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KNPWLL (thancada goktopu (PhD) auccepTtaymnacm aHHoTaumsacu)

[vccepTauma MaB3yCUHUHT Aon3ap6aunru Ba 3apypatu. XKaxoH Mmkécmnga
0nn6 GopunaétraH Kynnab wiMuin-aManni TafKUKOTAap akcapusaT nonnapga
anrebpavk Macananapra kKentmpunagn. Matematnka Ba (PU3MKAHUHI  aipum
MacananapuHuHr JSln anrebpanapu Ty3unuw CTpyKTypacura 6ornaHviwim n-Jin
anreépanapwu, Jln cynepanredpanapun, ManueB Ba JleiibHML, anrebpanapn Kabu Jln
anrebpanapuHMHr ymymiawimManapu nago oynuwunra ca6ab 6ynan. JlenbHuuy,
anrebpanapu HaspusicM 3amoHaBUiA anrebpaHuHI Xafan cypbaTia puBOXIaHaéTraH
coxanapugaH 6uvpun xucobnaHm6, Jiv anrebpanapugarn Kynnab HaTwkanap
NeiibHunL, anrebpanapura TaAKMK aTULL MyXUM axamusTra sra. J1eBu Teopemacura
Kypa, XapaKTepucTukacu Hosra TeHr 6ynraH mMaingoHga aHuKaHraH UXTUEpUIA
YeKNn ynyamnam JlelibHuL anrebpacu ednnyBYaH pagukan xamga spum cogga Jiv
KUCM anirebpacuHUHT Spum TYrpn nurmHaucura éinnagn. by aca yeknm ynyamnam
NenbHny, anrebpaiapyHn TaBcuiawl MacaslaCHU YeKN yavamnav eqynsyBYaH
NeinbHuL, anrebpanapuHm ypraHmil Macasacura onmoé kenan. LLIYHUHE yuyH 4Yekiu
ynyamnam eunnysyaH Jln Ba J1eMbHUL, anrebpanapuHUHE TacHUgIall Ba y/1apHUHT
KOroMos10rMK rpynnanap Hasapmusacy 6unaH 6ornmkK MyammoiapHu Xan aTuLl Myxum
BasndpaniapgaH bupu 6ynné Konmokaa.

X,031pru KyHfa >axoH MuKecmga yekcus yndamnmn JSlenbHuy, anrebpanapHm
reoMeTpusi, TOMOJMIOTMSA Ba MaTeMaTUK (U3MKaHUHT  Typ/an  coxanapgaru
TafbVKAAPUHN aHUKNALW MyXUM axaMuaT Kach aTMokaa. Yekcns ynuamnm J1enoHuu,
anrebpasiapy  yuyH JleBM EWMnMacu MaBXyd dSMacnurm  Xxampa OHrenb
TEOPEMaCUHUHI YPUHIU 3Macnuru, 4Yekcus yndamnm JleibHuy, anrebpanapviHn
ypraHuw Mypakkab macasia 3KaH/IMIMHM Ba Y/lapHW KyluMmya. Yeknosnap 6uniaH
ypraHull KepakurMHu aHrnatagu. byHpal yeknosnapgaH 6mMpu Kyiiv MapKasuii
KaTOpPHUHT 6apya Xagnapu KecMMacuHKn Yerapanawaup. MacanaH, 6epuaraH npo-
HUNLMNOTEHT anrebpanapuHUHr  eynslyBYaHra SKuMH J1eibHWL, KeHranTmanapm
TacHU(W. by 6opafa: HUNPAAUKAIHUHT XOCU KWYBYM 3/1EMEHTNAPU COHU KO-
ynyamra TeHr OynraH 4YekaM yndamnm edwnyBdaH JleMbHUL —anrebpanapu
TacHUNaw Ba 6yHAan anrebpaniapHUHI TYMKAUIA Ba KaTTUKAUTMHK Mc6oTNaLl,
HUNPaAKan opKasiv evnsyByaH J1enbHUL, anrebpanapyHn KypuLl METOLHN YeKCuK3
yn4amam xonaT yuyH TagoumK 3TUL MaKcagn WamMuii TagkmukognapaaH mpunamp.

Mamnakatnmmnsga yHgaMmeHTasn paHNapHUHUT WIMUIA Ba aMasiniA TaTouKura
ara OynraH amamini  mMateMaTuka, MWHJopMaTuka, pakamav WUKTUCOANETHUHT
aon3ap6 MyHanuwinapra sbTUGop Kyydantupungu. XXymnagaH, oxvprun nunnapga
YeK/IN Ba YeKCU3 yndamnn JlenbHuy anrebpaniapuHu TacHUg AW OpKain amasinm
MyaMMONapHn Xan 3Tl bopacuia ca/IMOKIN HaTwkanapra spywnnan. «Anreépa
Ba (PyHKUMOHaN aHa/IM3» (haHMapUHUHE YCTYBOP MyHanuwinapu 6yimnya xaikapo
CTaHJapTiap Japaxacuga WIMWA TagKuMKoTaap onmb 6opull  MaTtemaTuka
(MaHMHUHI acocuin Basuacy Ba (aonmMAaT MyHanuwm aTué 6enrmnaHanl Kaopop

1 Y36ekuctoH Pecnybnukacu Basupnap MaxgamacuHuHr 2017 aun 18 maiigarn  “Y36eKUCTOH
Pecnybnvkacu daHnap akageMUACUHUHT SHIMAaH TalKua 3TWAraH WIMWIA-TagKUMKOT Myaccacanapu
(haonMATUHN TaWKWUA 3TULW Tyrpucnga’rm 292-coH Kapopu
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WXPOCMHN  TabMUHAAW4a WAMWIA  HaTwkanapfaH WAM-(haHHUHE  TypgoLwl
coxaslapuga onfanaHvl Makcaguja 4YekIM Ba YEKCU3 ynvamiv  eyunnyBYaH
NenbHuy, anrebpanapn HazapUsCMHN PUBOXKIAHTUPULL MYXMM axaMuUsTra ara.

Y36eKncToH Pecniybnunkacu Mpe3angeHTUHUHE 2017 ivn 7 doeBpangarn M-
4947-COH «Y36eKUCTOH PecnybsiMkacMHM sHaga pPUBOXIaHTUPULWL  Oyinya
Xapakatnap ctpateruscu Tyrpucnga»run dapmonun, 2019 nmn 9 nongarn MN"-4387-
COH «Martematnka TabMMKM Ba (paHNapuHW fHaga PUBOXNAHTUPULLHM AaBnaT
TOMOHMAaH Kynnab-KyBBaTnawl, WYHUHIAeK, Y36eKUCToH Pecnybnvkacu daHnap
AKaEMUACUHUHI  B./.PomMaHOBCKMI  HOMMgarn MaTtemMatuka WHCTUTYTU
(haoNnATUHM Ty6AaH TaKOMUIALWITUPULL HYopa-Tagovpnapu Tyrpucnga»rm sa 2020
nmmn 7 madgarm  M~™-4708-coH «MartemaTvKa coxacugarv Tab/iuM CcUdaTuHK
owmpuw  Ba  WIMUKA-TAAKUKOTNAPHA  PUBOXIAHTUPULL  Yopa-Tagompnapu
Tyrpucuga»rv Kapopsapy xamja maskyp gaonmartra Termwnm 6oka HopMmaTmBs-
XYKYKUIA XyxokaTnapga benrnnaHraH sasvanapHyM amanra owmpulija ywoy
anccepTaumsa TagKMKOTU MyalsiH fapaxkaga Xm3maT Kunagu.

TagKWKOTHUHT pecnybnvka aH Ba TeXHONOrManapum PUBOXKIAHULLIN
YyCTYyBOp WyHanuwnapura 60Fnmknanru. Maskyp TagKukoT pecnybnmka aH Ba
TeXHosornanap  puBOXNaHUWUHUHE - IV,  «MaTtemaTvka, MexaHMKa Ba
MH(hopMaTMKa» YCTYBOp MyHaNnLIM gompacuja baxapuiraH.

MyaMMOHUHT ypraHuaraHnnk gapaxacu. ®yHgameHTtasn JleBu Teopemacu
bepuaraH yeknun yndamnuv Jin anrebpanapyvHmi TacHUgIaw MacanacuHn up Katop
cogfanawTnpu6, ednnyesyaH Jin anrebpanapuvHn TacHUgialw macanacura osmb
Kengn. A. Manues Ba .M. Mybapak3faHOBMap TOMOHWAAH YeKNn ynyamau
ednnyByaH Jin anrebpanapuHu  yNapHUHI HunpagukainapugaH gonganaHmo
Kypuw MeTOAn KypcaTwigm Ba 6y MeToj éppamuia Hunpagukanu unandgopm,
KBasn-gunndgopm, [enseHbepr, Aben Ba 60WIKa HWUNLMOTEHT anrebpanapaaH
néopat 6ynraH eunnyByaH Jln anrebpanapuHUHr TacHUMNapu onnHau. byHpain
anreébpanapHuHr akcapuaTth J1. CHo6n Ba I'l. BUHTEPHUT3 TOMOHMAAH YoM 3TU/raH
MOHorpagusaga >amnaHgn. XX.M. Kacac, M. Jlagpa, 6.A. Omunpos Ba W.A.
KapywkaHoBiap  TOMOHWAAH  HUNpagvkKaniap OpKaiv  eywnyByaH  Jin
anrebpanapnHnN KYpPULLHUHT yLLOY MeTOAMHKN eunnyBYaH JlenbHuy, anrebpanapuHu
KypuLwiga Ky//laHAIUWKM  HaTukacuga aca Huipagukanu Aben, [einseHbepr,
dmnndopm,  Hyn-unugopm, Tabuuii  rpagyyvpnaHradH - guamdgopm,  Tabumia
rpagyvpnaHraH Keasu-uangopm, Hyn-guanopmMIapHUHE Tyrpyu MNrMHAMUCK Ba
bowKa anrebpanap 6ynraH eunnyByaH J1ebHUL anrebpanapuHm TacHUMNaHraH.

[actnab yeknm yndamnn unmdgopm Jin anrebpanapn M. BepHb TOMOHUAAH
ypraHunraH 6ynmé KelnHuyasimk 6y anrebpanapHUHI YeKcu3 ynyamav aHanoru A.
DUaNOBCKUNHMHT vwinapuga ydpanan. dvnmdgopm JlenbHUL, anrebpaiapuHUHT
YyeKcu3 ynyamnm aHanorn b. OMmMpoB ToMoHUAAH “tonka”  J1enbHuL, anrebpanapu
HOMW ©OunaH Tagkuk atungn. HO. XakummpkaHoB Ba K. XakumpgkaHosanap
nwnapuga 4dekcns yndamnun Jin anrebpanapuHuUHr NOTEHUUaN HUNLMOTEHT Ba
noTeHUnasn e4ynnyBYaH feb atanyByum MKKU CUH(DUHU TaHUWTUpraH bysnca, gactiab
NPO-HWUMBMOTEHT Ba Mpo-eunnyBYaH Jln anrebpanapy fe6 HOMIaHyBYM YeKCuU3
ynyamau anreépanap cMHpUHM 4.B. MUANNOHLWMKOBHUHT MLLiapuia ydpaTtamus.
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[.B. MUNNNOHLWMKOB Mab/lyM XyCycuATra Kypa npo-HUMNbMNOTEHT anrebpanapHu
TacHU(UHK Bepaw.

