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ȾɂɇАɆɂɑȿɋɄɂȿ ɆɈȾȿɅɂ ɇА ɈɋɇɈВȿ АɉɉɊɈɄɋɂɆАɐɂɃ: ɆȿɌɈȾ 
ɉɈɋɌɊɈȿɇɂЯ 

ǫȖȓȤȌȠȚȍȑȕ ǹйǳйз ǹȖȓȖȕȐȕ ǭйǩй  
 

Ɇɢɧɢɫɬɟɪɫɬɜɨ ɨɛɪɚɡɨɜɚɧɢя ɢ ɧɚɭɤɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ 
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ  

ɜɵɫɲɟɝɨ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢя 
ɍɪɚɥɶɫɤɢɣ ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ  

ɢɦɟɧɢ ɩɟɪɜɨɝɨ ɉɪɟɡɢɞɟɧɬɚ Ɋɨɫɫɢɢ Б.ɇ.Еɥɶɰɢɧɚ 

ɉɪɟɞɫɬɚɜɥɟɧ ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɩɨɞɯɨɞ ɤ ɜɵɛɨɪɭ ɫɬɟɩɟɧɢ ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɟɝɨ ɩɨɥɢɧɨɦɚ ɞɥɹ 
ɦɟɞɢɰɢɧɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ. ɉɨɥɭɱɟɧɵ ɫɢɫɬɟɦɵ ɥɢɧɟɣɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ, 
ɨɩɢɫɵɜɚɸɳɢɟ ɞɢɧɚɦɢɤɭ ɫɨɜɦɟɫɬɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɞɜɭɯ ɢɥɢ ɬɪɺɯ ɬɚɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ. 
Ключевые слова: ɦɟɞɢɰɢɧɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ, ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɢɣ ɩɨɥɢɧɨɦ, ɞɢɫɩɟɪɫɢɹ, ɫɢɫɬɟɦɚ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ. 

Dynamic models on the basis of approximations: a method of construction 

Goldshtein S.L., Solonin E.B.  

Ural Federal University, Ekaterinburg 
 
The statistical approach to a choice of a degree of an approximating polynom for medical parameters is 
submitted. The systems of the linear differential equations describing dynamics of joint change of two or 
three such parameters are received. 
Keywords: The medical parameters, approximating polynom, dispersion, system of the differential 
equations.

ǰȕȜȖȘȔȈȚȐȏȈȞȐȧ ȔȍȌȐȞȐȕȣ 

ȘȈșșȔȈȚȘȐȊȈȍȚșȧ Ȋ ȕȈșȚȖȧȡȍȍ ȊȘȍȔȧ ȒȈȒ 

ȋȖșțȌȈȘșȚȊȍȕȕȈȧ ȏȈȌȈȟȈ [м]й ВȈȎȕȖȍ 

ȏȕȈȟȍȕȐȍ Ȍȓȧ ȐȕȜȖȘȔȈȚȐȏȈȞȐȐ ȐȔȍȍȚ 

ȗȖȌȌȍȘȎȒȈ ȥȒșȗȍȘȐȔȍȕȚȈȓȤȕȖȑ 

ȔȍȌȐȞȐȕșȒȖȑ ȌȍȧȚȍȓȤȕȖșȚȐй 

ǰșȗȖȓȤȏȖȊȈȕȐȍ ȥȒșȗȍȘȐȔȍȕȚȈȓȤȕȖ 

ȗȖȓțȟȍȕȕȣȝ ȔȍȌȐȞȐȕșȒȐȝ ȗȖȒȈȏȈȚȍȓȍȑ 

ȚȘȍȉțȍȚ ȔȈȚȍȔȈȚȐȟȍșȒȖȋȖ ȈȗȗȈȘȈȚȈз 

șȗȖșȖȉȕȖȋȖ ȈȌȍȒȊȈȚȕȖ ȔȖȌȍȓȐȘȖȊȈȚȤ 

ȌȐȕȈȔȐȒț șȐșȚȍȔ ȕȈ Ȑȝ ȖșȕȖȊȍз Ȉ ȚȈȒȎȍ 

ȐȏțȟȈȚȤ șȊȖȑșȚȊȈ ȥȚȐȝ șȐșȚȍȔй В 

ȟȈșȚȕȖșȚȐз ȗȘȍȌșȚȈȊȓȧȍȚ ȐȕȚȍȘȍș 

ȗȖȓȐȕȖȔȐȈȓȤȕȈȧ ȈȗȗȘȖȒșȐȔȈȞȐȧ 

ȏȈȊȐșȐȔȖșȚȍȑ ș ȗȖșȓȍȌțȦȡȐȔ 

ȗȖșȚȘȖȍȕȐȍȔ ȔȖȌȍȓȐ Ȋ ȊȐȌȍ șȐșȚȍȔȣ 

ȌȐȜȜȍȘȍȕȞȐȈȓȤȕȣȝ țȘȈȊȕȍȕȐȑй 

ǷțșȚȤ P(t) - ȕȍȒȖȚȖȘȣȑ ȐȏȔȍȘȧȍȔȣȑ 

ȗȖȒȈȏȈȚȍȓȤ гȕȈȗȘȐȔȍȘз ȔȍȌȐȞȐȕșȒȐȑдз 

ȗȘȍȌșȚȈȊȓȍȕȕȣȑ ȊȘȍȔȍȕȕȣȔ ȘȧȌȖȔ P(ti) 

[2], ti - ȔȖȔȍȕȚȣ ȊȘȍȔȍȕȐз Ȋ ȒȖȚȖȘȣȍ 

ȗȖȒȈȏȈȚȍȓȤ ȜȐȒșȐȘȖȊȈȓșȧз i ш лз мз … з N, ti 

 [0, T], t0 = 0, tN = Tй ǰȕȚȍȘȊȈȓȣ ȊȘȍȔȍȕȐ 

ȔȍȎȌț ȐȏȔȍȘȍȕȐȧȔȐ ȖȉȣȟȕȖ ȖȌȐȕȈȒȖȊȣз 

Țйȍй ti+1 - ti = const. 

ǷȘȍȌȗȖȓȖȎȐȔз ȟȚȖ ȗȖȒȈȏȈȚȍȓȤ P(t) 

ȐȏȔȍȘȧȓșȧ ȔȕȖȋȖȒȘȈȚȕȖ Ȋ ȚȍȟȍȕȐȍ 

ȕȍșȒȖȓȤȒȐȝ ȗȍȘȐȖȌȖȊ [лз T]k гȕȈȗȘȐȔȍȘз 
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ȕȍșȒȖȓȤȒȐȝ șțȚȖȒдз ȋȌȍ k - ȕȖȔȍȘ ȗȍȘȐȖȌȈз 

ȗȘȐȟȨȔ ȔȖȔȍȕȚȣ ti Ȍȓȧ Ȋșȍȝ ȞȐȒȓȖȊ 

ȐȏȔȍȘȍȕȐȑ șȖȖȚȊȍȚșȚȊțȦȚ ȖȌȕȖȔț Ȑ ȚȖȔț 

Ȏȍ ȊȘȍȔȍȕȐ șțȚȖȒз ȏȈȊȐșȧȡȍȋȖ ȚȖȓȤȒȖ ȖȚ 

ȕȖȔȍȘȈ iй ǹȈȔȐ ȗȍȘȐȖȌȣ ȐȏȔȍȘȍȕȐȑ ȔȖȋțȚ 

Ȑ ȕȍ ȉȣȚȤ șȔȍȎȕȣȔȐй ВȈȎȕȖ ȓȐȠȤз ȟȚȖȉȣ 

ȖȉȢȍȒȚ ȐȏȔȍȘȍȕȐȑ ȉȣȓ ȖȌȕȐȔ Ȑ ȚȍȔ Ȏȍй 

ǺȈȒȐȔ ȖȉȘȈȏȖȔз ȉțȌȍȚ ȗȖȓțȟȍȕȖ ȕȍșȒȖȓȤȒȖ 

ȊȘȍȔȍȕȕȣȝ ȘȧȌȖȊ P(k)(ti), k ш мз … з Lз ȋȌȍ L 

- ȒȖȓȐȟȍșȚȊȖ ȞȐȒȓȖȊ ȐȏȔȍȘȍȕȐȑй 

ВȘȍȔȍȕȕȖȑ ȘȧȌ P(tiд ȔȖȎȕȖ 

ȈȗȗȘȖȒșȐȔȐȘȖȊȈȚȤ ȗȖȓȐȕȖȔȈȔȐз ȕȈȗȘȐȔȍȘз 
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șȊȧȏȈȚȤ șȖ șȚȈȚȐșȚȐȟȍșȒȐȔȐ 

