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h,(k), ke T® gatlam operatorini simmetrik va antisimmetrik gism fazolar yodamida

fredgolm determenantini topish

To'rayev Asliddin Baxtiyorovich

Samargand Davlat Universiteti magistranti

Annotatsiya: Ushbu ishda uch o'lchamli panjarada h,, (k), k e T® gatlam operatorini

simmetrik va antisimmetrik gqism fazolar yodamida fredgolm determenantini topilgan.
Ushbu Fredgolm detirminanti berilgan fazoni ikkita invariant gism fazolarga yoyish orqali
oson usulda topilgan.

Kalit so‘zlar: Fredgolm detirminanti, operator, xos giymat, spektr, muhim spekitr.

Kirish: Tashgi maydon ta'siridagi bir kvant zarracha harakatini tavsiflovchi bir
zarrachali gamiltonianlar hamda gisga masofada ta'sirlashuvchi ikkita bir xil va har xil
zarrachalar sistemasi gamiltonianlariga mos ikki zarrachali diskret Shredinger
operatorlarining spektral xossalari Faria, Corolli, S.Albeverio, S.Lagayevlarning ishlarda
o'rganilgan.

Ikki zarrachali diskret Shredinger operatori 7,(0) bir zarrachali gamiltoniani i,
ga unitar ekvivalent va shuning uchun bir zarrachali Shredinger operatorlarining spektral
xossalarini  o'rganish panjaradagi ko'p zarrachali Shredinger operatorlar spektral
nazariyasida muhim o'rin tutadi.

h,.(k), keT® qatlam operatori L*¢(T®) fazoda o‘z-o‘ziga qo‘shma operator

quyidagi formula bilan aniglanadi
(k) =ho(k)+v,,, (1)

bu yerda hy(k)- ¢,(-) funksiyaga ko'paytirish operatori:
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& (p) = 223:(1— cosk—zicos pij (2)

i=1
va v, - integral operator va uning rangi 4 dan oshmaydi:

Faraz gilaylik k =0 bo’lsin. Ushbu L*¢(T3) juft funksiyalar fazosining simmetrik va

antisimmetrik qism fazolari

3
LZ'E'S(T3):={feL2'e(T ): f(P1,02,03) = I12 f (p1, P2p3), pl,pz,pgeT}

va

3
Lz'e’a(T3)::{f5L2’e (T ) f (01, 02,03) = — 112 f(p1, P2p3), Pl'Pz;P35T}1
hM (0) operator ta’siriga nisbatan invariant qism fazolar bo’ladi, bu yerda II, ixtiyoriy
ikkita p; va p; i, j=1,2,3 o’zgaruvchilarning o’rin almashtirishi.

h,;(0) operatorning diskret spektri. Bizga ma’lumki, L*>¢*(T 3) va Lz'e'a(Ts)
Hilbert fazolari h,;(0) operatorga nisbatan invariant. h,;(0) operatorning L*¢*(T?3) va
L*#%(T3) fazolardagi gismi h,; (0) p2zesr3y Va hy;(0) zeacrsy Ni mos ravishda h;(jl) va h}
orgali belgilaymiz. hp(;) va h{ operatorlar L*¢S(T3) va L#¢%(T3) da quyidagi formulalar
bilan aniglanadi

h) = ho(0) + v, va hf = ho(0) + vy,

bu yerda v(l) va vy integral operatorlar quyidagi formula bilan berilgan.

viaf () = sy f F@da + s 42 Z (cosp,

i=1j=i+1

+ cosp;) f 3 (cosq; — cosqj)f(q)dq
T

va
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V() = 75 )342 Z (cosps = cosp;) | (cosqi = cos))f (@)

i=1j=i+1
h(0) operator &,(-) = 2&(-)eL*®(T?) simmetrik funksiya bo’yicha ko’paytirish operatori.

Shuning uchun ikkala LS (T3) va L#®%(T3) gism fazolar h,(0) operatorga invariant.

Lemma 2.2. h(s) (0) va h(“) (0) operatorlarga mos Fredgolm determinantlari
quyidagi ko’rinishga ega bo’ladi:
A;(f/l) (2) = Do (2)D3(2) — 3uAb?(2),
va
2
AP (2) =1+ 2(c(2) —e@)].
Isbot.
R (0) = ho(0) + 1,3, (ho(0)N)(P) = eo®)f (p),  fel**(T%)

3
go(p) = Z( 1 — cosp;), p = (p1, 02, P3)€T?3,

i=1

v ®) = s j F@dq + s 42 Z (cosp,

i=1j=i+1

+ cosp;) j 3 (cosq; — cosqj)f(q)dq
T

hE)f = zf, ze\[0,12], f # 0 tenglamani yechamiz.
(ho = vF () = 2f ()
hof () — v f(p) = zf (p)
g @) — 2f () = v f ()

v F ()
g(p)-2z’

flp) =
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u f(q@)dq A

flp) = Q)3 )oa 20(p) — 2 + 3973 (cospy + cosp,)

cosq, + cos d A
o f (cosqq q2)f(q)dq =2 (cosp, + cosps)
T3

go(p) — z 321

cosq, + cos d A
(cosqq q3)f (@)dq N (cosp, + cosps)

T3 go(p) —z 32m3

(cosq, + cosqs)f(q)dq _
T3 &(p) —z

_u_ [ f@dq  Acosp, ( [ cosauf (@)dg [ cosqu(q)dq>+
(2m)3 Jrs g9(p) — 2z 32m3 3 &) —z 3 &M@ —z

