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1
2

0

( )
:= .max

( , )Tx T

v t dt

u x t m


−



 
 

− 
  

We introduce two bounded and self-adjoint operators 
(1)H  and 

(2)H  (so-called channel operators). 

They act in 
2

2( )L T  by  

(1) (2)

0 1 0 3= , = .H H V H H V  − −  

Set  

, e ,:= min{ : ( )}.ssE H       

Then , e ,( )ssE H     is called the lower bound of the essential spectrum of , .H   

The main result of the present note is the following theorem. 

Theorem 1. For the essential spectrum of ,H   we have  

(1) (2)

e ,( ) = ( ) ( ).ss H H H       

For the lower bound ,E   the following assertions hold: 

(i) If ( ) 0v x   for some ,x  then for all , > 0   we have , < ;E m   

(ii) Let ( ) = 0v x  for all x . 

(ii1) For any 
0>   and > 0  we have , < ;E m   

(ii2) For any 
0   and > 0  we have 

(2)

, = min ( ).E H    

Moreover, ,max( ( )) =H M   for any , > 0.    

This result plays a key role in the analysis of the discrete spectrum of ,H  . In [1] the discrete 

spectrum of ,0H  was discussed. 
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CUBIC NUMERICAL RANGE OF 𝟑 × 𝟑 BLOCK OPERATOR MATRICES 

Rasulov T.H., Sharipova M.Sh. 
Bukhara State University 

Block operator matrices are matrices the entries of which are linear operators between Banach or 

Hilbert spaces. They arise in various areas of mathematics and its applications. Let ℋ1,ℋ2,ℋ3 be complex 

Hilbert spaces, and consider  

ℋ:= ℋ1⊕ℋ2⊕ℋ3. With respect to this decomposition, every bounded linear operator 𝒜 ∈ 𝐿(ℋ) has 

a 3 × 3 block operator matrix representation 

                              𝒜:= (

𝐴11 𝐴12 𝐴13
𝐴12
∗ 𝐴22 𝐴23
𝐴13
∗ 𝐴23

∗ 𝐴33

)                                                (1) 

with bounded linear entries 𝐴𝑖𝑗 ∈ 𝐿(ℋ𝑗 ,ℋ𝑖) , 𝑖, 𝑗 = 1,2,3  such that 𝐴𝑖𝑖
∗ = 𝐴𝑖𝑖 , 𝑖 = 1,2,3. In the following 

we denote by  

𝑆ℋ1⊕ℋ2⨁ℋ3 ≔ 𝑆ℋ1 × 𝑆ℋ2 × 𝑆ℋ3 = {(𝑓1𝑓2𝑓3)
𝑡 ∈ ℋ: ‖𝑓𝑖‖ = 1, 𝑖 = 1,2,3} 

the product of the unit spheres 𝑆ℋ𝑖 in ℋ𝑖; we also write 𝑆3 or 𝑆ℋ  instead of 𝑆ℋ1⊕ℋ2⨁ℋ3 if the 

decomposition 𝐻 = ℋ1⊕ℋ2⊕ℋ3 is clear (note the slight difference in notation between 𝑆ℋ1⊕ℋ2⨁ℋ3 

and the unit sphere 𝑆ℋ1⊕ℋ2⨁ℋ3 in 𝐻1⊕𝐻2⊕𝐻3). In this case 𝑆3 ≔ {𝑓 = (𝑓1 𝑓2 𝑓3)
𝑡 ∈ 𝐻: ‖𝑓𝑖‖ = 1, 𝑖 =

1,2,3}. 
Definition 1. For 𝑓 = (𝑓1 𝑓2 𝑓3)

𝑡 ∈ 𝑆ℋ1⊕ℋ2⨁ℋ3 we introduce the 3 × 3     matrix 

          𝒜𝑓 = (

(𝐴11𝑓1, 𝑓1) (𝐴12𝑓2, 𝑓1) (𝐴13𝑓3, 𝑓1)

(𝐴12
∗ 𝑓1, 𝑓2) (𝐴22𝑓2, 𝑓2) (𝐴23𝑓2, 𝑓3)

(𝐴13
∗ 𝑓1, 𝑓3) (𝐴23

∗ 𝑓2, 𝑓3) (𝐴33𝑓3, 𝑓3)
) ∈ 𝑀3(𝐶).    

