanapuunr tacaudu X.M.Kacac, M.JIagpa, b.A.Omupos,
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N.A.KapruMkaHOBIApHUHT UIIUAA KEITHPUITAH.

Kyiiugaru Tteopemama R(us, k + 2) anreOpaHuHr KHYHK TapTHOJIM
KOTOMOJIOTHK IpyIIajlapura oujl HaTHKajap KeITHPUIITaH.

14-reopema. Eunmimn R(us, k + 2) JleiOuun anredbpacu K mapamerpHHHT
UXTUEPUN KMMMATJIapUIa TYJIUK Ba KOTOMOJIOTHUK KATTHK.

JluccepTallUsTHUHT yYUHUH 000M «JleiiOHMI ajredpajjapuHUHI Ma3Ka3ui
keHraiirmajgapu Ba Epkiuuma JIm aaredOpacu Ominan Oorimk JleHOHMIX
anreopajgapu tacuudu» 1e6 Homianran 6ynu6, yuaa Bupacopo anredbpacu, HOJI-
bunudopm Ba Tabumit ycynaa rpagyupianrad Jiu 6Viamaran ¢unudopm JlerOnu
anreOpaJlapyHUHT  MapKa3uil KeHralTManapura oOuJl Macajajlap e4yuiraH.
ynaunraex, EBkmmn Jlu anrebpacu 6mnan 6orauk Oynran JleiOHu anredparapu
tacHUu(IaHraH Ba conna JlelOHuil anreOpaJapuHUHT WKKHHYM —TapTUONIN
KOTOMOJIOTHK IpyIIajapy TPUBHAILTUTH HCOOTIAHTaH.

Mabnymku, Jlu anreOpanapuHUHT MapKa3Wid KEHralTMacu TYLIYHYACH
rpynnajapHUHI Mapka3uid KeHratManapu TymyHuacu yxmad T.CkenOpen Ba
T.CyHIJap TOMOHHMAAH KHPUTHITAaH. Y3 HapOarmma JIeHOHMI[ anreGpacHHHHT
MapKa3uii KEHrauTMacu TYUIYHYacH XyJOu IIyHAAl aHuKIaHagu. HuimoreHt
Jleitbuuiy anreOpanapuHu TacHuU(IANAa MapkKa3uil KeHraiTmanap EHAallyBU
IIyHJaH HOOpAaTKH, KUYMK Yiadyamjard HUImoTeHT JleiOuwuil anreOpaniapuHUHT
UKKUHYM TapTUOJM KOTOMOJIOTHMK Tpynmnajapu €pAamuga KaTTa yiadamiu
HuInoteHT JleitOuuil anreOpamapuHu Kypulll MYMKUH. XycycaH, (Gu3uKaaa
kyrab TaTOukiapra sra Oynran [eiizenOepr anreOpacu AOen anredpacuHu
MapKa3uil KeHrauTMacujaH, y3 HaBOaTuaa [eli3zeHOepr anreOpacMHUHT MapKa3ui
keHraitMmacu /luamant JIu anrebpacugan noopat Oynaau.

busra F maitnonu ycruna 6epuiiran L JleliOnun anredpacu Oepuiran 0yJICHH.

Yoy

e _ A
O—-V-—->L—>L-—>D0,
KHCKa aHUK KeTMa-KeTiaukka L JIeHOHMI] anreOpacuHUHT MapKasull KeHeaummacu

neitunanu, 6y epaa Ime=Ker\ —L anre6panunr mapkasy.
L JleitOHu1 anreOpacMHUHT UKKUTA

05>V SLHL 50 05VHLHL->0

MapKa3nii KeHraiTMazapu yayH myngait @:L — L' u3oMopdusm masxys 6ymuo,
poe=¢, Nop=)A mapriap Oaxapuica, y Xojga Oepwiran MapKasuii
KEHIralTMalap 2K8usaieHm Ieunuinaam.

Aiitaitmuk 0eCL%(L,V) 6¥acun, y xonna Tabpudra kypa Ly=LOV mapkazmuii
KEHrauTMaJaru KylaunTUpUILIHU Kyhuaaruya aHuKJIanMus:

[X+u, y+v] = [X,y]L.+0(x,y), X, yel, u,veV.

Vuga L, anre6pa Jleibuun anreGpacu 6ymumm yayn 0eZL%(L,V) mapTHHHT
OakapwuiM 3apyp Ba erapiu. Ly anreOpara sca L JleiOnun anredbpacuHuHr V
Mapka3z Oyinda maprasuil KeHeaummacyu NeUunaan.

Yyunun 600HUHT OupuHuM naparpadu Bupacopo anredpacununr JleiOHu
Mapka3uil KeHraiitmanapura Oarunuanrad. Kmaccuk OyimMaran yekcus yiryamiu

anredpanapra OupuHuM Mucon O.BuUTT TomMoHuzaH Kypwiran Oynu0, OyHnai
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anreOpaniap yHuHr Tmapadura Butt anrebpacu ne0 HOMIAHTaH Ba YHHHT
KyTalTMacu Kyiujaaruda Oyiaau:
W: [ei, ej] = (J — I) €i+js |,j e”/.
Bupacopo anre6pacu — Burt anreOpacuHMHT EWMIMaiiiuraH MapKas3uii
KeHTalTMacy Ba y KyWuaaru KynanTHpHII skaBajau Oviad Oepuiiaiu:

Vir: [ei, ej] = (J - i)ei+j+$5i,—j(i3_ i)C! I!J €Z,

Oy epau d;_j — Kponekep cumBoinapu. Bupacopo anredpacununr JIu mapkasuii
KeHraiitmacu Bupacopo anrebpacu Ba AGen anreOpacCHHUHT TYFPU HHUFUHANCHIAH
nbopar 6ynanu. Kyitmaaru reopema Brupacopo anre0OpacMHUHI UKKWUHYU TapTHOIU
KOTOMOJIOTHK I'PyNIACUHUHT TPUBUAJUIUTUHU KypcaTaau.

15-Teopema. Bupacopo anre6pa yayn HL*(Vir, V) = {0} myrocabat ypur.

by Teopemaman kypuHamukm, Virg=Vir®V (¢dasocuga aHHKITaHTaH
kynaiTMara kypa uxtuépuii Bupacopo anrebpacunuHr JleitOHUI Mapkasuii
KeHraiTMacu xam Bupacopo anrebpacu Ba AOen anreOpacHHUHT TYFpU
HuruHaMCcHIaH ubopat Oynau.

YyuHun 600HMHT UKKUHYM naparpaduaa Hol-puirdopm Ba Tabuuil ycymnaa
rpaayupianrad Jlu 6Ynmaran ¢unudopm JleiOnun anreObpamapuHUHT MapKa3ui
KEHraTMajgapy TaCHU(IIAHTaH.

Mabnymku, uxtuépuii n ymyamiau Hou-guiandopm Jleitbnui anredpanapu
n30MO(HM3M aHUKJIMTHIA siroHa Ba Oupop {ey, €y, ..., en} Oasucaa Oy anreOpaHUHT
KyMalTMacu KyWnara KypuHHUILIa Oyaaau:

NF,: [ei, el] = e+, 1 <1<n-1,
Oy ep/ia KaTHaIIMaraH KyraiTManap HOJTa TEHT.

16-teopema. Kowmmnekc waifion yctuga Oepuirad N yiayaMiad  HOJI-
bumndopm Jleitbuuil anreOpacHHUHT MapKa3ui KEHrauTMacu Kyiuaarua uzoMopd
Oynmaran anrebpanapian oupura u3oMopd:

NFn @® dg, NFn+1 @® Ak_1.

Ouau Ttabumii ycynnma rpagyupiianrad Jlu oynmaran dummdopm JleiOnu
anreOpalapyHUHT MapKa3uil KeHTralTMalapu TacHU(UTa OuJl TeopeMalapHH
kentupamus. Uxtuépuii N yiruaMmiam KOMIUIEKC TaOUui ycynaa rpaayupianrad Jiu
oynmaran ¢umudopm JlenOuun anredpanapu III.A.AronoB Ba b.A.Omuposnap
TOMOHM/JIaH TYJIa YpraHuirad Ba Kyiuaaruiaapaad noopar:

F: ey, e =es [6 1] = €1, 2<i<n-1,

F': [ened=es [ e =6, 3<i<n-1.
JleitOuuI anredpanapuHUHT MapKa3uii KEHralTMacu Tabpudura Kypa Tadumii
ycynna rpagyupiadran Jlu Oynmaran dumudopm JleiOHu anrebpamapuHUHT

WKKAHYU TapTUOJIN KOTOMOJIOTHK Tpymmacy TacHu(pumaan OyHai anreopagapHUHT
Kynu OwiaH TYpT VyinuamiM Mapkasuil KeHratMaiapu wmamxyd. Kyitmmaru

1 2 . . . .
Teopemanapna F, Ba F  anreOpanapummmr typr Yymuamum élimnMaiizuran
MapKa3uil KeHrailTManapu TacHu(UHUA Oepamus.
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17-Teopema. F; anreOpaHUHI MXTUEPUM TYpPT Yadamiaum EWmiManuras
MapKa3uil KeHranTMacH Kyiujaru aiareopara uzoMopd:
{[ei’el]:eiﬂ’ 1<i<n-2, [e,;.e]=¢€,,,
le..e =€, +e.., [e.e]=e., [e,.e]=¢.,.

2 NV . .
18-reopema. F, anreOpanunr uxtuépuii TYpr Yauamiu EMunMaiguran

n+l?

MapKa3uil KeHranTMacH Kyiujaru aiareopara uzoMopd:
{[ei’el]:eiﬂ’ 1Si£n_2’ [en—l’el]:en+2’
[en’el]:e [el'en]:em?ﬂ [en'en]:en+4'
Yuunun O00HMHr yuumHuM mnaparpaduna Eskmug Jlu anrebpacu Ouman
6ornuk 6ynran JleiOuur anredbpanapuHu TacHU(IAHTaH.
Uxtuépuit  Jlu Oynmaran L Jleitbuun anrebpacu  3J€MEHTIAPHUHT
KBajpaTiapuaan Ty3wirad [ = span{[x,x], xeL} xoc unmeanra sra Ba L/l daktop-

anrebpa Jlu anredbpacunu xocwn Kuiaau (0ab3u maHOanapaa Oy >kapaéuuu L Hu
JInenuzanusiian 1e6 HOMJIAHAH.

n+1?

Kyiingarnya agukiaanrad |xL— 1, (i,i) > [i,X] akcmanTupum | uaearHUHT
YHr L-moayn Oynuimmau owaupanu (I — unean YHr aHHYIATOpAA ETTAHINTH YIYH
Oy Tabpud KOPPEKT aHUKJIAHTaH).

Masbiaymku, Oepuinran G Jlu anre6pacu Ba M yur G-moayn yuyn GOEM
kypunummaaru Jleiionui anreOpacuuu Kyduaarnia aHMKJIalluMn3 MyMKUH:

(gli gZ) = [gli g2]’ (g’ m): = 01 (m1 g) = Mg, (ml, m2): = 01
Oy eprag, 01, 9o GBam, m;, mye M.

Ouan Q(L) = L®| neb6 6enrnnabd, yuaa (—,—) KypHHUIIKAA aMajl KapaiMus:

x,y)=[x,yl, (x,i)=0, (i,x)=[i,x], (i,j)=0, x,yeL,i,jel.

JleitOuu1 anredpalapyHUHT CTPYKTYpaBUi Ha3apHUsICUAAru ycyJuiapaad Oupu
L = L/I dakrop anrebpa Oepunran Jlu anrebpacura mzomopd 6ynuo, | maeanga
aHUKJIaHraH L-mMoayn aBBayigaH Oepuiaradn M tymiamaarun G-mMomynn OniaH ycTMa-
ycT Tymaauran Jleitouui anredpanapuau TacHU(Iamgad noopar.

Duau 6u3 Marpunanap opkaau oepuiaran e(n) Eskmun Jlu anreOpacu Ouinax
oornmuk JleiOnui anreOpamapunu Kapaimus. €(n) Esxmun JIlu anreOpacuHUHT
myHnaii {Eij, He |1 <], 1 <1, j, k< n} Gasucu maBxynku, Oy Oazucina yHUHT
KynalTMacu Kylnjiara KypuHHILaa oymaau:

[Eij, Ejl = Eix, [Eij Hil = Hi, [Eij Hi] = —H;
6y cpaa Ei,j = — Ej,i-

Avraiimuk  (n+1) ymuamumm V' Bektop dazoma {Xi, X, ..., Xpa} 0Oazuc
oepuiran 0yim0, gl(V) aca V da3oHuHT s3HIOMOPPHU3MIApHIAH XOCHT KHJIMHTaH
JIu anreOpacu OyncuH. Kyihuparmda anumkyianran ¢: e(n) — gl(V) tacBupHm
KapanMu3:

o(Eij) =eij—eji, 1 <i#j<n, (Hy) = €xn+1, 1 <k <n.

Xap Oup TacBMpra SroHa MOJYJd MOC KEITaHJIUrH cabaliu FOKOpHUIard
tacBup yuyH V ¢dazo xam e(n)-moxyn OYnumO, yHIArd TabCHp KyHHIaruda
aHMKJIaHAIN
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(Xi, Ei’j) - X', 1< i, JS n, (Xi, H,) = Xn+1, 1<i<n. (1)

19-reopema. Aiitaitmuk L JleiOuun, amreOpacu yuyn L/I = e(n) (n > 3)
oymmo, | wnean (1) xypunumna anukiaadrad YHr e(n)-momyn 0yiacud. Y xomaa L
ma myHzpait {Eij, Hi, Xi| 1 <i<j<n,1<k<n, 1 <t<n+l} 6a3uc MaBxyaku,
YHUHT Oy 0a3ucaaru KyrnaurmMacu KyWuaara KypuHHUILIa Oyaaau:

[Eij, Eild = Eiw  [Eij, Hj] = Hi, [Eij, Hi] = -H;,
[Xi, Eij] = X, [Xi, Hi] = X1

Yuunun 600HUHT TYpTHUHYM naparpadu cojna Jlu anredpacu opKaau XOCHI
KWJIMHTaH cojia JIenOHun anreOpanapuHUHT UKKWHYU TapTUOIM KOTOMOJIOTHK
rpynnajapuHy yprauuimra OarulIaHraH.

11-rappud. Wneamwtapm ¢axkar {0}, I, L 6ym6, L% wmaprau
KaHoaTaHTupyBun L JleliOHuil anredpacu coaia qedusiaim.

12-tabpud. Makcuman eunmin waeanu I ra Tenr Oynran L JleiOHu
anredpacu sipuM CojJ1a JeHUIaIu.

MabiaymMky, VYaWTXeOHUHT UWKKUHYM JemMmacura kypa, arap G —
XapaKTEpPUCTHKACU HOJIra TEHTr OynraHn MaigoHaa Oepwiran spuM copnpa Jlu
anrebpacu 6¥i1ca, y X0maa UXTHEpHil Yekin yraammt M — G-moxyn yayr HY(G,
M) = H¥G, M) = {0} Tenrmmknap ypurmm O6ymagn. Ymby maparpadma sl, yu
ymuamnu coxna Jlu anrebpacu OpKaiM XOCWI KWIMHTaH cojaa JlenOHuiy
anredpacu yuyyH YaWTXEIHUHT WKKUHYM JIEMMACHHUHT aHAJIOTHM HCOOTIIAaHTaH.
N.C.Paxumos, b.A.Omupor Ba P.M.Typaubaenapuunr ummna Sl, yu ymgamiu
comma JIu anreOpacu opKamd XOcWa KwiauHran L = SI2 +1 comnma JleitonHwuIy

anredpacu ypraHwiraH Ba OyHAaill anreOpajJapHUHT KynauTMmanapu KyWHjaaru
KYpPUHUIIIA OY WU KYpCcaTUITaH:

[e, h] = 2e, [h, f] = 2f, [e, f] =h,
[h, e] = —2e, [f, h] = 2f, [f, e] = -h,
[Xi,e] =—1(m+1-i)Xiy, 1< i<m,
[Xi,f] = X1 , 0<i<m-1,
[xi, h] = (m - 2i)x;, 0<i<m,
Oy epna {e, f, h} —sl, conna JIlu anredOpacuHuHT 0a3UCH, {Xg, X1, ..., Xm} 3ca I— Sl,-

MOJYJHUHT Oa3HCH.

Kyiimmarn Teopemana auccepTalUMSIHUHT acOCHUM HaTWXajdapujaaH Oupu
KEJITUPUITaH.

20-teopema. Adtaiimk L =S|, +1 — cogna JleiOuun anrebpacu 6yncun. Y
xomma HL?(L, L) = {0}.

HucceprauussHuHr «bepwiiran  XapakTepUCTHK KeTMa-KeTJMKKa 3ra
Ta0uuil ycyaga TrpagydUpJIaHraH  YeKJIH YJa4YaMJd KOMILUIeKC 3uHOHe
agredopasapuHuHr TacHuu» 1e0 HOMJIAHTAaH TYPTUHYM OoOuma JlenOHuMI
anredpanapu yuyH Komryn mabHOCH1a KyliMa O6yiaran 3uHOuen anredpanapra ouf
HaTIOKaJlap KeNTUpWITaH. SIbHH, TaOuuil ycynaa rpayvpiiaHrad YeKiId Yirdamiid
3uHOuen anreOpalapuHUHT XapaKTEPUCTUK KeTMa-KeTJIMKIapu  Xoccajlapu
Vpranwirad. lllyHunraek, xapakrepuctuk kerma-ketiuru (n—3,2,1) Ba (n—p,p) ra
TEHr Oynran TaOuuii ycylnjga TpaayupilaHraH 4YeKiau Yyimyamiau 3uHOuen
anreOpalapyHUHT TaCHU(IIapU KENTUPUIITaH.
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13-tabpud. F maiinon yctuna anukianrad A anreOpaHuHT UXTUEPUH X, Y, Z

AJIIEMEHTIIapU YYyH Kyluaaru aiHuat 6axapurca,
(Xoy)oz = xo(yez) + xo(zey),

y xonma A anrebpa 3uHOmen anrebpacu nevimnanu, Oy epmaa o — A anreOpanma
AHUKJIAHTaH KYTIaUTUPUII aMaJlu.

buzra wmabmymku, 2005 iwwmnga A.xymanungaeB Ba Y.TynenbOaesnap
KOMIUJIEKC COHJIap MAaWJOHM YycTuUJa OepwiraH 4Yekiu Yymyamiu 3uHOuen
anredpajiapy HWINOTEHT 3KaHauruHu ucoornamrad. K.JLJlogeHuHr unuiapuaa
Jleitobuuny Ba 3uuOuen anreOpanapu ¢Epaamuna Jlu anreObpacuHu KypHIll
Kypacatuirad 0ynu0, Oy 3ca yJIapHUHT Y3apo OOFIMKIUTUTH KypcaTaau.

