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Жуықтау есебінің әртүрлі қойылымдардаберіледі және олардың барлығы келесі 

анықтамаға негізделген [1]: 
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Жұмыстың мақсаты дербес туындылы теңдеудің шешімін дискретизациялаудағы 

тиімді жуықтау агрегаттарының есептеу қиындығын азайту. 

[2-4]  жұмыстарында Tf  ретінде 1 2( , ; , )u t x f f - 
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шешімін дискретизациялау есебі қарастырылады, мұндағы p -оң бүтін сан, 
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ɬԛɪіɧɞɟ ɠɚɡɵɥɚɞɵ( l
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p  ɦɨɞɭɥі ɛɨɣɵɧɲɚ 
ɨɩɬɢɦɚɥɞɵ ɤɨɷɮɮɢɰɢɟɧɬɬɟɪ [4]). 

d - s s  ɛԛɬіɧɫɚɧɞɵ ɦɚɬɪɢɰɚɫɵ ɛɟɪіɥɫіɧ. 
Аɧɵқɬɚɦɚ 1.  ss

ZkdkdZ  :  ɜɟɤɬɨɪɥɚɪ ɠɢɵɧɵ d  ɦɚɬɪɢɰɚɫɵ ɚɪΙɵɥɵ 
ɬɭɵɧɞɚɥғɚɧ ɛүɬіɧ ɫɚɧɞɵ ɬɨɪ (ɪɟɲɟɬɤɚ) ɞɟɩ, ɚɥ d  ɦɚɬɪɢɰɚɫɵɧɵң ɠɨɥɞɚɪɵ ɨɫɵ ɬɨɪɞɵң 
ɛɚɡɢɫі ɞɟɩ ɚɬɚɥɚɞɵ. ȿɝɟɪ s

Znm ,  ɜɟɤɬɨɪɥɚɪɵ үɲіɧ dZnm
s ,  a b a    -     ɛɨɥɫɚ, 

ɨɧɞɚ ɨɥɚɪ dZ
s  ɬɨɪɵ ɛɨɣɵɧɲɚ ɫɚɥɵɫɬɵɪɵɦɞɵ ɞɟɩ ɚɬɚɥɚɞɵ ɞɚ  dnm mod ɚɪΙɵɥɵ 

ɛɟɥɝіɥɟɧɟɞі. 
Ɉɫɵɥɚɣ ɚɧɵԕɬɚɥԑɚɧ ɫɚɥɵɫɬɵɪɵɦɞɵɥɵԕ ԕɚɬɵɧɚɫɵ ɷɤɜɢɜɚɥɟɧɬɬі ԕɚɬɵɧɚɫ 

ɛɨɥԑɚɧɞɵԕɬɚɧ, ɛɚɪɥɵԕ s
Z  ɠɢɵɧɵɧ ԧɡɚɪɚ ɫɚɥɵɫɬɵɪɵɦɞɵ ɜɟɤɬɨɪɥɚɪɞɚɧ ԕԝɪɵɥԑɚɧ ɤɥɚɫɬɚɪԑɚ 

ɠіɤɬɟɭɝɟ ɛɨɥɚɞɵ. Ɉɫɵ ɤɥɚɫɬɚɪɞɚɧ ɬԝɪɚɬɵɧ dZ
s ɮɚɤɬɨɪɠɢɵɧɵ d  ɦɨɞɭɥі ɛɨɣɵɧɲɚ 

ԕɚɥɵɧɞɵɥɚɪ ɤɥɚɫɵ ɞɟɩ ɚɬɚɥɚɞɵ. d  ɦɚɬɪɢɰɚɫɵ ԧɡɝɟɲɟ ɛɨɥɦɚԑɚɧɞɚ (ɹԑɧɢ 0det d  ɛɨɥԑɚɧɞɚ) 
dZ

s
 ɠɢɵɧɵɧɵң ɷɥɟɦɟɧɬɬɟɪі dNd det  ɛɨɥɚɬɵɧɵ ɛɟɥɝіɥі. 

