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KIRISH (falsafa doktori (PhD) dissertatsiyasi annotatsiyasi)

Dissertatsiya mavzusining dolzarbligi va zarurati. Bugungi kunga kelib
jahon miqgyosida olib borilayotgan ko‘plab ilmiy-amaliy tadgiqotlarning aksariyati
fundamental algebraning asoslarini tadgiq qilish masalalariga keltiriladi.
Noassotsiativ algebralarni tasniflashga bo‘lgan gizigishning ortishi ularning
tuzilishi haqgida kengroq ma’lumot olish bilan, geometrik tasnifi esa bunday
algebralar ko‘philligining keltirilmas komponentalarini aniglash imkonini
berganligi bilan asoslanadi. Kichik o‘lchamli noassotsiativ algebralarning
algebraik tasniflashning markaziy kengaytma metodi algebralarning strukturaviy
nazariyasida eng ko‘p qo‘llaniladigan metodlardan hisoblanadi. Noassotsiativ
algebralarning tuzilish nazariyasi va tasniflash muammolari esa algebralarning
muhim vazifalaridan bo‘lib kelmoqgda.

Hozirgi kunda assotsiativ, Li, Yordan algebralari kabi klassik algebralarning
umumlashmasi bo‘lgan noassotsiativ algebralarni o‘rganish katta gizigishlarga
sabab bo‘lmoqda. Leybnits algebralari Li algebralarining umumlashmasi bo‘lsa,
0‘z  navbatida  chap-simmetrik  algebralar  assotsiativ  algebralarning
umumlashmasidir. Chap-simmetrik algebralar Novikov va assosimmetrik
algebralarini ham o‘z ichiga olib, Li strukturasiga ega hisoblanadi. Kichik
o‘lchamli algebralarni, jumladan chap-simmetrik, o‘ng-kommutativ va terminal
algebralarni tavsif gilish magsadli ilmiy tadgiqotlardan hisoblanadi.

Mamlakatimizda fundamental fanlarning ilmiy va amaliy tatbigiga ega
bo‘lgan funksional analiz, differentsial tenglamalar, statistik mexanika, fizika va
ragamli iqtisodiyot fanlariga e’tibor kuchaytirildi. Jumladan, oxirgi yillarda
algebraik obyektlar matematikaning turli sohalarida, aynigsa geometriya,
topologiya va fizikada o‘zining yangi tatbiglarini topishda davom etmoqda.
Bugungi kunga kelib turli xil ko‘philliklardagi nilpotent va yechiluvchan
algebralarni, jumladan Leybnits algebralarini tasniflash va kichik o‘lchamli
noassotsiativ algebralarning algebraik hamda geometrik tasnifini aniglash bo‘yicha
salmoqli natijalarga erishildi. Noassotsiativ algebralarning algebraik va geometrik
tasnifiga  oid ilmiy natijalar olish, ularning differensiallshlari va
differensiallashlarning turli xil umumlashmalarini aniglash, ular orgali algebralar
ko‘philliklarining  yangi  xossalarini  yopish, hamda ushbu natijalarni
matematikaning boshga sohalarida qo‘llash fanning muhim vazifalaridan
hisoblanadi.

O<zbekiston Respublikasi Prezidentining 2017 yil 7 fevraldagi PF-4947-son
«O‘zbekiston Respublikasini yanada rivojlantirish bo‘yicha xarakatlar strategiyasi
to‘g’risidangi Farmoni, 2019 yil 9 iyuldagi PQ-4387-son «Matematika ta’limi va
fanlarini yanada rivojlantirishni davlat tomonidan go‘llab-quvvatlash, shuningdek,
O<zbekiston Respublikasi Fanlar Akademiyasining V.I.Romanovskiy nomidagi
Matematika instituti faoliyatini tubdan takomillashtirish  chora-tadbirlari
to‘g‘risidangi va 2020 yil 7 maydagi PQ-4708-son «Matematika sohasidagi ta’lim
sifatini oshirish va ilmiy-tadgiqotlarni rivojlantirish chora-tadbirlari to‘g‘risida»gi
garorlari hamda mazkur faoliyatga tegishli boshga normativ-huqugiy hujjatlarda
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belgilangan vazifalarni amalga oshirishda ushbu dissertatsiya tadgigoti muayyan
darajada xizmat giladi.

Tadgiqgotning Respublika fan va texnologiyalari rivojlanishining ustuvor
yo‘nalishlariga mosligi. Mazkur tadgigot O<‘zbekiston Respublika fan va
texnologiyalar rivojlanishining IV «Matematika, mexanika va informatika»
ustuvor yo‘nalishi doirasida bajarilgan.

Muammoning o‘rganilganlik darajasi. Oxirgi yillar davomida naossotsiativ
algebralar nazariyasida katta ilmiy natijalarga erishildi. Jumladan, Leybnits
algebralari Sh. A. Ayupov, B. A. Omirov, I.S. Raximov, A.X. Xudoyberdiev,
K. K. Masutova, L. Kamacho, X. R. Gomez, M. Ladra va boshgalar tomonidan
o‘rganilgan. Bundan tashgari, M. Ladra, B. A. Omirov, A. X. Xudoyberdievning
ishida xarakteristik nilpotent bo‘Imagan filiform Leybnits algebralari tasniflangan.

Skjelbred va Sundlar tomonidan nilpotent Li algebralari uchun ishlab
chigilgan markaziy kengaytma usuli bir gator nilpotent algebralarning tasnifini
olish imkonini berdi. Mazkur usul berilgan ko‘phillikdagi kichik o‘lchamli
algebralardan foydalanib, ulardan katta o‘lchamli algebralarni tasniflashdan iborat.
Markaziy kengaytma usuli yordamida nilpotent besh o‘lchamli Yordan algebralari,
besh o‘lchamli kommutativ algebralar, olti o‘lchamli Malsev algebralari, olti
o‘lchamli binar Li algebralari V. De-Graf, A. Xegazi, X. Abdelvaxab, A. Kalderon,
A. Martin, I. Kaygorodov, Yu. Popov va boshgalarning ishlarida tasniflangan.

Yordan algebrasining umumlashmasi bo‘lgan konservativ algebralari
tushunchasi 1972 yilda Kantor tomonidan kiritilgan bo‘lib, bunday algebralar gator
ayniyatlar yordamida aniglanadi. Konservativ algebralarning muhim sinflaridan
biri bo‘lib, Tits-Koxer-Kantor konstruksiyasining umumiy funktorini qo‘llovchi
muhim algebralar terminal algebralar hisoblanadi. Bundan tashgari, terminal
algebralar ko‘philligi Li algebralari, Leybnits algebralari va boshga algebralar
ko‘philliklarini  umumlashtiradi. Hosil qiluvchisi bitta bo‘lgan obyektlarni
o‘rganish abstrakt algebralar nazariyasining qizigarli yo‘nalishi hisoblanadi.
Ma’lumki, hosil giluvchisi bitta bo‘lgan chekli tartibli gruppa mavjud va yagona.
Algebralar orasida esa nilpotent assotsiativ, Yordan, Leybnits va Zinbiel
algebralari ko‘philliklari uchun ushbu masalalar o‘rganilib, bunday algebralar
uchun hosil qiluvchisi bitta bo‘lgan chekli o‘lchamli algebralar izomorfizm
anigligida mavjud va yagona ekanligi isbotlangan.

Dissertatsiya tadqiqotining dissertatsiya bajarilgan muassasasining
ilmiy-tadgiqot ishlari rejalari bilan bog¢ligligi. Dissertatsiya tadgiqoti
V.l1.Romanovskiy nomidagi matematika institutining «Operatorlar va noassotsiativ
algebralarda lokal differensiallash va avtomorfizmlar, nochizigli dinamik
sistemalarda faza almashishlar va xaos» + «Yevklid va psevdo-Yevklid
fazolaridagi egri chiziglar va sirtlarning global invariantlari nazariyasi va uning
mexanikaga tatbiglari» mavzusidagi ilmiy-tadgigot loyihasi (OT-F4-82+0T-F4-87,
2017-2019 yy.), hamda institutining «Leybnits algebralari tasvirlari» mavzusidagi
yoshlar ilmiy-tadgigot loyihasi (YoFA-Ftex-2018-79, 2018-2019 yy.) doirasida
bajarilgan.

Tadqgigotning magsadi  filiform  Leybnits  algebralarining  pre-



differensiallashlari hamda o‘ng-kommutativ, chap-simmetrik va hosil giluvchisi
yagona bo‘lgan terminal algebralarni tasniflashdan iborat.

Tadqgigotning vazifalari:

filiform Leybnits algebralarining pre-differensiallashlari tasniflangan hamda
kuchli nilpotent bo‘lmagan filiform Leybnits algebralari mavjudligi isbotlangan;

to‘rt o‘lchamli nilpotent o‘ng-kommutativ algebralarning algebraik va
geometrik tasniflanlagan hamda bunday algebralar ko‘philliklarining keltirilmas
komponentalari topilgan;

to‘rt o‘lchamli nilpotent chap-simmetrik algebralarning algebraik va
geometrik tasniflari keltirilgan;

hosil qiluvchisi bitta bo‘lgan besh o‘lchamli nilpotent terminal algebralar
tasniflangan.

Tadgigotning obyekti filiform Leybnits algebralari; kichik o‘lchamli o‘ng-
kommutativ va chap-simmetrik nilpotent algebralar; algebralarning pre-
differensiallashlari; avtomorfizmlar va kogomologik gruppalardan iborat.

Tadqgigotning premeti pre-differensiallashlar; to‘rt o‘lchamli nilpotent chap-
simmetrik algebralar; to‘rt o‘lchamli nilpotent o‘ng-kommutativ algebralar; besh
o‘lchamli terminal algebralar.

Tadgiqgotning usullari. Ishda assotsiativ bo‘lmagan algebralar nazariyasi
usullari, strukturaviy va kogomologik usullar, markaziy kengaytma usuli,
degeneratsiyalar, shuningdek invariantlar nazariyasi usullaridan foydalanilgan.

Tadgqigotning ilmiy yangiligi quyidagilardan iborat:

filiform Leybnits algebralarining pre-differensiallashlari tasniflangan, hamda
kuchli nilpotent bo‘lmagan filiform Leybnits algebralari mavjudligi isbotlangan;

to‘rt o‘lchamli nilpotent o‘ng-kommutativ algebralar algebraik va geometrik
tasniflanlagan hamda bunday algebralar ko‘philliklarining  keltirilmas
komponentalari topilgan;

to‘rt o‘lchamli nilpotent chap-simmetrik algebralarning algebraik va
geometrik tasniflari keltirilgan;

hosil qiluvchisi bitta bo‘lgan besh o‘lchamli nilpotent terminal algebralar
tasniflangan.

Tadqgigotning amaliy natijalari. Dissertatsiyada go‘llanilgan usullar va
olingan natijalardan O‘zbekiston Respublikasi oliy o‘quv yurtlari magistrantlari va
doktorantlari uchun noassotsiativ algebralar bo‘yicha o‘tiladigan maxsus kurslarda
foydalanish mumkin. Bundan tashqari, dissertatsiya natijalari noassotsiativ
algebralarning turli sinflarini algebraik va geometrik tasniflash, berilgan algebralar
ko‘philligining keltirilmas komponentalarini topishga imkon beradi.

Tadgigot natijalarining ishonchliligi. Matematik  mulohazalarning
qat’iyligi, algebralarning boshqa sinflaridagi ma’lum usullaridan, kogomologiyalar
nazariyasi, algebralarining strukturaviy nazariyasidagi fundamental natijalardan
foydalanilganligi bilan asoslanadi. Mathematica 12 dasturlash tilida yaratilgan
maxsus dasturlar yordamida kichik o‘lchamli algebralarning differensiallashlari va
degeneratsiyalariga doir natijalar tekshirilgan.

Tadgiqot natijalarining ilmiy va amaliy ahamiyati. Tadqigot natijalarining
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ilmiy ahamiyati noassotsiativ algebralarning algebraik va geometrik tasnifiga oid
natijalardan boshga algebralar ko‘philliklarini tadgiq qilishda foydalanish
mumkinligi bilan izohlanadi.

Tadgigotning amaliy ahamiyati olingan natijalardan noassotsiativ algebralarni
tasniflash va ularning kogomologik gruppalari, hamda bunday algebralar
kophilligining keltirilmas komponentalarini o‘rganish masalalarida foydalanish
mumkinligi bilan izohlanadi.

Tadgqiqgot natijalarining joriy qilinishi. Filiform Leybnits algebralarining
pre-differensiallashlari va o°‘ng-kommutativ va chap-simmetrik algebralarining
tasniflari bo‘yicha olingan natijalar asosida:

to‘rt o‘lchamli nilpotent o‘ng-kommutativ algebralarning algebraik va
geometrik tasniflanlari hamda bunday algebralar ko‘philliklarining keltirilmas
komponentalaridan AP08051987 ragamli «Dinamik sistemalarning noregulyar
to‘plamlari» mavzusidagi xorijiy grant loyihasida kichik o‘lchamli algebralar
ko‘philliklarini algebraik va geometrik tasniflarini olishda foydalanilgan
(Sulaymen Demirel universitetining 2023 yil 4 apreldagi Ne10.3.37/411-sonli
ma’lumotnomasi, Qozog‘iston). Ilmiy natijalarning qo‘llanilishi hosil qiluvchisi
bitta bo‘lgan besh o‘lchamli nilpotent assosimmetrik algebralarning tasnifini,
bunday algebralar ko‘philligidagi keltirilmas komponentalarni topish imkonini
bergan;

hosil giluvchisi bitta bo‘lgan besh o‘lchamli nilpotent terminal algebralar
tasniflaridan xorijiy ilmiy maqolalarda (Journal of Algebra and its Applications,
21(2), 2022, 2250031, Algebra Colloquium, 29(3), 2022, 453-474 va
Communications in Mathematics, 28(2), 2020, 231-251) kichik o‘lchamli
konservativ algebralarning tasniflishda foydalanilgan. llmiy natijaning go‘llanilishi
kichik o‘lchamli konservativ algebralar va hosil qiluvchisi bitta bo‘lgan besh
o‘lchamli nilpotent bikommutativ hamda kuchsiz assotsiativ algebralarning
tasniflarini olish imkonini bergan.

Tadqgigot natijalarining aprobatsiyasi. Mazkur tadgiqot natijalari 2 ta
xalgaro va 4 ta respublika ilmiy-amaliy anjumanlarda muhokamadan o‘tkazilgan.

Tadqiqot natijalarining e’lon qilinganligi. Dissertatsiya mavzusi bo‘yicha
jami 13 ta ilmiy ish chop etilgan, shulardan, O‘zbekiston Respublikasi Oliy
Attestatsiya komissiyasining falsafa doktori dissertatsiyalari asosiy ilmiy
natijalarini chop etish tavsiya etilgan ilmiy nashrlarda 7 ta magola, jumladan, 4 tasi
xorijiy, 3 tasi respublika jurnallarida, shuningdek 6 ta ma’ruza tezislari ilmiy
konferensiya materiallarida nashr etilgan.

Dissertatsiyaning tuzilishi va hajmi. Dissertatsiya kirish qism, sakkizta
bo‘limga bo‘lingan uchta bob, xulosa va foydalanilgan adabiyotlar ro‘yxatidan
tashkil topgan. Dissertatsiyaning hajmi 101 betni tashkil etgan.



DISSERTATSIYANING ASOSIY MAZMUNI

Kirish gismida dissertatsiya mavzusining dolzarbligi va zarurati asoslangan,
tadgigotning respublika fan va texnologiyalari rivojlanishining ustivor
yo‘nalishlariga mosligi ko‘rsatilgan. Shuningdek, bu gismda dissertatsiya mavzusi
bo‘yicha muammoning o‘rganilganlik darajasi keltirilgan, tadgigotning magsadi,
vazifalari, ob’ekti va premeti tavsiflangan, tadgigotning ilmiy yangiligi va amaliy
natijalari bayon gilingan, olingan natijalarning nazariy va amaliy ahamiyati ochib
berilgan, tadgigot natijalarining joriy gilinishi, nashr etilgan ishlar va dissertatsiya
tuzilishi bo‘yicha ma’lumotlar keltirilgan.

Dissertatsiyaning «Filiform Leybnits algebralarining pre-
differensiallashlari» deb nomlangan birinchi bobida noassotsiativ algebralarning
strukturaviy nazariyasiga oid bo‘lgan muhim natijalar keltirilgan bo‘lib, ularning
differensiallashlari, kogomologik gruppalari, hamda markaziy kengaytma usullari
keltirilgan. Birinchi bobning birinchi va ikkinchi paragraflarida filiform Leybnits
algebralarining pre-diffrentsiallashlari tasniflanib, ushbu algebralar uchun kuchli
nilpotent bo‘lish shartlari aniglangan.

Berilgan L  algebraning ixtiyoriy x,yeL elementlari  uchun
d([x, y]) = [d(x), y] + [X, d(y)] ayniyatni ganoatlantiruvchi d chizigli akslantirishga
L algebraning differensiallashi deyiladi. Algebraning barcha differensiallashlari
to‘plamini Der(L) kabi belgilaymiz.

Algebraning nilpotentligi tushunchasini keltirish uchun quyi markaziy gatorni
aniglaymiz:

Li=L,  L*T=TL% L]+ [L%Y, L2) +.. .+ [L2 L) + L, LY, k>1.
1-ta’rif. Berilgan L algebra uchun shunday seN natural son topilib, L=0
bo‘lsa, u holda L algebra nilpotent deyiladi.

