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Differentiation, Algebra, local
differentiation, linear mapping.

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, o6-
differentiations, ternary differentiations, and (a,f,y)-
differentiations. In this paper, the differentiation of four-
dimensional nilpotent algebras is shown by proving local
differentiation.
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Audgpepenyuayus, anazebpa,
JI0KAJ/1bHOe
duggepeHyuposaHue,
JIUHelIHoe omobpabjceHue.

Audgepenyuayus — o00HO u3 pyHOamMeHmManbHbIX
noHsmuiti mamemamuku. JugdepeHyuayuu makxice
uzparom 8axcHyrno poab 8 aszzebpe. Cywecmaywom
pazauvHble 0606uweHusi Jduppepernyuayuii. K Hum
omHocamcsi aHmuodugpgeperyuayuu, -
dugpgepenyuayuu, mepHapHvle JugpgepeHyuayuu u
(a,f,y)-dudpdepenyuayuu. B daHHoll pabome
dugdepeHyuayusi 4YembvblpexmMepHblX HUJAbNOMEHMHbIX
asnzebp demoHcmpupyemcsi nymem dokazame/bcmaea
J10KanbHOoU duddepeHyuayuu.

Boydadayev Islomjon G‘anijon o‘g'li
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Received: 15t February 2025 Differensiallash matematikaning fundamental
Accepted: 20" February 2025 tushunchalaridan biri hisoblanadi. Differensiallashlar
Online: 21t February 2025 algebra  fanida ~ ham  muhim  o'rin  tutadi.
- - Differensiallashlarning turli umumlashmalari mavjud.

Differensiallash, Algebra, lokal , . .
differensiallash, chizigli Bylar . sarasiga an.tzdlﬁ"er?nszallashlan o-
o differensiallashlar, ternar differensiallashlar va (a,f,y)-
akslatirish differensiallashlar kiradi. Ushbu ishda tort o‘lchamli
nilpotent algebralarning differensiallashi isboti bilan

korsatilgan.
Kirish

Quyida biz to‘rt o‘lchamli nilpotent algebralarning differensiallashini keltiramiz.
R haqiqiy sonlar maydoni ustida aniglangan {e,, e,, e5, e,} bazisli nilpotent algebra N,
berilgan. Bu algebrada ko‘paytirish jadvali quyidagicha aniglanadi:
ejeq = ey €63 = €, €36, = e, eze; = e,
N, algebrada ixtiyoriy x vektorni
X =Xx1e1 + X6, + x3e3 + X184
ko‘rinishda yozish mumkin. d : N, — N, akslantirishni qaraylik.
1-Ta’rif. Agar N algebaradan olingan ixtiyoriy x, y elementlar uchun
d(x-y) =d(x) y+x-d(y)
Tenglik bajarilsa d akslantirish qaralayotgan N algebrada differensiallash deb ataladi.
d(x) = Ax chiziqli akslantirishni qaraylik, bu yerda A - 4 X 4 o‘lchamli kvadrat matritsa.
Ravshanki, agar N, algebaradan olingan ixtiyoriy x, y elementlar uchun
A(xy) = (Ax)y + x(Ay) (1
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

0 0 0 0
0 0 0 0

A=l 0 0 a5 0 )
asn 0 a3 ass

ko‘rinishda bo'lishi zarur va yetarli.
Isbot. Zarurligi. d(x) = Ax akslantirish N, algebrada differensiallashdan iborat bo‘sin. U
holda
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A1 Q12 A13 A14
Q2,1 Q22 Q23 Q24
Q3,1 Q32 433 A34
Ag,1 Qa2 Q43 Qg4
Matritsa ixtiyoriy x, y vektorlar uchun (1) tenglikni qanoatlantirishi kerak.
Xususan e;e; = e, tenglikdan foydalanib quyidagi ayniyatni
(Aep)e; + e1(Aey) = A(ez)