Ɇɚԕɚɥɚɞɚ dZn
s  ɠɚɡɭɵɧ dZ

s ɬɨɪɵ ɛɨɣɵɧɲɚ ɫɚɥɵɫɬɵɪɵɦɞɵ ɜɟɤɬɨɪɥɚɪ 
ɬɟңɟɫɬіɪіɥɟɞі ɞɟ, n  ԥɪɛіɪ ɤɥɚɫɬɚɧ ɬɟɤ ɛіɪ «ԧɤіɥɞɟɧ» ɚɥɵɧɚɞɵ ɞɟɩ ɬԛɫіɧіɥɟɞі. Ɇԝɧɞɚɣ ɛɚɪɥɵԕ 
ɦԛɦɤіɧ ɛɨɥɚɬɵɧ ɜɟɤɬɨɪɥɚɪɞɵң ɫɚɧɵ d  ɦɨɞɭɥі ɛɨɣɵɧɲɚ ԕɚɥɵɧɞɵɥɚɪ ɤɥɚɫɬɚɪ ɫɚɧɵɧɚ, ɹԑɧɢ 

dN -ԑɚ ɬɟң ɛɨɥɚɞɵ. 

ȿɪɟɤɲɟ ɟɦɟɫ ɛԛɬіɧ ɫɚɧɞɵ s s  ԧɥɲɟɦɞі d  ɦɚɬɪɢɰɚɫɵ ɛɟɪіɥɫіɧ ɠԥɧɟ dN  ɧԛɤɬɟɥі 
 

dZkk sf   ɚԕɵɪɥɵ ɫɚɧɞɵԕ ɬіɡɛɟɝі ɛɟɪіɥɫіɧ, ɦԝɧɞɚԑɵ « '» - ɬɪɚɧɫɩɨɧɢɪɥɟɭ ɛɟɥɝіɫі. 
Аɧɵқɬɚɦɚ 2.Ⱦɢɫɤɪɟɬɬі «ɚɥɝɟɛɪɚɥɵΙ» Ɏɭɪɶɟ ɬүɪɥɟɧɞіɪɭі (Ⱦ«ɚ»ɎɌ) ɞɟɩ 
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ɬүɪɥɟɧɞіɪɭі ɚɬɚɥɚɞɵ. 
Ⱦɢɫɤɪɟɬɬі «ɚɥɝɟɛɪɚɥɵԕ» Ɏɭɪɶɟ ɬԛɪɥɟɧɞіɪɭі ɚɥɝɟɛɪɚɥɵԕ ɫɚɧɞɚɪ ɬɟɨɪɢɹɫɵ ɧɟɝіɡіɧɞɟ [5] 

ɠԝɦɵɫɵɧɞɚ ɚɧɵԕɬɚɥɵɩ, ɨɧɵң ԥɪɬԛɪɥі ɧɚԕɬɵɥɚɭɥɚɪɵ ɛɟɪіɥɞі. Ⱥɬɚɥԑɚɧ ɠԝɦɵɫɬɚ d  

ɦɚɬɪɢɰɚɫɵɧɵң ɤɟɣɛіɪ ɧɚԕɬɵɥɚɭɥɚɪɵ ԥɪɬԛɪɥі ɨɩɬɢɦɚɥɞɚɭ ɟɫɟɩɬɟɪі, ɫɨɧɵң іɲіɧɞɟ, dN  ɠɚɣ 
ɫɚɧ ɛɨɥԑɚɧɞɚ ɤɜɚɡɢ Ɇɨɧɬɟ-Ʉɚɪɥɨ ԥɞіɫɬɟɪіɦɟɧ ɛɚɣɥɚɧɵɫɬɵɥɵԑɵ ɤԧɪɫɟɬіɥɞі. 

