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Следовательно, мы по получили (3). 

 

Следствие 4. Пусть 𝑝 >  a      ,   средневзвешенная матрица и   убывающая 
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Доказательство. Так как    убывающая последовательность, то верно 
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Тогда по следствию 2 выполняется    
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    , мы получаем (4). 
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  Бұл мақалада бір сингулярлы интегралдық теңдеулер қарастырылып, сол теңдеудегі 

интегралдық операторларға қатысты тұжырымдар дәлелденеді. Оған қоса бір сингулярлы 

интегралдық теңдеудің шешімінің бар екендігі және оның жалғыздығы да көрсетіледі. 

 Келесі интегралдық теңдеуді қарастырайық: 
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 ,(2) 

 

ɫɢɧɝɭɥɹɪɥɵ ɢɧɬɟɝɪɚɥɞɵԕ ɨɩɟɪɚɬɨɪ,  ȿ  ɤɨɦɩɥɟɤɫ ɠɚɡɵԕɬɵԕ, ԛɡіɥіɫɫіɡ ɮɭɧɤɰɢɹ, ɚɥ 
. ɚɪԕɵɥɵ  ɲɟɤɫіɡ  ɞɢɮɮɮɟɪɟɧɰɢɚɥɞɚɧɚɬɵɧ ɮɢɧɢɬɬі ɮɭɧɤɰɢɹɥɚɪ 

ɠɢɵɧɵɧ 

                                                               (3)                                                                                                                          

ɧɨɪɦɚɫɵ ɛɨɣɵɧɲɚ ɬɨɥɵԕɬɵɪԑɚɧɞɚ ɲɵԑɚɬɵɧ  Ȼɚɧɚɯ ɤɟңіɫɬіɝіɧ ɛɟɥɝіɥɟɣɦіɡ. [1] 
Ʌɟɦɦɚ 1. ɉ ɨɩɟɪɚɬɨɪɵ  ɤɟңіɫɬіɝіɧɞɟ ɫɵɡɵԕɬɵԕ ɲɟɧɟɥɝɟɧ ɨɩɟɪɚɬɨɪ ɛɨɥɚɞɵ.  
Ⱦԥɥɟɥɞɟɭі: ɷɥɟɦɟɧɬіɧ ɚɥɫɚԕ 

 
ɨɪɵɧɞɚɥɚɬɵɧ ɬіɡɛɟɝі ɬɚɛɵɥɚɞɵ. Ɉɧɞɚ  

 

ɋɨңԑɵ ɬɟңɫіɡɞіɤ Ⱥɞɚɦɚɪ ɬɟңɫіɡɞіɝі ([2], 40-ɛɟɬ). ɒɵԕԕɚɧ ɬɟңɫіɡɞіɤɬɟ ɲɟɤɤɟ ɤԧɲɭ ɚɪԕɵɥɵ 
ԕɚɠɟɬ ɬԝɠɵɪɵɦɞɵ ɚɥɚɦɵɡ. 

ȿɧɞі (1) ɬɟңɞɟɭɞің ɠɚɥԑɵɡ ɲɟɲіɦі ɛɚɪ ɛɨɥɚɬɵɧɵɧ ɤԧɪɫɟɬɟɣіɤ. ɂ.ɇ ȼɷɤɭɚ 
ɛɨɥԑɚɧɞɚ ( -ԧɬɟ ɚɡ ɫɚɧ) ɫɵԑɵɩ ɛɟɣɧɟɥɟɭ ԥɞіɫі ɚɪԕɵɥɵ  ɤɟңіɫɬіɝіɧɞɟ 

ɠɚɥԑɵɡ ɲɟɲіɦɧің ɛɚɪ ɟɤɟɧɞіɝіɧ ɤԧɪɫɟɬɤɟɧ ɛɨɥɚɬɵɧ. Ⱦԥɥ ɨɫɵɧɞɚɣ ɧԥɬɢɠɟɧі    

ɤɟңіɫɬіɤɬɟɪі ԛɲіɧ ȼ.ɋ.ȼɢɧɨɝɪɚɞɨɜ ԧɡіɧің ɦɚԕɚɥɚɫɵɧɞɚ ɚɥɞɵ[3]. Ȼіɡ ɨɫɵ ɦɚԕɚɥɚɞɚԑɵ ԥɞіɫɬі 
ԕɨɥɞɚɧɚɦɵɡ. ɛɨɥԑɚɧɞɚ ɤɟңіɫɬіɤɬɟɪі ɤɟңіɫɬіɝіɧɟ ɟɧɝіɡіɥɟɬіɧіɧ ɟɫɤɟɪɬɟ ɤɟɬɟɣіɤ.   