Then the set 
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                          𝑊ℋ1⊕ℋ2⊕ℋ3(𝒜) ≔ ⋃ 𝜎𝑝(𝒜𝑓)

𝑓∈𝑆3

                

is called cubic numerical range of 𝒜 (with respect to the block operator matrix representation (1)). For a 

fixed decomposition of ℋ, we also write 

𝑊3(𝒜) =  𝑊ℋ1⊕ℋ2⊕ℋ3(𝒜). 

Let 𝑎𝑖𝑗(𝑓) = (𝐴𝑖𝑗𝑓𝑗 , 𝑓𝑖) for 𝑖, 𝑗 = 1,2,3 and 

𝐸𝑘(𝑓) =
1

3
(𝑎11(𝑓) + 𝑎22(𝑓) + 𝑎33(𝑓)),   𝑖𝑓  𝑎11(𝑓) = 𝑎22(𝑓) = 𝑎33(𝑓),

                                                                      𝑎12(𝑓) = 𝑎23(𝑓) = 𝑎13(𝑓) = 0;             

        𝐸𝑘(𝑓) =
1

3
(𝑎11(𝑓) + 𝑎22(𝑓) + 𝑎33(𝑓)) + 2√−

𝑃(𝑓)

3
𝑐𝑜𝑠

Φ(𝑓)+2𝜋𝑘

3
 otherwise, 

where 

       𝑃(𝑓) ≔  −
1

6
((𝑎11(𝑓) − 𝑎22(𝑓))

2 + (𝑎11(𝑓) − 𝑎33(𝑓))
2
+ (𝑎22(𝑓)—𝑎33(𝑓))

2   − |𝑎12(𝑓)|
2

− |𝑎23(𝑓)|
2 − |𝑎13(𝑓)|

2;  

       𝑄(𝑓): =  −
2

27
(𝑎11(𝑓) + 𝑎22(𝑓) + 𝑎33(𝑓))

3

+
1

3
(𝑎11(𝑓) + 𝑎22(𝑓) + 𝑎33(𝑓))(𝑎11(𝑓)𝑎22(𝑓) + 𝑎22(𝑓)𝑎33(𝑓) + 𝑎11(𝑓)𝑎33(𝑓)

− |𝑎12(𝑓)|
2 − |𝑎23(𝑓)|

2 − |𝑎13(𝑓)|
2) + 𝑎11(𝑓)𝑎22(𝑓)𝑎33(𝑓)

+ 2𝑅𝑒(𝑎12(𝑓)𝑎23(𝑓)𝑎13(𝑓)̅̅ ̅̅ ̅̅ ̅̅ ̅) + |𝑎12(𝑓)|
2𝑎33(𝑓) + |𝑎23(𝑓)|

2𝑎11(𝑓)

+ |𝑎13(𝑓)|
2𝑎22(𝑓); 

       Φ(𝑓) = arccos(−
3𝑄(𝑓)

2𝑃(𝑓)
√−

3

𝑃(𝑓)
). 

The main result of this note is the following theorem. 

Theorem 1. For the cubic numerical range of 𝒜   we have  

𝑊3(𝒜) =⋃⋃{𝐸𝑘(𝑓)}

𝑓∈𝑆3

3

𝑘=1

. 

This theorem plays a key role in the estimate of the bounds of 𝒜 in terms of cubic numerical range. 
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A SET OF FIXED POINTS OF A COVID-19 SPREADING MODEL WITH 

VACCINATED CASE 

Rozikov U. A., Shoyimardonov S. K. 
V.I.Romanovskiy Institute of Mathematics, Tashkent, Uzbekistan 

shoyimardonov@inbox.ru 

In the work [1] authors proposed SIARD epidemic model and based on this model we consider the 

following discrete-time SAIRVD model: 

 

(1) 2

(1) 2

(1)

(1)

(1)

(1)

= (1 ) ( )

= (1 )

= (1 )
=

= (1 )

= (1 )

=

S I A

A A A A

I I I

R A I V

V V A S R

A I V

S S I A S R V

A A d AS

I I d IS A
W

R R A I V

V V d A S R

D D d A d I d V

      

    

   

    

    

 − − + + +


− − − − +
 − − + +


− − + + +
 − − − + + +


+ + +

 (1) 