ȝȈȘȈȒȚȍȘȐșȚȐȒȈȔȐ ȊȘȍȔȍȕȕȖȋȖ ȘȧȌȈй ǷȘȐ 

ȥȚȖȔ șȈȔȈ ȈȗȗȘȖȒșȐȔȈȞȐȧ ȕȍ ȗȘȍȌșȚȈȊȓȧȍȚ 

ȒȈȒȐȝ-ȓȐȉȖ ȚȘțȌȕȖșȚȍȑ Ȑ ȘȍȈȓȐȏȖȊȈȕȈ Ȋ 

ȘȧȌȍ ȘȈșȗȘȖșȚȘȈȕȨȕȕȣȝ ȗȘȖȋȘȈȔȔй 

ǷȖȓțȟȍȕȕȣȍ ȈȗȗȘȖȒșȐȔȈȞȐȐ ȔȖȋțȚ ȉȣȚȤ 

ȏȈȚȍȔ ȐșȗȖȓȤȏȖȊȈȕȣ Ȍȓȧ ȗȖșȚȘȖȍȕȐȧ 

ȔȈȚȍȔȈȚȐȟȍșȒȐȝ ȔȖȌȍȓȍȑз ȖȗȐșȣȊȈȦȡȐȝ 

șȖȊȔȍșȚȕȖȍ ȐȏȔȍȕȍȕȐȍ ȗȈȘȈȔȍȚȘȖȊз ȟȚȖ 

ȗȘȍȌșȚȈȊȓȧȍȚ șțȡȍșȚȊȍȕȕȣȑ ȐȕȚȍȘȍșй  

В ȌȈȕȕȖȑ ȘȈȉȖȚȍ ȗȘȐȊȍȌȍȕȣ ȔȍȚȖȌȣ 

ȗȖșȚȘȖȍȕȐȧ ȔȖȌȍȓȍȑ ȗȖȊȍȌȍȕȐȧ Ȋ ȜȖȘȔȍ 

șȐșȚȍȔ ȌȐȜȜȍȘȍȕȞȐȈȓȤȕȣȝ țȘȈȊȕȍȕȐȑз 

ȗȖȓțȟȍȕȕȣȝ ȕȈ ȖșȕȖȊȍ ȈȗȗȘȖȒșȐȔȐȘțȦȡȐȝ 

ȗȖȓȐȕȖȔȖȊй 

ǪȣȉȖȘ șȚȍȗȍȕȐ ȈȗȗȘȖȒșȐȔȐȘțȦȡȍȋȖ 

ȗȖȓȐȕȖȔȈ 

ǸȈșȗȖȓȈȋȈȧ ȕȍșȒȖȓȤȒȐȔȐ ȊȘȍȔȍȕȕȣȔȐ 

ȘȧȌȈȔȐз ȔȖȎȕȖ țșȚȈȕȖȊȐȚȤ Ȑȝ 

șȚȈȚȐșȚȐȟȍșȒȐȍ ȝȈȘȈȒȚȍȘȐșȚȐȒȐз Ȑ Ȋ 

ȟȈșȚȕȖșȚȐз șȚȍȗȍȕȤ ȘȈȏȉȘȖșȈ ȏȕȈȟȍȕȐȑ 

гȌȐșȗȍȘșȐȦдз ȐȏȔȍȘȍȕȕȣȝ Ȋ ȖȌȕȐ Ȑ Țȍ Ȏȍ 

ȔȖȔȍȕȚȣз ȕȖ Ȋ ȘȈȏȕȣȝ ȞȐȒȓȈȝ ȐȏȔȍȘȍȕȐȑй 

ǷȘȐ ȥȚȖȔ ȌȐșȗȍȘșȐȧ ȊȒȓȦȟȈȍȚ Ȑ 

ȗȖȋȘȍȠȕȖșȚȤ ȐȏȔȍȘȍȕȐȑ ȗȖȒȈȏȈȚȍȓȧй 

ВȣȟȐșȓȐȔ ȌȐșȗȍȘșȐȦ [п] D(Piд Ȋ ȔȖȔȍȕȚ 

ti: 
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ȋȌȍ M(.) - ȔȈȚȍȔȈȚȐȟȍșȒȖȍ ȖȎȐȌȈȕȐȍй ǷȘȐ 
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ȊȘȍȔȍȕȕȖȋȖ ȘȧȌȈ ȝȈȘȈȒȚȍȘȐȏțȍȚ ȐșȒȖȔțȦ 
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ǭșȓȐ ȚȍȗȍȘȤ ȗȖșȚȘȖȐȚȤ ȗȖȓȐȕȖȔз 
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ȔȖȎȍȚ ȉȣȚȤ ȐșȗȖȓȤȏȖȊȈȕȈ Ȍȓȧ ȗȖȌȉȖȘȈ 

șȚȍȗȍȕȐ m ȗȖȓȐȕȖȔȈй 
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ȏȕȈȟȍȕȐȑ ȗȖȓȐȕȖȔȈ Pi
Șȍȋ Ȑ ȐȏȔȍȘȍȕȕȣȝ 

ȏȕȈȟȍȕȐȑ ȗȖȒȈȏȈȚȍȓȧ Pi ȝȈȘȈȒȚȍȘȐȏțȍȚ 
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В ȟȈșȚȕȖșȚȐз ȗȘȐ m = (N - мд ȐȔȍȍȔ 

PȘȍȋ = л гșȓțȟȈȑ ȐȕȚȍȘȗȖȓȧȞȐȖȕȕȖȋȖ 

ȗȖȓȐȕȖȔȈдй ǶȌȕȈȒȖ Ȋ ȚȖȔ șȓțȟȈȍз ȍșȓȐ 

ȈȗȗȘȖȒșȐȔȐȘțȍȔȣȑ ȘȧȌ șȖȌȍȘȎȐȚ 

șțȡȍșȚȊȍȕȕȣȍ șȓțȟȈȑȕȣȍ ȖȚȒȓȖȕȍȕȐȧ 

гȠțȔȖȊțȦ ȒȖȔȗȖȕȍȕȚțдз ȊȣșȖȒȈȧ șȚȍȗȍȕȤ 

ȈȗȗȘȖȒșȐȔȐȘțȦȡȍȋȖ ȗȖȓȐȕȖȔȈ ȖȚȕȦȌȤ ȕȍ 

ȖȏȕȈȟȈȍȚ Ȑ ȉȖȓȍȍ ȊȣșȖȒțȦ ȚȖȟȕȖșȚȤ 

ȔȖȌȍȓȐй КȘȖȔȍ ȚȖȋȖз ȊȣșȖȒȈȧ șȚȍȗȍȕȤ 

ȗȖȓȐȕȖȔȖȊ ȗȘȍȗȧȚșȚȊțȍȚ ȗȘȖȊȍȌȍȕȐȦ 

ȈȕȈȓȐȚȐȟȍșȒȐȝ ȐșșȓȍȌȖȊȈȕȐȑ ȔȖȌȍȓȐз Ȉ 

ȚȈȒȎȍ ȖȕȈ ȔȈȓȖȗȘȐȋȖȌȕȈ Ȍȓȧ 

ȥȒșȚȘȈȗȖȓȧȞȐȐ ȗȖșȚȘȖȍȕȕȖȑ ȏȈȊȐșȐȔȖșȚȐ 

ȏȈ ȗȘȍȌȍȓȣ ȐȕȚȍȘȊȈȓȈ ȐȏȔȍȘȍȕȐȑй  

ǰșȝȖȌȧ Ȑȏ șȒȈȏȈȕȕȖȋȖз șȓȍȌțȍȚ 

ȗȘȖȐȏȊȍșȚȐ ȊȣȉȖȘ șȚȍȗȍȕȐ ȗȖȓȐȕȖȔȈ ș 

țȟȨȚȖȔ ȊȍȓȐȟȐȕȣ ȘȈȏȉȘȖșȈ 

ȥȒșȗȍȘȐȔȍȕȚȈȓȤȕȣȝ ȏȕȈȟȍȕȐȑй ǵȈȗȘȐȔȍȘз 

ȔȖȎȕȖ ȊȖșȗȖȓȤȏȖȊȈȚȤșȧ ȗȘȐȉȓȐȎȨȕȕȣȔ 

ȘȈȊȍȕșȚȊȖȔ  

ɞɢɫɩɪɟɝ PP . 

ǶȉȖȏȕȈȟȐȔ ȕȈȑȌȍȕȕțȦ ȚȈȒȐȔ ȖȉȘȈȏȖȔ 

șȚȍȗȍȕȤ ȗȖȓȐȕȖȔȈ ȟȍȘȍȏ Nd . 