Avitaiinuk L — JleitOuui Ba A — 3un6Ouen anredpanapu O6epuiran 0yiacuH. Y
xoiaa L&A teH3zop kynaiitma

[x®a,y®Db]=[x,y]® (acb)-[y,x] ® (bea),

amanra HucOaTaH JIu anreOpacuHM TaIKWI Kuiaaau, Oy epaa X,y € L, a, b € A.

3unOuen anreOpanapy y4yH HWINOTEHTIMK, TAOMUI yCylaaru rpaayupoBKa
Ba XapaKTEPUCTHK KETMa-KETJIMK TYyIIyHUYalIapu IOKOpHaa Kentupuiran Jleionui
anreOpajiapyaard yxmam aHuKJIaHagu. 3uHOMen anreOpanapu ydyH Kyilu
MapKa3Huil KaTop Kynuaarnda KHpUTHIIAIu:

A=A AT = A0 AN k> 1.

TypTunun 00OHUHT OupuHuYM maparpaduga Tabumii ycynaa rpaaydpiiaHral
YeKIu yimuamiau 3uHOueN anreOpajapUHUHT XapaKTEPUCTHK KeTMa-KEeTIUKIapura
ouJ1 6ab3u HATUKATAp KEJITUPUITaH.

Avitaiinuk A — 3unbuen anredpacu Ba C(A)=(ny, Ny, ..., ny) OYiIcuH. Y xXomnaa
mynnaii {e;, €, ..., e} 0asuc maBxynku, Oy Oa3ucaa €; SJIEMEHTra darjaH
KYNaWTUPUIIT ONIEPATOPUHUHT KYPUHHUIIN KyHugaruda 0ymaam:

- 0O - 0
0 J o 0
Le1vU: e |
0 0 ot
Oy epra o(i)e{l, 2, ..., s} Ba Nyp) = Ny(j) (3 < 1 <S) TEHICU3IUK YPUHIIH.

21-Teopema. AiiTaiiiiuk A — XapaKTepUCTUK KeTMa-KeTaurd (Ng, Ny, ..., Ny) Ta
TEHI OynraH TaOuMii ycynjga rpagyupiaHral 3uHOewn anreOpacu Ba Ngpy = 1
OyicuH. Y Xonma Ngp) < 4.

TypTuHun OOOHMHT WMKKWHYHM TMaparpaduma XapakKTepUCTUK KEeTMa-KeTJIUTU
(n—3,2,1) ra TeHr OynaraH Tabuui ycyiaa rpaayUpiiaHTaH Yekin yadamim 3uHOuen
anreOpalapuHUHT TYIWUK TaCHU(PHU KeNTUpWIraH. XyAAd HIyHAAH XyCYCHSTIN
uxtuépuil ynuamum JlelOnun anreOpanapununr tacHudu sca JI.M.Kamayo,
D.M.Kanere, X.P.I'omec Ba I1.b.PempxenoBnapHUHT UIUIApUIa KENTUPHUIITAH.

XapakTepuCTUK KETMa-KeTIUKHUHT Tabpudura Kypa, XapaKTepUCTHK
KeTMa-ketnuru (n—3,2,1) ra Tedr Oyaran Tabuuii ycysaa rpagyupianrad 3uHOuen
anreOpacHHUHT TIyHaan {e;, €, ..., €,} 0azucu MaBxyaku, Oy Oasucaa Lel (e;
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DJIEMEHTTa YaHJAH KYHNAWTUPHIN) ONeparop KyWWUAard ydra KypHHUIUIAPIAH
Oupwura sra Oynaau:

J, 0 0 J, 0 0 J, 0 0
Ll o J, 0o |o J_, o} n.ljo J_, 0}
0 0 J 0 0 I 0 0 J,

14-rabpud. Arap Lel onepatop | (moc pasumiaa Il éku ) xypunumra sra

O6ynca, y xomga A OupuHUM TUnAard (MOC paBHIIJA HKKUHYM EKU YUUHYH
TunAaru) 3uHOuen anredpacu AeHnIaau.

bupunun Tungaru 3un6uen anredpacu Oepuiiran 6yiacus (n > 8). Y xonga A
3unbuen anrebOpacuma ImyHaan {e;, €, ..., €,} Oasuc Tomwimb, Oy Oa3mcaa
anreOpaHUHT KyNaTMAacHHU KyWHMJard WKKUTa KecUIIMainiuran cuHgIapaa
Oupura €xu Ay, anredpara KEATUPHUIL MyMKHH:

e,oe;=Cl e, 2<i+j<n-3, e, o€ ,=€ ,,

A(alaaz’ayamas’aa)- n2°€ =26, €,.,°6 ,=a.e,,, € ,°€ =a€.,,
e Oe =a en -11 en Oen—z = aSen—1’ en Oen = aﬁen—l’
e ce =Cl e, 2<i+j<n-3,

B(Bl’BZ’Yl’YZ)' n-2 oe1=B1 n—l+Y1en’ eloen—z =en—1’
e oen 2 :BZ n—1+Y2en’ (Y1”Y2)¢(010)'

c- e ce;=Cl e, 2<i+j<n-3,
€ e ,oe =—¢€ e _,o¢€

=

22-teopema. bupuHun THnard uxTHEPUE n Ymuamim (n > 8) KOMIUIEKC
3un6Ouen anreOpacu Kyiugaru y3zapo uzomopd OynmMaran anreOpanapiaH Oupura
n3omopd Oynagu:

1 ° en—2 - en—l’ n-2 n-17 n-2 n-1 en b

A1(11 01 01 01 11 0)1 A2(01 01 01 ’ 11 )1 A3(01 11 01 11 01 O)l
A4(01 01 01 11 01 0)1 A5(01 11 O ’ 01 )1 A6(11 11 01 Ol 01 O)l
Aq(%. 0,0, o 0,0), AeC, Ag(0, %, 1,0, 0, 1), ke C\{O},

Ade )2,1 0,0, 1), ae C\{0,1}, A0, 0,1,0,1, 1),

Au(1,0,1,0,1,1), A;(0,0,1,1,0,0), A;3(0,0,1,0,0,0),
Au(r,1,1,0,1,1),2e C,A5(0,1,1,-1,1,1), Agp(1,1,1,01,1).
B1(2,0,0,1), A € C,By(1,0, 1, 1), B30, 1, 1, 0), B4(0,0,1,0),C.
23-teopema. kkuHYM TUnAAru UXTUEPUA 3UHOMEN anreOpacuHUHT YI4aMu
CaKKHU3JlaH KUYHK.

24-teopeMa. YUMHYM TUIJArH UXTUEPUN 3MHOMEN anreOpaCHHUHT YI4aMH
eTTUAH KUYHK.

TypTuHun OOOHMHT y4YyWHYM mMaparpagy XapaKTePUCTHK KeTMa-KeTJIUTH
(n—p.p) ra TeHr OyaraH TaOWHil yCcynaa rpaaydpiiaHraH YeKId yiadamiin 3uHOHe
anreOpanapuHuHr TacHudura Oarunuianrad. Mabsaymku, K.K.Macyrtosa,
b.A.Omupo Ba A.X.XynoilbepaueBIapHUHI HIIKJA XapPAKTEPUCTHK KeTMma-
KEeTIUTH (n—p,p) ra TeHr OYnran TaObuuii ycyyja rpajyupiianrad 4eKiau YiIrdamiu
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JleitOnu anreOpacWHUHT TacHU(U KeaTupwirad O0ynaub, yHAa p mapaMeTpHUHT
xap Oup KuiimMaTHAa KecUIIMaiauraH anreOpajap owujgacu OJUHTaH Ba P
napaMeTPHUHT (PUKCUpPJIaHTaH KUMMaTHa TaCHU(IIAIT aJrTOpUTMHU OEpUIITraH.
AWiTallluk A — XapakTepUCTUK KeTMa-KeTJIMrH (n—p,p) ra TeHr OyiraH
Tabuui ycynaa rpaaydpiaHrad 3uHOuWen anreOpacu OyiacuH. Y Xoiga €
AJIEMEHTIa YaHJaH KYMauTHpWII OnepaTrop KyWuJard KypUHHUIUIApAaH Oupwura

Keiaaau:
(e 0L (% 0 L,
. ; 1L n = Zp.
o 3,/ Lo a,)""P
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oneparopu | kypuuuimra sra Oynca, y xoinga A Oupunuu mundacu 3UHOHEIN
anredpacu, akc XoJaa ukKuruy munoaeu 3uHOuen anredpacu aeiuam.

Kylingarn teopemanapaa UXTUEPUN YIuamiii OMPUHYM Ba MKKUHYM TUIJATH
3uHOuen anreOpajdapHUHT P MapaMETPHUHI KUKWMatiapura OOFJIMK TacHUbIapH
KEeNTUPUJIITaH.

25-Teopema. XapakTepHUCTUK KeTMa-KeTiauru (n—p, p) ra TeHr Oymran I
TUIAArd n ymyamid (n > 2p+2) 3unOuen anredpacu Kyiuaarua yzapo uzomMopd
OynmMaran anredpaiiapjan oupura uzoMopad:
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Kylinparn teopemanapaa moc pasuiiga n=2p+1 Ba n=2p Oynaran xosuiapnaa
3unOuen anredparapuHUHT TACHU(DU KEATUPUTIAIH.

26-Teopema. XapakTepucTuk KerMma-ketnuru (p+1, p) ra Tenr Oymran I
tungaru 3uHbOuen anrebpacu Kyumaru y3apo nzomopd Oynmaran anreOpanapiaH
Ooupura uzomopd:
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27-TeopeMa. XapaKTepUCTUK KeTMa-KeTIHUru (p, p) ra TeHr Oynran 3uHOuen
anrebpacu Kyiuaaru y3apo nuzomopd Oynmaran anredpanapaan oupura usomopad:
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Oumu |l Tunpgarun wuxtuépuit 3uHOUen anreOpanapuHu TacHUDIAPUHU
kentupamus. Kyitnnaru teopemana Il Tunmarun nxtuépuii 3unbuen anreOpacMHUHAT
Vmuamu 3p+2 aH KMYWK SKAHIUTYA UCOOTIIAHTaH.

28-Teopema. XapakTEepHUCTHK KeTMa-KeTiauru (n—p, p) ra Tedr Oymran Il
TUTLIATH UXTUEPHUI 3uHOMEN anreOpacuHUHT Yimyamu 3P+2 1aH KUYHK.
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29-Teopema. XapakTepuCTHK KeTMma-kernuru (p+1, p) ra tenr Oymran II
Tunjaard uxtuépuil 3uHOMen anreOpacu Kyuuaaru yzapo uzomMopd Oyimaran
anrebpanapaad oupura nsomopd:
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30-Teopema. XapakTepucTHK KeTMma-keriauru (p+2, p) ra tenr Oymran I
Tunjaard uxtuépuit 3uHOMen anreOpacu Kyuugaru yzapo uzomMopd Oyimaran
anreOpanapaan oupura usomopd:
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31-teopema. XapakTepuCcTUK KeTMma-keTiaurd (p+t, p) ra TeHr Oyaran (Oy
epaa 3 <t < p+l) Il Tunnaru uxtué€puit 3unOMen anredpacu Kylnaara u3omMopd
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XVJOCA

Jucceprauys HIOM HWINOTEHT JIeHOHUI anreOpaJapuHUHT €YUMIIM  Ba

Mapka3uil KeHrantManapwau Ba Jleitonmn anreOpanapura Komrym mabHOCHIa
KyIIMa anreOpanapHUHT OepHraH XapaKTEepPUCTUK KeTMa-KeTJIUKINA CUH(IapuHU
tacHU(]IIamTa OaFUIIaHTaH.
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1.

TaaKMKOTHUHT acOCHI HaTWKajdapy Kyluaarmiapaal uoopar:

Tabumit ycynga XOCWJI KWIMHTaH TpajyrpoBKagaH (apkiau |-rpagyupoBka
TYIIYHYacCH KHUPUTWITaH Ba |-rpamyupnanran ¢uaudopm JlelOHwMIT
anreOpanapu TacHU]IIaHTaH.

Hunpagukanu n ymuamiaun AOen anreOpacu Ba KOYJIYaMH S ra TEHT OViraH
eunviin  JlelOHUI] anreOpajapyUHUHT HWIPAJWKal Ba KOYI4amiiapu
opacujgaru MyHocabatnap TomwiraH. Hwunpaaukamu n ymouamnu  Aben
anrebpacu OynraH 2n ymyamiad Ba HWIPAJUKAIMHUHT YI4aMH N Ta TEHT
oynran (2n—1) ymuamumm eunmin JlelOHun anreOpanapu TacHHU(IIAHTaH.
bynnan ramkapu xocun Oynran 6apya euumin JlenOHuI| anreOpasapuHUHT
KAaTTUKJIUTH UCOOTIIAHTaH.

Hunpanukannapu tabuuii ycynna rpagyupiadrad 2-gummdopm JlenOnui
anreOpanapuaad noopat 6ynran 6apua eunmiu JleinOHuUI[ anredpaapuHUHT
tacHunapun osumurad. llyHunraex, Huiapaaukanu Tabuuii  ycymiaa
rpagyupianrad  p-buiaudopm Jleitbuui anreOpanapu Ba KoyiIdamiiapu
MUHUMAJl Ba MakcuMan Oynran euumiu JleitOuuiy  anreGpanapu
tacHu(uanrad. byngaii euumim  JleitOHui, anreOpaJlapHUHT  MYHA
KOTOMOJIOTHK KaTTHK aJiredpanap MaBxK Kyl SKaHJIUTH KypCaTHIITaH.
NxTtuépuit Bupacopo anreOpacununr JleiiOHMII Mapka3uii KeHraiTMacu
Bupacopo anreOpacu Ba AOen anreOpacMHUHT TYFpPU WUFUHIMCUIAH
ubopariuru  ucbornanrad. Hon-¢punmudpopm Ba  Tabuumit  ycynaa
rpaayupianrad Jlu Oynmaran Qummdopm Jleibuur, anredparapuHUHT
MapKa3uil KeHralTManapu TacHUpIaHTaH.

EBxmun Jlu anreOpacu Ounan Oornuk Oynran JleiOuuiy anreOpanapu
TacHu(IaHTaH Ba y4 Vymuamiu conana Jlu anreOpacu opKaiM XOCHI
KWIMHTaH coana JlehOnui anrebpack ydyyH YaWTXEIHUHT WKKHUHYH
JIEMMACUHUHT aHAJIOTH UCOOTIaHTaH.

Tabuwmii ycynna rpagayupiianral 4ekiu yidamian 3uHOuen aareOpaiapuHuHT
XapaKTEPUCTUK KETMa-KEeTJIWKIIApUra OHWJ HaTKajgap KeJITUPHUIITaH.
yHUHTIEK, XapaKTepUCTUK KeTMma-ketauru (n—3,2,1) Ba (n—p,p) ra TeHr
Oynaran Tabumii ycynna rpaayupiaHraH 4Yekiu Vyiayamid —3uHOuen
anreOpanapu TacHU(IIAHTaH.
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BBE/IEHUE (aHHOTALMS AOKTOPCKOM JUCCEPTALMHI)

AKTYaJIbHOCTh M BOCTPeOOBAHHOCTH TeMbl aucceprammu. OIHUM U3
HanOoJiee BAXHBIX THUIIOB HEACCOIMATHUBHBIX ainreOp sBisieTcs anrebpa Jlm,
KOTOpasi BO3HUKJA B KOHLE XIX Beka B pe3yapTaTe u3ydeHus rpynn Jlu, u nmeer
oco0oe 3HAYCHHWE MpPU HW3YYCHUU TEOPUU HEacCONMaTHBHBIX anreop. Hamo
OTMETUThb, 4YTO paHee i anreOp Jlu  ucnosb3oBajics  TEPMHUH
«MH(PUHUTE3UMAIIbHAS TPYIINa», U TOJIbKO mocie padoT . Beiins nanHbie anreOpsl
cTanu HaszbiBaThcs anreopamu Jlu. Ilockonbky Teopuu rpynn Jlu u anre6p Jlu
TECHO CBSI3aHbI, OHU JOJITOE BpEMs pa3BUBAIMCH NapasuienbHo. Hanpumep, Takue
CBOMCTBAa KakK MPOCTOTA, HUJIBIIOTEHTHOCTh W pPa3pelIMMOCTh rpynnsl Jlu
(akTHUECKH BJIEKYT T€ K€ camble CBOMCTBA JJII COOTBETCTBYIOLIEH anreOpsl Jlu.
[Ipy pemeHun 3anay, CBSI3AHHBIX CO MHOTMMH HCCIEJOBAaHUSMU B Pa3IUYHBIX
oOnacTsax (HU3MKHA, KBAHTOBOM MEXAaHMKHM W JIPYTUX OOJIACTAX MATEMATHKH,
anreopsl JIu cTany OogHUM M3 BaXKHBIX HANPABICHUM COBPEMEHHOHN aireOpbl, HE
3aBUCSIIMM OT rpynn JIu.

[Ipu nzydyenuu anredOpandyeckux 0OBbEKTOB BaXKHO OIMPEAEIUTh MHOT00Opa3us
anreOp (UKCHPOBAHHOW Pa3MEPHOCTH HAJl HEKOTOPHIM 3aJlaHHBIM IOJIEM WJIH, B
tepmuHosiornn A.I'. Kypomia, npuMuTuBHBIM KiaccoM anreOp. B kauecTtse
OpUMEPOB  MHOrooOpazuii  anreOp  MOXHO  BBIICIUTH  MHOT0OOpa3us
KOMMYTaTUBHBIX alre0p, accOLMaTUBHBIX anredp, anredp Jlu, HopmaHOBBIX
anredp, a B mocieaHee BpeMs Takke u anredp Jlelionuma. OTMeTUM, YTO MHOTHE
KJIACCUUECKHUE PE3yJbTaTbl TEOPHUM KOHEYHOMEpHBIX anredp Jlu crpaBeasuBebl
Takke W Juisg anrebp JleiOnuna. B omimuum oT anreOpanyeckoro ONucCaHus
r€OMETPUYECKOe OMUcaHue MHOroobpasus anre6p JleiOHuma B 3amaHHOU
Pa3MEPHOCTH COCTOMT B XapaKTepu3alMd WX HENPUBOAUMBIX KOMIIOHEHT O]
€CTECTBEHHBIM JIEMCTBUEM JIMHEHMHOW anreOpamveckoil rpynmnsl. HamomHuMm, 4to
moOyto anreopy JleitOHMIa Ha/x 3aJaHHBIM TTOJIEM U (PUKCUPOBAHHON pa3MEpPHOCTU
MOXHO pPaccMOTpPeTh Kak TOYKYy ad@uHHOrO anredbpanuyeckoro MHOTo0Opaszus,
pa3sMEepHOCTh KOTOPOro paBHA KyOy pa3MepHOCTH anreOpbl. HaxoxaeHue opOUTHI
anreOpsbl PU JaHHOM JIEUCTBUM TPYIbl, COOTBETCTBYIOLIEH N30MOPQHBIM KilaccaM
anreOp JleitOnuna, w wiaccudukanus BCeX OPOUT CUHUTAIOTCS OJHUMHU U3
B&XHBIMU HAyYHBIMU  HCCJIEJAOBAHMAMH, TOCBSILIEHHBIE TI'E€OMETPUUYECKOMY
OMHCaHUI0 MHOT0000pa3us anreop JleliOHua.