X,031prv BakTAa Yekm ynyamnm Jin sa J1enbHuL, anrebpanapuHuUHE Ty3uamL
CTPYKTypacun Ba YNapHUHI TacBupiapw, auddepeHumnannawiap ¢asocu, xamga
KOromosiormk rpynnanapu TtascudgrapuHn WA, Awnos, B.A. Omupos, KK.
Kypanbeprenos, N.C.PaxumoB, A.X. Xyaoinbepanes, XX.K. Agawes, XX.M. Kacac,
M. Nagpa, /1. Komauo, A. LLlabaHcKas Ba 60LLIKa/lapHUHT Ulliapuaa ypraHunaraH
bynca, yekcus ynyamnm Jn Ba JIenbHUL, anrebpanapuHUHE TY3UIULW CTPYKTYpacu
Ba Y/apHUHI TacBupnapuv, auddepeHumannawinap @asocu xamja Mapkasuia
KeHrantmanapu LLU.A. Awonos, B.A. Omnpos, A. ®unanosckun, KO. XaKMMIXaHoB,
K. XakummpxkaHosa, [.B. MwunnnoHwmkos, B. Kac, A. LWWanes, E. 3enmaHos,
T.K. KypbaHb6aeB Ba 60LLKa/TapHUHI ULLNapuia KapaaraH.

AvccepTauma TagKUKOTUHUHI guccepTauma 6axapuaraH onvii Tabinm
MyaccacaCUHUHI WUNMUN-TaAKUKOT uUwnapun pexanapun ounaH 60Fankanru.
OuccepTauma TagKMKOTU Mup3o Ynyréek Hommaarn Y36eKUCTOH Munnui
YHUBEPCUTETUHNHT OT-P4-31 “HokoMmmyTaTue Mmoaynnap, J1IenbHuu anredbpanapu
Ba cuMmniekcga noanMHoMuan — Kackagnap”  (2017-2020 wiwunnap)  Ba
B./.PomMaHOBCKUIA HOMUgarn MaTteMaTuKa UHCTUTYTUHUHT “EDA-DTex-2018-79,
NenbHny, anrebpanapyHUHr Tacsupnapun” (2018-2019 wWnnnap) ma3ycugarmu
UNIMNIA TaIKNKOT flIoinxanapu gonpacuia baxapuiran.

TafKUKOTHUHT MaKcaAn KOMMEKC MalfoHAa aHUKMIaHraH Npo-HWUAbMOTEHT
ngeasira ara 6ynraH YekIM Ba YEKCU3 y14am/v edusiyByaHra SAKuH J1enbHuL,
anrebpanapn TacHNOUHM oNuLLaaH noopar.

TafKUKOTHUHT Basuanapun KynngarmnapgaH noopar:

GepwnraH Hunpagukaara ara 6ysraH 4Yekav yndamsiv MakcMman ednsiyB4yaH
NenbHny, anrebpanapyHn TacHU(NALL;

HUIpagukKannm Makcuman y3yHaukgarn ¢uangopMm Ba KBasu-(pmnangopm
oynraH eunnyByaH JlelbHUY, —anrebpanapUHUHI  UKKUHYM  KOFOMOJIOrUK
rpynnajiapuvHn TacH1dIaLL;

6ab3n NPO-HUNLMOTEHT J1n Ba J1IeM6HUL, anrebpanapuHUHI 6apya edynyBYaHra
AKWH  KeHrauTMaslapyHn  TacHU(iall Ba  MaKCMMasl  eduslyBYaHra  SIKUH
KeHranTMaslapyHn Kymnm TapTubsim KOromosiormk rpynnanapuHi TpUBNaIININHA
KypcaTuLL.

TagKWKOTHUHT 00beKTU. BepunraH makcMmas MPO-HUNLMNOTEHT UAeaIn
YeK/IM Ba YEKCU3 yN4amMIv ednnyByaHra skKuH J1enoHu, anrebpanapw.

TaAKWUKOTHUHI npeagmeTn. HunbnoteHT Jln Ba JleibHuy, anrebpanap
Haszapuscn, eunnyByaH Jln Ba J1enbHUL, anrebpasiapy HasapuscKu, KOromosiormk
rpynnanap Hasapusacu.

TafgKUKOTHUHI  ycynnapu. [ucceptauymsaga accoumatms  Gynmarad
anrebpanapHUHr CTPYKTypaBuiA Hazapuscn ycynnapu, auddepeHumannawiap sa
KOrOMOJIOTUK ycynnap, LWYHUHTAEK WHBapuaHT/ap Hasapusacu ycynnapuiaH
oganaHnnrax.

TafKUKOTHUHT UMW SHTUNUTU KyngarnnapaaH néopart:

HUApaguKanu Makcuman ysyHaukgaru quanopm Ba KBasu-(uangopm
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bynraH eumnyB4aH J1enbHWL, anrebpanapun TacHU(AaHraH;

HUNpagMKan Makcumas y3yHnMKharn kKsasu-unundopm GynraH ednnysyaH
JenbHnL, anrebpacUHUHI KaTTUKANTA UCOOT/IaHraH;

6up ynuamnun ngean byinnya akrop asredbpacn Moges HUNbMNOTEHT paguKasra
ara Jln anrebpacu 6ynraH eunnyByaH J1enbHUL, anrebpanapun TacHUMNaHraH xamaa
OMPUHYM Ba WMKKMHYM TapTM6AM KOFOMOMIOrMK TpynnafapuHUHE TPUBUaIUN
NCOOTNAHTaH;

mogen unudgopm JS1einbHULY, anrebpacHUHE YeKCU3 ynyamin aHanormHUHC
eynnyBYaHra SAKMH 6Gapya KeHramTMasiapyu TacHUgIaHraH Ba YNapHUHE Kyiln
TapTM6/M KOroMOJI0rK rpynnaiapuHUHE TPUBUAIUIN UCOOTNAHTaH.

TaAKUKOTHUHI  amMaZuili  HaTuKacu KylWn TapTubam  KOromosiornk
rpynnanapHUHr - TPUBUMAI/IMTUHK - UCO0Talgarn  SHIM - MeTOAIapHU  TaKnd
STUNTAHNUIN  Ba YEKCU3 YynyamauM ednnyBYaHra SkvH Jlm Ba  JleinbHuy,
anrebpanapuHn TacHUAALL YCYNNapUHUHTE 6aéH KUAMHraHaMrugaH néopart.

TagKMKOT HaTWwKanapuHUHI  UWOHYNUINTN  HaTWXKanap accounatms
oynmaraH anrebpanapgarv mab/lym MeTof1ap Xxamaa MaTemMaTuk MynoxasanapHuHr
KaTbuanmMrura acocnaHraHanru, O/IMHIraH HaTwkanap anrebpank
KYNXUNNINKNAPUHUHE Mab/lyM HaTuKanapy Ba TaAKUK 3TULL ycynnapujaH KaTbuii
oraganaHraHnuru unaH n3oxnaHagw.

TagKUKOT HaTUXanapuHUHE NIMWIA Ba amannin ax,amusTu.

TafKUKOT HaTWKa/TAPUHUHT UMW axaMUATY ULWAa OfIMHIraH HaTwxkanapiaH
Y36eKNCTOH Pecnybnnkacu onnin yKyB tOPTNapyu MarucTpaHTnapu Ba TasHY
[AOKTOpaHTNapu y4yH Maxcyc Kypcrnapga Kynnaw MyMKUHIUTX Ba YEKCU3 y1Haman
Jln Ba JleinbHULU, anrebpanapy Hasapuscuga qonganaHnuw MyMKUHAUTM 6unaH
n3oxnaHagw.

TagKUKOT HaTWXa/lapUHUHT  aMa/iMiA - axaMUATU  ynapHW - anrebpanapHuUHr
anddpepeHunannatiap asocn Ba aBToMopduamaap rpynnanapu Hazapusicn sHr
XoccasiapuHun ncboTnawura Tagouk aTuw MyMKUHANUTX 6unaH noxnaHagw.

TagKNKOT  HaTWXalapUHUHT  XXOPUIA  KUAMHUWW. bBepunraH  npo-
HWMLMOTEHT a/iredbpanapHUHT ednslyBYaHra SKuH J1eibHUL, KeHranTmanapu bymnmnya
O/IMHIraH HaTwkasap acocmaa:

oup ynuamnun naean byinnya akrop anredbpacu Moges HUNbMNOTEHT paguKasra
ara Jln anrebpacu 6ynraH ednnyB4yaH J1eM6HUL anrebpasiapyHUHT 6BUPUHYN Ba
NKKNUHYN TapTu6/IM KOromMosIornMK rpynnanapuvHnHr Tpmsmannamrngad OT-®4-31
pakamnnm «HokommyTaTMB Moaynnap, JlenbHuu, anrebpanapy Ba CUMMNIEKCAA
NOIMHOMWa/T  Kackag/ap» Mas3ycugarn (QyHaaMeHTasl nonxaja ednnyB4yaH
NeinbHuy, anrebpanapuHUHI  KNYNK  TapTU6/IM  KOroMOJSIONMK  rpynnasiapuHu
TacHunawga opganaHmarad (Mmnpso Ynyréek Homuaaru Y36eKuctoH Munnmia
YHuBepCUTETUHUHT 2021 nn 24-nioHgarn 04/11-2377-COHNM Mab/lyMOTHOMACK).
NNMUIA HATWXKAHUHT KYNNaHWIULWKM HANPaAUKa/IHUA XOCU KWTyBUYX 3/1eMeHT/1ap
COHW  HUNPAAMKa/IHAHT  KO-ynyamuira TeHr OynraH edunyBvaH J1elbHML,
anrebpanapuHN KaTTUKINIMHK UC60TNall MMKOHUHN GepraH;

HUNpaaMKannm MakcumMan y3yHankaaru Keasu-mnndopm 6ynraH eyunsyByaH
NeiibHnL, anre6pacvHUHI TYIMKAUTM Ba KaTTukaurugaH E®A-dTex-2018-79
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pakamnm «J1einbHUL, anredbpasiapuHUHI TacBMpW» MaB3ycuaarn qyHgameHTan
nonxaga euwnyByaH JleilbHWL, anrebpasiapMHn  KOroMOMOrMK rpynnanapuHuv
TaBcugawga (horpganaHuraH(yY36eK1CcToH Pecnybnnkacu daHnap
AKafeMUACUHUHT 2021 inn 23 uoHgarn 2/1255-1831-coHNuM Mab/lyMoTHOMAcK ).
NNnMUIA HaTVOXKaHUHT KyNINaHUAULWIA HUNPaAMKaanm MakcumMan y3yHInKaarn Keasu-
dunudopm JSln anredbpacu 6ynraH eunnyByaH J1eiMbHUL anrebpanapuHUHE GUPUHYN
Ba MKKWUHYM TapTUOG/IM KOrOMONOIMK rpynnaiapuHn TPUBUAIUIMHU UcboTaLl
MMKOHWHM BepraH.

TafKUKOT HaTwKanapuHUHI anpobaumacu. Maskyp TagKMKOT HaTvKaapu
2 Ta Xa/Ikapo Ba 4 Ta pecnybsivka uiMmnin-amasinii aHXXkymaHnapia MyxokKamazjaH
YyTKasu/iraH.

