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EXACT AND NATURAL SCIENCES

UK 512.7

BA’ZI TO'RT O'LCHAMLI LI ALGEBRALARINING LOKAL
ICHKI DIFFERENSIALLASHLARI

Jumayeva Charos Ithomjon gizi,
Buxoro davlat universiteti
charosjumaveva2801 @ gmail.com

Annotatsiva. Hozirda algebralar bo'vicha differensiallashlarning turli xil turlari o’‘rganilmogda
Masalan, differensiallash, ichki differensiallash, lokal differensiallash, lokal ichki differensiallash, 2- lokal
differensiallash, devarli ichki differensiallash va boshgalar. Kichik o‘lchamli Li algebralarining lokal ichki
differensiallanishini o ‘rganishda bir gancha givinchiliklar pavdo bo'ladi. Shu sababli ushbu magolada to‘rt
o lchovli Li algebralaridan ba zilarining lokal ichki differensiallashlari ko 'rib chigilgan. Shu bilan birga Li
algebralarning differensiallashlarining umumiy ko'rinishi topilgan. Chekli o’lchamli hollari bilan
taggoslangan. O ‘rganilgan to'rt o'lchovli Li algebralardagi har ganday lokal ichki differensiallash ichki
differensiallash ekanligi topilgan.

Kalit so'Zlar: Li algebra, differensiallash, ichki differensiallash, lokal differensiallash, lokal ichki

differensiallash.

JTOKAJIBHBIE BHYTPEHHHE ITPOH3BO/HBIE HEKOTOFPBIX
YETLIPEXMEPHBIX AJIT'EBP JIH

Annomanua. B nacmorugee epema u3yuawmca paziuuxeie munsl oughghepenyuanoe Ha arzetpa.
Hanpuwep, dugbihepenyuayun. aoxanvnan oudpepenyuayua, 2 - noxarenan oduggpepenyuayun, noumu
eHympeHHAA oughghepenyuanyua u m.o. Ilpu usyuenun 10KATLHOZ0 BHYMperHe20 dughghepenyupoeanua Mansx
arceop Jlu eosnuxaem pad mpyowocmen. [losmomy & >moili cmampbe paccMampuearomci TOKWTbHBIE
eHympeHtue ougighepenyuayuu Hexomopwix yemsipéxmepueix aizeop Jlu. B mo e epema Owin Hatiden
obuui eud dugpgpepenyuanoe arzebp Jlu. bewio nposedeno cpasrerlie ¢ KOHEYHOMEPHBIMI cTyuaAmu. beino
OOHAPYXCEHO, WMO T000€ 10KATbHOE GHYMpenHee dugbghepenyuposante € uIVYAEMBIX YeMBIPEXMEPHBIX
arceopax JTu aensemca enympenHum dughgpepenyuposarnuem.

Kuroueeste caoea: anrceopa Jlu, eweod, eHyMpeHHUIl 6bl60d, JOKATbHBIN EME00, NOKATBHBIL

EHYMPEHHUT 861600,
LOCAL INNER DERIVATIONS OF SOME FOUR-DIMENSIONAL LIE ALGEERAS

Abstract. Different tvpes of differentials on algebras are currently being studied. For example,
derivation, inner derivation, local derivation, 2 - local derivation, almost inner derivation, etc. A number of
difficulties arise in studving the local internal differentiation of small Lie algebras. This article therefore
considers local inner differentiations of the some four-dimensional Lie algebras. At the same time a general
view of differentials of Lie algebras has been found. Has been compared to finite-dimensional cases. It has
been found that local inner derivation in studied four-dimensional Lie algebras is an inner derivation.

Key words: Lie algebra, derivation, inner derivation, local derivation, local inner derivation.

