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Izoh: Differensiallash matematikaning fundamental tushunchalaridan biri
hisoblanadi. Differensiallashlar algebra fanida ham muhim o ‘rin tutadi.
Differensiallashlarning turli umumlashmalari mavjud. Bular sarasiga
antidifferensiallashlar, o-differensiallashlar, ternar differensiallashlar va (a,p,y)-
differensiallashlar kiradi. Ushbu ishda uch o ‘Ichamli nilpotent algebralarning
differensiallashi lokal differensiallashi isboti bilan ko ‘rsatilgan.
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Annomamuyuza. uddpepenumanuss — oaHo U3 GyHAAMEHTAIbHBIX MOHATUN
MaremaTuku. JluddepeHnuanun TakKe UIpalOT BaXHYK pojib B airedpe.
CymiectBytoT pasnuunbie 00060menus auddepenuuanuii. K HUM oTHOCSTCS
antunuddepenuuanuu, O-nuddepeHuranuy, TepHapHble auddepeHIanuu u
(a,B,y)-mudbdepenmmanun. B nmanHoit pabore auddepeHnnanus TpeXMEPHBIX
HWIBIIOTEHTHBIX airedp JAEMOHCTPUPYETCS MYyTEeM J0Ka3aTelabCTBA JIOKAJIbHOM
mudepeHITnanmg.
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Abstract. Differentiation is one of the fundamental concepts of mathematics.
Differentiations also play an important role in algebra. There are various
generalizations of differentiations. These include antidifferentiations, &-
differentiations, ternary differentiations, and (a,f,y)-differentiations. In this work,
the differentiation of three-dimensional nilpotent algebras is shown by proving
local differentiation.
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I. KIRISH
1-§. Masalaning qo‘yilishi
Hozirgi kunda jahonda differensiyalashlar nazariyasi bilan bir qatorda,

operator algebralarida lokal va 2-lokal differensiyalashlar nazariyasi ham muhim
hisoblanadi. So’nggi 20 yil davomida fon Neyman algebralariC - algebralari va

JB"_ uchliklarda lokal va 2- lokal differensiallashlar nazariyasini o’rganish
bo’yicha samarali natijalarga erishildi. Lokal differensiallashlarni o’rganish 1990-
yilda R.B.Kadison va D.R.Larson hamda A.S.Sururlar tomonidan boshlangan.
Ixtiyoriy uch o’lchamli nilpotent algebra bazislari {e., e,, ¢;} bo’lgan quyidagi

o’zaro izomorf bo’lmagan algebralarning biriga izomorf bo’ladi:
2 2 .2 2
N,: ei=e, er=e; N,:ei=e,, e,e,=e;,e,=¢e;

o2 — 2 — —
Njiej=ey, e,e,=e; N4(0’)-31—32,3132—33,3231—ae3
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L2 L2 2__

N;:ej=e, Ng:ej=e;, e;=e;

N.:e.e.=e,,e,e,=—e Ng(a):el= = —
7:€1€,—6€3,6,€6 3 g\ ).e;=ues3,e,e,==e3,6,=e;

II.LADABIYOTLAR TAHLILI

Differensiallashning ko’plab umumlashmalari mavjud. Eng asosiy
umumlashmasi bu lokal va 2-lokal umumlashmalari hisoblanadi. So’ngi yillarda
ko’plab olimlar lokal va 2- lokal differensiallashlarga oid ko’plab maqolalar chop
etishdi[1- 3] operator algebralarida lokal va 2-lokal differensiyalashlar nazariyasi
ham muhim hisoblanadi

IHLTADQIQOT METODOLOGIYASI
R hagqiqiy sonlar maydoni ustida aniqlangan |e;.e,.es] bazisli nilpotent

algebra N; berilgan. Bu algebrada ko‘paytirish jadvali quyidagicha aniqlanadi:
€§:€2,€261: ()
N, algebrada ihtiyoriy x vektorni
X=X, e+X,e,+x,e,

ko‘rinishda yozishmumkin. d:N; - N5 akslantirishni qaraylik.

d (x)=Ax chiziqli akslantirishni qaraylik, bu yerda A — 3 x3 o‘lchamli kvadrat
matritsa. Ravshanki, agar N; algebaradan olingan ixtiyoriy x,y elementlar uchun

Alxy)=[Ax) y+x(Ay)

Tenglik bajarilsa d(x)=Ax akslantirish qaralayotgan N, algebrada
differensiallashdan iborat bo‘ladi.

