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Ó ñòàòò³ îäåðæàí³ ñï³ââ³äíîøåííÿ äëÿ âèçíà÷åííÿ îö³íîê ïàðàìåòð³â 
ìåõàí³÷íèõ êîëèâàëüíèõ ñèñòåì ç ê³íöåâèì ÷èñëîì ñòóïåí³â â³ëüíîñò³. 
Çàñòîñîâàíî ìåòîä ôîðìóâàííÿ äâîõ ãðóï ìàñ çà óìîâè ìîæëèâîñò³ æîðñòêîãî 
ç’ºäíàííÿ ìàñ ó êîæí³é ãðóï³ ìàñ ³ ãíó÷êîãî ç’ºäíàííÿ ì³æ ãðóïàìè ìàñ. 
Çàñòîñîâàíèé àëãîðèòì áàçóºòüñÿ íà äèñêðåòí³é îäíî÷àñí³é çì³í³ ìàñè êîæíî¿ 
ãðóïè ìàñ çà óìîâè íåçì³ííîñò³ ñóìàðíî¿ ìàñè ãðóï ìàñ. Àëãîðèòì îäåðæàííÿ 
îö³íîê ïàðàìåòð³â áàçóºòüñÿ íà ïðèíöèï³ ðåãðåñ³éíîãî àíàë³çó. 

 
ÂÑÒÓÏ 

Ïðè ïðîâåäåíí³ â³áðîâèïðîáóâàíü íà â³áðîì³öí³ñòü, â³áðîòðèâê³ñòü, 
â³áðîíàä³éí³ñòü, ïðè ôîðìóâàíí³ íîâèõ â³áðàö³éíèõ ðåæèì³â 
òåõíîëîã³÷íîãî ïðèçíà÷åííÿ çíàõîäÿòü çàñòîñóâàííÿ ìåòîäè 
ïàðàìåòðè÷íî¿ ³äåíòèô³êàö³¿ êîëèâàëüíèõ ñèñòåì  [1,2]. 

Óçàãàëüíåííÿ â³äîìèõ ðåçóëüòàò³â îö³íêè ïàðàìåòð³â ìîæíà çíàéòè, 
íàïðèêëàä, â [2]. Ïðè âèçíà÷åíí³ îö³íîê ïàðàìåòð³â çíàõîäèòü 
çàñòîñóâàííÿ ðåàë³çàö³ÿ ðåæèì³â â³ëüíèõ êîëèâàíü. 

Â³äîìèì ñïîñîáîì çáóäæóþòü â³ëüí³ êîëèâàííÿ ³ ï³ñëÿ ô³êñàö³¿ 
çíà÷åíü øâèäêîñòåé âèçíà÷àþòü êîåô³ö³ºíò ïîãëèíàííÿ àáî âèì³ðþþòü 
ïåðåì³ùåííÿ, øâèäê³ñòü ³ ïðèñêîðåííÿ ó âèçíà÷åí³ ìîìåíòè ÷àñó ³ 
âèçíà÷àþòü ïàðàìåòð ðîçñ³ÿííÿ åíåðã³¿ ³ âëàñíó ÷àñòîòó êîëèâàíü [2]. 

Îäíàê â³äîì³ ñïîñîáè ³ àëãîðèòìè äëÿ ðîçâ’ÿçàííÿ çàäà÷³ 
ïàðàìåòðè÷íî¿ ³äåíòèô³êàö³¿ ìàþòü íåäîñòàòíþ òî÷í³ñòü ³ íåäîñòàòíþ 
øâèäêîä³þ àáî óñêëàäíþþòü ïðîöåñ ðåºñòðàö³¿ ³íôîðìàö³éíîãî ìàñèâó 
äàíèõ ³ ìàþòü íåäîñòàòíþ òî÷í³ñòü çà ðàõóíîê çìåíøåííÿ 
çàâàäîñò³éêîñò³.  

Â³äîìèé ³íòåðâàëüíèé ñïîñ³á âèçíà÷åííÿ ðîçñ³þâàííÿ åíåðã³¿ òà 
âëàñíî¿ ÷àñòîòè êîëèâàíü ë³í³éíî¿ êîëèâàëüíî¿ ñèñòåìè ç îäíèì ñòóïåíåì 
â³ëüíîñò³, çã³äíî ç ÿêèì ðåºñòðóþòü ùîíàéìåíøå äâà ÷àñîâèõ ³íòåðâàëè, 
âåëè÷èíà îäíîãî ç ÿêèõ äîð³âíþº ÷àñîâîìó ³íòåðâàëó ì³æ íóëüîâèìè 
çíà÷åííÿìè ïåðåì³ùåííÿ ³ øâèäêîñò³, à âåëè÷èíà äðóãîãî ³íòåðâàëó 
äîð³âíþº ÷àñîâîìó ³íòåðâàëó ì³æ ñóì³æíèìè íóëüîâèìè çíà÷åííÿìè 
ïåðåì³ùåííÿ [3].  