This model describes the interaction of susceptible population ,S  asymptomatic (unreported) 

infected population ,A  symptomatic (reported) infected population ,I  recovered population ,R  

vaccinated population V  and death population .D  This system also closed system as many other systems, 

so for simplicity if we assume =1S A I R V D+ + + + +  then 
( ) ( ) ( ) ( ) ( ) ( ) =1n n n n n nS A I R V D+ + + + +  
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МУНДАРИЖА 

 

Обиджон Хамидов. КИРИШ СЎЗИ ......................................................................................................... 5 

Х.М.Шадиметов. ЗАМЕЧАТЕЛЬНЫЙ МАТЕМАТИК И ПЕДАГОГ .................................................. 6 

 

I ШЎЪБА.  МАТЕМАТИК АНАЛИЗ.  MATHEMATICAL ANALYSIS. ................................ 8 

Abdullaev J.I., Khalkhuzhaev A.M.ON THE LOCATION  OF AN  EIGENVALUE OF THE 

SCHRÖDINGER OPERATOR ON THE THREE DIMENSIONAL  LATTICE ....................................... 8 

Absalamov A.T., Ziyadinov B.A. THE DYNAMICAL SYSTEM ON THE INVARIANT CURVE OF A 

NONLINEAR OPERATOR ........................................................................................................................ 8 

Akramova D.I, Ikromov I.A. ON ESTIMATES FOR CONVOLUTION OPERATORS RELATED TO 

STRICTLY HYPERBOLIC EQUATIONS ................................................................................................ 9 

Alimov A.A. A SEPARABILITY CRITERION FOR IDEALS OF COMPACT OPERATORS ............. 10 

Aliyev A.F., Tirkasheva G.D.HAUSDORFF DIMENSION OF INVARIANT MEASURE OF  

PIECEWISE LINEAR CIRCLE MAPS WITH TWO BREAKS .............................................................. 11 

Allaberganov O. ℂ\ℕ- PARABOLIK KO‘PXILLIKDA POLINOMLAR FAZOSI. ................................ 12 

Mamurov B.J. REGULARITY OF A NON-VOLTERRA QUADRATIC STOCHATIC OPERATOR ON 

THE 2D SIMPLEX ................................................................................................................................... 13 

Bahronov B.I., Rasulov T.H.EXISTENCE OF THE EIGENVALUES OF A TENSOR SUM OF THE 

FRIEDRICHS MODELS WITH RANK 2 PERTURBATION ................................................................. 14 

Boysunova M.Y. KILLING VEKTOR  MAYDONLAR GEOMETRIYASI............................................ 16 

Dilmurodov E.B., Rasulov T.H. FINITENESS OF THE DISCRETE SPECTRUM OF THE LATTICE 

SPIN-BOSON HAMILTONIAN WITH AT MOST TWO PHOTONS .................................................... 16 

Eshimbetov M.R. ON AN EXAMPLE OF A SEMIRING WHICH IS NOT IDEMPOTENT .................. 17 

Eshimova M.K. A NEW EQUIVALENT CONDITION FOR BOUNDEDNESS OF HARDY-

VOLTERRA OPERATOR ........................................................................................................................ 19 

Ikromov I.A., Safarov A.R. ESTIMATES FOR TWO-DIMENSIONAL INTEGRALS WITH MITTAG-

LEFFLER FUNCTIONS ........................................................................................................................... 20 

Jamilov U. U., Aralova K. A. THE DYNAMICS OF SUPERPOSITION OF NON-VOLTERRA 

QUADRATIC STOCHASTIC OPERATORS .......................................................................................... 20 

Karimov J.J., Ibodullayeva H.F. RETURN TIMES FOR CIRCLE HOMEOMORPHISMS WITH SOME 

IRRATIONAL ROTATION NUMBER ................................................................................................... 22 

Khalkhuzhaev A.M., Boymurodov J.H. EXISTENCE OF EIGENVALUES OF THE SCHRÖDINGER 

OPERATOR ON A LATTICE .................................................................................................................. 23 

Khalkhuzhaev A.M., Khamidov Sh.I., Mahmudov H.Sh. ON THE EXISTENCE OF EIGENVALUES OF 

THE ONE PARTICLE DISCRETE SCHRÖDINGER OPERATOR ....................................................... 24 

Kholbekova S.M. 2-LOCAL *-ANTIAUTOMORPHISM OF ( )nM  IS AN INNER *-

ANTIAUTOMORPHISM. ........................................................................................................................ 25 