2-ta’rif. Agar L algebraning ixtiyoriy X, y, zeL elementlari uchun quyidagi

Leybnits ayniyati bajarilsa,
[X’ [y1 Z]] = [[X1 y]l Z] - [[X, Z]! Y],

u holda L algebra Leybnits algebrasi deyiladi.

Quyidagi ta’rifda Leybnits algebrasining pre-differensiallashi tushunchasini
Kiritamiz.

3-ta’rif. Agar L Leybnits algebrasida aniglangan P:L— L chizigli
akslantirish

[[x, y1, 21 = [[P(), y1, z + [[x, POW], 2] + [[x, ], P(@)], vV xy.zel
ayniyatni ganoatlantirsa, u holda ushbu chizigli akslantirish pre-differensiallash
deyiladi.

Leybnits algebralarining pre-differensiallashlari ularning differensiallash-
larining umumlashmasi hisoblanadi. Barcha differensiallashlari nilpotent bo‘lgan
Leybnits algebrasi xarakteristik nilpotent algebra deyiladi. Agarda Leybnits
algebrasining ixtiyoriy pre-differensiallashi nilpotent bo‘lsa, u holda u kuchli
nilpotent algebra deb nomlanadi. Leybnits algebrasining xar ganday
differensiallashlari pre-differensiallash bo‘lganligi sababli kuchli nilpotent
Leybnits algebrasi xarakteristik nilpotent bo‘ladi.



4-ta’rif. Agar L Leybnits algebrasi uchun dim L'=n —i, 2 <i<n o‘rinli
bo‘lsa, bunday algebra filiform Leybnits algebrasi deyiladi, bu yerda n=dim L.
Barcha n-o‘lchamli filiform Leybnits algebralari uchta kesishmaydigan
sinflarga ajralishi X.R.Gomez va B.A.Omirovlarning ishlarida isbotlangan.
1-teorema. Har ganday n-o‘lchamli kompleks filiform Leybnits algebrasida
shunday {ei, e, ..., en} bazis topilib, ushbu bazisda algebraning ko‘paytmasi
quyidagilardan biri kabi bo‘ladi:
Fi(aa, o, ..., an, 0): [e1, €1] = es, [ei, e1] = i, 2<i<n-1,
[e1, e2] = cutatarsest ... +om1en 1+ Gy,
[e,-, 82] = uBjrot asjszt ... Fomeo-j€n, 2 Sj <n-2,
Fz(ﬂ4, ,35, cens ﬂn }/): [el, el] = e3, [ei, el] = Bj+1, 3<i<n-1,
[€1, €2] = Bieatsest ... +[en, [€2, €2] = 80,
[e,-, ez] = ﬂ4e,-+2+ﬁ5e,-+3+ +,Bn+2,,-en, 3< jSI’] -2,

F3(6., 02, 03): [ei, e1] = ei+1, 2<i<n-1,
[e1, ei] = —€is1, 3<i<n-1,
[e1, €1] = O1€n,  [e1, €2] = —€3+028y, [e2,€2]=03€n,
[e2, €] = —[ej, e2]l e{ej+2, €j+3, - .., €n}, 3<j<n-2,

[ei, &] = ~[ej, el e, &ivjus. .. 0}, 3<i<]2], i < jen-i,
bu yerda keltirilmagan ko‘paytmalar nolga teng bo‘lib, juft n uchun a €{0,1}, toq
n uchun esa a=0. Uchinchi sinf algebralar uchun Leybnits ayniyatini
ganoatlantirish talab etiladi.

Dissertatsiya birinchi bobining ikkinchi paragrafida yugoridagi teoremada
berilgan filiform Leybnits algebralarining birinchi va ikkinchi sinflari uchun pre-
diffrensiallashlarning tavsifi keltirilgan.

1-tasdiq. Fi(aa, ..., an, ) sinfdagi filiform Leybnits algebralarining pre-
differensiallashlari quyidagi ko‘rinishda bo‘ladi:

n n-2 n
P(el) = Zatet’ P(ez) = (a1 + az)ez + Zatet + bn—len—l + bnen’ P(e3) = thet’
t=1 t=3 t=2

P(ey) = ((2I-1)a +a,)e, + Zn: (A + (21 -2, ,5,5)8, 2<i< {E},

t=2i+1 2

i 4 . . | n=1
P(e,.1) = C,&y +((21 - 2)a, +C;)e,,, + Z (Cipp T (21 -2, 5,5)8, 250 < {T}’

t=2i+2
bu yerdagi koeffitsientlar quyidagi munosabatlarni ganoatlantiradi:
1+ (D", =0, (a, —a,), =0, (38, -C;)a, =0, C,, =0, 4<t<n-1,

k
n-1

z(aZk—2t+3 — Copatea T o 51,4) 0 5 =0, 3<k< {T:l,
t=3

K

= n

(28, +a, —Cg)ay, = Z(a2k—2t+4 — Coyats T 0y 21,5) At o) 3<k< |:§} -1,

=3

k-1
(a, —(k=3)a)e, = TaZZat—lak—HM 5<k<n-2,
=5
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-2 -2
2 T
(@, -(h-Ha)a,, =4, Z(Zt —3) 93004 Z nati2 — 8y o T (2t =3)a,, 51,5) 0,
t=3 t=2

n —toq,
n-1 -3
2 T
(2a,-c,—(n-6)a)a,, = a, Z(Zt —=3)y 51,504 Z noatrz — 8 ons T (21 =3)a,0, 4, ,) 2y,
t=3 t=2
— juft.

2-tasdiq. F2(Bs, ..., bn, p) sinfdagi filiform Leybnits algebralarining pre-dif-
ferensiallashlari quyidagi ko‘rinishda bo‘ladi:

P(el) - Zatet’ P(ez) = b2e2 + bn—len—l + bnen’ P(e3) = thet’
t=1 t=2
. : i . |'n
P(eZi) = (2| _1)a1€2i + Z (a't—2i+2 + (2| _Z)azﬂtfzns)et’ 2<1< {E}’
t=2i+1
. 3 ) . | n-1
I:>(ezi+1) = ((2| - 2)a1 + C3)e2i+l + Z (Ct—2i+2 + (2| - 2)a218t—2i+2)et’ 2<1< |:T}a
t=2i+2
bu yerdagi koeffitsientlar quyidagi munosabatlarni ganoatlantiradi:
(C3_2a1)ﬂ4 =0, (b2_231)ﬁ4 =0, Czﬁt =0, 4<t<n-1,
K 1
Z(a2k—2t+3 — Coatea T 0B ot0a) Bora = 0, 3<k< {T}
t=3
k
(C3 - 2a1)ﬂ2k = Z(aZk—2t+4 —Cyons t a2ﬂ2k—2t+5)ﬁ2t—2’ 3<k< |: j| ,
t=3
k-1 &
(bz - (k - Z)ai)ﬂk = Taz t—1ﬂk—t+4’ S5<k< 2,
t=5
n-1 n-3
( (n 5)a1)ﬂn -1 = a'2 Z(Zt 3)ﬂn 2t+3ﬁ2t -1 + Z(Cn 242 n—2t+1 + (2t _3)a2 n—2t+2)ﬁ2t’
n -—toq,
n-2 n-2
2 2
(b2 - (n - S)ai)ﬂn—l = a2 Z(Zt - 3)ﬂn—2t+3ﬁ2t—l + Z(Cn—2t+2 - a'n—2t+1 + (2t - 3)a2 n—2t+2)182t’
t=3 t=2
n — juft.

Birinchi bobning uchinchi paragrafida kuchli nilpotent bo‘lmagan barcha

filiform Leybnits algebralarining tasnifi keltirilgan.

3-tasdiq. Avytaylik, L(as, ..., an, 8) birinchi sinfdan olingan kuchli nilpotent
bo‘lmagan filiform Leybnits algebrasi bo‘lib as= ... = a;,.1=0 bo‘lsin, u holda L
quyidagi o‘zaro izomorf bo‘Imagan algebralardan biriga izomorf bo‘ladi:

Fi(0, ...,0,0,0), F(0,0...,0,0,1), F(0,...,0,1,0), F1(0, ...,0,1,1).

Qandaydir i1 (4<i<n-1) uchun «i#0 bo‘lgan holatda quyidagi natijani

olamiz.
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2-teorema. Aytaylik, L algebra Fi(aa, ..., an, 8) sinfdan olingan algebra
bo‘lib, n juft son bo‘lsin. L algebra kuchli nilpotent bo‘lishi uchun (as, ..., on, 6)
parametrlar quyidagi giymatlardan birini gabul qgilishi zarur va yetarli:

i) a,z0 va o, =(-1)"C2,a°, 5<k<n-2;

+ s— — n->5
“) a(25—3)t+3:(_1)t 1Ct2 Za;s’ SSSST 1St£|:28_3}’
a; =0, J#(2s-3)t+3, 4<j<n-2;
ii) @, =0, 2<i<1=2;
2
n .
bu yerda Cnp:; P p — Katalan sonlari.
(p—Dn+1{ n

Ikkinchi sinf filiform Leybnits algebralari uchun ham yugoridagi kabi
natijalar olingan bo‘lib, S, S, ..., fh, y parametrlarning ganday giymatida F2(/f,
s, ..., B, v) sinfdan olingan algebra kuchli nilpotent bo‘lishi aniglangan.

4-tasdiq. Aytaylik, L(fa, ..., fn, y) ikkinchi sinfdan olingan kuchli nilpotent
bo‘Imagan filiform Leybnits algebrasi bo‘lib 4= ... = f,.1=0 bo‘lsin, u holda L
quyidagi o‘zaro izomorf bo‘Imagan algebralardan biriga izomorf bo‘ladi:

F»(0, ...,0,0,0), F0,0...,0,0,1), F(0,...,0,1,0).
3-teorema. Aytaylik, L algebra Fy(fs, ..., fn, y) sinfdan olingan kuchli
nilpotent bo‘lmagan filiform Leybnits algebrasi bo‘lib, gandaydir i (4 <i<n-1)
uchun gi# 0 bo‘lsin. Agar n juft son bo‘lsa, u holda quyidagi algebralardan biriga
izomorf bo‘ladi:

n
F252(01 ooy 0’ﬂ251 01 ceey O,ﬂnfl,ﬁn, 7),,625: 11 ZSSS 2 1

Fz(o, ﬁs, 0, ﬁ7, 0, ceey 0, ﬁn—l, ﬁn, y).

Dissertatsiyada birinchi va ikkinchi sinfga tegishli bo‘lgan kuchli nilpotent
bo‘Imagan filiform Leybnits algebralarining n toq son bo‘lgan holda ham tasniflari
keltirilgan. Bundan tashqari, uchinchi sinf filiform Leybnits algebralari uchun
L(6h, 02, 65) algebraning kuchli nilpotent bo‘lish masalasi L(0,0,0) Li
algebrasining kuchli nilpotentligini aniglash masalasiga keltirilgan.

Dissertatsiyaning «O‘ng-kommutativ va chap-simmetrik algebralarning
algebraik va geometrik tasnifi» nomli ikkinchi bobida 4 o‘lchamli nilpotent
o‘ng-kommutativ va chap-simmetrik algebralarni markaziy kengaytma usulidan
foydalangan holda tasniflangan, hamda bunday algebralar ko‘philligining barcha
keltirilmas komponentalari topilgan.

5-ta’rif. Agar B algebraning VXx,y,zeB elementlari  uchun
(x-y)-z=(x-2) -y ayniyat o‘rinli bo‘lsa, u holda B algebra o‘ng-kommutativ
algebra deyiladi.

6-ta’rif. Agar N algebraning ixtiyoriy X, y, z €N elementlari uchun quyidagi
ayniyat o‘rinli bo‘lsa,

X-y)z=x-(y-2)=( xz-y (x-2),
u holda N algebra chap-simmetrik algebra deyiladi.
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O‘ng-kommutativ va chap-simmetrik algebralarning kesishmasi Novikov
algebrasidan iborat ekanligini ta’kidlash joiz.

G.Kantor 1972 yilda konservativ algebralarning bir gismi bo‘lgan terminal
algebralarni kiritgan.

7-ta’rif. Agar T algebraning ixtiyoriy a, b, x,y € T elementlari uchun
quyidagi ayniyatlar bajarilsa:

b-(@a x-y)-(@x-y-x-(ay)-a(b-x-y+ta-(bx)y+

tb-x)-@y-ax-(b-y)+t@x-(b-y+x-(@(by)=

=-(a-b+zb-a) (x-y)*+(Ga-b+3b-a)x)-y+x-(Ga-b+3p-a)y)
u holda T algebra terminal algebra deyiladi.

Aytaylik, (A,-) algebra va V — vektor fazo berilgan bo‘lsin. O‘ng-kommutativ
(chap-simmetrik, terminal) algebralar uchun kotsikl tushunchasi mos ravishda
quyidagi ayniyatlarni ganoatlantiruvchi 6 : AxA— V bichizigli akslantirishlar
sifitida aniglanadi:

e o°‘ng-kommutativ algebralar uchun: 6 (xy,z) =60 (xz,y),

e chap-simmetrik algebralar uchun:

0(xy,2)-0(xyz)=0(yx z)-0(y,x2),

e terminal algebralar uchun:
g,a-(x-y)-(@x)-y-x-(@y)-0@ b-x)-y)+to@ (®d-x,y+
+0(b-x,a-y)-0@x-(b-y)+0@-x,b-y)+o0(x,a-(b-y)=

— 0 (P*(a, b), x-y) +0 (P*(a, b) - x,y) + 6 (X, P*(a, b) - y),
bu yerda P*(a, b)=2/3a-b+1/3b-a.

Barcha kotsikllar fazosini Z(A,V) kabi belgilaymiz.

Berilgan f:A—V chizigli almashtirish uchun of : AXA—V bichizigli
akslantirishni of(x, y) = f(x y) kabi aniglaymiz. Bunday of bichizigli akslantirishlar
kochegaralar deyiladi va kochegaralar fazosi B%(A,V) kabi belgilanadi.

Ta’kidlash joizki, B%(A,V) < Z2(A,V) va H?(A\V) = Z%(A,V) | B%(A,V) faktor
fazo ikkinchi kogomologik gruppa deyiladi.

Aytaylik, Aut(A) berilgan A algebraning avtomorfizmlari gruppasi bo‘lsin.
Aut(A) gruppaning Z?(A,V) dagi ta’sirini quyidagicha aniglaymiz:

po(x, y) = 0(4(x), (), ¢ € Aut(A), 0 Z*AV).

Mazkur ta’sirga nisbatan B2(A,V) fazo invariant bo‘lib, bu orgali Aut(A)
gruppaning H?(A,V) da ta’siri aniglanadi.

Aytaylik, A — m o‘lchamli o‘ng-kommutativ (chap-simmetrik, terminal)
algebra bo‘lsin, V esa k o‘lchamli vektor fazo bo‘lsin. Berilgan @ bichizigli
akslantirish va Ay = A @ V chiziqli fazo uchun [, —]s bichizigli ko‘paytmani
quyidagicha aniglaymiz:

[X+u,y+v]p= x-y+0(xYy),ixtiyoriy X,y € A, u,v eV.

Ushbu A, algebraning o‘ng-kommutativ (chap-simmetrik, terminal) algebra
bo‘lishi uchun 6 € Z%(A,V) bo‘lishi zarur va yetarli. Hosil gilingan A, algebraga A
algebraning V fazo bo‘yicha olingan k o‘lchamli markaziy kengaytmasi deyiladi.

O‘ng-kommutativ, chap-simmetrik va terminal algebralari uchun kotsikllar
fazolari mos ravishda Z%(N,C), Z%.(N,C), Z%(N,C) kabi belgilanadi.
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Ikkinchi bobning birinchi paragrafida markaziy kengaytma orqali barcha to‘rt
o‘lchamli o°‘ng-kommutativ algebralarning tasnifi keltirilgan. Buning uchun
o‘lchami to‘rtdan kichik bo‘lgan nilpotent algebralarning barcha markaziy
kengaytmalarini topish zarur. O‘ng-kommutativ algebralar Novikov algebralarni
o‘z ichiga olganligi hamda barcha nilpotent 4 o‘lchamli Novikov algebralari
I. Karimjanov, |. Kaygorodov va A.Xudoyberdiyev tomonidan to‘liq
tasniflanganligi  uchun Novikov algebrasi bo‘lmaydigan o°‘ng-kommutativ
algebralarning tasnifini keltirish yetarli.

Bir o‘lchamli notrivial nilpotent o‘ng-kommutativ algebralar mavjud emas.
Ikki o‘lchamli notrivial nilpotent o‘ng-kommutativ algebralari esa izomorfizm
anigligida yagona bo'lib, quyidagi ko‘paytma bilan beriluvchi algebraga
izomorfdir:

No: €1e1=6o.

Ushbu algebraning ixtiyoriy ikki o‘lchamli kengaytmasi Novikov algebrasi
bo‘lishini tekshirish qiyin emas, shuning uchun Novikov bo‘lmagan 4 o‘lchamli
nilpotent o‘ng-kommutativ algebralarni olish uchun 3 o‘lchamli algebralarni
kengaytirish yetarli. Ixtiyoriy uch o‘lchamli nilpotent o‘ng-kommutativ algebralari
esa quyidagi algebralardan biriga izomorf bo‘ladi:

Ni: eie1=ey, N2:  eie1=es, ee=¢es,
N3: e1e,=e3, e.e1==e3, Na(A): e181= Aes, €,61=€3, £26,=E3,
N5: €161= €y, €2€61=¢€3, Ne()&) €161= €7, €1€2=€3, €261= 7\,63.