Íåäîë³ê â³äîìîãî ïðèñòðîþ ³ àëãîðèòìó éîãî ôóíêö³îíóâàííÿ – 
íåäîñòàòíÿ òî÷í³ñòü âèçíà÷åííÿ ïàðàìåòðà ðîçñ³þâàííÿ åíåðã³¿ òà âëàñíî¿ 
÷àñòîòè ìåõàí³÷íî¿ êîëèâàëüíî¿ ñèñòåìè ç îäíèì ñòóïåíåì â³ëüíîñò³, ùî 
ïîÿñíþºòüñÿ ïîõèáêàìè ô³êñàö³¿, âèì³ðó òà çàïàì’ÿòîâóâàííÿ çíà÷åíü 
÷àñîâèõ ³íòåðâàë³â, à òàêîæ íåäîñòàòí³ì ïî ìíîæèí³ ³íôîðìàö³éíèì 
ìàñèâîì ÷àñîâèõ ³íòåðâàë³â äëÿ çìåíøåííÿ ïîõèáîê øëÿõîì 
óñåðåäíåííÿ. Îêð³ì òîãî, â³äîìèé àëãîðèòì íå çàáåçïå÷óº ðîçâ’ÿçàííÿ 
çàäà÷³ ïàðàìåòðè÷íî¿ ³äåíòèô³êàö³¿ äëÿ êëàñó êîëèâàëüíèõ ñèñòåì ³ç 
ê³íöåâèì ÷èñëîì ñòóïåí³â â³ëüíîñò³. 

 
ÏÎÑÒÀÂËÅÍÍß ÇÀÄÀ×² 

Â îñíîâó àíàë³çó ³ ñèíòåçó àëãîðèòìó äëÿ âèçíà÷åííÿ ïàðàìåòðà 
ðîçñ³ÿííÿ åíåðã³¿ ³ âëàñíî¿ ÷àñòîòè ìåõàí³÷íî¿ êîëèâàëüíî¿ ñèñòåìè 
(ÌÊÑ), à òàêîæ ñòðóêòóðíî¿ ñõåìè ïðèñòðîþ äëÿ ðåàë³çàö³¿ òàêîãî 
àëãîðèòìó, ùî ìàº á³ëüø âèñîêó òî÷í³ñòü çà ðàõóíîê ââåäåííÿ íîâèõ 
åëåìåíò³â, áëîê³â ³ ôóíêö³îíàëüíèõ çâ’ÿçê³â, ÿêè ³ çàáåçïå÷óþòü 
ôîðìóâàííÿ íîâîãî àëãîðèòìó, ùî çàñíîâàíèé íà íîâèõ àíàë³òè÷íèõ 
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ñï³ââ³äíîøåííÿõ, ÿê³ áàçóþòüñÿ íà ðîçøèðåíîìó ³íôîðìàö³éíîìó ìàñèâ³ 
÷àñîâèõ ³íòåðâàë³â ³ ôîðìóâàíí³ ðåãðåñ³éíèõ çàëåæíîñòåé äëÿ çìåíøåííÿ 
ïîõèáîê ïðè âèì³ðþâàííÿõ äëÿ êîëèâàëüíèõ ñèñòåì ³ç ê³íöåâèì ÷èñëîì 
ñòóïåí³â  â³ëüíîñò³. 

 
ÎÑÍÎÂÍ² ÒÅÎÐÅÒÈ×Í² ÐÅÇÓËÜÒÀÒÈ 

Ðîçðîáêà íîâîãî àëãîðèòìó âèçíà÷åííÿ ³íåðö³éíî-æîðñòê³ñíèõ ³ 
äèñèïàòèâíèõ ïàðàìåòð³â ìåõàí³÷íî¿ êîëèâíî¿ ñèñòåìè (ÌÊÑ) ³ç ê³íöåâèì 
÷èñëîì ñòóïåí³â â³ëüíîñò³ áàçóºòüñÿ íà òàêèõ òåîðåòè÷íèõ ïåðåòâîðåííÿõ. 

