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AKTYyaJIbHOCTh TeMbl McciiefoBanusi. llpeacraBnsiemas auccepTaliiOHHAs
paboTa cocpeloTOYeHa Ha JBYX KIACCHYECKMX IMpoOjemMax, B H3yUYECHHH
HEaCCOLIMATUBHBIX alreOp HaJl KOMMYTaTOPOM U B KilacCU(PUKAIIMU KOHEYHOMEPHBIX
anreOp. HeacconmatuBHble anreOpbl Hrpar0T BaXKHYIO POJb BO MHOTHX OO0JAcCTAX
MarteMaTuku. J[aBHO M3BECTHO, YTO HEACCOLIMATUBHBIE allreOpbl, HAMPUMED JIMEBBIE U
HopaaHoBbIe alreOphl, BOSHUKIN B paMKax (PU3UKU U MOITYUYUIIU OOJIBIIOE Pa3BUTHE
Oyiarogapsi CBOMM MPUIIOKEHUSM B 3TOM 0071aCTH HAYKH.

B nocnennee BpeMs IUPOKUIM UHTEPEC BOSHUKAET MPU UCCIETOBAHUM JIPYTUX
HOBBIX BUJIOB HEACCOLIMATUBHBIX are0p Haj KOMMYTAaTOPOM M aHTUKOMMYTATOPOM,
TaKuX Kak are0psl mpe-ineBbie, HoBUKOBa, accoCMMMETpUYHbIE, ONKOMMYTAaTUBHbIE,
3unOuNs, u apyrue anreopol. A. J[KyMaaunbaaeB 10Ka3ajl, YTO aCCOCUMMETPUYHBIE
anreOpbl HaJl AaHTUKOMMYTAaTOPOM VIOBJIETBOPSIOT TOXJECTBaM TpouHbie JIlu u
I'nennu. B 2007 rony A. Jl>KyMaaunbaaeBsiM ObUIO JOKa3aHO 4YTO anredOpa 3uHOUIs
HaJl  KOMMYTaTOpoM  YIOBJIETBOPSET MOJIMHOMHUATBHBIM  TOXJECTBaM
aHTukoMmyTaTuBHOCTH W TopTkapa. bonmee Toro B TOM ke paboTe ObUIM JaHBI
npumepsl anredp Toprkapa. Hampumep, mycte A = (C[x], o) »T10 anrebpa c
YMHOXEHUEM

X
aob=bjadx
0

Torna anredpa A sBusiercs anreOpoi 3unOuna. Eciu paccMoTpeTb KOMMYTaTOpPHOE
MpOM3BeICHUE JaHHas ajnredpa maeT npumep anreopel TopTkapa. To ecTs, anredpa
(Clx], [, ]) aro anrebpa ¢ yMHOKEHHEM

X X
[a,b]=bjadx— ajbdx
0 0

apasercsa anrebpoit Toprkapa. Takyke MOXHO PacCMOTPETH KAaK IPUMEP anreOpbl
Toprkapa, aaredpy (C[x],*) 310 anredpa ¢ yMHOKEHHEM

X

a b—j—abdx—j—badx
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HenaBno, M. bpemHep wMerogamMu KOMIBIOTEPHON anreOpbl U3Yy4dWi
CIELUANIbHBIE TOXJECTBA B TEpPMHHAX TPOMHOTO mpousBeneHuss TopTkapa u
OOHapyX UJI TOXKJIECTBA B CTETIEHU MATh U CEMb B TEPMUHAX TPOUHOTO IPOU3BEICHMUSI.
I1. KonecHHKOB MOKa3aj 4To Kiiacc BcexX cnenuanbHbix anredp TopTkapa He oOpa3yeT
MHOroo6Opasue. Kpome Toro, oH 3amai BONpOC O MaKCHMaJIbHOM YHCJIE CBOOOJTHBIX
oOpa3yronux, s KOTOPbIX Bce roMoMopdHbIie 00pa3bl CBOOOJHON CHENHAIbHOM
anreOpsl TopTkapa sBISIIOTCS ClENUATbHBIMU. MBI n3ydyaeM roMoMopdHbIe 00pa3bl
CBOOOJHBIX crelnuaibHbiX anredp TopTkapa mpu MOMOIIM JIMEBBIX 3JIEMEHTOB B
cBOOOAHOM anredpe 3unouis. M mpegocranisieM OTBET Ha BOIIPOC KOTOPHIN ObLI 3aaH
I1. KonecHukoBbIM. Takxe moayyaeM aHAJIOT KiIacCuYecKoil Teopembl KoHa B Teopun
HOpAaHOBBIX anredp Jj1si CBOOOAHBIX ClieMabHBIX anredp TopTkapa.

Ecnau nepBas yacth auccepTaluu MOCBsIIeHa Kiaccam anreOp 3uHOMIS Hal
KOMMYTATOPHBIM YMHOKEHHEM, TO BTOpas 4acTh IMOCBSIIEHA aCCOCUMMETPUUYHBIM
anreOpaM OTHOCHUTEJIBHO KOMMYTATOPOB M  KJIACCU(UKAIUU HUIBIIOTEHTHBIX
aCCOCMMMETPHUUHBIX anreOp. Bropoil moaxoa B HaIlleM UCCIEIOBAaHUM 3aKJII0YAETCS B
onpeesieHUH CTPYKTYphl JIM 1omycTUMOM anreOphl, KOraa CBsi3aHHasi ¢ Hel anredpa
JIn ynoBIETBOpSIET OMPEICICHHBIM CBOMCTBaM. MHOTHE CBOMCTBA KOMMYTAaTOPOB
MMENId aHAJOTU B TEOPUM ACCOIMATUBHBIX aiareOp ¢ MOAXOAIIMM OMpeIesICHHEM
«KOMMYTATOPHBIX HA€AIOBY. JJ>KeHHHUHTC PaCIIPOCTPAHUII MOHITUS «HUJIBIIOTEHTHOM
IPYIIbl» U «pa3pelliuMON Tpynme» Ha Koiblo. OH gokaszan, 4to eciu 4 —
accolMaTUBHas anreOpa HaJ MOJIEM C XapaKTEPUCTUKAMH, OTIMYHBIMU OT 2, €CIU
acconuupoBaHHas anreopa Jlu pazpemmuma, 10 4 paspemmnma. bomee Toro, oH
MOJY4Yusi, 4To ecliu A — accolMaThBHas anredpa, acCOLMUpPOBAHHAS C KOTOpPOU
anreOpa Jlu HunmbnotreHtHa, TO uaean A o A HWIBNOTEHTEH. ACCOCUMMETPUYHBIC
anreOpsl, BBeAeHHble KustitndenbnoM, Onu3ku K acconuaTuBHbIM. OH Jl0Ka3al, 4To
ACCOCUMMETPHUYHOE KOJIBIIO XapaKTePUCTUKHU OTIUYHOU OT 2 u 3, 6e3 uaeanos [ # 0
Takoe, uto 12 = 0, accolMaTUBHO. ACCOCHMMMETPHYHBIE alIreOphl KaK aCCOLMATUBHBIE
anreOpbl OTHOCUTENIBHO KOMMYTaTopa siBisitoTes JIu gomyctumbiMu anredpamu. Mel
Mpo0KaeM uccienoBanne JIn nomycTuMbIx anredp, TAKUX Kak aCCOCUMMETPUYHBIE
anreOpbl, B TEPMUHAX aCCOLMUPOBAHHBIX anreop JIu.