B mnameii crpane oco0oe BHHUMaHHUE YIEISICTCS H3YUYCHHIO CTPYKTYPHOM
TEOpUHU KOHEYHOMEPHBIX anredp JIu u JleliOnuma. 3ta Teopust SABISIETCS OJHUM U3
AKTyaJbHBIX  HAlPaBJICHUHA  HAYYHOIO W  MPAKTHYECKOTO  MPHUMEHEHMS
dbyHnaMeHTaNIbHBIX HayK. M3 CTpyKTypHOW Teopur KOHEYHOMEPHBIX anreOp Jlu
HaJ TOJIEM HYJIEBOM XapaKTEPUCTHKU XOPOIIO M3BECTHO, YTO CYUIECTBYIOT TpHU
OCHOBHBIX Kjlacca anre0p JIu: momympocThie, pa3peliuMble U Te€, KOTOpbIE HE
ABJISIFOTCS HU TOJNYNPOCTBIMH, HU pazpemnMbiMu. [lo Teopeme JleBu-MablieBa,
anreOpsl M3 TPEThEro Kiacca MPEACTaBISIIOTCA B BUAE MOIYIPSIMON CyMMBI
NOJIYIPOCTBIX W paspemmbix anredp. Hamomuum, uto kiaccuduxanus
nosynpocteix anreép Jlu Obuta monHocThiO monmydeHa Kapranom: mroGas
KOHEYHOMEpPHasl MojyrpocTtas ainredpa Jlu Haa mojieM HyleBOM XapaKTEpUCTHKU
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pasnaraeTcsi B MPSIMYI0 CyMMY MPOCTBIX HaeaioB. TakuMm oOpa3om, mpodiiema
KJaccu(UKauy pa3peliuMbix anredp, KOTOpbIE SBISIOTCS BTOPBIM M3 TpeX
OCHOBHBIX KJ1accoB anreOp JIu, crana oueHnp akryansHol. biaaromaps merony I'.M.
My0apak3sHOBa KOHEYHOMEpHbIE paspemumbie anreopsl Jlu Moryt ObITh
BOCCTAHHOBJICHBI C TOMOIIBI) UX MAKCHUMAJIbHBIX HUJIBIIOTEHTHBIX HJICAIIOB U
BHeHUX AuddepeHmpoBanuil 3tux uaeanoB. Merton MyOapak3sHOBa Takke
pacmpocTpaHsieTcsi Ha pasperninMbie anreopsl JleliOnuna. KiotoueByto poib B 3TOM
OMHCAaHWUU HWIPaeT TOT (PakT, YTO OMEPATOp MPABOTO YMHOXKECHHS HA HJIEMEHT
JOMOJHSAEMOT0  MOANPOCTPAHCTBA K HWIbPAJUKAILY pPa3pelIuMoil  anreOpbl
JleitOnuna sBnsieTcss BHEMHMM U depeHInpoBaHUEeM HHIIbpaaukana. B
MOCIICAHUE TOABI OBLTU IMOJIyYE€HBI 3HAYUTENbHBIE PE3yabTaThl B KIACCU(PUKALIUU
pazpemumbix anreOp JIelOHMIIAa W ONMHMCAHMM WX TPYII KOTOMOJIOTHMM MaJIbIX
nopsiikoB. IlpoBeneHue wuccneqoBaHUl HAa YpPOBHE MHUPOBBIX CTAaHIAPTOB 11O
NPUOPUTETHBIM  HAMPABICHUAM JUCHMUIUIMH «Anredpa, Teopuss YHCETl U
(GYHKIMOHATBHBIA aHaIN3» O0003HAYEHBl KaK OCHOBHBIC II€JIM W HAlpaBJICHUS
JESITIPHOCTH HCCIeIoBaTeneii . B emsx HCMob30BaHNs HAYYHBIX PE3y/IbTATOB B
CMEXHBIX O00JacTsIX HAyKH BaXHBIMH CYHUTAIOTCA IIOCTPOEHUE CTPYKTYpHOU
TEOpUU KOHEUHOMEpPHBIX anredp JleOHUIIA M BbIsSBIEHUE aire0p ¢ OTKPBITHIMU
opbuTaMu B MHOTO0Opa3usix anredpax.

HccnenoBanust NaHHOM JAMCCEPTAllMA B ONPEICICHHOW CTENEHU CIIyXaT
pelieHuio 3a1a4y, o00o3HaueHHBIX B Ykaze IIpesunenta PecnyOnuku Y30ekucran
NeVII-4947 ot 7 ¢epans 2017 rona «O cTpareruu IeUCTBHS MO JalbHEHIIEMY
pazButuio PecniyOnuku Y30ekuctany, B nocraHoBieHUsX NelI[1-4387 ot 9 urons
2019 roma «O mMepax rocyaapCTBEHHOM NOAAECPKKH TAIbHEHIIETO pPa3BUTHUA
MaTeMaTUYeCKOro 0Opa3oBaHMs U HAYKH, a TAKXKE KOPEHHOTO COBEPUICHCTBOBAHUS
nearenbHocTn MHctuTyra Marematnku nmenn B.M. PomanoBckoro Akaaemun
Hayk Pecniyommku Y36ekucran» u NelllI-4708 ot 7 mas 2020 roma «O Mepax mo
MOBBIIICHUIO KauecTBa OOpa30BaHUS W PA3BUTHIO HAYYHBIX MCCIICIOBAaHUN B
00JlacCTH MaTeMaTUKU» M B JPYTUX HOPMATHBHO-TIPABOBBIX aKTaX, KACAIOIIHUXCS
byHIaMEeHTAIbHON HAYKH.

CooTBeTcTBHE HCCIEA0BAHUS NPUOPUTETHBIM HANPABJEHUAM Pa3BUTHA
HAYKH M TeXHOJOrMH pecny0auku. J[aHHOEe HCCIIEIOBAaHUE BBIMOJHEHO B
COOTBETCTBUM C MPUOPUTETHBIM HAIPABICHUEM Pa3BUTUSA HAYKH U TEXHOJIOTHH B
PecniyOonuke Y30ekucran V. «MaTtemaTuka, MexaHuKa U HHOOPMATHKAY.

O030p 3apy0eKkHBIX HAYYHBIX MCCJIEJOBAHNH 110 TeMe IUCCePTALMH.

WccnenoBanusi, NOCBSIICHHBbIE CTPYKTYPHOH TEOPUU HEACCOIMATHUBHBIX
anredp U U3YYEHUIO UX KOTOMOJIOTMYECKUX CBOWCTB BEJIMCh MHOTMMHU HAyYHBIMHU
HEHTPAaMH U CHEIUAIUCTAMH YHUBEPCUTETOB 3apyOEKHBIX CTpaH, CpeAu HUX:
yHuBepcuter CeBwibH, yHuBepcuteT Kanuca, yHuBepcurer CaHThAro [e
Komnocrensr, Manpuackunn — yHuBepcureT  KoMIuryTeHce,  yHUBEpPCUTET
Dctpemanypsl (Mcnanus), yausepcuter Benbl (ABcTpus), yHuepcuter Jlopanaa
OtBoca (Benrpus); ynusepcuret Can-/{uero, yuusepcuter Toieo, yHUBEPCUTET

1

Iocranoenenne Kabunera MunctpoB PecnyOnmkn VY3bekucran ot 18 mas 2017 roma Ne292 «O mepax 1o
OpraHM3alM JAEATEIHHOCTH BHOBb CO3J@aHHBIX HAYYHO-MCCIIEJOBATEIbCKUX YUPSKACHUH AKaJeMHu HayK
PecryGmmku Y36ekucran»
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mrata CesepHoil Kaponunsl (CIIIA); Bocrouno-Kuraiickuil mnenaroruyeckui
yauBepcuteT (Kutait); HoBocuOupckuit ['ocynapcTBEeHHBIN  YHUBEPCHUTET,
Cubupckuii dhenepanpubiii yauepcuteT (Poccust); yausepcutet [lyTpa Manaiizus
(Manaii3ust); MHCTUTYT MaTE€MaTUKM M MaTeMaTUYeCKOro MOJACIUPOBAHUS,
Kazaxcrancko-bpuranckuii TEXHUYECKUI YHUBEPCUTET (Kazaxcran);
O®enepanbHbiii  yHuBepcuteT Canrta-Katapuna, VYnuepcurer Can-llaymy
(bpaszunus), yauepcutet [lopty (ITopTyranus) u npyrue.

B nocnennue roapl B pe3yiapTaTe HAyYHO-HUCCIENOBATENbCKHX padorT,
MOCBSAIIEHHBIX OMHCAHUIO IIEHTPAIBHBIX pacmmpennii anrebp JleiOHuIa,
HAXO0XJICHUIO OTKPBITBIX OpOUT anredp M KiIacCUPUKALUU Pa3pelIUMBIX anreop
JleitOHuna ¢ 3agaHHBIMUA HHJIbpaJWKallaMd, B MUPOBOM MaciiTabe ObLI pelieH
LENbIM pAX aKTyaJbHBIX 3a4ad. B TOM 4uCie MOJydeHBI CIEAYIOLIME HAy4YHbIC
pe3ynbTaThl:  IMOJIYYEHO  TIEOMETPHUYECKOE  ONUCAHWE  TPEXMEpPHBIX U
yeThipexmepubix anredp Jlu (dioccenpaopdekuii yauBepcuteT uMmeHu ['eHpuxa
['eitne n boHHCKuUI yHUBepcUTeT, ['epmMaHus); KiacCuDUIIMPOBAHBI pa3pelIuMbIe
anre6psl JIu ¢ Hynb-GUIMOOPMHBIM U €CTECTBEHHBIM 00Pa3oM TpagyupOBaHHBIM
bundopMHBIM  HWIbPAJUKAIAMU W BBIYKMCIEHBI TPYIIbl  KOTOMOJOTHI
nonyueHHbIX anredp (Yuusepcuter Cantbaro-ge-Kommocrena u YHuBepcurer
Kommyrence ne Manapua, Mcnanus); u3ydeHbl KOTOMOJIOTMYECKHE CBOWCTBA
anre6p JlelOHuna W J0Ka3aHO, YTO W3 TPUBUAIBHOCTH BTOPOM TPYIIIIbI
KOTOMOJIOTUI CIIETyeT ®KeCTKOCTh anredp JleiiOuuma (MaTtemMaTuuecKuii HHCTUTYT
XKrocce-Ilapuxa Pus T'om, ®panuus); nosydeHa kiaaccupUKaUs pa3pelImMBbIX
anreOp JleliOHuIA, HUIBpaAUKaTaMu KOTOPBIX ABISItOTCA anreOpa I'eitzenOepra u
kBazu-punudopmusie anredper JleitOuuma BToporo Tuma (['ocymapcTBEeHHBINM
yHuBepcuTeT B beknm, 3amamnas Bupmpkunaus, Yaueepcuter Tonemo, CIIA);
JI0Ka3aHO, YTO Tpynna KOrOMOJIOTHI MPOCTHIX U MOJYyNPOCThIX anredp JlelOnuna
paBHa Hymo (YHuBepcuteT FOxnoit Amabambl, CIIIA, u YauBepcurer Hanra,
Opaniws); 10Ka3aHO, YTO MPOU3BOJbHAS KOHEYHOMEpHAs KOMILJIEKCHAs anreopa
Jleitbuuiia Haj TMOJIEeM HYJIEBOW XapaKTepUCTUKH TIPEJCTaBUMa B  BHUJE
MOJIYNIPSIMOM CYMMBI TMOJYNpOCcToi anredpbl Jlu u paspemmmoro paaukaia
(Yuusepcuret CumHesi, ABCTpaIus).

Bo MHorux crpaHax mMupa B NOCJIEIHHE TOAbl B KAa4€CTBE MPUOPUTETHBIX
HaIPaBJICHU HCCIIEIOBAHUN PEATU3YIOTCA HAyYHO-TIPAKTHUYECKHUE MPOEKTHI IO
MOCTPOEHUIO U MTPUMEHEHUIO CTPYKTYPHOU TEOPUU KOHEUHOMEPHBIX Pa3pelIMMbIX
anreOp JleiiOHMIa, B YAaCTHOCTH, OMHCAHHME pa3peluMbIx anredp JleiOHuma c
3aIaHHBIMU HUWJIbpPAJMKaIaMU; HaX0XJIEHUE 3aMbIKaHUH OPOUT U HEMPUBOIUMBIX
KOMITIOHEHT anreop JlelOHuIa MaiblX pa3MEepHOCTEH; HAXO0XKJIECHHUE >KECTKHUX
anreOp B MHOrooOpasuu KOHEYHOMEpHbIX anreOp JleiiOHuua; wu3ydyeHue
nedopmanuii  anreOp JlelOnuna wu  onucanue audPepeHIpOBaHUA U
WHOUHUTE3UMATBHBIX  JepopManiii Takux ainreOp; BBIYUCICHHUE TPYIIIBI
KOTOMOJIOTHH pa3pemumMbix anredp Jleitbnuma u 1.1.

CreneHb WM3YyYeHHOCTH mNpodaeMbl. AnreOpsr JleiOHMIIA W3HAYAIBHO
BBeneHbl A.M. brmoxom B 1965 romy mom HazBanmem D-—anre6psl. [lozmnee
anreOpbl, YIOBJIECTBOPSIONIME TOMY K€ TOXIECTBY, OBUIM PpPacCMOTPEHbI
dpanmy3ckum matematukam JK.JI. Jloge kKak HEAaHTUCUMMETPUYHBIM aHAJIOT
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anred6p Jlu, xoropbiii Ha3Ban ux anreOpamu JleiOnuma B uyecth ['oTdpuna
Bunerensma JleitOuuna. Ha nanubiii MmomeHT it anreOp JleiiOHuIla gOKa3aHbI
MHOTHE aHAJOTU KJIACCHYECKUX TeopeM u3 Teopuu anredp JIu. B wactHoctu, /.
Bbapnc nmokazan ananor teopemsl JleBu s anreOp JleiOHuIa, KOTOPHIN TJIACHT,
yTo J100asi KOHEYHOMEpHas KOMIUIEKCHas anreOpa JleiOHuia pasznaraercs B
HOJIYIPSIMYIO CYMMY pPa3peliMMoro paauvkaia U MOoJIynpocTod mojanreops Jlu.
[ToaToMy OCHOBHOW MpOOJIEMONl NpPU H3YYEHUU CTPYKTYPHl KOHEUHOMEPHBIX
KOMIUIEKCHBIX anreOp JleiOHuIa SBIsSETCS OMHCAaHWE pa3pelIuMOl YacTH.
OnucaHveM HE HUJIBINOTEHTHBIX pa3peliMMbiX anreOp JleilOHHMIa 3aHMManuCh
takue yudensole, kak, [II.A. Arwmnos, X.M. Ankoue-bepmynec, M. Jlagpa, K.M.
Kacac, JL.M. Kamauo, K. Mucpa, B.A. Owmmupo, N.C. Paxumon, A.X.
Xynonbepaues, A. 11labanckasi, 1 ObUTH MOJTyY€HBI OMKUCAHUS HEKOTOPBIX KIJIACCOB
paspemnMbix anreOp JlelOHuIla C 3aJaHHBIMM  HUJIbpPaJAUKalaMH, TaKUMHU,
HampuMmep, Kak C  a0eleBbIM, Tel3eHOEepProBbIM,  HYJIb-PUIH(POPMHBIM,
bundopMHbIM, KBa3u-GUIuGOPMHBIM, TPEYTOJIBLHBIM U JIP.

Cnenyer OTMETHUTh, UTO pas3peniumbie anreOpbl JIeHOHuUIA MpeacTaBisioT
KUBOW MHTEPEC HE TOJIBKO C TOUKHU 3PEHUS UX POJU B CTPYKTYPHOM TEOPHUH alredp
JleitbHuIla, HO TaKXe W C TOYKHU 3PEHUS KOTOMOJOTUYECKOW Teopuu. OTMETUM
TaKk)Ke, YTO B HM3YyUYCHHUHU CTPYKTypHOU Teopuu anreOp Jlu u JleiOHuna u ux
KOTOMOJIOTUH OUY€Hb BAaXKHYIO POJIb UTPAlOT >KeCTKUE ainreOpsl. M3BecTHO, 4TO B
pabortax JI. bamaByana, A. Maunnana, A. Heilienxeiica, P. Puuapacona, /I.B.
MunnuonnkoBa U A. ®DuanoBCKM H3yYeHbl MHOroooOpasust anrebp Jlu u
JleiiOnuna u ux aedopmMannu, a Takke koromosoruu ainredp. JlokazaHo, 4to u3
TPUBUAIBHOCTH BTOPOWM TPYyHIbl KOTOMOJOTHH CIEAYEeT KECTKOCTh ajuredp
Jleibnua. Kpome Toro, HaleHbl HEKOTOpPbIE HEMPUBOAMMBIC KOMIIOHEHTHI B
MHOT000pa3ui KOHEYHOMEPHBIX KOMILJIEKCHBIX aiiredp Jleitonuiia.