Ðîçãëÿíåìî ñèñòåìó îäíîð³äíèõ ë³í³éíèõ äèôåðåíö³àëüíèõ ð³âíÿíü ³ç 
N ñòóïåíÿìè â³ëüíîñò³ 
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äå  m1, m2,…, m³,…mN – ìàñè ÌÊÑ; b1, b2,…, b³,…bN   - êîåô³ö³ºíòè îïîðó; ñ1, 
ñ2,…, ñ³,…ñN – êîåô³ö³ºíòè æîðñòêîñò³; õ1, õ2,…, õ³,…õN  - ïåðåì³ùåííÿ. 
 Ï³ñëÿ ïðîâåäåííÿ îïåðàö³¿ äåêîìïîçèö³¿ ñèñòåìà (1) ð³âíÿíü íàáóâàº 
ôîðìè 
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                                (2)  

Ïðè òàêîìó ïåðåòâîðåíí³ êîæíå ð³âíÿííÿ ñèñòåìè (2) íå ìàº çâ’ÿçêó ç 
³íøèìè ð³âíÿííÿìè ñèñòåìè (2). Òàêèé âèïàäîê ìîæëèâèé ò³ëüêè â 
ìàòåìàòè÷íîìó ïëàí³. 

Ó íàøîìó äîñë³äæåíí³ çàäà÷à âèçíà÷åííÿ îö³íîê ³íåðö³éíî-
æîðñòê³ñíèõ ³ äèñèïàòèâíèõ ïàðàìåòð³â ñèñòåìè (1) ðîçâ’ÿçóþòüñÿ 
åêñïåðèìåíòàëüíî – òåîðåòè÷íèì ìåòîäîì, òîìó ïåðåòâîðåííÿ ñèñòåìè (1) 
â ñèñòåìó (2) íå ìàº ñåíñó. 

²äåíòèô³êàö³ÿ ïàðàìåòð³â ñèñòåìè (1) ìîæå áóòè ïðîâåäåíà ïðè 
çàñòîñóâàíí³ òàêîãî òâåðäæåííÿ. 

 
ÒÂÅÐÄÆÅÍÍß ². Äëÿ ðîçâ’ÿçàííÿ çàäà÷³ ïàðàìåòðè÷íî¿ ³äåíòèô³êàö³¿ 

ÌÊÑ ³ç ê³íöåâèì ÷èñëîì ñòóïåí³â â³ëüíîñò³ â çàìêíóò³é ôîðì³ íåîáõ³äíî ³ 
äîñòàòíüî âèêîíàííÿ óìîâè ìîæëèâîñò³ ïåðåòâîðåííÿ äîñë³äæóâàíî¿ ÌÊÑ 
³ç N ñòóïåíÿìè â³ëüíîñò³ äî ìíîæèíè N ÌÊÑ ³ç îäíèì ñòóïåíåì â³ëüíîñò³ 
øëÿõîì ôîðìóâàííÿ äâîõ ãðóï ìàñ ïðè ìîæëèâîñò³ æîðñòêîãî ç’ºäíàííÿ 
ìàñ â êîæí³é ãðóï³ ³ ãíó÷êîãî ç’ºäíàííÿ ì³æ ãðóïàìè ìàñ, ïðè÷îìó ìàñà 
êîæíî¿ ³ç äâîõ ãðóï ìàñ äèñêðåòíî çì³íþºòüñÿ (çá³ëüøóºòüñÿ àáî 
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çìåíøóºòüñÿ), à äèñêðåòàìè òàêî¿ çì³íè âåëè÷èíè ìàñè â êîæí³é ãðóï³ 
ìàñ º ìàñè ìíîæèíè ìàñ äîñë³äæóâàíî¿ ÌÊÑ, à ÷èñëî òàêèõ çì³í 
äîð³âíþº ê³ëüêîñò³ N ìàñ ÌÊÑ.  

Ïðè äèñêðåòíîìó çá³ëüøåíí³ (çìåíøåíí³) ìàñè îäí³º¿ (ðóõîìî¿) ãðóïè 
ìàñ, ìàñà äðóãî¿ (íåðóõîìî¿) ãðóïè ìàñ äèñêðåòíî çìåíøóºòüñÿ 
(çá³ëüøóºòüñÿ), ïðè öüîìó ñóìàðíà ìàñà äâîõ ãðóï ìàñ çàëèøàºòüñÿ 
íåçì³ííîþ ³ äîð³âíþº ñóìàðí³é ìàñ³  äîñë³äæóâàíî¿ ÌÊÑ. 