Tpetbss paccmaTpuBaeMas TmpoOjieMa — Kjaccuueckas 3ajada TEOpHUH
HEACCOLMATUBHBIX alNredp — KiIaccU(UIMPOBaTh (C TOUYHOCTHIO 0 H30MOpduU3Ma)
anreOp pa3MEpHOCTH 7, BOZHUKAIOIINX U3 3aJJaHHOTO MHOT000pa3us, OMUCHIBAEMOTO
Ha0OpPOM MOJIMHOMHUATBHBIX TOXK1ECTB. [I0HATHE IEHTPATBLHOTO PACIIUPEHHUS aNTreOphl
OepeT cBOe Hadallo B TEOPHUM TPyNI U ObLIO BBEIEHO IS u3ydeHus anreop Jlu u
JIPYTUX KJIACCOB HeaccolMaTuBHbBIX anreop. [lycTs nana koneyHoMepHas anredpa HaJl
MOJIEM KOMILUIEKCHBIX YMCell, CHAaOKeHHasi OUITMHEMHBIM MPOU3BEICHUEM. Y UUThIBAs
MHOTrooOpasue, Oonpe/ieIeHHOE HaJ HEKOTOPHIMHU MOJTMHOMUATIBLHBIMU TOXKECTBaMHU,
OJIHA U3 KJIACCUYECKHUX UCCIEAOBATEIBCKUX 3a1a4 COCTOUT B TOM, UTOOBI C TOUHOCTHIO
10 u3oMopdusMa KiacCU(PUIUPOBATh BCE aireOpbl BHYTPHU 3TOr0 MHOTO0Opaszusi ¢
(bUKCHUPOBAHHOM pa3MEepPHOCTHIO. MHOTr0o00pa3us acCOIMaTUBHOM, albTePHATUBHOM,
JIn, HoBuxkosa, ﬁopnaHa, JletiOHMIa, 3MHOWISA SABJISAIOTCS OJHHUMH W3 Haubolee
M3y4eHHBIX MHOT00Opa3uit. Knaccudukaiys BKIr0OUaeT HECKOJIBKO IaroB, KaXKIbIN U3



KOTOPBIX TPEOyEeT CHMBOJIBHOTO PEIICHUSI CUCTEMbI MOJIMHOMHUAIBHBIX YpPaBHEHUH.
BrruncnurenbHble aCIEKTHI 3aBUCST OT MHOTUX MEPEMEHHBIX, BKIIIOYasi pa3MEPHOCTh
anreOpbl, OWIMHEITHOE NPOU3BEACHHUE U KOJUYECTBO TOXKIECTB, H MOXKET
OTPe6OBATHCS PEIEHHE CUCTEMBI U3 G0JIEE YeM 71° OTMHOMUAIBHBIX yPABHEHUI C 11
HEU3BECTHBIMM, TJ€ 7 - (PUKCHpOBaHHAs pa3MEPHOCTh anreOpepl. OYEeBUAHO, YTO
BBIYUCJIEHUS MOTYT CTaTh TPOMO3JIKUMU, Ja)Ke €CIH pa3MepHOCTh Bcero 2. Takum
00pa3oM, MHOTHE aBTOPHI [TOJIATal0TCSl HA KOMIIBIOTEPHBIE KIACCU(PUKALIMHA U METOIBI.

O0beKTOM HCCIIeJOBAHMS SIBISIOTCS anreOpbl 3UHOMIS HaJl KOMMYTaTOPOM U
HUJIBIIOTEHTHBIE aCCOCUMMETPUYHBIEC AJIT€OPHI.

Leab0 auccepTalMOHHON PAa0dOTHI SBISACTCS HAXOXKIACHHUS KPUTEPUS IS
JUEBBIX BJEMEHTOB B CBOOOIHOW anreOpe 3uHOWISA, MOCTpoeHue Oazuca s
cnenuanbHbix anredp TopTkapa, uccinenoBanue romomopdHoro odpas cBoOOIHOM
cnenuanbHot  anreOpel  TopTkapa W kiaccuduKauus  HUJIBIOTEHTHBIX
ACCOCUMMETPHUYHBIX ajare0p MasblX pa3MEpPHOCTEH.

Juas  pocTusKeHMsl 1eJH JIMCCePTANMOHHOM PadoThl  PAaCCMOTPEHBI
CJIEIyIOLME OCHOBHBIE 33]1a4M MCCIIEIOBAHUSA:

- HaxOXXJICHUE KPUTEpUs AJIsl ONpPEACIICHUs JIMEBbIX 3JEMEHTOB B CBOOOJHOM
anreope 3uHOUIIS,

- U3yueHre romomMopHbIX 00pa3oB cBOOOHOM crieruanbHOM anredopsl TopTkapa
C IBYMsI M TpeMsl 00pa3yoINMH;

- pacCMOTPETH CIIELHAIbHBIE TOKIECTBA C ABYMS 00pa3yIOLIUMU;

- U3YYUTh aCCOCUMMETPHUYHbBIE aNreOpbl KOHEYHOrO KJacca U KOMMYTaTOpPHBIE
uJeanabl aCCOCUMMETPUYHBIX alreop;

- MOCTPOEHUE anredpanyecKkou KJ1IacCu(UKaIUU HUJIBIIOTEHTHBIX
ACCOCUMMETPHUYHBIX anredp MajblX pa3sMEPHOCTEH C HCIOIb30BAHUEM METO/A
kiaccudukanuu Cxkpenbopena-CyHna;

Jns  monmyueHuss — anreOpamyeckyrd  KJIacCU(UKAIUIO  HUJIBIIOTEHTHBIX
KOHEUHOMEPHBIX aCCOCUMMETPUYHBIX AJIT€Op MbI MPEIOCTABIIAEM YHUDUITUPOBAHHBIN
aIropuT™M ¢ KojaoM, HanucaHHbiM B Wolfram Mathematica, yToObl ynmpocTHUTH
BBIYUCIIUTEIbHBIE aCIEKThI MPOOJIEMBbI KJIacCU(PUKAIIMU HUIBIMOTEHTHBIX aireop. OH
YHU(DUIIUPOBAH B TOM CMBICJE, YTO JUISl 3alycKa Koja TpeOyroTCcsi MUHUMAJIbHbBIC
yCUus, a HUMEHHO Uil OmpeiesieHuss OWIMHEHMHOTO TMpPOW3BEICHUS U
MOJIMHOMUAJIBHBIX TOXKIECTB I U3y4aeMOI0 BHJ1a anreOpandeckoro MHOrooopasusi.
Bonee Toro, 0obIas 4acTh BRIUUCIUTEIbHBIX I1ar0B BHITTOIHAETCA KOJIoM. YacThuuHO
Mbl Hcmoib3yeM (QyHKOuo ‘“‘solve”, BcTpoeHHbli B Wolfram Mathematica
CUMBOJIbHBIN pellIaTelib, IPU paboTe ¢ CUCTEMON MOJMHOMHUAIIBHBIX YPaBHEHUN. ITO
OCHOBHas (DYHKIIMS, KOTOpas 3aHUMaeT OOJIbIIYI0 YacTh BPEMEHU KOMITHIISIIUY.
Konpl, HanucanHble aBTOpaMH B JIPYTOM MPOTPAaMMHOM OO€CIEUYEHUH, BKIIIOYast
Matlab u Python, nanu xyamime pe3yiabTaThl ¢ TOUKH 3pEHUS BpEMEHU pabOThI U B
HEKOTOPBIX CIIy4yasX HE CMOTJIM MPEIOCTaBUTh Kakue-nmubo pemieHus. HecomHeHHo,
pelIeHrne CUCTEMbl CUMBOJIBLHBIX HEJIMHEHHBIX YPABHEHUHN - HEMPOCTas 3ajayda Jlaxe
JUIsL Takoro TMPOJABUHYTOrO fA3bIKa MporpaMmmupoBaHus. boiee Toro, oH ObLI
UCIIOJIB30BaH I KJIACCU(PUKALHMH ACCOCUMMETPUYHBIX anredp pasMepHOCTH 4 u
OJIHO-TIOPOKJIEHHOM aCCOCUMMETPUYHOM anreOpbl pa3MepHOCTEn S U 6.