Ɍɟɨɪɟɦɚ1.  ɨɩɟɪɚɬɨɪɵ ɤɟңіɫɬіɝіɧɞɟ ɇɟɬɟɪ ɨɩɟɪɚɬɨɪɵ ɛɨɥɚɞɵ, ɦԝɧɞɚԑɵ І− 
ɛіɪɥіɤ ɨɩɟɪɚɬɨɪ.  

Ȼԝɥ ɬɟɨɪɟɦɚ ɚɬɚɥԑɚɧ ɨɩɟɪɚɬɨɪ ԛɲіɧ ɨң ɠԥɧɟ ɫɨɥ ɪɟɝɭɥɢɡɚɬɨɪɥɚɪ ԕԝɪɭ ɚɪԕɵɥɵ 
ɞԥɥɟɥɞɟɧɟɞі. ([4], 6.2.1. ɬɟɨɪɟɦɚ) 

Ɍɟɨɪɟɦɚ 2. ɨɩɟɪɚɬɨɪɵɧɵң ɢɧɞɟɤɫі ɧԧɥɝɟ ɬɟң.  
Ɇԝɧɵ ɞԥɥɟɥɞɟɭ ԛɲіɧ  ɨɩɟɪɚɬɨɪɥɚɪ ɬɨɛɵ ɝɨɦɨɬɨɩɢɹ 

ɛɨɥɚɬɵɧɵɧ ɤԧɪɫɟɬɟɦіɡ. Ⱥɥ ɨɞɚɧ 6.3.4.ɬɟɨɪɟɦɚ ([4])  ɛɨɣɵɧɲɚ  
 

ɛɨɥɚɬɵɧɵ ɲɵԑɚɞɵ.  
Ɉɫɵ ɟɤі ɬɟɨɪɟɦɚɞɚɧ  ɨɩɟɪɚɬɨɪɵɧɵң Ɏɪɟɞɝɨɥɶɦ ɨɩɟɪɚɬɨɪɵ ɛɨɥɚɬɵɧɵɧ ɚɥɚɦɵɡ. 

Ⱥɥ  Ɏɪɟɞɝɨɥɶɦɧɵң ɛіɪіɧɲі ɬɟɨɪɟɦɚɫɵ ɛɨɣɵɧɲɚ (1) ɬɟңɞɟɭɞің ɲɟɲіɦі ɛɚɪ ɠԥɧɟ ɠɚɥԑɵɡ 
ɛɨɥɭɵ ԛɲіɧ ɫԥɣɤɟɫ ɛіɪɬɟɤɬі ɬɟңɞɟɭɞің ɬɟɤ ɧԧɥɞіɤ ɲɟɲіɦі ɛɨɥɭɵ ԕɚɠɟɬɬі ɠԥɧɟ ɠɟɬɤіɥіɤɬі. 
ɋɨɧɞɵԕɬɚɧ ɦɵɧɚ ɬԝɠɵɪɵɦɞɵ ɞԥɥɟɥɞɟɣɦіɡ. 