Kirish. Bugungi kunda algebralar bo‘yicha turli xildagi differensiallashlar o‘rganilmogda. Bulardan
biri bolgan lokal differensiallash birinchi marta 1990-yilda R.Kaidison ishida ko'rib chigilgan [1] va
mustaqil ravishda D. Larson va A. Surur ishlarida kuzatiladi. Ushbu hujjatlarda, lokal differensiallash
differensiallash bo’lgan ba‘z1 shartlar ko‘rsatilgan. R Kaidison 1shida fon Neyman algebralan va ba*z
polinom algebralaridagi, lokal differensiallashni ko*rib chigdi. L.Molnar standart operator algebralanda,
lokal ichki differensiallash ta*rifini kiritdi. Bundan tashgan, ular chekh o*lchami ikkidan katta bo‘lgan har
bir nilpotent Li algebrasi avtomorfizm bo‘lmagan 2-lokal avtomorfizmm gabul gilishini ko'rsatadi. Ayrim
chekli o‘lchamli oddiy Li va Leybnits algebralarining mahalliy avtomorfizmlan [2,3] da o‘rgamlgan. Li
algebralarining deyarhi ichki differensiallash C.S.Gordon va E.N. Vilson ixcham kollektorlarning izospektral
deformatsivalarimi o'rganishd.

Asosiy gism. Boshlash uchun L1 algebralanining ta'rifini eslaymiz.

Ta’rif 1. F maydon ustidagi [ algebrada ixtiyoriy x, ¥, Z € L
__________________________________________________________________________________________________________________________________________|
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X, ¥, Z € L elementlar uchun quyidagi ayniyatlar bajarilsa:

1. [_r, }r] = —[ };x] — antikommutativlik ayniyati,
2. |:_r‘[ ¥, z]:| + [y‘[z‘_r]] + [31 [_-":., _\-']] — ﬂ = Yakobi ﬂ}l']]i}"ﬂﬁ,
u holda [ algebraga Li algebrasi deyiladi, bu yerda [x, y] — L dagi ko' paytma.

L cheklangan o‘lchovli Li algebra bo’lsin. L Li algebra uchun biz quyidagi markaziy va hosilaviy
gatorlarm ko‘nib chigamiz:

L=L.L=[I"L]i>
I=F, " =[£!*‘” L!“"]:l k=
Ta'rif 2. Aytaylik, d:L — L chizigli akslantirish bo’lsin. Agar ixtiyoriy X,y € L elementlar uchun

([ 3) =[a().y]+[x ()]
u holda d chizigli akslantirish L algebrada differensiallash deyiladi. Barcha ichki differensiallashlar
to’plami Dep(L) bilan belgilanadi. [4]

quyidagi tenglik bajarilsa:

Ta’rif 3. Ixtiyoriy X, ¥ €L uchun {Hfﬂ{I}——r[I,{I] kabi aniglangan ad :L—» I akslantirish
differensiallash bo‘ladi va bunday differensiallashlar ichki dfferensiallashlar deb ataladi. Barcha ichki
differensiallashlar to’plami InDer(L) kabi belgilanadi.

Ta’rif 4. Chizigh operator A: L — L lokal ichki differensiallash deyiladi, agar barcha x € L uchun,
ad_:L—» L ichki differensiallash (X ga bog’lig bo’lgan) mavjud bo’lib A(x)=ad (x) tengligi bajarilsa.
[5]

i
Algebra I, :[EL,EE] =e, a=Y ae el
i1

uchunad (x)= [x._, ﬂ] = [_I]E"] +xe +xe t+xe,,ae tae,tae +tae 4] =S (I]-HE — X4 )E‘E_
4

bo'ladigan x = EI‘_E‘_ € L, elementi mavjud.
1=l
Lokal ichki differensiallashlar ta'rifiga ko‘ra, {E‘!,EE,E],Ed} asosi uchun ﬁ{g‘ ] :’:'dq {E:‘) (i=12.3.4)
tengligini tekshinb, biz quyidagilarm olamiz:
ﬂh{é’l] =a,e,, ,-in.{ezj =—a.e, A (EE) = ﬂ{fd) =,
A operatori chizigli bo*lgani uchun
A(x)=A(xe +xe,+xe +xe,)=(a,x —a,x,)e,.
U holda _'t[.‘-r) =[x.a.e, +a,e,]. Bu A operatorining ichki differensiallashlari ekanligini bildiradi.
Algebra | :[g”gl]:g“ ushbu algebra uchun oldingi texnikani takrorlab, biz [, dagi har bir lokal
ichki differensiallash ichki differensiallash ekanligini tushunamiz.
L, va L algebralar uchun e ,e,.e.e, va e, + e, ga teng X ta giymat uchun ﬁ{_t) =ad, {t) ning
tengligini tekshiramiz.
Algebra [, ;[.gﬂez] = Ey[.gl,es] =e,+€, q= iﬂ'f’ el, element uchun [, ning ichki
differensiallashlarimi quyidagicha aniglaymiz:
ad (x)= [.r,a] = [_r].ee-l +xe +xe Fxe . ae +ae +ae + ﬂif_’i] =
=(xa,+xa, - xa -xa e +(xa, -xa e,
buerda xe L.
A - L, algebraning lokal ichki differensiallashlari bo‘lsin. x ning ¢,e,.e.,e, va e, +e, ga teng
giymatlari uchun ﬂ(}:) =ad I';;:J ning tengligini tekshirib, biz quyidagilarni olamiz:

&(El] = {Hll t+a, e, +a,e,, *"1"'(‘5':] ==Ly,
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e e E R SRR R
Ale,)=-a.e,—a.e, Ale,)=0, (1)
Ale,+e,)=—2ae,—ae,.
Ale, +e,)=A(e,)+Ale,) Ya'ni —2ae, —ae =—a.e,—a.e —a e, tengligidan biz a_ =a, ni
olamiz. Olingan tenglikni (1) ga almashtirsak, biz ﬂ(fj) =—a.e —a_e gaega bo'lamiz.
U holda A(x)=[x,a.e, +a,e, +a,e]. Bu A operatorining ichki differensiallash ekanligini
bildiradi.
Algebra I, :[EE,.E’:] = EZ,[EJ,E'E] =Ae,,Ae C",|A|£1,. ushbu algebra uchun oldingi texnikani

takrorlab, biz L. dagi har bir lokal ichki differensiallash ichki differensiallash ekanligim tushunamiz.
4
Algebras1i [, :[el,ez]=.el,[e3,ed] =e,, {I:Z,ﬂ"_gj el element wuchun L5 ning ichki
=1

differensiallashlarini quyidagicha amglaymiz:

ad (x)= [_r,.f:] = [Jr]:.a?1 +xe +xe +xe,

ae +ae, +ae +ae,|=
=(xa,—x.a)e +(xa,—xa)e,

buerda xe L.

yi . L algebraning lokal ichki differensiallashi bo’lsin. X mng €.é,.€,,€, ga teng giymatlan
uchun ﬂ.(.‘r) = Hd: (T) ning tengligini tekshirib, biz quyidagilarni olamiz:

fl(e’,) =a,e. Ale,)=—a.e., Ale,)=aqe,. Ale,)=—a,e,

U holda ,.-1( I) =[x.a.e, +a,e, +a,e +age]. Bu A operatorining ichki differensiallashi
ekanligini bildiradi.

Algebrasi I :[E’],E’E] = El,[ft,e’j] = —Efl,[s’z,e}] =2e,, a= ia‘_gf € L, element uchun L. ning
i=1

ichki differensiallashlanini quyidagicha aniglaymiz e,e,,€;,€,
ad (x)= [.‘l’lé'l +xe +xe +xe.ae+ae +ae,+ “4“9:] =

=(2x,a,—2xa,)e +(2x,a,—2xa,)e, + (xa,— x4, )E’J .

bu verda x € ‘[t ,

A L algebraning lokal ichki differensiallashi bolsin. X ning e.€,,€,.,€, va
e +e,.e +e,. e, + e, gateng qiymatlari uchun ﬂ(_‘l:) =ad, (,1) ning tengligini tekshirib, biz quyidagilarm
olamiz:

Ale,)=—2a,e +aye, Ae,)=2ae,—a.e,,

A(e,)=2a,e, - 2ae,. A(e,)=0. Ale, +e,)=—2ae +2ae,+(a,—a,)e,.

ﬂ(e*l +e,)=(2b—2b, )EE —2be, +he,, Ale, + 93} =2ce + (233 —2¢,)e, —ce,.

Tenglikni aniglash texnikasidan foydalanib, biz quyidagi munosabatlarga ega bo'lamiz:

Ale +e,)=A(g)+Ale,)= a,=a,,

Ale +e,)=A(g)+A(e,)=> a,=a,,

Ale,+e&)=A(e,)+Ale,)=> a,=a,.