Metoasl  ucciaenoBaHus. VICHOmB3yOTCS  METONBI  CTPYKTYpHOH |
KOMOMHATOPHOU TEOpUH CBOOOJHBIX IUHOUIIEBCKUX M aCCOCUMMETPUYHBIX aireop.
MBI  uW3y4aeM OCHOBHBIE METOABI TIOCTPOCHUS ICHTPATBHBIX PACHIUPECHHMA
HEaCCOLMATUBHBIX anreOp. Mbl mogyyaeM HOBBIE IPUMEPHI HEACCOITMATHBHBIX aareop
MetoaoMm Ckbenbopena — Cynaa (Skjelbred-Sund).

Hayuynasi HOBM3HA W 3HAYUMOCTH juccepTaumu. JlucceprammoHHOE
MCCIIEIOBAaHUE TPEJCTaBIsIeT cOOOM BKIIAJ B Pa3BUTHE TEOPUU HEACCOIIMATHBHBIX
anreOp, ocobeHHO B oOnacTtu cBOOOAHBIX anreOp 3unOwis u TopTkapa, a Takxke
acCoCMMMeETpHYHBIX anreOp. HayuyHas HOBM3Ha WHCCIEIOBAHUA 3aKIIOYAETCS B
CIIEIYIOIUX Pe3yIbTaTOB:

- Halinien kputepuii 11 onpeiesIeHHs! TUEBBIX 3JIEMEHTOB B CBOOOIHOM aireope
3unOuis. Mcnonb3ys Kputepuii mocTpoeH 0a3uc A crnenuanbHbeix anredp TopTkapa;

- IlokazaHo, 4YTO CyYIIECTBYET HCKIIOYHTEIbHBIA TOMOMOPGHBIA 00pa3
cBO0OOIHOM crieruanbHOM anredpsl TopTkapa ¢ TpeMs oOpasyromumu. JlokazaHsl, 4TO
mo0oi roMmoMopdHBII 00pa3 cBOOOAHON cnenuanbHOU anreopsl TopTkapa ¢ AByms
00pa3yOIKUMU SBISETCS CIEIHATBHBIM U YTO HET CIIENHUAIbHOTO TOXKIECTBA C IBYMS
00pa3zyroummu;

- Bpu1o M3ydeHo, uto ecinu A — accocumMMmeTpruyHas anredpa KOHEYHOTO Kiacca,
TO A o A HIIBIIOTEHTHA HIJIBIIOTEHTHOTO HHJIEKCA, MEHBIIIETO WU PABHOTO KJaccy A;

- Iloctpoena anreOpamdeckas KiacCU(UKAIUS HUIBIIOTCHTHBIX 4-MEPHBIX
ACCOCHMMETPHYHBIX anreOp W KiIacCH(PUKAMs HIIBIIOTEHTHBIX 5- W 6- MEpHBIX
aCCOCMMMETPHUYHBIX aJIreOp ¢ OTHON MOPOKIAIOIICH.

DT pe3yabTaThl UMEIOT BaXKHOE 3HAUCHHE IS JAITBHEUIIETO pa3BUTHSI TEOPUU
BBIIIIC YIIOMSHYTHIX anreOp, a Tak’ke MOTYT ObITh PUMEHEHBI B Pa3JIMYHBIX 00JIACTSX,
CBS3aHHBIX C WCIOJIb30BAaHWEM aiureOp, BKIOYas MaTeMaTHKy, (U3uKy w
nHdopmaTuky. Hampumep, pe3yabTaThl HCCICIOBAHUS MOTYT OBITh WCIOJIB30BAHBI
TUTSL YITYYIICHUs] METO0B Kilaccu(ukanuu anredp M pa3pabOTKU HOBBIX aJTOPUTMOB
peleHus 3a/1a4, CBA3aHHBIX ¢ anredbpamu. Kpome Toro, pe3ynbraTsl pabOThl MOTYT
UMETh MPAKTUYECKOE 3HAUYCHUE B PA3NIMYHBIX 00JACTSIX, Te TPUMEHSIOTCS anreOpsl,
B TOM YHCJIC B KpUNTOrpaduu, TCOPUU KOTUPOBAHUS U MAITMHHOM O0ydeHud. Takum
00pa3oM, JaHHOE HCCIIEJIOBAHME MPEACTABISICT COOOW BaXKHBIM BKJIaJ B pa3BUTHE
TEOpHUU aNredp U MOXKET UMETh IHUPOKOE MPAKTHIECKOE IPUMEHEHHE.
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Crpykrypa u 00beM padoThl. [[uccepTanust COCTOUT U3 BBEICHUS, TPEX IJ1aB,
3aKJTFOYCHUS, CITUCKA MCIOJIb30BAaHHBIX MCTOYHHKOB U MpuiiokeHne. OOt 00beM
auccepranuu  coctaBisieT 86 crpaHull. CHUCOK HCMHOJB30BAHHBIX HCTOYHHUKOB,
MIPUBEICHHBIN B KOHIIE Pa0OThI, COAEPKUT 68 HAUMEHOBAHUSI.

OcHOBHOE cofepKaHue aMccepranuu. B mepBoii TiiaBe ompenensioTcs H
HAITOMUHAIOTCS OCHOBHBIE TIOHSITHS M CBOMCTBA HEAcCOIMATHBHBIX anreOp. Kpome
TOTO, TPHUBEACHBI W3BECTHBIC pE3YJIbTAThI M CBEACHHUS W3 TEOPHH CBOOOIHBIX
HEacCOIMATHBHBIX aNredp, TaKMX Kak anre6p Mopnana, 3uuOmis, TopTkapa U u3
TEOpPUU KOHEUHOMEPHBIX anreop.