TagKUKOT HaTWKanapuHUHT  3bJIOH  KWUAWHraHnuru. [Aucceptaums
MaB3ycu 6ynmnya Xxamu 12 Ta WIMMA UL Yon 3TUAraH, wWwynapgaH, Y36eKUCToH
Pecnybnnkacn Onuia aTTectaums KOMUCCUSACUHUHT AOKTOPMVK Aucceptaumsiapu
acocuii UMM HaTVDKaIapPUHU Yon 3TULL TaBCUA 3TWAraH UAMUIA Hawpiapga 5 Ta
NNMUIA MaKona, XXymnagaH, 2 Tack Xopuxxuin Ba 3 Tacu pecnybnnka >xypHannapuia
HaLlp sTWUAraH.

AvccepTaumMAaHUHT TY3UINLWLK Ba X,2KMU. [uccepTaumsa KAPULL KUCM, y4dTa
606, xynoca Ba (ohpganaHunraH agabuétnap  pynxatungaH — mbopart.
[AunccepTauMAHMHE XaXKMKN 85 6eTHUM TalLKWA 3TraH.

NVNCCEPTALUNAHUNHI ACOCUIA MA3MYHW

Knpuw kucmga pucceptaumss MaB3yCUHMHE  [on3apbnvrn Ba 3apypatu
acocnaHraH 6ynu6 TagKMKOTHUHI pecnybnvMka (aH Ba TexHonorusapu
PUBOXXMAHULLUVMHWHT YCTYBOP NyHanuwiiapura Mocinmrm KypcatuiraH, MyaMMOHUHT
ypraHuAraHvK gapaxacu KenTupuiraH, TaAKMKoT Makcaaum, Basudanapu, 06 beKTu
Ba MpeaMeTW TaBcupiaHraH, TaAKUKOTHUHT WIAMUA  SHTUMAUTA Ba  aMainii
HaTwkanapy 6aéH KWAVHraH, OfIMHraH HaTwKa/lapHUHI Hasapui Ba amaiui
axamuaTn oumb GepunraH, TaAKUKOT HaTWKaIAPUHUHE XXOPUIA KUIVMHULLW, Hallp
3TUAraH wWMap xamga aucceprauus  Ty3uamwm — 6yimya  Mab/lymoTap
KeNTUpUIraH.

OuvccepTtaumaHNHr - “Hunpagukanu @uangopm Ba Ksasu-guandgopm
bynraH ednnyByaH Jleno6Huy anrebpanapun” geé HomaHyB4M 6UpUHYUKM 606KMAaa,
v anrebpanapw Ba JlebHUL, anrebpanapu HazapuanapuiaH sapyp TyLlyH4anap sa
épfamun HaTwkanap KentvpunraH. Hwunpagvkanun wmakcuman dunundgopm  Jv
anrebpacn 6ynraH euynnyByaH Jln anrebpacu Ba HUNPaOUKaIM  MaKCUMa
Y3YHIMKAArn Keasun-gunndgopm JlembHuu anrebpacu 6ynraH ednnysyaH JlenoHuL,
anreépanapu TacHUNaHraH. byHaaH Tawkapu, 6y anrebpanapHUHI Ky TapTrnen
KOroMo/10rMK rpynnanapu Taakuk sTUraH.

K 6upop mMaifoH 6yncuH.

1-Tabpu. K MaigoH ycTuja aHMKNaHraH L anrebpaHuHr UXTUEPUIA X, Y, Z
aNeMeHTNapU YUYH Kyingarn anHuaTnap baxapuinca,

[X,x]=0 - aHTUKOMMYTaTUB/IMK aHUSATN,

[X’[y’ Z]] + [y,[z, X]] + [Z,[X, y]] = O - ﬂKO6M aMHMﬂTMI



y xonga L anrebpacura J/lu anrebpacu gennnagun, 6y epga [-,-] - L anrebpaga
aHVKNaHraH KynamiTupuL amann.

2-Tabpud. K MaingoH yctuga aHuknaHraH L anrebpaHuHr UXTUEPUIA X, Y, Z
aNleMeHTIapn yuyH Kynngaru JIenbHUL, aiHuATY 6axkapwuiica,

[([x.y1.z1=1[Ix z]. ¥]+ [x.[y.z]]

L anrebpa Jlenbuuy anrebpacu pennnagn, 6y epga [-,-] - L anrebpaga
aHVKNaHraH KynamiTmpuLw amann.

L J1elibHWL, anrebpacUHUHE UXTUEPUIA X, Y 3/1leMeHTNapu yuyH [X,y]=-[Y,X]

LapT 6axapwunca, y xonga JIeMoHUL, anHUATL AKOOM alHMATKM 6unaH ycTma-ycT
Tywmn6 konagn 6y aca JlenbHuy anrebpacun JIn anrebpacMHUHI HOKOMMYTaTuB
aHas1I0rn aKaH/IUIMHW aHrnaTagw.

Acocuin Tabpud) Ba TyllyH4YaniapHu J1enbHuy anrebpanapy yyyH Takaum
aTNG, ynapHu J1n anrebpanapu y4yH xam (bollkaya KypcatuamaraH éynca) ypuHan
oynuwngaH gonganaHamus.

AnTannuk, L -JlenbHuy, anrebpacn 6yncuH. L -JleiibHuL, anrebpacy yyyH
Lynn mapKasuii Bayocuiasuin LaTopnapHn MOC paBuLLAa Kyiraarmya aHMKNanmms:

LX=L, Lk+H=\Lk,L], k>\, BaZl=L, LBH=[ZW2ZW], s>\.
3-Tabpu. L -JleiibHUy, anrebpacn 6yncuH. LLUyHaan ne N (Moc pasuLiga,
T e N) coH maBxyf 6ynn6, Ln=0 (moc paBuwiga, /I'"1=0) ypuHnu 6ynca, y X,0nma
L HWAbNOTEHT (MOC paBuLLia, eynnysyaH) JTenbHUL, anredbpacu gennnann.

L J1eibHuML anrebpaHVHI MakCcMMa HUNbMOTEHT (MOC paBuLLAa, ednnyBYaH)
ngeanura L anrebpaHuHr Hunpagukanu (Moc paBuLLga, pagukanun) gennnagn.

4-Tabpu. L anrebpaga aHuMknaHradH d L~ L umsmkam anmMawtmpuw L
anrebpaHVHr UXTUEPUIN X,y 3NEMEHTIapU YYYH YLy

d(Ix,y]) =[d(x),y]+[x d(y)]
anddepeHunaniall KongacMHM KaHoatnaHtupca, y xonga, d ;LN L 4n3mknu
anMawTupuwira gudpepeHuvannall genniagu.

JlIebHny, alHMATM épAaMuaa yHraaH Kynantupuw onepatopy R HM
andpepeHumannall  SKaHJUIMHU - KypuwnmMm3  MymMKuH.  ByHpgan  Typpgaru
anddepeHumannawiap nukn auddepeHymannawinap aeé atanagn. Muku bynmarax
avdepeumnannaluniara aca Tawuy guddepeHunannalunap gennnagu.

5-tabpu. Arap L JleinbHuy anrebpacu yyyH Center(L) =0 Ba 6apua
anddepeHumnannawiapy nukn éynca, L JleiibHuy anrebpacv Tynuy gennnann.

By epga Center(L) ={xe L |[x,y]=[y,X] =0, 6apuayelL}.

L 6upop HWAbMOTEHT JleMbHUL anrebpacu OyncuH. Uxtunépmin xe L\ L2
aNeMeHT y4yH R onepaTtopHUHr >XopgaH Katakiapy yadamnapuHUHE Kamaiuil

TapTmbugarn Ketma-ketamrmHn C(x) opkanm Genrmnainuk. bByHpaah KeTma-
KeT/IMKNap TynnaMmmaa nekcukorpagmk TapTUubHU Kapansivk, SbHW,

C(x) ={m\,n2,...,1u) <C{y) =(1}.1L... ., T9)

ypuHan 6ynagn gakat Ba pakaT wyHaanm rg N maexypg 6ynu6, bapuya / </
bynraHga ny=Tj Ba n; m .
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6-Tabpud. C(L) =max C(X) KeTMa-KeT/MKKa L JlenbHWL, anrebpacUHUHT

xelL\L2

XapakTepucTUK KeTMa-KeTUru geinnagn.
XapakKTepucTuUK KeTma-ketamrn (nxn2,...,n 1) 6ynraH Ba HongaH apKiu

Kyiugarn Kynatmanap opKaam aHMKMaHraH Mofen HANbNoTeHT Jln anrebpacu nc
HW Kapal/ivk:
el =eH> 2 <* <ni’
K +..4j,ei] = M. 4N+, 2<*<npi> 1<j <k -1

7-Tabpud. Antannuk, L - n ynyamnu JlenbHuu anrebpacu 6yncuH. Arap
2<i<n yuyyH dimL =n-i wapT ypuHnam 6ynca, y xonga L JleiibHuL anrebpacu
dunmuopm gennnaan.

8-Tabpug. Antaiimk, L - n yndyamnu JleibHuy anrebpacu 6yncuH. Arap
Ln2 @ {0} Ba Lnl= {0} waptnap ypuHnn bynca, y xonga L JleibHuy, anrebpacu
KBasu-gunnopm aennnan.

L NelibHunL anrebpacu Ba n >0 y4yH yLwiby 6enrnnaliHm onainmk.

CLn(L,L) :=Hom(L®L).

cl :CL"(L,L) —=CL"™(L, L) um3amknun akcnaHTMpuwl Kynngarmnya aHNKIaHCUH:
ntl

(</» (%1000 %,:4D) = [X,, (PO, .., i AD] + X (- 1YbI.Xi,oe[] o0, *4), *u] +

2= 2

X 1) 7+1P (X1 eee’ T R T e Y D

\<i<j<n+1

oy epga, (pe CL"(L,L), x.el Ba - 6enrn ywby kKatopga X.HW Tywwmb

KO/MMLWNHK anrnatagn. dn - 4mamkau akcnaHtupuw ydyH dmdod” =0 xocca
YPUHAN BynuwingaH Kyinmaarmya aHUKNaHraH M-TapTubsm KOromosiorumk rpynna
TYrpy aHUKAAHraHWHW 0flaMn3

HLn(L,L) :=ZLn(L,L)/ BLn(L, L),
oy epga ZLn(L,L):=Ker dntl Ba BLn(L,L):=Im dn ¢a3onapHWHI 35ieMeHTapw

MOC pasuLLAa N-KOUMKIap Ba U-KoYerapaniap gennnagn.
Arap 6y epga p :LxL "™ L 6nunsnkan akcnaHTUpULL aHTUCUMMETPUK Bynca,

y xongay Jin 2-Koumkn aneMeHTU fennnagm sa JIn 2-KOromosiorvkK rpyrnaHu
Kyingarmda aHuknanmmi H2(L, L) :=Z2(L,L)/ B2(L,L).
9-tabpud. Arap L JlenbHuy anre6pacv yuyH HL2(L,L) = 0 ypuHnu 6ynca, y

xonga L J1lenbHuu anrebpacn KOromosiormk Kattuk gennnain.
L 4eknu coHparn HongaH qapknn Vi gasonapgaH Tawkwua TonraH Z -

rpagyvipnaHraH JleitbHuy, anreépacu 6yncuH, SbHU L =@i&\Mi 6ynnb, nxtmnépuia
i,je Z yuyH [K,K]cK H ypuHnn.
L HunbnoTeHT JlebHUy, anrebpacu 6yncvH. Arap L =V © V2©O...© Vt ga

bapua i (ki< i< k) nap yuyH VfE 0 6ynca, y xonga L JlehbHuu anrebpacn 603n11um
rpagyvpoBkara ara geinnagu.
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10-tabpud. I(®L) =I1(VH ® Wif] ee=® W+) =t+ 1 coHura rpagyvposka
y3yHnaurun geivnagn. Arap 1(©L) =dim(L) ypuHnu 6ynca, y xonga rpagympoBka
MaKcuman y3yHankaa genmnagm

L anrebpaHuHr y3yHAUrv Kynngarmda aHMKgaHaau

(I =max {1(®L): L= ® WK x® *e® \Kk t -60rnuym rpagynposka}.