Hacrosimas aucceprannonnas paboTa MOCBAIEHA TaK)Ke ONMUCAHUI0 anredp,
KOTOPHBIE SIBJISIFOTCS KOIIYJIEBO TyalIbHBIMU K anreopam JleiOuuia, ynoMsHyThIMU
B paborax B. I'mu3bypra, M. Kanpanosa u X.JI. Jlone. B pa6orax X.JI. Jlone
HaleHo ToxaecTBo KormryneBo ayanbHbIX anreOp JleiOHuUIA, a mo3Ke anreopsl,
YJIOBJICTBOPSIONINE ATOMY TOXJIECTBY, ObUIM Ha3BaHBI anreOpamu «3UHOUEIIS.
OtMetuMm, uTo «Zinbiel» — 3To cimoBo «Leibnizy, 3anmucanHoe B 00paTHOM MOPSIAKE
O0ykB. Hekotoppie aBTOpHI HCHOJIB3YIOT TepMuH l[{uHOWETh, OCHOBBIBASCh Ha
pycckoii Tpanckpumnuuu uMenu Jleitonuna. B padortax A.C. Jxymaawibaaesa, B.
I'muz0ypra, M. Kanpanosa, X.JI. Jlone u K.M. TynenOGaeBa ObUIM MOJTYyYEHBI
BaXHble cBoiicTBa anreOp 3unOuens. B wactHoctu, B paborax A.C.
JlxymanunsaaeBa u K.M. TynenOaeBa qoka3zaHa HUIBIOTEHTHOCTh MPOU3BOJILHOM
KOHEUHOMEPHOM KOMIUIEKCHON anreOphl 3uHOHMENs, a TakKe IMOKa3aHbl OIICHKU
JUIS. MHACKCOB HWJIBIOTEHTHOCTH, HHJIBHOCTH M Pa3pelIUMOCTH KOHEYHOMEPHBIX
anreOp 3uHOUENs HaJl MPOU3BOJLHBIM TOJIeM. M3ydeHHI0 CTPYKTypHOH TEOpHH
anre6p 3uHOMENs C HEKOTOPHIMH YCJIOBHSMH HAa WHICKC HIJIBIIOTEHTHOCTH U
XapaKTEPUCTHUECKHUE TOCIIEI0BATEILHOCTH MOCBAIIEeHb padboTel JI.M. Kamauo,
O.M. Kanere, C. TI'omeca-Bunana, M.A. KapumkanoBa, H. Mcmaunona, B.A.
Omupona, A.X. Xynoitbepauesa u ap.
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CBsi3b TeMbI JHCCEPTAIMM C HAYYHO-HUCCJIEI0BATEIbCKMMH padoTamMu
BbICIIEr0 00pPa30BaTeJLHOIO Y4YpesKAeHHs, Ile BBINOJHEHA JUccepTaums.
HuccepranonHas pa0oTa BBIMIOJIHEHA B COOTBETCTBUU C IUIAHOBBIMH TEMaMU
Hay4YHO-HUCClIenoBaTeibckux  padbor D4-OA-DO013  «HeacconmatuBHBIE U
OMepaTopHbIle alredpbl, JIWHAMHYECKHME CHCTEeMbl M HMX NPHIOKEHUS B
CTaTHCTHYECKOH (U3MKEe M MOMYNANUOHHONH Ouonorum» (2012-2016 rr.), EDA-
d1ex-2018-77 «'pynmbl KOTOMOJIOTHH TOTYNPOCTHIX M HUJIBIIOTEHTHBIX anreopy
(2018-2019 rr.) m OT-D4-82+0T-D4-87 «JlokanbHble AUQQPEpEHIUPOBAHUST H
aBTOMOP(HU3MBI ONIEPATOPHBIX M HEACCOIMATUBHBIX anreOp, (pa3oBbie mMepexonbl U
Xa0C B HEJIMHEWHBIX JHHAMHYECKUX cHcTeMax»+«Teopus rio0ambHBIX
VHBAapUaHTOB KPUBBIX U IOBEPXHOCTEHM B EBKIMAOBOM M IceBHO-EBKIMIOBOM
MPOCTPAHCTBAX W €€ NpWIoKeHHs B Mexanumke» (2017-2019 rr.) wmHCTHTYyTaA
Marematuku um. B.1. Pomanosckoro AH PecniyOnuku ¥Y30ekucrtan.

Henabio uccenqoBaHusi sBISAETCS ONMUCAHUE PA3PEIIMMBIX W IEHTPATbHBIX
pacHIMpeHUii HUWIBNOTEHTHBIX anreOp JleHOHuIa M WX KOUIYJEBO AyaldbHBIX
anredp ¢ 3a1aHHON XapaKTEePUCTUUECKON MOCIIEIOBATEIHHOCTHIO.

3agaum uccsieJ0BaHusl, pelIaeMbie B JaHHOM pabore:

ornucanue |-rpamxynpoBanHbIx GuudopMHbIX anredp JleiOHua;

OMHCAaHUE MAaKCUMAJbHBIX JICMOHHUIIEBBIX Ppa3pEUIUMBbIX  pACIIUPEHUMN
abeieBoii anreOpsl;

knaccudukanus (2n—1)-MepHBIX paspemumbix  anreop JleiOHuma ¢ n-
MEPHBIM HIJIbPAJNKATIOM;

Kiaccupukanus pazpemumeix anreop JIeroHua ¢ ecTeCTBEHHBIM 00pa3oM
IpaTyHpOBAHHBIMU HEIUEBBIMU P-(PripOpMHBIMU HIUTbPATUKATIAMU;

JI0KA3aTeIbCTBO TPUBUATIBLHOCTH JICHOHUIIEBBIX ICHTPAIBHBIX PaCIIMpEHUN
anreopsl Bupacopo;

UCCJICIOBAHUE  IICHTPAJBHBIX  PACHIMPEHUA  HYJIb-QUIUGOPMHBIX U
€CTECTBEHHBIM 00pa3oM TrpaayupoBaHHBIX (GUIMGOPMHBIX HEITUEBBIX aireop
JleiiOHua;

knaccudukanus anredp JleiOHMIa, acCOUMUPOBAHHBIX C EBKJIHMIOBOMN
anrebpoit Jlu;

OMHCAaHUE CBOWCTB BTOPOM TPYMNIbl KOTOMOJOTHH TPOCTBHIX —anredp
JleiiOHua;

Kiaccuukanys KOHEYHOMEPHBIX €CTECTBEHHBIM 00pa3oM TpagyHpOBaHHBIX
anreOp 3uHOMENs HWIBMHIEKCA N—2 C XapaKTEPUCTUUECKOW MOCe0BaTelb-
HOCThIO (N3, 2, 1);

Kjaccu(uKaIus KOHEYHOMEPHBIX €CTECTBEHHBIM 00pa3oM I'paJyHdpPOBaHHBIX
anreOp 3uHOUENs ¢ XapaKTepUCTUUECKOM MOCIeA0BaTeIbHOCTEIO (N—p, D).

O0bekT mcciaenoBaHusi. HUIbNMOTEHTHBIC, pa3pelIMMBIC, ITOTYIPOCTHIC
anreOpsl JlerOHmIIa, IEHTpaTbHBIC PACIIMPEHUS U anTeOpbl 3UHOUES.

IIpeaMer wucciaenoBanus. Teopuss HUIBIOTEHTHBIX, Pa3peIIMMBIX U
MOynpocThix anreOp JlelOnuma, crpyktypHas Teopust anreOp JlelOnwua,
KOTOMOJIOTUYECKHE TPYIIIBI IPOCTHIX anreop JlelOHua.
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MeTtoasb! ucciaenoBanus. B quccepranny UCIOIb30BaHbl METOABI TUHEWHON
anreOpbl, METOJIbI TEOPUH HMHBAPUAHTOB, METO/bl CTPYKTYPHOW TeOopuUH airedp
JleitbuuIIa, a TaK)KEe METOABI KOTOMOJIOTUYECKUX anreop.

Hay4Hasi HOBU3HA MCCJIEIOBAHUSA 3aKJIFOYACTCS B CIIETYIOLIEM:

MOJIYYEHO oOmnucaHue paspemmbix anredp JleiiOHuna ¢ abeneBbIM
HIIBPATUKAIOM, M KJIACCU(PHUIMPOBaHbI (2n—1)-MepHbIe pa3pelimMbie aareOpsl
JleitbHMIIa C N-MEPHBIM HUJIbPAIUKAIOM;

OMHCaHbI LEHTPAJIbHbIC PACHIMPEHUSI HYIb-PIIN(OPMHBIX U €CTECTBEHHBIM
o0Opa3zoM rpaayrpoBaHHBIX (PrmpopMHBIX HeTMeBbIX anreOp JleiOnmia, a TakKke
J0Ka3aHa TPUBUAIBHOCTH JICHOHMIIEBBIX LEHTPAIBHBIX PACIIMPEHUI anreOpbl
Bupacopo;

MOCTpPOEHBI anreopsl JIelOHuIla, acCCOIMUPOBAHHBIE C €BKIU0BOM anreOpoit
JIm, m noKa3aHa TPUBHAIBHOCTb BTOPOW TIPYyHIIBI KOIOMOJIOTMHM ISl IPOCTOU
anreOpsl JleibHMIIa, acCOIMUPOBAHHOM ¢ TPEXMEPHOI mpocToit anredpoit Jlu;

KJ1acCU(UIIMPOBAHBI KOHEYHOMEPHBIE €CTECTBEHHBIM oOpazom
rpaJyupoBaHHbIe anreOpbl 3WUHOMWENS C 3aJaHHOW  XapaKTepUCTUUYECKOMN
[I0CJIEOBATEIBHOCTHIO.

IIpakTH4Yeckne pe3yjbTaThbl HCCJIEI0BAHUA COCTOAT B CIEAYIOIIEM:

B pesynbrare wuccnegoBaHuil paspemuMmbix anredp JleitOnuma Obuin
pa3paboTaHbl HOBBIE METOJIbI HCIOJIB30BaHUA BHEIIHUX JUdQeperrpoBanuii
HUJIBIIOTEHTHBIX ~alNreOp, KOTOpble OYIyT HCIOJIb30BATbCS IMPU HU3YyYEHUU
pa3pelIMMBbIX PacCIIUPEHUN HUIBIOTEHTHBIX anreOp JIu u anredp JleliOHuna.

Pe3ynbpraThl guccepTainuu, KacarolUMecss BTOPBIX TIPyHH KOTOMOJIOTHMN
MpOoCThIX anreop JleiOHuIa, aCCOLMUPOBAHHBIX C TPOCTONU TPEXMEPHOU anredpoi
JIn, mMO3BOJMIM YCTAHOBUTH THUIOTE3y O TPUBHAIBHOCTH BTOPOM TIPYIIIbI
KOTOMOJIOTUH MOJTYNPOCThIX ayreop Jleionua.

JloCTOBEpPHOCTh Pe3yJIbTATOB HCCAEAOBAHMA OOOCHOBAHA CTPOTOCThIO
MAaTEMaTUYECKUX  PACCYKJEHUW,  HCIOJIb30BAHMEM  W3BECTHBIX  METOJOB
UCCJICIOBAHUS JPYTHUX KIJIAcCOB airedp, mpuMeHeHueM (yHIaMEHTAIbHBIX
pEe3yNbTaTOB TEOPUM TIPEACTABICHUM U CTPYKTypHOW Teopuu anredp Jlu.
PesynbraThl KiaccuuKalMOHHBIX PE3yJIbTATOB B CIIydae MallbIX pa3MepHOCTEN
ObUIM TMPOBEPEHBl C MOMOUIbIO CHEIHATBHO CO3JAaHHBIX MPOTpaMM Ha SI3bIKE
MaTeMaTUYeCKOro mporpammupoBanus Mathematica 12.

Hayuynas M npakruyeckasi 3HAYMMOCTb Pe3yJIbTATOB HMCCJIEI0BAHUS.
Hayynoe 3HaueHuwe pe3ynbTaTOB MCCIEAOBAHUS 3aKIIOYAETCA B TOM, 4YTO
NOJIyYCHHbIE B pabOTe Hay4yHble pPe3yJbTaTbl OyAyT MCHOJB30BAaHbl JUIS
JNaTbHEUIINX MCCIENOBAHUN JIPYTMX MHOT000pa3uii anredp, a TakKe MeETOJbI,
pa3paboTaHHbIE B JAHHOM AuMccepTaluu OyyT UCIIOJIb30BaHbl JUIsl JJOKA3aTeIbCTBA
aHaJiora BTOPOM JIEMMbI YaWTXela O TPUBHUAJIBHOCTH TPYIIIbI KOTOMOJOTUM IS
moTynpocThix anredp JIu Ha cimydait momynpocTeix anredp Jleitbnma.

[IpakTyeckass 3HAYMMOCTh JUCCEPTALIMM COCTOUT B TOM, UTO PE3YJbTaThl,
Kacaromecs: KiacCUpUKaIu paspemumbix anredp JleiiOnuma ¢ 3amaHHBIMU
HUWJIbpaJMKaiaMu, TO3BOJIAT YCTAHOBUTD PsiJl TUIIOTE3 OTHOCUTEIBHO Pa3peIIMMBbIX
anredp JleiiOHuna c ApyruMu Huibpagukaiamu. B dactHocTH, OoHM OyayT
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WCIIONIb30BaHbl B JIOKa3aTelabCTBE THNOTe3bl CHOOMA O eIWHCTBEHHOCTH
MaKCHUMAaJIbHBIX PACIIUPEHUI KOMIUIEKCHBIX HUJIBIIOTEHTHBIX aireop JIu.

BHenpenne pe3yJabTaTroB HccjeqoBaHusi. Pe3ynbTaThl, CBSI3aHHBIE C
OMHCAHUEM PA3PEIIUMbIX U IEHTPAIbHBIX PACHIMPEHUA HUIBIIOTEHTHBIX aiareop
Jleitbnnia u  3uHOuWens  anreOp ¢  3aJaHHOM  XapaKTEPUCTUUYECKOU
MOCJIEIOBATEIbHOCTBIO,  OBUIM  HMCIOJB30BaHbl B CIEAYIOUIMX  HAYy4HO-
UCCIIeI0BATENLCKUX MTPOCKTAX

MOJHOE omucaHue paspemmmbix anreOp JleliOnuma ¢ abeneBbIM
HUJIbPAIUKAIOM OBUIO HCIOJIB30BAaHO B 3apyOexxHoM mpoekre Ne MTM2016-
79661-P «I"omonorum, roMOTONMUYECKUE M KAaTETOPHbIE MHBAPUAHTHI B TPYIIAX U
HEACCOLMATUBHBIX alredpax» MpHU HAXOXKJACHUU OMHMCAHUN Pa3pelIMMBIX aureOp
JleitOHuIIa C eCTeCTBEHHBIM 00pa3oM TpaJyMpOBAHHBIM  HEJIHUEBBIM -
¢unmndopMHBIM  HUJIbPATUKAJIOM  OJAHOMEpHOW  KopasmepHoctH (CmpaBka
VYuuBepcurera Cantbsaro ne Kowmmocrtema ot 20 wutons 2021 r., Wcnanus).
Hcnonp30BaHne HAyYHOTO pe3yJibTaTa MO3BOJIMIO OMKUCATh pa3pelIuMble anreOpbl
JleiiOHUIa, Yy KOTOPBIX HUJIbpaJHUKallaMU SIBJISIIOTCS €CTECTBEHHBIM OOpa3oM
rpagyupoBaHHbIe P-GuiarndOpMHbIC HETUEBbIE anreOpsl JIeHOHMIIa MaKCUMaTbHBIX
KOPa3MEPHOCTEH, a TAKKe JJOKa3aTh )KECTKOCTh U MOJTHOTY MOJIYYEHHBIX anreop;

pe3ynbTaThl Kacarolmuyecs onucanus anreop JleiibHuia, accOouMupOBaHHBIX C
eBKJIMI0BOI anredpoit JIu, 6bLtu Hcrmonb30BanHbl B mpoekte Ne EDA-Drex-2018-
79 «llpencraBnenuss anredp JleiiOHuna» npu onucanuu anredp JlelOHuua,
acCOLIMMPOBAaHHBIX ¢ anreOpamu Butra (cnpaBka Akanzemuu Hayk PecryOivku
V306ekucran ot 24 centsiops 2021 r, Ne 2/1255-2620). [IpumeHeHne 3TUX HAyYHBIX
pe3yNbTaTOB TMO3BOJIMJIO ONKCAaTh OECKOHEYHOMEpHbIe anreOpbl JleiOHuia,
acCOllMUpOBaHHBIE ¢ anrebpod Butra, a Takke [A0Ka3aTh TPUBUATIBLHOCTH
JEHOHUIEBBIX TPyNI KOTOMOJIOTHM anreOpbl BuTra MalbIX MOPSIAKOB C
koadunenTamu B cebe;

OMHCAHMS IIEHTPAIBHBIX PACIIMPEHUN HYIb-(QUITU(OPMHBIX U €CTECTBEHHBIM
oOpazoM rpaayupoBaHHbIX (punudopmMHBIX HenueBbIx anreOp JleiOnuia ObuH
UCIIOJIb30BAHBI B CTaThsX, OMYOJIMKOBAHHBIX B 3apyOEKHBIX HAYyUHBIX JKypHajlax
(Communications in Algebra, 2019, 47(1), 173-181; Algebras and Representation
Theory, 2021, 24(1), 135-148; Communications in Algebra, 2020, 48(8), 3608-
3623), 1mnpM  ONMMCAHWU  IICHTPAJIbHBIX  PACIIMPEHHUN  HHJIBIOTEHTHBIX
ACCOCUMMETPHYHBIX U aHTUKOMMYTATUBHBIX aireop. [IpuMeHneHne 3TMX Hay4HbIX
pe3yNbTaTOB Jal0 BO3MOXHOCTh KIJIACCU(PUIIMPOBATH ACCOCUMMETPUYHBIE H
AHTUKOMMYTATUBHBIE aJIreOpbl MaJIbIX Pa3MEPHOCTEN;

KJaccuuKanyusi KOHEYHOMEPHBIX €CTECTBEHHBIM 00pa3oM IpaJlydpOBAHHBIX
anreOp 3uHOUENs C 3aJIaHHOM XapaKTEPUCTUUECKOW MOCIIeI0BaTEIbHOCTRIO ObLIa
UCIIOJIb30BaHA B CTaThsX, OMYOJMKOBAaHHBIX B 3apyOEKHBIX HAYUYHBIX >KypHajlax
(Linear and Multilinear Algebra, 2018, 66(4), 704-716; Communications in
Algebra, 2020, 48(1), 204-209; Journal of Siberian Federal University.
Mathematics & Physics, 2019, 12(2), 173-184). IlpumeHeHue 3THX Hay4YHBIX
pe3yNbTaTOB  Jajl0  BO3MOXKHOCTh ~ aireOpamdeckd W IE€OMETPUYECKH
KJIAaCCU(PUIIUPOBATH S-MEPHbIE KOMIUIEKCHbIE HUJIBIIOTEHTHBIE anreopsl TopTkapsl.
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AnpobGanus pe3yJibTaTOB HCCJIeI0BaHMs. Pe3yabTaThl IuCCEPTAITMOHHOTO
UCCIIEIOBAHUS OOCYKIaIMCh Ha 4 MeXIyHapoJIHbIX W 21 pecrnmyOIMKaHCKHUX
HAYYHO-TIPAKTUYECKUX KOH(PEPEHITUSX.

Iyoankanusi pe3yabTaToB ucciaenoBanms. [lo Teme nuccepTallMOHHOTO
uccienoBanus omyoiaukoBaHa 41 HaydHas pabota, u3 HUX 16 BXOJAT B IepedycHb
HAay4YHbIX W3JAHUM, NPEIJIOKEHHBIX BpICIIed arTecTallMOHHOM KOMHUCCUEN
PecnyOnuku Y30ekucTan sl 3alUThl JUCCEPTALMM TIOKTOpa HayK, B TOM YHUCIIE,
U3 HUX 8 OomyOJMKOBaHBI B 3apyOEKHBIX KypHaiax U 8 — B pecrmyOJMKaHCKHX
HAyYHBIX H3TAHUIX.