Uch o‘lchamli o‘ng-kommutativ algebralar bir vaqtning o‘zida Novikov
algebrasi ham bo‘lganligi uchun bu algebralarning markaziy kengaytmalarini
aniqlashda Novikov algebrasi bo‘lmaydiganlarini hosil bo‘lishiga alohida ahamiyat
qaratish kerak bo‘ladi. Buning uchun qiyidagi belgilashlarni kiritib olamiz.

Aytaylik, N Novikov (hususan, o‘ng-kommutativ) algebrasi va € Z%(N,C)
bo‘lsin. U holda Ng algebra Novikov algebrasi bo‘lishi uchun quyidagi ayniyat
o‘rinli bo‘lishi zarur va yetarli:

Ox-y,2)—0(x,y-2) =6y -x,2)—0(y,x-2), XY,zeN.

Berilgan N o‘ng-kommutativ algebraning ikkinchi kogomologik gruppasini
H2:(N) yugoridagi shartni ganoatlantiruvchilarini esa H2y(N) kabi belgilaylik.

Aytaylik, A nilpotent algebraning es, ey, ..., e, bazisi berilgan bo‘lsin. U
holda Ajj(ei, em) = dil ojm kabi aniglangan Ajj: AxA—C bichizigli formalar to‘plami
A dagi bichizigli formalar fazosining bazisi bo‘lib, har ganday € Z(A, C) element
yagona tarzda 6= ) c,A; kabi yoziladi, bu yerda cjeC.

I<i, j<n

Quyidagi jadvalda uch o‘lchamli nilpotent o‘ng-kommutativ algebralarning

ikkinchi kogomologik gruppasining tasnifini keltiramiz (bu yerda N;=No@ C).

N  |H%(N) HZ:(N)

N1 [([Ar2], [Ass], [A2i], [Aai], [Ass]) H3(N) @ ([As])

N> [([Ar], [A2i], [A22]) H2u(N2) ©([A1s], [Azs])

N3 [([Au], [A21], [A2]) H?\(Ns) @ ([A1], [Az])
Na(Mzo|([Ara], [Ar2], [A21]) H?\(Ns(L) @ ([Axs], [A2s])
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N4(0) [([A11], [Ar2], [Az1], [A13-Az-Az2], [A2s]) HA(N4(0)) ©([Azi+ Az])
Ns [([Ar2], [Arz-Aa]) H?\(Ns) @ ([Az])
Ne(Mazo|([A21], [(2— 1) Arst+ & (Azo+Aai]) H?(Ns(L) @ ([ Aza+Az1—Ass))
Ns(0) [([A21], 2[A13]) H2\(Ns(0)) ® ([Az+tAz1—A13],[Az2])

4-teorema. Aytaylik, N Novikov bo‘lmagan to‘rt o‘lchamli o‘ng-kommutativ
algebra bo‘lsin, u holda N o‘zaro izomorf bo‘lmagan R; — Rs; algebralardan biriga
izomorf bo‘ladi (1-ilovaga garang).

Dissertatsiyaning ikkinchi bobi ikkinchi paragrafida esa barcha nilpotent to‘rt
o‘lchamli chap-simmetrik algebralarning tasnifi olingan. O‘lchami to‘rtdan kichik
bo‘lgan barcha nilpotent chap-simmetrik algebralar ham Novikov algebrasi bo‘lib,
to‘rt o‘lchamli chap-simmetrik algebralarning tasnifini olish uchun yugorida
berilgan uch o‘lchamli algebralarning Novikov algebrasi bo‘lmaydigan chap-
simmetrik kengaytmalarini topish kerak bo‘ladi.

Quyidagi jadvalda uch o‘lchamli nilpotent chap-simmetrik algebralarning
ikkinchi kogomologik gruppasining tasnifini keltiramiz.

N  H%(N) H2_ (N)
N1 ([Ar2], [Ass], [Az1], [Aai], [Ass]) H%\(N2) © ([Az])
N> ([Ar2], [Aai], [A22]) H*(N2) ©([Aa], [Az])
N3 [([Au], [A21], [A2]) H2\(N3) @ ([A31—2A13], [As2—2A23])
Na(Wzo [([A1a], [Ar2], [A21]) H%W(N4(h) @ ([ A1s-Az—Asz],
[A2stAAz1])
Na(0) [([Aul, [A12], [Aai], [A13-Azi—As], [Azs]) H*n(N4(0))
Ns  [[Ar], [A15-Aa]) H2(Ns) @ ([ Az*+Azi], [Az])
Ne(A) [([Aai], [(2=2) Arat A (AzotAz]) HA(Ns(A) @ ([ Azo+A15-Asi])

Dissertatsiya ikkinchi bobining ikkinchi paragrafining asosiy natijasi quyidagi
teoremada keltiriladi.

5-teorema. Aytaylik, N to‘rt o‘lchamli Novikov bo‘lmagan chap-simmetrik
algebra bo‘lsin, u holda N o‘zaro izomorf bo‘lmagan L; — L,(A) algebralardan
biriga izomorf bo‘ladi (2-ilovaga garang).

Mazkur bobning uchinchi paragrafida nilpotent to‘rt o‘lchamli o‘ng-
kommutativ va chap-simmetrik algebralar ko‘philliklarining barcha keltirilmas
komponentalari topilgan.

Ushbu GL,(C) gruppaning barcha n o‘lchamli algebralar to‘plami Algn(C) ga
ta’sirini quyidagicha aniqlaymiz:

[x.yle:=9 [97%, g7V],
bu yerda geGL,(F) va x, yelL. Berilgan L algebraning mazkur ta’sir ostidagi
orbitasini Orb(L) kabi uning Zarisskiy topologiyasi bo‘yicha yopilmasini Orb(L)
kabi belgilaymiz.

8-ta’rif. Agar M algebra L algebraning orbitasi yopilmasida yotsa, u holda L
algebra M algebraga degeneratsiyalanadi deyiladi va L—M kabi belgilanadi.

Agar ko‘phillikni gism to‘plamini ikkita notrivial yopiq gism to‘plamlar
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birlashmasi sifitida tasvirlash mumkin bo‘lmasa, u holda bunday gism to‘plam
kophillikning komponentasi deyiladi. Ko‘phillikning maksimal keltirilmas yopiq
gism to‘plami keltirilmas komponentasi deyiladi. Ma’lumki, ixtiyoriy affin
ko‘philligini yagona ravishda chekli sondagi keltirilmas komponentalarning
birlashmasi sifatida yozish mumkin. Berilgan ko‘phillikdagi keltirilmas
komponentalarni topish masalasi esa ushbu ko‘phillikdagi algebralar uchun
tuzulgan degeneratsiyalar grafida eng yuqori satxda turivchi algebralarni
aniglashga ekvivalentdir.

Mazkur paragrafning asosiy natijasi quyidagi teoremalarda keltirilgan.

6-teorema. To‘rt o‘lchamli  nilpotent o‘ng-kommutativ  algebralar
kophilligi R12(X), Ris(a), R27(A,a), Rag(a) Va Nao(e) sinflar orgali aniglangan beshta
keltirilmas komponentaga ega.

Boshgacha qilib aytganda to‘rt o‘lchamli nilpotent o‘ng-kommutativ
algebralar ko‘philligining keltirilmas komponentalari quyidagilardan iborat bo‘ladi

Jorb(R,(4))» [JOrb(Rg(@), [ JOrb(R,,(4,a)),
Uorb(Rzg (2)), Uorb(Nzo (2)).

7-teorema. To‘rt o‘lchamli nilpotent chap-simmetrik algebralar ko‘philligi
L1o(A), Lo1(A) va Las(A,a) sinflar orgali aniglangan uchta keltirilmas komponentaga
ega, ya'ni to‘rt o‘lchamli nilpotent chap-simmetrik algebralar ko‘philligining
keltirilmas komponentalari quyidagilardan iborat bo‘ladi

LJorb(L,,(2)). UOrb(Lzl(/l)) : UOrb(ng(/i,a)) :

Dissertatsiyaning «Hosil giluvchisi bitta bo‘lgan besh o‘Ilchamli nilpotent
terminal algebralarning tasnifi» deb nomlangan uchinchi bobida hosil giluvchisi
bitta bo‘lgan barcha to‘rt va besh o‘lchamli nilpotent terminal algebralari to‘liq
tasniflangan. Terminal algebralar barcha chap Leybnits algebralarini oz ichiga
olganligini hisobga olib, ularni tasniflashda Leybnits algebrasi bo‘lmaganlarini
keltirish kifoya.

Dastlab, hosil qiluvchisi bitta bo‘lgan to‘rt o‘lchamli terminal
algebralarining tasnifini olingan bo‘lib, ular ikki va uch o‘lchamli terminal
algebralarning markaziy kengaytmasi orgali topilgan. Ma’lumki, hosil giluvchisi
bitta bo‘lgan ikki va uch o‘lchamli nilpotent terminal algebralar quyidagi
algebralarga izomorf:

T. €6 =6,
T031 : elel = eZ’ eleZ = e3’
To(1):ee =¢,, ee, = 1e,, €. =¢..
Quyidagi jadvalda hosil qgiluvchisi bitta bo‘lgan uch o‘lchamli nilpotent

terminal algebralarning avtomorfizmlari gruppalari va ikkinchi kogomologik
gruppalarining to‘liq tasnifi keltirilgan.

A Aut(A) Z:(A) HZ (A)
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T031 x 0 0 All, AlZ , A13, ([A13], [A21]’ A22] - 3[A31]>
y XZ 0 A21’ Azz - 3A31
z xy x°
To32 (A) 10 | [ X 0 0 Ay Ay A+ Ay, [A,LIAL]+[AL]
y X 0 1-1 1-4
z (A+Dxy x° Ay, TAzz +Ay T[Azz] +[A4]
ng (0) x 0 0 Ay Ay A+ Ay, [ALL[AL]+[AL]
y x* 0 1 1
7 xy x° Ay, §A22 +A45,0, g[Azz] +[Ay41.[A]

Quyidagi teoremada hosil giluvchisi bitta bo‘lgan to‘rt o‘lchamli nilpotent
terminal algebralarning tasnifini keltiramiz.

8-teorema. Hosil giluvchisi bitta bo‘lgan ixtiyoriy to‘rt o‘lchamli nilpotent
terminal algebrasi quyidagi o‘zaro izomorf bo‘lmagan algebralardan biriga izomorf
bo‘ladi:

4 . — — —
T01- elel - e2’ eleZ - e47 eZel - es’
To(a): ee =e,, 66, =6, 66, =ae,, e,e,=¢,, e =-3¢,,

4 . —_ — —_
T03- €6 =6, eleZ - 937 eleS - e4’

4 — — — —
T04- elel - e2’ eleZ - 63’ eles - 6‘4, eZel - e4’

1-1
Te(Aa): ee =6, ee, = 1e,,66, = ae,,e,e =g, ee, = (a+ —~ ).,
€€ =€,
2A%+54-1
T (1) ee =6, ee, =1e,+e,, ee, = e 88 T8
_(2A+1)(41+1) _
2e2 - 6 e4’ egel - 64,

4 . — —_ — — —
T,(4): ee =e,, ee, =16, ee,=¢, 6,6 =6, 66, =¢,,

4 . —_ —_ —_
TO?1 : €€ =86, 6,6 =6, 6,6, =¢,,
T09 . e1e1 = e2’ e1e2 = e4’ ezel = e3’ eze3 = 94,

4/ y. _ _ _ _1 _ _
To(a): €€ =6, ee, =ae,, 6,6 =€, ege, =38 e,6; =¢€,, 6,6 =¢,.

Uchinchi bobning ikkinchi paragrafida hosil giluvchisi bitta bo‘lgan besh
o‘lchamli nilpotent terminal algebrasi to‘liq tasniflangan. Buning uchun dastlab,

uch oflchamli T, va T (A) algebralarning barcha ikki o‘lchamli markaziy
kengaytmalari topilgan. Yugorida aniglangan to‘rt o‘lchamli Ty;, Ty (), Toy, oy,
T (A @), Tu(2), To(4), T, To, T(a) terminal algebralarining bir o‘lchamli
markaziy kengaytmalarini aniglash orqgali esa besh o‘lchamli nilpotent terminal
algebrasining to‘liq ro‘yhati aniglangan. Buning uchun ushbu algebralarning

avtomorfizmlari gruppalari va ikkinchi kogomologik gruppalarining tasnifi olinib,
markaziy kengaytma orqali giyudagi teorema hosil gilingan.
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O-teorema. Aytaylik, A hosil giluvchisi bitta bo‘lgan besh o‘lchamli
terminal algebra bo‘lsin. U holda A algebra o‘zaro izomorf bo‘lmagan T1 — T
algebralardan biriga izomorf bo‘ladi (3-ilovaga garang).

XULOSA

Mazkur dissertatsiya filiform Leybnits algebralarining pre-differensiallashlari,
hamda o‘ng-kommutativ va chap-simmetrik algebralarni bag’ishlangan.
Tadgigotning asosiy natijalari quyidagilardan iborat:

1.

Filiform Leybnits algebralarining birinchi va ikkinchi sinflarining pre-
differensiallashlari tasniflangan, hamda ularning kuchli nilpotent bo‘lish
shartlari topilgan. Bu shartlar asosida kuchli nilpotent bo‘Imagan filiform
Leybnits algebralari tasniflangan.

To‘rt o‘lchamli nilpotent o‘ng-kommutativ algebralarning algebraik va
geometrik tasnifi olingan.

To‘rt o‘lchamli nilpotent cham-chimmetrik algebralarning algebraik va
geometrik tasnifi olingan.

Besh o‘lchamli hosil qiluvchisi bitta bo‘lgan nilpotent terminal
algebralarning algebraik tasnifi olingan. Uch o‘lchamli hosil giluvchisi
bitta bo‘lgan nilpotent algebralarning bir va ikki o‘lchamli markaziy
kengaytmalari, hamda to‘rt o‘lchamli bunday algebralarning tasnifi
olingan.

Hosil qiluvchisi bitta bo‘lgan to‘rt o‘lchamli nilpotent terminal
algebralarning ikkinchi gruppa kogomologiyalari fazolari va bunday
algebralarning bir o‘lchamli markaziy kengaytmalari keltirilgan.
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BBEJIEHUE (anHoTauust nuccepranuu 10kropa punocodpuun (PhD))

AKTYaJIbHOCTh M HEO0X0AMMOCTh TeMbI auccepranuu. Ha cerogusmHmit
JIeHb OOJIbINAsl YacTh HAYYHBIX W MPAKTHUECKUX HCCIEAOBAHHM, MPOBOJANMBIX B
MHUPOBOM MaciiTade, TMOCBSILIEHA HCCIEIOBAHUIO OCHOB (PyHIaMEHTAIbHON
anreOpbl. [loBbIlIEHHBI MHTEpEC K KiacCU(UKAIMU HEacCOLMaTHUBHBIX aireop
OCHOBAaH Ha TOM, YTO WX ajiredOpanyeckass W reoMeTpuueckas Kiaccudukanuu
MO3BOJISIIOT  ONPENENUTh CTPYKTYpy airedp M HENPUBOJUMBIE KOMIIOHEHTHI
MHOT000pa3uii Takux anaredp. MeTol LEHTPaIbHOTO pACIIMPEHUs, KOTOPHIN
UCIIOJIb3YET alNre0pandecKkyro KIacCU(PpUKAIMI0 HEACCOIMATUBHBIX alare0p MajbixX
pa3MEpHOCTEH, SIBISETCS OJHUM M3 HauOoJee MHPOKO MCIOJB3yeMbIX METOJIOB B
CTPYKTYpHOU Teopuu anreOp, a mpobdiaemsbl cTpyKTypHOU Teopuu. Knaccudpukanuu
HEACCOITMATUBHBIX aareOp SBJSIOTCS OJHUM M3 BAKHBIX 3a1a4 alreOphl.

B mHacrosmee BpeMs OOJbIIIOE 3HAYEHWE WMMEIOT pPa3HBIC  THIIBI
HEAaCCOLIMATUBHBIX airedp, KOTOpPHIC SBIAIOTCS OOOOIIEHUSIMU KJIACCUYECKHUX
anreOp, TaKMX Kak acCOLMATHBHBIEC, JIMEBBIC U HopnaHoBbie. AnreOpa Jleitonuma
ABJsieTCa 00001eHueM anredopsl Jlu, a JIeBO-CUMMETpUUYHBIE alreOpbl B CBOIO
ouepenib 0000IIAIOT accolMaTUBHBIE alnreOpbl. JIeBo-CUMMETpUYHBIE alreOpbl
colepkaT B cebe Kak mojakiacc anreOpbl HoBukOBa M accoCUMMETpPUYHbBIC
anreOpsl U OoJiee TOro OHM SBIAIOTCS JIM momyctumbiMu anredpamu. B cBsizu
ATUM: OIKCAHUE JIEBO-CHUMMETPUYHBIX, NMPABO-KOMMYTATUBHBIX U TEPMHUHAIBHBIX
anredp B MallbIX PAa3MEPHOCTSIX SBISETCS OJHUM M3 II€JIEBBIX HAINpaBICHUN
HAyYHBIX UCCIICIOBAaHUM.