Arap L Makcuman Y3yHAMKAarn rapgyvpoBkara ara 0Oysica, SbHU
(L) =dim(L),y xonga L JlenbHwWL anrebpacn Makcumasn y3yHAnkaa gennnanm

Kyinngarn teopemaga J1.M. Kama4do Ba 60wiKanap TOMOHUAAH KypcaTwuiraH
MaKcuman y3yHnukaarn Jin 6ynmaraH Keasu-ounungopm J1enbHuu, anrebpanapu

TacHngn bepunraH.
1-TeopeMa. Makcman y3yHAUKAarn UXTUEpPUiA n-yndamnn (U>6) Ksasu-

dunudopm Jln 6ynmaraH J1enbHuL, anreépacu Kynnaaru yzapo nsomopd ynmaraH
anrebpanapgaH bupura nsoMopganp:

Alel,el] = en' [en-1,el] e2, e ,e ] =eF, 2<i<n- 3
Alen-1'en-1]1 = ~ 4 ' [e 'en-1] = " +3' £e{0AK 2<i<n- 5,
' = ' 2<i<n- 3,
M 2X \[e, el] = e+l

[K en-l]:’\ ' ﬂeC’

Melel] = e2, [e3,e3] = "eb,

| [ei*e]] = ei+l [elel] =-eiH

ffe'el]=~41  1<i<n- &

1[eTerl] =en'

oy epaa {e,e ,ees.en} anrebpagarun 6asnc; M 3aanrebpaga arap n> 6 6ysnca, a=0 Ba
arap n=6 oynca, ae {0,1}.

BepvnraH HunpaguMkanra ara Yeknm yndamav eywniyByaH Sl Ba JlelnbHWUL,
anrebpanapuHn Taxamn KWW jaBoMuaa yuwby CTPYKTypaHU YeKCu3 ynvamsiuv
XonaT yYyH yTKasuw MyMKUHMU feraH caBon Tyrunagu. by casonrakasob Tonuil
YUYH 613 gactnab ywby MeToAHU MakcuMan Npo-HUAbMOTEHT uaeasnra ara bynrax

eynslyByaHra sskuH Jln Ba J1enbHuL, anrebpanapvHn KypuyLl yuyH Kynnab Kypauk.
L yekcus ynqamnm caHoOK/M 6asuncraara 6ynraH JNenbHuL anrebpacu 6yncuH.

Mt

M 4:

11-tabpud. Arap P|Z/ =0 (moc paBuLAg, =0) ypuHnu 6ynca, y xonga,
r-1 r-1
L JlebHWY, anrebpacy HUABNOTEHTTA AUMH (MOC paBuLIda, evynnyByYaHra AUNH)
aennnagu.

Kyingarn npo-HUNbNOTEHT Ba Mpo-eynsyBYaH anrebpanap Tabpudiapu
[0.B.MUNANOHLWNKOBHUHT vLLapuaH ONIMHIaH.

12-Tabpud. Arap UXTUEPUI i>1 yUyH, I‘I *'=0 (mMoC paBuLLIAa, P|L['] 0)
i= =

va dimL/L (moc pasuwga, dimL /L ] ) ypuHnu 6ynca, y xonga, L
NenbHny, anrebpacy NpPo-HUNBNOTEHT (MOC paBuLLga, NPO-evnnyByaH) gennnagu.
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AliTaiinnk, mO0 mogen ¢unndopm JIM anreGpacMHUHI YeKCU3 ynyamsm

aHanorn o6yncuH. Kynunpgarn Teopemaga K.K. Ab6gypacynoB Ba 6owkanap
TOMOHMAAH M  anrebpaHVHr MakCUMasl ednslyBYaHra SIKMH JIn KeHraiTmacu

Gepwvnra.
2-Teopema. ATannmnk, R 6y MakcMman nNpo-HWUAbNOTEHT naeann mO Ba Ko-

ynyamu 2 6ynraH edunyByaHra sikuH Jln anrebpacu OyncuH. Y Xonga LiyHzaaun
{x,Y,€ ,e ,°s¢} 0asnc mMaBXyaKu, 0y 6asucga R anrebpaHuHr KynantupuLl

Xagsanu Kyivgarnda KypuHuwga éynaam
‘le'e]=eitl' i>2 [el'x] = el
t

\e,"X] =(i- e, + X PkekH-2' 1>2
k=3
ly e]=-e-" i>2'

oy epga O0=(4.,4,...,4)eC'2Ba feN.

Tekwnpnbd Kypuw MyMKUHKK, Oy owuna ys3apo wusomMopd OGynmaraH
eunnyBYaHra SKuH Jln anreébpanapuaaH TawKua TonraH.

1.2 naparpaga Kyimgarn KynauTupuwl >KafBasin OpKasIM aHUKNaHraH m
mnndgopm JSIn anrebpacHUHI 6apya MaBXXy[ eunlyByYaH KeHraiTmanapy TacHUMun
xamfa Kynm TapTnbnm KoroMonoruk rpynnasapu TaCHU(NaHraH:

[ele/]=eh" 2<i<n-T
" [e2e]=7 3<i<n- 2.

3-Teopema. Hunpagnkanm m Ba Ko-ynyamu 1 6ynraH xap KaHgai eqnnyByaH

Jln anrebpacu Kynmagarn anrebpara nsomopd oynaaw:

fa,e]=em' 2<i<n- ]
M <[e2'el]=¢,+ 3<i<n- 2
[et,x] =et, 1<i<n.
by epaa, {ele2,...,enx} 6y M anrebpaHuHr 6asucu.
4-teopema. dimH2(M,M ) =1
1.3 naparpadgga Hwipagnkaim M ba - MaKCMasl Y3YHNUKAarn Ksasu-

dunudopm JSlenbHu, anredbpacu 6ynraH eunnyByaH J1eibHuL, anrebpacn TacHUGU
ONIMHFaH Xamfja YMapHWUHT KyWn TapTuoiyM KOroMONAOruK rpynnanapyu Tax/ius
KU/IMHIaH.

5-Teopema. Antanvk, L 6y Hunpagkanm M 30 Ba Ko-ynyamu 2 6ynraH
ednnyByaH JleibHUL, anrebpacn OyncuH. Y xonga L anrebpaHuHr LwyHaai
{e,e ,....en,x,y} 6asucu maBXyaku, 6y 6asucga L anrebpaHVHr KynanTupuLL

KaaBanu Kymugarmnda 6ynaau
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[el.el] = [ei,el]= [epe ]=e+, 3<i<n-1,

] el x]=¢l [x.el] =-el, [e2,x] = 2e2,
" [erx]=(i- 3)e, [xei]=- (i- 3)ei 4<i<n,
\ei>y]=e, [y.ei]=et> 3<i<n-

6-Teopema. L eunnyByaH JlembHUL anrebpacu Tynuu anrebpa bynaaw.

7-Teopema. L eumnyBuaH J1eMOHUL, anrebpacUHUHI WKKUHYM TapTuoan
KOroMOJIOMMK rpynnacu Tpysuanigup.

OuccepTaunAaHMHT “Bab3nM KOroMoNOrMK KaTTUK ednnyByaH JleilbHuL
anrebpanapun” fe6 HoMIaHyBYM UKKMHYM 606148, HWIPAAUKASTHUHT 3/1EMeHTNap
KBafpatnapugaH xpcun 6ynraH 6up yndamnam ugean oyirnda aktop anrebpacu
MoZeNn HUNbLNOTEHT JTn anrebpacu (Nnc) bynagmraH Makcumasn ednsiyByaH J1eibHuu
anrebpanapy TacHUM bepunraH. Ywo6y TacHU(aHraH owara Teruwiu
ednnyByaH J1enbHWL anrebpalapuHUHT  GUPUHYM  Ba UKKUH4YA  TapTUoK
KOroOMOJIOMMK rpynnasiapUHUHT TPUBMAINTA NCOOTIaHTaH.

Kyinngarm L(a, ) (1 <i<K) HWIbNOTEHT JlenbHWUL, anrebpaiapy ounacnHu

Kapanvk:

e,el]= 2<i<nl, [el,e]=-eit, 3<i<nl,
el] = ert. 2<i<myp 1<j <k -1,
i1=- 4 - 3<i<njH, 1<j <k -1,
. el,en+. 4] = -e ri+. #j+H J J
e,e]=h, [e2e2]=aA e e2]=-e3+ [N,
n+. 2 e+ 2] = a+lh, I<i<k-1,

el ertr. 2]  rtanyat Apdh, 1<i<k-1
by epgan - n - een -1-
Kyhingarn Teopemaga L (a.”.), 1<i<k anrebpaHuMHr  MaKCUMUa
euunniyByaH J1enbHuu, anrebpacn KenTupuraH.
8-Teopema. Hunpagukam L (a,$), 1<i<k Ba Ko-ynyamn (K +1) 6ynraH
euunnyBYaH J1enbHuy, anrebpacu Kyimgarn anrebpara nsomopd bynaam:

K el]=h, [h,x ]=2h,
[e .el]=-[el,e]= 2<i<n,
[en++y+,el]  [el,ed++y+] er++n)+H, 2<ic< N4
e xl]=-[xlel]="

[ei,xI]= -[X),ei] = (i - 2)ei, 3<i<n +1,
[ertr+nj+,x1] = -[x],erk +nH] = (i - 2)ert+. 2 <i<njH,
[ei,x2] = -[X2,ei] = ei, 2<i<n +1,
[enH++njH xj+2]  PJ+2 ed++jH]  er+. A4+ 2 <i<njH,
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oy epga 1<j <k-1.

9-Teopema. R eumnysyaH JleibHUL anrebpacu TyNMKAMP.

By Teopema R -anrebpaHuvHr  1-TapTubimM  KOroMoOMIOrMK  rpynnacu
TPUBUAIIUTMHN  KypcaTagn. AHAM R anrebpaHuHr 2-TapTuban KOromosiornk
rpynnacuHn Taxina KWManmk.

10-teopema. HL2(R,R) = 0.

AunccepTaunAHUHE "Tpo-HUNBNOTEHT Maeanra ara 6ynraH edymsyByaHra
A MH J1n Ba J1erbHuL anrebpanapu TacHUMU™ aeb HomnaHyBYM yumnumn 6o06maa,
MakcuMas NPO-HU/LMOTEHT mUaeasin Mogesn puangopm Jin anrebpacHUHI YeKCcn3
ynyamnm aHanorm mo:{[e,eX=-[e,e]=e+ i- 2 OynraH 6apya eunnyByaHra
AKUH Jln anrebpanapn Ba MakcMman NpPo-HUNbMNOTEHT uaeasin Mmogen unandgopm
JleitbHMLY, anredbpacMHUHI YeKcn3 ynuamnnm adasnorn F :{[e,eX=e#, i- 2 6ynraH
bapua euunnyBYaHra AKWH J1eMbHUL, anrebpanapy TacHU(WU KenTupunraH. by
TacHU(hNaHraH anrebpanapfaH MakcumMas Ko-y/idamra araslapuHUHT GUMpUHUKM Ba
NKKUHYM TapTMBIM KOroMOIOrMK rpynnanapu Tpusmananrn ncéotnaHrad. byHgax
TallKkapy, MakcuMas Npo-HUALMOTEHT naeann BUTT anrebpacMHUHI MycbaT KMCMn
m :[e,e]=(i-j)e . I,j -1 6ynran npo-eunnyByaH Jln anrebpanapn AroHamrn

Xamjay BUTT anrebpacMHUHT HOMaH(pWii KucMn W akaHAUMM McboTnaHraH.