1-Teorema. d(x)=Ax akslantirish N, algebrada differensiallashdan iborat
bo‘lishi uchun A matritsa

a, 0 0
A=|a,, 2a,;, 0 4)
a;, a,, 3a,,

ko‘rinishda bo‘lishi zarur va yetarli.
Isbot. Zarurligi. d(x)=Ax akslantirish N, algebrada differensiallashdan
iborat bo‘sin. U holda

a,; d, 4
A= ay; Uy, dys
a;, 03, dj3

Matritsa ixtiyoriy X,y vektorlar uchun (1) tenglikni qanoatlantirishi kerak.
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Xususan e;e,=¢, tenglikdan foydalanib quyidagi ayniyatni

(Ae,)e,+e (Ae,)=Ale,)

qaraylik:
a,;, a4, da;3l(1 a;
Ae=|a,, a,, a,;|[0|=|a, |=a.e,+a,,e,+a;,e;
a3, 43, dz; 0 as;
a,; di, d3\(0 a,
Ae,=la,, a,, a|[1|7|a,,|=a.8110;,e,7a;5,e;
a3, 03, dj3 0 as,
(Ael)31:(‘11,161""12,1e2+a3,1es)e1:al,1e2+az,1e3
e1(A 91):el(al,lel+az,1ez+a3,1e3):al,lez
a,e,+a,,e;+a,,e,=a,,e,+a,,e,+a,,e;
bundan

a,,=2a,,,a,,=0,a;,=a,,
Ae,=2a,  e,+a,,e,

tengliklarni aniqlaymiz.

Endi e, e,=0 tenglikdan foydalanib quyidagi ayniyatni

(Ae;)e,+e (Ae,)=A(0)

qaraylik:
(Ae1) €= (a1,1 e, +a,,e,+d;; e3)e2:0
e,(A 62)231(201,1 e,+d,, e;)=0
0=0
bo*ldi.

Endi e,;e;=0 tenglikdan foydalanib quyidagi ayniyatni
(Ae,)es+e (Aes)=A(0)
qaraylik:
(Ael)e3:(a1’1e1+a2,1e2+a3’1e3)e3=0

el(Ae3):el(a1,3e1+az,3ez+aa,3es):al,3ez

O+a,;e,=0
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bundan
a,;,=0,Ae;=a,;e,+a,;e;
tengliklarni aniqlaymiz.

Endi e,e;=e; tenglikdan foydalanib quyidagi ayniyatni
(Aey)e+e,(Ae;)=Ales)

qaraylik:
(Aez) e,=(2a,,e,+a,,e,)e,=2a, e,
ez(A 31)262 (01,1 e, +a,,e,+a;, 33) =a,,e;
2a,,e;+a, e;=a,,e,+a,;e,
bundan

a,;=0,a,;=3a,,,Ae;=3a, e,
tengliklarni aniqlaymiz.

Endi e.,e,=0 tenglikdan foydalanib quyidagi ayniyatni
(Aey)e,+e,(Ae,)=A(0)

qaraylik:
(Ae2)e2:<2a1,1e2+az,1 e;)e,=0
ez(Aez):ez(2al,lez+az,1e3)20
0=0
bo‘ldi.

Endi e,e;=0 tenglikdan foydalanib quyidagi ayniyatni
(Aey)este,(Aes)=A(0)

qaraylik:
(Aez)esz(2‘11,1e2+az,1e3)63:0
eZ(Ae3)=e23a1’1e3=O
0=0
bo‘ldi.

Endi e;e;=0 tenglikdan foydalanib quyidagi ayniyatni
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(Aes)e,+e;(Ae)=A(0)

qaraylik:
(Ae3)e1:3a1’1e3e1 =0
63(Ae1):e3(‘11,1e1+az,1ez+a3,1ea):0
0=0
bo‘ldi.

Endi e;e,=0 tenglikdan foydalanib quyidagi ayniyatni
(Aey)e,tes(Ae,)=A(0)

qaraylik:
(AeS)e2=3aMe3e2=O
es(Ae,|=e,(2a, e,+a,, e,)=0
0=0
bo‘ldi.

