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Moaqgalada dalga tonliyinin invariantliq operatorlarindan istifada edarak operator-
larin kommutasiyalart hesablamb. Alinmis ifadalordon istifads edorak, ad x operatoru he-
sablanmus vo bunun vasitasilo do Kiillingin kvadratik formasi hesablanmigdwr. Homin kvadratik
formadan istifads edoarak, invariantliq operatorlarinin optimal sistemi tapilmsdir.

Ovvalki isimizdo [1] ikioliiglilii dalga tonliyinin invariantliq qrupunun ope-

ratorlar1 toyin edilmigdir. I tortibdon optimal operatorlar sistemini toyin etmok tgiin 1
yaxinlagmada homin operatorlarin kommutasiya sortlorini bilmok lazimdir. Toqdim
olunmus isdo homin operatorlarin kommutasiya sorti tapilmis vo cadval soklindo

verilmisdir:

X, X, X, X, | X X X, | Xy | Xy | Xy X,
X, 0 0 0 X, 0o | X, | Xy | 2X, 2X, |2X-X, o
X, 0 0 0 X, | Xy | X, 0 |2X-X,-2X | 2X, | 0
X, 0 0 0 X, |-X,| o0 X, | 2X |2X-=X, 2X, | 0
X, -X, | -X, | —X, 0 0 0 0 Xy | Xo | Xy | 0
X 0 - X, X, 0 0o =X, X, | —-Xy| X, 0 0
Xo| —X, | —X, 0 0o | X, 0 X5 | Xy 0 Xy |0
X, | X, 0 - X, 0 |—X¢ —X5 0 0 Xy | Xy |0
Xg| —2X, | 2X+X, —2X, | —-X,| X, |—-X,,| 0 0 0 0 0
Xo| —2X, | 2X, |2X+X,| - X, | —-Xg| 0 =X, 0 0 0 0
Xo| 24X, —2X, | —2X, -X,,| 0 Xy —-X,| 0 0 0 0
Xy, 0 0 0 0 0 0 0 0 0 0 0

Kommutasiya sortinden goriiniir ki, X, operatoru qalan operatorlarin hor

biri ilo kommutasiya edir. Ona goro do L,; - Li cabrini

148




goro kommutasiya cadveli asagidaki sokli alir:

AIZZ(‘XVII)@L(‘X;)

diiz comi soklindos ifads etmok olar.
Kommutasiya cedvelinde X(i=12...]1) bazis vektorlarmnda X (i =12,...,10)

vo X, =2X, - X,, bazisino ke¢mok daha mogsodouygundur. Yeni bazis vektorlarina

(i=12..10)

Cadval

X, X, X, Xz't X Xe | X, Xy Xy | Xy
X, 0 0 2X, 0 X, X, | 2X, | 2X, X:‘
X, 0 0 0 2X, | X, X, 0 X, | —2X; 2X,
X, 0 0 0 2X, —-X, 0 X, | 2X, | 2X, | 2X,
X', |-2x | -2x, -2x | 0 0 0 0 12X, | 2X, | 2X,
Xs 0 _Xa Xz 0 0 _X7 XG _X9 Xs 0
X6 _Xz _Xl 0 0 X7 0 Xs XIO 0 Xs
X7 _X3 0 _Xl 0 _Xs _Xs 0 0 XIO X9
Xg _2X6 —X"‘ —-2X; | -2X, X9 _XIO 0 0 0 0
X9 -2X, 2)(5 —Xi -2X, _X8 0 _XIO 0 0 0
XIO —X!; -2X,| 2%, | -2X,, 0 _Xs —X9 0 0 0

adx

Hesablamada optimal operatorlar sisteminin taplmasi iigiin noévboti addim ad
(x,y) operatorunu tapmaqdan ibaratdir. Toqdim olunmus isde hamin operator tapil-
migdir. Hesablamanin kifayat qodor uzun oldugunu nozors alaraq isdo yalniz hesab-
lamanin naticasi verilmisdir.
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ad x operatorunun ifadesindan istifade edoarak

K (x,x)= Sp(adx,adx )
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Kiillingin invariant kvadratik formasi hesablanmigdir vo homin kvadratik
forma bu gokildadir:

K(x,x)z 24x; +6x; +6x7 —6x2 —24x,x,) —24x,x, — 24 x,x,
Bundan sonra I tortibdon optimal sistemini tapmagq ti¢lin [2]

d .,
_(xi’Xi)Z [xiXi’Xk]
dt
tonliklor sistemini Xl.( t ) = xl.( o ) sorti daxilinds hall edib ¢evirmoadon sonra alinan
X, -lori kohna koordinantlar vasitasilo ifade etmok lazim golmisdir.