ǷȖȔȐȔȖ șȚȈȚȐșȚȐȟȍșȒȐȝ ȝȈȘȈȒȚȍȘȐșȚȐȒз 

ȕȈ ȊȣȉȖȘ șȚȍȗȍȕȐ ȈȗȗȘȖȒșȐȔȐȘțȦȡȍȋȖ 

ȗȖȓȐȕȖȔȈ ȔȖȋțȚ ȊȓȐȧȚȤ ȈȗȘȐȖȘȕȣȍ ȏȕȈȕȐȧ 

Ȗ ȝȈȘȈȒȚȍȘȍ ȏȈȊȐșȐȔȖșȚȐ Ȑз Ȋ ȟȈșȚȕȖșȚȐз Ȗ 

ȗȘȍȌȗȖȓȈȋȈȍȔȖȔ ȒȖȓȐȟȍșȚȊȍ ȓȖȒȈȓȤȕȣȝ 

ȥȒșȚȘȍȔțȔȖȊй ǷțșȚȤ ȗȘȍȌȗȖȓȈȋȈȍȚșȧ 

ȕȈȓȐȟȐȍ M ȚȈȒȐȝ ȥȒșȚȘȍȔțȔȖȊй ǺȖȋȌȈ 

ȚȘȍȉțȍȔȈȧ șȚȍȗȍȕȤ Ne ȈȗȗȘȖȒșȐȔȐȘțȦȡȍȋȖ 

ȗȖȓȐȕȖȔȈ ȌȖȓȎȕȈ ȉȣȚȤ ȕȍ ȕȐȎȍ Mжмй Ǭȓȧ 

ȔȍȌȐȞȐȕșȒȐȝ ȗȖȒȈȏȈȚȍȓȍȑ ȝȈȘȈȒȚȍȘȕȈ 

șțȚȖȟȕȈȧ ȗȍȘȐȖȌȐȟȕȖșȚȤз ȗȖȥȚȖȔț Ȋ 

ȚȍȟȍȕȐȍ șțȚȖȒ șȓȍȌțȍȚ ȖȎȐȌȈȚȤ ȟȨȚȕȖȋȖ 

ȟȐșȓȈ ȥȒșȚȘȍȔțȔȖȊ - ȗȖȘȖȊȕț ȔȈȒșȐȔțȔȖȊ 

Ȑ ȔȐȕȐȔțȔȖȊй 

В ȐȚȖȋȍ șȚȍȗȍȕȤ N ȈȗȗȘȖȒșȐȔȐȘțȦȡȍȋȖ 

ȗȖȓȐȕȖȔȈ ȕȍȖȉȝȖȌȐȔȖ ȊȣȉȘȈȚȤ Ȑȏ 

șȖȖȚȕȖȠȍȕȐȑх 

N = Nd ,   (1) 

N = max { Nd  , Ne } . (2) 

ǹȖȖȚȕȖȠȍȕȐȍ гмд ȐșȗȖȓȤȏțȍȚșȧ Ȋ 

șȐȚțȈȞȐȐз ȒȖȋȌȈ Ȍȓȧ ȖȞȍȕȒȐ șȚȍȗȍȕȐ 

ȗȘȐȊȓȍȒȈȦȚșȧ ȚȖȓȤȒȖ șȚȈȚȐșȚȐȟȍșȒȐȍ 

ȝȈȘȈȒȚȍȘȐșȚȐȒȐз șȖȖȚȕȖȠȍȕȐȍ гнд - ȌȈȕȕȣȍ 

Ȗ ȒȖȓȐȟȍșȚȊȍ ȥȒșȚȘȍȔțȔȖȊ Ȑ 

șȚȈȚȐșȚȐȟȍșȒȐȍ ȝȈȘȈȒȚȍȘȐșȚȐȒȐй 

В ȚȖȔ ȗȘȈȒȚȐȟȍșȒȐ ȊȈȎȕȖȔ șȓțȟȈȍз 

ȒȖȋȌȈ ȌȊȈ Ȑ ȉȖȓȍȍ ȗȖȒȈȏȈȚȍȓȍȑ 

ȘȈșșȔȈȚȘȐȊȈȦȚșȧ Ȋ ȘȈȔȒȈȝ ȖȌȕȖȑ ȔȖȌȍȓȐз 

Țйȍй șȖȊȔȍșȚȕȖз ȊȖȏȔȖȎȕȣ ȌȊȍ șȐȚțȈȞȐȐй В 

ȗȍȘȊȖȑ Ȑȏ ȕȐȝ șȚȍȗȍȕȤ N ȖȌȐȕȈȒȖȊ Ȍȓȧ 

Ȋșȍȝ ȗȖȒȈȏȈȚȍȓȍȑз Ȑ ȌȈȕȕȣȑ șȓțȟȈȑ 

șȊȖȌȐȚșȧ Ȓ șȓțȟȈȦ ȖȌȕȖȋȖ ȗȖȒȈȏȈȚȍȓȧй 

ВȚȖȘȈȧз șțȡȍșȚȊȍȕȕȖ ȉȖȓȍȍ șȓȖȎȕȈȧ 

șȐȚțȈȞȐȧз ȊȖȏȕȐȒȈȍȚ Ȋ șȓțȟȈȍз ȒȖȋȌȈ 

șȚȍȗȍȕȐ ȗȖȓȐȕȖȔȖȊ Ȍȓȧ ȖȌȕȐȝ ȗȖȒȈȏȈȚȍȓȍȑ 

ȖȚȓȐȟȈȍȚșȧ ȖȚ ȚȈȒȖȊȣȝ Ȍȓȧ ȌȘțȋȐȝ 

ȗȖȒȈȏȈȚȍȓȍȑй ǯȌȍșȤ ȊȖȏȔȖȎȕȣ ȌȊȈ ȗȖȌȝȖȌȈ 

Ȓ ȊȣȉȖȘț șȚȍȗȍȕȐ ȗȖȓȐȕȖȔȈх ȓȐȉȖ ȊȏȧȚȤ 

ȖȌȕț Ȑ Țț Ȏȍ șȚȍȗȍȕȤ Ȍȓȧ Ȋșȍȝ 

ȗȖȒȈȏȈȚȍȓȍȑз ȓȐȉȖ ȘȈȏȕȣȍ șȚȍȗȍȕȐ Ȍȓȧ 

ȘȈȏȓȐȟȕȣȝ ȗȖȒȈȏȈȚȍȓȍȑй В ȗȍȘȊȖȔ șȓțȟȈȍ 

ȗȘȍȌșȚȈȊȓȧȍȚșȧ ȍșȚȍșȚȊȍȕȕȣȔ ȊȏȧȚȤ 

ȕȈȐȉȖȓȤȠțȦ șȚȍȗȍȕȤ ȗȖȓȐȕȖȔȈй 
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ǪȖșșȚȈȕȖȊȓȍȕȐȍ ȌȐȕȈȔȐȟȍșȒȖȑ 

șȐșȚȍȔȣ ȗȖ ȚȘȈȍȒȚȖȘȐȐ 

ǷțșȚȤ ȐȔȍȦȚșȧ m ȗȖȒȈȏȈȚȍȓȍȑз 

ȏȈȊȐșȧȡȐȝ ȖȚ ȊȘȍȔȍȕȐз Ȍȓȧ ȒȖȚȖȘȣȝ 

ȗȖșȚȘȖȍȕȣ ȈȗȗȘȖȒșȐȔȈȞȐȐ ȖȌȐȕȈȒȖȊȖȑ 

șȚȍȗȍȕȐ n: 

x(t) = a0 + a1t + a2t
2 ж … ж ant

n , 

y(t) = b0 + b1t + b2t
2 ж … жbnt

n  , (3) 

… 
w(t) = h0 + h1t + h2t

2 ж … ж hnt
n . 

КȖȥȜȜȐȞȐȍȕȚȣ an , bn з …з hn ȗȘȐ 

șȚȈȘȠȐȝ șȚȍȗȍȕȧȝ t ȗȘȍȌȗȖȓȈȋȈȦȚșȧ ȕȍ 

ȘȈȊȕȣȔȐ ȕțȓȦй 

В ȒȈȟȍșȚȊȍ ȌȐȕȈȔȐȟȍșȒȖȑ ȔȖȌȍȓȐ ȉțȌȍȔ 

ȘȈșșȔȈȚȘȐȊȈȚȤ șȐșȚȍȔț Ȑȏ m ȓȐȕȍȑȕȣȝ 

ȕȍȖȌȕȖȘȖȌȕȣȝ ȌȐȜȜȍȘȍȕȞȐȈȓȤȕȣȝ 

țȘȈȊȕȍȕȐȑ ș ȗȖșȚȖȧȕȕȣȔȐ 

ȒȖȥȜȜȐȞȐȍȕȚȈȔȐх 

 
ż ш Az + b(t),  (4) 

 