B Hameit crpaHe ynensercss oco0oe BHUMaHHME 3ajadam  aireop,
GyHKIIMOHATBLHOTO aHaau3a, Au(depeHIMaIbHON TEOMETPUH, CTATUCTUYCCKOMN
MEXaHUKH, (U3NKA W IUPPOBOM HIKOHOMHKH, KOTOPHIE HMEIOT HAydyHOE U
MpaKTUYECKOe TpPUMEHEHHE B (QyHIAMCHTAIBHBIX HaykaX. B dYacTHocTH, B
MOCJICTHAE TOABl anreOphl TPOJOJDKAIOT HAXOAUTh HOBBIC TMIPHIOKCHUS B
Pa3JIMUHBIX 00JIACTSIX MAaTeMaTUKH, OCOOCHHO B T€OMETPHUHU, TOMOJOTUH U (PUBHKE.
Ha ceromssimmamMiAi 1eHh OBIIM JOCTHTHYTHI 3HAYUTEIBHBIE PE3YJIbTaThl I10
KiIaccu(ukanMy HWIBMOTEHTHBIX U pa3pemmmbix — anredp Jleitbnuma u
anredpanueckoil U TeOMETPUYECKON KiIacCU(PUKAIUKU HEACCOIMAaTUBHBIX anreop
Majbix pasMmepHocTeidl. [lomydeHue Hay4HBIX PE3yJIbTaTOB, CBS3aHHBIX C
anredpandecKoil U TEOMETPUUYECKON Kilaccuukalyend HeacCOIMaTUBHBIX alnreOp u
omucanust AU EPEHIIUPOBAHM, ONPEACIICHUE Pa3IMYHBIX O00O0OIIEHUN UuX
mudpepeHupoBaHnid, a TaKXKe W3YYEeHHWE HOBBIX CBOWCTB MHOT00Opa3uid
HEW3BECTHBIX alreOp M TPUMCEHCHHE ITaHHBIX PE3YyJbTAaTOB B JApPyrHe 00JacTh
MaTEMAaTHKH SIBJISIOTCS BaXKHBIMU 33/1a4aMU HAyKH.

HccnenoBanuss maHHOW AUCCEPTALMA B OINPEACICHHOM CTENEHU CIIy>KaT
peleHuo 3anad, o0o3HaueHHBIX B YKaze IIpesunentra PecryOnuku Y36ekuctan
NoVI1-4947 ot 7 depans 2017 roga «O cTpaTeruu IeUCTBUSA MO JajJbHEUIIIEMY
pazButuio Pecnybnuku Y306ekuctan», B nocraHoBieHusX NelI[1-4387 ot 9 utrosns
2019 roma «O Mepax TroCyAapCTBEHHOM NOAAECPKKH JaTbHEHILETO pPa3BUTHA
MaTEeMaTHYeCKOTo 00pa30BaHMs M HAYKH, a TAKKE KOPEHHOTO COBEPIICHCTBOBAHUS

nestenpHocTH MHCcTMTYTa Matemarukun umenu B. M. PomanoBckoro Akanemun
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Hayk Pecniyomuku Y36ekuctan» u Nelll1-4708 ot 7 mast 2020 roga «O Mepax mo
MOBBIIICHUIO KayecTBa OOpa30BaHUS W PA3BUTHIO HAYYHBIX HMCCIIEJOBAaHUN B
o0nacTd MaTeMaTHUKW» M B APYTUX HOPMATHUBHO-TIPABOBBIX aKTaX, KacArOIIMXCS
(byHIaMeHTaIbHON HAYKH.

CooTBeTcTBHE  MCCJIEJOBAHUSI  NPHOPUTETHLIM  HANPaBJIEHUSM
Pa3sBUTHSI HAYKH UM TexHoJorui pecnydauku. J[lanHoe wuccienoBanue
BBITIOJTHEHO B COOTBETCTBHH C MPHOPUTETHHIM HANpaBICHUEM Pa3BUTHS HAYKU U
texHosoruu B PecnyOnmuke  VY30ekucran «MaremaTuka, MeXaHMKa U
nHpopMaTHKaY.

Crenenb H3y4YeHHOCTH MmpoOJaeMbl. B rmocienHue roIbl B TEOPHUH
HEACCOIIMAaTUBHBIX aire0p ObUIM JOCTUTHYTHI OOJIBIINE HAay4dHbIE Pe3ysbTaThl. B
YacTHOCTH, u3yueHueMm anreOp JleiiOHuIla, a KMMEHHO HCCIE0BaHuEM
bumudopmubix anredp JleiOnuna 3anumanuch Il A. Aronos, b. A. Omupos,
. C. Paxumos, A. X. Xynoibepaues, K. K. Macyrosa, JI. Kamauo, X. P. I'omes,
M. Jlanpa u npyrue. Kpome »storo, B padore M. Jlagpa, b. A. Omuposa,
A. X. XynonbepaueBa Obut  KiaccM(UUUPOBaHBl  PUIMPOPMHBIE  anreOpbl
JleitOHuUIIA, KOTOPBIE HE ABIISIOTCS XapaKTEPUCTHUCCKHA HUIBIIOTEHTHBIMHU.

MeTon  IEHTPalIbHOTO  PACHIMPEHHS  HUJIBINOTEHTHBIX anredp Jlm,
pazpadotannbiii [llensbepaom u CyHI0M, TO3BOJUI MOMYUYUTh KIaCcCU(DUKAIMIO
psiia HUJIBIMOTEHTHBIX alnredp. DTOT METOJ] JAET BO3MOXKHOCTh KIaCCU(PHUIIMPOBATH
anreOppl OONBIION Pa3sMEPHOCTH C TIOMOIIbIO alredp Majlol pa3MEepHOCTH U3
JaHHOTO MHOrooOpasus. I[IpumeHsst MeToA LEHTPaJbHOTO PACIIMPEHUS, OBLIH
NOJlyuY€Hbl HWIBIIOTEHTHBIE MSTUMEpPHbIE HOPAAHOBBI aireOphl, MSATUMEpPHBIC
AHTUKOMMYTATUBHBIE — anreOpbl, MATUMEPHbIE KOMMYTAaTUBHBIE  aireOphl,
HnieCTUMEpPHBIE anreOpsl ManbiieBa, IIeCTUMEpHbIE OuHapHbie anredpsl Jlu B
pabotax B. [e-I'pad, A. Xerazu, X. AbnensBaxad, A. Kanpnepona, A. MaprtuHa,
. Kaiiroponosa, 1O. [lonosa u agpyrux.

[loHsiTHE KOHCEpPBATUBHOM anreOpbl, KOTOpoe sBIseTCs 0000IIeHneEM
HopaaHoBoil anreOpsl, Obla BBeAeHa Kantopom B 1972 roay, u Takue anreOpsl
OTIPEMETSIOTCA C TMOMOIIBI0 psifa ToxkaecTB. OAHUM U3 BaXHBIX MOAKIACCOB
KOHCEPBATUBHBIX aNTeOp SBISIOTCS KJIACC TEPMUHAIBHBIX anredp, UCTOIB3YIONTIX
0000meHHbI  pyHkTOp KOHCTpyKumMu Tutca-Koxepa-Kantopa. Kpome »storo,
MHOT000pa3re TEPMUHAIBHBIX alredp COAEPKUT B cede MHOrooOpasus anredp
JIn, anre6p JlenOnuna u apyrue. MccneqoBaHue OAHOMOPOXKIECHHBIX OOBEKTOB
SIBJIIETCSI MHTEPECHBIM HANpaBJICHUEM B TEOpUH aOCcTpakTHOU anredpsl. M3BecTHO,
YTO CYIIECTBYET TOJIBKO OJHA OJHOMOPOKJIEHHAs TpyINa KOHEYHOro mnopsjaka. B
cllydae anredp MMEIOTCS HEKOTOPbIe aHAJIOTUYHbIE PE3yJIbTaThl B MHOTOOOpa3HsiX
HWIBIIOTEHTHBIX ~aCCOLMATHBHBIX, MOPIAHOBBIX anredp, a Takxke anreOpsbl
Jleitoama u 3uHOMIIS.

CBs3b TeMbI JUCCEPTAIIMHA ¢ HAYYHO-HCCJIEI0BATEIbCKUMH PadoTaMu
HAYYHO-HCCJIEI0BATEIbCKOTO  YUYpPeXKIEeHHs, B KOTOPOM  BBINOJIHSAETCS
auccepranus. lccrnenoBaHue BBITOJHEHO B COOTBETCTBHH C TJIAHOM HAYYHOTO
uccinenoanust  «JlokansHele — guddepeHHUpoBaHUA U ABTOMOP(PHU3MBI
OMEpPAaTOPHBIX M HEACCOIMATUBHBIX anreOp, (a3oBble MEpexolbl M Xaoc B
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HEJIMHEHHBIX IUHAMUYCCKUX cHUCTeMax» + «Teopus rio0ajibHBIX WHBapHAHTOB
KPUBBIX U MOBEPXHOCTEW B EBKIIMI0BOM M 1nceBno-EBKIMIOBOM NPOCTpAaHCTBAX U
ee mpwiIokeHuss B MexaHuke» WMuctutyta Matemaruku (OT-D4-82+0T-D4-87,
2017-2019 rr.); «IIpencraBnenust anreOp Jlei6numa» Muctutyra MaTtematuku
(EDA-DTex-2018-79, 2018-2019 rr.).

Heasbio HCCJIeIOBAHUS SIBIISICTCS KJIacCU(pUKAIUI npen-
muddepennrpoBannii punnudopmubix anredp Jleitbuuna, a Takxke anredbpandeckast
U reoMeTpuueckas KiaccuuKaius npaBo-KOMMYTAaTUBHBIX, JI€BO-CUMMETPUYHBIX
U OJTHONOPOKICHHBIX TEPMUHAIIBHBIX anreop.

3agaum  ucciaenoBanms: Kiaccudukanus —npena-auddepeHIupoOBaHMMA
bumudopmubix anredp JlehOnuna u knaccudukamus GUIMPOPMHBIX aaredp
JleitOHMIIA HE SIBISIOUIUXCS CHIIBHO HUJIBIIOTEHTHBIMH;

anreOpanyeckasi KiacCU(PUKALUA YETHIPEXMEPHBIX HUIIBIIOTEHTHBIX JIEBO-
CUMMETPUYHBIX aJIreOp W OIMHCAHWE BCEX HEMPUBOAMUMBIX KOMIIOHCHT JaHHBIX
MHOT000pa3uii;

anreOpandeckass W TeOMETpPHYECKas KIacCU(UKAIUS YETBIPEXMEPHBIX
HUJIBIIOTEHTHBIX MPAaBO-KOMMYTATHUBHBIX anreop;

KIaccupukanus  OJHOTIOPOXKJICHHBIX  TATUMEPHBIX  HUJIBIOTCHTHBIX
TEPMUHAIBHBIX areop.

O0bexkT wuccaenopanusa. Dunudopmusie anreOpsl JleitbHUIA, MpaBo-
KOMMYTaTUBHbIE U JIEBO-CUMMETPUYHBIC HUJIBIIOTECHTHBIC alNreOpbl B MalbIX
pasMepHOCTAX, mpeA-nuddepeHrpoBanus U aBTOMOpduU3MbI  anredbp
KOTOMOJIOTUYECKUE TPYIITIHI.

Ilpeamer  uccaenoBanus.  Onucanue — npen-auddepeHIupOBaHMMA
bumudopmubix anredp JleiiOHMIA, YeThIpEXMEpPHbIE HIIBIIOTEHTHBIE IPABO-
KOMMYTATUBHBIE alIreOphl, YETHIPEXMEPHBIE HUIBIIOTCHTHBIC JIEBO-CUMMETPUYHBIC
anreOpbl, IATUMEPHBIE TEPMUHATIBHBIE aNTeOpHI.

Metoabl ucc/ieI0BAHUA: B MCCIICOBAHUH HMCIIOJB30BAHBI METOJIBI TEOPUHU
HEACCOITMATUBHBIX anre0p, CTPYKTYPHBIE U KOTOMOJIOTHYECKHUE METOJIbI, METOMIBI
IIEHTPAIIBHOTO PACITMPEHHUSI, BRIPOKICHUS, a TAK)KEe METOIbl TCOPUN WHBAPHUAHTOB.

HayuyHasi HOBH3HA HCCJIeIOBAHUS COCTOMT B CJIeYIOLIEM:

onuchIBatOTCA  npeA-nuddepenpoanuss  GUIUGOPMHBIX  anredp
JlefiOHuila ¥ [0OKa3aHO  CYIIECTBOBAaHWE HE  CWIBHO  HWJIBIMOTEHTHBIX
bumudopmubIX anredp JlenOoHua;

JaHBI anreOpandeckas ¥ TeOMeTpruYecKasi KiiacCu(PUKaluu 4eThIPEXMEPHBIX
HUJIBIIOTCHTHBIX TMPAaBO-KOMMYTAaTUBHBIX alreOp W HaWACHBI HENPUBOIAMMBIC
KOMITOHEHTHI MHOT000Pa3uii Takux anreop;

JaHbI anreOpandeckas 1 reOMeTpuUYecKasi KIIacCU(UKAIINKN YEThIPEXMEPHBIX
HUJIBIIOTEHTHBIX JIEBO-CUMMETPUIHBIX areop;

KJIaCCU(DHUIIMPOBAHBI  OJTHOMIOPOXKICHHBIC IISITHMEPHBIC HUJIBIIOTCHTHBIC
TEpMUHAIbHBIEC alNTreOphl.

IIpakTuyeckue pe3ybTaThl HCCAEA0BAHUSA. METOIbBI, NCMOIF30BAaHHBIC B
JTUCCEPTAllMM W TIOJYYCHHBIE pe3yJbTaThl MOTYT OBITh HCIOJIB30BaHBI B
CHEKypcax IO HEaCcCOIMaTUBHBIM airedpam i MarucTpoB M JIOKTOPAHTOB
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BBICHIMX y4eOHBIX 3aBenieHuid Pecryonuku Y30ekucran. Kpome Toro, pe3ynbrarhbl
JUCCepTAllMi  TO3BOJISIIOT TMPOBOJUTH alNreOpandyecKyl0d U TEOMETPHYECKYIO
KIacCU(HUKAIMI0  HEACCOIMATUBHBIX  anreOp, HAXOJWUTh  HEMPUBOJAUMBIC
KOMIIOHEHTHI MHOTO00pa3uii 3aJJaHHbBIX anreop.

JlocToBepHOCTD pe3yJIbTaToB HCCJICIOBAHMS. CrporocThb
MaTeMaTHYECKUX PacCyKIEeHUI OCHOBaHA Ha MCIIOJIb30BAHUHM HEKOTOPHIX METOIOB
JIPYTUX KJIaccoB anredp, T€OpUH KOTOMOJIOTUH, (PyHIAaMEHTAIbHBIX PE3yJIbTaTOB
CTPYKTypHOUl Teopun anredp. Pesynbrarel mo mnpen-auddepeHunpoBaHusM,
BTOPOW TPYyMIbl KOTOMOJOTHH alredp B MaJIbIX Pa3MEpPHOCTSIX, BBIUUCICHUE IS
MOJIYYEHHS] HEIMEePECEKAIOMMXC OPOUT MPOBEPSIIUCH C MOMOIIBIO CIEHATBHBIX
IporpaMM, CO3JaHHBIX Ha sI3bIKE MporpammupoBanust Mathematica 12.

Hayuynass u npakTuyeckasi 3HAYMMOCTb Pe3yJIbTATOB HCCJIEI0BAHMSI.
Hayunast 3Ha4MMOCTb pE3yJIbTATOB MCCIEIOBAHUS OOBACHSETCS TEM, YTO
pe3yIbTaThl anreOpanyecKkou 51 r€OMETPUYECKOU KJ1accuuKanuu
HEACCOITMATUBHBIX aiare0p MOTyT OBITh HCIIOJIB30BAaHBI TIPH HCCICIOBAHUHU
MHOT000pa3uil Apyrux aareop.

[IpakTrueckass 3HAYUMOCTh HCCIEAOBAaHUS  OOBSICHSAETCS TEM, UTO
MOJIYYCHHBIC PE3yIbTaThl MOTYT OBITh WCIOJIB30BaHBI TPH  KiIacCU(UKAITIU
HEACCOITMATUBHBIX alreOp W X KOTOMOJOTHYCCKUX TPYII, a TAKXKe MPH U3YICHUH
HEMPUBOJAMMBIX KOMIOHEHT MHOTOO0Opa3uil TaKUX anreop.