O0beM uM cTpyKTypa auccepranuu. J(uccepranus COCTOUT W3 BBEICHUSA,
YeThIpeX TJIaB, 3aKIIOYEHUS M CHHCKa HCIOJIh30BaHHOW JUTEparypbl. OO0BEM
nuccepranuu coctasisieT 194 cTpanuir.

OCHOBHOE COAEP XAHHUE JUCCEPTALIMHU

Bo BBegeHuMm OOOCHOBaHBI aKTyaJbHOCTb M BOCTPEOOBAHHOCTb TEMBI
JUCCEepTalli,  OINpPEAEIEHO COOTBETCTBUE  HCCIENOBAaHUS  MPUOPUTETHBIM
HaIpaBJIEHUSAM pa3BUTUSL HAyKU U TexHojorui PecnyOmuku, npuBeneHsl 0030p
3apyOeXHBIX HAy4YHBIX HCCJIEIOBAaHUI 1O TEeMe JAUCCEepPTallMM U  CTENEHb
U3Yy4YE€HHOCTH NPo0sIeMbl, CHOPMYIMPOBAHBI 1IEJIN U 33]1a4H, BbISIBJICHBI OOBEKTHI U
OpeaIMeT MCCIEAOBaHUs, M3J0KEHbl HayyHas HOBH3HA M  IPAKTUUYECKHUE
pe3ynbTaThl  UCCIENOBAHMS, PACKPBITHI TEOpEeTHYecKas M  IpaKTHYecKas
3HaYUMOCTD TMOJIYY€HHBIX PE3YJIbTATOB, IaHbI CBEICHUS O BHEAPEHUHU PE3yIbTaTOB
UCCIIeI0BaHMs, 00 OIMyOJIMKOBAaHHBIX pab0OTax U O CTPYKTYpE IUCCEPTALUU.

B pa6otax ¢paniryzckoro maremaruka JK.JI. Jlone u ero yuyeHukoB ObLia
MpeyIoKeHa cleayIoas KaTeropHas [uarpaMmma

Dend / X \‘ Dias
Zinb — T — et
\ Com / \ Lie /
\ Vect /

rne Zinb, Dend, y, Com, As, Dias, Vect, Lie, Leib — 310 cooTBeTCTBEHHO
KaTeropuu  3UHOMENEBBIX,  JEHAPUPOPMHBIX,  ¥-anredp,  acCOLMATUBHO-
KOMMYTaTHUBHBIX, aCCOIMATUBHBIX, TMACCOIMATUBHBIX, abeneBbix anredp Jlu (T.e.
anre0p ¢ HyJEBBIMU YMHOXKEHUSMH ), TUEBBIX U JICHOHUIIEBBIX anreOp. B manHoi
auarpamMme cMMBOJIOM A—B 0003Hau€HO BJIOKEHUE KAaTeropuu A B KaTErOPHIO
B, a cumBon A—B o3Hauaer, 4TO MNPOM3BOJIbHAs ajiredpa Kareropuum A ¢
BBEJICHHBIM HOBBIM YMHOXEHUEM MPUHAJICKUT KaTeropuu B, a uMeHHO
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accolMaTUBHBIE aareOpbl mepexoasaT B anreOpsl JIu mo npaBuiy:
(As, ) — (Lie, [-, -]): (X, y]=xy-yx;
anredpsl 3UHOUETS TEPEXOIT B KOMMYTAaTUBHBIC IO MPABUITY:
(Zinb, ©) > (Com, ¢ ): Xy = Xoy + yoX;
AeHApUPOPMHBIE aareOphl MePeXoAsaT B ACCOIMATUBHBIC TIO TTPABHITY:
(Dend, <, >) = (Ass, - ): Xy=X<Yy+y>X;
JIMACCOLIMATUBHBIC alNreOphl MepexoaT B anreOpsl JIeOHuIa no npaBuiy:
(Dias, -| , |—) — (Leib, [, -]): [x,¥]=X -| y-—y |— X;
KOMMYTAaTHUBHBIE alireOpbl IEPEX0 AT B abeneBbie anreops! JIu mo mpasuiy:
(Com, * ) — (Vect, [, -]): [X, V] = X°y — y*X;
Y-aIre0pbl NEPEXOAAT B IMACCOIMATUBHbBIC ANreOphl MO MPABUITY:
(LS, 2N) = (Dias, 4, F): xdy=xxy+xvy,
X Fy:=X/"yY+XNY.

OtmeTHM, uTO anreOpsl U JUaNreOpbl B JaHHOU JuarpaMme, pacioioKeHHbIE
CUMMETPUYHO OTHOCHUTEJIBHO BEPTUKAIBHOW OCH, MPOXOAAIIEH depe3 KaTeropuro
accolMaTUBHBIX ayreop, sBistorcs KomryneBo nyanbHbsiMU. [Ipu aTOM, %-anreOpsl
u Vect-abeneBbie anredpbl JIu SBISIOTCS camMOIyallbHBIMU (T.€. JyajbHbIE UM
KaTeropuy COBNAAAIOT C UCXOJHBIMU KATETOPUSIMU).

[Ipy wu3ydeHHMH KOHEUHOMEpHBIX anreOp JlelOHUIIA BaXHBIMH U
aKTyaJIbHBIMH 3a/ladyaMU SIBJSIOTCS KJIAacCU(DUKAIIMU pa3pelIMMbIX U IIEHTPAIbHBIX
paciIMpeHni HUJIBMOTEHTHBIX anreOp JlelOHuIa, MOCKOIbKY 3TH KiIacCU(pUKAIUU
OCHOBBIBAIOTCSl HAa COOTBETCTBYIOIMX CBOMCTBax anredp Jlu u ciuyxar ans
OMMCAaHMS APYTUX CTPYKTYPHBIX CBOMCTB KOHEUYHOMEPHBIX anreOp JleiiOHua.

B mepBoil riaBe guccepranuu, Ha3BaHHOW «OmnucaHue rpagyHpPOBAHHBIX
anredp JlenOHuua v 3uHOMe IsD», NPUBEIACHBI IPEABAPUTEILHBIE CBEICHUS WU
nojrydeHa kinaccudukanus |-rpagynpoBanubix Gumudopmubix aredp JleiOnua.

[lepBbIii maparpad 3Toil riaBbl HOCUT BCHOMOTATENbHBIA XapaKTep — 3/€Ch
MPUBOASTCS HEKOTOPBIE U3BECTHBIE (DaKThI U3 Teopuu anredp JIu u JleloHuna.

Omnpenesenue 1. Anre6pa G nan nmonem F naspiBaercs anrebpoit Jlu, ecnu
IUISL TFOOBIX 3JIEMEHTOB X, Y, Z € G BBINOIHSIOTCS TOXK/IECTBA:

[X, X] = 0 — TO’)KHECTBO aHTHKOMMYTaTUBHOCTH,
[[X, ¥], 2] + IV, z], X] + [[z, X], y] = O — ToxnectBO SIKOOH,
rae [-, -] — ymaoxenue B G.

Omnpenesienue 2. Anredpa L Han nonem F HazbiBaeTcst anredpoit JleliOHuua,

€CJIU ISl JIIOOBIX AJIEMEHTOB X, Y, Z€ L BrinosiHsIeTcst ToXAecTBO JIeioHua:
[x, Iy, zI1 = [[x, 1, 2] - [[x, z]. y1.
rae [-, -] — ymHOkenue B L.

HetpyaHo mpoBepuTh, 4TO MpH BHINOJHEHUH B anreoOpe JlelOHuia ycioBus
[X,y] = —[y,X] mis Tnpou3BOJIBHBIX 3JIEMEHTOB X H Yy alureOpbl, TOXKICCTBO
Jletibnuiia mpeoOpasyercst B ToxaecTBo fAxoou. Iloatomy anreOpnr JleitbHuia
SBJISIIOTCSL 00001IeHeM anreop JIu.

Onpenenum Npor3BOIHBIN M HUKHUN LIEHTPAIbHBINA PSIABI 1JIs1 TPOU3BOJIBLHOM
anre6psl Jlerbnnma L CJICI[%/IOHII/IM 06]i>a30M:

a) LW =, L= M L 6)L'=L, L™=[L" LY.
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Onpenenenne 3. AnreOpa JleitOnuna L HaszpiBaeTcs pa3peminMmon, eciu
cymecrByer meN raxoe, uro L™ = {0}. Harypanbhoe umcio m HasbiBaercs
HHeKcoM paspemumocty anre6pst L, ecau L™= {0} u L™ = {0}.

Anrebpa JleitOnuna L Ha3bIBaeTCA Huibnomenmuoul, €Ciu cymectByeT SeN
takoif, uro L° = {0}. MunumansHOE 4MCIO S, 0OIanaromiee TAKMM CBOWCTBOM,
HA3BIBACTCS UHOEeKcoM Huabnomenmuocmu (Hurbunoexcom) anreopsl L, T.e. ecia S
— mmmsuHzexe, To L= {0} u L° = {0}.

HamomauM, YTO MakcHMalbHBIM HUJIBIIOTCHTHBIM (pa3peniuMblii) wujaeal
anreOps! JleitOnuna L Ha3siBaeTcs Hurbpaduxaiom (paouxaiom).

ITIycte G — agnutuBHasg rpynna. Anredpa L HasbiBaercs G-epadyuposannoil,
ecnu L momyckaer pasnoxenne L= L, ®L @@L, Takoe, uro [L, ng] -

9i°g; *

[lycths L — koHeuHOMEpHas HWiIbIOTeHTHas anreOpa JleiiOnuna. [lonoxum
gr(L)i=L /L™ 1 < i < s-1, rue S — HumbHHAEKC anre6psl L, u 0603HAYMM
grL=gr(L):®gr(L),®--@gr(L)s... Torma [gr(L)i, gr(L);] < gr(L)i:j 1 MbI moxyunm
rpagyupoBaHHyto anreopy grl.

Omnpenesienue 4. I'panyupoBKy, MOCTPOECHHYIO TakMM 00pa3oM, Ha30BEM
ecTecTBeHHOU TpanyupoBkoi. Eciam anrebpa Jleibnuna L uzomopdna anredpe
grL, Tto L Ha3biBaeTCs e€CTECTBEHHBIM OO0pa3oM TIpaJlyUpOBAHHOU anredOpoi
JlenOHwuIIA.

Onpenenenne 5. AnreOpa JleiOnuna L pasmMepHOCTH N HasblBaeTCA
pumapopmuoii, ecm dim L'=n-i, 2 <i <n,

N3BectHO, uTo B padorax III.A. ArmnoBa u b.A.OmupoBa nokaszaHo, 4To B
IPOU3BOJIBHON n-mepHou (unndopmHuoil anredpe JlelOHuma cymecTByer 0as3uc

{ei1, €,, ..., ey} Takoii, 4To B 3TOM Oasuce TAOJIMIIAa YMHOKEHHUS aareOpbl MOXKET
NPHUBEICHA K OHOMY M3 CICAYIOIINX TPEX BUIOB:
Fi(ou, o, ..., o, 0): [e1, €1] = €3, [ei, &1] = €1, 2<i<n-1,

[e1, €] = oestasest ... +o1801108,,
[e), €2] = Clu€jsots€juat ... +Ons2j€n, 25j<n-2,

Fz(B4, B5, cees Bn, y) [el, el] =e3 [ei, el] = €i+1, 3<i<n-— 1,
[e1, €2] = BatatPsest ... +Pnen, [€2, €2] = yen,
[ej, €2] = Ba€js2tPsjrst ... TPnsoj€n, 3<j<n-2,
F3(01, 02, 03): [ei, €1] = €in, 2<i1<n-1,
[e1, &] = —€is1, 3<i<n-1,
[e1, e1] = 0164, [e1, &2] = —€5+028,, [e2,2] = O3e,

[e2, 6] = —[ej, e2] €{€j+2, €ju3, -.n €}y 3<j<n-2,
R | P .
[ei, ej] =—[Ej, ei]e{ei+,-, €itj+1, ---» €, 351 S[E] , 1] < n-l,

rae o, 9, Bi, yeC u oTCyTCTByIOIIME TPOW3BEACHUSI paBHBI HyJto. [Ipu 3TOoM
npousBeneHuss B cemeiictBe amreOp F3(0;, 0., 03) m0mKHBI yHOBICTBOPATH
ToxaecTBY JleioHua.

B Tperbem maparpade mepBoii riiaBbl IpHBEICHA TPaayUdpOBKa, OTINYHAS OT
CCTECTBCHHON TI'paayHpPOBKH, TaK Ha3biBacMas |-rpamgyupoBka. Hamomuum, d4to
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BIIepBbIe MOHsATHE |-rpagyupoBku it anredpsl Jlu Obuto BBeneHbl B padoTtax @.
Duapte, M. Mapkeca u X. HyHeca.

Onpenenenne 6. ['pagyupoBka {Qi}i>; N-MepHoii anreOpnr JleiOnuma L
Has3bIBaeTcs |-rpaayupoBkoit, eciu

L=g; ®{0}®-- {0} @ 9i® gi+1 DD Yns1-2,

rae dimg; # {0} misg mobex iu | >2, mmu L =9, ¢, DD gy, ecmm | = 2,

Onpenenenne 7. Oumudpopmuas anredopa JleiOnuma L HaseBaercs |-
rpaJyMpOBaHHOM, €CJIM B HEW MOYKHO 3a7aTh |-rpagyrpoBky.

B crneayrommx Teopemax mpuBeAcHbl Kiaccuduimu |-rpagyupoBaHHBIX
bunudopmubix anredp JleitbHua.

Teopema 1. Jlro6as komiuiekcHast n-mepHas |-rpagynpoBannas (3 < | < n-2)

dumnpopmuas anredpa Jlenonuna L u3 kmacca Fi(oy, os, ..., o, 0) usomopdua
OJIHOM U3 BYX CIEAYIOMIMX HEU30MOPGHBIX anreop:
L. [X, X = Xis, 2<i<n-1;
Lo(D: [Xi, X4 = Xis1, 2<i<n-1,
[Xi, X2]:Xi+|, 2<i<n-|,
Il OTCYTCTBYIONIUE IMPOU3BEICHHS paBHBI HYMO, U {X1, Xz, ..., Xn} — 0Oa3zuc
anreOphl.
Teopema 2. Ilycts L — n-mepnHas xomiuiekcHas duindopmHas anredpa
Jletionwuma u3 kinacca Fo(Ba, Bs, ..., Pn, ¥). Torma L ve momyckaet |-rpagyupoBky.

Teopema 3. He cymiectByer |-rpaagyupoBanHO# (GUIM(pOPMHON HETHUEBOM
anreOps! JleitoHna n3 xiaacca F3(0y, 0,, 03) mpu 2 <1 < n-3.

Bropas rtnaBa guccepranuu, HazBaHHas «Pa3pemmMble pacmiMpeHusi
HUJILIIOTEHTHBIX ajareop JleiOHnnay, mocpseHa KiaccupuKanuy pa3penmMbix
anre6p JleiiOnuna ¢ abeneBbIM HUIBPAAMKAIOM, a TaKXKE C HUIbPATUKAIOM
KBaJIpaT KOTOPBIX OJHOMEPHBINA; €CTECTBEHHBIM O00pa3oM TIpajaydpOBaHHBIX
HeMMeBbIX P-prmudopmubIx anredp JleiOHua ¢ MUHIMATBHOW U MaKCUMAaJIbHON
KOPa3MEepHOCTSIMHU.

[Tycts L — paspemmumas anrebpa Jleitonuna ¢ aunbpagukaaom N. Torma ee
MOHO 3amucath B Bujie L = N @ Q, rme Q — momomHsto1mee moampoCcTPpaHCTBO K
Hubpanukany. O6o3nHaunm uepe3 R(N, s) cemeiicTBO paspemmmbix anreop
JleiibnHwua ¢ ycmosuem dimQ =s.

B mepBom maparpade BTOpoil riaBbl ONUCaHbl 2N-MEPHBIC pa3perIuMbIe
anreOpel JleliOHMIa ¢ N-MepHBIM abeleBbIM HUJIbPATUKAIOM &, M J0Ka3aHa
’KECTKOCTh TakuX anreop JlelOHuma.

N3 ToxknecTBa JlelOHMITA JIETKO BBITEKAET, YTO JJISA DJIEMEHTA X U3 alNreOpsl
omeparop TmpaBoro ymMHOXeHHs Ry saBmsercs muddepenuupoBanueM. Takue
mupdepenurpoBanuss  anredp  JleilOHMIIA ~ HA3BIBAIOTCS  GHYMPEHHUMU
ougppepenyuposanusmu. Ecnm  nentp  anrepObr  JleiiOHuna — saBisieTcs
TPUBHAIBHBIM, U Bce MU PepeHInpOBaHUS SBISIOTCS BHYTPCHHHMH, TO TaKWe
anreOpbl Ha3BIBAIOTCS NOIHLIMU Al2eOpaMmi.

Tenepr mnpuBemeM KiaccuUKaIMio 2N-MEPHBIX pPa3pelIMMBIX — anredp
JlefiOHuia ¢ a, abeneBbIM HUJbpaguKaioM. M3BECTHO, YTO CYIIECTBYIOT IBE
JIBYMEpPHBIE pa3pemnmmMbie anreops! Jleitonua:
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I: [e,x] =eBar,: [e, X] =¢, [X, e] =—e.

Teopema 4. IIpousBosibHas anrebpa u3 cemeiictBa R(a,, N) pasmaraercs B
OpPSIMYI0 CyMMy N IITYK JABYMEPHBIX HETPUBHAIBHBIX Pa3pEHIMMBIX aireop
JleiiOnuma. Jpyrumu cioBamu, NMPOM3BOJIbHAS anredpa u3 cemeiictBa R(a, n)
n3oMopdHa anredpe

L =L®L®--- D, Sr,®r,d---Dr,
t pas (n—t) pas
rre t (0 <t<n)— xomm4ecTBO BXOXKACHUH anreOpsl |, B anredpy L.
3ameuanue. Yncno HemzomophHbIX anredp B cemeiictBe R(ay, K) paBao k+1.
Jlist anre6pst JletiOnuna L u ee mpeactasieHuss M BBeeM 0003HAUCHUS
C"(L,M):=Hom(L®",M) mpuz n > 0 (C"(L,M) = 0 mpu n < 0).
IMycts C(LM):=@ C"(L,M). Dnemenrsr MmuoxkectBa C'(L,M) Oynem

nezZ
Ha3pIBaTh Kolemsamu L co 3Hauenuem B M, a snementsl C'(L,M) — kouemsmu
cTeneHu N.
1 .
Hycts d% C"(LM) — C™(L,M) — romomophusM, oONpeaeaeHHbIH
CJIETYIOIINUM 00pa3oM:

(d”f)(xl,...,xn+1)::[x1,f(x2,...,xn+1)]+21 DXy Koo Xoer) X+

+ Y CDEXe o Xin XX X1, X e Xne1)s

Ki<j<n+l

rae f eC"(L,M), x;eL u cumBon X, 03HAYaeT OTCYTCTBHE DIEMEHTA X.

