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ɆȺɌȿɆȺɌɂɑɇȿ ɆɈȾȿɅɘȼȺɇɇə ȾɂɇȺɆȱɄɂ ȱɇɎȿɄɐȱɃɇɂɏ ɁȺ-
ɏȼɈɊɘȼȺɇɖ 

  
Ɏɥɟɝɚɧɬɨɜ Ʌ.Ɉ., 

ɤɚɧɞɢɞɚɬ ɮɿɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɧɢɯ ɧɚɭɤ, ɞɨɰɟɧɬ 
Ⱥɧɬɨɧɟɰɶ Ⱥ.ȼ., 

ɤɚɧɞɢɞɚɬ ɩɟɞɚɝɨɝɿɱɧɢɯ ɧɚɭɤ, ɞɨɰɟɧɬ 
 
Ɇɟɬɚ ɫɬɚɬɬɿ – ɩɪɟɞɫɬɚɜɢɬɢ ɤɨɧɰɟɩɰɿɸ ɤɨɦɩɚɪɬɚɦɟɧɬɧɨʀ ɦɚɬɟɦɚɬɢɱɧɨʀ ɦɨ-

ɞɟɥɿ ɞɢɧɚɦɿɤɢ ɝɪɭɩ ɧɚɫɟɥɟɧɧɹ ɩɿɞ ɱɚɫ ɟɩɿɞɟɦɿɣ ɿɧɮɟɤɰɿɣɧɢɯ ɡɚɯɜɨɪɸɜɚɧɶ. 
ɇɚ ɰɟɣ ɱɚɫ ɿɫɧɭɽ ɪɹɞ ɦɚɬɟɦɚɬɢɱɧɢɯ ɦɨɞɟɥɟɣ ɬɚɤɨɝɨ ɪɨɞɭ. ɇɚɣɩɪɨɫɬɿɲɚ, 

ɦɨɞɟɥɶ SIR, ɨɩɢɫɭɽ ɞɢɧɚɦɿɤɭ ɬɪɶɨɯ ɨɫɧɨɜɧɢɯ ɤɥɚɫɿɜ ɧɚɫɟɥɟɧɧɹ: S – susceptible 
(ɫɩɪɢɣɧɹɬɥɢɜɿ ɞɨ ɿɧɮɟɤɰɿʀ: ɧɟɿɡɨɥɶɨɜɚɧɿ, ɧɟ ɦɚɸɬɶ ɿɦɭɧɿɬɟɬɭ); I – infectious (ɿɧ-
ɮɿɤɨɜɚɧɿ, ɯɜɨɪɿ); R – recovered / immune (ɨɞɭɠɚɥɢ / ɧɚɛɭɥɢ ɿɦɭɧɿɬɟɬ ɩɿɫɥɹ ɯɜɨ-
ɪɨɛɢ) ɩɪɢ ɫɬɚɥɿɣ ɤɿɥɶɤɨɫɬɿ ɧɚɫɟɥɟɧɧɹ. ɇɚ ɨɫɧɨɜɿ SIR ɦɨɠɧɚ ɛɭɞɭɜɚɬɢ ɛɿɥɶɲ 
ɫɤɥɚɞɧɿ ɟɩɿɞɟɦɿɨɥɨɝɿɱɧɿ ɦɨɞɟɥɿ. ɇɚɩɪɢɤɥɚɞ, ɦɨɞɟɥɶ MSEIRS, ɞɟ M – maternally 
derived immunity – ɧɟɦɨɜɥɹɬɚ, ɹɤɿ ɜɿɞ ɧɚɪɨɞɠɟɧɧɹ ɬɢɦɱɚɫɨɜɨ ɦɚɸɬɶ ɭɫɩɚɞɤɨɜɚ-
ɧɢɣ «ɦɚɬɟɪɢɧɫɶɤɢɣ» ɿɦɭɧɿɬɟɬ, E – for exposed – ɿɧɮɿɤɨɜɚɧɿ ɭ ɩɪɢɯɨɜɚɧɿɣ ɮɚɡɿ, 
ɜɪɚɯɨɜɭɽ, ɳɨ ɿɧɞɢɜɿɞɢ ɤɥɚɫɭ  R ɦɨɠɭɬɶ ɡɝɨɞɨɦ ɜɬɪɚɱɚɬɢ ɿɦɭɧɿɬɟɬ [1, 2, 4]. 