Crnenyroiiasi TJiaBa MOCBSIIIEHA M3YYEHUIO CBOOOJHBIX anreOp 3uHOWIA HaL
KOMMyTaTopoM. [IepBbIii pa3aen AToi TJIaBbl TOCBSIIEH MOTYYEHUIO OCHOBHBIX JIEMM,
KOTOPBIE BIIOCIIEACTBUU UCIIONB3YIOTCS JIJIS TOKA3aTeIbCTBA OCHOBHBIX TEOPEM TJIABHI.
Btopoii paszmen SToW TIaBel TMOCBAIIEHA WCCICIOBAHUIO JUEBBIX JJIEMEHTOB B
cBOOOHON anredpe 3WHOWMIISI, TOCTPOSHHMIO OaszWca MJisg CIEIUaJbHBIX anreop
TopTkapa u ucciaeagoBaHu0 TOMOMOPGHOT0 00pa3za CBOOOIHOM CIIeIIMaILHOU anTreOphl
Toprtkapa.

Tpetbst TiaBa auccepTaIlii MOCBSIICHA HCCIIEIOBAHUIO aCCOCUMMETPUYHBIX
anredp KOHEYHOTO KJIacca M KOMMYTATOPHBIX HJCATIOB aCCOCUMMETPUIHBIX anreop.
OcHOBHasT Telh HAYAJBLHOTO pa3jielia 3aKIIYaeTcsl B HM3YUYCHWH CBOWCTB
ACCOCHMMETPHYHBIX ajreOp KOHEYHOTO KJacCca M MX CXOJICTBA C aCCOIIMATHBHBIMH
anreOpamMu KOHEYHOTro Kiacca. [locinemHsisi 9acTh JaHHOW TJIaBBI ITOCBSIICHA
anreOpanyeckou kKiaccuPuKaIMu HUIBIIOTEHTHBIX aCCOCUMMETPUYHBIX anreop.
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Relevance of the research topic. The presented dissertation focuses on the
classical problems in studying nonassociative algebras over a commutator and
classifying finite-dimensional algebras. Nonassociative algebras play an essential role
in many areas of mathematics. It is known that nonassociative algebras, such as Lie
and Jordan algebras, originated within the framework of physics and have been
extensively developed due to their applications in this field of science.

Recently, there has been broad interest in studying other new types of
nonassociative algebras under the commutator and anticommutator, such as Novikov,
assosymmetric, bicommutative, Zinbiel, and other algebras. A. Dzhumadil’daev
proved that assosymmetric algebras under anticommutator satisfy Lie triple and
Glennie identities. In 2007, A. Dzhumadil’daev proved that Zinbiel algebra under
commutator satisfies the anticommutativity and Tortkara identities. Moreover,
examples of Tortkara algebras were given in the same work. For example, let A =
(C[x], o) is algebra with multiplication

X
=bjadx
0

Then algebra A4 is a Zinbiel algebra. Considering the commutator product, this algebra
gives an example of Tortkara algebra. That is, algebra (C[x], [, ]) with multiplication

X X
[a,b]=bjadx— ajbdx
0 0

is Tortkara algebra. We can also consider as an example of the Tortkara algebra, the
algebra (C[x],*) with multiplication

axb = j —(a)b dx —j — (b)a dx.

Recently, M. Bremner using representation theory, studied special identities in
terms of the triple product of Tortkara algebra and discovered identities in degrees five
and seven in terms of the triple product. P. Kolesnikov showed that the class of all
special Tortkara algebras does not form a variety. In addition, he asked a question about



the maximum number of free generators for which all homomorphic images of a free
special Tortkara algebra are special. We study homomorphic images of free special
Tortkara algebras using Lie elements in a free Zinbiel algebra. And we provide an
answer to the question that P. Kolesnikov asked. We also obtain an analogue of the
classical Cohn theorem in the theory of Jordan algebras for free special Tortkara
algebras.

If the first part of the dissertation is devoted to classes of Zinbiel algebras under
commutator, the second part is devoted to assosymmetric algebras under commutators
and the classification of finite-dimensional nilpotent assosymmetric algebras. The
second approach in our investigation is determining the structure of a Lie-admissible
algebra when its related Lie algebra satisfies certain properties. Many of the properties
of commutator subgroups had analogues in the theory of associative algebras. Jennings
extended the concepts of a “nilpotent group” and a “solvable group” to a ring. He
proved that if A is an associative algebra over a field with characteristics not equal to
2, if the associated Lie algebra is solvable, then A is solvable. Moreover, he obtained
that if A is an associative algebra whose associated Lie algebra is nilpotent, then the
ideal A o A of A is nilpotent. Assosymmetric algebras are introduced by Kleinfeld,
which come close to being associative. Assosymmetric algebras as associative algebras
under commutator are Lie-admissible algebras. Kleinfeld proved that an
assosymmetric ring of characteristic different from 2 and 3, without ideals I # 0, such
that 12 = 0 is associative. We are continuing the investigation of Lie-admissible
algebras, such as assosymmetric algebras, in terms of their associated Lie algebras.

The third considered problem is the classical problem in the theory of
nonassociative algebras is to classify (up to isomorphism) the algebras of dimension n
arising from a given variety described by a set of polynomial identities. A central
extension of algebra originated in group theory and was introduced to study Lie
algebras and other classes of nonassociative algebras. Let us have a finite-dimensional
algebra over a field of complex numbers equipped with a bilinear product. One of the
classical research problems is to classify all finite-dimensional algebras in this variety
with fixed dimensions up to isomorphism. The most studied are the varieties of
associative, alternative, Lie, Novikov, Jordan, Leibniz, and Zinbiel algebras.
Classification involves several steps, each of which requires a symbolic solution of a
system of polynomial equations. Computational aspects depend on many variables,
including the dimension of the algebra, the bilinear product and the number of
identities. It may be necessary to solve a system of more than n* polynomial equations
with n? unknown, where n is the fixed dimension of the algebra. Obviously,
calculations can become cumbersome, even if the dimension is only 2. Thus, many
authors rely on computer classifications and methods.

The objects of study are Zinbiel algebras under commutator and nilpotent
assosymmetric algebras.

The purpose of the dissertation work is to find a criterion for Lie elements in
the free Zinbiel algebra, construct a basis for special Tortkara algebras, and study the
homomorphic image of a free special Tortkara algebra, and classify nilpotent
assosymmetric algebras of low dimensions.



To achieve the goal of the dissertation work, the following main research
objectives are considered:

- finding a criterion for determining the Lie elements in the free Zinbiel algebra;

- the study of homomorphic images of a free special Tortkara algebra with two
and three generators;

- special identities with two generators;

- study assosymmetric algebras of finite class and commutator ideals of
assosymmetric algebras;

- construction of an algebraic classification of nilpotent assosymmetric algebras
of small dimensions using the Skjelbred-Sund classification method;

To obtain an algebraic classification of nilpotent finite-dimensional
assosymmetric algebras, we provide a unified algorithm with code written in Wolfram
Mathematica to simplify the computational aspects of the classification problem for
nilpotent algebras. It is unified in the sense that minimal effort is required to run the
code, namely, to determine the bilinear product and polynomial identities for the type
of algebraic variety under study. Moreover, most of the computational steps are
performed by the code. We partially use the “solve” function, the symbolic solver built
into Wolfram Mathematica, when working with a system of polynomial equations.
This is the primary function that takes up most of the compilation time. Codes written
by the authors in other software, including Matlab and Python, gave the worst running
time results and failed to provide any solutions in some cases. Solving a system of
symbolic nonlinear equations is not easy, even for such an advanced programming
language. Moreover, it has been used to classify assosymmetric algebras of dimension
4 and one-generated assosymmetric algebras of dimensions 5 and 6.