Ʌɟɦɦɚ 1. d  ɛүɬіɧɫɚɧɞɵ ɦɚɬɪɢɰɚɫɵ 1
d  ɠәɧɟ 2

d  ɛүɬіɧɫɚɧɞɵ ɦɚɬɪɢɰɚɥɚɪɵɧɵң 

ɤөɛɟɣɬіɧɞіɫі ɬүɪіɧɞɟ ɠɚɡɵɥɫɵɧ. Ɉɧɞɚ ɤɟɡ ɤɟɥɝɟɧ s
k Z d'  ɜɟɤɬɨɪɵɧ ɠɚɥғɵɡ 1dzlk  ,  

1

s
l Z d , 2

s
z Z d  ɬүɪіɧɞɟ ɠɚɡɭғɚ ɛɨɥɚɞɵ. 
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ɬԛɪɞɟ ɠɚɡɭԑɚ ɛɨɥɚɞɵ.  
j

j

N  ɟɫɟɩɬɟɭ ɚɝɪɟɝɚɬɵɧɨɫɵ ɬԛɪɞɟ ɟɫɟɩɬɟɭ ԛɲіɧ 
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Ɂɟɪɬɬɟɭɞің ԧɡɟɤɬіɥіɝі ɫɬɚɬɢɫɬɢɤɚɥɵԕ ԥɞіɫɬɟɪɞі ɠɟɬіɥɞіɪɭ, ɢɩɨɬɟɤɚɥɵԕ ɧɟɫɢɟ ɫɚɥɚɫɵɧɞɚԑɵ 
ԥɥɟɭɦɟɬɬіɤ ɡɟɪɬɬɟɭɞің ɦɚԑɵɧɚɥɵɥɵԑɵ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. ɂɩɨɬɟɤɚɧɵ ɚɞɚɦɧɵң ɚɣɧɚɥɵɫɚɬɵɧ 
ɠԝɦɵɫɵɧɚ ɛɚɣɥɚɧɵɫɬɵ ɠԥɧɟ ɨɥ ɚɞɚɦɧɵң ɠɚɫɵɧɚ ɛɚɣɥɚɧɵɫɬɵ ɛɟɪɟɞі.  

Ɍԝɪԑɵɧ ԛɣ ԕԝɪɵɥɵɫ ɠɢɧɚԕ ɛɚɧɤі ɛɟɪɟɲɟɤɬі ԕɚɣɬɚɪɭ ɛɨɣɵɧɲɚ ԧɡ ɤɟɩіɥɞіɝіɧ ԕɚɦɬɚɦɚɫɵɡ 
ɟɬɭ ԛɲіɧ ԕɚɪɵɡ ɚɥɭɲɵɧɵ ɨɧɵң ɬԧɥɟɦ ԕɚɛіɥɟɬɬіɥіɝі ɬԝɪԑɵɫɵɧɚɧ ɬɟɤɫɟɪɟɞі.  
– ԔɌԔɀȻ ɢɩɨɬɟɤɚ ɚɥɭ ԛɲіɧ ԕɚɪɵɡ ɚɥɭɲɵ ɤɟɥɟɫі ɬɚɥɚɩɬɚɪԑɚ ɫɚɣ ɛɨɥɭɵ ɤɟɪɟɤ: 
– ɠɚɫɵ 21 ɠɚɫ ɩɟɧ ԕɚɪɵɡɞɵ ɬɨɥɵԕ ԕɚɣɬɚɪԑɚɧԑɚ ɞɟɣіɧɝі ɠɚɫɵ 63 ɠɚɫԕɚ ɞɟɣіɧ ɛɨɥɭɵ ɤɟɪɟɤ; 
– Ԕɚɡɚԕɫɬɚɧ Ɋɟɫɩɭɛɥɢɤɚɫɵɧɵң ɚɡɚɦɚɬɬɵԑɵ ɛɨɥɭɵ ɠԥɧɟ ɨɧɵң ɚɭɦɚԑɵɧɞɚ ɬіɪɤɟɥɝɟɧ ɛɨɥɭɵ 