qaraylik:
A1 Q12 Q13 A4 1 aj
A1 QAo Az3 A4 0 azq
Aeq Az1 A3p G33 A34 0l \as: |~ aq1€1 + Q1€ +az1€3 + ay1€4
Qg1 Aup Qg3 Qg4 0 Ay
A11 Q12 Q13 A14 0 a
Q1 Q2 A3 A4 1 az»
A6’2 - a3,1 a3'2 a3,3 a3,4 O - a3,2 - al’zel + az'zez + a3’263 + a4’234
Qg1 Qgp Qg3 Agg 0 Ay
a11 Q12 Q13 A14 0 a3
Q1 Q2 A3 A4 0 azs
Aes = Q31 Gz G33 Azq || 1|7 | azs | = %1361 + aj3e; + azzez + Az 3,
Qg1 Qgp Qg3 Agg 0 Ay 3
a11 Q12 Q13 A14 0 a4
Q1 Q2 A3 A4 0 azq
Aey = Q31 G35 G35 Qg4 0] lass|™ Q1,461 T Az 467 + A34€3 + Ay 48y
Qg1 Qgp Qg3 Agg 1 Ay 4

(Aey)e;, = (a1,1e1 + az 6; +azq €3 + a4,1e4)e1 = a1 + azi €,
e1(Aey)= e1(a1,1e1 +azie; + a3,193+a4,1e4) =da 16
aii€z +azges+ a1 = g6, +azz6; +azze3 + asze,
bundan
Az = 204, a;, =0, azp; =0 aup =asz; Ae, =2a,1e;+az 6,
tengliklarni aniglaymiz.
Endi e;e, = 0 tenglikdan foydalanib quyidagi ayniyatni
(Aey)e; + e1(dey) = A(0)

qaraylik:
(Aer)e; = (a1 +az e, +az €3+ as €,)e; = ag e,
e;(dey) = 91(2‘11,192 + a3,1e4) =0
azie, =0
bundan
asz; =0, as, =0 Ae, = 2a,,e, Aey =ajieq+az.e;,+ay,€4

tengliklarni aniglaymiz.
Endi e;e; = 0 tenglikdan foydalanib quyidagi ayniyatni
(Aey)es + e1(dez) = A(0)
qaraylik:
(Aey)es = (‘11,191 +az,6e; + ‘14,194)93 =az16,
e1(de;) = 91(a1,3e1 t+ azze; +azzes + a4,3e4) = aq,3€62
az1€s + ay36; =0
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bundan

a,3=0, a;;=0 Ae; =a;,e;+ay,e, Aeg = azze; + azzez + asze,
tengliklarni aniqlaymiz.
Endi e e, = 0 tenglikdan foydalanib quyidagi ayniyatni
(Aey)e, + e1(Aey) = A(0)

qaraylik:
(Aey)e, = (a1 + as es)e, =0
e;(Ade,) = 31(a1,491 t azqe; +azqez + a4,4e4) = a1,4€2
ajse; =0
bundan
a; =0, Aey, = aj4ep; + azge3 + ag4ey

tengliklarni aniqlaymiz.
Endi e,e; = 0 tenglikdan foydalanib quyidagi ayniyatni
(Aey)e; + ey(Aey) = A(0)

qaraylik:
(Aey)e; = (2a4,1e5)e; =0
ey(Aey) = ex(ag e +agq e4) =0
0=0
bo‘ldi.

Endi e,e, = 0 tenglikdan foydalanib quyidagi ayniyatni
(Aey)e; + ey (Aey) = A(0)

garaylik:
(Aez)e;, = (2a4,1€2)e; =0
e,(Ae;) = ey(2aq,1e;) =0
0=0
bo‘ldi.

Endi e,e; = e, tenglikdan foydalanib quyidagi ayniyatni
(Aez)es + e (Aes) = A(es)

qaraylik:
(Aey)es = (2aq,1€3)es = 2aq,1€,
ey(Ae;) = ez(a2,3ez + azzez + a4,3e4) = Q3364
2a11e4 + 3364 = Q46 + 343+ Aysey
bundan

a4 =0, a34=0, au4=2ay,+az3 Ae,=(2a;;+asz)e,

tengliklarni aniqlaymiz.
Endi e,e, = 0 tenglikdan foydalanib quyidagi ayniyatni

(Aey)e, + e,(Aey) = A(0)
qaraylik:

(Aey)ey = (2a1,132)e4 =0

ey(Ae,) = e;(2a,1 +az3)e, =0
0=0

bo‘ldi.
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Endi ese; = e, tenglikdan foydalanib quyidagi ayniyatni
(Aes)e; + e3(Ae;) = A(es)

qaraylik:
(Aez)e, = (az,sez + azzes + a4,3e4)el = a33€y
e3(Aey) = ez(as1e1 + azie4) = a1y
azszes + ay 164 = (2a11 + aszzle,
azz + a1 = 2a;1 +ass
bundan

a;1 =0, Aey =ay.e, Ae, =0 Ae, = asse,
tengliklarni aniqlaymiz.
Endi eze, = e, tenglikdan foydalanib quyidagi ayniyatni
(Aez)e; + e3(Aey) = A(es)

qaraylik:
(Aes)e; = (azze; + aszzes + agzes)e; = azzey,
e3(Ae;) = e3(0) =0
a33€4 = U33€4
0=0
bo‘ldi.

Endi e;e; = 0 tenglikdan foydalanib quyidagi ayniyatni
(Aes)es + e3(Aes) = A(0)

qaraylik:
(Ae3)e, = (az3e; + azzes + agze4)e3 = ayze,
es(Ae;) = e3(azze; + azzes +agze,) = azze,
a3+ az3 =0
bundan

a3 =0 Aes =azzez+asze,
tengliklarni aniqlaymiz
Endi e;e, = 0 tenglikdan foydalanib quyidagi ayniyatni
(Aes)ey + e3(Ae,) = A(0)

qaraylik:
(Aes)e, = (azzes + agzes)e, = 0,
e3(Aey) = es(azzes) =0
0=0
bo‘ldi.

Endi e,e; = 0 tenglikdan foydalanib quyidagi ayniyatni
(Aeg)e; +e4(dey) = A(0)

qaraylik:
(Aey)e; = (azzes)e; =0,
es(Ae;) = eq(as14) =0
0=0
bo‘ldi.

Endi ese, = 0 tenglikdan foydalanib quyidagi ayniyatni
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(Aey)e; + e, (Aey) = A(0)
qaraylik:
(Aey)e; = (azzes)e; = 0, e,(de;) =e,(0) =0
0=0
bo‘ldi.
Endi e,e; = 0 tenglikdan foydalanib quyidagi ayniyatni
(Aey)es + e, (Aes) = A(0)
qaraylik:
(Aey) = (azzes)es = 0, ey(Aes) = ey(aszes + azzes) =0
0=0
bo‘ldi.
Endi e,e, = 0 tenglikdan foydalanib quyidagi ayniyatni
(Aey)ey + e,(Aey) = A(0)
qaraylik:
(Aey)e, = (azzes)e, =0, es(Aey) = es(azze,) =0
0=0
bo‘ldi.
Yetarliligi. Endi A matritsa (2) ko‘rinishda bo‘lsa d(x) = Ax chizigli akslantirish
differensiallashdan iboratligini ko‘rsataylik.
xy = (x1€1 + xz€; + X383 + x404) (Y101 + Y28, + Y33 + Ys€4) =
= x1y1€2 + (X2)3 + X3Y1 + X3¥2)ey

Tenglikka ko‘ra
0 0 0 0 0
0 0 0 0 X1V1 _
A ={ 0 0 35 0 0 =

a1 0 ass asz/ \xyys+x3y; +x3);

= a33X2Y3 t A33X3Y1 t A33X3Y>
boshga tamondan

0 0 0 0\ /x
o 0o 0o 0 \[x)_
AX=1"0 0 a5 0 |{x]™

a1 0 agz azzs/ \X4
= a33X3e3 + (As1X; + Ag3X3 + A33X4)€4
(Ax)y = (azzxses + (ag1X1 + As3%3 + azzxs)es) (Vi€ + y26; + yzes + ysey) =
= A33X3Y1€4 T A33X3Y2€4
0 0 0 0\ /y
ao| 00 0 0
0 0 azz 0 V3
as1; 0 ag3 azz/ \Va
= Q33Yy3€3 + (As1Y1 + Au3Y3 + az3ys)e,
x(Ay) = (x1€1 + x2€; + x3€3 + x4€4) (A3 3Y363 + (As1Y1 + Au3Y3 + A33Y8)e4) =
= a3,3X2Y3€4
Yuqoridagi xisoblashlar (2) tenglik to‘g‘riligini ko‘rsatadi. Teorema isbotlandi.
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