Dnementsl aapa d” (o6osnaunm Kerd™=ZL"(L,M)) Ha30BéM N-KoLUKIaMH, a
snementst obpaza d™' (oGosmaumm Imd™™:=BL"(L,M)) — n-korpaHuIamu.
Ouesuguo, wuro BL(LM) < ZL"(L,M). ®akrop mnpocrpaHCcTBa
HL"(L,M):=ZL"(L,M)/BL"(L,M) Ha30BEéM MPOCTPAHCTBOM KOI'OMOJIOTHI anreGpsl
L crenenu N co 3HaueHUsIMU B M.

Onpenenenue 8. Anre6pa JlehiOnuna L Ha3pIBaeTCs KOTOMOJOTHYECKH
sxectioit, ecmm HL(L,L)= {0}.

Teopema 5. AnreOpa L; siBmsieTcs »KeCTKOW B MHOrooOpasuu 2N-MEpHBIX
anreop JleibOuuma s Beex t (0 <t <n).

Bo Bropom maparpade BTOpOH TJaBBl JOKAa3bIBAIOTCS  PE3YyJbTaThI,
MOCBSIIIIEHHBIE  pa3penuMbiM  anrebpam  JleitOHuIa ¢ n-MepHbBIM  abesieBbIM
HUJIbPAIUKAIOM a, Kopa3mepHocTd s. Kpome Toro, kiaccudumupoBansr (2n—1)-
MEpHBIC pa3pemMble anreopsl JIeHOHUIa ¢ N-MEPHBIM HUJIBPAAUKATIOM U CPEIn
ATUX aNreOp HANACHBI KECTKHUE anreOphl.

Jlns ynobctBa B KadecTBe Oasuca a, oepem {e1, €y, ..., €,}, a i1 Q — Oepem
{X1, X2, ..., Xs}.

Teopema 6. [Tycts R — paspemmmas anredpa Jleitouuna u3 kiacca R(a,, S).
Tornma B R cymecTByeT Takoi 6a3uc, 4to Bce onepatopsl R xily 3 1 <1<s moryt

n

OBITh OJTHOBPEMEHHO MPUBEACHBI K HOPMaJIbHBIM OPJIaHOBBIM (popmMam.
N3 Teopemsl 6 3akmrouaeM, 4To paspermmMmas anredpa R u3 kmacca R(an, S)
MMeEET CIICAYIONIYIO TaOJIHIy YMHOKECHUIN:
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[et’xi]:}\‘i

[e,.x;]1= X, €., 1<i<s,

i -
(18 A €L 1St<n =1 1<i<s,

rjae A, , — coOCTBeHHbIE 3HaYeHus onepatopa R, u X, €{0,1}.
. ila :
n

Teopema 7. Ilyctb R — paspemmumas anrcOpa JleliOnuia u3 kiacca R(a,, S).
Torma umeeT MecTo cleayrolee COOTHOIICHHUE:
n-s=>m,

rae M — gucio Takux t, aro A, ., =1 i HEKOTOPOTO |.

t,t+1

Tenepyr mnpuBemeM kinaccuduraiuio (2N—1)-MEpHBIX pPa3pelIMMBIX aireop
Jleitbamma ¢ N-MepHBIM HUIbpaAuKaaoM. M3BECTHO, YTO HUIbPATUKAIOM TaKHX
paspemumbix anreOp JlerOnuia siiseTcs b0 N-mepHas abeneBas anredpa, Iu0o
HUJIBIIOTEHTHAs anredpa JleiiOHuna ¢ ogHOMEpHBIM KBajpaToMm. Ciywai, korna
HUJIbpaguKan — N-MepHasi abeneBas aireOpa, MOJHOCTHhIO KiIacCU(UIIMPOBAH B
pabote A.X. XynoibepaueBa, P.K. I'aitbynnaea u K. Ilomna. [TosTomy B 3TOM
JUCCEpTAllMM  U3Y4YeH Ciy4yad, Korja HUJIbPaJUKaIoOM SBIsieTCS N-MepHas
HUWIBNIOTEHTHAsT anreOpa JleitOHMIA, y KOTOpOM pa3sMEpHOCTh KBajpaTa paBHA
eIMHULIE.

OrmeruM, 4YTO0 Tpu N = 2 MBI HMEEM TpEeXMEpHbIe anreOphl,
kiaccudunrpoBannbie B padotax X. Kacaca, M. Mucya u M. Jlaapa, a B ciayyae n
= 3 iaccudukanus MITUMEPHBIX pa3permumbix ainreop JleiOHuna npuseneHa B
pabotax A.X. XynoitbepaueBa, 1M.C. Paxumona u III.K. Caun-Xycauna. [lanee,
MBI KJacCU(UUIUPyeM alireOpsl A J000ro N.

Teopema 8. ITycts R — pa3pemmmas anredpa Jlerionuma u3 cemeiicta R(N,

n-1) u mycts dimN® = 1. Torma R wusomopdHa OMHOH M3 CIEAYIOMUX
HEN30MOP(QHBIX anreop:
[e,.e.]=e,, [e,e,]1=Be, [ex]=¢, l<i<n-1,

Li(Bs:Bss-- o Boa) i9len X =€, [, x.]=e,,  [x,e]=-e,
[xi.e;]1=Be, [X,.e,]=Be, [X,€,]1=B.e,, 2<i<n-1,

Lz(Bz,Bg,...,Bn_l):{[el’el] “en Laxd=e, e =26, dsisn-d
[Xl’el]:_eU [Xi’ei]:Biei; 2<i1<
rae Bi e{-1, 0}, u {ey, €, ..., en, X1, X, ..., Xp1} — 6azuc anredopsr R(N, n-1).

Ipenioxenne 1. IIpousBonbHas paspemmmas aiaredopa cemeiicts Li(f2, Ba,
eees Br1) 1 Lo(B2, B3, .., Pnot) ABIISETCS TOTHOM.

Teopema 9. Anreopsr cemeiicts Li(B2, Bs, ..., Pn1) 1 Lo(B2, B3, -..p Pr1) —
KOTOMOJIMYECKH KECTKUE MIPH JIIOObIX 3HAYEHUSX [3;.

Tperuii, yeTBepThId U MATHIA maparpadbl BTOPOW TJaBBI TOCBSIIICHBI
kinaccudukanuu paspemumbix anredp JlelOHuila ¢ ecrecTBeHHBIM 00pazoM
TpagyUpOBAHHBIMU P-PUIH(POPMHBIMU HUIbPATUKATIAMH.

[IycTh X — 3JIEMEHT MHOXECTBA L\L®. {15 onepaTtopa mpaBoro yMHOXEHUS Ry
orpeneuM yOBbIBAIONIYIO mociiefoBateibHocTh C(X)=(Ny, Ny, ..., Nk), COCTOSIIYIO
U3 pa3MepoB KOPAAHOBBIX KJIETOK omeparopa Ry, W TMycTh Takue
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MOCJIEI0BATEILHOCTH OyZeM CpaBHUBATH MPH MOMOINM JEKCHUKOTpapuuecKoro
NIOPS/IKA.

Onpenenenne 9. IlocnenoBarensHocth C(L) = maxC(x) Ha30BEM
xeL\L?

XapaKTEPUCTHUUECKON MOCIIEeI0BATEIbHOCThIO anreopsl L.
Omnpenesenune 10. Anredpa JlelOnuna L HazpiBaeTcs p-dunudopmHO, eciu
C(L)=(n-p, L 1,....), e p>0.
p pa3
JItoOnie N-MepHBIE HEPA3JIOKUMBbIE €CTECTBEHHBIM 00pa3oM rpaJydpOBaHHBIC
p-pmwmdopmubie (N—P>4) HemueBbl anreOpsl JleHOHWIA KiIacCH(PHUIIMPOBAHBI B
paborax JL.M. Kamavo, X.P. T'omeca, A.X. I'oncaneca u b.A. OmupoBa, u Takue
anreOpsl U30MOP(HBI OAHON U3 CIETYIONINX MONAPHO HEM30MOP(HBIX anreop:
pu p = 2k:
[UED [ei, el] =@+, 1 <1< n—2k-1, [el, fj] = fk+j, 1 S] <k,
Ho: [ 1] =€y, 1 <i<n-2k-1, [eg, fi] = €x+ fiuy,
[ei, fl] = @41, 2<1< n—2k-1, [el, fj] = fk+j, 2 S_] <k,
npu p=2k+1:
3. [el, el] = €3, [ei, el] =@j+1,2<1< n—2k-1,
[el, fJ] = fk+j, [eg, fj] = fk+j, 1 SJ <k,
rae {ei, €2, ..., enyp, f1, o, ..., £} — Oazuc anreGper
Tenepr mnpuBeaeM omnMcaHWe pa3pemiMbix — anredp JleiOnuma ¢
HUWIbpAIUKAIAMH L3, Mp, Mz C MHUHUMAJIbHBIMU M  MaKCHUMaJIbHBIMU
KOpa3MepHOCTAMU. B cienyroomend TeopeMe NpPUBEACHBI  OLEHKU IS
KOpa3MepHocTei W, 1 =1, 2, 3.
Teopema 10. Ilycth R — paspemmmas anrebpa JleitOHuIa, HUIbpaIUKa
KoTopoit L, 1 = 1, 2, 3. Torma KoOpa3MEpHOCTh HHJIbPAIUKANA YIOBICTBOPSCT
CIIEIYIONIEMY HEPaBCHCTRBY:

codim(u;) < k+2H.

N3 31Ol Teopembl cieAyeT, 4YTO HauOOJIbIIME 3HAYEHHUS] KOPa3MEpPHOCTH
paspemMbIx anredp JIeiiOHuIa ¢ HUIbpaauKaIamu Ly, M, U Ug paBHbI K, K 1 K + 2,
COOTBETCTBEHHO.

Teopema 11. IIpousBonbHas anredbpa cemeiictBa R(uy, K) momyckaer Takoi

0a3uc, 4To ee TabyMIla YMHOKEHUSI UMEET CJICTYIOIIUI BU/I;
n-2k
[e. x;1= > a8, 1<is<n-2k, 1<j<Kk,

t=i+l

R(M’k)(aij’(Pij’Si j); [fi.x;1=-Ix.f1=F, [f..x]=Ff. 1<i<Kk,
[Xi!fj]:(pi,jfk+j’ I<i=j<Kk,

[Xi, X;1=8; 842 1<i,j<k.

Teopema 12. IIpousBosbHas anrebpa cemeiictBa R(u,, K) momyckaer Takoi
6a3uc, yTo TabyIMIa YMHOKEHUN UMEET CIETYIOIIUNA BU;
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e, x, ]=f +bf.., [e,,x]=¢,+F,,
[e;,x;]=(]-1)e;, 3<j)<n-2k,
[X,.6,]=—F, +B,F .0 [60,X]=DbiF s, 2<i<Kk,

Rk, K)(bi, B @i, 0;) 14 [f X 1= 15, [x;,f;]1=-f, 1<i<k,
[Feiio Xi1=fusi [X;,e.]1=Bifas 2<i<k,
[x.. 1= o f; 1<i<k,2<j<k, i#],
[Xi,X;1=6,f., 1<i,j<k.

Teopema 13. IlpousBosibHas anareopa cemeiictBa R(us, K + 2) momyckaer
TaKou 0a3uc, 4TO TaOIHIa YMHOKCHUH areOpbl UMEET CIICTIONINN BU/T:

le,y.]=e,  [e;,y]=(—2e;, 2<j<n-2k,
R(M3,k+2) [yl’el]:_ell [ejyyz]:ej, ZSJSI’]—ZK,

[Fr.i Y= fin IR x1=15, 1<i<k,

[fk+i’xi]:fk+i’ [Xi;fi]:_fi, 1S|Sk

3ameuanne. AnreOpa u3 Teopemsr 13 nmpu K = 0 sBusieTcs paspemmmoit
anreOport  JleitOHMIla, y KOTOPOM HWIbPAIUKAI SBISICTCS HEPA3I0KUMOM
€CTECTBEHHBIM 00pa3oM rpaayupoBaHHOW QuindopMHoi anredpoi JleiOHuIa,
onKcaHue KOTOpOH Takxke ObUIo mpuBeaeHo B paborax X.M. Kacaca, M. Jlagpa,
b.A. OmupoBa u . A. KapumxaHosa.

B craenyromeld TeopeMe NPHUBEACHBI ONKMCAHME KOIOMOJOTMYECKHUX TPYIII
anreopsl R(us, K + 2) mamoro mopsxa.

Teopema 14. Paspemmumas anreOpa Jleitonuna R(us, K + 2) — monHas wu
KOTOMOJIOTMYECKH JKeCTKast ajareopa Jiisl Bcex 3HaueHH K.

B Ttperbell riaBe auccepranuy, Ha3BaHHOW «OnucaHuWe HEHTPaJbHBIX
pacmiupennii  Jleiionuna wu auaredop Jleii0HuMma, acCOUMMPOBAHHBIX C
eBKJINA0BOI asiredpoii Jlm», omnucaHbl UEHTpaJbHbIE PACIIMPEHUs airedp
Bupacopo, Hynb-GpuIuOpMHBIX U €CTECTBEHHBIM OOpa3oM TrpagyupOBaHHBIX
HenueBbIx anreOp JleitbHuna, a Takke kinaccuduiupoBaHbl anreopsl JlelOHuia
COOTBETCTBYIOIIAs PakTop-anredpa JIu KOTOPBIX SABISETCS €BKIMIOBOM anreopou
JIn, 1 noka3zaHa TPUBHAIBHOCTh BTOPOM IpyMIbl KOroMonorui anredp JleiOHuua,
aCCOILIMMPOBAHBIX C MMPOCTON TpeXMEpHO anredpoit JIu.

HamoMHuM, 4TO TOHSTHE MEHTPAIBHOTO paciupeHus: anredpsl JleiOHuia
aHAJIOTMYHO TOHATHIO LEHTPAJIBLHOro pacuupenus ainredp Jlu, koTopoe, B CBOIO
odepellb, SBISETCS AaHAJIOrOM TOHSTUSA UEHTPAJbHOIO PACUIMPEHUs TPYIIIL.
Koromomnorunuecknii moaxo/ K KiiaccupuKauu HUIBIMOTEHTHBIX anreop JleiOnuria
COCTOMUT B TOM, YTO TPOW3BOJIbHASI HWJIBIIOTEHTHas anreOpa Jleitbnuia MoxeT
OBITh TIOCTPOEHA C TOMOIIBIO BTOPOM TPYMIBl KOTOMOJOTHUN HUJIBIOTEHTHBIX
anreOp JlelOHuila Manbix pa3MepHoOcTe. B dYacTHOCTH, XOpOIIO H3BECTHAS
anrebOpa ['elizenOepra, KoTopasi UMEET MHOTOYHUCIICHHBIE MPUIOKEHUS B (PU3HKE,
ABJISIETCSl LIEHTPAJIbHBIM paclIMpeHrueM abesieBoi anredpbl, B TO BpeMs Kak
LHEHTPAJIbHBIM paciuupeHueM anreOpel [eiizenOepra sBisiercss JluamanToBa
anrebpa Jlu.
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[Tycts L — anrebpa JletiOnuna Hag monem F.
[lenTpansHbiM pacimpenuemM anreOpbl JleiiOnuna L HaspiBaeTcs KOpoOTKas

mouHas nociedosamenbHocms anreop Jleitbnuia
A

05VoLol -0,

rae Ime = Kerh —uentp B L.
JIBa LIEHTPaIbHBIX PACIINPEHHS

€ A L '
0> VL5L -0 05>Vosl'sL->0
HA3BIBAIOTCS KGUBAICHMHbIMI, €CII CYIIeCTBYeT H3oMopdusM ¢: L — L' Takoi,
4to Pog=¢', Mo@p=A

Tl 0eC*(L,V) moctponm nenTpanbHoe pacmuperue Lo. [lo ompenereruio,

ATO BEKTOPHOE MPOCTPaHCTBO Ly=L@V co crieayrommum yMHOKEHUEM:
[X+u, y+v] = [X,y].+0(x,y), X, yelL, u, veV.

Anrebpa Ly sBisercs anreOpoit JlerOHMIIA TOra W TOJBKO TOTJA, KOraa
0eZL*(L,V). Anre6pa L, HasbiBacTCs yenmpanshsim pacuuperuem areebpui L no
yenmpy V.

B nepBom maparpade TpeThbeil riaBbl MPeIioKeHO OMUCAHUE JCHOHUIIEBBIX
LEHTpaIbHBIX paciiupenuil anredpsl Bupacopo. I1epBrlil mpuMep HEKIacCHUeCKOn
OecKOHEUHOMEpHOU anreOpsl ObuT mocTpoeH D. BUTTOM M Ha3BaH B €ro 4ecTh
anre6poit Butta Tabnuia yMHOXKEHUSI KOTOPOH UMEET BUJL:

W: [ei, ej] = (J — I) i+js I,J e’l.

Anrebpa Bupacopo — ©IWHCTBEHHOE HEPA3JIOKHUMOE IEHTPAIbHOE

pacupenue anredopsl Butra , KoTOpoe onpeaenseTcs Tadauied YMHOKEHUS:

Vir : [ei, ej'] = (J - i)ei+j+$6i,—j(i3_ i)C’ I!J €z,

rae 9j_j — cuMmBon Kponekepa. OTMETHM, YTO JTMEBOE IIEHTPAIBHOE PACHIMPEHUE
anreOpsl Bupacopo ecTh He UTO MHOE, Kak MpsiMas cymma anreopsl Bupacopo u
abeneBoii anreOprl. B cienyromeit TeopemMe mMoOKa3aHa TPUBHAIBHOCTH BTOPOM
IPYIIbI JEHOHUIIEBBIX KOTOMOJIOTHI anredpsl Bupacopo.
Teopema 15. J{nsa anredpsl Bupacopo cnipaBeisiuBO paBeHCTBO:
HL2(Vir, V) = {0}.

YuuTeiBasi yMHOXKEHHUE, 3aJaHHoe Ha mpoctpaHctBe Virg=Vir @ V, u
pesyabTar Teopemsbl 15, MBI 3akiroyaeM, YTO BCSIKOE JCHOHHUIICBO IICHTPAIBHOE
pacmmpenue anreopsl Bupacopo siBisieTcst mpsaMoi cymmoit anreopsl Bupacopo u
abeeBoii anreOpsl.