ԕɚɠɟɬ; 
– ɡɟɣɧɟɬɚԕɵ ɠɚɫɵɧɞɚԑɵ ɚɞɚɦɞɚɪԑɚ, ɟɝɟɪ ɨɥɚɪɞɵң ɪɟɫɦɢ ɠԝɦɵɫ ɨɪɧɵ ɛɨɥɦɚɫɚ, ɹԑɧɢ 

ɡɟɣɧɟɬɚԕɵ ɬԧɥɟɦɞɟɪіɧің ɛɨɥɭɵ ԕɚɪɵɡ ɚɥɭɲɵɧɵң ɬԧɥɟɦɝɟ ԕɚɛіɥɟɬɬіɥіɝі ԛɲіɧ ɠɟɬɤіɥіɤɬі 
ɛɨɥɵɩ ɬɚɛɵɥɦɚɣɞɵ; 

– ɛɚɧɤɬɟɪɝɟ ԕɚɪɵɡ ɚɥɭɲɵɧɵң ɠɚɫɵ ɨɧɵң ɟңɛɟɤɤɟ ԕɚɛіɥɟɬɬіɥіɝіɧ ɫɚԕɬɚɭ ɬԝɪԑɵɫɵɧɚɧ ԑɚɧɚ 
ɦɚңɵɡɞɵ. Ʉɥɢɟɧɬ ԕɚɣɬɚɪɭ ɦɟɪɡіɦі-ɦіɧɞɟɬɬі ɲɚɪɬ ɟɤɟɧіɧ ɬԛɫіɧɭі ɬɢіɫ [4]. 
ɋɨɧɵɦɟɧ ԕɚɬɚɪ, ɫɬɚɬɢɫɬɢɤɚɥɵԕ ɛɚԕɵɥɚɭ, ɫɬɚɬɢɫɬɢɤɚɥɵԕ ԥɞіɫɧɚɦɚɧɵң ɬɚɥɚɩɬɚɪɵɧ ɫɚԕɬɚɭ 

ɡɚңɦɟɧ ɪɟɝɥɚɦɟɧɬɬɟɥɝɟɧɞіɝіɧ ɚɬɚɩ ԧɬɤɟɧ ɠԧɧ. 2000ɠ. 7 ɠɟɥɬɨԕɫɚɧɞɚԑɵ "ԔɊ-ɞɚ ɬԝɪԑɵɧ ԛɣ 
ԕԝɪɵɥɵɫɵ ɠɢɧɚԑɵ ɬɭɪɚɥɵ" ԔɊ Ɂɚңɵɦɟɧ ɪɟɬɬɟɥɝɟɧ ɬԝɪԑɵɧ ԛɣ ԕԝɪɵɥɵɫ ɠɢɧɚԕ (ɌԔɀ) 
ɠԛɣɟɫіɧің ԕɚɥɵɩɬɚɫɭɵɧɚ ɷɤɨɧɨɦɢɤɚɥɵԕ ԧɫіɦ ɦɟɧ ɦɟɦɥɟɤɟɬɬің ԥɥɟɭɦɟɬɬіɤ ɛɚԑɞɚɪɵ ɧɟɝіɡ 
ɛɨɥɵɩ ɨɬɵɪ. "Ԕɚɡɚԕɫɬɚɧɧɵң ɬԝɪԑɵɧ ԛɣ ԕԝɪɵɥɵɫ ɠɢɧɚԕ ɛɚɧɤі" ȺԔ — ɟɥіɦіɡɞɟɝі ɬԝɪԑɵɧ ԛɣ 
ԕԝɪɵɥɵɫ ɠɢɧɚԕ ɠԛɣɟɫіɧ ɠԛɡɟɝɟ ɚɫɵɪɚɬɵɧ ɛіɪɞɟɧ-ɛіɪ ɛɚɧɤ. ɌԔɀ ɠԛɣɟɫі ɫɚɥɵɦɲɵɥɚɪɞɵң 
ɚԕɲɚɫɵɧ ɬԝɪԑɵɧ ԛɣ ԕԝɪɵɥɵɫ ɞɟɩɨɡɢɬɬɟɪіɧɟ ɬɚɪɬɭ ɠԥɧɟ ɨɥɚɪԑɚ ɬԝɪԑɵɧ ԛɣ ɡɚɟɦɞɚɪɵɧ ɛɟɪɭ 
ɚɪԕɵɥɵ ɯɚɥɵԕɬɵң ɬԝɪԑɵɧ ԛɣ ɠɚԑɞɚɣɵɧ ɠɚԕɫɚɪɬɭԑɚ ɛɚԑɵɬɬɚɥԑɚɧ [5]. 