ɉɪɟɞɫɬɚɜɥɟɧɚ ɪɨɡɪɨɛɤɚ ɦɨɞɟɥɿ ɨɩɢɫɭɽ ɞɢɧɚɦɿɤɭ 6 ɤɥɚɫɿɜ ɧɚɫɟɥɟɧɧɹ 
MSEIRSC ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɩɪɨɰɟɫɿɜ ɧɚɪɨɞɠɟɧɧɹ-ɫɦɟɪɬɿ,  ɚ ɬɚɤɨɠ ɤɥɚɫɭ D (dead), 
ɬɚ ɦɨɠɥɢɜɨɫɬɿ, ɳɨ ɩɟɜɧɚ ɱɚɫɬɤɚ ɿɧɞɢɜɿɞɿɜ ɝɪɭɩɢ R ɦɨɠɟ ɧɚɞɚɥɿ ɡɚɥɢɲɚɬɢɫɹ ɧɨ-
ɫɿɹɦɢ ɿɧɮɟɤɰɿʀ C (carrier): 

1 1t t t t tM M S M Mλ µ µ+ = + − − ; 

( ) ( ) ( ) ( ) ( )( )1 0 01 1 1 1t t t t S t S I I t E E t C C t tS S M R S S I E C Sδ τ ψ ψ β ψ β ψ β ψ µ+ = + + − − − − + − + − − ; 

( )( ) ( ) ( ) ( )( )1 0 01 1 1 1t t S t S I I t E E t C C t t tE E S S I E C E Eψ ψ β ψ β ψ β ψ ε µ+ = + − − − + − + − − − ; 

1 2t t t t t tI I E I I Iε γ µ µ+ = + − − − ; 1t t t t tR R I R Rαγ τ µ+ = + − − ; ( )1 1t t t tC C I Cα γ µ+ = + − − ; 

( )1 1 2t t t t t t t t tN N S M I S E R Cλ µ µ µ+ = + − − − + + + ; 

1 1 1 1t t tD D Mµ+ = + ; 2 1 2 2t t tD D Iµ+ = + ; ( )3 1 3t t t t t tD D S E R Cµ+ = + + + + ; 

t t t t t t tN M S E I R C= + + + + + ; 1 2 3t t t tD D D D= + + . 
ȿɦɩɿɪɢɱɧɿ ɤɨɟɮɿɰɿɽɧɬɢ ɦɨɞɟɥɿ: 

0..0,00035λ =  – ɯɚɪɚɤɬɟɪɢɡɭɽ ɞɢɧɚɦɿɤɭ ɧɚɪɨɞɠɭɜɚɧɨɫɬɿ; 
1 0..1µ =  – ɯɚɪɚɤɬɟɪɢɡɭɽ ɡɜɢɱɚɣɧɭ ɫɦɟɪɬɧɿɫɬɶ ɞɿɬɟɣ ɞɨ 1 ɪɨɤɭ; 
2 0..1µ =  – ɫɦɟɪɬɧɿɫɬɶ ɜɿɞ ɿɧɮɟɤɰɿʀ (ɜɿɞɫɨɬɨɤ ɥɟɬɚɥɶɧɢɯ ɜɢɩɚɞɤɿɜ); 

0..1µ =  – ɡɜɢɱɚɣɧɚ ɫɦɟɪɬɧɿɫɬɶ ɜɿɞ ɩɪɢɱɢɧ, ɧɟ ɩɨɜ’ɹɡɚɧɢɯ ɡ ɿɧɮɟɤɰɿɽɸ; 
M ɬɢɦɱɚɫɨɜɨɝɨ «ɦɚɬɟɪɢɧɫɶɤɨɝɨ» ɿɦɭɧɿɬɟɬɭ); 