The general methodology of the research. We use methods of structural and
combinatorial theory of free Zinbiel and assosymmetric algebras. We study the basic
methods of constructing central extensions of nonassociative algebras. We obtain the
algebraic classification of small dimensional nilpotent assosymmetric algebras by the
Skjelbred-Sund classification method.

Scientific novelty and significance of the dissertation. The dissertation
research contributes to developing the theory of nonassociative algebras, especially in
the free Zinbiel and Tortkara algebras and assosymmetric algebras. The main results
of the dissertation are as follows:

- The criteria for determining Lie and Jordan elements in a free Zinbiel algebra
1S obtained;

- A basis for a free special Tortkara algebra is described;

- An exceptional homomorphic image of a free special Tortkara algebra with
three generators is constructed. The speciality of any homomorphic image of a free
special Tortkara algebra with two generators is proved. It was established that there is
no special identity with two generators.

- It was studied that if A be an assosymmetric algebra of finite class, then A o A
is nilpotent of nilpotent index less or equal to the class of 4;



- The algebraic classification of nilpotent 4-dimensional assosymmetric algebras
and the classification of nilpotent 5- and 6-dimensional assosymmetric algebras with
one generator is obtained.

These results are important for the further development of the theory of the
above-mentioned algebras. They can also be applied in various fields related to the use
of algebras, including mathematics, physics and computer science. For example, the
results of the study can be used to improve methods for classifying algebras and
developing new algorithms for solving problems related to algebras. In addition, the
results of the work can be of practical importance in various fields where algebras are
applied, including cryptography, coding theory and machine learning. Thus, this study
is an important contribution to the development of the theory of algebras and can have
a wide practical application.

Publications. During the period of doctoral studies, 7 publications were
published in international journals indexed by Scopus and Thomson. The main results
on the topic of the dissertation were published in the form of articles:

1. Dzhumadil’daev A.S., Ismailov N.A., Mashurov F.A. On the speciality of Tortkara
algebras // Journal of Algebra. - 2019. - Vol. 540. - P. 1-19. (Scopus: CiteScore =
1.3, Percentile 57% in Mathematics)

2. Ismailov N., Kaygorodov 1., Mashurov F. The algebraic and geometric
classification of nilpotent assosymmetric algebras // Algebras and Representation
Theory. Springer, - 2021. - Vol. 24, Ne 1. - P. 135-148. (Scopus: CiteScore = 1.3,
Percentile 52% in Mathematics)

3. Mashurov F., Kaygorodov I. One-generated nilpotent assosymmetric algebras //
Journal of Algebra and Its Applications. - 2022. - Vol. 21, Ne 02. - P. 2250031.
(Scopus: CiteScore = 1.3, Percentile 57% in Mathematics)

4. Kadyrov Sh., Mashurov F. Unified computational approach to nilpotent algebra
classification problems // Communications in Mathematics. - 2021. - Vol. 29, No 2.
- P. 215-226. (Scopus: CiteScore = 0.4, Percentile 9% in Mathematics)

And the following publications were also made:

5. Kadyrov S., Mashurov F. Generalized continued fraction expansions for  and e
//" Journal of Discrete Mathematical Sciences and Cryptography. Taylor and
Francis, - 2021. - Vol. 24, Ne 6. - P. 1809-1819. (Scopus: CiteScore = 1.9,
Percentile 77% in Mathematics)

6. Ismailov N., Mashurov F., Smadyarov N. Defining identities for mono and binary
Zinbiel algebras // Journal of Algebra and Its Applications. World Scientific, -
2022. - P. 2350165. (Scopus: CiteScore = 1.3, Percentile 57% in Mathematics)

7. Kaygorodov 1., Lopes S.A., Mashurov F. Actions of the additive group Ga on
certain noncommutative deformations of the plane // Communications in
Mathematics. - 2021. - Vol. 29. - P. 269-279. (Scopus: CiteScore = 0.4, Percentile
9% in Mathematics)

The structure and scope of the thesis. The dissertation consists of an
introduction, three chapters, a conclusion, a list of references and an appendix. The
total volume of the dissertation is 86 pages. The list of references, given at the end of
the work, contains 68 titles.



The main content of the dissertation.

In the first chapter, the fundamental notions and properties of nonassociative
algebras are defined and recalled. Additionally, known results about specific types of
nonassociative algebras, such as Jordan, Zinbiel, Tortkara, and assosymmetric
algebras, are presented.

The next chapter is devoted to the study of free Zinbiel algebras over a
commutator. The first section of this chapter is dedicated to obtaining the main lemmas,
which are subsequently used to prove the main theorems of the chapter. The second
section of this chapter is devoted to the study of Lie elements in a free Zinbiel algebra,
the construction of a basis for special Tortkara algebras and the study of the
homomorphic image of free special Tortkara algebras.

The third chapter of this dissertation focuses on the study of assosymmetric
algebras of finite class and commutator ideals of assosymmetric algebras. The main
objective of the initial section is to examine the properties of assosymmetric algebras
of finite class and demonstrate that they possess similar characteristics to associative
algebras of finite class. The results obtained in this section can be used to develop the
theory of assosymmetric algebras further. The last part of this chapter is devoted to the
algebraic classification of nilpotent assosymmetric algebras.



MAIIYPOB ®APYX APKMMHOBNY

EPEKIIE TOPTKAPA AJII'EBPAJIAP )XKoHE ACCOCUMMETPUSAJIBIK
AJITEBPAJIAP

PED®EPAT

«8D06103 — MaTeMaTHKaJbIK )KOHE KOMIBIOTEPIIIK MOJEIBICY» MaMaHIbIFbI
ootibiHIa priiocodus goktopsl (PhD) gopexecin anyra apHanraH AUCCepTalUs

3eprrey TaKbIPpBIOBIHBIH O03€KTLIIr. ¥ CBHIHBUIFAH JUCCEPTALMSIIBIK KYMBIC
€Kl KJIACCUKAJIBIK Maceliere, KOMMYTaTOp apKbLIbl aCCOIMATUBTI eMec alredpanap bl
3epTTeyre >KOHE aKbIPJIbI JIIIEeM/ 11 adreOpanapasl Kiaccupukanusiayra OarbITTalIFaH.
AcconaTuBTi eMec anredpanap MaTeMAaTHUKaHBIH KOINTEreH callajlapblHAa MaHbI3/bI
pen atkapamsl. JIu xoHe MopmaH anre6paiapbl CHSKTHl aCCOIMATHBTI eMec
anreOpanapablH (pu3nka aschblHIa Maiiia OO0JFaHbl KOHE OJap/blH FHUIBIMHBIH OCHI
cajachlHAa KOJJIAHBUTYbIHA OAIaHBICTHI JaMbIFaHbI OYPBIHHAH OENT1II.

