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Ïðåäëîæåí ñïîñîá ñâåäåíèÿ íåëèíåéíîé çàäà÷è îöåíèâàíèÿ ê ëèíåéíîé â 
ñëó÷àÿõ, êîãäà â ñòðóêòóðå ìàòåìàòè÷åñêîé ìîäåëè íåëèíåéíûå ñëàãàåìûå 
ïðåäñòàâëÿþò ñîáîé ãðóïïó ïîâòîðÿþùèõñÿ íåëèíåéíûõ ôóíêöèé, âõîäÿùèõ 
ëèíåéíî. 

Çàïðîïîíîâàíî ñïîñ³á çâåäåííÿ íåë³í³éíî¿ çàäà÷³ îö³íþâàííÿ äî ë³í³éíî¿ ó 
âèïàäêàõ, êîëè â ñòðóêòóð³ ìàòåìàòè÷íî¿ ìîäåë³ íåë³í³éí³ ñêëàäîâ³ 
ñòàíîâëÿòü ñîáîþ ãðóïó íåë³í³éíèõ ôóíêö³é, ùî ïîâòîðþþòüñÿ òà  âõîäÿòü 
ë³í³éíî. 
 

ÂÂÅÄÅÍÈÅ 
Çàäà÷è èäåíòèôèêàöèè (â ÷àñòíîñòè îöåíèâàíèÿ) ìàòåìàòè÷åñêèõ 

ìîäåëåé òåõíè÷åñêèõ ñèñòåì â ñâÿçè ñ óñîâåðøåíñòâîâàíèåì ñðåäñòâ 
èçìåðåíèé âèáðàöèé è â òî æå âðåìÿ ïîÿâëåíèåì ïðîãðàììíûõ 
ïðîäóêòîâ, ðåàëèçóþùèõ äèíàìè÷åñêèå ðàñ÷¸òû ñ ïðàêòè÷åñêè ëþáîé 
ñòåïåíüþ äåòàëèçàöèè, ïðèîáðåòàþò âñ¸ áîëüøóþ àêòóàëüíîñòü. Â ñëó÷àå 
ëèíåéíîãî îöåíèâàíèÿ (ò. å. êîãäà èçìåðÿåìûå âåëè÷èíû ëèíåéíî 
çàâèñÿò îò îöåíèâàåìûõ ïàðàìåòðîâ) çàäà÷à èäåíòèôèêàöèè íå èìååò 
âû÷èñëèòåëüíûõ òðóäíîñòåé. Îöåíèâàåìûå ïàðàìåòðû íàõîäÿòñÿ ïî 
ôîðìóëå ëèíåéíîé ðåãðåññèè. Íåëèíåéíàÿ æå çàäà÷à, êàê ïðàâèëî, 
âëå÷¸ò çà ñîáîé òðóäíî ïðåîäîëåâàåìûå âû÷èñëèòåëüíûå ïðîáëåìû [1,2]. 
Íèæå ðàññìîòðåí ïîäõîä, ïîçâîëÿþùèé â íåêîòîðûõ ñëó÷àÿõ çàäà÷ó 
íåëèíåéíîãî îöåíèâàíèÿ ñâåñòè ê ëèíåéíîé. 
 

ÈÇËÎÆÅÍÈÅ ÑÏÎÑÎÁÀ 
Ðàññìîòðèì òàê íàçûâàåìóþ ïðèâåäåííóþ íåëèíåéíóþ ìîäåëü, 

êîòîðàÿ â âåêòîðíîé ôîðìå çàïèñûâàåòñÿ â âèäå 
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Â ñëó÷àå íåëèíåéíîñòè ôóíêöèé ),...,( 1 lj θθϕ  ýòà ïðîáëåìà äàæå äëÿ 

íåáîëüøîãî êîëè÷åñòâà îöåíèâàåìûõ ïàðàìåòðîâ îêàçûâàåòñÿ 
òðóäíîðàçðåøèìîé âû÷èñëèòåëüíîé çàäà÷åé. 

Ïóñòü ñòðóêòóðà íåëèíåéíîé ôóíêöèè  jϕ  èìååò âèä 

),,1)((...)(...);( )(1)1(11 kjfkfkkk mmljljljljj =+++++= ++ ββθθθαϕ      (3) 