ȋȌȍ z = {x(t), y(tдз …з w(t)} - ȊȍȒȚȖȘз 

șȖșȚȖȧȡȐȑ Ȑȏ ȗȖȒȈȏȈȚȍȓȍȑз A = ║aik║ - 

ȔȈȚȘȐȞȈ ȒȖȥȜȜȐȞȐȍȕȚȖȊ ȘȈȏȔȍȘȕȖșȚȐ m  

m, b(t) = {f(t), g(tдз …з h(t)} - ȊȍȒȚȖȘ 

șȊȖȉȖȌȕȣȝ ȟȓȍȕȖȊз ȗȘȍȌșȚȈȊȓȍȕȕȣȝ 

ȕȍȗȘȍȘȣȊȕȣȔȐ ȜțȕȒȞȐȧȔȐз ȏȈȊȐșȧȡȐȔȐ 

ȚȖȓȤȒȖ ȖȚ ȊȘȍȔȍȕȐй  

ǺȘȍȉțȍȚșȧ ȕȈȑȚȐ ȚȈȒȐȍ ȒȖȥȜȜȐȞȐȍȕȚȣ Ȑ 

șȊȖȉȖȌȕȣȍ ȟȓȍȕȣ șȐșȚȍȔȣ гпдз ȟȚȖȉȣ 

ȗȖȒȈȏȈȚȍȓȐ год ȧȊȓȧȓȐșȤ ȍȨ ȘȍȠȍȕȐȍȔй В 

șȐȓț ȓȐȕȍȑȕȖșȚȐ ȒȈȒ ȘȍȠȍȕȐȑ годз ȚȈȒ Ȑ 

șȈȔȖȑ șȐșȚȍȔȣз șȊȖȉȖȌȕȣȍ ȟȓȍȕȣ f(t), g(t), 

…з h(tд ȚȈȒȎȍ ȉțȌțȚ ȗȖȓȐȕȖȔȈȔȐ șȚȍȗȍȕȐ 

ȕȍ ȊȣȠȍ n. 

ǷȖșȚȘȖȍȕȐȍ ȜțȕȒȞȐȑ - șȊȖȉȖȌȕȣȝ 

ȟȓȍȕȖȊ - șȊȖȌȐȚșȧ Ȓ șȓȍȌțȦȡȐȔ 

ȌȍȑșȚȊȐȧȔх 

1) Ȋ ȗȘȈȊțȦ ȟȈșȚȤ șȐșȚȍȔȣ гпд 

ȗȖȌșȚȈȊȓȧȍȔ ȊȣȘȈȎȍȕȐȧ годз Ȉ Ȋ 

ȓȍȊȖȑ ȟȈșȚȐ ȊȣȟȐșȓȧȍȔ ȗȘȖȐȏȊȖȌȕȣȍз 

2) Ȋ ȗȘȈȊȖȑ ȟȈșȚȐ ȋȘțȗȗȐȘțȍȔ 

ȒȖȥȜȜȐȞȐȍȕȚȣз ȖȚȕȖșȧȡȐȍșȧ Ȓ 

ȖȌȐȕȈȒȖȊȣȔ șȚȍȗȍȕȧȔ tmц ȖȉȖȏȕȈȟȐȔ 

Ȑȝ Kȗ
mц ȈȕȈȓȖȋȐȟȕȣȍ ȒȖȥȜȜȐȞȐȍȕȚȣ Ȋ 

ȓȍȊȖȑ ȟȈșȚȐ ȖȉȖȏȕȈȟȐȔ ȒȈȒ Kȓ
m , 

3) ȗȖșȚȘȖȐȔ ȘȈȏȕȖșȚȐ гKȓ
m - Kȗ

m), - ȖȕȐ 

Ȑ ȉțȌțȚ ȒȖȥȜȜȐȞȐȍȕȚȈȔȐ ȗȘȐ 

șȚȍȗȍȕȧȝ tm șȊȖȉȖȌȕȣȝ ȟȓȍȕȖȊй 

ВȣȉȖȘ ȒȖȥȜȜȐȞȐȍȕȚȖȊ Ȑз 

șȖȖȚȊȍȚșȚȊȍȕȕȖз șȊȖȉȖȌȕȣȝ ȟȓȍȕȖȊ 

șȐșȚȍȔȣ гпд ȌȖȗțșȒȈȍȚ ȏȕȈȟȐȚȍȓȤȕțȦ 

șȊȖȉȖȌțй В ȟȈșȚȕȖșȚȐз ȗțȚȨȔ ȕȈȌȓȍȎȈȡȍȋȖ 

ȗȖȌȉȖȘȈ ȒȖȥȜȜȐȞȐȍȕȚȖȊ aik ȔȖȎȕȖ 

ȗȖȗȣȚȈȚȤșȧ ȗȖȓțȟȐȚȤ șȊȖȉȖȌȕȣȍ ȟȓȍȕȣ 

ȔȐȕȐȔȈȓȤȕȖ ȊȖȏȔȖȎȕȖȑ șȚȍȗȍȕȐй  

ВȖȏȤȔȨȔз Ȍȓȧ ȖȗȘȍȌȍȓȨȕȕȖșȚȐз ȗȍȘȊȖȍ 

Ȑȏ țȘȈȊȕȍȕȐȑ șȐșȚȍȔȣ гпдх 

,)(... 11211 tfwayaxax m  

 
Ȑ șȖȖȚȊȍȚșȚȊțȦȡȍȍ ȖȌȕȖȘȖȌȕȖȍ 

țȘȈȊȕȍȕȐȍх 
.... 11211 wayaxax m  (5) 

 
ǷȘȖȐȏȊȖȌȧ ȌȐȜȜȍȘȍȕȞȐȘȖȊȈȕȐȍ Ȋ ȓȍȊȖȑ 

ȟȈșȚȐ ȗȍȘȊȖȋȖ Ȑȏ țȘȈȊȕȍȕȐȑ год Ȑ 
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ȗȖȌșȚȈȊȓȧȧ Ȋ ȗȘȈȊțȦ ȟȈșȚȤ грд ȊȔȍșȚȖ x, y, 

…з w Ȑȝ ȊȣȘȈȎȍȕȐȧ годз ȗȖȓțȟȐȔх 

)...(

...)...(

)...(

...2

101

1012

1011

1
21

n
nm

n
n

n
n

n
n

ththha

tbtbba

tataaa

tnataa

(6) 

 

КȖȥȜȜȐȞȐȍȕȚȣ Kȓ
m : 

 

0:nt  

n
n nat :1  

1
2 )1(: n

n ant  

… 

2
1 2: at  

1
0 : at  

 
КȖȥȜȜȐȞȐȍȕȚȣ Kȗ

m : 
 

nmnn
n habaaat 11211 ...:  

11112111
1 ...: nmnn

n habaaat  

21212211
2 ...: nmnn

n habaaat  

… 

11112111
1 ...: habaaat m  

01012011
0 ...: habaaat m  

 
КȖȥȜȜȐȞȐȍȕȚȣ ȗȘȐ șȚȍȗȍȕȧȝ f(t), 

ȘȈȊȕȣȍ гKȓ
m - Kȗ

m): 
 

)...(: 11211 nmnn
n habaaat  

)...(: 11112111
1

nmnnn
n habaaanat  

… 

)...(2: 111121112
1 habaaaat m  

)...(: 010120111
0 habaaaat m  

 

ǯȈȌȈȌȐȔșȧ ȞȍȓȤȦ ȔȈȒșȐȔȈȓȤȕȖ șȕȐȏȐȚȤ 

șȚȍȗȍȕȤ ȗȖȓȐȕȖȔȈ f(tдй Ǭȓȧ ȥȚȖȋȖ 

ȗȘȐȘȈȊȕȧȍȔ ȕțȓȦ ȗȍȘȊȣȍ m ȍȋȖ 

ȒȖȥȜȜȐȞȐȍȕȚȖȊй ǹȟȐȚȈȧ ȥȓȍȔȍȕȚȣ 

ȔȈȚȘȐȞȣ A: a11з …з a1m ȕȍȐȏȊȍșȚȕȣȔȐ 

ȊȍȓȐȟȐȕȈȔȐз ȗȖȓțȟȐȔ ȕȍȖȌȕȖȘȖȌȕțȦ 

șȐșȚȍȔț Ȑȏ m țȘȈȊȕȍȕȐȑ ș m 

ȕȍȐȏȊȍșȚȕȣȔȐх 

 

0... 11211 nmnn habaaa  

nnmnn nahabaaa 11112111 ...
 (7)

 

…      

111211 )1(... mnmnmmnmn amnhabaaa
 

 