Ȼԝɥ ɠԝɦɵɫɬɚ ԥɥɟɭɦɟɬɬіɤ ɫɚɭɚɥɧɚɦɚɧɵ ɫɬɚɬɢɫɬɢɤɚɥɵԕ ԧңɞɟɭ ԝɫɵɧɵɥɚɞɵ [1]. Ȼіɪ 
ɮɚɤɬɨɪɥɵ ɞɢɫɩɟɪɫɢɹɥɵԕ ɬɚɥɞɚɭɞɵң ɤԧɦɟɝіɦɟɧ ɚɞɚɦɧɵң ɠɚɫɵ ɢɩɨɬɟɤɚɥɵԕ ɧɟɫɢɟ ɬɭɪɚɥɵ 
ɚԕɩɚɪɚɬ ɚɥɭ ɬԥɫіɥіɧɟ ԥɫɟɪ ɟɬɟɞі ɦɟ ɠɨԕ ɩɚ ɫɨɧɵ ɚɧɵԕɬɚɣɦɵɡ. Ɋɟɫɩɨɧɞɟɧɬɬɟɪɞің ɤɟɡɞɟɣɫɨԕ 
іɪіɤɬɟɭіɧ ԕɚɪɚɫɬɵɪɚɣɵԕ ɠԥɧɟ ɨɧɵ 4 ɛԧɥіɤɤɟ (ɠɚɫɵ ɛɨɣɵɧɲɚ) ɛԧɥɲɟɤɬɟɣɦіɡ: 21 ɠɚɫԕɚ ɞɟɣіɧ, 
21-35 ɠɚɫ, 36 ɠɚɫɬɚɧ ɩɟɧɫɢɹԑɚ ɲɵԑɚɬɵɧ ɠɚɫԕɚ ɞɟɣіɧ ɠԥɧɟ ɠԥɧɟ ɩɟɧ,ɫɢɹ ɠɚɫɵɧɞɚԑɵ ɚɞɚɦɞɚɪ. 
Ⱥԕɩɚɪɚɬ ɚɥɭ ɬԥɫіɥіɧ ɤɟɥɟɫі ɬԛɪɞɟ ɤɨɞɬɚɣɦɵɡ: 1-ȻȺԔ-ɬɚɧ, 2-ɛɚɧɤ ԕɵɡɦɟɬɤɟɪɥɟɪɞɟɧ, 3 – 

ɬɚɧɵɫɬɚɪɞɚɧ, 4 – ɢɩɨɬɟɤɚɥɵԕ ɧɟɫɢɟɥɟɧɞіɪɭ ɠԧɧіɧɟɧ ɯɚɛɚɪɵ ɠɨԕ ɚɞɚɦɞɚɪɞɚɧ. 1-ɤɟɫɬɟɞɟ ԥɪɛіɪ 
ɠɚɫ ɬɨɛɵɧɚɧ 6 ɪɟɫɩɨɧɞɟɧɬɬің ɫɚɭɚɥɧɚɦɚ ɧԥɬɢɠɟɥɟɪіɧ ԝɫɵɧɚɦɵɡ. 

 

 
1 ɤɟɫɬɟ. Ԥɪ ɠɚɫԕɚ ɫԥɣɤɟɫ ɚԕɩɚɪɚɬ ɚɥɭ ɨɪɧɵ. 
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