Yoy 6064a makcmast Npo-HUNbNoTeHT ngeanu N BaN ra TyigupyBym KUCm
(ha3o ynyamm K 6ynraH xap KaHfanh edunyBuyaHra sikuH J1eilbHuy, anrebpacuHu
R(N ,kK) Kabw 6enruniaHraH.

11-Teopema. AnTannmk, R(m0,1) 6y makcman Npo-HU/LMOTEHT nageanu mo

bynraH edunnyByaHra siKuH Jln anrebpanapu ovnacu GyncvH. Y xonga, LyHAan
{x,e ,e ,»*} 6asuc Tonunagmku, by 6asmncaga R(mO0,1) HUHI KynanTupuLL >kagaBann
Kyiugarn KypuHuwaa éynagu:

[ei,el] = ei+l, i- 2,

R1(m 0,1,P): j [el,x] = el,

[e ., x]=((i- 2)+ Pi)ei+

K=3
[ei,el] = el+l, i- 2,
R (m ,1,P):j[e,x]=¢e + "e?2,
t
[ei,x] = (i - 1)ei + X Mygmpgs 1- 2,
K=3

a=(4,....,0)e C 2 oreC, ?gN.
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[ei,e]] = el+, i- 2,
t

R3(m0,1,4): < | _ :
[ei,x] =ei + Z Plkel+k-2, i-2
K3
A=4.4,....4)eC-2"EK
Kyimparm xocca R (m0,,4), R (m01?4 Ba R (m ,1,4) anrebpanap

onnacuaa TynnK anreépa MaBXy[ SMac/IMrMHN KypcaTaau.

1-Tacauk.
. d(e)=e, i-2 akcnaHtmpuw R (mO0,1,4) omnagarn wuxXtuépuin anrebpa
YUYH Tallku andepeHumnannawl bynaau.
d(el) e2,
akcnaHtTipyw R (m ,1,4) ownagarn WUXTUEPUIA anrebpa
d(x)= L p +ki,
K=2
YUYH Tallku andepeHumnannalwl 6ynagu;
. d(e)=e+2 i>2 ywby akcnaHtupuw R (mO0,1,[) onnagarn UXTUEPWIA
anrebpa yyyH Tawkun guddepeHuymannatl éynagw.
R(m,2,4) 6y makcuman Mpo-HUAbMNOTEHT mgeanm mO6ynraH Makcumas
eynslyBYaHra sskuH J1n anreépanapu ovniacu.
12-Tteopema. R(m0,2,[) onnagarv xap KaHgan anreépa TynmKamp.
AHam  R(m,2,[4) owvnagarn anrebpanapHUHr  UKKUHYX  TapTnbnu

KOFOMOJIOTVK FpynnanapuHn Taxamn KUnamnmk.
13-teopema. R(mO0,2,[1) owunagarn xap KaHaaihi anrebpaHuvHr UKKUHYM

TapTWGN KOroMOo/IOrMK rpynnanapv Tpueuan oynaiu.
Kyingarn Teopema MaKCUMan MPO-HWNbLMOTEHT wuaeann m  6ynraH npo-

ednnyBYaH anrebpa AroHa/IMrMHN TabKugnamgn.
14-Teopema. AliTainnuk, P 6y Makcuman Npo-HUAbMOTEHT ugeaim m 6ynraH

npo-eunnyByYaH anrebpa 6yncuH. Y xonga P anrebpa n3omMopusM aHMKInrnga
SIroHa Ba Kynugarun anrebpara nsomod 6ynaam
WO:{[ei,ej]=(i-])eit) 1,j- °-
2-Tacank. Wo Tynuk Jln anrebpacu dynagw.

3.3 naparpagga Mmakcuman npo-HWAbNOTEHT uaeann F 6ynraH ednnyByaHra
AKWH J1elibHWL, anrebpanapy TaCHUGUHN oNULW AaBomMuaa F HUHTE Ko-yi14amu 2 faH
KaTTa amMac/Inmrn KypcatuaraH.

R(F1)=F®Q - euunyByaHra SAKuH JleilbHUL anrebpacnHu Taxnus

Knnannuk, 6y epga dimQ = 1.

15-Tteopema. R(F,1) - eunnyBuaHra sumH JleitbHuy anrebpacmga LiyHaam
basnc {x,ele2..} maBxXyaku, 6y 6asmcga R(F,1) anrebpaHuHr KynantupuLu
Xagsanum Kyimgarn KypuHuwga éynagn:
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[ei,ei] = elH, 1> 2,
Ri(F ,1,P): <[el,x]=-[x ei] =el,

[ei,X] = (i - 2+ P2ei+ X Pkeki2, i>2
K3

by epga A =(424,....4)eC
Je ei]=etp 1>2,
[e.x]=e, [x,e]=-e +e,
t
A (F,1,P): <[ei,x] = (i - 1ei+ )é_sPlekH-Z I>2
t1
[x,x]=é2pl'&1ek

oy eppa 4=(4.4,....4)eC 2, N .
\eiel]=eiH, i>2,
R LR (' e+ X Pheksiz, 152
K3

oy eppa 4=(4.4,....4)eC "2, ~“eN.

Kynunparn xocca R (F,1,P) Ba R (F,1,P) ounagaru nxtnépuin anrebpaHnHr
Talkn guddepeHymannawnapy MaBXxyLiMruHn TabkKugnamign.

2-xocca.

e {d(e)=e, i1>2, 6y R (F,1,P) ounnagarn nxtnépunin anrebpaHnUHr TalluKu

AnddepeHymannawm éynaaw.

e {d(e)=e+2 i>2, 6y R (F,1,P) onnagaru nxTmépuin anrebpaHnHr Tawkm
andepeHumannawim ynagw.

Kyinngarn TeopemMa MakcuMas MNPO-HWUAbMOTEHT wugeann F Ba Ko-y/i14amu
MakcumMasn GynimaraH ednsiyByaHra SskMH Ty/IMK anrebpaniapHUHr KaTTa 6up onnacu
MaBXXy /I VHN KypcaTaau.

16-Teopema. R (F,1,P) onnagarn xap KaHgai anreépa TymMKamp.

17-teopema. R(F,2) eumnyB4yaHra skuH JleinbHuy anrebpacuga LUyHAan
{x,y,exe2,..} 6asnc maBxyaku, 6y 6asucga R(F,2) anrebpaHuHr KynantmpuLu
Xaapanu Kymmgarn KypuHuwaa éynaaw.

lei,ell=eitl, 1>2,
[e,x]=-[xe]=¢e,

R(F.,2,P):< _ _ _
[ei,x] = (i- 2)ei+J PkekH-2, > 2,
K3

[ei, Y] = ei, 1>2,
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oy epga 0= (42, 4,....0)eC \te N.
R(F,2,P) ounagarm xap KaHgail anrebpaHuMHr OMPUHYN Ba MKKUHYN

TapTnb/IM KOroMosIOrnK rpynnanapu Tpusmasn bynaaw.
18-teopema. R(F,2,P) ounnagarn xap KaHgain anrebpa Tynmk 6ynagw.

19-teopema. HL2(R(F,2,P),R(F,2,P) =0.
XYNOCA

YWy guccepraums YekIm xamia HYeKcus ynyamam ednyByaHra skuH Jin Ba
JlenbHML, anrebpanapyHn ypraHuvura 6arviiiaHagpn.

TafKUKOTHUHI acoCUil HaTwxKanapu KynugarnnapaaH neopar:

1. Hunpagmnkanu 6epunrad mnndgopm JSin anrebpacu 6ynraH eydnsysyaH Jiv
anrebpasiapy TacHUNaHraH xamga ywbéy edunsiyBYaH anrebpaiapHUHT Kyln
TapTM6/M KOrOMOJIOrMK rpynnasiapy Taxiann KUVHIaH;

2. Hunpagnkanm makcuman y3yHavkgarn 6ab3n Keasu-gmnndgopm JSleibHumu
anrebpacura nomopd 6ynraH ednnyeyaH J1enbHUL, anrebpanapuHUHE TYNUKIUTA
Ba KaTTUK/UIM UCOOT/aHTaH;

3. bup ynuamnmn ugean 6ynnya gakTop anrebpacn mogen HWAbMOTEHT
pagukanra ara Jlu anrebpacm 6ynraH euunyBdaH JleilbHUL anrebpanapu
TacHU(1aHraH;

4. bup ynyamnn wungean 6yinmda aktop anrebpacn Mofesi HWUAbMOTEHT
pagvkanra ara Jln anrebpacn 6ynraH ednnyBdaH J1enbHuUL, anrebpanapuHUHC
TYMKIUTU UCOOTNAHTaH;

5 bup ynuamnu wugean 6yinuya akTop anrebpacu Mogen HUNbMOTEHT
pagukanra ara Jin anrebpacu 6ynraH euwnyBdaH J1elMOHWUL, anrebpanapuHUHC
NKKUHYN TapTU6IM KOroMOoIorMK rpynnasapy TpUBMaiMrn ncboTnaHraH;

6. Mogen omnudgopm S1lenbHUL, anrebpacuHNHI YeKCU3 yN4am/Iv aHasTor MHUHT
eynslyBYaHra SKuUH 6apya KeHrantTMasiapy TacHUIaHraH;

7. EunnyByaHra sikun J1embHuu anrebpanapgaH néopat katTa 6up ounagaru
Xap KaHfan anrebpaHuHr TY/IMKAUIA UCO0T/IaHraH;

8. EunnysyaHra gkunH JleitbHuL, anrebpanapgaH noopat KartTta 6up ownagaru
Xap KaHpain anrebpaHuHr WKKMHYM  TapTUO/M  KOrOMOJSIOTMK  rpynnanapu
TPUBUAIINTUA NCOOTAHTaH.
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INTRODUCTION (abstract of PhD thesis)

Actuality and demand of the theme of dissertation. A great amount of
scientific and applied research in the world is focused to the theory of algebraic
systems. The connection of the structure theory of Lie algebras with some problems
in mathematics and physics has led to the emergence of various generalizations of
Lie algebras, such as n-Lie algebras, Lie superalgebras, Malcev and Leibniz
algebras. The theory of Leibniz algebras is one of the intensively developing areas
of modern algebra and extending of results of Lie algebras to the Leibniz algebras is
topical issue. Levi’s theorem for the case of Leibniz algebras asserts that any finite-
dimensional Leibniz algebra over a field of characteristic zero is decomposed into a
semidirect sum of its solvable radical and a semi-simple Lie subalgebra. Thus, the
description of finite-dimensional Leibniz algebras turns to the study of solvable
Leibniz algebras. Therefore, the study of the structural theory of finite-dimensional
solvable Lie algebras and solving the problems related to their cohomological theory
are remain as an important issue.