Bueapenne pe3yabTraToB McciaegoBaHus. Ha ocHOBe TOy4eHHBIX
pe3yabpTaToB 0 mpen-auddepenuupoBanusax punudopmusix anredp Jleibnua,
KJ1acCU(PUKAIMY TTPABO-KOMMYTATUBHBIX U JIEBO-CUMMETPUYHBIX aJireop:

pe3yibTaThl,  TMOJYYEHHbIE B  JUCCEpTAllMM O  KjacCUUKAIMH
YEeTHIPEXMEPHBIX HUJIBIMOTEHTHBIX MPABO-KOMMYTATUBHBIX U JIEBO-CUMMETPUYHBIX
anreOp OBUTM TPUMEHEHBI B HCCIENOBAaTEIbCKOM Tpoekre «HeperymspHoe
MHOXKECTBAa B JAWMHAMHUYECKHUX cucteMax», Ne APO08051987, mposeneHHOil B
yauBepcutete uM. Cyneiimana Jlemupens (Kasaxcran) B mepuom 2020-2022 rr.
(CnpaBka ynuBepcuteta uM. Cyneiimana Jlemupens ot 4-anpenst 2023 roma, No
10.3.37/411) Hcnonp3oBaHWE HAYYHOTO pe3yJbTara OOECIICYMIIO MONyYUTh
KJIaCCU(PUKAIUIO MATUMEPHBIX OJTHOTIOPOKICHHBIX HUJIBIIOTCHTHBIX
ACCOCHMMETPHUYHBIX anredp W TO3BOJWIM  OOHAPYXKUTh  HEIPHBOINMBIE
KOMIIOHEHTHI MHOTO00pa3nii Takux anreop;

pe3yibTaThl OJAHOMEPHBIX IEHTPATbHBIX PACIIMPEHUS TEPMHUHAIBHBIX
anreOp ObLIM MCIIOJIB30BaHbI B 3apy0eKHBIX HayuHbIX cTaThsix (Journal of Algebra
and its Applications, 21(2), 2022, 2250031, Algebra Colloquium, 29(3), 2022,
453-474 wu Communications in Mathematics, 28(2), 2020, 231-251) mnpu
KIaccu(UKanMyu KOHCEPBATHBHBIX anreOp Majibix pasMmepHocTei. JlaHHbIe
pe3ynbTaThl TMO3BOJWIN KJIACCH(UIIMPOBATh KOHCEPBATUBHBIC anreOphl MaJbIX
pa3sMEepHOCTEi ® BCE MATHMEPHBIE  OJHOTIOPOXKJICHHBIC  HMJIBIIOTEHTHBIC
OMKOMMYTaTHBHBIE alreOpbl U OMUCAThH CI1a00-aCCOLMATUBHBIX anreop.

AnpobGanusi  pe3yabTaToB HcciaenoBaHusA. (OCHOBHOE COJIEp)KAHUE
JqYccepTalui  00CYXKIanoch Ha 2 MEXKIYHapoIHbIX W 4 pecmyOJMKaHCKUX
HAyYHbIX KOHPEPEHIIUX.
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Ilyomkanust pe3yJbTaroB HcciaegoBaHusi. Ilo Teme guccepranmu
ornyonukoBaHo 13 HaydHbIX paOOT, W3 HHUX 7 BXOAAT B MEPEUEHb HAYUYHBIX
U3JIaHui, TpenIoKeHHBIX Briciieid arrectannoHHOW Komuccuen PecmyOmmku
VY36ekucTan Uil 3alUThl AUCCEPTALUNA HAa CTENEeHb JAOKTOpa (UIocoPpuu, B TOM
yucie 4 onyOnauKoBaHBl B 3apyOexKHOM >KypHane, 3 — B pecHyOIMKaHCKUX
HAYYHBIX U3JAHHUIX U 6 TE3MCOB JOKJIAJI0B B MaTepragax HayYHbIX KOHPEPEHIIUH.

Ctpykrypa u 00beM auccepramuu. /{uccepramnus cOCTOMT U3 BBEICHUA,
TpexX TJIaB, pPa3OUTBIX Ha BOCEMb HaparpadoB, 3aKIIOUYEHHUS U CIUCKa
UCIIOJIb30BaHHOM JuTepaTypsl. O0beM auccepranuu coctasisier 101 ctpanum.

OCHOBHOE COJEPXAHUE JUCCEPTALIUUA

Bo BBemeHHM OOOCHOBaHBI AaKTyaJIbHOCTh M BOCTPEOOBAaHHOCTH TEMBEI
JUCCEPTAIKM, ONPENEIEHO COOTBETCTBUE  HCCIEAOBAHUS  MPUOPUTETHBHIM
HaIpaBIICHUSIM Pa3BUTHS HAYKH W TEXHOJIOTUH PECIyOJIMKH, PUBEICHA CTEIICHb
M3YUYECHHOCTH MPOOJIeMbl, CHOPMYITUPOBAHBI IIEIU U 3a1a4M, BBISIBIICHBI OOBEKTHI U
MpeAMET WCCICIOBAHWSA, W3JIOKCHBI HaydHas HOBH3HA © TPAKTUYECKUC
pe3ynbTaThl  HWCCICAOBAHUS, pACKpPhITa TEOpETHYECKas W IpaKTHYeCKas
3HAYMMOCTbH TTOJTYICHHBIX PE3yJIbTATOB, JAHBI CBEACHUS O BHEAPCHUN PE3yIhTaTOB
UCCJIEI0BAaHUS, 00 OIyOJIMKOBAaHHBIX pab0OTax U O CTPYKTYpE AUCCEPTALUU.

B nepsoii rnase, HazpanHoOU «IIpex-audppepenunposanue puandopmHubIx
anreop JleMOHMIA» TPUBEICHBI MPEIBAPUTEIIBHBIC CBEIACHUS U HEO0OXOIUMBbIE
NOHATHS W3  CTPYKTYPHOH  TEOPUM  HEACCOIMATHBHBIX  anredp, HX
nudGepeHIIMPOBaHMsI, TPYIa KOTOMOJIOTHH, a TaKXe METOJ IEHTPaIbHOTO
pacmmperus. Bo Bropom u TpeTheM mnaparpadax mepBOi IIaBbl OMUCAHBI MPE-
muddepennupoBanus GrmnpopMHbIX anredp JlelOHuIAa W HaWIEHBI YCIOBUS
CHJILHO HIJIBITIOTGHTHOCTH TaKUX alreop.

OtmeruMm, urto nuddepennrpoBanue anredpsl L ecTh JuHEWHOE
npeobOpasoBanue, Takoe uto d ([X, y]) = [d(X), y] + [X, d(y)], mns 1r00BIX X, ¥ € L.
MHoxkecTBo Beex auddepeniupoBannii areopsr L 0603naunm uepes Der(L).

Jlnst  ompeneneHuWs TIOHSATHS HWIBIIOTCHTHOCTH alreOphl  OMpPEneTuM
HUICHUU YeHMPALbHbIU PSIA;

Li=L, L*T=TL% L]+ [L%Y L2)+.. 4 [L2, L) + L, LA, k>1.

Onpenenenue 1. Anceopa L Hnazvisaemcs — HUubnomeHmuou,  eciu
cywecmsyem S€ N maxkoti, wumo L°=0.

Onpenenenue 2. Aneeopa L nazvieaemcs anceopou Jlenibnuya, ecau 07
1100bIX X, Y, Z€ L evinonnsemcs moacoecmeo

[x, [y, zI1 = [[x, y1, 21 - [[x, 2], y1

B cnengyromem ompeneneHuyd TPUBEACH OMNpEAEiCHWE TOHETHS Tpe-
nudepeHpoBaHus.

Onpenenenue 3. Jlunetinoe npeoopazosanue P . L— L aneeopwr Jlelibnuya
L razwigaemcs npeo-oughghepenyuposanuem, eciu ons moowvix X, Y, ZeL umeem

P ([x, y], ZI =[[P(X), y1. 2] + [[x, P(Y)], 2] + [[x, y1. P(2)].
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[Ipen-nuddepenupopanus anredp JleibHuna sBISAOTCS 0000IIEHHEM
mudpdepenuupoBannii. Hunbnotentnas  anrebpa  JleiiOHuna — Ha3bIBaeTcs
Xapakmepucmuiecky HUIbNOMEHMHOU, ecau Bce ee auddepeHInpOBaAHUS
HUJBIOTEHTHBIE. OTMeTruMm, uyTo anrebpa JlellOHUIIA HA3BIBACTCS CUTBHO
HUlbnomenmuou, eciu e€ moodoe npea-auddhepeHInpoBaHNe HUIBIIOTEHTHO.

Tak kak Bcskoe auddepenunpoanue anreOpsl JleiOHua sSBIsETCS TpE-
nuddepeHIIMpOBaHUEM, TO CHJIBHO HIIIBIIOTEHTHAs airebpa JleiOnuna sBisercs
XapaKTEePUCTUUECKH HUJIBIIOTEHTHOM.

Onpenenenue 4. Aneeopa Jletionuya L nazvieaemcs gunughopmuotl, eciu

dimL'=n—i,20en=dimLu2<i<n.

B pab6ore X.P.I'ome3a u b.A.OMupoBa J10ka3aHa, 4TO MHOXECTBO Bcex N-
MepHbIX  dunmudopMHBIX  anredp  JleWOHMIa  pasmaraercss Ha  TpHU
HEINEePECeKAIIINXCs Ki1acca.

Teopema 1. B no6oit N-mMepHON KOMIUIEKCHOM (uinudopMHO anredpe

JleliOHuila cymiectByer 6asuc {€1, €2, ..., €y} TaKOH, YTO €€ YMHOXXEHHE B ITOM
0a3rce UMeeT OJIUH U3 CICAYIONINX BHJIOB:
Fi(aa, o, ..., an, 0): [e1, €1] = es, [ei, €1] = €41, 2<i<n-1,
[el, ez] = aubstosest ... Fan1enat Gy,
[ej, €2] = cu€jrot asBjsst ... + s jen, 2<j<n-2,
Fo(Ba, s, ..., Py 7): [€1, €1] = €3, [ei, 1] = eis1, 3<i<n-1,
[€1, €2] = Bu€stfeest ... +[en, [€2, €2] = yen,
[e,-, ez] = ,B4e,-+2+,85e,-+3+ +,Bn+2,,-en, 3 Sj <n-2,
F3(61, 02, 03): [ei, e1] = eis1, 2<i<n-1,
[e1, &i] = —€is1, 3<i<n-1,
[e1, e1] = O1en,  [€1, €2] = —€3t+028,, [e2,82] =03en,
[e2, €] = —[ej, e2] €{ej+2, €j+3, - .., En}, 3<j<n-2,

[ei, Ej] = —[Ej, ei]e{ei+,-, Cit+j+l, --+» Enf, 3= if[g], I<j< N,
OTCYTCTBYIOIIIME Tpou3BeaeHus paBHbl Hymo u a€{0,1} ana gernoro n m a = 0
st HedeTHoro N. st Tperbero kiacca TpeOyeTcs CIpaBeIIMBOCTh TOXKIECTBA
JleitbHM1IA.
Bo BTOpOoM maparpade mepBoil riaaBbl AUCCEPTAIMN TPHBEACHO OMHCAHUE
npea-auddepeHImpoBaHuil MEPBOro U BTOPOTO KJIACCOB alredp TeopeMsl 1.
Ipennoxkenne 1. Ilpeo-ouppepenyuposanus  puiugopmuvix  aneeop

Jletionuya us knacca Fi(aa, ..., on, 0) umerom creoyrowuil suo:
P(el) = Zatet’ P(ez) = b2e2 + bn—len—l + bnen' P(eS) = thet’
t=1 t=2
: : : . _|'n
P(e,) = (2i-1)age, + Z (8 g0 +(21-2)a, 8, 5 5)e, 2<1< {E}'
t=2i+1

P(eZi+1) - ((2I B 2)31 + C3)e2i+l + i (Ct—2i+2 + (2| - 2)a218t—2i+2)et1 2< | < |:n7_]}1

t=2i+2
20e ko3 puyuemusl y0061emeopsiom credyoujue COOmMHOUEHU:
1+(-1)")c, =0, (8, —a,)r, =0, (33, —C;), =0, C,,, =0, 4<t<n-1,
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k
n
(2a1 +a, - C3)0[2k - Z(aZk—2t+4 ~Coans T a2a2k—2t+5)a2t—2’ 3<k< ‘:—} -1,
t=3

k-1 &
(a,—(k-3)a)a, = TaZZatflakfuw 5<k=<n-2,
t=5

2 2
2 T

(a,-(h-Ha)a,, =4, Z(Zt =3)y 51:3% 4 Z nots2 ~ 8 ara T (20 =3)2,, 5,5) Ay,
t=3 t=2

N — HEYETHBIM,

n- n-3
2 T

(2a,-¢c;—(n-6)a)a, ; = a, Z(Zt —3)&, g,3% 4 Z noatiz ~ @ ot T (21 =3)a,a, 5.,) 2y,
t=3 t=2

N — YEeTHBIN.

Ipennoxenune 2. [lpeo-ougppepenyuposanus  puiugopmuvix  aneeop
Jletionuya usz knacca Fy(fa, ..., P, Y) umerom creoyrowuil 8uo:

P(e)= Zatew P(e,) = (a +8,)e, + Zatet +b 6., +he, P(e) = ce,
t=2

P(e,) = ((2i-1)a, +a,)e, + Z(a[ sn F i —2)a,a, y.,)8, Zgig{ﬂ},

t=2i+1 2

: < : . _|n-1
P(e2i+1) = C2e2i + ((2| - 2)a1 + CS)e2i+1 + Z (Ct—2i+2 + (2| - 2)a2at—2i+2)et’ 2 <I< ‘:T:|a

t=2i+2
20e K03 uyuemusl Y0081emBEOpsIOm Caeoyroujue COOMHOUEHU.

(c,-28)B,=0, (b,~23)8,=0, C,f=0, 4st<n-1,

: n-1
Z(aZk—2t+3 _C2k—2t+4 + a2ﬁ2k—2t+4)ﬂ2t—2 = 0’ 3 < k < |:T:|1
t=3

& n
(c;—28)) By = Z(aZk—2t+4 —Cootes T 8Bk o1i5) Bor2 3sks< [E} -1,
t=3
k-1 1 K
(b, —(k-2)a) s, = 2 1P tiar 5<k<n-2,
o

(b _C - (n S)al)ﬁn ,-4a Z(Zt 3)ﬂn 2t+3ﬂ2t—l + Z(Cn 242 n—2t+1 + (2t _3)a2 n—2t+2)ﬂ2t’

N — HEYETHBIM,
n-2 n-2

2 2
(bz - (n - B)ai)ﬂn—l = az Z(Zt - 3)ﬂn—2t+3ﬁ2t—l + Z(Cn—2t+2 - an—2t+1 + (Zt - 3)32 n—2t+2)ﬁ2t !
t=3 t=2

N — 4eTHBIN

B TperbeM maparpade qaHHOM IiIaBbl MPUBEACHO OMUCAHUE BCEX HE CHIIBHO
HUJIBIIOTEHTHBIX (GuIrpOpMHBIX anreop Jleibnuia.

Ipennoxenune 3. Ilycmov L(04, ..., 0n, 0) — He cuibHO HUILROMEHMHAS
Qunugopmnasn anceopa Jlelbnuya uz nepeozo kiacca u nycms 0a= ... = on1= 0,

moezda L m3omopdHa 0qHON U3 CIEAYIONIMX MOMAapHO HEN30MOP(HBIX anreop:
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F.(, ..., 0,0,0), F(0,0...,0,0,1), F(O,...,0,1,0), F(0, ..., 0,1,1).
B cnywai, xorma «i#0 mma Hekotoporo i(4<i<n-1) moxyuum
CHEYIOLINMN PE3YJIbTAT.
Teopema 2. Ilycmv L — ¢uiugpopmnan anceopa Jletibnuya uz xnacca

Fi(oa, ..., on, 0) u N — uemno. L ne ssnsemcsa cunbHo HUTLNOMEHMHOU MO20d U
monvko mozoa, kozoa napamempwl (0a, ..., n, 8) npunumaiom ooun uz credyrouux
SHAYeHUU.:
)a,20u , = (—1)ka2730{;_3, 5<k<n-2;
n-2 n-5
a = (-1)"MCX %y, 3<s<—— 1<t< ,
“) (2s-3)t+3 ( ) t 2s 2 2S _ 3
a; =0, J#(2s-3)t+3, 4<j<n-2;
. _n-=2
i) a,, =0, msa 2§|ST;
1 pn
20e CP=—F — yucno Karanana crenenu p.
(p—Dn+1{ n
Jlns Broporo kiacca ¢umudopMusix anredp JlewOuuma Fa(fa, ..., fn, 7¥)
OTIpEJICIICHBI YCIOBUS HA TTApPAMETPHI fa, ..., Pn, Y, IPU KOTOPHIX OHU SBJISIOTCS HE

CHJIPHO HUJIBITIOTCHTHBIMU.

Ipennoxenune 4. Ilycts L(f4, ..., fn, y) HE CHIBHO HUJIBIIOTEHTHAS ainredpa
U3 BTOpPOTO Kiacca GpuimudopMHBIX anredp JleOnuna u myctb fa= ... = fn1=0,
toraa L uzoMopdHa oHO#M U3 cleayomux nonapHo Hem30MophHBIX anreop:

F»(, ...,0,0,0), F(0,0...,0,0,1), F(0,...,0,1,0).