Kuliev K. ESTIMATES FOR THE NORM OF AN INTEGRAL OPERATOR WITH OINAROV’S 

KERNEL ................................................................................................................................................... 26 

L. M. Lugo, Juan E. Nápoles Valdés, Miguel Vivas-Cortez. SOME COMPLEMENTARIES NOTES TO 

MULTI-INDEX GENERALIZED CALCULUS ...................................................................................... 27 

Latipov H.M., Rasulov T.H. QUARTIC NUMERICAL RANGE OF A TRIDIAGONAL 4× 𝟒 

OPERATOR MATRICES ......................................................................................................................... 28 

Luciano M. Lugo Motta Bittencurt. THE GENERALIZED FRACTIONAL DIFFERENTIAL 

EQUATION OF LAGUERRE TYPE ....................................................................................................... 29 

Madatova F.A. THE SPECTRUM OF THE DISCRETE SCHRӦDINGER OPERATOR WITH TWO-

RANK PERTURBATION ........................................................................................................................ 29 

Mahmudov B.E. ERDOSH TIPIDAGI MAXSUSLIKLAR HAQIDA ..................................................... 30 

Mamadiyev F.R. TASHQI INVESTITSIYALAR HAJMI UCHUN STATISTIK TAHLIL ASOSIDA 

BASHORAT MODELI ............................................................................................................................. 31 

Masharipov S. CONNECTION OF BISTOCHASTIC MATRICES WITH QUADRATIC OPERATORS

 .................................................................................................................................................................. 32 

Muhamedov A. CONVERGENCE OF KERNEL ESTIMATORS OF A DENSITY FUNCTION FROM 

STATIONARY SEQUENCE OF STRONGLY LINEARLY POSITIVE QUADRANT DEPENDENT 

RANDOM VARIABLES .......................................................................................................................... 33 



Muminov M.I., Khurramov A.M., Bozorov I.N. ON THE NUMBER OF EIGENVALUES OF A TWO-

PARTICLE HAMILTONIAN ON THREE-DIMENSIONAL LATTICE ................................................ 34 

Muminov M.E., Jurakulova F.M. ON THE BRANCHES OF THE ESSENTIAL SPECTRUM OF 

OPERATOR MATRIX IN BOSONIC FOCK SPACE ............................................................................. 36 

Qushaqov H., Muhammadjonov A., Ismoilova M. ABOUT ONE EQUALITY WITH EXPONENTIAL 

MATRIX ................................................................................................................................................... 37 

Rahmatullaev M.M., Tukhtabaev A.M. ON 
(2)

kG -PERIODIC p -ADIC GENERALIZED GIBBS 

MEASURE FOR ISING MODEL THE CAYLEY TREE ........................................................................ 38 

Rajabov Sh.Sh. PROPAGATION THEOREM FOR THE PROBLEM OF FINDING THE ORIGINAL 

FUNCTION IN MATRIX ARGUMENT FUNCTIONS. ......................................................................... 39 

Rasulov T.H., Umirkulova G.H. BOUNDS OF THE ESSENTIAL SPECTRUM OF A THREE-

PARTICLE MODEL HAMILTONIAN ON A 1D LATTICE .................................................................. 40 

Rasulov T.H., Sharipova M.Sh. CUBIC NUMERICAL RANGE OF 𝟑 × 𝟑 BLOCK OPERATOR 

MATRICES .............................................................................................................................................. 41 

Rozikov U. A., Shoyimardonov S. K. A SET OF FIXED POINTS OF A COVID-19 SPREADING 

MODEL WITH VACCINATED CASE ................................................................................................... 42 

Ruzieva D.S. STRONG LAW OF LARGE NUMBERS FOR RANDOM FIELDS WITH VALUES IN 

HILBERT SPACE. ................................................................................................................................... 44 

