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L*(T*) Hilbert fazosidagi chegaralangan o'z-o’ziga qo’shma operator va shu

fazodagi ikki zarrachali Diskret Shrodinger operatorini quyidagicha aniqlaymiz:
H,,(K) = H)(K) + uv

H)(K) operator L*(T°) fazodagi ¢x,(p) funksiyaga ko’paytirish operatori

quyidagicha aniqglanadi:
(Hy(K)f)(P) = ék,y 0)f (P), f € L*(T°)
bunda
Sky(@) =e() +ye(K —p), vy >0
Ushbu &(+) funksiya quyidagi ko’rinishga ega:

3
e(p) = Z( 1—cosp®), p = (@™, p®,p®) € T?
i=1
Qo’zg’atuvchi V integral operator:
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VNG) = g | f @ia, f € 12(T)

H]‘,) (K) ko'paytirish  operatorining qo’zg’atuvchisi V  chegaralangan
0’z-0’ziga qo’shma operator bo’lib, rangi birga teng. Shuning uchun Weyl teoremasiga
asosan H,,(K), K € T?, opratorning muhim spektri haqigiy o'qdagi quyidagi
kesmadan iborat:

Gess(Hu,y(K)) = O_ess(H)(/)(K)) = [Emin,y(K)»fmax,y(K)];
bunda
Sminy (K) = mingey (P), Smaxy (K) = maxixy (p)

va §k ., (p) funksiya (3) formula bilan aniglangan. EK‘y(p) funksiyaning maksimum
va minimumini hisoblaymiz. Buning uchun uni quyidagicha o’zgartiramiz:

fxy(p) =<¢(p) +V€(K p) =
Z( 1-— cosp(‘)) + yZ( 1-— cos(K(‘) - p(‘))) =

=3(1+y) - Z(cosp(i) + ycos(K® —p®)) =

i=1

=3(1+y) - Z( cosp® + ycosKDcosp® + ysinK Dsinp®) =
i=1

=3(1+y) - Z[ (1 + ycosK®)cosp® + ysinK Dsinp®]

i=1

acosx + bsinx = +/a? + b?cos(x — y)
a ] b

—_—, SNy = —
Vz+br ) i b?

cosy =

Ushbu

(1 +yKD)2 + (ysinK®)2 = 1 + 2ycosK® + y?
tenglikdan foydalanib ¢ , (+) ni quyidagi ko'rinishga keltiramiz:




g@ O‘ZBEKISTONDA FANLARARO INNOVATSIYALAR VA E@
12-SON ILMIY TADQIQOTLAR JURNALI 19.10.2022

3
3(1+y)— Z[ (1 + ycosKD)cosp® + ysinK Dsinp®] =

=1

3
=3(1+vy) —Z\/l + 2ycosK® + y2 .
i=1
. 1+ ycosK® cosp® +
J1+2ycosK® + 2 V14 2ycosK® + 2
=31+y) -

ysinK®

3
— Z V1+ 2ycosK® +y2 [cosp, K Dcosp® + sinp, K Dsinp®] =
i=1

3
3(1+y) - Z \/1 + 2ycosK® + y2 cos(p® — pyK(i))

=1
bunda

. 1+ ycosK®
cospyK(‘) = 4 _ :
V14 2ycosK® + 2

. sinK®

sinp, K = 4 : :
V14 2ycosK® + 2

ysinK®

py (K®) = arcsin .
14 2ycosK® + y2

Natijada ¢ ,, funksiya quyidagi ko'rinishga keltiriladi:

3
EKJ/ =3(1+y)— Z \/1 + ZVCOSK(i) + y? COS(p(i) — Py(K(i)))

i=1

Agarp® = p, (K©) bo’lsa,

3
Sminy (K) = mingi, () = 3(1+y) = ) T+ 2ycosK® +77

=1

tenglikka va p® = (7 + p, (K)) bo'lsa,

3
maxy(K) = MaxEe,(0) = 3(1+) + ) YT+ 2ycosk® + 72
’ p€eT3 ’ -

=1
tenglikka ega bo’lamiz.
C komleks sonlar maydoni bo’lsin ixtiyoriy
KeT3vaze C\[¢miny (K), $m axy (K)] uchun v, (K, z) analitik funksiyani aniglaymiz:

1
v,(K,z) = f dq.
4 (2m)? Jypaz — Sk y (@)
Eslatma 1. Ixtiyoriy K € T da &g,(-) funksiya p =7+ p,(K) nugtada

aynimagan maksimumga ega va
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Vy(K) - VY(K, fmax,y(K)) B (27T)d T fmaX,]/(K) - EK:)’(q)

integral mavjud va silliq funksiyani aniglaydi.
Ixtiyoriy K € T® va z € C\[{miny (K), émaxy(K)], uchun H,, (K) operatorga mos
4,.,(K,z) Fredgolm determinantini aniglaymiz:
4,,(K,z) =1—puv, (K, z).
Aytib o’tish kerakki T4 x (C\[miny (K), émaxy (K)]) da 4,, (K, z) haqigiy analitik
funksiya bo’ladi.
Lemma 1. z € C\[{iny (K), Emaxy (K)] soni H,, (K) operatorning xos giymati

bo’lishi uchun 4,,,, (K, z) = 0 bo’lishi zarur va yetrali

Lemma 2. Quyidagi tasdiqlar ekvivalent:
(i) birorta K € T* uchun H,,,, (K) operator z = &, 5, (K) da virtual sathga ega va

mos virtual holat quyidagi ko’rinishga ega:

Ho - C
ZO!K(‘) =

Smaxy(K) = $ky ()
(ii) Au,y(Kr gmax,y(K)) = 0;
1
v, (K)
Lemma 3. Ixtiyoriy K € T3 = T3\{0} da 4, (K,¢maxy(0)) qat'ly musbat.
Ixtiyoriy 4 > 0 son uchun quyidagi to’plamlarni aniqlaymiz:
MI(w) ={K € T*:1—pv,(K) < 0}
MI(w) ={K € T*:1 - pv,(K) = 0}
MI(w) ={K € T*:1 — pv, (K) > 0}
Eslatma 2. Aytib o’tish kerakki MY (u) to’plam T® dagi koo’lchami 1 ga teng
bo’lgan chiziqli ko'pxillik bo’ladi.
Eslatma 3. Agar MY (1) # @ bo’lsa, K = 0 € M (x) bo’ladi.
Eslatma 4. MY (1) (M2 (1)) to’plam T? da simmetrik va ochiq to’plam,
K € MZ(/,L) (resp.K € M;’(u)) bo’lsa, u holda —K € MY(u) (K € Ml(u))

Teorema. Birorta K € T3 da pu, = v; bo’lsin. U holda:
V

€ L?(T?);

(@ p=

(i) Ixtiyoriy K € MY(u,) uchun H,,,(K) operatorning muhim spektri
Ocss (Hy,,(K)) ning yuqori chekkasi E,, ,, (K) = & axy, (K) da virtual sathga ega va mos
virtual holat quyidagi ko'rinishda yoziladi:

lp[,LOK()= fo ' ©

Euo,y(K) - é—K,y(')
bunda ¢ = constant

€ L (T*)\L*(T?),

(i) Ixtiyoriy K € MY(uy) uchun H,,,(K) operatorning muhim spektri
Ocss(Hy,,(K)) dan tashqarida yagona E, ,(K) xos giymatga ega va bu xos giymat
MZ(,uO) } da juft, haqiqiy analitik bo'’lib, | ushbu
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$maxy(K) <E, ,(K) <&naxy(0) #0 munosabatlarni ganoatlantiradi. Bundan

tashqari mos xos funksiya

V()= Ho € ¢ = constant
HoK E,uo,y(K) - EK,)/(') ’

ham 1[)2:0'1(: MY (uy) — L*(T?®) funksiya sifatida haqiqiy analitik bo’ladi.

(iii) Ixtiyoriy p > uo va K € MY (uo) U MY (1y) uchun H,, (K) operatorning muhim

spektri g.s5(H,, (K)) dan tashqarida yagona E,, , (K) xos giymatga ega. Shu bilan birga
E,,(K)>E, ,(K)>¢&nay,(K), KET? K#0

va
E,u,y(o) > E,uo,y(o) = Szmax,y(o)
munosabatlar o’rinli.
(iv) Ixtiyoriy K € M;’ (4o) uchun H, ,(K) operatorning muhim spektri
Ocss(Hy,,, (K)) ning yuqori chekkasi ¢, 5, (K) dan yuqorida xos giymatga ega emas.
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