Nowadays in the world, finding out the new applications in geometry, topology
and mathematical physics of infinite-dimensional Leibniz algebras are important.
Since, an analogue of the Levi’s decomposition does not exist for the infinite-
dimensional Leibniz algebras and an analogue of Engel’s theorem for infinite
dimensional cases is also not true, studying of infinite-dimensional Leibniz algebras
is a complex problem and it implies studying them with additional restrictions. One
of them is description of infinite dimensional Leibniz algebras by taking limitation
for the intersection of the terms of lower central (derived) series. For instance,
descriptions of residually solvable Leibniz algebras with given pro-nilpotent Leibniz
algebras. In this regard, description of solvable Leibniz algebras with a nilradical of
codimension equals to the number of generators of the nilradical, proving
completeness and rigidity of these kind of algebras and determining, in the infinite-
dimensional case, analogues of the concepts of the method for constructing finite-
dimensional solvable Leibniz algebras are crucial research.

In our country, intensified attention has been paid to applied mathematics,
computer science, digital economy, which have scientific and practical application
of fundamental sciences. In particular, significant results have been achieved in
solving practical problems by description of finite and infinite-dimensional Leibniz
algebras. According to the main task and direction of activity of mathematics are
conducting researchl at the level of international standards on the priority areas
"Algebra and Functional Analysis™. To ensure the implementation of the task, it is
important to develop the theory of finite and infinite-dimensional Leibniz algebras
for the application of scientific results in the relevant field of science.

The subject and object of research of this dissertation are in line with tasks
identified in the Decrees of the President of the Republic of Uzbekistan UP-4947 of

1Decree of Cabinet of Ministers ofthe Republic of Uzbekistan at the 2017 year 18 May « On measures on
the organization of activities of the first created scientific research institutions ofthe Academy of Sciences
ofthe Republic of Uzbekistan» Ne 292 dated May 17, 2017.
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February 7, 2017 “On the strategy of action for the further development Of the
Republic of Uzbekistan™, UP-2789 dated February 17, 2017 “On measures to further
improvement of the activities of the Academy of Sciences, organization,
management and financing of research activities”, PP-3682 from April 27, 2018 “On
measures to further improve the system of practical implementation of innovative
ideas, technologies and projects” and PP-4387 from July 9, 2019 “On measures to
further development of mathematical education and science, and also root
improvement of the activity of the Uzbekistan Academy of Sciences
V.I.Romanovsky Institute of Mathematics™, as well as in other regulations related to
basic science.

Connection of research to priority directions of development of science and
technologies of the Republic. This study was performed in accordance with the
priority areas of science and technology of Republic of Uzbekistan 1V,
“Mathematics, Mechanics and Computer Science”.

The degree of scrutiny of the problem. The fundamental Levi’s theorem
simplifies the task of identifying a given Lie algebra and turns to description of
solvable Lie algebras. A. Malcev and C.M. Mubarakzjanov showed a method for
constructing solvable Lie algebras from their nilradicals. Then by using the method
descriptions of finite-dimensional solvable Lie algebras with filiform, quasi-
filiform, Heisenberg, Abelian and other nilradicals were obtained. Most of them
collected in the monograph published by L. Snobl and P. Winternitz. The method of
the reconstruction of solvable Lie algebras from their nilradicals was extended to the
Leibniz algebras by J.M. Casas, M. Ladra, B.A. Omirov, and I.A. Karimjanov. Then
finite-dimensional solvable Leibniz algebras with Abelian, Heisenberg, filiform and
null-filiform, naturally graded filiform, naturally graded quasi-filiform and the direct
sum of null-filiform nilradicals were described by using this method.

In the finite-dimensional case, filiform Lie algebras were introduced by
Vergne. Infinite-dimensional analogs of filiform Lie algebras were considered by A.
Fialowski, while the infinite-dimensional analogs of filiform Leibniz algebras were
introduced by B. Omirov under the name thin Leibniz algebra. Yu. Khakimdjanov
and K. Khakimdjanova introduced two classes of infinite-dimensional Lie Algebras
called potentially nilpotent and potentially solvable, while infinite-dimensional Lie
algebras called pro-nilpotent and pro-solvable were studied in D.V. Millionschikov
papers. D.V. Millionschikov classified some pro-nilpotent Lie algebras with some
special conditions.

At present time, the structure theories of finite-dimensional Lie and Leibniz
algebras, their representations, derivation spaces, as well as the descriptions of
cogomological groups are described in the papers of Sh.A. Ayupov, B.A. Omirov,
K.K. Kudaybergenov, I.S.Rakhimov, A.Kh. Khudoyberdiyev, J.Q. Adashev, J.M.
Casas, M. Ladra, L. Camacho, A. Shabanskaya and others. While the descriptions
of infinite-dimensional Lie and Leibniz algebras were described in the papers of
Sh.A. Ayupov, B.A. Omirov, A. Fialowski, Yu. Khakimdjanov, K. Khakimdjanova,
D.V. Millionschikov.

Connection of the theme of the dissertation with the research works of
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higher education, where the dissertation is carried out. The dissertation work is
carried out in accordance with the given topic of scientific research OT-F4-31“Non-
commutative modules, Leibniz algebras and polynomial cascades on simplexes™ at
the National University of Uzbekistan named after Mirzo Ulugbek (2017-2020) and
“EDA-DTex-2018-79, Representation of Leibniz Algebras” in V.I. Romanovskiy
Institute of Mathematics (2018-2019);

The aim of research work is to obtain description of finite and infinite-
dimensional residually solvable Leibniz algebras with pro-nilpotent ideals over the
complex field.

Research problems:

description of maximal solvable finite-dimensional Leibniz algebras with given
nilradical;

investigation of the second cohomology groups for solvable Leibniz algebras
with filiform and quasi-filiform nilradicals of maximum length;

description of all residually solvable Leibniz extensions of some pro-nilpotent
Lie and Leibniz algebras and proving triviality of conomology groups of low degrees
for the maximal residually solvable extensions;

The research object. Finite and infinite-dimensional residually solvable
Leibniz algebras with given maximal pro-nilpotent ideals.

The research subject. The theory of nilpotent Lie and Leibniz algebras, the
theory of solvable Lie and Leibniz algebras, the theory of cohomology groups

Research methods. In the dissertation the methods of the theory of non-
associative algebras, derivations and cohomological methods, as well as the methods
of invariant theory are applied.

Scientific novelty of the research work consists of the following:

solvable Leibniz algebras with filiform and quasi-filiform nilradicals of
maximum length are described;

the rigidity of solvable Leibniz algebras with quasi-filiform nilradical of
maximum length is proved;

solvable Leibniz algebras whose quotient algebra by a one-dimensional ideal is
a Lie algebra with model nilpotent radical are described and the triviality of the first
and the second cohomology groups of some solvable Leibniz algebras is established.

all residually solvable extensions of infinite-dimensional analogue of model
filiform Leibniz algebra are described and the triviality of their conomology groups
of low degrees is proved.

Practical results of the research consist of proposing new methods for
proving the triviality of cohomology groups of low degrees and methods for
classifying infinite-dimensional residually solvable Lie and Leibniz algebras.

The reliability of the results of the study. The results have been obtained by
using the methods of non-associative algebras, as well as the rigor of mathematical
reasoning, the results obtained are explained by the strict use of known results and
research methods of algebraic varieties.

Scientific and practical significance of the research results. The scientific
significance of the results is explained by the fact that the results obtained in the
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work can be applied for teaching special courses for undergraduate and basic
doctoral students of higher education institutions of the Republic of Uzbekistan and
used in the theory of infinite-dimensional Lie and Leibniz algebras.

The practical significance of the results of the research is explained by the fact
that they can be applied to prove new properties of the theory of derivations of
algebra and groups of automorphisms.

Implementation of the research results. The obtained results of residually
solvable Leibniz extensions of given pro-nilpotent algebras were used in the
implementation of the tasks of the projects:

results on the descriptions of solvable Leibniz algebras whose quotient algebra
by one-dimensional ideal is a Lie algebra with model nilpotent radical and the
trivialities of the first and the second cohomology groups of solvable Leibniz
algebras were used to describe of cohomology groups of low degrees for solvable
Leibniz algebras in the project "*"Non-commutative modules, Leibniz algebras and
polynomial cascades on simplexes', No. OT-F4-31 (reference from National
University of Uzbekistan named after Mirzo Ulugbek dated June 24, 2021, v . 04/11-
2377). The scientific results allowed to solve the problems of rigidity of some
solvable Leibniz algebras whose the number of generator elements of the nilradical
equal to the codimension of the nilradical;

results on the completeness and rigidity of solvable Leibniz algebras with
qguasi-filiform nilradical were used to describe of the cohomology groups for
solvable Leibniz algebras in the project “Representation of Leibniz Algebras”, No.
EDA-DTex-2018-79(reference from the Academy of Sciences of the Republic of
Uzbekistan dated June 23, 2021, Ne 2/1255-1831). These results allowed to prove
the trivialities of the first and the second cohomology groups of solvable Lie algebra
with quasi-filiform nilradical of maximum length;

Approbation of the research results. The main results of the research have
been discussed at 2 international and 4 national scientific conferences.

Publications of the research results. On the topic of the dissertation, 12
research papers have been published, 5 of them are included in the list of journals
proposed by the Higher Attestation Commission of the Republic of Uzbekistan for
defending the PhD thesis, in addition two of them were published in international
journals of mathematics and physics, three papers were published in national
mathematical journal.

The structure and volume of the dissertation. The dissertation consists of an
introduction, three chapters, conclusions and bibliography. The total volume of the
thesis is 85 pages.

MAIN CONTENT OF THE DISSERTATION

In introduction the motivation of research theme and correspondence to the
priority research areas of science and technology of the Republic are given, we
present degree of scrutiny of the problem, formulate our goals and objectives,
identify the object and subject of study, and state scientific novelty and practical
results of the research. Moreover, we give the theoretical and practical importance
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of the obtained results, and also give information on the implementation of the
research results, the published works and the structure of dissertation.

In the first chapter of the thesis, titled "Solvable Leibniz algebras with a
filiform and a quasi-filiform nilradical™, we present the necessary concepts and
auxiliary results from the theories of Lie and Leibniz algebras. Solvable Lie algebras
with a filiform nilradical and solvable Leibniz algebras with a quasi-filiform
nilradical of maximal length are described. Furthermore, cohomology groups of low
degrees for these algebras are considered.

Let K be afield.

Definition 1. An algebra L over afield K is called aLie algebra, if it satisfies
the following identities:

[x yI=-[y>xL
[x.ly.z]1+ Iy.[z.x]] + [z,[x,y]] = 0
forany x,y,z e L ,where [-,-] isamultiplication in L . The second identity is called

Jacobi identity.
Definition 2. An algebra L over afield K is called aLeibniz algebra if for
any x,y,ze L, the Leibniz identity

[[x. ¥l z]=[x z].y] + [x.[y, Z]]
holds, where [-,-] is a multiplication in L .
We can check that if the identity [x,y]=-[Yy,X] holds in L, then the Leibniz

identity coincides with the Jacobi identity. Therefore, a Leibniz algebra is a
“noncommutative” analogue of a Lie algebra.

We shall present definitions and concepts for Leibniz algebras, which are also
(unless otherwise indicated) true for Lie algebras.

For a Leibniz algebra L we define the lower central and the derived series
respectively, as follows:

L=L, Lkd=[Lk,L], k>1 and LIJ=L, LUst]=[L]s],Ls]], s>1

Definition 3. A Leibniz algebra L is called nilpotent (respectively, solvable),
if there exists ne L (respectively, me L) suchthat L =0 (respectively, Linj=0).

