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tengsizlikka kelamiz. Bu esa har ganday d uchun dim Pp(X) < 2d tengsizlikni isbotlaydi.

3-teorema. Barcha p —polinomlarfazosi Pp(X ) barcha analitikfunksiyalarfazosi 0 (X ) da
zich bofadi.
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MATRITSAVIY POLIEDRDA VEYL-XUA LO-KEN INTEGRAL FORMULASI

Annotatsiya. Bu magolada uchinchi tur klassik soha yordamida matritsaviy poliedir aniglangan.
Bu aniglangan poliedrda sikllarning gamologik b o fishi, lokal goldigningyangi integral ko rinishi hamda
Veyl-Xua Lo-ken integralformulasi keltirilgan.

AHHOTauua. B gaHHOl cTaTbe ONpegenseTCs MaTpPUYHbIA NOAN3AP C MOMOLLLIO  KNacCMyeckoin
obnacTu TpeTbero Twuna. B gaHHOM nonuagpe onpefensieTCA roMONOrMYECKUA LMK/, HOBbIA MHTe-
rpanbHbIii BUA NOKaAbLHOTO BblueTa W NpuBeAeHa MHTerpanbHas opmyna Beiins-Xya-/lokeHa.

Annotation. In this article, the third type of the classicalfield is defined as a matrix poly. The ga-
mological distribution ofcycles in this definedpolyhedron, the integralform ofthe local residue in a new
form and the Weyl-Hua-Loken integralformula are presented.

Kalit sozlar: matritsali ko pburchak, gomologik sikl, mahalliy goldiq, integralformula, Veyl-Xua-
Lokenformulasi, ko p kompleksli o zgaruvchanfunksiyalar, fazo, giyshig-simmetrik matritsalar.

KnoueBble cnoBa: MaTpPUYHBIA NOAM3AP, FOMONOTMYECKNIA LMK, NOKaNbHbLIA BblYeT, UHTErpaib-
Has chopmyna, copmyna Beiinsi-Xya-SlokeHa, MHOTOKOMMIEKCHbIE W3MeHsiOLWMecs (OyHKUMM, MPOCTpaH-
CTBO, KOCOCUMMETPUYECKME MAT pULbI.

Key words: matrix polyhedron, homological cycle, local residue, integral formula, Weyl-Hua-
Lokenformula, multicomplex varyingfunctions, space, skew-symmetric matrices.

Kirish. Ko‘p kompleks o‘zgaruvchili lokal chegirmalar va integral formulalar, ko‘p kompleks o‘z-
garuvchili funksiyalar nazariyasida funksiyalarning soha ichidagi giymatini sohaning butun chegarasi yo-
ki chegaraning bir gismi orgali bog‘lash kabi masalalarida asos sifatida xizmat giladi. Shuning uchun, in-
tegral formulalar va ko‘p o‘zgaruvchili chegirmalarni tadqiq etish funksiyalar nazariyasida muhim ahami-
yat kasb etadi hamda zamonaviy matematikaning dolzarb yo‘nalishlaridan hisoblanadi.

Natijalar. Elementlari kompleks sonlardan iborat, [n x n]—tartibli kososimmetrik matritsalar bo‘l-

gan fazoni C [n x n] kabi belgilaymiz.
Ushbu
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D3={ZeC[nxn]:l(nN+2Z >0}

sohaga uchunchi tur klassik soha deb aytiladi. Bunda | (n) —n tartibli birlik matritsa, Z —matrit-
sa esa Z matritsaning kompleks qo‘shma matritsasi hisoblanadi (eslatma, yuqoridagi sohada H > 0
Ermit matritsasining musbat aniglanganligini bildiradi, ya’ni, barcha xos sonlari musbat aniglangan)

[11.[2].

Uchunchi tur klassik sohaning chegarasi va ostovi mos ravishda quyidagicha aniglanadi [2]:
dD3={Z e C[nxn]:det(lI(MN+2Z2)=0,I(n+2Z2Z > 0},
r={ZeCilnxn]:l n+2zz =0}
Bu D 3 sohada golomorfva uning yopig’ida uzluksiz har ganday h(Z), ya’ni,

h(Z)EO (D3)O C(D3)) funksiya uchun (juft n larda) ushbu

h(z)=c.J - 4 P ~ - | D
rdet 2 (X —2Z)

Xua Lo-ken integral formulasi o‘rinli bo‘ladi. Bunda differensiallash tartibi d X = A  dx. ko*-
i=, )=
N
J

rinishida aniglanib, Cn o‘zgarmas esa
dX
S I
I(N+XX=0det 2 (X)

shart bo‘yicha aniglanadi.