ǹȐșȚȍȔȈ гтд ȧȊȓȧȍȚșȧ șȖȊȔȍșȚȕȖȑ Ȑ 

ȖȌȕȖȏȕȈȟȕȖ ȖȗȘȍȌȍȓȧȍȚ ȕȈȉȖȘ ȥȓȍȔȍȕȚȖȊ 

a11з …з a1m з ȍșȓȐ ȍȨ ȖȗȘȍȌȍȓȐȚȍȓȤ ȕȍ 

ȘȈȊȍȕ ȕțȓȦй ǻȟȐȚȣȊȈȧз ȟȚȖ șȐșȚȍȔȈ гтд 

ȐȔȍȍȚ șȈȔȣȑ ȖȉȡȐȑ ȊȐȌз ȔȖȎȕȖ 

țȚȊȍȘȎȌȈȚȤз ȟȚȖ ȖȗȘȍȌȍȓȐȚȍȓȤ ȔȖȎȍȚ 

ȖȒȈȏȈȚȤșȧ ȘȈȊȕȣȔ ȕțȓȦ ȓȐȠȤ șȓțȟȈȑȕȖз 

ȗȘȐ ȔȈȓȖȊȍȘȖȧȚȕȖȔ șȖȟȍȚȈȕȐȐ 

ȒȖȥȜȜȐȞȐȍȕȚȖȊ ai, biз …з hi й ǺȈȒȐȔ 

ȖȉȘȈȏȖȔ, ȔȖȎȕȖ șȜȖȘȔțȓȐȘȖȊȈȚȤ 

țȚȊȍȘȎȌȍȕȐȍх 

ǭșȓȐ ȖȗȘȍȌȍȓȐȚȍȓȤ șȐșȚȍȔȣ гтд ȕȍ 

ȘȈȊȍȕ ȕțȓȦз ȚȖ ȔȐȕȐȔȈȓȤȕȖ 

ȊȖȏȔȖȎȕȈȧ șȚȍȗȍȕȤ ȗȖȓȐȕȖȔȈ f(t) 

ȘȈȊȕȈ гn - m). 

АȕȈȓȖȋȐȟȕȣȍ ȘȈșșțȎȌȍȕȐȧ ȔȖȎȕȖ 

ȗȘȖȊȍșȚȐ Ȍȓȧ Ȋșȍȝ ȖșȚȈȓȤȕȣȝ țȘȈȊȕȍȕȐȑ 

șȐșȚȍȔȣ гпдй 

ВȔȍșȚȍ ș ȚȍȔз ȗȖȓțȟȍȕȐȍ 

ȒȖȥȜȜȐȞȐȍȕȚȖȊ ȗȖȓȐȕȖȔȈ ȗțȚȨȔ ȘȍȠȍȕȐȧ 

șȐșȚȍȔȣ гтд șȚȈȓȒȐȊȈȍȚșȧ ș ȚȘțȌȕȖșȚȧȔȐ 

țȎȍ ȗȘȐ m щ оз ȚйȒй ȗȖȓțȟȍȕȕȣȍ 

ȊȣȘȈȎȍȕȐȧ ȧȊȓȧȦȚșȧ ȊȍșȤȔȈ ȋȘȖȔȖȏȌȒȐȔȐ 

Ȑ ȔȈȓȖ ȗȘȐȋȖȌȕȣ Ȍȓȧ ȌȈȓȤȕȍȑȠȍȋȖ 
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ȈȕȈȓȐȏȈй ǷȖȥȚȖȔț ȐȔȍȍȚ șȔȣșȓ 

ȘȈșșȔȖȚȘȍȕȐȍ Ȑ ȌȘțȋȐȝ ȜȖȘȔ șȊȖȉȖȌȕȣȝ 

ȟȓȍȕȖȊй ǶșȖȉȍȕȕȖ ȊȈȎȕȣȔ Ȋ șȐȓț șȊȖȍȑ 

ȗȘȖșȚȖȚȣ ȧȊȓȧȍȚșȧ șȓțȟȈȑз ȒȖȋȌȈ ȍȋȖ 

șȚȍȗȍȕȤ ȘȈȊȕȈ гn-1). 

ǴȖȌȍȓȐ Ȍȓȧ ȌȊțх ȗȖȒȈȏȈȚȍȓȍȑ 

ǷțșȚȤ ȐȏȊȍșȚȕȣ гȕȈȗȘȐȔȍȘз 

ȥȒșȗȍȘȐȔȍȕȚȈȓȤȕȖ ȖȗȘȍȌȍȓȍȕȣд 

ȊȘȍȔȍȕȕȣȍ ȘȧȌȣ {x(ti), y(tiд}з ȋȌȍ i = 0, 1, 

… з N, N - ȟȐșȓȖ ȚȖȟȍȒз ti – ȜȐȒșȐȘȖȊȈȕȕȣȍ 

ȔȖȔȍȕȚȣ ȊȘȍȔȍȕȐз ti  [0, T], t0 = 0, tN = T, 

x(tд Ȑ y(t) - ȕȍȒȖȚȖȘȣȍ ȗȖȒȈȏȈȚȍȓȐй 

ǷȘȍȌȗȖȓȖȎȐȔз ȟȚȖ ȗțȚȍȔ șȚȈȚȐșȚȐȟȍșȒȖȋȖ 

ȈȕȈȓȐȏȈ țșȚȈȕȖȊȓȍȕ ȜȈȒȚ ȒȖȘȘȍȓȧȞȐȐ 

ȗȖșȓȍȌȖȊȈȚȍȓȤȕȖșȚȍȑ x(ti), y(tiд ȔȍȎȌț 

șȖȉȖȑй КȘȖȔȍ ȚȖȋȖз ȗȖșȚȘȖȍȕȈ 

ȕȍȗȘȍȘȣȊȕȈȧ ȈȗȗȘȖȒșȐȔȈȞȐȧ 

x(t) = a0 + a1t + a2t
2 ж … + ant

n , (8) 

y(t) = b0 + b1t + b2t
2 ж … +bnt

n  , 

ȋȌȍ n - ȞȍȓȖȍ ȟȐșȓȖз n < Nй КȖȕșȚȈȕȚȣ a0 Ȑ 

b0 ȐȔȍȦȚ șȔȣșȓ ȕȈȟȈȓȤȕȣȝ ȏȕȈȟȍȕȐȑ x(0), 

yглд șȖȖȚȊȍȚșȚȊȍȕȕȖй КȖȥȜȜȐȞȐȍȕȚȣ an , bn 

ȗȘȐ șȚȈȘȠȐȝ șȚȍȗȍȕȧȝ t ȗȘȍȌȗȖȓȈȋȈȦȚșȧ 

ȕȍ ȘȈȊȕȣȔȐ ȕțȓȦй 

ǯȈȌȈȟȈ ȏȈȒȓȦȟȈȍȚșȧ Ȋ ȚȖȔз ȟȚȖȉȣ ȕȈȑȚȐ 

ȒȖȥȜȜȐȞȐȍȕȚȣ Ȑ șȊȖȉȖȌȕȣȍ ȟȓȍȕȣ Ȍȓȧ 

șȐșȚȍȔȣ ȌȊțȝ ȓȐȕȍȑȕȣȝ ȕȍȖȌȕȖȘȖȌȕȣȝ Ǭǻх 

),(

),(

2221

1211

tgyaxay

tfyaxax




  (9) 

ȘȍȠȍȕȐȍȔ ȒȖȚȖȘȖȑ ȧȊȓȧȍȚșȧ 

ȈȗȗȘȖȒșȐȔȈȞȐȧ гудй 

ǷȘȖȐȏȊȍȌȨȔ ȌȍȑșȚȊȐȧ м - оз ȖȗȐșȈȕȕȣȍ 

Ȋ ȗȘȍȌȣȌțȡȍȔ ȘȈȏȌȍȓȍй 

ǷȘȖȌȐȜȜȍȘȍȕȞȐȘȖȊȈȊ șȖȖȚȕȖȠȍȕȐȧ гуд ȗȖ 

tз ȗȖȓțȟȐȔ  

1
21

1
21

...

...
n

n

n
n

tnbtbby

tnataax




 (10) 

ǺȍȗȍȘȤ ȕȍȖȉȝȖȌȐȔȖ ȗȘȍȌșȚȈȊȐȚȤ 

șȐșȚȍȔț год Ȋ ȜȖȘȔȍ гндй ǷȖșȒȖȓȤȒț ȗȘȈȊȈȧ 

ȟȈșȚȤ șȐșȚȍȔȣ год ȐȔȍȍȚ șȚȍȗȍȕȤ гn-мдз Ȉ 

ȐșȝȖȌȕȈȧ ȈȗȗȘȖȒșȐȔȈȞȐȧ гмд - șȚȍȗȍȕȤ n, 

ȚȖ Ȍȓȧ ȚȖȋȖз ȟȚȖȉȣ ȊȊȍșȚȐ Ȋ год 

ȒȖȖȘȌȐȕȈȚȣ x Ȑ yз ȕȈȌȖ șȖșȚȈȊȐȚȤ ȚȈȒțȦ Ȑȝ 

ȓȐȕȍȑȕțȦ ȒȖȔȉȐȕȈȞȐȦз ȒȖȚȖȘȈȧ ȉȣ ȕȍ 

șȖȌȍȘȎȈȓȈ n-Ȧ șȚȍȗȍȕȤй Ǭȓȧ ȥȚȖȋȖ 

ȕȍȖȉȝȖȌȐȔȖз ȟȚȖȉȣ  

,0)( 1211
n

nn tbaaa  

.0)( 2221
n

nn tbaaa  

ǬȈȕȕȣȍ ȘȈȊȍȕșȚȊȈ șȗȘȈȊȍȌȓȐȊȣз ȍșȓȐ 
 

.,
21

22

12

11

n

n

n

n

b

a

a

a

a

b

a

a
 (11) 

 
ǷȖșȒȖȓȤȒțз ȗȖ țșȓȖȊȐȦз an Ȑ bn ȕȍ 

ȘȈȊȕȣ ȕțȓȦз ȚȖ Ȍȓȧ ȊȣȗȖȓȕȍȕȐȧ ȘȈȊȍȕșȚȊ 

гммд ȚȈȒȎȍ ȚȘȍȉțȍȚșȧз ȟȚȖȉȣ a11  0, a12  

0, a21  0, a22  0. 