0..1α =  – ɱɚɫɬɤɚ ɨɫɿɛ, ɹɤɿ ɩɿɫɥɹ ɯɜɨɪɨɛɢ ɨɞɭɠɭɸɬɶ ɩɨɜɧɿɫɬɸ, ɧɚɛɭɜɚɸɬɶ (ɬɢɦɱɚ-
ɫɨɜɢɣ) ɿɦɭɧɿɬɟɬ ɿ ɧɟ ɽ ɧɨɫɿɹɦɢ ɿɧɮɟɤɰɿʀ; 

0..0,002β =  – ɫɟɪɟɞɧɹ ɤɿɥɶɤɿɫɬɶ ɤɨɧɬɚɤɬɿɜ ɥɸɞɢɧɢ ɡɚ ɨɞɢɧɢɰɸ ɱɚɫɭ (ɞɟɧɶ), ɩɨɦ-
ɧɨɠɟɧɚ ɧɚ ɣɦɨɜɿɪɧɿɫɬɶ ɡɚɯɜɨɪɸɜɚɧɧɹ ɫɩɪɢɣɧɹɬɥɢɜɨɝɨ ɫɭɛ’ɽɤɬɚ S ɜɿɞ ɧɨɫɿɹ ɿɧɮɟ-
ɤɰɿʀ E, I ɚɛɨ C, ɜɿɞɩɨɜɿɞɧɨ; 
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0..1δ =  – ɯɚɪɚɤɬɟɪɢɡɭɽ ɞɢɧɚɦɿɤɭ ɩɟɪɟɯɨɞɭ MS (ɲɜɢɞɤɿɫɬɶ ɜɬɪɚɬɢ ɧɟɦɨɜɥɹɬɚɦɢ 
0..1ε =  – ɯɚɪɚɤɬɟɪɢɡɭɽ ɞɢɧɚɦɿɤɭ ɩɟɪɟɯɨɞɭ EI (ɲɜɢɞɤɿɫɬɶ ɩɟɪɟɯɨɞɭ ɿɧɮɿɤɨɜɚ-

ɧɨɝɨ ɭ ɩɪɢɯɨɜɚɧɿɣ ɮɚɡɿ E ɞɨ ɚɤɬɢɜɧɨʀ ɮɚɡɢ ɡɚɯɜɨɪɸɜɚɧɧɹ I); 
0..0,5γ =  – ɯɚɪɚɤɬɟɪɢɡɭɽ ɞɢɧɚɦɿɤɭ ɩɟɪɟɯɨɞɭ IR (ɲɜɢɞɤɿɫɬɶ ɨɞɭɠɚɧɧɹ); 
0..1τ =  – ɯɚɪɚɤɬɟɪɢɡɭɽ ɞɢɧɚɦɿɤɭ ɩɟɪɟɯɨɞɭ RS (ɲɜɢɞɤɿɫɬɶ ɜɬɪɚɬɢ ɬɢɦɱɚɫɨɜɨɝɨ 

ɿɦɭɧɿɬɟɬɭ ɨɞɭɠɚɜɲɢɦɢ); 
0..1ψ =  – ɱɚɫɬɤɚ ɿɡɨɥɶɨɜɚɧɢɯ ɨɫɿɛ ɭ ɤɥɚɫɿ S, E, I ɚɛɨ C, ɚɛɨ ɜɿɞɫɨɬɨɤ ɧɚɫɟɥɟɧɧɹ, 

ɹɤɢɣ ɛɭɜ ɿɡɨɥɶɨɜɚɧɢɣ (ɚɛɨ ɿɦɭɧɧɢɣ) ɞɨ ɩɨɱɚɬɤɭ ɟɩɿɞɟɦɿʀ. 
ɇɚ ɦɚɥɸɧɤɭ (ɪɢɫ. 1) ɩɪɟɞɫɬɚɜɥɟɧɿ ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɿɜ, ɜɢɤɨɧɚɧɢɯ ɧɚ ɭ 

ɫɟɪɟɞɨɜɢɳɿ GeoGebra [3]. 
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ɞɧɨ ɦɨɞɟɥɿ MSEIRSC. 
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