(-3 n(n-
Biror G C C 2 sohada golomorf bo‘lgan f = J1, % f r&‘iti) G — C 2 akslantirish
2y
garaymiz.
n(n-3
Bundan buyon ushbu f = 1,5 f (g :G — C 2 akslantirishni quyidagicha
2y

[n X n] —tartibli kososimmetrik matritsa ko ‘rinishida yozamiz:

' 0 JI12(z) wm JIn(z )n
f(z)= 3J2(2) 0 32n(z) :G—C[nxn].
Vf (z) —I2n(z) .. 0 J

Endi matritsaviy poliedr tushunchasini kiritamiz.

1-ta‘rif. Agar f :.G—C [n X n] golomorfakslantirish yordamida aniglangan

f (D,)={ZeG:ra(>+f (z)f (Z)>0,r>0}
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to‘plam G sohada kompakt yotsa, ya’ni, f - (D,.r) S G ),uholda f 1(D 3r) to‘plamga mat-

ritsaviy poliedrik to ‘plam deyiladi.
2-ta‘rif. Matritsaviy poliedrik to‘plamning bog‘lamli komponentasini matritsaviy poliedr deb ata-

miz vauni Q f rkabi belgilaymiz.
Matritsaviy poliedrning ostovi
ril.={ZeG:ram+f (Z)fZ) =0,r>0}

ko‘rinishda aniglanadi.
Bu ishda matritsaviy poliedrik sohada VVeyl-Xua Lo-ken integral formulasi olingan.
Ko‘p o‘zgaruvchili kompleks analiz kursida muhum ahamiyatga ega bo‘lgan Xefer teoremasidan

[3] quyidagicha munosabat bajarilishi kelib chigadi: Q f rsohaning U atrofida shunday
PI(X,Z)e O(U x U) funksiyalar mavjud bo“lib, ixtiyoriy (X ,Z)e (U x U) juftlik uchun

fj(X)-fj(Z)= X (xH- za)PI(X,Z),i,j =1,2,..,n,i<]j. )

k=1, 1=1
k<1

tenglik o‘rinli bo‘ladi.

n(n - -1
Satirlari k,l va ustunlari i,j juftliklar bilan ifodalanadigan ———(— ——————— x( ——————— ) tartibli

(X,Z) matritsani H (X ,Z ) orqgali belgilaymiz.

Teorema. Agar h(Z)e O (Qfr) N C (Qf,r) boisa uholdahar ganday Z e Q f r nugtalar

uchun ushbu(juft n larda)
h(X)H(X,Z) N dxit
i=Lji=l
h(z)=c, J — A , 3)
rodet2 ((f(X)-f (2))

Veyl - Xua Lo-ken integral formulasi o‘rinli bo‘ladi. Bunda

Frfr={ZeG:r21()+f (Z)f (Z)=0,r >0} — Qf r sohaning ostovi va cn o°‘zgar-

dX
mas esaushbucn J  -—- n-1--==------- = 1 shart bo‘yicha aniglanadi.
[(N+XX=0det 2

Bu teoremani isbotlashdan avval teorema isbotida muhum ahamiyatga ega bo‘lgan lemmani is-
botlaymiz.

Lemma. Agar X — [n x n] o‘lchovli kososimmetrik matritsa bo‘lib, uning spektral normasi

[IX]|s <S tengsizlikni ganoatlantirsa, u holda har ganday S, 0<8 < S - |[X]|| sonlar uchun

G*=G\{Z :det(f (Z)- X ) =0} sohada ' f-X S~ I f S sikllar gomolog bo‘ladi. Bunda

Ff-vs ={ZeG: S2A+(f(Z)- X)f(Z)- X)=0}

n
Lemmaning isboti. Quyidagicha —(nz1) +Y ochovli zanjirni garaymiz:
2

C={zeG :(s- X[|s)2L + (f (Z)- tX)(f (Z)- tX)=0,0 <t <1}
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Ta’kidlash lozimki, har ganday Z e C nugta uchun ||f (Z) —tX|| =S —t||X|| tenglik baja-
riladi.