CoOHFBI yakKbITTa KOMMYTaTOp MEH aHTUKOMMYTATOP apKbUIbl aCCOLUATHBTIK
eMec anreOpanmapAblH Oacka JkaHa TypiepiH, Mbicanbl mnpe-Jlu, HoBukos,
aCCOCUMMETPHUSIIBIK, ONKOMMYTATHUBTI, 3UHOMII Jk0HE OacKa anredpaiap/ibl 3epTTeyre
YJIKEH KBbI3BIFYIIBUIBIK TybIHAAyAa. KoMMyTaTopra KaTbICThl aCCOCUMMETPUSIIBIK
anreOpa Jlu anreOpacbl Oonbin TaObutanbl. A. JKymaniingaeB aHTUKOMMYTATOP
KOOCUTIHAICIHIIE aCCOCUMMETPHUSIILIK anreOpanap ywtik Jlu >xone I'nmeHHu Teme-
TeHJIKTEPIH KaHaraTTaHABIPATBIHBIH nonenaeni. 2007 xbutel A. Kymamingaes
KOMMYTaTop KeOeWTiHaiciHae 3uHOun anreOpachl aHTUKOMMYTATUBTUIIK TI€H
TepTkapa Tene-TeHIIKTEPIH KaHAFaTTaHIbIPaThIHBIH omenaeai. CoHbIMEH KaTap, COl
Makanaga TepTkapa anreOpaliapblHBIH MbICAIIAPLl KeNTipiareH. Mpeicanbl, A =
(C[x], o) xenecineit kobelitinmici 6Gap anredpa GOICHIH

X
aob = bj adx.
0

Onpa A anredpackl 3unOuin anredpacsl 6oaael. Erep koMMyTatop KeOeHTIHIICIHAC
KapacTeipcak, Oyi anrebpa TepTkapa anreOpachlHBIH MBICANbIH Oepeni. SFHH,
(Clx], [, ]) anre6pacsl keneci keOelTy epekeciMer

X X
[a,b]=bjadx— ajbdx
0 0

TepTtkapa anre6pack! 6omaabl. CoHmaii-ak, TepTkapa anreOpacbIHbIH MBICAJIBI PETIH/IE
(C[x],*) xemeci koOeUTIHIIMEH aHBIKTAIFaH areOpaHbl KapacThIpyFa 001 bl



axb = j —(a)b dx — j — (b)a dx.

Kaxpiaga M. bpeMHep KOMIBIOTEPJIK aiaredpa oAICTEpiH KOJIaHa OTBIPHII
yutik TepTkapa keOeUTIHAICI TYPFBICHIHAH €PEKIIe TeTe-TeHAIKTEePl 3ePTTEAl HKOHE
YIITIK KoOeuTiH1 OOMBIHIIA OCCIHII JKOHE KETIHII JopeKeNeri Teme-TeHIIKTep Il
tantel. [I. KonecuukoB Oapnwik epekmie TepTkapa anreOpanap Kiacchl KemOehHe
KypaMalTeiHbIH KepceTTi. CoHBIMEH KaTap, OJ epkiH epekme TepTkapa
anreOpachIHbIH OapIIbIK TOMOMOP(THI Oeitnenepi epeKIe 0oJaThIH
TYBIHAATYIIBLIAPABIH MAKCUMAJIbI CAHBI TYPaJIbl CypaK KOl Bys nuccepTaiusiibiK
AKYMBICTa €pKiH 3uHOUI anredpacsinia JIu 3JeMeHTTepiHIH KOMETIMEH €PKiH epeKIe
Teptkapa anreOpanapblHbIH ToMOMOP(THI OelHenepiH 3eprreiimiz  koHe 1.
KonecHukoB Koifran cypakka xayan oepemis. Conpaii-ak 613 epkin epekie TepTkapa
anrebpamapsl  yinin Moppan anreGpanap TEOPHSACHIHAAFbl KIACCHKANbIK KoH
TEOPEMACHIHBIH aHAJIOTHIH aJlaMbl3.

JluccepTausuiblK KYMBICTBIH OipiHIIl O6diMi KOMMYTATOPAbIH KOOEUTIHAIC]
OoifpiHIIa 3uHOMI anreOpaiapblHa apHaica, eKiHIIl OediM KOMMYyTaTopJiapra
KaTBhICThl aCCOCUMMETPUSIIBIK alire0paiapFa *oHE HIIHIMOTEHTTI aCCOCUMMETPHSIIIBIK
anreOpanapablH KilaccUPUKAIUSAChIHA apHanFaH. bBi3AiH 3epTTeyiMi3lier: eKiHiii
Macee — JIu anre6paceina OaiaHbICTHI OENTiIl O1p KACUEeTTEP 1l KaHaFaTTaHAbIPAaThIH
ke3ne Jlu  OonaThiH anreOpaHbIH KYPBUIBIMBIH aHbIKTay. KoMmyTatopiapibiH
KOITETeH KaCUETTEPIHIH acCOIMATUBTI anredpaap TEOpUIChIHIA YKCACTHIKTAphI Oap.
JIKEHHUHIC CaKWHAJIAp TEOPHUSACHIHA «HWIMOTEHTTI TOM» JXOHE «IIEHIIMIl TOID»
VFeIMIAphIH KeHeuTTi. On 2-geH Oacka cumarTaMaiapbl Oap epic OoibiHIIa A
acconuatuBTi anredpa 6oJca, erep menrimal JIu Gonatein anredpacsl 6ap 6osica, oHIa
A menrimi 6onaTeiabIH ganenaeni. CoHbIMEH Katap, 011 erep A acCOIMaTUBTI anredpa
OoJica, OHBIH OainaHbIicKaH JIu anreOpachl HWIBIIOTEHTTI OoJica, oHJa A anreOpaHbIH
uneansl Ao A HWIBNOTEHTTI OonaTbiHbIH KepcerTi. Kusiindenba eHriren
ACCOCUMMETPHANBIK airedpanap accolUaTHBTI anredpanapra skakeH. On 1% = 0
oonateingai I # 0 uaeanmapsl ’KOK, 2 )koHE 3-TEH ©3re cCUnaTTaMachl 6ap epic YCTiHe
aCCOCUMMETPHUSIITBIK CaKWHAHBIH aCCOILIMAaTHUBTI €KEHIH AJIenael.
AcCCOCUMMETPUSIIBIK anredpajiap KOMMYTAaTOpPFa KaThICThI aCCOIIMATUBTI ajredpanap
cusKThl JIu anredpanapsl 0016 TaOBUTAABI. bi3 aCCOCUMMETPHUSIIBIK anredpaiapibIH
JIn anreOpanapsiHa OailylaHbICHl TYPFBICBIHAH 3€PTTEY1 KaIFaCThIPAMBbI3.