Endi e;e;=0 tenglikdan foydalanib quyidagi ayniyatni
(Aes)est+es(Aey)=A(0)
qaraylik:
(Ae,)e;=3a, e,e,=0,e,(Ae,)=e,3a,,e,=0
0=0

bo‘ldi.

Yetarliligi. Endi A matritsa (4) ko‘rinishda bo‘lsa d(x)=Ax chiziqli
akslantirish differensiallashdan iboratligini ko‘rsataylik.

Xy=(X,e,+x,e,+X,05)(y, e, +y, e+ y,e5)=(
(X, y,e,+X,Y, e,

tenglikka ko‘ra

a, 0 0 0
A(X}’): a,, 2a, 0 X1 Y1 :2a1,1X1Y1ez+(az,1+301,1)xz)’1e3
ay; ay; 3a;,/\X ),

boshga tamondan
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a, 0 0 \[x,
Ax= a,, 2a 0 X, :al,lx1e1+(az’1x1+2al)1x2)e2+c

ay, Gy, 3a,,]\Xx
(as,X,+a,, x,#3a, ,x5) e,
(Ax)y=(al,1x1e1+(a2,1x1+2amx2)e2+(a3,1x1+a2,1x2+3a1)1x3)e3)
(ylel+y2e2+y3e3)=a1’1x1y1e2+(a2,1x1+2 al’lxz)yle3

a, 0 0 |y
Ay=la,, 2a,, 0 ||y, :al,l)’1e1+(az,1}’1+2a1,1Y2)e2+(’
a3, @y 3a,,/\y;

(a3, y,+a,,y,+3a,, y,)e
x[Ay)=(x,e,+x,e,+ x50, i
(a3’1y1+a2’1y2+3 a1’1y3)e3i,= a, X, y,€,+a,, X,y e,
Yugqoridagi xisoblashlar (4) tenglik to‘g‘riligini ko‘rsatadi.
Teorema isbotlandi.
Endi lokal differensiallashni ko‘ramiz
2-Teorema. Agar A matritsasi pastki uchburchak shaklda bo‘lsa, N; dagi A

chiziqgli akslantirish lokal differensiallash bo'ladi.

Isboti. A- N;bo“yicha ixtiyoriy lokal differensiallashi bo‘lsin va A matritsasi
b

A=|b

b

bo‘lsin. Barcha x=x,e,+x,e,+x;e; uchun ta’rifga ko‘ra N; ustida Adifferensiallash

mavjudki
A(x)=A,(x)
tenglik o'rinli.

2-teoremaga ko'ra A, differensiallash quyidagi ko'rinishga ega bo'lsin

a, O 0
A=(B, 2a, O
Y. B 3«
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x=e,,x=e,,x=e;larni tanlab va A(x)=A,(x) tenglikdan foydalanib, ya'ni AX=A X
ga ko'ra b,,=b;=b,;,=0 natijaga ega bo'lamiz. Bu yerda X—x ga mos vektor.

Bundan A matritsa

b, 0 0
A = b21 b22 0
b31 b32 b33

ko rinishga keladi.
Yana V (x)=A,(x) dan foydalanib, ya’ni AX=A,X gako'ra

b, 0 0}\(x)| [a, O 0 \[x,

X

by, by O ||x|7|B, 2a, 0 ||x,

X

by by by)\x Yo Bo 3a,/\x;
Tenglamalar sistemasiga ega bo ' lamiz.

axX1:b1,1X1
ﬁxxl+2axX2:b2,1'X1+b2,2 X,
Yxx1+BXX2+3axX3:b3,1X1+b3,2 Xyt b3,3 X3

Agar x,#0bo‘lsa

ax:bl,l

X
Bx:b2,1+(b2,2_2ax) =
Xq

yX=b3’1+(b3’2—Bx)ﬁ+(bZ,63,3—3ax)ﬁ
Xy Xy

6
Agar x,=0,x,70 bo‘lsa,

20(X=b2,2,

.. X?, .
B,=b,,+(bii3,3-3a,) =i

X4
Agar x,=x,=0,x,70 bO‘lsa,

3a,=b 33.

Teorema isbotlandi.
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