Agar Z0e G\ Qfs bo'lsa, unda f (Z0) >S bo‘ladi. Bu esa ziddiyat. Bundan esa

C C Q f s bo‘lishi kelib chigadi. Shunday qilib,
\f(z»)—tx |[>||f(z "-"ixl]l >s—i x L.
tengsizlik bajarililadi. Bundan kelib chigadiki, C - kompakt zanjir bo‘ladi.
Agar Z nugta C zanjirning nositili |C | da yotsa, u holda det(f (Z) —X ) ® 0 bo‘lishini
ko‘rsatamiz. Faraz gilaylik, Z e| C | nugtauchun det(f (Z) —X ) = 0 tenglik bajarilsin. Unda shun-

day nol bo‘lmagan Z ' kososimmetrik matritsa mavjud bo‘ladiki, Z,(f (Z) —X ) = 0 tenglik bajarila-
di. Yuqoridagilardan quyidagi tengliklarning bajarilishi kelib chigadi:
(f (2)=)ZV*=1—DX(Z)— Z'(f (Z)—tx)= (1—HZX
Oxirgi munosabatlardan
Z'((s—t|X )21 + @—)2X X )(Z) (=0,

tenglik bajarilishini oson ko‘rsatish mumkin. Bundan esa spektral norma xossalaridan
@ —X]| =S —t||X]|| tenglik va undan ||X||5=S munosabat kelib chigadi. Bu esa yuqoridagi
lemmaning shartiga ziddir. Demak, |C | nositil G* sohada yotadi. Shunday qilib, har ganday

8 < S —|X]| sonlar uchun rf-xs sikllar G* sohaga tegishli bo‘lib,

rfx8~rfXSHX|] =dC —rf s sikllarning gomologik ekanligi kelib chigadi. Lemma isbotlandi.

Endi lokal qoldigning integral talginini keltiramiz. Bu [3] ishda olingan lokal goldigning umumiy
integral tasnifidan kelib chigadi hamda teoremani isbotlash uchun foydalaniladi.

Ushbu A e C [MXn] nugta f (Z) akslantirishning yakkalangan noli bo‘lib, u nugtaning U a

yopiq atrofida golomorfbo‘lsin. h :Ua ~ C funksiyaning A nuqtadagi f (Z ) akslantirishga bog‘lig
bo‘lgan lokal goldig‘i

h(Z)%;ldz!'
res/(h(2)) =¢, | — el @
fdet2 f (2)

ko‘rinishda ifodalanadi. Bunda S > 0 —yetarlicha kichik son.
Teoremaning isboti. Har ganday Z e Q f r nugtauchun ' I +f (Z)f (Z) > 0 tengsizlik ba-

jariladi. Unda lemmaga ko‘ra, (3) formulaning integral ostidagi formaning regularlik sohasida I f r sikl
8 <r —|f (Z)|| bo‘lganda ushbu
rfX)-f8={Xe G:82+ (f (X)— (2))(f (X) - (2)) =0},
sikl bilan gomolog bo‘ladi. Boshqa tarafdan, I f(X)+(Z)8 esa M x (V)(2),8 sikllarning yig“in-

\

disiga gomolog bo‘ladi. Bunda X A)(Z) nugtalarf (X) —f (Z) akslantirishning noli bo‘lib, bular
ichida X = Z bo‘lgan nugta ham bor va

rxv),s = {Xeuxv :821+ (F(x)=F@)(Fx)=f@)-=o0}.
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Xua Lo-ken integral formulasi, (4) formula va chegirmada o‘zgaruvchini almashtirish formulasidan

foydalanib,
n

h(X ),.A dx

=1,J=1
h(z )= ¢, J n—1 reS f(x)_/_(z)(hdetHP® =
rd+{Xz)(Xz)odet 2 (X —Z)
=X rea) {z)(hdetn PIVY 5)

tengliklarga ega bo‘lamiz.