ǷȘȍȌșȚȈȊȐȔ гфдз ȕȈȗȘȐȔȍȘз Ȋ ȊȐȌȍ 

).(

),(

tgyx
a

b
y

tfy
b

a
xx

n

n

n

n





  (12) 

ǵȈ ȖșȕȖȊȍ șȖȖȚȕȖȠȍȕȐȑ гммд ȊȖȏȔȖȎȕȣ 

Ȑ ȌȘțȋȐȍ ȊȈȘȐȈȕȚȣ ȗȖșȚȘȖȍȕȐȧ șȐșȚȍȔȣ 

гфдй ǵȈȗȘȐȔȍȘз ȔȖȎȕȖ ȗȘȐȌȈȚȤ ȖȌȕȖȔț Ȑȏ 

ȥȓȍȔȍȕȚȖȊ ȗȈȘȣ гa11, a12д ȏȕȈȟȍȕȐȧ жм ȐȓȐ 

-мз ȟȚȖ ȌȈȨȚ ȟȍȚȣȘȍ ȒȖȔȉȐȕȈȞȐȐй ВȚȖȘȖȑ 

ȥȓȍȔȍȕȚ ȗȘȐ ȥȚȖȔ ȊȣȟȐșȓȧȍȚșȧ ȗȖ 
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șȖȖȚȕȖȠȍȕȐȦ гммдй ǺȖ Ȏȍ șȈȔȖȍ ȔȖȎȕȖ 

ȕȍȏȈȊȐșȐȔȖ ȗȘȖȌȍȓȈȚȤ ș ȗȈȘȖȑ гa21, a22). 

ВșȍȋȖ ȗȖȓțȟȈȍȚșȧз ȚȈȒȐȔ ȖȉȘȈȏȖȔз мс 

ȒȖȔȉȐȕȈȞȐȑй ǵȐȎȍ ȌȈȕȖ ȟȍȚȣȘȍ Ȑȝ 

ȗȘȐȔȍȘȈх 

,)(

,)(

tgyx
a

b
y

tfy
b

a
xx

n

n

n

n





  (13) 

 
 

,)(

,)(

tgy
b

a
xy

tfyx
a

b
x

n

n

n

n





  (14) 

 
 

,)(tfyaxbx nn   (15) 

,)(tgyaxby nn  

 

,)(tfyaxbx nn   (16) 

.)(tgyaxby nn  

ǶȗȘȍȌȍȓȐȔ f(tд Ȑ g(tд Ȍȓȧ șȐșȚȍȔȣ 

гмнд Ȍȓȧ șȓțȟȈȧз ȒȖȋȌȈ Ȑȝ ȗȖȘȧȌȖȒ ȘȈȊȍȕ 

(n - мдй Ǭȓȧ șȐșȚȍȔ гмодз гмпдз гмрд șȗȖșȖȉ 

ȖȗȘȍȌȍȓȍȕȐȧ șȖȊȗȈȌȈȍȚ ș 

ȕȐȎȍșȓȍȌțȦȡȐȔй  

ǷȖȌșȚȈȊȐȔ Ȋ гмнд ȊȔȍșȚȖ x Ȑ y Ȑȝ 

ȈȗȗȘȖȒșȐȔȈȞȐȐ (8): 

),()...(

...

2
210

2
210

tftbtbtbb
b

a

tatataax

n
n

n

n

n
n

 

),()...(

...

2
210

2
210

tgtatataa
a

b

tbtbtbby

n
n

n

n

n
n

 

ȐȓȐз ȗȖșȓȍ șȖȒȘȈȡȍȕȐȧ șȚȈȘȠȐȝ ȟȓȍȕȖȊз 

).()...(

...

),()...(

...

1
1

2
210

1
1

2
210

1
1

2
210

1
1

2
210

tgtatataa
a

b

tbtbtbby

tftbtbtbb
b

a

tatataax

n
n

n

n

n
n

n
n

n

n

n
n





(17) 

ǷȘȖȌȐȜȜȍȘȍȕȞȐȘȖȊȈȊ șȖȖȚȕȖȠȍȕȐȧ гуд ȗȖ 

tз ȗȖȓțȟȐȔх 

....2

,...2
1

21

1
21

n
n

n
n

tnbtbby

tnataax




 (18) 

ǹȘȈȊȕȐȊȈȧ гмтд Ȑ гмуд Ȑ ȗȘȖȊȍȌȧ 

ȋȘțȗȗȐȘȖȊȒț ȗȖ șȚȍȗȍȕȧȔ tmз ȗȖȓțȟȐȔ 

ȒȖȥȜȜȐȞȐȍȕȚȣ Ȍȓȧ f(t): 

ȗȘȐ t0: )( 001 b
b

a
aa

n

n  

ȗȘȐ t1: )(2 112 b
b

a
atta

n

n  

ȗȘȐ t2: )(3 22
22

3 b
b

a
atta

n

n

 
… 

ȗȘȐ tn-1: )( 11
11

n
n

n
n

nn
n b

b

a
attna  

АȕȈȓȖȋȐȟȕȖ Ȍȓȧ g(t): 

ȗȘȐ t0: )( 001 a
a

b
bb

n

n  

ȗȘȐ t1: )(2 112 a
a

b
bttb

n

n  

ȗȘȐ t2: )(3 22
22

3 a
a

b
bttb

n

n  

… 

ȗȘȐ tn-1: )( 11
11

n
n

n
n

nn
n a

a

b
bttnb  

Ǭȓȧ șȐșȚȍȔȣ гмнд Ȑ ȗȘȖȐȏȊȖȓȤȕȖȑ 

șȚȍȗȍȕȐ n ȈȗȗȘȖȒșȐȔȐȘțȦȡȍȋȖ ȗȖȓȐȕȖȔȈз 

n ш мз нз …з гN - мд ȗȖȓțȟȐȔх 
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),(

...))1((...

)2()(

11
1

1

112001

n
n

n
nn

n

p
n

n
pp

p

n

n

n

n

b
b

a
anat

b
b

a
aapt

b
b

a
aatb

b

a
aatf

(19) 

),(

...))1((...

)2()(

11
1

1

112001

n
n

n
nn

n

p
n

n
pp

p

n

n

n

n

a
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b
bnbt

a
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b
bbpt

a
a

b
bbta

a

b
bbtg

 

ȋȌȍ p - ȞȍȓȖȍ ȟȐșȓȖз м ч p < (n - 1). 

Ǭȓȧ șȐșȚȍȔȣ гмод Ȑ ȗȘȖȐȏȊȖȓȤȕȖȑ 
șȚȍȗȍȕȐ n ȈȗȗȘȖȒșȐȔȐȘțȦȡȍȋȖ 
ȗȖȓȐȕȖȔȈз n ш мз нз …з гN - мд  ȗȖȓțȟȐȔ 
ȊȣȘȈȎȍȕȐȧз ȖȚȓȐȟȈȦȡȐȍșȧ ȖȚ гмуд 
ȚȖȓȤȒȖ ȏȕȈȒȈȔȐх 
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11
1
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112001

n
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n
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p
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n

n

n

b
b

a
anat

b
b

a
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b
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a
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a
aatf

(20) 
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n
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p
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n
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n
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ǰȚȈȒз Ȋ ȌȈȕȕȖȔ șȓțȟȈȍ ȜțȕȒȞȐȐ f(t), g(t) 
ȧȊȓȧȦȚșȧ ȗȖȓȐȕȖȔȈȔȐ ȗȖȘȧȌȒȈ гn-мдз Țйȍй 
ȕȍȗȘȍȘȣȊȕȖ-ȌȐȜȜȍȘȍȕȞȐȘțȍȔȣȔȐ 
ȜțȕȒȞȐȧȔȐй 

ǸȈșșȔȖȚȘȐȔ ȕȍșȒȖȓȤȒȖ șȓțȟȈȍȊз 

ȒȖȕȒȘȍȚȐȏȐȘțȦȡȐȝ ȘȍȠȍȕȐȍ гмндз гмфдй 

АȗȗȘȖȒșȐȔȈȞȐȧ м-ȑ șȚȍȗȍȕȐ 

гȓȐȕȍȑȕȈȧд  

taax 10  , 

tbby 10  . 