JuccepTanusaga KapaCcThIPBUIBII OTBIPFAH YIIIHII MOCEJIE€ acCOIIMATUBTI eMec
anreOpanap TEOPUSCHIHAAFbl KJIACCHUKAJBIK MOcelie: KOINMYIIETIK Tene-TeHIIKTED
KUBIHTBIFBIMEH CHUMATTaJIFaH OepuIreH KemOeiHeAeH TYBIHIAUThIH 7 OJIIeM/Il
anreOpanapasl  (u3oMopdusMre JediH) KIKTey, SFHM KJaccu(puKausiay.
AnreOpaHblH OpTAJIBIK KEHEI01 TYKbIPhIMJIAMachl TONTHIK TEOpUsJaH OacTtay anajabl
xoHe JIu anreOpanapbiH )KOHE aCCOLMATUBTI eMec anredpanapablH 0acKa KjIacCTapbiH
3epTTey YIIiH eHri3uireH. Eki aeMeHT KeOeHTIHAICIMEH »KaOJbIKTaaFaH KOMILIEKC
caHJap epici YCTiHAe IIeKTI eamemal aaredpa Oepincin. Kelbip kenMymienik teme-
TEHJIIKTEp OOMBbIHIIIA aHBIKTAIFaH KOTIOCITHEH1 €CKEPE OTBIPHIIN, KIACCUKATIBIK 3€PTTEY
MoceenepiHig 0ipi ochl OEKITIITEH oMImeM/Il kenoelHeaeri 0apblK MIEKT1 eJIeM/ 1l



anreOpanapasl u3oMopdu3Mre JeiH KIKTey, SFHHM Kiaccudukanusiay OoJbim
TaObIIaIbl. ACCOIIMATUBTI, albTepHATUBTI, JIn, HoBUKOB, ﬁopﬂaH, JlentOaML, 3UHOMI
anreOpanapbl Kell 3epTTedreH aiareOpanap KaTapblHa kaTaibl. Knaccudukarusinay
OipHemie KagaMJIapJbl KaMTHbI, OJIAPJbIH OpPKANUCHICHI KONMMYIIETIK TEeHACYJep
KYHECIHIH CHUMBOJIJBIK IIeNIMiH Tanan etefi. Ecenrtey acmekrtiiepi KemnTereH
allHpIMaJIblIapFa, COHBIH IIIIHIE OJIIeMIHEe, KOOEHTIHIIre J>XOHE Teme-TEeHIIKTEp
CaHbIHA OANIIAHBICTBI KOHE 7° KOIMYILNETIK TeHAEYJIEpAeH n’ Oenrici3ieH TypaThiH
KYHeH1 menry KaxeT 00aybl MYMKIH, MYHJAFbl 71 - aareOpaHblH OCKITUITeH OJIIIeMI.
AnrebOpa emmemi 2 Ooisica Ja, ecenteyiep KUbIHFA COFaThIHBI aHbIK. Ocpuiaiiiia,
KOITETeH aBTOpJIap KOMIBIOTEPIIIK KiIaccuPuKamusiiap MEH 9icTepre cyueHel.

3epTTey 00BEKTISIEP — KOMMYTaTOp YCTiHIErT 3UHOMI anredpayiapbl >KoHE
HUJIBIIOTEHTTI ACCOCUMMETPUSLIIBIK alireopaap.

JAuccepTanmMsiyibIK KYMBICTBIH MaKcaTbl: epKiH 3uHOUN anreOpackiHaa Jlu
ANIEMEHTTEpIHIH KpUTepuiiiH Taly, epekiie TepTkapa anreOpaiapblHbIH 0a3uChIH
KYpY, €pKiH epekiie TepTkapa anreOpacbiHbIH TOMOMOP(THIK OCHHECIH 3epTTEY KOHE
IEKTI eJIIIEeM/T1 HUJIBIIOTEHTTI aCCOCHUMMETPHUSIIBIK anreOpanapabl
KJIaccuuKanusiay.

JAuccepTauMsiyIbIK KYMBICTBIH MAaKCATBHIHA »KeTy YIIIH KeJecl HEeri3ri
3epTTey MIHACTTEP] KapaCThIPbLIA b

- epkiH 3uHOuUN anredpackiHaa JIu a31ieMeHTTEPIH aHbIKTay KpUTEpUiliH Taly;

- €Kl JKOHE YII TybIHJATylIbUIap Oap epkiH epekiie TepTkapa aireOpachbiHbIH
roMmoMop(Thl OeliHEeNepiH 3ePTTEY;

- €Kl TybIHAATYyIbICH Oap epekie TepTkapa anreOpachblHbIH TeNe-TeHIIKTEPiH
KapacThIpy;

- aKpIpJbl  KJACCTBIH  ACCOCHMMMETPUSUIBIK  aiareOpajapblH  JKOHE
aCCOCUMMETPHUSUIBIK anreOpaiapablH KOMMYTaTOPJIBIK UI€aNIIapbIH 3€PTTEY;

- CxbenbOpen-Cyna kinaccuukanus 9/1iCiH KOJIIaHa OTHIPBII, MIaFbIH OJIIIEeMI1
HUJIBIIOTEHTTI ACCOCHMMETPHUSIIBIK anreOpanapblHbIH anreOpabiK
KJIaCCU(UKAIUSICHIH KYPY;

HunnmoreHTTi  IIEKTI  ©JIEMIl  aCCOCUMMETPHUSIIBIK — alre0paiapblHbIH
anreOpaiblK S>KIKTETylH aiy YyHiiH 013 HWIBIOTEHTTI aireOpanapra apHalfaH
KJaccuuKanusiiay oIICIHIH €CenTey acHeKTUIepiH >KeHuiuery yirH Wolfram
Mathematica TiniHAe Ka3bpUIFaH KOANEH OIpTyTac anroputMiai Oepemi3. by KoaThbl
ICKe KOCy VIIIH, aran aWTKaHja, 3epTTeNIeTiH anreOpaiblHbIH TYpPIHE apHalIFaH
KoOEUTy epekeci MEH KOIMYIIEIK TeTe-TeHAIKTePIH aHbIKTay YIIIH €H a3 KYII KaXeT
ereni. COHBIMEH KaTap, ecenTey KaJamAapbIHbIH KOMIIUIIr KOAMEH OPBIHAANAJIbI.
KenMymienik TeHaeynep xKyheciMeH KYMBbIC icTey Ke3iHAe 013 «IIenry» (QyHKIUSACHIH,
Wolfram Mathematica >xyleciHe €HTI3UINEH CHUMBOJBIK IMICNIYIIICIH 1IIiHapa
naianaHambl3. byJl KOMOWIALMS YaKbITBIHBIH KON OJIIT1H anaTblH HEr13r1 QyHKIMS.
ABTtopnap Oacka OarmapiaMalblK >kacaKTaMallapjia, COHbIH imiHae Matlab xone
Python-na >xa3ran KoAaTaphl KYMBIC YaKbIThl OOMBIHINA HaIIap HOTHXKeNepal Oep/il
YKOHE KeHO1p yKaFaaiiap/ia erkadaai menrnma KaMmTaMach3 ete aaMaabl. CHUMBOJIIBIK
CBI3BIKTHl €MEeC TEeHJIEYJep JKYMEeCiH IIenry TINTI OCBIHAAM KETUIIIPIIreH
Oarnmapiamanay TUTl YIIIH 7€ OHall MiHAeT emec ekeHi ce3ci3. CoHbIMEH Kartap, o 4



OJIIIIEM/II aCCOCUMMETPUSIIBIK anreOpanapabl xoHe S5 KoHe 6 esmeMIepiiH Oip
AJIEMEHTTEH TYBIHAATHUIFAH aCCOCUMMETPHUSIIBIK anreOpanapbiH KiaccupuKalusiiay
YUIH Nai/1aaaHbUIIbL.