Ixtiyoriy X V) (z ) ®z nugtalar uchundet fkﬁ] Ix @) (f (X )—Ff (z)) munosabat o‘rinli

bo‘lishini ko ‘rsatamiz.
Yuqoridagi (2) munosabatni e’tiborga olib, ushbu

o (X,Z2)=¢ (X)— (2)=(A(X)—: (z2),F (X)—2 (2),..., fIN(X)—n (2),
W22 (X)—2(z) s 5 (X)—23(2),....r2.(X)—r.,,(2),
s (X)) =433 (2 ), BA(X ) —43.(2) o1 1 o0 (X) = o0 (2 ),
fn (X) —nn (2)) =

X (Xi—h,)P« (X , Z X (Xki—2zki)Pn (X,Z)

k=Ll =LH
2 2
(P11 P2 m
11 11 P11
m
PA I ) )
(X1 71 X2 7R Xm—Zm. =A(P*)f,
Pnn
>p P& - m
tenglikka ega bo‘lamiz.
Har ganday X  (z ) ®z nuqtalar uchunf (X (z 0 bo‘lib,g (X M\ z ),Z) =0 bo*-

ladi. Unda chegirmada o‘zgaruvchini almashtirish formulasi va shu formuladan kelib chigadigan lemma-
ga ko‘ra (3, 32-s.) hamda yuqoridagi isbotlangan lemmani e’tiborga olgan holda,

X 168 £ R GetiL P IK1)= 1 g g y(h det [P ikl

h(X)H(X,2) a dk N(X). (X2) 0
i< i<y (6)

Ff(x)‘-.?{z),sdet (X )-1 (z)j'ridet? (/(1)-/ (z))

tenglikka ega bo‘lamiz. (5) va (6) tengliklarni e’tiborga olib, (3) integral formulani hosil gilamiz.

Teorema isbotlandi.

Agar f (z ) =z deb oladigan bo‘lsak, (3) formuladagi H (X, z ) determenant 1teng bo‘lib, (3)
formula uchunchi tur klassik sohadagi (1) Xua Lo-ken integral formulasiga aylanadi (4, 96-s.). Shuning

uchun (3) formulani Veyl —Xua Lo-ken integral formulasi deb ataymiz.
Yuqoridagi (3) formula va lemmaning analogi [5] ishda ham isbotlangan.
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Yopiq Q f,r poliedrda golomorf bo‘lgan har ganday funksiya modul bo‘yicha o‘zining eng katta
giymatiga I f r ostovda erishishi Veyl - Xua Lo-ken integral formulasi yordamida ko ‘rsatiladi.

Natija. Ushbu n (z ) funksiya Q f,r sohada golomorf bo‘Isin. Unda bu funksiya modul bo‘yicha
0°‘zining eng katta giymatiga I f r ostovda erishadi.

Isboti. Shartga ko‘ra,h (Z ) funksiya Q f .r sohada golomorf. Unda harganday natural k soni uchun

hk(X)H(X,Z) n dxt

IZJQ_:l
hk(Z)=cecn J w1 )

0
drdet2 (f (X)-f (2))
tenglik o‘rinli bo‘ladi.

Yugoridagi (7) tenglikdan

H(X,Z)_,i_ dx%
|=,J=
h(Z)k < sup fhk (X )| L. J nl K

@)
v frdet2 (f (X)-f (2))

tengsizlik kelib chigadi.

(8) tengsialikdan esa

H(X,Z)_n_ dxi

k H(X)|| ] L
limk h(z) <Ilim sup M
| im . zup H(X)|

n1

Trdet 2 (f (x ) -f (z))

h(z)l< suplh(X)| lim,
vl'f,[-) “

det 2 (f (X )-f (Z2))
tengsizliklarga ega bo‘lamiz.
Oxirgi tengsizlikdan natijaning isboti bo‘lgan

lh(Z) 1gfr< sup th(X )|,
-for
munosabat kelib chigadi. Natija isbotlandi.
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QIRQILGAN FOK FAZOSIDAGI UCHINCHI TARTIBLI OPERATORLI MATRITSAGA MOS
KVADRATIK VA KUBIK SONLI TASVIRLAR

Annotatsiya. Ushbu magolada bir o ‘Ichamli panjarada soni saglanmaydigan va uchtadan oshmay-
digan zarrachalar sistemasiga mos uchinchi tartibli operatorli matritsa o rganilgan. Unga mos odatdagi,
kvadratik va kubik sonli tasvirlar tadqiq gilingan. Mazkur holda kvadratik sonli tasvir bitta bogiangan
komponentadan iborat ekanligi isbotlangan. Kubik sonli tasvir va Gershgorin teoremasi yordamida ope-
ratorli matritsa chegaralari uchun anig baholashlar olingan.