Ìàñà ðóõîìî¿ ãðóïè ìàñ çá³ëüøóºòüñÿ (çìåíøóºòüñÿ) â³ä çíà÷åííÿ, ùî 

äîð³âíþº âåëè÷èí³ 
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N
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i

m m
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 
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 
∑ , äî çíà÷åííÿ, ùî äîð³âíþº âåëè÷èí³ 
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N
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i

m m
=
∑ . Ìàñà íåðóõîìî¿ ãðóïè ìàñ çìåíøóºòüñÿ (çá³ëüøóºòüñÿ) â³ä 

çíà÷åííÿ, ùî äîð³âíþº âåëè÷èí³ 
1

1

(0)
N

i
i

m
−

=
∑ , äî çíà÷åííÿ, ùî äîð³âíþº 

âåëè÷èí³ 
1

1

0
N

i
i

m
−

=

 
  
 
∑ . 

 
ÒÂÅÐÄÆÅÍÍß ²². Ïàðàìåòðè÷íà ³äåíòèô³êàö³ÿ ÌÊÑ ìàº ì³ñöå ïðè 

âèêîíàíí³ óìîâè ìîæëèâîñò³ ðåàë³çàö³¿ ðåæèì³â â³ëüíèõ êîëèâàíü äëÿ 
êîæíî¿ ìàñè ìàñèâó ìàñ ðóõîìî¿ ÌÊÑ.  

 
ÒÂÅÐÄÆÅÍÍß ²²². Äëÿ ïàðàìåòðè÷íî¿ ³äåíòèô³êàö³¿ ÌÊÑ ³ç ê³íöåâèì 

÷èñëîì ñòóïåí³â â³ëüíîñò³ íåîáõ³äíî ³ äîñòàòíüî äëÿ êîæíî¿ ÌÊÑ ³ç 
ìàñèâó ìàñ ïðîâåñòè ðåºñòðàö³þ ³ çàïàì’ÿòîâóâàííÿ äâîõ ³íôîðìàö³éíèõ 
ìàñèâ³â ÷àñîâèõ ³íòåðâàë³â, ïåðøèé ç ÿêèõ äîð³âíþº ìàñèâó ÷àñîâèõ 
³íòåðâàë³â ì³æ ñóì³æíèìè íóëüîâèìè çíà÷åííÿìè ïåðåì³ùåííÿ ³ 
øâèäêîñò³, à äðóãèé ìàñèâ äîð³âíþº ìàñèâó ÷àñîâèõ ³íòåðâàë³â ì³æ 
íóëüîâèìè çíà÷åííÿì ïåðåì³ùåííÿ. 

Òàêèì ÷èíîì, ñèñòåìà ð³âíÿíü (1) ïåðåòâîðþºòüñÿ íà òàêó ñèñòåìó 
ð³âíÿíü:  
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                       (3) 

Ïðè âèêîíàíí³ óìîâè ñóáêðèòè÷íîãî çàòóõàííÿ ðîçãëÿíåìî ïåðøå 
ð³âíÿííÿ ñèñòåìè (3). 

2

2
0N N

N N N N
d x dx

m b c x
dt dt

+ + =                                  (4) 

àáî 
2

2
02

2 0,N N
N N N

d x dx
h x

dt dt
+ + ω =                                 (5) 
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äå 
1 2 1

0(2 ) , ,N N N N N Nh b m c m− −= ω =                           (6) 

Nh - êîåô³ö³ºíò äåìïôóâàííÿ, 0Nω - ðåçîíàíñíà ÷àñòîòà. 

Äëÿ ÌÊÑ (4), (5) ìàþòü ì³ñöå òàê³ ñï³ââ³äíîøåííÿ: 

        2 2 2
0 ,DN N Nhω = ω −                                          (7) 

äå DNω - ðåçîíàíñíà ÷àñòîòà äèñèïàòèâíî¿ ñèñòåìè. 
²ç (7) îòðèìàºìî ñï³ââ³äíîøåííÿ [4]: 

2 2

0 0

1.DN N

N N

h   ω
+ =   

ω ω   
                                       (8) 