3eprrey anicrepi. Epkin 3uHOUI KOHE aCCOCUMMETPHUSIIBIK alredpanap/ibiH
KYPBUIBIMIIBIK JKOHE KOMOWHATOPJIBIK TEOPHSICHIHBIH OJICTEpl KoJAaHbLIaabl. bi3
acCOIMAaTUBTI eMec anreOpanapiblH OpPTAJbIK KEHEIOIH KYPYAbIH HErI3rl 9MiCTepiH
3eprreiimiz. biz CkbenbOpen — Cynn (Skjelbred-Sund) onmicimen accoumnaTuBTi emec
anreOpanap/blH )KaHa MbICAJIJIAPBIH alaMbI3.

JuccepTauMsiHbIH ~ FBUIBIMH  KAHAJBIFBI  MEH  MAaHBI3IBLIBIFBI.
JluccepTalusiblK 3epTTEY acCOIIMaTUBTI eMec anreOpanap TEOPHUSICHIHBIH JaMybIHa,
ocipece 3uHOuMN MeH TepTkapa epkiH anredpagapbl MEH acCOCHUMMETPHSIBIK
anreOpanap TEOPUSChIHAA YJIECIH KOCalbl. 3epTTEY/IH FBUIBIMU >KaHAIBIFBI Kelleci
HOTHKEIEPE KaThIP:

- Epxin 3un6un anredpacbinia Jlvu aieMeHTTEpiH aHbIKTay KpUTEPUidl TAOBLIIBI.
Kpurepuiini konmana oOThIpbIN epekine TepTkapa anreOpanapbl YIHIIH Oa3uchl
TaOBUIAEL,

- Y TysIHAATYIIBICKI Oap epkiH epekiie TepTkapa anreOpachblHbIH €peKIe
roMmoMop(pThl OeliHeci Oap ekeHIIrT KepceTuireH. Exki TybIHAATyIIBICHI 0ap epKiH
epekine TepTkapa anreOpachIHBIH Ke3-KeITreH TOMOMOP(TH OEHHEC epeKIie eKeH/IIr
YKOHE €pEKIIe Tere-TeHIIK )KOK eKEH/IIT Qe ICHTI;

- erep A IIEKTI KJIACCTBIH aCCOCUMETPHUSIBIK airedpackl Oosica, oHjga Ao A
HUJIBIIOTEHT KOPCETKIMIHIH A KJIaChIHAH KiIlIl HEeMece OFaH TeH 00JIaThIHBI KOPCET1I/I];

-HunmnotenTTi 4 emnmeMai acCOCUMMETPUSIIBIK aiareOpaapablH aareopasibikK
KJIacCU(PUKAIUACH! KoHE Olp TYBIHIATYIIBICHI Oap HWIMOTEHTTI 5 koHe 6 emmiemil
aCCOCUMMETPHUSUIBIK anreOpanapablH KiIacCUuDUKAIMICH KYPBUIIBI.

byn HoTmxkenep xorapbia aTaidraH anreOpaiapAblH TEOPHUSCHIH OJaH opi
JAMBITY YIIIIH ©T€ MaHbI3/Ibl, COHBIMEH KaTap ajnreOpayiap/ibl KoJdgaHyFa OailmlaHbICThI
OpTYpJIl cajajapja, COHBIH IIIiHJE MaTeMmaTuhka, (Qu3uka XKoHe HH(popmaTHKana
KOJJAaHBUTYbl MYMKiH. MBbIcamnbl, 3€pTTey HOTHXKEIEpiH anredpanapAbl KIKTEY
OMICTEpIH KaKcapTy »>KOHE anreOpajiapra KaTbhICThl €CeNnTepJll IMEeHyaiH >XaHa
ANTOpUTMJEPIH d3ipyiey YuIiH mnaipananyra Oosianbl. COHBIMEH Kartap, MKYMBIC
HOTIKeNepl anreOpanap KOJIJAHBUIATBIH OpPTYpJl cajlajnapia, COHBIH IIIHJIE
Kpunrorpadusi, KoATay TEOPUACHI ’KOHE MAIIMHAIBIK OKBITY/1a MPAKTUKAIBIK MaHbI3bI
6o1ysl MyMKiH. Ochliaifina, Oyi1 3epTTey anredpa TeOPUSICHIHBIH JJaMyblHA MaHbI3]IbI
yJiec O0JbIN TaObLIA I )KOHE KeH MPAKTUKAIBIK KOJIAHBICKA Ue 00JIybl MYMKIH.
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7KyMmbIc KYpBUIBIMBI MeH KeoJieMi. J[uccepramnus KipicreneH, Y TapayaH,
KOPBITBIHABIIAH, TaliTaJJaHbUTFaH JEPEKKO3Iep Ti3IMIHCH KOHE KOCBIMITIAAH TYPAJIbI.
JluccepTanusiHbIH, JKalmbl KejeMi 86 ©OeTTi Kypaiabl. JKYMBICTBIH COHBIHJA
KENTIPIUITeH MaiaanaHbUIFaH JepeKKo3AepAiH caHbl 68.

JAuccepraunsiibIH Heri3ri Ma3MyHbl. BipiHIl Tapayna accolUaTHBTI eMec
anreOpajap/AblH HETI3T1 YFhIMIAphl MEH KacueTTepi aHbiKTanaabl. COHBIMEH KaTap,
Wopnan, 3un6un, Teprkapa anreOpanapsl CHSAKTBI €pKiH acCOLMATHBTI eMec
anreOpanap TeOPUSIChIHAH KOHE aKbIPJIbI OJIIIeM Il anredpanap TeOpusIChbIHAH OeNnrii
HOTUIKEIEp MEH MAIIIMETTEP KENTIPIITeH.

Keneci Tapay koMmyTtatop YCTiHAeri 3UHOWIIIH €pKiH anredpanapbiH
3epTTeyre apHaiaraH. by Tapayabiy OipiHII 6eiMi TapayablH HET13T1 TeopeManiapbliH
TONEN ALY YIIiH KOJMJAaHBUIATEIH HETI3T1 JeMMaap/ bl anyFa apHaiFad. by TapayasiH
eKiHmI OemiMi 3UHOMI epKiH anreOpachlHAarbl JIU aeMEeHTTepiH 3epTTeyre, epeKie
TepTtkapa anrebpanapsiHa 6a3uc Kypyra )koHe epKiH epekiie TepTkapa anre0pachiHbIH
roMmoMop(Thl OEHECIH 3epTTeyre apHaJIFaH.

JluccepTauMsiHbIH, YIIIHIII Tapaybl aCCOCHUMMETPUSUIIBIK anreOpaiapabl KoHE
ACCOCHMMETPHSUTBIK ~ anreOpanapAblH  KOMMYTATOPJBIK —HIACANNAPBIH  3€pTTEyTe
apHajraH. bactankel OeyIMHIH HET13r1 MaKcaThbl aCCOCUMMETPHSIIBIK aKbIPJIbl KIacc
anreOpajapblHbIH KACHUETTEPIH JKOHE OJIapJIblH acCOIIMATUBTI aKBIPIbI  KJiacc
anreOpaiapblHa YKCACTBIFBIH 3€pTTEy O0JbIN Ta0bLIaAbl. By TapayibIH COHFBI O6iMi
HUJITIOTEHTTI ACCOCUMMETPHUSIIBIK alire0paiap by are0panblK KiaccuuKaiuschbiHa
apHaJIFaH.