Ushbu  olingan  tengliklardan  biz  A(e)=—2a,e +a,e,.  Ale,)=2a,e,—ae,,
Ale,)=2a,e,—2a,e,, 5(54) =) ga egamiz.

U holda A (,r} =[x,a.e +a,e, +a,e]. Bu A operatonning ichki differensiallash ekanligimi
bildiradi.
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4
Algebrasi f_., : [E‘],El] = Ej,[El,Ej] =€, a= Zﬂiff c };7 element uchun L? ning ichki
i=1
differensiallashlarini quyidagicha amglaymiz

ad (x)= [_1'., r:.r] — [_TJEt + X8, T X8+ XL, a8 +a.e+ae, ""‘5*74‘-‘34] =
= (IJEIE - x4, )E3 + (Itﬂj - x4, )E‘d._,
bu yerda x e L.

L, algebraning lokal ichki differensiallashi bo'lsin. X ning é,.é,.€,.€, va e,+e, ga teng

giymatlari uchun f’l(_x) = ﬂd_' (I) ning tengligini tekshirib, biz quyidagilarni olamiz:
Ale)=a,e,+a.e,. Ale,)=-age,.

ﬂ.(e*]]=—:r e,. Ale,)=0. ﬂ{€2+£3}=—a]€3—ale_,.

134"
ﬂ.(e’l + '?3) = ﬂ(ez) + &(E’]) tengligidan biz a, =a, m olamz. 5(93} =—a, e, gaega bo'lamiz.
U holda ﬂ(x) =[x.a.e, +a,e, +a,e,]. Bu A operatorining ichki differensiallashi ekanligini bildiradi.

Algebra La:[E],EE]=EE,{EI,E3]=€3,[EE,€4]=iIEd,fIEC-..ﬂ':iﬂiﬁfeg element uchun L

i=1
ning ichki differensiallashni quyidagicha amglaymiz.

ad_ (r) = [J:,ﬂ] = [_IIE.'J +xe +xe +xe.ae+ae +age + ﬂdﬁ’d] =

= (x]ﬂz - x,q, }‘-‘3-'; + (_r]aj - x4, ]23 + ([I'Itﬂ_i —ax,a, )e‘l,
bu verda X € L3 )
A - L, algebraning lokal ichki differensiallash bo'lsin. X ning € ,€,,€,,€, va e, + e, +¢, ga teng
qiymatlari uchun A(x)=ad, (x) ning tengligini tekshirib, biz quyidagilarni olamiz:

ﬂ.(e])=a e tae +ao e, .ﬂ{ez):—ﬂ]

212 L) | Ez’

ﬂh(f‘i ) =—da.e.. ;’_‘q.{el,) =—aa.e, Ale,+e +e)=—ae, —ae —aae,.

Ale, +e,+e,)=A(e,) +A(e,)+ Ale,) tengligidan biz g, =a, =q, niolamiz. A(e,)=—qae,.
3(34] = —aa,e, £a ega bo'lamiz.

U holda ;}.(_:r.:] = [I,aue] t+a,e,+ae +a 41“34]' Bu A operatorining ichki differensiallash
ekanligini bildiradi.

Xulosa. Zamonaviy algebraning rivojlangan yo*nalishlaridan biri Li algebralar nazarivasi hisoblanadi.
Bu algebra yarim asrdan ko’proq vaqt davomuda o‘rgamilmoqgda Dastlab Li algebrasi Li guruhlarim
o‘rganishda eng yaxshi vosita bo*lgan bo'lsa, keyinchalik L1 algebrasi o'ziga xos qizigishga ega bo'ldi. Bu
qizigqish Li algebrasiming statik va kvant mexamkasida, molekulyar fiznka va boshga ko’plab moddalarm
o‘rganishda go‘llanishlariga asoslangan. Li algebrasining sutrukturaviy nazariyasi bilan ko®plab matematik
olimlar shug’ullangan. Ushbu maqola orqali to't o'lchovli [ -1 algebralari o’rgamldi va bu
algebralardagi har ganday lokal ichki differensiallash ichki differensiallash ekanhg ko*rsatildi.
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