Teopema 3. Ilycts L He cunmpbHO HWIBbNOTEHTHas (uiudopmHas anredpa
Jleitonuma u3 kmacca Fao(f4, ..., Bn, y) ¥ mycTh anas HekoToporo i (4 <i<n-1)
Si# 0. Eciiu n 4getHoe, Torna oHa n3oMop(Ha OJJHOM U3 CIEeIyIONUX anreop:

FZSZ(Oi ceey 01 ﬁZs; 01 seey 01 ﬁn—l; ﬁn, V), ﬁ25= 11 2 S S S n
F2(01 ﬁ51 05 1875 05 Y 05 ,Bn—l, ,Bn, 7)-

B nuccepramuu Takke JaeTcs OMHCAaHWUE HE CHJIBHO HUJIBIIOTEHTHBIX
bunnudopMHBIX anredp MepBOro M BTOPOTO KiaccoB g HeueTHOro N. Kpome
ATOTO, JJIsl TpeThero kiacca (Guin@opMHBIX anredp CHIBHO HUJIBIMOTEHTHOCTH
anreopsr L(61, 62, 03) cBOIUTHCS K 3a/aye CHILHO HUJIBIOTEHTHOCTH anreOpsl JIn
L(O, 0, 0).

Bo BrOpol rmaBe [uccepTranv, HAa3BAHHOM «AJjredpamyeckoe u
reoMeTpuYecKoe ONMMCAHUEe NMPABO-KOMMYTATHBHBIX H JI€BO-CHMMETPHYHBIX
ajredp» npuBelneHa kiaccudukanus 4-MEpHBIX KOMILUIEKCHBIX HUJIBIIOTEHTHBIX
MPaBO-KOMMYTATUBHBIX M JIEBO-CUMMETPUYHBIX anredp, a TakKe OMHCAHbI
HEMPUBOJANMbBIC KOMIIOHEHTHI MHOTOOOPa3uH TaKUX ayreop.

Onpenenenue 5. Areceopa B nazvieaemcs  npaso-xommymamuserot
aneebpoll, eciu 8bINOIHACMCL ClleOYIouue MoNCOecCmad.

x-y)-z=Kx-2)'y, VXY,zeB.
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Onpenenenue 6. Anceopa N nazvieaemcs nego-cummempuyHou, eciu 0

106b1x X, Y, Z € N gvinonnsaromcest cnedyrowue moxcoecmea:
x-y)z=x-(y )= xz-y (x-2).

OTMmeTuM, 9TO MepecedeHre MpaBoO-KOMMYTATUBHON U JIEBO-CUMMETPHIHOMN
anreOp asisieTcs anredpoil HoBukosa.

B 1972 rony Kantop BBen Kjlacc TEpMUHAIBHBIX alIre0p, KOTOPBIN SBISIETCS
MOJIKJIACCOM KJIacca KOHCEPBATUBHBIX anreop.

Onpenenenne 7. Ecnu ans aneMeHToB a, b, X, Y anreopsl T svinoansemces
cneoyrouee moxcoecmaso:.

b-@ (x-y)-(@x-y-x-(@ay)-a-(b-x)-y+a-(bx)y+
tb-x)-@y-ax-(b-y)+t@x-(b-y)+x-(@a-(by)=
=—(Ga-b+3b-a) (x-y)+(Ga-b+b-a) ) y+x-(Ga-b+3b-a)-y)

TOTJIa Takas ajnredpa Ha3bIBACTCS TEPMUHAIBHOM anreOpoil.

[Tycts (A,') anredpa u V —BEKTOpPHOE POCTPAHCTBO. Koyukawvl 1is paBo-
KOMMYTATUBHBIX (JIEBO-CUMMETPUYHBIX, TEPMUHAIBHBIX) aareOp OIMpeaestoTcs
KaK MHO>KECTBO BCeX OMJIMHEMHBIX oToOpaxkenuit 0 : AXA—V Takoe 4To:

e IS IPaBO-KOMMYTATUBHOM anreOpel: 6 (XY, Z) =6 (X z,Y),
® IS JI€BO-CUMMETPUYHON ajareopsh:
0(xy,7)-0(x,yz2)=0(yx,2) -0 (y,x2),
® ISl TEPMUHAIILHOM aJIreOphI:
OM,a-(x-y)—(a-x)-y-x-(@y)-0(@ (b-x)-y)+o@-(b-x),y)+
+0b-x,a-y)—-0@x-(b-y)+0@-x,b-y)+O0(x,a-(b-y)=
— 0 (P*(a, b), x-y) +0 (P*(a, b) - x,y) + 6 (X, P*(a, b) - y),

r1e P*(a, b)= %P(a, b)+ %P(b, a).

[IpocTpaHCTBO BCEX KOLMKIIOB 0003HauaeTcs yepes Z2(A,V).

Jlns nuneiHOTO OoToOpaxkenus f: A—V, onpenenmum of : AXA—V, Ttakoe,
9TO

of(x, y) = f(xy).

Takue OwnumHelHbIe OTOOpakeHUss Of Ha3BIBAIOTCA KOTPAaHUIIAMH H
IPOCTPAHCTBO BCEX TAKMX KOTPaHUI] 0003Ha4daeTcs yepes B2(A,V).

Hazo ormeTuts, uto B?(A,V) < Z2(A,V) u dakTop NpocTpaHCcTBO

H2(AV) = Z3(A,V) | B%(A\V)
HAa3bIBACTCS BTOPOU IPYIIION KOTOMOJIOTHH.

[Tycts Aut(A) siBisiercst rpymnmoi aBToMophu3MoB anreopst A. Onpenenum

neiicreue rpymmsl AUt(A) B Z%(A,V) crenyromumM o6pa3om
$O(x, y) = 0(4(x), ¢(¥)), ¢ € Aut(A), 0 e Z*(A\V).

OTtMmeTHM, 4TO BZ(A,V) SIBJISIETCSI ”THBAPUAHTHBIM I10J1 JAHHBIM JICHCTBUEM U
caemoBaTeNnbHO, uMeercs aeiicteue Aut(A) B H3(A,V).

[Iyctb A  sBiIsieTcss  NPaBO-KOMMYTATHBHOM  (JIEBO-CUMMETPUYHOM,
TEPMHUHAIIbHOW) anreOpoil pasMepHOCTH M U V eCThb BEKTOPHOE MPOCTPAHCTBO
pasmepHoctd K. JInsi OMIIMHEHHOTO OTOOpaskeHWsS € M JIMHEHHOE TMPOCTPAHCTBO
Ay= A®V onpenenum OUIMHEHHOE MPOU3BEACHHE [—, —], ClIeayIomuM 00pa3oMm:
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[X+x,y+y]o= X-y+6(X,y) msgBcex X,y € A, X,y €V.

Anrebpa Ap HaszwiBaeTcst K-wmepuviv yenmpanohvim pacuupenuem A 1o V.
Jlerko npoBepuTh, UTO Ay SBIISIETCS] MPABO-KOMMYTATUBHOMU (JIEBO-CUMMETPUYHON)
anreOpoii Torma u TOIbKO Toraa, koraa 0 Z4(A,V).

[IpocTpaHCTBa KOLMKIOB JI MPABO-KOMMYTATUBHBIX, JIE€BO-CUMMETPUYHBIX
¥ TEPMHHAJIBHEIX anrep ucnonszyem obosnauenus Z%x(N,C), Z4 (N,C), Z%(N,C).

B mepBom maparpade BTOpo# riaBel KiacCU(PHUIIMPOBAHBI 4-MEpHBIC TPABO-
KOMMYTATUBHbIE alNreOpbl ¢ MOMOUIBI0 METO/Ia IEHTPAIBHOTO paciupeHus. s
ATOT0 HEOOXOJWMO HAWTH BCEBO3MOXKHBIE IIEHTpPAJbHBIE PACIIMPEHUS aiareop
pasmepHocTu MeHblie 4. [TockoabKy MpaBo-KOMMYTATHUBHBIE alreOpbl BKIIIOUAIOT
B ceOs anreopsl HoBukoBa u 4-mMepHbie anreopsl HoBrukoBa KiaccuPUIIMPOBAHbBI
N .KapumxanosbiM, M.KaiiropomoBeiM u A.XyaolbepIueBbIM, TO JOCTATOYHO
MPUBECTU OIKUCAHUE MPABO-KOMMYTATUBHBIX alreOp He SIBISIONIUXCS alredpaMu
Hosuxoga.

N3BecTHO, YTO HE CYIIECTBYET HETPUBHAIBHBIX |-MEPHBIX HHJIBIOTEHTHBIX
MPaBO-KOMMYTAaTUBHBIX anreOp. CyllecTBYeT TOJBKO OJIHA HEHyJIeBas 2-MepHas
HUJIBIIOTEHTHAs TPaBO-KOMMYTAaTHBHas ajireopa:

No: e1e1=6,.

JIByMepHOE IIEHTpallbHOE pacuIupeHue sBisiercs ainredpoil HoBukosa,
MOATOMY JJIsI TIOy4YeHUs] 4-MEpHBIX HUJIBIOTEHTHBIX MPAaBO-KOMMYTaTHUBH3bIX
anredp  JOCTaTOYHO  paCHIMPUTh  TpexMmepHble anredpel. [IpousBosbHas
TpeXMepHas HWIBIIOTEHTHAs MpPaBO-KOMMYTaTHBHas aiaredpa m3oMopdHa OFHOU
U3 CIEAYIONIHNX anreop:

Nq: €1e1=6y, N : €161=¢€3, €262=23,
N3 : e1e,=e3, ,61=—€3, N4(7\,) £161= A€3, €281=E€3, 826,=E3,
N5: €161= €y, €261=€3, NGO\,) . €161= €y, €162=€3, €261= 7\,63.

N3 criicka TpexMepHbIX MPaBO-KOMMYTATUBHBIX ajire0p pasfieauM ajireopsl,
KOTOpbI€ SBISIIOTCS anreopoir HoBukoBa u He SBIAIOTCA TakoBbiMU. [lpu
pacuiupenun anre6p HoBukoBa HaXoJUM TOJBKO IMPaBO-KOMMYTATHUBHBIC
anreOpsbl, He sBJstomMecs anreopoit HoBukoaa.

Ilycte N anre6pa HoBukoBa (B 4acCTHOCTH, MpPaBO-KOMMYTAaTHBHas) U
0€Z%(R,C). Torna Ny siBsieTcs anre6poii HoBukoBa Torna u ToJIbKo TOraa, Koraa

Oy, 7)-0(x,y-7) = 0y - x,2) - 6(y, X - 2)
st Beex X, Y,z € N.

O6o3naunM yepes H?\(N) rpynmy Koromosoruii mpaBo-KOMMYTaTHBHOMN
anreOpsl N y10BJIETBOPSIIIIHI BHIIIICIPUBEICHHOMY YCJIOBHIO.

ITycts A HuIBIIOTEHTHas anreOpa ¢ 0a3ucom €y, €, ..., €n. Toraa depes Aj
0003HaunM OunmuHelHy0 Gopmy Ajj: AXA—C tae Ajj(er, €m) = dil djm. MHOXKECTBO
{Aij : 1 <1, j <n} sBusercs 06a3ucoM Ui JTMHEHHOTO MPOCTPAHCTBA OMIIMHEHHBIX
dopm B A, n mobas O€Z?(A,V) MokeT ObITh HAUCAHO €IUHCTBEHHBIM 00Pa3oM
0= Z Ciinj , TIe CijEC.

I<i, j<n
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B cnenyromeit Tabnuie AaeM OMMCAaHUE MPOCTPAHCTB BTOPBIX TPy

KOTOMOJIOTUH 3-MEPHBIX HHJIBIIOTEHTHBIX IIPaBO-KOMMYTATHBHBIX airebp (rae
N:=NoaC).

N H2(N) H2x(N)
Ni  [([Ar2], [Ass], [Az1], [Ani], [Ass]) H2u(N2) © ([As2])
N> [([Az], [A2a], [A22]) H*(N2) @ ([As3], [Azs])
N3 [([Aul, [Az1], [A2]) H2n(Ns) @ ([A13], [A2s])
Na(Mzo ([A1a], [A12], [A2a]) H2(N4(L) @ ([A1s], [A2s])
N4(0) [([A11], [A12], [A21], [A13-Az1—Asz2], [A23]) [H2N(N4(0)) @ ([Azi+ Azz])
Ns  [([A12], [A13-As]) H?\u(Ns) @ ([As1])
Ne(Mzo (([Az1], [(2— 1) Arst A (AtAsi]) HA(Ns(L)) @ ([ AzatAsi—Ass])
Ns(0) |([Az1], 2[A13]) H%(Ng(0)) @ ([A2+A3i—A13],[Az])

Teopema 4. Ilyctb N kommiexkcHass 4-mepHas HWIBIIOTEHTHAs MPaBO-
komMmyTatuBHas anredpa. Torna N anrebpa HoBukoBa mnu nzomopdHo ogHON U3
CIICAYIONIMX MonapHo HenzoMopdHbIX anredp Ry — Ra (em. [punoxenue 1).

Bo BTOpoM maparpade BTOpoii IJ1aBbl MOJIy4eHa KiIacCU(PUKAUs 4-MEepHbIX
HUWIBIIOTEHTHBIX JIEBO-CUMMETPUYHBIX anreOp. Bce 4-MepHble HUIBIOTEHTHBIE
J€BO-CUMETPUYHBbIE  aiareOpbl PasMEPHOCTH  MEHbBIIE YETBIPEX  SBIISIOTCS
anreopamu HoBHKOBa, MO3TOMY pacCMOTPEHO PaCUIMPEHUE TPEXMEPHBIX JIEBO-
CUMMETPHUYHBIX aJireOp He ABIsomuxcs anreopod HoBukona.

B cnenyromeid Tabnuue naeM ONKMCAHME MPOCTPAHCTBA BTOPBIX TPYIII
KOTOMOJIOTUH 3-MEPHBIX HUIBIOTEHTHBIX JIEBO-CUMMETPHUYHBIX anreop.

N  H%(N) H2 (N)
N1 ([Ar], [Ass], [Az1], [Aai], [Ass]) H2u(N1) @ ([A23])
N2 ([Ar2], [Aai], [A22]) H%(N2) @ ([Az], [As])
Ns  [[Awu], [A21], [A2]) H2\(N3) @ ([A31—2A13],[As2—2A2])
Na(M o |( [A1], [Ar2], [A2i]) HA(N4(A) @ ([ A1s-Asi—Asa],
[A2t2Az])
Na(0) [([Au], [Asa], [A2i], [A1z-Azi—Ass],[A2s]) H*n(N4(0))
Ns [([A12], [A13-Az]) H2\(Ns) @ ([ Ax+Az], [Az])
Ne(A) [([Az], [(2—2) Azt A (Ao+Azn]) HA(Ns(L)) @ ([ Azo+Ars-Az])

OCHOBHBIM pE3yJbTATOM BTOPOTO Maparpada BTOPOHM TJIaBBl SBISETCS
CIIeyIoIIas Teopema.

Teopema 5. Ilyctb N kommexkcHass 4-mepHas HWIBIIOTEHTHAs JIEBO-
cuMmmMmeTpuuHas anrebpa. Torma N anredpa HoBukoBa win n3oMophHO OTHON M3
CIICAYIONIMX monapHo Hen3oMopdHbIX anreop Ly — Los (cM. [Tpmtoskenue 2).

B TperbeM maparpade BTOpOii TJIaBbl JUCCEPTAIIMN HAWICHBI HEIPUBOAUMEIC
KOMIIOHEHTHI HWJIBIIOTEHTHBIX YETHIPEXMEPHBIX MPaBO-KOMMYTAaTHUBHBIX W JIEBO-
CUMMETPUYHBIX aJIreop.
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Onpenenum nerictBue rpymmnsl GLn(F) Ha MHOXeECTBE N MepHBIX anreoOp
Algn(F) creoyrowum obpazom:
[ ¥l g: =9 [g7x gy,
rae geGLa(F) u x, yel. Yepes Orb(L) o6o3naunm opouty anredpsr L nipu 3Tom
nerctBur u yepe3 Orb(L) 3aMbIKaHUE B TOMOJIOTUU 3apUCCKOTO.

Omnpenesienue 8. byaem roBoputh, uto anredpa L Beipokmaercs B anreOpy
Jletibuuia M, ecu M niexxuT B 3aMbIKaHUU OPOUTHI anireOpsl L. B aToM ciydae mbl
Oynem ob6o3Hauats L—-M.

Hamomuanwm, 9TO MTOIMHOKECTBO MHOT000pa3us Ha3bIBACTCS
HEMPUBOJANMBIM, €CJIM OHO HE MOXKET OBITh IIPEICTABICHO KaKk 00BEIUHEHUE IBYX
HETPUBUAIBHBIX 3aMKHYTBHIX TIOJMHOXECTB. MaKCUMalbHOE HEIPUBOIUMOE
3aMKHYTO€  TOJIMHOKECTBO  MHOTO00pasusi  Ha3bIBACTCS  HEnpusoouUMOou
KOMNnoHeHmou. XOpoIlo U3BECTHO, 4TO Jt06oe adyPpuHHOE MHOTrO0Opa3ne MOKHO
CAMHCTBEHHBIM 00pa3oM MPEACTaBUTh KaK OOBEAMHEHUN €ro KOHEYHOE YHCIIO
HEMPUBOJAMMBIX KOMIIOHEHT. 3aJadya HaXOXKJICHHUS HEMPUBOJAMMBIX KOMIIOHEHT
HKBUBAJICHTHO 3ajJia4ye OMpe/eeHus anredp, CTOSIIMX Ha BEPXHUX YPOBHAX Tpada
BBIPOXKICHUM.

OcHOBHOW pe3ynbTaT JaHHOrO Tnaparpada TMpPUBEIEH B CIEAYIONICH
TeopeMe.