Homin tenlik dalga tenliyinin invariantliq operatorlarinin har biri ii¢lin hall
edilmis vo uygun ¢evirmo matrisalart tapilmisdir. Cevirmo matrisalarinin hor biri 10
tortibli kvadratik matrisalardan ibarstdir vo matrisalarin say1 10 dono alinmigdir. Bu
matrisalarin askar sokli tapilmigdir. Matrisalarin ifadslori kifayat qoder uzun oldu-
gundan qisadilmis sokilds verilmisdir: \

2 1

41,_%)6; + t32)ﬁ’0 _tzxé + tzx{o - 2tl(x:1 —tjx; _tzxz’;) + 14 X0

2 2
X, — X X — 26X — 1 )+ X — (% — 200 )+ X
! ' ! ! ! 2.7 ! ! 2.0

Xy — 26 + X — (X5 — 2% ) — X — (X, — 250 )+ 6 X
Ay Ay A yx = Xy X — LXg — X,

X5 — 205 = 26,
X, — 2t,x7, — 24X
x5 —2t.x(, — 2t

X

N Xg W,

r_ 2ty
X, = x,e ‘chtht,

X} = x,e”" costssht,

X, = x,e’ sint,sht,

Xy = X, + X, + bX, + X,

Xy = (x5 + 240, — 25, )chtcht,
x; = (x, + 2t,,x, + 2t,x, ) cost sht,
Xy = (x; + 2t,,x, + 2t,x, ) sintsht,

X, =" costcht, [x8 + Xgto + Xty + X, - 2t + Xy 21ty + X, (tgz —t5+ 1120)+ 2t8t10x1]
X, = e " sint,sht, [x9 Xt — X 2 + X, - 2y + X, (<27 + 15 + 1)+ X, - Aty X, + 28, Oxl]

x|, = e "sht,cht, [xlo F1gX, + 1 Xy + 2t0t Xy + 280X, + 2t X, + X, (8] + 1 + tlzo]
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Yuxarida gostordik ki, Kiillingin kvadratik formasi dogrudan da, daxili izo-
morfizm amoliyyat1 zamani invariant qalir, yoni ¢evrilmodon sonra almmis Kiillingin
kvadratik formasi

K (x,x)=24x," + 6x." + 6x1> —6x.> — 24x/x], — 24x,x}, — 24x'x,

ovvalki forma ilo {ist-listo diigiir. Ona goro do kvadratik formanin hesablanmasini
diizgiin hesab edorok dalga tonliyinin I tortibden optimal operatorlar sistemini Kiil-

lingin kvadratik formasinin xassalorindon istifado edorok K(x,x)>0, K(x,x)<0vs
K (x,x) =0 hallar tigiin asagidaki kimi toyin etmis oluruq:

1) K(x,x)>0 olan halda, birdlgiilii optimal operatorlar sistemino X,, X, vo
X, operatorlar1 daxil olur.

2) K(x,x) <0 olan halda, birolgiili optimal operatorlar sistemino
X, X, £ X5, X, £ Xy Xy £ X, operatorlar daxildir.

3) K(x,x) =0 olan halda, bir6lgilii optimal operatorlar sistemino
X 2 X, X2 X, X, £ X, Xy £ X, X, £ X,, X, £ X; operatorlari daxildir.

Hor ii¢ halda I tartibdon optimal operatorlar sistemini tapmis oldug.
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OIITUMAJIBHAA CUCTEMA OIIEPATOPOB ITEPBOI'O ITOPAJIKA
JABYMEPHOI'O BOJIHOBOI'O YPABHEHUA

A.I''ATAMAJIBIEB, A.I.AITYPOBA
PE3IOME

B craTtbe, ucnone3ys onepaTopsl MHBAPUAHTHOCTU BOJTHOBOTO YpPaBHEHHS, BBIYMC-
JIEHBI OIIEPaTOpbl KOMMyTalHu. Ha OCHOBE MONYyYEHHBIX BBIPAKECHHUH BBIYMCICH OIEPATOp

adx ,ac ero nomoupo U kBagpatuuHas Gopma Kusiunra. Mcnomb3ys HOMydeHHYHO KBaJ-
patudHyto GopMy, HaiiieHa ONTHMalIbHAsl CUCTEMa HHBAPHUAHTHBIX OTNIEPATOPOB.

OPTIMAL SYSTEM OF THE FIRST ORDER OPERATORS
OF TWO-DIMENSIONAL WAVE EQUATION
A.Q. AGAMALIYEYV, A.Sh. ASHUROVA
SUMMARY

In this paper, using the invariancy operators of the wave equation, the commutation
operators are calculated. On the basis of the received expressions adx operator is calculated,

and Killinq square-law form is obtained with its help. Using this square-law form the optimal
system of invariant operators is found.
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