ǹȐșȚȍȔȈ Ǭǻх 
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ǹȐșȚȍȔȈ Ǭǻх 
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ǹȐșȚȍȔȈ Ǭǻх 
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),3()2(

)(

2
3

3
23

2
1

3

3
12

0
3

3
01

b
b

a
aatb

b

a
aat

b
b

a
aatf

).3()2(

)(

2
3

3
23

2
1

3

3
12

0
3

3
01

a
a

b
bbta

a

b
bbt

a
a

b
bbtg

 

АȗȗȘȖȒșȐȔȈȞȐȧ п-ȑ șȚȍȗȍȕȐ  

4
4

3
3

2
210

4
4

3
3

2
210

tbtbtbtbby

tatatataax
 

ǹȐșȚȍȔȈ Ǭǻх 

),(

),(

4

4

4

4

tgyx
a

b
y

tfy
b

a
xx





 

ȋȌȍ  

)4()3(

)2()(

3
4

4
34

3
2

4

4
23

2

1
4

4
120

4

4
01

b
b

a
aatb

b

a
aat

b
b

a
aatb

b

a
aatf

 

)4()3(

)2()(

3
4

4
34

3
2

4

4
23

2

1
4

4
120

4

4
01

a
a

b
bbta

a

b
bbt

a
a

b
bbta

a

b
bbtg

 

ВȖșȗȖȓȤȏțȍȔșȧ ȚȍȗȍȘȤ șȐșȚȍȔȖȑ 

țȘȈȊȕȍȕȐȑ гтд Ȍȓȧ ȚȖȋȖ ȟȚȖȉȣ ȗȖȓțȟȐȚȤ 

șȊȖȉȖȌȕȣȍ ȟȓȍȕȣ ȔȐȕȐȔȈȓȤȕȖ ȊȖȏȔȖȎȕȖȑ 

șȚȍȗȍȕȐй 

АȗȗȘȖȒșȐȔȈȞȐȧ м-ȑ șȚȍȗȍȕȐ гȓȐȕȍȑȕȈȧд  

taax 10  , 

tbby 10  . 

 
ǹȐșȚȍȔȈ Ǭǻх 

.)(

,)(

2221

1211

tgyaxay

tfyaxax




 (25) 

ǹȐșȚȍȔȈ ȓȐȕȍȑȕȣȝ țȘȈȊȕȍȕȐȑ гтд Ȍȓȧ 

ȗȍȘȊȖȋȖ Ȑȏ țȘȈȊȕȍȕȐȑ гнрд ȏȌȍșȤ ȐȔȍȍȚ 

ȊȐȌх 

,0112111 baaa  

.1012011 abaaa
,
 

Ȉ Ȍȓȧ ȊȚȖȘȖȋȖ - 

,0122121 baaa  

.1022021 bbaaa  

ЭȚȐ șȐșȚȍȔȣ ȐȔȍȦȚ ȍȌȐȕșȚȊȍȕȕȖȍ 

ȘȍȠȍȕȐȍ ȗȘȐ țșȓȖȊȐȐ 

.0, 0
0

0

1

1 b
b

a

b

a
 

ǸȍȠȐȊ Ȑȝз ȗȖȓțȟȐȔ ȐșȒȖȔȣȍ 

ȒȖȥȜȜȐȞȐȍȕȚȣх 

1001

11
11 baba

ba
a  ,    

1001

2
1

12 baba

a
a  , 

1001

2
1

21 baba

b
a  ,    

1001

11
22 baba

ba
a  . 

Ǭȓȧ ȓȐȕȍȑȕȖȑ ȈȗȗȘȖȒșȐȔȈȞȐȐ ȏȌȍșȤ 

ȗȖȓțȟȐȔ гșȘȈȊȕȐȚȤ ș гннддх  

,0)(tf  

0)(tg  , 

Țйȍй șȐșȚȍȔȈ гнрд ȕȈ șȈȔȖȔ Ȍȍȓȍ 

ȗȖȓțȟȈȍȚșȧ ȖȌȕȖȘȖȌȕȖȑй 

АȗȗȘȖȒșȐȔȈȞȐȧ н-ȑ șȚȍȗȍȕȐ 

гȒȊȈȌȘȈȚȐȟȕȈȧд  

.

,
2

210

2
210

tbtbby

tataax
 

ǹȐșȚȍȔȈ Ǭǻх 
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).(

),(

2

2

2

2

tgyx
a

b
y

tfy
b

a
xx





  (26) 

ǹȐșȚȍȔȈ ȓȐȕȍȑȕȣȝ țȘȈȊȕȍȕȐȑ гтд Ȍȓȧ 

ȗȍȘȊȖȋȖ Ȑȏ țȘȈȊȕȍȕȐȑ гнсд ȏȌȍșȤ ȐȔȍȍȚ 

ȊȐȌх 

,0212211 baaa  

.2 2112111 abaaa , 

Ȉ Ȍȓȧ ȊȚȖȘȖȋȖ -  

,0222221 baaa  

.2 2122121 bbaaa  

ЭȚȐ șȐșȚȍȔȣ ȐȔȍȦȚ ȍȌȐȕșȚȊȍȕȕȖȍ 

ȘȍȠȍȕȐȍ ȗȘȐ țșȓȖȊȐȐ 

.0, 1
1

1

2

2 b
b

a

b

a
 

ǸȍȠȐȊ Ȑȝз ȗȖȓțȟȐȔ ȐșȒȖȔȣȍ 

ȒȖȥȜȜȐȞȐȍȕȚȣх 

2112

22
11

2
baba

ba
a  ,  

2112

2
2

12

2
baba

a
a  , 

2112

2
2

21

2
baba

b
a  ,  

2112

22
22

2
baba

ba
a  . 

Ǭȓȧ ȒȊȈȌȘȈȚȐȟȕȖȑ ȈȗȗȘȖȒșȐȔȈȞȐȐ ȏȌȍșȤ 

ȗȖȓțȟȐȔ гșȘȈȊȕȐȚȤ ș гнпддх  

,)()( 0120111 baaaatf  

)()( 0220211 baaabtg
,
. 

Țйȍй ȥȚȐ ȜțȕȒȞȐȐ ȏȌȍșȤ ȕȍ ȏȈȊȐșȧȚ ȖȚ t. 

ǶȉȖȉȡȍȕȐȍ ȕȈ șȓțȟȈȑ ȉȖȓȍȍ ȊȣșȖȒȖȑ 

ȘȈȏȔȍȘȕȖșȚȐ 

ǷțșȚȤ ȐȔȍȍȚșȧ ȚȘȐ ȗȖȒȈȏȈȚȍȓȧ гȉȖȓȍȍ 

ȊȣșȖȒȐȍ ȘȈȏȔȍȘȕȖșȚȐ ȐșȟȍȘȗȣȊȈȦȚșȧ 

ȈȕȈȓȖȋȐȟȕȖдз ȒȈȎȌȣȑ Ȑȏ ȒȖȚȖȘȣȝ 

ȈȗȗȘȖȒșȐȔȐȘȖȊȈȕ ȗȖȓȐȕȖȔȖȔх 

x(t) = a0 + a1t + a2t
2 ж … ж ant

n , 

y(t) = b0 + b1t + b2t
2 ж … жbnt

n  , (27) 

z(t) = c0 + c1t + c2t
2 ж … жcnt

n  . 

