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YECHILUVCHAN LEYBNITS ALGEBRASINING TOLIQLIGI HAQIDA
Mamadaliev O'ktamjon Xasanboyevich,
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Qurbonov Abduqaxxor Xoldorjon o'g’li
NamDU o'qituvchi
Satiboldiev Ibroximjon Raximjon o'g’li
NamDU magistri

Annotatsiya: ushbu magolada nilradikali filiform Leybnits algebrasi bo'lgan  yechiluvchan
Leybnits algebrasining to'ligligi isbotlangan.
Kalit so’zlar: nilpotentlik. differensiallash. yechiluvchan algebra, ideal, algebraning markazi.

O ITOAHOTE OAHOM PA3PEIINMMOM AATEBPHI AEMEHMIIA

MAMAAAAMEB YKTAMMKOH XACAHEOEBHY,
HamI'V, PhD, crapunsii nperiojasateas,
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KypOonos ADayvkaxxop XOAAOPXKOH YTAM
HamI'V, npenoaasareas,
Caruboaaues Vopoximxkon Paximokod yram
HamIV, marmucrpaur

Annomauua: B cmamve Jdoxaswedemcs noAnoma paspemiumon  aizedpot  Aeqdnuua,
HuAbPAMUKANOM Komopoil Aeidemcd gusugopmuan arzedpa Aetidxua.

Katougssle caosa: Huibnomenmuocms, Juddeperiuposatue, paspentuman arzedpa, udean,
uenmp arzedput.

ON THE COMPLETENESS OF A DECIDABLE LEIBNIZ ALGEBRA
Mamadaliev Uktamjon Xasanboyevich,
INamSU, phd, senior teacher
Qurbonov Abduqaxxor Xoldorjon ugh
INamSU, teacher
Satiboldiev Ibroximjon Raximjon o'g’li
INam5U, master at the Department mathematical analysis

Annotation: In this article. the completeness of a solvable Leibniz algebra is proved. the
nilradical of which is the filiform Leibniz algebra.
Keywords: nilpotency. differentiation. solvable algebra. ideal. center of algebra.

Tarif 1. ' maydon ustida aniqlangan G algebraning ixtiyoriy x, y, z elementlari

uchun quyidagi ayniyatlar bajarilsa,
[x, ] = 0 = antikommutativlik ayniyati,
[[x y]. 2] + [y, 2], x] + [[=, x], ¥] =0 =Y Akobi ayniyati,
G algebra Li algebrasi deyiladi, bu erda [-,-] = G algebrada aniglangan ko'paytirish amali.
Tarif 2. F maydon ustida aniglangan L algebraning ixtiyoriy x, y, x elementlari uchun
quyidagi Leybnits ayniyati bajarilsa,
[I., [ya :]] = [['X" .}"]1 :] —[[I, :],_V],

L algebra Leybnits algebrasi deyiladi, bu erda [--] = L da aniglangan ko'paytirish amali.
Ixtiyoriy L Leybnits algebrasi uchun quyidagi quyi markaziy va hosilaviy ketma-ketliklarni
mos ravishda aniglaymiz:

L*=L, L+¥'=[LF L'];LM=L, LB+=[LK, L], k>1.

Ta'rif 3. L Leybnits algebrasi uchun shunday s € Nson mavjud bo'lib, LEl = 0 (mos
ravishda, L®* = 0) bo'lsa, u holda L echiluvchan (mos ravishda, nilpotent) Leybnits algebrasi
deyiladi.

Ixtiyoriy Leybnits algebrasining maksimal nilpotent ideali uning nilradikali deyiladi.

Ta'rif 4. L Leybnits algebrasi filiform deb ataladi, agar dimL! = n —i,

2 < i =n,bo’lsa, bu yerda n = dimL.

Tabiy usulda graduirlangan Leybnits algebrasi ta'rifini keltiramiz.