Acosp, cosq1f(q)dq cosq,f(q)dq
32m? <fT3 go(p) —z ¥ —[T3 go(p) —z > *

Acosp, cosq,f(q)dq cosqzf(q)dq
+ 32m3 <L3 go(p) — z +fT3 go(p) — 2z >+

Acosps cosq,f(q)dq cosqzf(q)dq
32m3 (Lg &(p) —z +fTs &o(p) —z >+

Acosp, cosq,f(q)dq cosqzf(q)dq
32m3 (fﬂ gop) —z " «fT3 go(p) —z > *

Acosps ([ cosqf(Q)dq [ cosqsf(q)dq
323 (f & (p) — 2 +fT3 e(p) — 2 )

Quyidagi belgilashlarni kiritamiz:

fladg ~ _ _1 cosqif (@)dq ._ o
(2m)3 fT3 go(p)_zl Ci - 3273 fT3 Eo(p)—Z f 1=1 2,3 Cl =C, = C3

f(p) = uCy + 4AC;cosp, + 4AC,cosp, + 4AC;cosp;

C0=

f(p) = uCy + 4AC;(cosp;, + cosp, + cosps)
f(q) = uCy + 4AC;(cosq, + cosq, + cosqs)
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- 1 j (uCy + 4AC,(cosq, + cosq, + cosqs)dq
" (@2n)3 g(q) —z

C - 1 j cosq, (uCy + 4AC;(cosq, + cosq, + cosqs)dq
17 3273 £(q) —z
\ T3
( = 1 f uCodq N 42C, f cosq,dq
T | w@-z @) s@—2
4/1C1 f cosq,dq +4/1C1 f cosqsdq
(27T)3 glq) —z (2m)3 7 g(q) —z
\
c - uCy fcosqldq AC, j‘cosqudq
A TO RO O R
N AC jcosqlcosqqu_l_ AC, jcosqlcosq3dq
L @ ) “e@-z P ) e@-z
T
1 dq _ cosqidq
a@:= G . PO Gl
1 cos?q;dq 1 cosqicosqjdq . . ) )
@)= Grilnron €@i= gm0 o, b= 1231#)
Co = uCpa(z) + 12AC,b(2)
C
C, = %b(z) + ACic(z) + 2AC,e(2)
Co(1 —pa(z) —12C,Ab(z) =0
Co%b(z) +C,(Ac(2) + 22e(z) = 1) = 0
bo’lganda Fredgolm determinantini tuzamiz.
1—ua(z) —12Ab(2)
Afg (z)=| ub(2) =0

2 (Ac(z) + 22e(z) — 1)

Aff/l) (2) = (1 + pua(@)Ac(2) + 22e(z) + 1) — 3udb?(2)
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Endi antisimmetrik holat uchun ko’rsatamiz:

hD(0) = ho(0) + v¥, (ho(0)) (D) = o(P)f (),  feL**(T?)

go(p) = z( 1 — cosp;), p = (p1, 02, P3)€T?,

WP = e 42 Z (cosps = cosp;) | (cosaqs = cosq)f (a)dq

i=1 j=i+1

hfla)f = zf, ze\[0,12], f # 0 tenglamani yechamiz.
(ho — v f () = zf (p)
hof (0) — v,V f (p) = zf (p)
2@ ®) — 2f () = v f (p)

(a)
v; f(p)
f) =< (p) =,
2 3
f) = — cosp; f (cosq; — cosq;)f(q)dq
i=1 ! go(p) —z
(cosqy — cosqy)f (q)dq
fp) = 3273 (cosp, — cosp,) j3 ) 2
T
+ A (cosp; — cosp3) f (cosq, — COSCI3)f((I)dq A (cos
32m3 P1 b3 3 go(p) — z 32 3 b2
T

_ f (cosq, — cosqs)f(q)dq
co5Ps go(p) —z
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f(p) =

Acosp, j cosq:f(q)dq f cosqu(q)dq)

32m3 gp) —z gp) —z

Acosp, f cosq:f(q)dq J 005q2f(q)dq)

3218 g0(p) — z go(p) — z

Acospy [ cosquf (@dq [ cosqsf(q)dg

32m? ") &o(p) —z &(p) —z

)

_ Jcosps jcosqlﬂq)dq_ fcosqgf(q)dq

32m3 . g(p) —z g(p) —z

)

Acosp, j cosqxf(q)dq J cosqgf(q)dq)

32m3 . g(p) —z gp) —z

Acosps [ cosqof (@dgq [ cosas (@)da,

AR AN O eo(p) — 7

Quyidagi belgilashlarni kiritamiz:

1 cosqif (Q)dq . _
Ci = Gz s oy 15123 €1 = C; = G

f(p) = C1A(cosp, — cosps)  f(q) = C1A(cosqy — cosqs)

C = 1 j‘cosqlClA(cosql — c0Sq3)dq
t@n)? &(q) —z
T3
- CiA jcosqudq jcosqlcosqg,dq
ENCORIENORE £0(q) —
Quyidagi belgilashlardan foydalanamiz:
1 cos?q,dq 1 €0Sq1c0sqzdq
@) = G Ura = e(?) = G I -2

C1 = C1A(c(2) —e(2))
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AY (@) = [1+ A(c(@) — e(2))]%

Demak, h;; va hj operatorlarning Fredgolm determinantlari mos ravishda quyidagicha
ekan:

83 @) = Do (D)o (2) — 3udb* (),

bu yerda

ANyo(2) =1+ pa(z), Aps(2) =1+ A(c(z) + Ze(z))

MP(2) = [1+ A(c(2) — ()]

lemma isbot bo’1di.
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