ǯȌȍșȤ n - ȞȍȓȖȍ ȟȐșȓȖз n < Nй КȖȕșȚȈȕȚȣ 

a0, b0, c0 ȐȔȍȦȚ șȔȣșȓ ȕȈȟȈȓȤȕȣȝ 

ȏȕȈȟȍȕȐȑ x(0), y(0), zглд șȖȖȚȊȍȚșȚȊȍȕȕȖй 

КȖȥȜȜȐȞȐȍȕȚȣ an , bn , cn ȗȘȐ șȚȈȘȠȐȝ 

șȚȍȗȍȕȧȝ t ȗȘȍȌȗȖȓȈȋȈȦȚșȧ ȕȍ ȘȈȊȕȣȔȐ 

ȕțȓȦй ǷȘȍȌȗȖȓȈȋȈȍȚșȧ ȚȈȒȎȍз ȟȚȖ x(t), y(t), 

z(tд ȗȖȗȈȘȕȖ ȒȖȘȘȍȓȐȘțȦȚ ȔȍȎȌț șȖȉȖȑй  

ǹȐșȚȍȔȈ ȌȐȜȜȍȘȍȕȞȐȈȓȤȕȣȝ țȘȈȊȕȍȕȐȑз 

ȈȕȈȓȖȋȐȟȕȈȧ șȐșȚȍȔȍ гпд Ȍȓȧ ȌȊțȔȍȘȕȖȋȖ 

șȓțȟȈȧз ȔȖȎȍȚ ȐȔȍȚȤ ȊȐȌх 

.)(
22

,)(
22

,)(
22

thzy
b

c
x

a

c
z

tgz
c

b
yx

a

b
y

tfz
c

a
y

b

a
xx

n

n

n

n

n

n

n

n

n

n

n

n







 (28) 

ǯȌȍșȤ ȐȔȍȍȚșȧ ȉȖȓȤȠȖȍ ȟȐșȓȖ 

ȊȈȘȐȈȕȚȖȊ ȗȖșȚȘȖȍȕȐȐ ȔȖȌȍȓȍȑй ǺȈȒз 

ȗȍȘȊȖȍ Ȑȏ țȘȈȊȕȍȕȐȑ гфд ȔȖȎȍȚ ȐȔȍȚȤ 

șȓȍȌțȦȡȐȍ ȠȍșȚȤ ȕȈȉȖȘȖȊ ȒȖȥȜȜȐȞȐȍȕȚȖȊ 

ȗȘȐ ȗȍȘȍȔȍȕȕȣȝ x, y, z (ȐȕȌȍȒșȣ n Ȍȓȧ 

ȗȘȖșȚȖȚȣ Ȗȗțȡȍȕȣдх 
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c

a
c

a
b

a
b

a
c

a

b

a
c

a

b

a

01

01

01

01

22
1

22
1

 

АȕȈȓȖȋȐȟȕȣȍ ȕȈȉȖȘȣ ȔȖȋțȚ ȉȣȚȤ 

ȕȍȏȈȊȐșȐȔȖ ȗȖșȚȘȖȍȕȣ Ȑ Ȍȓȧ ȌȊțȝ ȌȘțȋȐȝ 

ȗȍȘȍȔȍȕȕȣȝз ȟȚȖ ȌȈȨȚ с3 ш нмс ȊȈȘȐȈȕȚȖȊ 

ȗȖșȚȘȖȍȕȐȧ șȐșȚȍȔȣй 

ВȐȌ ȜțȕȒȞȐȑ f(t), g(t), h(tд ȔȖȎȍȚ ȉȣȚȤ 

ȗȖȓțȟȍȕ ȈȕȈȓȖȋȐȟȕȖ ȚȖȔțз ȒȈȒ ȥȚȖ ȉȣȓȖ 

șȌȍȓȈȕȖ Ȍȓȧ șȓțȟȈȧ ȌȊțȝ țȘȈȊȕȍȕȐȑй 

ǵȈȗȘȐȔȍȘз Ȍȓȧ ȓȐȕȍȑȕȖȋȖ șȓțȟȈȧ ȐȔȍȍȔх 

0
1

1
0

1

1
01 22

)( c
c

a
b

b

a
aatf  , 

0
1

1
0

1

1
01 22

)( c
c

b
a

a

b
bbtg  , 

0
1

1
0

1

1
01 22

)( b
b

c
a

a

c
ccth  . 

ǷȘȐȔȍȕȍȕȐȍ Ȑ șȊȖȑșȚȊȈ ȔȖȌȍȓȍȑ 

ǰșȗȖȓȤȏȖȊȈȕȐȍ ȔȖȌȍȓȍȑ ȊȐȌȈ гпд Ȍȓȧ 

ȐșșȓȍȌȖȊȈȕȐȧ ȌȐȕȈȔȐȒȐ ȔȍȌȐȞȐȕșȒȐȝ 

ȗȖȒȈȏȈȚȍȓȍȑ ȊȖȏȔȖȎȕȖ ȚȖȓȤȒȖ Ȋ țȏȒȐȝ 

ȌȐȈȗȈȏȖȕȈȝ ȕȈȟȈȓȤȕȣȝ țșȓȖȊȐȑз ȚйȒй ȕȍȚ 

ȕȐȒȈȒȐȝ ȖșȕȖȊȈȕȐȑ ȖȎȐȌȈȚȤз ȟȚȖ șȈȔ ȊȐȌ 

ȔȖȌȍȓȐ ȕȍ ȐȏȔȍȕȐȚșȧ ȗȘȐ șțȡȍșȚȊȍȕȕȖȔ 

ȖȚȒȓȖȕȍȕȐȐ ȕȈȟȈȓȤȕȣȝ ȏȕȈȟȍȕȐȑ 

ȗȖȒȈȏȈȚȍȓȍȑ ȖȚ ȕȖȘȔȣй КȘȖȔȍ ȚȖȋȖз 

ȌȊȐȎȍȕȐȍ ȔȖȎȍȚ ȗȘȖȚȍȒȈȚȤ Ȋ 

ȖȋȘȈȕȐȟȍȕȕȣȝ ȖȉȓȈșȚȧȝ ȜȈȏȖȊȖȋȖ 

ȗȘȖșȚȘȈȕșȚȊȈз ȚйȒй ȖȉȢȍȒȚȖȔ 

ȔȖȌȍȓȐȘȖȊȈȕȐȧ ȧȊȓȧȍȚșȧ ȎȐȊȖȑ ȟȍȓȖȊȍȒз 

ȖȉȓȈȌȈȦȡȐȑ ȋȖȔȍȖșȚȈȏȖȔй ǺȈȒȐȔ ȖȉȘȈȏȖȔз 

ȔȖȌȍȓȤ ȔȖȎȕȖ ȐșȗȖȓȤȏȖȊȈȚȤ Ȍȓȧ ȐȏțȟȍȕȐȧ 

ȊȓȐȧȕȐȧ ȜȈȏȖȊȣȝ ȖȋȘȈȕȐȟȍȕȐȑй 

ǸȍȠȍȕȐȧз ȉȓȐȏȒȐȍ Ȓ ȗȍȘȐȖȌȐȟȍșȒȐȔз 

ȔȖȎȕȖ ȗȖȓțȟȐȚȤз ȍșȓȐ ȗȖȚȘȍȉȖȊȈȚȤ 

ȊȣȗȖȓȕȍȕȐȧ ȘȈȊȍȕșȚȊȈх 

P(k)(0) = P(k-1)(T), 

ȒȖȚȖȘȖȍ ȖȏȕȈȟȈȍȚ șȠȐȊȒț ȕȈȟȈȓȤȕȖȋȖ 

ȏȕȈȟȍȕȐȧ Ȍȓȧ k-ȋȖ ȞȐȒȓȈ ș ȒȖȕȍȟȕȣȔ 

ȏȕȈȟȍȕȐȍȔ гk-1)-ȋȖ ȞȐȒȓȈй  

ǸȍȏțȓȤȚȈȚȣ Ȑ ȊȣȊȖȌȣ 

Ǭȓȧ ȊȘȍȔȍȕȕȣȝ ȘȧȌȖȊз ȗȘȍȌșȚȈȊȓȧȦȡȐȝ 

șȐșȚȍȔț ȔȍȌȐȞȐȕșȒȐȝ ȗȖȒȈȏȈȚȍȓȍȑз 

ȗȘȍȌȓȖȎȍȕ ȒȘȐȚȍȘȐȑ ȊȣȉȖȘȈ șȚȍȗȍȕȐ 

ȈȗȗȘȖȒșȐȔȐȘțȦȡȍȋȖ ȗȖȓȐȕȖȔȈй ǬȈȕ ȔȍȚȖȌ 

ȗȖșȚȘȖȍȕȐȧ ȌȐȕȈȔȐȟȍșȒȐȝ ȔȖȌȍȓȍȑ Ȋ 

ȜȖȘȔȍ șȐșȚȍȔȣ ȌȐȜȜȍȘȍȕȞȐȈȓȤȕȣȝ 

țȘȈȊȕȍȕȐȑ Ȍȓȧ șȓțȟȈȍȊ ȌȊțȝ Ȑ ȚȘȨȝ 

ȗȖȒȈȏȈȚȍȓȍȑй 

ǷȖȓțȟȍȕȕȣȑ ȈȗȗȈȘȈȚ ȔȖȎȍȚ ȉȣȚȤ 

ȐșȗȖȓȤȏȖȊȈȕ ȗȘȐ ȐȏțȟȍȕȐȐ ȒȈȟȍșȚȊȍȕȕȣȝ 

șȊȖȑșȚȊ ȔȖȌȍȓȍȑ ȗȖȊȍȌȍȕȐȧ ȔȍȌȐȞȐȕșȒȐȝ 

ȖȉȢȍȒȚȖȊз Ȉ ȚȈȒȎȍ Ȍȓȧ ȗȖșȚȘȖȍȕȐȧ Ȑ 

ȐșșȓȍȌȖȊȈȕȐȧ țȗȘȈȊȓȧȍȔȣȝ șȐșȚȍȔй
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