Ɍɟɨɪɟɦɚ3.   ɨɩɟɪɚɬɨɪɵɧɵң ɹɞɪɨɫɵ ɬɟɤ ɧԧɥɞіɤ ɷɥɟɦɟɧɬɬɟɧ ɬԝɪɚɞɵ. 
Ⱦԥɥɟɥɞɟɭ ɠɨɥɵ : (1) ɬɟңɞɟɭɝɟ ɫԥɣɤɟɫ ɛіɪɬɟɤɬі ɬɟңɞɟɭɞі ԕɚɪɚɫɬɵɪɚɦɵɡ: 

                                                                        (1´) 

Ɉɧɞɚ  ԛɲіɧ    ɮɭɧɤɰɢɹɫɵ  

                                                      (4) 

 


G

sdG
zs

s
z

2
)(

)(1
)(






EGGsisEziyxz  ,,, 
)(zq

)(, 1 GPf  )(1 GP )(0 Gɋ

s

GGz

dG
zs

su
u  




)(
sup

)(1 GP

)(1 GPf 
 nff

GPn ,0
)(1

)(0 Gɋfn



 



























)(2

2)(

1

1

)(
sup)(sup

)(1
sup

)(
sup

GPnt

G

n

GzG

s

G

tn
Gz

s

G

t

n

GGz
s

G

n

Gz
GPn

fɋdG
zt

tfɋ

stzs

dG
dGtf

dGdG
st

tf

zs
dG

zs

sf
f

  22 p  pL

)2(),( pGLp

2p )(GLp
)(1 GP

 qI )(1 GP

 qI

],1,0[.,)(   qIA

0)0()1()(  IIndIndAIndAqIInd

 qI

 qI

0)()()(  zzqz 

)(1 EP )(
)(1

)()( ECdG
zs

s
zzu

G

s 
 






1)(,0)(  ozz
qzqEzuzqu

Powered by TCPDF (www.tcpdf.org)

2

http://www.tcpdf.org


1245 

 

Ȼɟɥɶɬɪɚɦɢ ɬɟңɞɟɭіɧің ɲɟɲіɦі ɛɨɥɚɞɵ. 
Ȼԝɞɚɧ ɬɟңɞɟɭɞің ɠɚɥɩɵ ɲɟɲіɦіɧің ɮɨɪɦɭɥɚɫɵ ɛɨɣɵɧɲɚ  

 

ɦԝɧɞɚԑɵ − Ȼɟɥɶɬɪɚɦɢ ɬɟңɞɟɭіɧің ɝɨɦɟɨɦɨɪɮɢɡɦі, ɚɥ −ɠɚɡɵԕɬɵԕɬɚ ɝɨɥɨɦɨɪɮɬɵ 
ɛɨɥɚɬɵɧ ɮɭɧɤɰɢɹ,  ɹԑɧɢ ɛԛɬіɧ ɮɭɧɤɰɢɹ.  

ɤɨɦɩɥɟɤɫ ɠɚɡɵԕɬɵԕɬɚ ɲɟɧɟɥɝɟɧ ԛɡіɥіɫɫіɡ ɮɭɧɤɰɢɹ , ԥɪі ɲɟɤɫіɡɞіɤɬɟ ɧԧɥɝɟ 
ɚɣɧɚɥɚɬɵɧɞɵԕɬɚɧ, ɮɭɧɤɰɢɹɫɵ ɲɟɧɟɥɝɟɧ ɠԥɧɟ ɲɟɤɫіɡɞіɤɬɟ ɧԧɥɝɟ ɚɣɧɚɥɚɬɵɧ ɛԛɬіɧ 
ɮɭɧɤɰɢɹ, ɨɧɞɚ Ʌɢɭɜɢɥɥɶ ɬɟɨɪɟɦɚɫɵ ɛɨɣɵɧɲɚ [2] ɨɧɞɚ ɛԝɞɚɧ  

ɛɨɥɚɬɵɧɵ ɲɵԑɚɞɵ, ɟɧɞɟɲɟ ɛіɪɬɟɤɬі ɬɟңɞɟɭɞің ɬɟɤ ɧԧɥɞіɤ ɲɟɲіɦі ɛɚɪ 

ɛɨɥɚɞɵ, ɹԑɧɢ .  ɀɨԑɚɪɵɞɚ ɚɣɬԕɚɧɵɦɵɡɞɚɣ ɛԝɞɚɧ (1) ɬɟңɞɟɭɞің ɲɟɲіɦі ɛɚɪ 
ɠԥɧɟ ɠɚɥԑɵɡ ɛɨɥɚɬɵɧɵ ɲɵԑɚɞɵ. 