Teopema 6. MuorooGpaszue 4-MepHBIX HUJIBIIOTEHTHBIX IIpaBo-
KOMMYTaTUBHBIX alreOp COCTOMT M3 HEMPHBOJUMBIX KOMIIOHCHT OTPEICICHHBIX
KJj1accaMu anre6p R12(7\,), ng(a), R27(7L,0£), Rzg(a) va Nzo(a).

Jlpyrumu cioBamMH, HENPHBOJIUMBIE KOMITOHEHTHI MPaBO-KOMMYTATHBHBIX
anreOp UMEIOT CIEAYIOIINI BU/L;

Uorb(R12 A1) Uorb(R18 (a)), Uorb(R27 (4, a)),
Uorb(Rzg (@), Uorb(Nzo (2)).

Teopema 7. Muoroobpasue 4-MepHBIX HUJIBIIOTEHTHBIX JIEBO-
CHMMETPHYHBIX alre0p COCTOUT U3 HEMPHBOIAMMBIX KOMIIOHEHT OMpPEACICHHBIX
kiaaccamu anreop Lio(A), Lai(A) m Las(A,@), T.e. HENMPUBOIMMBIC KOMITOHEHTHI 4-
MEPHBIX HIJIBIIOTCHTHBIX JIEBO-CUMMETPUYHBIX alireOp UMEIOT CIICAYIOIINN BHI:

LJorb(L, (1)), JOrb(L,(4)), [ JOrb(L,,(4,)).

Tperbss rnaBa aucceprauuu, Ha3zBaHHOM «Kiraccupukauusi 0JHONOPOK-
JAEHHBIX NATHMEPHBIX HWJIBINOTEHTHBIX TEPMHHAJBHBIX aJredp» IOCBSIICHA
anreOpandeckod  KilaccU(PUKAIMK  OJHOMOPOXKACHHBIX  YETBIPEXMEPHBIX |
NSTUMEPHBIX HUJIBIIOTEHTHBIX TEPMUHAIBHBIX anredp. I1ockoiabKy TepMHUHAIbHBIE
anreOpbl BKIOYAIOT B cels jieBble anreOpbl Jleitbuuia, To npu kiaccudukanuu
NATHUMEPHBIX ~ HWJIBIOTEHTHBIX  TEPMUHAIBHBIX  ajaredp  OpuBEIEM  Te
TepMUHAIbHBIEC anreOphl, KOTOPbIE HE sABJsieTCs anreopoii Jleitbuuia.

B mnepBom maparpade Tperhedl TIaBbl OBLIM  KJIACCU(DUITMPOBAHBI
OJIHOMOPOXK/ICHHbIE ~ 4-MEpHbIE  TEpPMUHAIBHBIE  aIredOpbl, C  MOMOIIbIO

HEHTPAIbHBIM PACHIMPEHUEM JABYMEPHBIX M TPEXMEPHBIX TEPMHUHAJIBHBIX anreop.
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W3BECTHO, YTO OAHOINOPOXKJEHHBIE JABYMEPHBIE U TPEXMEPHbIE HUJIBIIOTCHTHbBIE
TEPMHUHAIBHBIC aNreOpbl U30MOP(HBI CIEAYIOMIUM anredpam:

T021 elel = e2’
3. _ —
T,:€6 =86, e6,=¢,,
To(1):ee =¢,, ee, = 1e,, €. =¢..
B cnenytromeli Tabmuiie 1aeM ONMKMCAHKE TPYIIT aBTOMOP(GHU3MOB U BTOPHIC

IpynIbl  KOTOMOJIOTMH ~ 3-MEpPHBIX  OJHOMOPOXKJIEHHBIX  HHJIBIIOTEHTHBIX
TEPMUHAIBHBIX areop.

A AULA) Z;(A) H2(A)
T x 0 0 A Ap, A, ([As1.1A,1]. 45,1 - 3[A5, D
y XZ 0 A21’ A22 - 3A31
z xy x°
T032 (A) 1o | [ X 0 0 Ay Ay A+ Ay, [AL][AL]+[A]
y X 0 1-1 1- 2
z (A+lxy x° Ay, TAzz +Ay T[Azz] +[Ag]
T032 (0) x 00 Ay Ay Ay + Ay, [ALLIAL]+[AL]
y x* 0 1 1
7 xy X Ay, §A22 + A4, g[Azz] +[A; 1 [A ]

B cnenyromeit TeopeMe npuBeaeM KiacCU(PUKALIMIO OJHOMOPOXKICHHBIX 4-
MEPHBIX HWJIBIOTEHTHBIX TEPMHUHAIBHBIX alreop.

Teopema 8. IlpousBonbHas OAHOMOPOXKIACHHAST 4-MepHasi HUJIBIIOTCHTHAS
TepMuHaibas  anreOpa u3oMopdHA OAHOW W3  CIACAYIOIIMX  IOMapHO
HEU30MOP(HBIX anredp:

T ee =6, ee, =€, 66 =&,

T () ee =e,, 6, =6, 66, =ae,, 6,6, =¢,, 6,6 =—3¢,,
To: ee =e,, ee, =€, 66, =¢,,

To: ee =6, 66, =€, 66, =€,, 6,6, =€,

1-4
Tg‘5(/1,a) . ee€ =6e,,e6, =16,,66,=a€,,6, =€, 8, =(a+ = )e,, €56, =€,

4y, _ _ _22%+51-1 _
Tie(4): ee =e,, ee,=1e,+¢e,, ee, = G e,e, =¢6;,
20+1)(A+1
e, =GR, oo =g,
4 . — — — — —
TEJ17 (4): ee =e,, ee, =16, ee,=¢,, €6 =6, 6,6, =¢,,
TO?1 ; €€ =6, 6,6 =6, 6,6, =¢,,
Ty ee =6e,, 66, =€, 6,6 =6, 6,6, =¢,,
T4 . —_ — —_ _ 1 —_ —
wl(a): €€ =6, 66, =ae,, € =€, ee, = 3% e,6; =¢€,, 6,6 =¢,.

Bo BTopoM maparpade TpeTheil TJiaBbl MOJHOCTHIO KJIACCU(UIIUPOBAHBI
OJIHONIOPO’K/ICHHbIE MSATUMEPHBbIE HWJIBIIOTEHTHbIE TEPMHUHANIbHBIE anreOpsl. Jlis
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9TOM 11eJIM, CHAavYasla HalICHbI IByMEPHOE IIEHTPAIbHOE PACIIMPEHUE TPEXMEPHBIX
3 3
anreop T, u T,,(4). Onpenenss oaHOMEPHOE LEHTPAIBLHOE PACLHIMPEHUE

MOJTydeHHBIX 4-MepHBIX amredp To, Top(@), Ty Tops Tos(A @), To(A), T (4),
T, T, To(ar) momyden mOMHBIA CIOHCOK TMSTHMEPHBIX HHIBIOTEHTHBIX
TEPMUHAIBHBIX anreOp. B ciemyromeit Teopeme naHa KiacCHM)HKAIUS TaKUX
anreOp TOCPEICTBOM TIPYNI aBTOMOP(U3MOB W ONKCAHHE BTOPBIX TPYIIII
KOTOMOJIOTHH anreop.

Teopema 9. Ilycte A OXHONOPOXKICHHAS MATHMEPHAS HUJIBIIOTEHTHAS
TepMuHanbHas anrebpa. Torma A m30MOpQHA ONHOW W3 CIEMYIONUX MOMApHO

Hen3oMOopQHBIX anredp T1— T7o (cm. [Ipunoxenwue 3).
3AKJIIOYEHUE

Hacrtodmass nauccepranuoHHas paboTa IIOCBSIIEHA ONMCAHMM Ipea-
mupdepenuupoBanuil - pruimdopmubix anredp JleitbHuia, a Takxke MpaBo-
KOMMYTATUBHBIM U JIEBO-CUMMETPUYHBIM aJIr€OpaM.

OCHOBHBIE pe3yNbTaThl HCCIENOBAHUSA COCTOST B CIEAYIOLIEM:

1. Iomyyeno onucanue npen-gudepeHurpoBaHuil GUIMPOPMHBIX anredp

JleitbHMIIa TIEPBOrO M BTOPOTO KJIACCOB M HAWJEHBI YCJIOBHUS NIpH
KOTOPBIX Takue anreOpbl SIBISIIOTCS CHWJIBHO HUJIBINOTEHTHbIMU. Ha

OCHOBE TIOJTYYEHHBIX yCJIOBUH CWJIBHO HUWIBIIOTEHTHOCTHA
KJIacCCU(UIIMPOBAHBI HE CHUIILHO HWJIBIOTEHTHBIE (DHIM(POpMHBIEC anreop
JleitOHMIIA.

2. AnreOpanyecKkd U reOMETPUUYECKH KIaCCU(UIIUPOBAHBI HUJIHIIOTCHTHBIE
4-MepHbIE MPAaBO-KOMMYTAaTHUBHBIE alIreOpHhl.

3. Ilomyuena anreOpanueckas ©  TeOMETpUYecKas  KiIacCU(UKALUA
HWIBIIOTEHTHBIX 4-MEPHBIX JIEBO-CUMMETPUIHBIX alreop.

4. TlpuBenena anredpanyeckas KJaccuduxanus KOMIUIEKCHBIX
MSTUMEPHBIX  OJHOMOPOXKICHHBIX  HHJIBIMOTEHTHBIX  TE€PMHHAIBHBIX
anreOp. HaiineHsl Bce OJHOMEpPHBIE U JBYMEpHBIE LIEHTpAJIbHBIC
pacUIMpEeHHs] TPEXMEPHBIX OJTHONOPOKICHHBIX TEPMUHAIIBHBIX anredp u
noJiydeHa KJIacCU(UIMS KOMIUIEKCHBIX 4-MEPHBIX OJHOMOPOXKICHHBIX
TePMUHAIBHBIX areop.

5. OnucaHbl MPOCTPAHCTBA BTOPBIX TPYII KOTOMOJOTUM 4-MEpPHBIX
OJTHOTIOPOXICHHBIX TEPMHUHAIBHBIX anreOp W HalJeHbl OJAHOMEPHOE
LEHTPaJIbHOE PACIIUPEHUE TAKUX aNreop.
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INTRODUCTION (abstract of PhD thesis)

The aim of the research is the classification of pre-derivations of filiform
Leibniz algebras, as well as the algebraic and geometric classification of right-
commutative, left-symmetric and one-generated terminal algebras.

The objects of research are filiform Leibniz algebras, right-commutative and
left-symmetric nilpotent algebras in small dimensions, pre-derivations of algebras,
and cohomological groups.

The scientific novelty of the research is as follows:

pre-derivations of filiform Leibniz algebras are described and the existence of
non strongly nilpotent filiform Leibniz algebras is proved;

algebraic and geometric classifications of four-dimensional nilpotent right-
commutative algebras are given and irreducible components of varieties of such
algebras are found;

algebraic and geometric classifications of four-dimensional nilpotent left-
symmetric algebras are given;

one-generated five-dimensional nilpotent terminal algebras are classified.

Implementation of the research results. Based on the obtained results on
pre-derivations of filiform Leibniz algebras, classifications of right-commutative
and left-symmetric algebras:

the results obtained in the dissertation on the classification of four-
dimensional nilpotent right-commutative and left-symmetric algebras were applied
in the foreign project No. AP08051987 «Irregular sets in dynamical systems» for
classification of five-dimensional one-generated nilpotent asymmetrical algebras
(Reference of the University named after Suleyman Demirel dated April 4, 2023,
Kazakhstan). The use of the scientific result made it possible to discover the
irreducible components of the varieties of such algebras;

the results of one-dimensional central extensions of terminal algebras have
been used in foreign scientific articles (Journal of Algebra and its Applications,
21(2), 2022, 2250031, Algebra Colloquium, 29(3), 2022, 453-474 and
Communications in Mathematics, 28(2), 2020, 231-251) in the classification of
conservative algebras of small dimensions. These results allowed classifying
conservative algebras of small dimensions and all five-dimensional one-generated
nilpotent bicommutative algebras and describing weakly associative algebras.

The structure and volume of the thesis. The dissertation consists of an
introduction, three chapters, divided into eight paragraphs, a conclusion and a list
of references. The volume of the dissertation is 101 pages.
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1-llova (ITpunoskenue 1)
CIHHUCOK YEeThIPEXMEPHBIX HUIIBIIOTEHTHBIX IPABO-KOMMYTATHBHBIX ajreop
Ri1: e1e1=€2, €163=€4, €281=€4, E3€2=€4,
Ro: e1e1=€2, €163=€4, €362=€4,
R3: e1€1=€2, €261=€4, €3€2=€4,
Ra: e1e1=€2, €362=04,
Rs: e1€1=€3, €1€3=€4, €262=€3,
Re: e161=€3, €183=€4, €2€1=€4, €2€2=€3,
R7: e1e1=€3, €1€3=€4, €2€2=6€3, 6263:i64,
Rs: €181=€3, £1€3=€4, £261=€4, €262=€3, €263=1€4,
Ro: e1€2=€3, €1€3=€4, €261=—E€3,
R1o: e180=€3, €163=€4, £261=—€3, €262=€4,
R11(A)iz0: €181=A€3, €1€3=€4, €281=€3, €2€2=E3,
Ri2(M)iz0: €1€1=A€3, €1€3=€4, €2€1=€3+€4, E2€2=E€3,

R13(A)z0: €1€1=A€3, €1€3=2)\€4, €2€1=€3, €263=(1—/1— 41 )es,
Ria(A)iz0: €1€1=0€3, €163=2)\€4, €2€1=€3, €262=€3, €263=(1+/1—4 1 )ea,
Ris(A)z0: €181=A€3, €183=2\84, £261=€3+2A€4, €287=€3, £263=(1—~/1—41 ey,

Ri6(A)a0: €1€1=A€3, €183=2\€4, £281=€3+2AE4, €282=€3, €283=(1+~/1— 41 )eu.
R17: e1e2=e4, €2€1=€3, £262=€3, €381=64, £362=€4,
Rig(a)az0: €1€3=0€4, €201=€3+€4, €22=€3, €3e1=(1—0)es, e3e2=(1-w)es,
Rio(@)az0: €1€3=0€4, €201=€3, €282=€3, €3e1=(1—1)€s, e3e2=(1—01)es,
Roo(ax): e1€3=0€4, €261=€3+€4, €262=€3, €263=01€4, €381=(1-01)€4, €382=(1-01)€4,
R21(a): €163=0i1, €2€1=€3, €262=€3, E263=0€4, €361=(1-1x)es, e3e2=(1-a)es,
R22: €1€2=€4, €261=€3, €2€2=€3, £2€3=€4, €3€1=€4, £3E2=64,
R23: €201=€3, €262=€3, €2€3=€4, €381=€4, £3€2=€4,
R24: e160=€4, €261=€31+8€4, €262=€3, €381=€4, €3€2=E€4,
Ras: €181=€2, €1€2=€4, €261=€3, €381=€4,
Ros(a): e1e1=€2, €1€3=ces, €2€1=€3, €3e1=(1-a)e.
R27(A,0):e181=€2, €182=€3, e183=(t(2—A\)—1)€4, €261=AE3, €262=(0aA+1)e4, €321=(0A+1)E4,
Ras(M)z0,1: €181=€2, €162=€3, €183=4€4, €281=A€3+H(A2-13)es, €262=2(A+A%)e4, £381=2(A+A2)e4,
Roo(ax): e1e1=€2, €1€2=€3, €1€3=2€4, E2€1=0C4, €3€2=€4,
R30: e181=€2, €1682=€3, £2€1=€4, €362=€4,
Ra1: e1e1=€7, e1€2=€3, €362=€4.
2-llova (ITpunoxenne 2)
CHI/ICOK YCTBIPECXMCPHBIX HUJIBIIOTCHTHBIX JICBO-CUMMCTPUYHBIX aJIT! e6p
L1: er1e1=€2, 1€2=€4, €263=€4, €3€1=€4,
L2: e161=€2, €263=€4, €3€1=€4,
L3: ere1=€2, €182=€4, €263=€4,
L4: e181=€2, €263=€4,
Ls: e1e1=€3, €262=€3, £361=€4,
Ls: e181=€3, €1€2=€4, €262=€3, E381=€4,
L7: e1e1=e3, €2€2=€3, €361=€4, €3€2=i€4,
Ls: e181=€3, €162=€4, €262=€3, €381=€4, e3e2:ie4,
Lo: e182=€3, €1€3=—2€4, €261=—€3, £3€1=€4,
Lio: €182=€3, €183=—2€4, £261=—€3, £262=€4, €381=€4,
L11(A): e1e1=Ae3, €261=€3, £2€2=€3, £263=€4, B3E1=AE4,
L12(A): e1e1=Ae3, £1€2=€4, €261=€3, €2€2=€3, E283=€4, B381=AL4,

L13(X): e181=A€3, €1€3=2)\L4, £281=€3, €262=€3, €283=(1—/1— 41 )es,
e3e1=—A(1++/1-421 )es, e3er=—2\es,

L14(X): e181=A€3, €183=2A€4, €281=€3, €282=€3+E4, €283=(1—/1—4A )es,
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e3e1=—A(1+/1— 41 )es, e3e2=—2Ae4,

Lis(L): e1e1=Aes, e163=2)€4, €261=€3, €262=€3, 6263:(1+M)e4,
e3e1=—M1- V1—42 )es, ese2=—2)\es,

Lis(L): e181=Ae3, £183=2)\L4, €2€1=€3, €262=C3+€4, eze3:(1+J1—_42, )es,

ese1=—M1— 1—42 )es, eser=—2)\es,

Li7(a): e1e1=€2, e1€3=01€4, €2€1=€3, €2€2=€4, €381=(1-0)es,

Lis: e181=€2, €162=€4, £163=—€4, €261=€3, €262=64, €361=2€4,

Lig: e181=€2, €281=€3, €2€3=€4,

L2o: e1€1=€2, €1€3=€4, €2€1=€3, €2€3=€4, €3€1=—€4,

Lzl(a)i €1€1=€2, €1€2=€4, €1€3=0€4, €2€61=€3, €2€3=€4, €3€1=—0 €4,

Loo(a): e1e1=€2, €1€2=€3, €163=(201+1)e4, €2€1=€4, €2€2=€4, €3€1=—€4,

L23(A,0):e181=€2, €162=€3, €1683=((2-A)at1)es, ee1=\e3, e2e2=(ha+1)es, eze1=(lo—1)es,

Loa(A) e {0:13:€1€1=€2, €1682=€3, €183=2(3—N)€4, E281=A€3+€4, €282=2(A>+))e4, €361=4\E4.