ãäå ),1)(( mafa =β  – íåëèíåéíûå ôóíêöèè íåêîòîðîé ãðóïïû β  

ïàðàìåòðîâ, âçÿòûõ èç âñåãî ìíîæåñòâà îöåíèâàåìûõ ïàðàìåòðîâ  

lθθ ,...,1  ñ âîçìîæíûì äîáàâëåíèåì íîâûõ  m  ïàðàìåòðîâ  mll ++ θθ ,...,1 : 
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Òîãäà ñîîòíîøåíèÿ (3) ìîæíî ðàññìàòðèâàòü êàê ëèíåéíûå îòíîñèòåëüíî 
óæå  l+m  îöåíèâàåìûõ ïàðàìåòðîâ, ÿâëÿþùèõñÿ êîìïîíåíòàìè âåêòîðà-
ñòîëáöà 
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Ïîëó÷àåì, òàêèì îáðàçîì, íåêóþ êâàçèëèíåéíóþ ìîäåëü âèäà 
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ÏÐÈÌÅÐ ÏÐÈÌÅÍÅÍÈß 
Ðàññìîòðèì ìàòåìàòè÷åñêóþ ìîäåëü íåêîòîðîé ñèñòåìû 

àâòîìàòè÷åñêîãî ðåãóëèðîâàíèÿ, äèôôåðåíöèàëüíîå óðàâíåíèå êîòîðîé, 
çàïèñàííîå â ñèìâîëè÷åñêîé ôîðìå, èìååò âèä 
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210 fpTpTTSKpTpTTTpTTT +=++++       (6) 
 

Â (6) îáîçíà÷åíî: 

   
dt
d

p =  – îïåðàòîð äèôôåðåíöèðîâàíèÿ, 

   S  – ðåãóëèðóåìàÿ âåëè÷èíà, 
   f  – âîçìóùàþùåå âîçäåéñòâèå, 
   K  – êîýôôèöèåíò óñèëåíèÿ ñèñòåìû, 
   −210 ,, TTT ïîñòîÿííûå âðåìåíè ñîîòâåòñòâåííî îáúåêòà, èçìåðèòåëüíîãî 

óñòðîéñòâà è ñåðâîäâèãàòåëÿ. 
Ïðåäïîëîæèì, ïðîâåäåí ýêñïåðèìåíò, çàêëþ÷àþùèéñÿ â 
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ãäå  2 1( , )TT fθ =  – âåêòîð  îöåíèâàåìûõ ïàðàìåòðîâ; 

      1, 1( ,..., , )Tr i rn iny KS KS KS KS= − − − −  – âåêòîð èçìåðÿåìûõ âåëè÷èí 

ðàçìåðíîñòüþ  2 ;n  

      K − ìàòðèöà ðàçìåðíîñòüþ 2 2n ⋅ , êàæäûé êîýôôèöèåíò êîòîðîé 
íåòðóäíî âûïèñàòü è âû÷èñëèòü â ñîîòâåòñòâèè ñ óðàâíåíèåì  (9). 

Äëÿ ÷èñëåííîãî ýêñïåðèìåíòà ïîëîæèì  
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1 1 2 20.041, 0.093, 0.368, 0.195.r i r iS S S S= − = = − =  

Îêðóãëÿÿ ïîëó÷åííûå çíà÷åíèÿ äî äâóõ çíà÷àùèõ öèôð (èìèòèðóÿ 
òàêèì îáðàçîì èçìåðåíèå «ýêñïåðèìåíòàëüíûõ» âåëè÷èí ñ òî÷íîñòüþ äî 

5%), ðàññ÷èòûâàåì ýëåìåíòû ìàòðèöû  K   è ñòîëáöà  y : 

K

.052−

1.1−

1.1

3.5−

1.1

.052−

7.0

2.2











:= Y

.41

.93−

3.7

2.0−











:=

. 
 

Äàëåå, âîñïîëüçîâàâøèñü êîìïëåêñîì MathCAD, íàõîäèì 

[ ] 







=⋅⋅=

−

400.

823.1
yKKK TTθ . 

Òàêèì îáðàçîì, ïîëó÷àåì îöåíêè 
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Ïîãðåøíîñòü ðåçóëüòàòîâ îöåíèâàíèÿ íå ïðåâûøàåò 3%. 
 

ÂÛÂÎÄÛ 
Ïðåäëîæåííûé ñïîñîá îöåíèâàíèÿ ïàðàìåòðîâ íåëèíåéíûõ ìîäåëåé ñ 

ïîìîùüþ ïðåäñòàâëåíèÿ èõ â êâàçèëèíåéíîé ôîðìå ïîçâîëÿåò â ðÿäå 
ñëó÷àåâ ñíÿòü âû÷èñëèòåëüíûå ïðîáëåìû, ñâÿçàííûå ñ çàäà÷àìè 
íåëèíåéíîãî îöåíèâàíèÿ. 
 
SUMMARY 
 

ABOUT A METHOD OF BALANCING OF  
NONLINEAR EVALUATION TASK TO LINEAR ONE 

V.I. Simonovskiy 
Sumy State University 

The method of taking of nonlinear task of evaluation is offered to linear in the cases when 
in the structure of mathematical model nonlinear elements are a group of nonlinear functions, 
entering linear. 
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