Bo BTopom maparpade TpeTbei TIiaBbl KiIacCU(PHUITUPOBAHBI IEHTPATHHBIC
pacumipeHust HyJb-PuIndOpPMHBIX U €CTECTBEHHBIM OOpa3oM TpaayHpPOBAHHBIX
HenueBbIX GunudopMHbIX anredp JlenboHuna.

N3BecTHO, 4TO B KaXJOW pa3MEpHOCTH C TOYHOCTBIO JI0 H30MOpQHU3Ma
CYIIECTBYET €IWHCTBEHHas HyJIb-punmudopmuas anredpa JleibHuna, u B
HekoTopoMm Oasuce {€1, €, ..., €} YMHOXeHHE HYJb-QUIM(HOPMHON aareOps
UMEET BUJL:

NF.: [, e:] = €js1, 1 <1<n-1,
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/1€ OTCYTCTBYIOIIHME MPOU3BENECHHSI PABHBI HYJIIO.

Teopema 16. IlenTpasibHOE pacHIMpeHHE KOMIUIEKCHOM N-MEPHOW HYJIb-
bunudopmuoii anredpsr JleitOHua u30MOophHO OJHOH M3 CIEAYIOIUX JBYX
HEeU30MOP(PHBIX anredp:

NF,® a,, NF,.1 @ a.

[IpuBenem Temeps TEOpeMbl O KiIacCH(UKAIMU LIEHTPAIBHBIX PaCIIUPEHHMA
€CTECTBEHHBIM 00pa3oM TpaJyHpOBAaHHBIX HEIHEBBIX (PUIUGOPMHBIX anreOp
JleitOnuna. Ilpon3BosibHBIE N-MEPHBIE KOMIUIEKCHBIE €CTECTBEHHBIM 00pa3oM
rpaayupoBaHHble  anreOpel  JleiiOuuna omnucansl 1II.A.  AromoBeiM, B.A.
OMUPOBBIM, U TaKK€ anreOpbl UMEIOT CIEAYIOIUN BU/L:

1 .
F i [en e =es [e €] =6, 2<i<n-1,
2 .
F o ey, e =es [6 €] = €1, 3<i<n-1.
[To ompeneneHuto MEeHTpaIbHOTO paciiupenus anreop JleitOnuna, wu3
KIaccu(puKanuu  BTOPOM TPYMIBI KOTOMOJIOTHMM  €CTECTBEHHBIM  00OpazoM
rpalydpOBaHHBIX HENMUEBbIX (QuiaudopMHbIX anredp JlelOHuia cruemyer, 4TO

TaKHe aJireOpbl UMEIOT HE O0JIee YeEM YEThIPEXMEPHBIE EHTPAIbHBIE PACIIMPEHUS.
B cuenyronmmx Teopemax —IpUBENEHAa  KIACCH(PUKALMS  YEThIPEXMEPHBIX

HEPAa3JI0KUMBIX [IEHTPATBHBIX paCIIMpPEHUN anreop Fj u FnZ :
Teopema 17. [Ipou3BoiIbHOE UYETHIPEXMEPHOE HEPAZITOKUMOE IEHTPAIBHOE
paciMpeHue anreopbl Fj n3oMop(dHO creayroien anreope:
{[ei’el]zeiﬂ’ 1<i<n-2, [e,..e;]=¢€, .,
le,el=e,+e, [ene,]=e, [e,.e]=e,.
Teopema 18. UersipexmepHOe HEpa3IOKUMOE IEHTPAIBHOE pPACIIUPEHUE
anreopbl Fn2 n3oMop(dHO creayromei anreope:
{[ei’el]:eiﬂ’ I<isn-2, [e,.e]=e,,,
[e,.e.]=¢ [e;e.]=€5 [€n.8,]= €0
B Tperhem maparpade TpeTheil TUIaBbl TMOJYYEHO OINHUCAaHUE airedp

JleliOHuIIa, aCCONMUPOBAHHBIX C €BKIMI0BOM anreopoit JIu.
B npousBonbHON HenmueBou anrebpe JleitOHuna cymiecTByeT ujieal,

n+1?

HOpOXIeHHBIN KBaapatamu | = <[x,x], x>, u dakrop-anreopa L =L/l snsercs
anreOpoi JIu (B HEKOTOPBIX paboTax 3TO Ha3bIBAETCS Jiue3aruei L).

Oro6paxenne |xL — 1 (i,X)—[i,X] nagenser | crpykrypoii npasoro L-
MOayis (3TO OMNpeaeNieHre KOPPEeKTHO Oyiaromaps ToMy, 4to | comepkurtcs B
IPaBOM aHHYJISITOPE).

N3BectHO, uTO 7151 3ananHoM anreopsl JIu G u npaBoro G-moaynnst M MoxHO
OTPENCNIUTh CTPYKTYpY anreOpsl Jleiiouuia B GEOM crnenyromum oOpazom:

(91, 92) = [91, G, (9, m): = 0, (M, g): = m.g, (Mg, My): =0,
rae g,0:, g€ G, m, m;, my, e M.

O6os3uaunm Q(L) = L@ | u paccmorpum ymHOXeHME (—,—) HA IPOCTPAHCTBE

Q(L):

49



x,y)=[x,y], (x,i)=0, (i,x)=[i,x], (i,j)=0, x,yeL,i,jel.
OmgHuM M3 TOJXO0JI0OB B CTPYKTYPHOUM Teopuu airedp H_eI?I6HHua SIBJISICTCS

onucanue anre6bp JleiOHuma, s KoTophlx (akrop-anredopa L = L/l usomodpua
3aganHoi anredpe Jlu u L-moxayins | sBisercs 3aganasiM G-momyinem M.

Teneps paccmorpum anreOpsl JleliOHMITA, aCCONMUPOBAHHBIE C CBKIUIO0BOM
anreOpoit JIu e(n) ¢ ee 3aJTaHHBIMU MOJTYJISIMU, KOTOPhIC BO3HUKAIOT M3 MAaTPHYHON
MHTEPIpETAINY 3aaHHOM anreOpsl. EBkimmoBa anredpa JIu e(n) momyckaet Takoi
oasuc {Ejj;, Hc |1 <], 1 <1, ], k£ n}, uro Tabnuia yMHOXXEHUS anreOpbl MMEeT
CIICIYIOIINM BUJL;

[Eij Ejx]l = Eix, [Eij, Hil = Hi, [Eij, Hi]l =—H;,
rae Ei‘j =— Ej’i.

[Tycte V — (n+1)-MepHOE BEKTOpHOE MPOCTpaHCTBO ¢ Oasucom {Xi, Xy, ...,
Xne1} w Ql(V) — anrebpa Jlu mHOXKecTBa 3HIOMOP(U3MOB MpocTpaHcTBa V.
Paccmotpum nipencrasienue @: e(n) — gl(V), koropoe onpenensercs Kak

o(Eij) =eij—eji, 1 <i#j<n, o(Hy) = €xn+1, 1 <k <n.

Tak kak Kaxaoe MPEACTABICHHE OMPEIesieT €IUHCTBEHHBIH MOJYJb, TO
nosrygaeM e(N)-Moayis V ¢co ClIeayroIuM JICHCTBHEM:

(Xi, Ei,j) = X', 1< i, JS n, (Xi, H,) = Xn+1, 1<i<n. (1)

Teopema 19. Ilycts L — anrebpa JleiiOnuma Takas, uyto L/l = e(n) (n>3) u
uncan | seisercs npaeeiM €(n)-moxyieMm, onpeneneHabiM B (1). Torma B L
cymecTByeT Takoi 6asuc {Ejj, Hi, X;|1<i<j<n, 1<k<n,1=<t<n+tl}, uro
YMHOKEHHE B 3TOM 0a3uce UMEET CIEAYIOUNA BU/I:

[Eij, Ejl = Eix,  [Eij, Hi] = Hi, [Eij, Hi] = —H;
[Xi, Eijl = X, [Xi, Hi]l = X1,

UeTBepThiit maparpad TpeThel riaBbl MOCBAIIEH U3YYEHUIO BTOPON TPYMIIbI
KOTOMOJIOTUM JIJIs1 POCThIX anreOp JleitbHuIa, acCOUMUPOBAHHBIX C TPEXMEPHOU
npoctoit anredopoit Jlu.

Onpegnenenne 11. Anre6pa JleitGuuua L HassBaetcst mpoctoit, ecm L2 # |, u
OHa UMeeT ToJbKo caeayromue uaeansl: {0}, I, L.

Omnpenesienne 12. Anredpa JlelitOnuna L Ha3piBaeTcs MOTYNPOCTOM, €CIIH €€
MaKCUMaJIbHBIA pa3pelIuMblil ujean paBeH |.

B cuny BrOpo#t snemMMmbl VYaiiTxema HW3BECTHO, 4TO W3 Toro, uro G —
nosrynpoctasi anrebpa JIu Hag mosieM HyJEBOW XapaKTEPUCTHKH, CIEAYeT, YTO
HYG, M) = HXG, M) = {0} mis xomeuromepHoro G-moxyms M. B maxHOM
naparpade J0Ka3aH YacTHBIA CiIy4ail aHajora BTOpPOW JIeMMBbl YalTxema s
npocThiXx anredp JleiOHuIa, accormupoBaHHbIX ¢ aiaredpoit Jlu sl,. B pabortax
N.C. Paxumona, b.A. OmupoBa u P.M. TypnubGaeBa u3ydeHa mpocrtas anredpa
Jleitonnua L =Ssl, +1, acconmmposannas ¢ anre6poit JIn sl,, m mokaszano, uro

Ta0JIUIa YMHOXKEHUS TaKUX ainre0p uMeeT Cleayoni BUI:

[e, h] = 2e, [h, f] = 2f, [e, f] = h,
[h, e] = —2e, [f, h] = 2f, [f, e] =—h,
[xi,e] =—i(m+1-i)x;y, 1< i<m,

[Xi ,f] = Xi+1 , 0<i<m-1,
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[xi, h] = (m = 2i)x;, 0<i<m,
3neck {e, f, h} — 6a3uc anreopsl sly, a {Xg, Xy, ..., Xm} — 6asuc sly-moays 1.

Tenepr chopmymupyeM OFHUH €3 OCHOBHBIX pE3YyJIbTaTOB JTaHHOU
JUCCEepPTaLINH.

Teopema 20. ITycts L =sl, + 1 — mpocrast anre6pa Jleii6uuma. Torma HLA(L,
L) = {0}.

B uyerBepTOil raBe auccepranuy, Ha3BaHHON «OnucaHMe KOMILUIEKCHOM
anreOppl 3uMHOMEJNH ¢ 32JaHHON XApPAKTEPUCTHYECKON MOC/Ieq0BaTe/b-
HOCTBIOY», TIPUBEICHBI PE3YJIbTATHI, MOCBAILICHHbIE anredpam 3uUHOUENs, KOTOPbhIE
SBJISIFOTCSL TyalbHBIMH K anreopam Jleiioauma B cmeiciie Komynesa. B wactHocTH,
M3y4YEHbl CBOMCTBA XapaKTEPUCTUUYECKUX MOCJIEI0BATEIHHOCTEN KOHEYHOMEPHBIX
€CTECTBEHHBIM o0OpazoM rpagyupOBaHHBIX anreop 3unOuens 151
KJ1IacCU(UKAIIUPOBAHBI €CTECTBEHHBIM 00Pa30M I'palyipOBAaHHbIC KOHEYHOMEPHBIC
anreOpbl 3UHOMEINS ¢ XapaKTEPUCTUICCKUMU TociefoBareabHocTsamMu (N-3,2,1) u
(n-p, p).

Omnpenenenue 13. Anre6pa A Han nosieMm F HazeiBaetcs anreOpoit 3unOuens,
€CJIH JIJIs1 TFOOBIX X, Y, Z € A BBITIOJIHIETCS TOXKIAECCTBO:

(xoy) oz = Xo(yez) + Xe (z°y),
TJI€ © — YMHOXKEHHUE B A.

B pa6ote XK.JI. Jlone npennoxkeHa KOHCTPYKLIUS TOCTpoeHus anredp Jlu npu
oMo anredp JlelOuuia u anreOp 3uHOUMENS, U 3TO MOKA3bIBAET, HACKOJIBKO
TECHO B3aMMOCBSI3aHbl YKa3aHHBIC aJIr€OPHI.

Ilycts L — anredpa JleiiOnuna u A — anreOpa 3un6Ouens. Toraa TeH30pHOE
npousBeAeHue LQOA co cienyrommum yMHOKEHUEM:

[X ®a, y ® b]=[X, y] ® (acb) — [y, x] ® (bea),
rne X,y € Lua, b e A, asngercs anredpoii Jlu.

[ToHATHS HUTBIIOTEHTHOCTH, €CTECTBEHHOM TPAAYUPOBKH U XapaKTEPUUECKON
MIOCJICIOBATEIHLHOCTU JiJIst anreOp 3uHOMENs ONpeAeaIOTCs aHAJOTUYHO, KaK U B
ciydae anreOp Jleitonuma. Jlna anreOpbl 3uHOMENsT HUKHUN LEHTPATBHBIA Pl
OTIpE/IETISAETCS CIEAYIOIUM 00pa3oM:

A=A A=A A k> 1.

B mepBoMm maparpade yeTBepTON TJIaBbl NMPHUBEIACHBI HEKOTOPHIE CBOMCTBA
XapaKTepUCTHUECKON MOCJEA0BATEIbHOCTH €CTECTBEHHBIM obpazom
rpaayupOBaHHBIX anreOp 3uHOueNs.

Ilycte A — anrebpa 3uHOUENs, U MYCTb OHA MMEET XapaKTEPUCTUUYECKYIO

MOCJIEI0BATEIBHOCTD, paBHYIO (N1, Ny, ..., Nk). Toraa cymecTByet Takoit 0aszuc {e;,
€, ..., €1}, UYTO MaTpHIIa OIEepaTopa JCBOrO YMHOKCHHS HA JJCMCHT €; MMEET
CIICIYIOLINM BUL:
No@) 0
0 oy 0
Lel,c = 3
0 0

No(s)
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rae o(i)e{l, 2, ..., S} u s 3 <1 <S uMeeT MeCTO Ny(z) = Nejj).

Teopema 21. Ilycte A — ectecTBeHHbIM 00pa3oM rpajydpoBaHHas ainredpa
3UHOUEINS ¢ XapaKTePUCTHICCKON MOCIIeA0BaTeILHOCTRIO (N, Ny, ..., Nk), U MYCTh
Ns(1) = 1. Torma No(2) < 4,

Bo Bropom maparpade  yeTBepTOoM  TJIaBbl  KJIACCU(UIIUPOBAHBI
KOHEYHOMEPHBIE €CTECTBEHHBIM 00pa3oM rpaJyupoBaHHbIC anreOpbl 3UHOUENs ¢
XapaKTEPUCTHUECKOW TMOCIIEA0BATeIbHOCTRIO paBHOW (N-3,2,1). Kiaccudukarms
anre6p JleitOHMIIA TPOU3BOIBHOM Pa3MEPHOCTH C AHAJIOTMYHBIMU CBOMCTBAMU
npuBegeHa B pabortax JI.M. Kamauwo, 2.M. Kanere, X.P. T'omeca u UIb.
Pemxenona.

3aMeTHM, 4TO B €CTECTBEHHBIM 00pa30M rpaaynpoBaHHON anredpe 3uHOuems
A ¢ XapakTepHCTHYECKOW MOcienoBaTeabHoCcTho (N-3, 2, 1) cymectByer Oa3uc

{ey, ey, ..., €} TaKoi, 4TO OIEepaTop Lel MMEET TPU BO3MOXKHBIX BUJA!
J,., 0 0 J, 0 O J 0 O

.0 J, Of IL|O J, , O} MN.|O0 J, , O}
0O 0 J o 0 J; o 0 J,

Omnpenesienue 14. Anre6pa 3unOuens A Ha3zbiBaeTcs anreOpoil mepBoro Turia
(tuna 1), Broporo tuna (tuna ll) u Tpersero tuna (tuma lll), ecnu oneparop Lel

nmeeT cootrBeTcTBYromui Bu I, 11 u 1.
Paccmorpum anreopsr 3unOmens tuna I pasmepnocta n (n > 8). Torma B
anredpe 3uHOMeENs A CylIeCTBYeT Takoil 0azuc {€i, €y, ..., €,}, YTO YMHOKEHHUE B

ATOM 0a3uce MPUMET OJIUH U3 BUJIOB!
- C
e ce; =Ci e
A(al’ a2’a3’ a4’a5’ aG) en—2 © e1 = alen—l’ en—2 © en—Z = aZen—l’ en—2 © en = aSen—l’
e oe =a.e e oe ,=ake e oe =aze,

5%n-1!

2<i+j<n-3, e ce ,=€ ,,

4~ n-1?

e,ce, =Cl e, 2<i+j<n-3,
B(Bl’BZ’Yl’YZ): en—2 ° e1 = Blen—l +Ylen’ el ° en—2 = en—l’

en—2 © en—2 = Bzen—l + Yzen’ (yl’YZ) # (0’0)

C:{ei oe,=Cl e, 2<i+j<n-3
e, o€ _,=¢e e _,o€ =—€ e _,oe
Teopema 22. IlpousBosbHas N-mepHas (N > 8) KOMIUIEKCHas anrebpa
3uHOMeNss ¢ XapaKTepUCTHUYECKOW TmocienoBaTenbHOCThIO (N-3, 2, 1) Tuma |
n3oMop(dHa OJTHOM U3 CIIEYIOMMNX HEM30MOPGHBIX areop:
A.(1,0,0,0,1,0), A,0,0,0,0,1,0), A30,1,0,1,0,0),
A40,0,0,1,0,0), A0, 1,0,0,0,0), A¢(1,1,0,0,0,0)
A:(2,0,0,0,0,0), ,eC, Ag(0,2,1,0,0,1), LeC\{0},

1 n-1? n-1? n-2 n-1 en .
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Ag(a, —#, 1,0, 0, 1),0eC\{0,1}, A(0,0,1,0,1, 1),
o —

Au(1,0,1,0,1,1), A1(0,0,1,1,0,0), A1(0,0,1,0,0,0),

A, 1,1,0,1,1), AeC, Ai5(0,1,1,-1,1,1), A(1,1,1,0,1,1).

Bi(A,0,0,1), A €C, By(1,0, 1, 1), B3(0, 1, 1, 0), B4(0, 0, 1, 0), C.

Teopema 23. Jlob6as ecTecTBEHHBIM 00pa3oM TIpaJydpoBaHHas anredpa
3unOuens tuna Il umeeT pazMepHOCTh MEHBIIIE §.

Teopema 24. Jliobas ecTecTBEHHBIM 00pa3oM TrpaayHpoBaHHas anredpa
3unbuens tuna Il nmeer pazmMepHOCTs MEHBIIIE 7.