3-llova (ITpuaoxenne 3)

CHIMCOK NATUMEPHBIX OJTHOMIOPOKICHHBIX HUIBIIOTCHTHBIX TEPMHHAIBHBIX allreOp

T1: e1e1=€2, €162=€3, £1€3=€4, £2€1=E5,

To(a): e1e1=€2, €1€2=€3, €1€3=0Es5, €261=€4, €2€2=65, £3€1=—3€5,,

Ts: e161=€2, €162-€3, £163=€4, E262=€5, £361=—3€5,

Ta4: e1€1=€2, €1€2-€3, £1€3=€4, €282=€5 , €281=€4 €361=—3€5,

Ts(A): e1e1=€2, £182=1€3+€4, £183=€5, €281=€3, €282=€s5,

1-A
To(e,1): e181=€2, L182=Ae3+84, €1€83=085, €2€17€3, €282=(ar+—-)es, E3e1=Es,
1-2
T7(Q): ere1=€2, €1€2=A€3, €1€3=€4, €261=€3, €2€2=€4+—= €s, 83€1=E5,

1-2
Ts(1): e1e1=€2, €1€2=A€3+€5, €1€3=€4, €2€1=€3, €262=€4 +—~ €5, €381=€s,

To: €161=€2, B1€2=€4 , B2€1=€3, E2€2=E5,

T10: €181=€2, 1€2=€4, €261=€3, €2€2=E5, £263=€5 €3e1=3€5,

T11: €1€1=€2, 1€3=€4, €2€1=€3, €2€2=€4, €2€3=E5,

T12: €181=€2, €1€2=€5, €1€3=€4, €2€1=€3, €262=€4, €2€3=E5

T13(a): e161=€2, €1€2=€5, €1€3=€4, €2€1=€3, €262=€4+E5, €263=E5, €3 €1=3€4

T1a(): e1e1=€2, €183=€4 , €201=€3, €262=(1+a)es, €263=€5 €3 €1=3€4

T1s5(): e161=€2, €1€2=€4 , €1€3=r€4, €2€1=€3, €262=(1+a)es, €263=€5, €3 €1=3€4

T1s(a,B): e181=€2, €1€2=0 €4+€5, B1€3=€s, €2€1=€3, €262=(1+)es, €263=€5, €3 e1=3€4
T17(a,B): e1€1=€2, €1€2=€4, €1€4=€5, €2€1=€3, €2€2=€s5, €263=65 €3 e1=(3a+B)es, €4 e1=5€s5
Tis(): €181=€2, €1€2=€4, €201=€3, €2€2=a€s5 €283=€s5 €3 €1=(3a+1)es, €4 €1=€5

1
Ti9(@,B,7): e1€1=€2, €1€2=€4, €1€4=PE5, €201=€3, €262=(a+y)€s5, €3e1=(3y+1)es5, €s€1=65, (a/,y):#(O;—E)

Too(,B): e181=€2, €1€2=€4 , €1€3=r€5, €1€4=€5, €2€1=€3, €282=(a+P)es5, e3e1=3pes, (a, B)#(0;0)

To1(a): e1e1=€2, €1€2=€3, B1€3= €4, €1€4=€5, €2€2=€4, 263=265 €3e1=—3€4, £3€2=365

T2o(a): e161=€2, €1€2=€3 , €1€3=€4+E5 €1€4=€5, €2€2=€4, €263=2€5, £3€1=—3€4, 3€2=—365

T23(B): e1e1=€2, €1€2=€3, €1€3=6€4, €1€4=[3€5, €2€2=€4, €263=(2B+1)€5, €381=—3€4,
€3e2=—3(B+1)es, e4e1=€s5,

To24(B): e161=€2, €1€2=€3, €1€3=6€4+E5, €1€4=[3€5, 2€2=€4, €263=(2B+1)€s5, €381=—3€4,
€3e2=—3(B+1)es, e4e1=€s5,

Tzs(ﬂ)I €1€1=€2, €1€2=€3, £1€3=6€4+3€5, €1€4=—2€5, €2€1=E5,82€2=€4, 6293:—395, e3e1=—38y,
€3e2=3€s5, e4€1=6Es,

T26: €181=€2, £1€2=€3, £1€3=€4, €1€4=€5, €2€2=E5, €283=—3€5, £3€1=—3€s5,

To7: €1€1=€2, €182=€3, €1€3=€4, €1€4=E€5,

Tos: €1€61=€2, £1€2=€3, £1€3=€4, £1€4=E€5, €2€1=Es5,

Too(a): e161=€2, £1€2=€3 , £1€3=€4, €1€4=€5, €261=€4, €262=a€s5, €361=3(1-)es, a %1,

Tso(@): e1e1=€2, €182=€3, £1€3=€4+€s5, 1€4=€5, €2€1=€4, €282=E5,
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T31(B): e1e1=€2, €1€2=€3 +3€5, €1€3=€5, £2€1=€3, €2€2=E5, £3€1=E4, 3€4=E€5
Tao: e1e1=€2, €162=€3 +€5, €261=€3, €361=€4, €3€4=E€5,
T33: e181=€2, €162=€3, €261=€3, €381=€4, £3€4=Es5,

. — — _1 — _2 — — — —
T24(B): ere1=€2, €182=08€s, €183=284, €2€17€3, €282=_84, €381=€4, E384=E5, €2 B3Es, €284=Es,
€381=€4, €3€3=€5
1 2
Tss: €181=€2, €1€2=€3, 61632564, €2€1=€3, 62622564, €2€4=€s5, €3€1=€4, €3E3=E€5,

1 2
Tae: €181=€2, 81832584, €261=€3, 62622564, €2€4=E€5, €3€1=€4, €3€3=E€s5,
2 1

Ta7(B): ere1=€2, €183=— Seates, e184=€s, €2 €17€3, €282=—ea+es, €23/3e5, €381=€4, E3€3=Es,

. — — 2 — — — 1 — — —
Tas(B): ei1e1=¢€, €183=—€4 , 184=Es5, €2 €173, E282=— €4, €263=/3€5, €3€1=€4, E3€37Es,

. — — 1 — — — 1 — —
T39(B): e1e1=€2, €183=—€4+€5, £184=€s, €2 €1=€3, €282=-€4+E5, 826385, Es€1€4,

2 g
e3e2= 565, €se1= 265,

. _ _ 1 _ _ _2 _ _ _ 2 _ 7
T40(ﬁ) €1e1=6€2, 8183———64, €1€4=€s5, €2 €1=€3, 8282——64, €263=(3€5, €381=€4, 8382———85, 8481——565,
3a+1 301+4

S Bles,

Ta(e, B): e1e1=€2, 182=—€3, 8184—,865, £261=€3, €262= (a+—)e4+es, €283=(—
83e1=€4, 6362—(,8— T > es, eser=es,

2
T, B): €1817€2, €1€27—€3, L1€3=ae4, €184=f3s5, 2817€3, L282=(ar+7)es,
3a+1 3a+4

e2e3= ( 5 Ples, ese1=eq, e3e= (ﬁ——)es, £4€1=€5,

3a 2
Tas(e,B): e1e1=¢2, elez:—es, e1€3=aC+0es, €184 5, 261763, e282=(ar+7)eatf3es,

30%+130+8 9a+7 2
ezeszT €5, €3€1=€4, €3€2=— - €5, €4€1=€5, a¥— Y
2 3 1 1
Taa: €101=02, €1€2=—€3+€5, B163=— 584, 8184:—2 €5, €261=€3, ezeszg €5, €3€1=€4, 63622—2 €5, €4€1=€5,

2 2
Tas: e1e1=€2, €162=—€3, €163=— —e4+e5, €1€4=€s5, €2€1=€3, €2 €2=E€5, 6263:—— €5, €381=€4, €3€2=E5,

204+1)(A+2
Tas(A, B): e181=€2, €182=2€3, eles—— estes, e1e4-—e5, £261=€3, £287= (3(53(2 - e+ ges,
—w — (2A+1) _ l 5
©2€s= 30(5—20)% €5, €3€1=€4, €3€2= (5= 2/\)e5’ ese1=es, A+1,—2, 0
204+1)(A+2
Tar(, B): ere1=ez, erez=Aes, ele3—_ eates, e164=es5, £21763, €287= (5)(220 ortes
_B(4r2—22+7)+2(1-1)* _ 201 _ 5
€283= -2 €5, €381=€4, €362=(B — = 2?0)95’ e481=65, A:ﬁl
: = = =2 - _ _(@+1 (A+2)
_B(4*—22+7)+2(A— 1) _ 202D ~ 5
8263~ G20 es, 9391—94, ese=(B o 2A))es, €4€1=e€s, Aqtl,z,
— _@D(+2)
Tag(A, B): e1e1=€2, e1€2=Ae3, ele:a—5 —~ ~ €4, ©1€4=0365, €2617€3, €26 = etan o
_B(40%-22+7)+2(0-1)* _ 3 20-1) ~ s
€2€s= 30(5-21) €5, 838174, €3€2=(f (5_2”)65, ese1=es, 1+0,,

Tag: €181=€2, €1€2=€3+€5, B183=€4, £1€4=65, €261=€3, £262=C4, €2€3=E5 E€381=€4, B362=E5, £4€1=E5,
Tso: €181=€2, €1€2=€3, £1€3=€4+E5, €1€4=E5, E281=€3, £2€2=€4+E5, €263=E5, £381=€4, €382=E5, £4€1=E5,

. _ _ _ _ _ _ _ 3y+2
Ts1(8,7): e161=€2, €1€2=—2€3+€5, 183=— €4+3€5, €1€4=YE5, E261=€3, E262=3€5, €263= es,

3y+2
€361=€4, e3ez=T €5, €4€1=E€5,

1
Tso(B): e1e1=€2, €182=—263+[365, €163=— B4+Es, 8184765, 261763, €2627€5, E263=— €5,
€361=€4, €362=E5,
1 1 1
Ts3: ere1=€2, 9192:—5 €3, 6163=—5 €4tes, 6164:—5 €5, €261=€3, €2€2=E€5, €3€1=€4, €3€2=E5,

1 1
Tsa: €181=6€2, elez=—5 €3, €1€3= > €4t€s, €1€4=€5, €21=€3, €2€2=€5, €2€3=—€5, €3€1=€4, €3€2=E5,
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3a0—-2(A-1
a=2( )e

1-1
Tsa(a,A): e181=€2, €1€2=A€3, L1€3= €4+€5, £1€4=€5, £261=€3, €282=(a+—7)84+85, €283

2224511
€3€1=€4, €362=€5, aF ——,

6
1-1 3a-2(A-1
Tse(A, a): €1€1=€2, €1€2=A\E3, €1€3=0le4, €1€4=E5, €261=€3, €262= + —~ €4 9293=M€‘5,

e3e1=e4, e3e2=es, A£0, 4
Tse(A, a): €1€1=€2, €1€2=A\€3, €1€3=0C4, €1€4=€5, €261=€3, €262= + 1;—)164, €2e3=
e3e1=€4, €362=65, AA0,
Ts7: e181=€2, €182=—2€3, €163=— %e4+e5, €1€4=€5, €2€1=€3, €2682=— %e4+e5, 62632—365’
€3€1=€4, €3€2=€s,
Tss(0): e161=€2, £182=—2€3+€5, €1€3=ctes, €1€4=E5, €281=€3, €262=(a+1)e4, E283=— “7”95,
€3€1=€4, €3€2=€5,
Tso(f): e1e1=€2, e182=€3+€4, £1€3=€4, €184=fe5, €201=€3, €262=€4—E€5, €283=[es,
83€1=€4, €382=fes, €4€1=3€s,
Tﬁo(ﬁ)/?xo: €1€1=€7, €162=€3+€4, £1€3=€4, €164=3€5, £2€1=€3, €2€2=€4—L5, €2€3=365,
e3e1=e4+fes, €3e2=3es, e4e1=3€s,
Te1(f) px0: £1€1=€2, €182=€3+€4+fes, £1€3=€4, €184=3€5, €261=€3, €282=€4—€5, €2€3=3€s,
e3e1=e4—6es, e3e2=3es, e4e1=3es,
T62(,3)B¢02 €161=€2, €1€2=E€31€4, €163=— 594"',365, e184=3es5, €261=€3, €262=Lfe5, e2683=—2€s,
€3e1=€4, €382=3€5,
Te3(f) pxo: £1€1=€2, €182=—€3+€4+[les, €183=— §e4—e5, e164=9€s5, £,61=€3, £262=365, E263=—2€s5,
€3e1=€4, €362=3e€s5, e4e1=—12€s,
Tea(B, 7): e181=€2, £182=—€3+€4, €183=— §e4+(,8+2)e5, e1e4=3(y-1)es, e2e1=€3, €262=fes,
€263=—27€s, €361=€4, €3€2=3YEs, €4€1=66€s5,
Tes(B) po- €161=€2, €1€2=— %‘?3”94, €183=— §e4+ﬁe5, £1€4=€5, €261=€3, €282=fes, €283=—€5,
€381=€4, €3€2=E€5,
Te6(B) po: €161=€2, €182=— §e3+e4+ﬁ€5, £183=— %64"'365, e1e4=—3€s, e2e1=€3, €2€2=Es,
€3e1=€4, €4e1=6€s,
Te7(B, 7): e1e1=€2, €182=— %e3+e4, €163=— %e4+(ﬂ+2)e5, e184=(y-3)es, e261=€3, €262=fes,
€263=—Y€s5, €381=€4, E382=YEs5, €4€1=66€s,
Tes(B) g0 €1€1=€2, €1682=—2€3+€4+[es, €163=— %e4, e1e4=4es, e201=63, e2e2:§e4,e2e3:—3e5,
€3e1=€4, e3e2=4€s5,

3a-2(A-1)
” 5,

A2451-1 _ —
Te4, €164=6A€s5, £261=€3, E2€2=

Teo(L): €1€1=€2, €1€2=AE3+E4, e163=>
e263=(21% + 51 — 1)es, e3e1=€4, €362=6)€s,
T7o(A, ) e1€1=€2, e182=Ae3+0es, €1€3=€4, €1€4=AEs5, €2€1=€3, €282=€4+(1—))es, e2e3=es5, e3e1=3€s,
T71(A): e1e1=€2, €162=Ae3+€5, £1€3=€4, €184=ALs5, €261=€3, B2€2=C4, £2€3=Es5,
T72(A): e161=€2, €1€2=A€3, €1€3=€4, €1€4=AL5, €2€1=€3, B2€2=C4, €2€3=Es5,
T73(a, B): e1e1=€2, €162=—€3+€5, €1€3=€4, €1€4=0lC5, €201=€3, €262=€4+2fe5, €263=(2—0)es, e3e1=3fes,
e3e2=—3es, e4e1=¢s,
T74(a): e181=€2, €1€2=—€3, €1€3=€4, €1€4=0ie5, £2€1=€3, €2€2=€4+2€5, €263=(2—01)€s5, €381=3€s5,
e3e2=—3€es, ese1=€s,
T75(): e181=€2, €1€2=—€3, €1€3=€4, €1€4=0te5, £2€1=€3, €2€2=€4, €263=(2—01)€5, €3€2=—3€5, €4€1=E€5,
T76(a, B): e181=€2, €162=€5, L1€3=01e5, €281=€3, €282=(at/3) €5, €263=€4, €264=€5, €3e1=3/3€s,
T77(a): e1e1=€2, €163=€5, £261=€3, €262=(ar+1) €5, €263=€4, €2€4=E€5, €381=301€>5,
T7s: €181=€2, €281=€3, €262=€5, B283=C4, €2€4=E€5, £381=3€s5,
T79: €1€1=€2, €281=€3, €2683=€4, €2€4=€5.

(2A+1)(A+1)
E—
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Avtoreferat “O‘zbekiston matematika jurnali” tahririyatida o‘zbek, rus va
ingliz tillaridagi nusxalari 2023-yil 24-aprel tahrirdan o‘tkazilib, o‘zbek, rus
va ingliz tillardagi matnlari o‘zaro muvofiglashtirildi.

Bichimi: 84x60 /16. “Times New Roman” garniturasi. Ragamli bosma usulda
bosildi. Shartli bosma tabog‘i: 2,5. Adadi dona. Buyurtma Ne