The maximal nilpotent (respectively, solvable) ideal of a Leibniz algebra L is
called the nilradical (respectively, the radical) of the algebra L .

Definition 4. A linear map d :L ™ L of an algebra (L,[-,-]) is said to be a
derivation if for all x,y e L, the following derivation rule holds

d([x,y]) = [d(x),y] +[x,d (y)]

The Leibniz identity implies that the operator of right multiplication Rx is a
derivation called inner derivation. Derivations which are not inner are called outer
derivations.

Definition 5. A Leibniz algebra L is called complete if Center(L) =0 and all
derivations of L are inner.

Where Center(L)={xelL |[X,y]=[y,X] =0, forall y e L}.
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Let L be a nilpotent Leibniz algebra. For the operator R denote by C(x) the
non-ascending sequence of its Jordan blocks’ dimensions with an arbitrary element
x g L\L 2. Consider the lexicographical order on the set of such sequences, i.e.
C(x) =(n}n2....nk) <C(y) =(ml,m2,...,ms) ifand only if only if there exists ie N
suchthat n.=m. forany j <i and n.<mj.

Definition 6. The sequence C(L):%C(x) Is called the characteristic

sequence ofthe Leibniz algebra L .
For characteristic sequence (n,n2...,n ,1) we consider the model nilpotent Lie
algebra nc given by its non-zero brackets:
[e,eJ=eH, 2<i<nB
K+..+1le]=eak. 14, 2<i<nH 1<j <k- 1e
Definition 7. A Leibniz algebra L is said to be filiform if dimL =n-i for
2<i<n and n=dimL .
Definition 8. A Leibniz algebra L is called quasi-filiform if Ln2 ®{0} and
Lnl= {0}, where n=dim(L).
For a Leibniz algebralL and n>0 we denote CLn(L,L) :=Hom(L®L).
Let dn:CLn(L,L) ™ CLn#l(L,L) be an”-linear map defined by

a+l

(rf»( ,...,x2) = *2,. 0 X HD] + £ (- D)W * | >eee>*">e0e St X *m] +

2=2

X (“ 1y-|17 (X:I_’ooo’ N X+:L (113 , 000 * J-H_)’

I<i<j<n+\

where <€ C'L"'(L,L) and v, ¢ /., The property t/'* d" =0 leads to the differencial
d =£d"' satisfy the property d°d =0. Therefore, the n-th conomology group is

1>0

well defined by
HLn(L,L) :=ZLn(L,L)/ BLn(L, L),
where the elements ZLn(L,L):=Ker dntl and BLn(L,L):=Imdn are called n-

cocycles and n -coboundaries, respectively.
In case of bilinear map p :LxL” L is an antisymmetric, then we have Lie

2-cocycles Z2(L,L) and Lie 2-cohomology H2(L,L):=Z2(L,L)/B2(L,L).

Definition 9. A Leibniz algebra L is called cohomologically rigid if
HL2(X,Z) = 0.

A Leibniz algebra L is Z-graded if L ©/ZWh where [Vn Vj]<*VfH for any
/,;eZ with afinite number of non-null spaces V.

Let L be a nilpotent Leibniz algebra. We will say that L admits a connected
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gradation L =W ® ee«® W if VK ®0 forany i (L<i<t).
Definition 10. The number /(®X) =/( ® WMH---@VK+H) =t +\ is called the

length ofthe gradation. A gradation is called of maximum length if I(®L) = dim(L).

We define the length of an algebra L by
I(L) =max{/(©Z):L = © Witl® +«® \k is a connected gradation}.

A Leibniz algebra L is called to be of maximum length if L admits amaximum
length gradation.

Here, we give the classification of quasi-filiform non-Lie Leibniz algebras of
maximum length obtained in the works of L.M. Camacho and others.

Theorem 1. An arbitrary n-dimensional (n>6) quasi-filiform non-Lie
Leibniz algebrawith maximum length is isomorphic to one ofthe following pairwise
non-isomorphic algebras:

M 15 evel]l =en, [en1el] = e2, [e.,ell=e+ 2<i<n- 3
enlenl]=5e4, [e,end]=5e:3> 5e {01}, 2<i<n- 5

elenl]=1en, [1€C,
M & elel]l =e2 [€3,e3] = €6,

ei,el] = ei+l’ 3<i<n-1,
erej = +, 3<i<n-1,
elenl] = en,
where {e,e ,see.en} is a basis of the algebras. If n > 6, then a =0 and if n =6, then

a e {0,1}.

During analyzing of finite-dimensional solvable Lie and Leibniz algebras with
given nilradical we can take a question such that the structure of finite-dimensional
solvable Lie and Leibniz algebras can be appropriate for an infinite-dimensional
case. In order to answer this question, firstly, we apply the method for constructing
finite-dimensional solvable Lie and Leibniz algebras to constructing of residually
solvable Lie and Leibniz algebras by using their maximal pro-nilpotent ideals.

Let L be an infinite-dimensional Leibniz algebra with countable basis.

Definition 11. A Leibniz algebra L is called residually nilpotent (respectively,

00 00

solvable) if =0 (respectively,
i=\ 21

The folowing definitions of pro-solvable and pro-nilpotent Lie algebras
borrowed from D.V. Millionshchikov’s papers. We immitate these definitions for
Leibniz algebras.

Definition 12. An algebra L s called pro-nilpotent (respectively, pro-
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solvable), if P|I! =0 (respectively, P|Z?]=0) and dim(L /L") <oo (respectively,
i=\ i=1

dim(L/L ]J)<pa) forany i>1
Let mO be the infinite-dimensional analogue of model filiform Lie algebra. It
is proved that the codimension of the maximal pro-nilpotent Lie algebra mO0 is not

greater than 2. The following theorem shows the maximal residually solvable Lie
algebrawith maximal pro-nilpotent ideal m0 and it is obtained by K.K. Abdurasulov

and others.
Theorem 2. Let R be a family of residually solvable Lie algebras whose
maximal pro-nilpotent ideal is m0 and the codimension equal to 2. Then it admits a

basis {x,y,e,e ,es¢} such that the multiplication table of R in this basis has the
following form

\ei,ei]=ep i>2 [evx] =
t

[e x]=(-w +Xrkek+i-2, i>2,
k=3
= > 2,

where A =(A4,44,...,4) eC"2 for some ~eN.

In Section 1.2, all solvable Lie extensions of the algebra m with the following
multiplication table
MeMei] =~ 2<i<n-1]
m:<
I[e. ,eJ =eir:, 3<i<n-2,
(where {el,e2,...,.en} is a basis of the algebra m) are described. Moreover,

cohomology groups of low degrees for the obtained solvable Lie algebra are

considered.
Theorem 3. An arbitrary solvable Lie algebra with nilradical m and the
codimension of m equal to 1 is isomorphic to the algebra:

e e ]=eH, 2<i<n-1,
M :<[eze]= 2 3<i<n-2
[et,x\ =iet, 1<i<n.
where f{ex.e2,...%en,x) is a basis of the algebra M .
Theorem 4. The following statement is true for the solvable Lie algebra M
dimH2(M,M) =1
The quasi-filiform Leibniz algebras M hd, S «{0,1}, M20,4eC, M3l and

M 4 are considered as a nilradical of some solvable Leibniz algebras by the papers
of B.Omirov, J.Adashev, K.Abdurasulov and A.Sattarov.
In Section 1.3, maximal solvable Leibniz extension of the quasi-filiform

nilpotent Leibniz algebra M 3a(n > 6) are described and low cohomology groups
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for the obtained Leibniz algebra M va(n > 6) are established.

Theorem 5. Let L be a solvable Leibniz algebra whose nilradical is M 30 and
the codimension of M 30 equal to 2. Then there exists a basis {e,e2,...,en,x,y} ofthe

algebra L such that the multiplication table of L in this basis has the following
form:

[elel] = e: [ei,el] = eitl= el ei] = 3<i<n-1,
. :<telX]=61 [x,e]]=-e15 [e2,x] = 2e2

[e,x] =(i-3)et, [x,e]=-(i-3)e, 4<i<n

[ei,y ]=ei, [y.ei]=e- 3<i<n

Theorem 6. The solvable Leibniz algebra L is complete.

Theorem 7. The second cohomology group for the algebra L with colefficient
in itselfis trivial.

In the second chapter of the thesis, titled ""Some cohomologically rigid
solvable Leibniz algebras™, solvable Leibniz algebras with nilradicals whose the
ideal generated by square of elements is one-dimensional and the quotient algebra
by this ideal is a model Lie algebra are described.

Moreover, for particular cases, triviality ofthe first and the second cohomology

groups of some algebras in the described family are proved.
We consider the family of nilpotent Leibniz algebras L (a, A) with 1<i<k:

ei,e];l
en ei] = -a+1,
®it. 4y, el] et +HjHl4m

157Gl +...+nj +i N+..+njtlHe 3<i< nj+1:

1<j <k-1
< elel] = h,

e2,e ]=a h,

e.,e2]=-e + Ah,

ertr.+ni+2, ert++ni+2]  ai+h, l<i<k-1,

elLertr.4i©2] en++nidt Ath, I1<i<k-1
where n >n >..nk>1

Let R be solvable Leibniz algebra with nilradical L(a,A), 1<i<k.Itis

proved that the codimension of the nilradical is not greater than (k +1). We present
the maximal solvable Leibniz extensions of the algebra L (a,A), 1<i<Kk i.e,
Codim(Z(a ,A)) =k +1.
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Theorem 8. Solvable Leibniz algebra with nilradical Ay, ), 1<i<k and
(k +1) -dimensional complementary subspace is isomorphic to the algebra:

[ei, =h,

[h,x 1= 2h,

[ei,ei]=4 ™ e]=elH, 2<i<n,

[ert.nH, ei] = —fei, ertk. 4] H] = V= HyHlH; 2 <i<nk,
R <[ei,xi]=-[" ei]=(i- 2)ei, 3<i<n +1,

[ent+n)H,X] = -[XNen++jH] = (i - 2)en+.+ 2 <i<nj+

[eLxT=-[xLlei]="

[ei,x2] = -[X2,ei] = ei, 2<i<n +1,

[ert~+  Xj+2] = -[Xj42se ] V..+ 2<i<njH,

where 1<j <k-1.

Theorem 9. The solvable Leibniz algebra R is complete.

Theorem 10. The solvable Leibniz algebra R is a cohomologically rigid
algebra, i.e.,

HL2(L,L) =0.

In the third chapter of the thesis, titled ""Descriptions of residually solvable
Lie and Leibniz algebras with pro-nilpotent ideal™, we describe all residually
solvable Lie algebras whose maximal pro-nilpotent ideals are either the infinite-
dimensional analogue of model filiform Lie algebra
mO:{[e,eV=-[ele]=e+, i>2 or the infinite-dimensional analogue of model
filiform Leibniz algebra F :{[e,e]=¢e/#, i>2. Furthermore, it is proved that the
second cohomology groups of the extensions with maximal complementary
subspace are trivial. Moreover, it is proved that pro-solvable extensions of the
positive part of Witt algebra m :[e,,e.]=(i- J)e;+, 1,J >1 is unique and it is
isomorphic to the non-negative part of the Witt algebra WO.