Tpetnii maparpad 4eTBepTON TIABBI MOCBSIINCH H3YYCHHUIO KIIACCHU(DUKAITUU
€CTECTBEHHBIM 00pa3oM TpaJyHpOBAaHHBIX KOHEYHOMEPHBIX anreOp 3uHOMIS C
XapaKTePUCTHUECKOW TOCie0oBaTebHOCThI0 (N—P, p). M3BecTHO, uTO B paborax
K.K. MacyroBoit, b.A. OmupoBa u A.X. XymnoiibepaueBa mpuBEICHO OIKCAHUE
€CTECTBEHHBIM o0Opazom IpagyupOBaHHbIX anreop Jleitbauia C
XapaKTePUCTHUECKOMN MOCIIe0BATeILHOCTRIO (N—P,p) MPH KOTOPOM JUIS KaXKIOTO
3HAYEHHU MMapaMeTpa P MOIydeHbl Hemepecekaronieecs: cemeictra anredp. Kpome
TOrO, 1 (PUKCUPOBAHHOIO 3HAYEHMS P MPEIJIOKEH AITOPUTM, IMO3BOJISIOMINN
KJ1accuuKanupoBaTh Takue anreopsl JleioHuma.

Ilycte A — mnpousBoibHas anreOpa 3UHOMENS C XapaKTEePUCTUUYECKON
MOCJIEI0OBATEIbHOCTBIO (n—p, p). Torma Marpuna omneparopa JEBOr0 YMHOXEHUS
Ha DJIEMEHT €; UMEET OJIMH U3 CIEAYIOIIHNX BUIOB:

RN T >2
. , 1L nz=2zp.
o 3,/ Lo g, "=

Kak u B mpenpiaymem naparpade, anredpy 3uHOMENs Ha30BEM aneeOpou
nepgoco muna (tuna l), ecam onepatop JIEBOTO YMHOKEHUS HA AJIEMEHT €; UMEET
BU/ |, B IPOTMBHOM Cilydae Ha30BeM ee aeeopoti émopozo muna (tuma ll).

B crnenyronmx Teopemax MNpUBENEHbI KIacCU(UKAIUU MPOU3BOJIBHBIX N-
MEpPHBIX anredp 3UHOWIISI IEPBOro0 U BTOPOTO TUIIOB B 3aBUCUMOCTU OT 3HAYEHUM
napaMerpa p.

Teopema 25. Ilyctb A — n-mepnas (n > 2p+2) anrebpa 3uHOuMEns ¢

XapaKTEPUCTHUECKONW TocienoBareabHocThio (N—P, pP) tmma |. Torma oHa
U30MOp(QHA OJTHOM U3 CIEAYIOUUX MOMAPHO HEU3OMOP(DHBIX anreop:
A .
€ o€, C,ﬂl,ﬂ., 2<i+j<n—p,

A, :
' e Of _ZCL:}Z k I+j’fl °€; _ZCI+1 2- kkai+j’ 2S|+1Sp1

! k+B
rae By,
Bia = .
.Oe _C|]+J 1¥i+j? 2<i+j<n_p! f]_ofp_j__fpl
A,:

e of; = ZC.’IT By fiog = ch+j 2 Bifi 2<i+j<p,
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rae B, = (—1)iCi Ll <i<p-2
e oe. _CLH e 2<i+j<n-—p,
3 - _ ..
e of =foe, =fof =Cl, f., 2<i+j<p
B cnenyronux TeopeMax MPEACTABICHBI Kiaccupukammu npu N = 2p + 1 u
n=2p.

Teopema 26. Ilycth A — anreOpa 3uHOWENs ¢ XapaKTepUCTUUECKOMN
nocienoBatenbHOCTRIO (P+1, p) tuma |. Torma ona wu3zoMopdHa OIHOW U3
CJIeIyIOUX Hen30MOp(HBIX anreop:

.oe _C|J+11|+J’ 2<i+j<p+1 flofp:ep+1’

A,: .
) e of; = ZCH—J > Bifisy fioe, —ZCI+1 o Bifiy 2<i+j<p,

rae Bo=1, Bi = (-1)'C,, mmn 1 <i<p-1;

€ o€ _C|J+11|+J’ . 2£i+j£p+1’
J 1 - -
e of; = ZCH—] 2 Bifinj fioe; = ZC:;?—Z—kkaHj’ 2<1+]<p,

k=0

A

rae Bo=1,Bi= H ﬂﬂﬂl<|<p—2nﬁleC
k=0

.oe _CJ

I+j I+j’

:f’

p-1 p

g of, = ZC,H 2 BF g fioe = ZC,H 2BFL . 2<i+]<p,

2<i+j<p+1 fof
A

rae Bo=1, Bi= (—l)'Cip_2 g 1<i<p-2uf,1=0

eoe, =Cl e, 2<i+j<p+1,
A ?o::foje C,‘HlfHJJ, 2s!+j.£p,
iof, =v.Ci, .8, +3,Cl 1fHJ, 2<i+j<p,
fiofj :Y1CIJ+j—l P+l i+j=p+1,
riae vy, 0,€C.
Teopema 27. Ilycth A — anrebpa 3uHOMWENns ¢ XapaKTepUCTUUECKOUN

nocliienoBaTenbHOCThIO (P, P). Torma oHa wm3oMopdHA OIHOM M3 CIEAYIOLIUX
nonapHO HEM30MOPGHBIX aredp:

€ o8, =C!

|+] 1 i+j?

A, .
8 eof—ZCI+12k f..fo e—ZC,HZkkaHj, 2<i+j<p,

2<i+J<p,

rae Po=1,Bi = H ):[n511<|<p—21/1[31€C

k=0
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€ 08, =C/

I+j 1 i+j?

A, : 1
’ €; ofj = ZCH 2 kP f|+1’ f °€; = ZC:;?—Z—kkaiﬂ" 2<1+]<p,

k=0 k=0

2<i+j<p, fof =

rae Bo=1, Bi = (—l)iC:O_2 msl<i<p2uf,;=0

€ €, =C!

I+J 1 i+j?
i

e of; = ZCI+J o Bifisyy fioey = I(ZC:;?—Z—kkaHj’ 2<i+j<p,

=0

rae Bo=1, Bi= (1)C L, l<i<p-2ufy1=0ud,,€C;

2<i+j<p, fof =e, +6,,f

p-17p?

A,

A]_]_: eioej = C eH‘J’ e|of - foeJ C f|+j; 2 S I +j S p’

i+j-1 i+j-1

e of =foe =fof =Cl_f. , 2<i+j<p.

i+j—-1%i+j?

{eoe—cgﬂl,ﬂ, 2<i+j<p,
12 *

Tenepr mnpuBenem kinaccubukanuu anreopsl 3unOuwens A tuna II. B
cleyoleld Teopeme JoKazaHo, yTo anredOpa 3unOuens tuna Il cymectByer
TOJILKO B Pa3MEPHOCTH MEHbIIEe 3P+2.

Teopema 28. IIpousBosibHas anreOpa 3uHOMENS] € XapaKTEPUCTUUECKOM
MOCJIeTOBATEILHOCTRIO (N—P, P) Tuma |l umeeT pasmepHOCTH MeHbIE 3P+2.

Teopema 29. IIpousBosibHas anreOpa 3UHOMENSI C XapaKTEPUCTUUECKOM
nocinenoBareabHocThto (P+1, p) tuma Il m3omopdHa ogHON W3 claeayromMX
HEN30MOP(QHBIX anreop:

e oe, =Cl

|+J 1 i+j?

2<i+j<p,

A
' e of = ZCHJ 2— k I+j’fl e = ZCI+1 2— kkaH—j’ 2S|+1Sp+1’

K+
rae Bo= 1, B =[ [P ama 1<i<p-1, Bre{op, ~(p-1), ..., 2, ~1};
e o€ _C.Jﬂ_l L 2<i+j<p, fof,,=¢e,

A,:
2N of —ZCEZ Bifi fioe, _ZCHJ i Bifi, 2<i+j<p+]l,

rae Bi=(-1)'C,_, ms 0<i<p-2uBy,=Ppp=0

|8, _C|J+11 e 2<i+]j<p, fof =1 ..,
A, . o
’ e of; = ZCHJ 2 Bifiy Fioe; = l;)Ciﬂ?ZkkaHj’ 2<1+]<p+],

rae fi= (-1)'C,, ma 0<i<p-lup,=0;
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_ eoe—CJ B 2<i+]<p,
A i+j-1%i+]
“leof, =foe,=Cl ., 2<i+j<p+l.

i+j-1"1+j?
x - e oe,=Cl e, 2<i+j<p,
> leof, =foe,=Cl ., fiof, =Cl f. ., 2<i+j<p+l
Teopema 30. Ilycte A — anreOpa 3uHOHMENsT ¢ XapaKTePUCTHUECKOUN
nmocienoBareabHoCThIO (P+2, p) Tuma Il. Torma oHa w3omopdHa oOmHOU H3

CJIEYIOIIUX HEM30MOP(HBIX anreop:

eoe-CJ 2<i+j<p,

I+j 1 i+j?

:3g of, _ZC.szkanp 1<i<p, 2<i+j<p+2,

b

'Oe _ZCH] 2— kkai+j’ 1SJSp7 2Si+j§p+2,

rae Bo = 1, Bina —]L[% w1 <i<p-1, Bie{p,—(p-1), ....-2, -1}

k=0

€ o€, =C!

I+J 1 i+j?

e of. —ZC{;}Zkkaiﬂ., 1<i<p, 2<i+j<p+2,

2<i+j<p, fof  =¢

>

foe —ZC,HZ By 1<j<p, 2<i+j<p+2,

rae Bi = (-1)'Cl_, w15 0 <i<p-2u Bp1=P,y=0;

€ o€, _C|J+J i+j 2<I+J<p1 f f fp+2’

b

<eof. _ZC.+,2kkai+p 1<i<p, 2<i+j<p+2,

.oe _ZCI+j 2- kkaiﬂ-, 1<j<p, 2<i+j<p+2,

e Bi=(-1)’ C'p s 0 <i<p.

Teopema 31. IlpousBosibHas anreOpa 3WHOMENST C XapaKTEPUCTUUYECKOM
nocienoBareabHOCThIO (P+t, p) Trma I, roe 3 <t < p+1 uzomopdHa onHON U3
CIIeIYIONUX HEM30MOp(DHBIX anreop:

e e =C] 2<i+j<p,

|+] I+j’

>

:2e of, —ZC,H“kaHj, 1<i<p, 2<i+j<p+t,

foe —ZC,+J 2B, 1<j<p, 2<i+j<p+t,
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rrie Bo = 1, By = H% s 1<i<pd, Bi={p, (-1, ... (1)}

k=0

eioej:_Ci’H_leHj, 2<i+j<p,fof  =e,

i-1
g of, = > Chi, (B f., 1<i<p, 2<i+j<p+t,
k=0

>|

10 -

i
foe = ZC:;?—Z—kkaHj’ 1<j<p, 2<i+j<p+t,
k=0

rae Bi = (_1)iCip_2 JJIs1 0 < I < p_2 u Bp—l = Bp =0.
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3AK/IIOYEHUE

JuccepranonHass pa0oTa TMOCBSIIEHA OMHCAHHWIO pa3pelIMMbIX U

LEHTPAIbHBIX PACIIMPEHUI HWIBNOTEHTHBIX anreOp JleitOnuma u nx Kounryneso
IOyaiabHBIX are0p ¢ 3alaHHOM XapaKTepUCTUYECKOM IOCIEN0BATEIBHOCTBIO.

B 3akmiouenne MOXKHO caciartb CICAYIOMIMWME BBIBOJAbLI II0 pPE3yJIbTAaTaM

HUCCIIEIOBAHMIA;

58

1.

[Tonstue |-rpagyupoBku s anredp JIu ObUIO pactpoCTpaHEHO HA CiTydai
anreoOp JleiOnuna u kinaccuuuupoBansl |-rpagyupoBanubie GUIHGOPMHBIC
anreopsl JleiOHuIA.

Haiinena  cBS3pb  MeXAy  pa3MEpPHOCTSIMU  HWIbPAJIUKAIOB U
KOPa3MEepHOCTSIMHU pa3pelnmMbix anreop JleliOHuma ¢ n-mMepHbIM abeneBbIM
HUWIBPAJIMKAIOM U KOPa3MEpHOCThIO, paBHOM S. I[lomydeHo omwucanue 2n-
MEpPHBIX pa3peliuMblx ainredp JlelOHMIa ¢ n-MepHBIM abeneBbIM
HWIbPAJUKAIOM, W KiIacCH(UUIUPOBaHbI (2n—1)-MepHBIC pa3peIInMbIC
anreOpsl JleliOHMIa ¢ n-MepHbIM HUJIbpaaukaioM. bosee Toro, noka3aHa
KECTKOCTh MOJIYYEHHBIX pa3peinMbIx anreOp JleiiOnua.

[lomyyensl  kmaccupukauuu  paspemuMmbix — anreOp  JlelOHuna ¢
€CTECTBEHHBIM o0Opazom rpagyupOBaHHBIM 2-(bunndopMHBIM
HUJIbPAIUKAIOM. A TakKe ONHUCaHbl pa3zpeumbie anredpbl JlelOHuna c
€CTECTBEHHBIM 00pa3oM IpalyHupOBaHHBIMU HETUEBBIMU P-(PUIN(POPMHBIMU
HUWIbPAJIUKAIAMA C MUHUMAJIbHBIMA U MaKCUMAJILHBIMU KOPA3MEPHOCTSIMH.
Bonee Toro, mokasaHo cyiiecTBOBaHUE KOTOMOJOTHYECKH YKECTKON anreopsl
JleitbuuIia cpeu Takux paspemuMeix anreop JleOnuna.

JlokazaHO, 4YTO BCSIKOE€ JIEMOHUIEBO LEHTPAJIbHOE paCIIUpPEHHE aireOpsbl
Bupacopo sBnsiercs mpsimoit cymmoit anrebpel Bupacopo u abeneBoit
anreOpel. IlomyueHsl omnMcaHus LEHTPAIbHBIX PACIIMPEHUNA  HYJIb-
(GuAMpOPMHBIX U €CTECTBEHHBIM 00Pa30M I'paIyHUpOBAHHBIX (HUIN(OPMHBIX
HenueBbIx anreOp JlelOHuna.

Onucanbl anreOpsl JIeitOHUIA, acCOLMUPOBAHHBIE C €BKJIMOBON anredpoi
JIn, 1 noKa3zaHa TPUBHAIBHOCTH BTOPOU I'PYIIIBI KOTOMOJIOTAN JJISI TPOCTOM
anreOpsl JleliOHuMIIa, acCCOIMUPOBAHHON C TPEXMEPHOM MPOCTOM anredpou
JIn.

Onucansl CBOICTBA XapaKTEPUCTUYECKUX IIOCJIEIOBATEIBHOCTEN
€CTECTBEHHbBIM  00pa3oM TIpaJyMpPOBAHHBIX KOHEYHOMEPHBIX  ajredp
3unbuens. Kpome »sToro, kimaccupuiupoBaHbl €CTECTBEHHBIM 0Opa3oM
rpagyvpoBaHHble  aiareOpbpl  3uMHOMENs ¢ XapaKTepUCTUUYECKUMHU
nocaenoBareabHocTsIME (N-3, 2, 1) u (n—p, p).
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INTRODUCTION (abstract of DSc thesis)

The aim of the research work is description of solvable and central
extensions of nilpotent Leibniz algebras and their Koszul dual algebras with a
given characteristic sequence.

The object of the research work are nilpotent, solvable, semisimple Leibniz
algebras, central extensions and Koszul dual Leibniz algebras.

Scientific novelty of the research work is as follows:

a description of solvable Leibniz algebras with an abelian nilradical and (2n—
1)-dimensional solvable Leibniz algebras with an n-dimensional nilradical are
classified,

central extensions of zero-filiform and naturally graded filiform non-Lie
Leibniz algebras are described, and also the triviality of Leibniz central extensions
of the Virasoro algebra is proved;

the Leibniz algebras associated with the Euclidean Lie algebra were
constructed, and the triviality of the second order cohomology group of a simple
Leibniz algebra associated with a three-dimensional simple Lie algebra was
proved;

finite-dimensional naturally graded Zinbiel algebras with a given
characteristic sequence are classified.

Implementation of the research results. Results related to description of
solvable and central extensions of nilpotent Leibniz algebras and their Koszul dual
algebras with a given characteristic sequence were used in the following research
projects:

a complete description of solvable Leibniz algebras with an Abelian nilradical
was used in the foreign project No. MTM2016-79661-P "Homology, homotopy
and categorical invariants of groups and nonassociative algebras" for finding
classification of solvable Leibniz algebras with a naturally graded p-filiform
nilradical and complementary space to the nilradical has dimension one (Reference
of the University of Santiago de Compostela dated July 4, 2021, Spain). The
application of the scientific result made it possible to describe solvable Leibniz
algebras, in which the nilradicals are naturally graded p-filiform and the
complementary space to the nilradicals has maximum dimension, also made it
possible to prove the rigidity and completeness of the obtained algebras;

the results of the descriptions of Leibniz algebras associated with the
Euclidean Lie algebra were used in the project No. EFA-Ftech-2018-79
"Representation of Leibniz algebras" for describing the Leibniz algebras associated
with Witt algebras (reference from the Academy of Sciences of the Republic of
Uzbekistan dated September 24, 2021, No. 2/1255-2620). The application of these
scientific results made it possible to describe the infinite-dimensional Leibniz
algebras associated with the Witt algebra and also to prove the triviality of the
Leibniz algebras of low orders cohomology groups associated with the Witt
algebra;

the descriptions of central extensions of null-filiform and naturally graded
filiform non-Lie Leibniz algebras were used in papers of foreign scientific journals
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(Communications in Algebra, 2019, 47 (1), 173-181; Algebras and Representation
Theory, 2021, 24 (1), 135-148; Communications in Algebra, 2020, 48 (8), 3608-
3623), to describe central extensions of nilpotent assosymmetric and
anticommutative algebras. The application of these scientific results made it
possible to classify assosymmetric and anticommutative algebras of small
dimensionals;

the classification of finite-dimensional naturally graded Zinbiel algebras with
a given characteristic sequence has been used in paper of foreign scientific journals
(Linear and Multilinear Algebra, 2018, 66 (4), 704-716; Communications in
Algebra, 2020, 48 (1), 204-209; Journal of Siberian Federal University.
Mathematics & Physics, 2019, 12 (2), 173-184). The application of these scientific
results made it possible for the algebraic and geometric classifications of the 5-
dimensional complex nilpotent algebras of Tortkara.

The structure and volume of the thesis. The thesis consists of an
introduction, four chapters, conclusion and title of used literatures. The full volume
of the thesis is 194 pages.
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