L chekli o'lchamli nilpotent Leybnits algebrasi bo'lsin. gr(L):=LY/L*!, 1=i<s~1 deb olamiz, bu
erda s — L algebraning nilindeksi va grl=gr(Lp@gr(L):@ ... @gr(L)-1 deb belgilab olamiz. grL
da ko'paytmani quyidagicha aniglaymiz:
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[x+ Li, y+ Dlga = [x, y] + L¥?, bu erda xeL*, yeli.
U holda [gr(L);, gr(L)]szcgr(L)~ bo'ladi va biz grl graduirlangan algebrani hosil gilamiz.
Tarif 5. Yuqorida qurilgan graduirovkani tabiiy graduirovka deb ataymiz. Agar L Leybni
algebrasi grL algebraga izomorf bo'lsa, u holda L tabiiy usulda graduirlangan Leybnits algebra
deb ataladi.
Teorema[l]: har qanday n-o'lchamli kompleks tabiiy usulda graduirlangan Li bo'lmag:
filiform Leybnits algebrasi quyidagi o'zaro izomorf bo'Imagan algebralardan biriga izomorf
F.: [nals [saled bueda <<,

F: 1 [enei]=es, [&,e1]=e1, bu erda 3<i<n-1.
Ta'rif 6. Aytaylik d = L Leybnits algebrasining chizigli almashtirishi bo'lsin. Agar ixtiyor
X,y € L lar uchun quyidagi tenglik bajrilsa

d([x, yI)=ld(x), yIlx, d(y)],

u holda d chizigli almashtirishga L Leybnits algebrasiming differensiallashi deyiladi.
Ta’kidlab o'tamizki, algebra elementiga o'ngdan ko‘paytirish operatorlari (ya'ni, algebranir
har ganday y elementi uchun R, (y)= [x,y]) differensiallash bo'ladi, biz ularmi ich
differensiallashlar deb ataymiz.
Ta'rif 7. L- Leybnits algebrasi bo'lsin, Center(L) = {x € L|[x,L] = [L,x] = 0} ga L algebranir
markazi deyiladi.
Ta'rif 8. L Leybnits algebrasi to'liq deyiladi, agar uning markazi nol(trivial) va har gands
differensiallashi ichki bo'lsa.
Nilradikali F} bo’lgan Leybnist algebrasining tavsifini beramiz.
Teorema[2]: Nilradikali F,! bo’lgan, ixtiyoriy (n+ 1)- o'lchovli Leybnits algebrasi quyidagi
juft bolmagan izorf bolmagan algebralardan biriga izomorfdir:

le.e;]=e,, 2<i<n-—1, le,e;]=e,, 2<i<n-—1,
Ri: [x:Ej_] = __Ej_ - eZI Rz {ﬂ): [xl e‘j_] =-_'E‘]_¢
[Ei,l‘] = E1- [e-j_-x] = Ep
le,x]=(i—De,2<i<n-—1; [e,x]=(a+i—1)e, 2<i<n;
lee;]=e,, 2<i=n-—1, e e,] =€, 2<i=n-—1,
) Ixed=—e, [e.x]l=e,, ) [xel=—e, [enx]=e +e,
) le,x]l=(i—n)e, 2<i<n, ¥ lle,x]=(i+1—-n)e, 2<i=<n,
[x,x] =e,; [x,x] =—e,_,;
i [e,.e,] = e3,
e, el =€, 2<i<n-1,
-1
R.(a,, .., a,): [er.x] = e, +Z ape;,
=4
mn
[E!,IJ=E!+ Z aj_{+23jp EEEEHI

. j=i+2

Bundan tashqari, R:(a,,...,a,) algebrada {a,,...,a,} dan nolga teng bo'lmagan birinchi
parametrni 1 ga teng deb hisoblash mumkin.

Biz R, algebrani differensiallashini hisoblab quyidagi tasdigni olishimiz mumbkin.