 ɋɨɧɵɦɟɧ ԕɚɬɚɪ Ȼɟɥɶɬɪɚɦɢ ɬɢɩɬі ɷɥɥɢɩɫɬіɤ ɠԛɣɟ ɛɨɥɚɬɵɧ 

                             (5) 

 

ɦԝɧɞɚԑɵ  
 ,                                                   (6) 

ԛɲіɧ ɠɚɥɩɵ ɢɧɬɟɝɪɚɥɞɵԕ ɨɩɟɪɚɬɨɪɞɵң ɤɟɥɟɫі ɠԝɦɵɫɬɚ ԕɚɪɚɫɬɵɪɵɥԑɚɧɵɧ ɚɬɚɩ ԧɬɭɝɟ 
ɛɨɥɚɞɵ[5].  

 Ȼԝɥ ɠɚԑɞɚɣɞɚ ɞɚ ɫɢɧɝɭɥɹɪɥɵ ɢɧɬɟɝɪɚɥɞɵԕ ɨɩɟɪɚɬɨɪɞɵң ԕɚɫɢɟɬɬɟɪі ɨɫɵԑɚɧ ɞɟɣіɧɝі 
ɤɟɥɬіɪіɥɝɟɧ ɬԝɠɵɪɵɦɞɚɦɚɥɚɪɦɟɧ ɫԥɣɤɟɫ ɤɟɥɟɞі. 
 

Ԕɨɥɞɚɧɵɥԑɚɧ ԥɞɟɛɢɟɬɬɟɪ ɬіɡіɦі 
1. Ɉɬɟɥɛɚɟɜ Ɇ. Ʉ ɬɟɨɪɢɢ ɨɛɨɛɳɟɧɧɵɯ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ ȼɟɤɭɚ // ȼ ɤɧɢɝɟ: 

ɉɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɨɜ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɤ ɡɚɞɚɱɚɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɢ  
ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɦɚɬɟɦɚɬɢɤɢ.  ɇɨɜɨɫɢɛɢɪɫɤ, 1979, ɋ. 80-99. 

2. ȼɟɤɭɚ ɂ.ɇ Ɉɛɨɛɳɟɧɧɵɟ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ−Ɇ.: ɇɚɭɤɚ, 1988, 512 ɫ. 
3. ȼɢɧɨɝɪɚɞɨɜ ȼ.ɋ. Ɉ ɪɚɡɪɟɲɢɦɨɫɬɢ ɨɞɧɨɝɨ ɫɢɧɝɭɥɹɪɧɨɝɨ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ // 

ȾȺɇ ɋɋɋɊ, 1978, Ɍ 241.- №2, ɋ. 272-274. 

4. Ɇɢɯɥɢɧ ɋ. Ƚ Ʌɢɧɟɣɧɵɟ ɭɪɚɜɧɟɧɢɹ ɜ ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ, −Ɇ.: «ȼɵɫɲɚɹ ɲɤɨɥɚ», 
1977, 423 ɫ. 

5.  Ȼɚɣɛɭɪɢɧ Ɇ.Ɇ  Ʉɨɦɩɚɤɬɧɨɫɬɶ ɨɫɧɨɜɧɨɝɨ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɨɩɟɪɚɬɨɪɚ ɞɥɹ 
ɷɥɥɢɩɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɬɢɩɚ Ȼɟɥɶɬɪɚɦɢ //ȼɟɫɬɧɢɤ ɄɚɡȽɍ, ɫɟɪɢɹ ɦɚɬ.ɦɟɯ.ɢɧɮ,-1998, 

№12, ɋ. 20-27. 
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ɨɩɟɪɚɬɨɪɥɚɪɵɧɵң ԕɚɫɢɟɬɬɟɪіɧ ɡɟɪɬɬɟɭɞɟɧ ɚɥɵɧԑɚɧ ɧԥɬɢɠɟɥɟɪɞі  ɫɢɦɦɟɬɪɢɹɥɵԕ ɤɟңіɫɬіɤ 
ɠɚԑɞɚɣɵɧɚ ɤɟңɟɣɬɬіɩ ɡɟɪɬɬɟɞіɤ. 
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