Sharipov O.Sh.  Hamdamov A.H. GILBERT FAZOSIDA QIYMAT QABUL QILUVCHI U-

STATISTIKALAR UCHUN KUCHAYTIRILGAN KATTA SONLAR QONUNI ................................. 45 

Sharipov O.Sh. Kushmurodov A.A. MARCINKIEWICZ-ZYGMUND LAW OF LARGE NUMBERS 

FOR AUTOREGRESSIVE PROCESESS IN BANACH SPACES .......................................................... 46 

Sharipov S. A LIMIT THEOREM FOR BRANCHING PROCESSES WITH IMMIGRATION ............. 46 

Shomalikova M.Sh. DARAXTSIMON METRIK GRAFLARDA ISSIQLIK TARQALISH 

TENGLAMASI UCHUN    ULANISH SHARTLI MASALA ............................................................... 48 

Tagaymurotov A.O. REPRESENTATION OF A MAX-PLUS-POLAR OF THE SET OF IDEMPOTENT 

PROBABILITY MEASURES BY THE POLAR OF THE SET OF PROBABILITY MEASURES ........ 49 

TALHA USMAN. A CLOSED FORM OF INTEGRAL TRANSFORMS IN TERMS OF LAURICELLA 

FUNCTION AND THEIR NUMERICAL SIMULATIONS .................................................................... 49 

Tosheva N.A. FINITENESS OF THE NUMBER OF EIGENVALUES OF THE FAMILY OF 3 3
OPERATOR MATRICES: 1D CASE ....................................................................................................... 50 

Xalxujayev A.M., Khayitova K.G.ANALYTIC DISCRIPTION OF THE ESSENSIAL SPECTRUM OF 

A OPERATOR MATRIX IN FERMIONIC FOCK SPACE ..................................................................... 51 

Xudayarov S.S. ON INVARIANT SETS OF A QUADRATIC NON-STOCHASTIC OPERATOR. ...... 52 

Xurramov Y.S. 𝒔 − 𝒅 MODELGA MOS SCHRÖDINGER TIPLI OPERATORNING SPEKTRAL 

XOSSALARI ............................................................................................................................................ 53 

Абдикадиров С.М. ОБ АНАЛОГЕ ТЕОРЕМЫ БЛАНШЕТА ДЛЯ  −СУБГАРМОНИЧЕСКИХ 

ФУНКЦИЙ .............................................................................................................................................. 54 

Актамов Ф.С. ПРИНЦИП РАВНОМЕРНОЙ ОГРАНИЧЕННОСТИ MAX-PLUS-ЛИНЕЙНЫХ 

ОПЕРАТОРОВ ........................................................................................................................................ 55 

Атамуратов А.А., Расулов К.К. МНОЖЕСТВО ОСОБЕННОСТЕЙ СЕПАРАТНО-

АНАЛИТИЧЕСКИХ ФУНКЦИЙ .......................................................................................................... 56 

Бегижонов И. И. КРИТЕРИЙ ЦИКЛИЧЕСКОЙ КОМПАКТНОСТИ МНОЖЕСТВ В 

БАНАХОВЫХ МОДУЛЯХ .................................................................................................................... 57 

Бекназаров Дж.Х. ПРИБЛИЖЕНИЯ ФУНКЦИЙ СУММАМИ ФУРЬЕ–ЧЕБЫШЁВА В 

ПРОСТРАНСТВЕ 2,L  .......................................................................................................................... 59 

Гадаев С. С-СВОЙСТВО 𝜶 −СУБГАРМОНИЧЕСКИХ ФУНКЦИЙ ................................................. 60 

Ганиходжаев Р.Н., Эшмаматова Д.Б, Таджиева М.А. ДИНАМИКА КВАДРАТИЧНЫХ 

ОТОБРАЖЕНИЙ ЛОТКИ-ВОЛЬТЕРРА, ДЕЙСТВУЮЩИХ В ЧЕТЫРЕХМЕРНОМ 

СИМПЛЕКСЕ С ВЫРОЖДЕННОЙ КОСОСИММЕТРИЧЕСКОЙ МАТРИЦЕЙ ............................. 61 

Икромов И.А, Баракаев А.М. ОБ ОГРАНИЧЕННОСТИ МАКСИМАЛЬНЫХ ОПЕРАТОРОВ В 

ПРОСТРАНСТВЕ 𝑳𝟐𝑹𝟑. ........................................................................................................................ 62 

Икромова Д. И. ОБ ОЦЕНКАХ ПРЕОБРАЗОВАНИЯ ФУРЬЕ МЕР, СОСРЕДОТОЧЕННЫХ НА 

ПОВЕРХНОСТЯХ, ИМЕЮЩИХ ОСОБЕННОСТЬ ТИПА Е𝟖. .......................................................... 63 