Tasdiq 4. R,algebraning ixtiyoriy differensiallashi quyidagicha matritsaviy ko'rinishga ega:

12



Haw ¥ wimui axdopomuomacu - Hayunsii eecmuuk Haml™V 2021 i 9-con

a, 0 0 0 v 0 0 0

0 a, Bs 0 v 0 0 0

0 0 2a, B v 0 0 0

0 0 0 0 .. (n—2)a, B3 0

0 0 0 0 .. 0 (@-Da, 0

—B, —B, O 0 .. 0 0 0
Isboti: d — R, algebraning differensiallashi bo'lsin. Algebraning hosil giluvchi elementlari
{e,.e; x} - basis elementlaridan tuzilgan.

d(e,) = Xizy ajey + @,y x ,d(ey) = iy B+ Brya X, d(X) =TI, Viey + VX
go'yish mumkin.
d([e.e;]) = [d(e).e;] + [e.d(e;)] dan foydalanib quyidagi chekli tengliklarni olamiz
d([e,.e,]) = [d(e,).e,] + [e,,d(e;)] dan B,,, = 0 ekanligi ya'ni
dle,) = XL, B;e; kelib chigadi;
d([e,,x]) = [d(e,),x] + [e,,d(x)] dan
Yns1 =0, @y =0,a;, = 0,3 < i < nekanligi ya'ni
d(e,) = a,e, + aye, va d(x) = X, y,e; kelib chiqadi;
d([e,.e,]) = [d(e,).e,] + [e,,d(e,)] dan a, = 0 ekanligi ya'ni
d(e,) = a,e, kelib chiqads;
d(le, x] = [d(e,),x] + [e,,d(x)] dan y, = —B;, B;=0, 4<i<n ekanligi yani d(e,)=
Bie,+ (e, + fie; kelib chigads;
d([x,e,] = [d(x),e,] + [x,d(e,)] dan
B,=0,8,=a,y, =—p; ¥, =0,3<i=n-—1 ekanligi ya'ni
d(e,) = a e, + fie; va d(x) = —fe, — fie, + ¥, e, kelib chiqadi;
d([x,x] = [d(x),x] + [x,d(x)] dan ¥, = 0 ekanligi ya'ni
d(x) = —fi;e, — fi;e, kelib chiqads;
d(le,,e,]) = [d(e,),e,] + [e,,d(e,)] dan d(e;) = 2a,e; + e, ekanligi kelib chiqadi;
d(le;, e,]) = [d(e;),e,] + [e;,d(e,)] dan d(e,) = 3a,e, + fae, ekanligi kelib chiqadi;
Umumiy holda d(e;) = (i —1)a,e, + flze;,,, 3 =i =n teng ekanligini matematik induksiya
yordamida isbotlaymiz:
d(e,) = (n—1)a,e, ekanligidan d(e; ) =ia,e;,+ f;e;,, kelib chigishini ko'paytirish
jadvalidan foydalanib hisoblaymiz:
d([e.e,] = [d(e).e,] + [e,d(e,)]
d(ey,) = (i — Dayey, + faey, +ajey, = iaey, +faey,,
Differensiallash xossasini qolgan ko'paytmalar uchun tekshirish ayniyatni beradi.
Shunga ko'ra
die;)=a,e;;
d(e,) = ae, + Byes;
(e)=(i—1a,e, + ey, 3<i=n

Tasdiq isbotlandi.
Tasdiq 5. R, Leybnits algebrasi to'liqdir.
Isboti: R, algebraning markazining nolligi ko'paytirish jadvalidan bevosita kelib chigadi.
Navbatda R, ,R,,ichki ditferensiallashlarni hsoblab topamiz.
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R, (e)=¢ey,2sisn-—-1
R, (x) = —e, — e,
R,(e)) =e,

R,(e)=(i—1)e, 2<i<n
Tasdiq 4 ga ko'ra Der(R,) =a,R, + B3R, ya'ni R, algebraning barcha differensiallashlari
ichki ekanligi kelib chiqdi.

Tasdiq isbotlandi.
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