AHHOTauWa. B gaHHOA cTaTbe U3ydYeHa onepaTopHas MaTpuua TPeThero nopsgka cooTeeT-
CTBYHLLEN CUCTEMbI C HECOXPAHAKLLMMCSA 1 He 60nee Tpex YacTwuL Ha OJHOMeEpHOIi peweTke. Wccne-
[0BaHbl COOTBETCTBYLME 06bIYHbIE, KBAAPATWYHbIE W KyOMYECKMe YWCNOBble 061acTy 3HaueHus. B
3TOM Cllyyae [OKa3aHO, YTO KBafgpaTuWyHasa yucnoBas 061acThb 3HAYEHMS COCTOUT W3 OJHOIN CBA3AHHON
KOMMOHEHTbI. MoAyYeHbl TOUYHbIE OLEHKM A4S FPpaHuL, onepaTOopHOA MaTpuLbl C UCNONb30BaAHNEM Kybu-
YECKOI YnCcnoBoit 06nacTy 3HaUYeHUIH 1 Teopembl [MepLUropuHa.

Annotation. In this paper, a third order operator matrix corresponding to a system of non-conser-
ved and at most three particles on a one-dimensional lattice is studied. Corresponding usual, quadratic
and cubic numerical ranges are studied. In this case, it isproved that the quadratic numerical range con-
sists ofone connected component. Using the cubic numerical range and Gershgorin’s theorem the exact
estimates for the bound of the operator matrix are obtained.

Kalit sozlar: Fokfazo, operatorli matritsa, kvadratik va kubik sonli tasvirlar, bogfiangan to plam,
operator chegaralari, spektral munosabatlar.

Knouesble cnosa: NpocTpaHcTBO PoKa, onepaTopHas MaTpuua, KBajgpaTWuHble U Kybuyeckue
uncnoBble 06/1aCTY 3HAYEHUS, CBA3AHHAA MHO>KECTBA, rpaHuLbl onepaTopa, CNeKTPa/bHbIe BKAKYEHUS.

Key words: Fock space, operator matrix, quadratic and cubic numerical ranges, connected set,
bounds ofthe operator, spectral inclusions.

1. Kirish va masalaning go‘yilishi. Zamonaviy matematik fizikaning ko ‘plab sohalarida [1,2,3] d-
o‘lchamli Rd Yevklid fazosida yoki d-o‘lchamli Zd panjaradagi soni saqlanmaydigan zarrachalar cheksiz
[4,5] va girgilgan spin-bozon modelidagi kabi chekli [6,7,8] bo‘lishi mumkin. Birinchi holda mos Ga-
miltonian cheksiz o‘lchamli operatorli matritsa ko‘rinishida, ikkinchi holda esa chekli o‘lchamli opera-
torli matritsa ko‘rinishida tasvirlanadi. Ta’kidlash joizki, operatorli matritsa elementlari Banax yoki Gil-
bert fazosida ta’sir giluvchi chizigli operatorlar bo‘lgan matritsa tushuniladi [9].

Ushbu maqolada Fok fazosining H girgilgan uch zarrachali gism fazosida ta’sir giluvchi /1 uchin-
chi tartibli operatorli matritsa garaladi. Bu operator bir o‘Ichamli Z1 panjaradagi soni saglanmaydigan va
uchtadan oshmaydigan zarrachalar sistemasiga mos keladi. Dastlab, /1 operatorli matritsaning sonli tasvi-
ri tahlil gilinadi. H Gilbert fazosi ikkita Gilbert fazolarning to‘g‘ri yig‘indisi kabi tasvirlash hisobidan /i
operatorli matritsa ikkinchi tartibli operatorli matritsa ko‘rinishida tasvirlanadi hamda uning kvadratik
sonli tasviri o‘rganiladi. Keyingi tadgiqot sifatida /1 operatorli matritsaning kubik sonli tasviri tadqgiq qili-
nadi.

T1- bir o‘lchamli tor, HO0:= C- bir o‘lchamli kompleks fazo, n = 1,2 uchun Hn = L2(Tn) —
Tnda aniglangan kvadrati bilan integrallanuvchi (umuman olganda, kompleks giymat gabul giluvchi)
funksiyalarning Gilbert fazosi bo‘lsin. H orgali H0,H 1va H 2 fazolarning to‘g‘ri yig‘indisini belgilay-
miz, yani H = HO® H1® H 2. Odatda, H Gilbert fazosiga Fok fazosining girgilgan uch zarrachali
girgilgan gism fazosi deyiladi.

Operatorlar nazariyasidan yaxshi ma’lumki [9], H Gilbert fazosida ta’sir giluvchi har ganday
chizigli chegaralangan operator

Moo 701 02\
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