Furthermore, throughout the chapter infinite-dimensional Lie and Leibniz
algebras with countable basis are considered, and any element of these algebras can
be represented by linear combinations of finite number of basis elements (Hamel
basis). In addition, any residually solvable Leibniz algebra whose maximal by
inclusion pro-nilpotent ideal is N and the dimension of a complementary subspace
to N is K is denoted by R(N ,k).

Theorem 11. Let R(m0,1) be a family of residually solvable Lie algebras
whose maximal pro-nilpotent ideal is m0. Then it admits a basis {x,exe2,...} such
that the multiplication table of R(m0,1) on this basis is given by one of the following
forms:
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[eiei]=elH, i>2,  [el,x]=

R(mO,1P): t
[ei x] = ((i - 2) +p2ei+ X_" i+#2, i>2,
K3

a ~1, R?=0?2,4,....,0) eC 1for some £eN.

[el,el] =eiH, 1>2, [ei,x] =el +ae2,
oL t
RAMOIP): i x] = (i- i)ei + " P ketk2, i>2
K3
rP=4,4,....4) eC 2forsome/eN.
[ei,el] = elH, 1>2,

R3(mo,i,P): <
[ei,x] =e + X plkel+k-2, i>2,
K3

r?=04.,4,....0)eC forsome”eN.
The following proposition shows that there does not exist a residually solvable
complete Lie algebra among the families R (m0,i,P), R (m0,1?r) and R (mO0J1 P)-
Proposition 1. The algebras R (m0,,P), R (mO»P and R (mO0/1P) have
outer derivations given by
a) d(e)=e, i1>2 isanouterderivation of any algebra ofthe family R (m0,i, P);
d(ei) = e2,
b) \ t-1 is an outer derivation of any algebra ofthe family R (m0,i, P);
d(x) = L _P +el,
K2
c) d(e.)=¢e%%, i™2 is an outer derivation of any algebra of the family
R3(mo,1P)-
R(m0,2,P) is maximal residually solvable Lie algebra with maximal pro-
nilpotent ideal mO.
Theorem 12. Any algebra of the family R(m0,2,P) is complete.
Let now treat the second cohomology group for the algebras of the family
R(mo,2,P).
Theorem 13. The second cohomology group for any algebra of the family
R(m0,2,P) with coefficient in itself is trivial.
The following theorem asserts that pro-solvable Lie algebra with maximal pro-
nilpotent ideal m is unique.
Theorem 14. Let R be a pro-solvable Lie algebra whose maximal pro-
nilpotent ideal is ml. Then R is unique up to isomorphisms and it is isomorphic to

the following algebra:
Weo : {[ei,ej]1=(i - J)eiH, I,J>0-
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Proposition 2. Wo is complete.
Let consider the infinite dimensional analogue of model filiform Leibniz

algebra F . It is proved that the codimension of F is not greater than 2.

Let consider R(F,1)=F © Q, where dim<2 =1
Theorem 15. The algebra R(F, 1) admits abasis {x,ele2,...} such that the table

of multiplications of R(F ,1) on this basis has one of the following forms:

[ei,ei] =e+p | > 2,

Ri(F,1,P): < x]=-[x ei]l=
t

[ei,x]= (i- 2 + f51)el + X p kek+i-2, |> 2-

K=3

where ?7=(4.,4,...,4)e C 1for some reN.
ei] = I > 2

[e ,x] =¢e, [x,e ]=-¢ + e,
t

[ei,x] = (I- 1)ei+ X O k+i-2, i> 2,

R2(F ,1,P):
K=3

t-1

[x,x]= X pkte-
K=2

where 4 =(4,404,...,4) eC 2 for some feN.

[ei,el]=eH, [|>2,

R3(F.LP): i xf = ei + Y@Elekﬂ-z, 1>2,

where 4 =(4,404,...,4) e C "2 for some /eN.
The following proposition shows that any algebras of the families R (F,1,P)

and R (F,1,P) have outer derivations.
Proposition 3. The derivations
« {d(ef)=e, i>2,
and
o {d(ei)=~ |>2,
are outer derivations of the algebras of the families R (F,1,P) and R (F,1,p)

respectively.
The following theorem shows that there exists a huge family of complete

residually solvable Leibniz algebras with non-maximal codimension of pro-
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nilpotent ideal F.
Theorem 16. An arbitrary Leibniz algebra of the family R,(F,1,P) is

complete.
Theorem 17. The algebra R (F,2) admits a basis {x,y,ele2,.such that the

table of multiplication of R(F ,2) on this basis has the following forms

[el,el] = el+], i > 2,
[e’x]:_[x7e]:el
R(F,2,P): t
[ei,x] = (i- 2)ei+ X pkeg+-2 i > 2,
k=
[ei>y] = er 1> 2,

where [?=(?4,4,,...,4)e C for some ?eN.

It is proved that the first and the second cohomology groups for any algebra on
R(F,2,P) are trivial.

Theorem 18. An arbitrary Leibniz algebra of the family R(F,2,P) s

complete.
Theorem 19. The second cohomology group for any algebra of the family
R(F,2,P) with coefficients in itselfis trivial, i.e.,

H2(R(F,2,P),R(F,2,P)) =0.

CONCLUSION

The thesis is devoted to the study of finite-dimensional and infinite-
dimensional residually solvable Lie and Leibniz algebras.
The main results of the research are as follows:

1. We describe solvable Lie algebras with a filiform nilradical and cohomology
groups of low degrees for these solvable Lie algebras are established;

2.  We prove that maximal solvable Leibniz algebras with a quasi-filiform
nilradical of maximum length is complete and rigid;

3. We describe solvable Leibniz algebras whose quotient algebra by a one-
dimensional ideal is a Lie algebra with model nilpotent radical;

4. We prove that solvable Leibniz algebra whose quotient algebra by a one-
dimensional ideal is a Lie algebra with model nilpotent radical is complete;

5. We prove that the second cohomology group for solvable Leibniz algebra
whose quotient algebra by a one-dimensional ideal is a Lie algebra with model
nilpotent radical is trivial;

6. We describe all residually solvable extensions of infinite-dimensional analogue
of model filiform Leibniz algebra;
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We prove that any algebra on a huge family of residually solvable Leibniz
algebras is complete;

We prove that the second cohomology groups of any algebra on a huge family
of residually solvable Leibniz algebras is trivial.
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BBEAEHWE (aHHOTauuna aucceptayunm gokrtopa punocopum (PhD))

Llenbto wnccnefoBaHuUA ABMASETCA U3YUYEHME KaK KOHEYHOMEPHbIX, TaK U
06ECKOHEYHOMEPHbIX  OCTaTOYHO paspellnMblxX anrebp JleMbHuua ¢ npo-
HWILMOTEHTHBLIMU UAealaMn Haf KOMMIEKCHbIM MoJieM.

O6bekT wuccnegoBaHnsa: KoHeyHble W GECKOHEYHOMEPHbIE OCTaTOYHO
paspewmble  anrebpbl  JlenbHuMua € 334aHHbIM  MaKCMMa/lbHbIM  MPO-
HW/IbMOTEHTHBIM WAEaIoM.

Hay4yHaa HOBM3Ha nccefoBaHMA 3aKH0YAETCA B C/IeAYHOLEM:

onucaHbl paspelunmMble anrebpbl JleibHMua ¢ 3afaHHbIM OUAUDPOPMHBIM 1
KBa3n-(huUIMMPoOpPMHbIM HUbpagnKanaMm MakCUMasibHON [/INHbI;

JOKa3aHa »XeCTKOCTb MaKCMMaslbHbIX paspelunmbIx anredp JlebHmua ¢
KBa3u-(hUIM{POPMHbIM HUbPaaUKa/IOM MaKCUMasTbHON L/INHBI,

onucaHbl paspewnmble anrebpbl JlenbHuua, akTop-asirebpbl KOTOPbIX MO
O4HOMepHOMY wnfeasnty ABNAOTCA anrebpoit JZin ¢ MofeNbHbIM HUIBMOTEHTHbLIM
pagvKasioM, a TakXe [JoKaszaHa TPUBWA/IbHOCTb MepBOi M  BTOPOM rpymnn
KOrOMOJI0rniA HEKOTOPbIX paspellnmMbIx anrebp JlenbHunua;

NMoaly4yeHo onucaHue 0CTaTO4HO paspeLmnmMbIx pacLUNpPeHNii
OeCKOHEYHOMEPHOro aHasiora MofenbHOM (hUANgopMHON anrebpbl JlenbHUUa W
[0Ka3aHa TPMBMa/IbHOCTb BTOPbIX Py KOromMosiornii A1a HeKOTOPbIX 0CTaTOYHO
paspeLurmMbIx anredp JlenoHuua.

BHeapeHne pe3ynbTaToB MUccnefoBaHUA. Pe3ynbTaTbl ObI/IM UCNO/b30BaHbI
B C/1Ie4YOLNX HAyYHbIX UCCNefoBaHUAX:

pe3ynbTaTbl O TPUBWAJILHOCTU MEpPBOM M BTOPOM TPYyNn KOroMosioruia
paspelwnmbix anredp JlenbHuuya, (akTop-anrebpa KOTOpbIX MO O4HOMEPHOMY
naeany ABMseTcA anrebpont JIn ¢ MofAeNbHbIM HUILMOTEHTHLIM PagnKasiom 6binn
MCMNO/b30BaHbl MNPY NOJYYEHUN OMUCAHUS TPYMNN KOrOMOJIOMMIA HU3KUX NMOPALKOB
paspeLnMbIx anrebp SlenbHuua B NPoeKTe «HeKOMMYyTaTUBHbIE MOAYNN. ANreépbl
NebHnuya n Kackagbl NOSIMHOMOB Ha cumniekcax», Ne OT-F4-31 (cnpaBka
HaunoHanbHOro yHuBepcuTeTa Y36eknctaHa uMeHn Munp3o Ynyréeka ot 24 UOHS
2021 1, Ne 04/11-2377). Hay4Hble pe3ynbTaTbl MO3BONWAN PELLUNTH MPOG/EMBI
KOrOMOJIOrMYECKOM YKECTKOCTM HEKOTOPbIX paspenMblix anrebp JleinbHuua,
KOpasMepHOCTb  HWbpagMKasia KOTOpbIX paBHa KO/IMYECTBY 06pasyroLLimnx
3M1eEMEHTOB HWU/bpagnKana.

pe3ynbTaTbl 0 NOSIHOTE M XXeCTKOCTUW paspeLlnMblX anrebp JlenbHuua ¢ KBasu-
PUNNDPOPMHBLIMN  HUIbPaANKaIaMy UCMONb30B/IUCE A1 OMNMUCAHUA HEKOTOPbIX
paspeLnmMbIx anreébp JlenbHuua B nNpoekTe «IpeactaBrieHne anredbp JlenbHuua,
Ne E®A-DTex-2018-79 (cnpaBKa AKageMum Hayk Pecnyb6nvkun Y3beKuctad oT 23
nmoHAa 2021 r, Ne 2 /1255-1831). 3Tu pesynbTaTbl NO3BOANAM ONUCATb MEPBYIO U
BTOPYIO Ipynmbl KOFrOMOJIOrniA paspelinMbixX anredp Jn ¢ KBasn-punngopmMHbIMN
HUbpaguKaiamMmm MakCUMasibHOM [/INHBI.

CTpyKTypa 1 06bem gucceptaumn. Jucceptaumsa coCTOMT U3 BBEAEHUS, TPeX
rna., 3aK/o4eHNs n bubnuorpagpun. O6bem aucceptTaumnm 85 cTpaHuLbl.
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