 
Çà óìîâè 0N Nh << ω  ââîäÿòü êóò Nδ  çàòóõàííÿ òàêèé, ùî   

                1 1
0 0sin , cos .N N N N DN Nh − −δ = ω δ = ω ω                                (9) 

Òîä³  

                   1 1
2

sin
,

cos
N

N N DN N N
N

tg h h− −δ
δ = = ω = ∆ π

δ
                            (10) 

äå 2N∆  - ÷àñîâèé ³íòåðâàë ì³æ ñóì³æíèìè íóëüîâèìè çíà÷åííÿìè 

ïåðåì³ùåííÿ x(t). 
²ç (10) îòðèìàºìî ñï³ââ³äíîøåííÿ 

                                    
2

.N N
N

h tg
π= δ

∆
                                       (11) 

Âèçíà÷èìî ÷àñîâèé ³íòåðâàë ∆2N ì³æ ñóì³æíèìè íóëüîâèìè 
çíà÷åííÿìè xN (t), ∆1N – ÷àñîâèé ³íòåðâàë ì³æ ñóì³æíèìè íóëüîâèìè 

çíà÷åííÿìè 
( )Ndx t

dt
 òà xN (t). 

²ç [5] ìàº ì³ñöå ñï³ââ³äíîøåííÿ  

                      1
3 2 12 2 .N N N N DN

−∆ = ∆ − ∆ = δ ω                                (12) 

Âèçíà÷èìî ³ç (12)  

             2 1 2 1
1

2 2

( 2 )
.

2 2 2
N N N N

N DN N
N N

∆ − ∆ ∆ ∆π π δ = ω = − ∆ = − π  ∆ ∆ 
            (13) 

²ç (11), (13) îòðèìàºìî ñï³ââ³äíîøåííÿ äëÿ âèçíà÷åííÿ Nh  

                          1

2 2 2

.N
N N

N N N

h tg ctg
 ∆π π= δ = π ∆ ∆ ∆ 

                         (14) 

 ²ç ñï³ââ³äíîøåíü (7),(14) îòðèìàºìî ñï³ââ³äíîøåííÿ äëÿ âèçíà÷åííÿ 

0Nω  

                              1 1
0

2 2

sin .N
N

N N

−  ∆πω = π ∆ ∆ 
                                 (15) 
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Îòðèìàí³ àíàë³òè÷í³ ñï³ââ³äíîøåííÿ ôîðìóþòü àëãîðèòìè äëÿ 
ïîáóäîâè ñòðóêòóðíèõ ñõåì. 

Áåðó÷è äî óâàãè òîé ôàêò, ùî ÷àñîâ³ ³íòåðâàëè ∆1N, ∆2N  âèì³ðþþòüñÿ 
çà íàÿâíîñò³ ïîõèáîê ðåºñòðàö³¿, âèíèêàº íåîáõ³äí³ñòü ôîðìóâàííÿ 

³íôîðìàö³éíîãî ìàñèâó ìíîæèíè ÷àñîâèõ ³íòåðâàë³â ∆1N³, ∆1N³  ( )1,i k= . 

Ïðè òàêîìó ïîñòàâëåíí³ çàäà÷³ ñï³ââ³äíîøåííÿ (14), (15) íàáóâàþòü 
âèãëÿäó â³äïîâ³äíî: 

                                    1

2 2

,Nj
Nj

Nj Nj

h ctg
 ∆π= π  ∆ ∆ 

)
                            (16) 

 

                                 

1

1
0 2

2

sin ,Nj
Nj Nj

Nj

−
  ∆

ω = π ∆ π   ∆   

)
                        (17) 

äå 0,Nj Njh ω
) )

- îö³íêè ïàðàìåòð³â 0,N Nh ω  â³äïîâ³äíî ïðè j-ìó âèì³ðó, 

( )1,j k=  - ÷èñëî âèì³ð³â ïåðøîãî ³ äðóãîãî ÷àñîâèõ ³íòåðâàë³â ∆1Nj, ∆2Nj . 

Çàñòîñîâóþ÷è àëãîðèòì ðåãðåñ³éíîãî ìåòîäó, îòðèìàºìî 

ñï³ââ³äíîøåííÿ äëÿ âèçíà÷åííÿ îö³íîê 0,N Nh ω
) )

 ïðè ³íôîðìàö³éíîìó 

ìàñèâ³ ( )1,j k=  âèì³ð³â 

                    

1

1 2
2 1 2 2

1 1

( ) ,
k k

N Nj Nj Nj Nj
j j

h ctg

−

−

= =

   
   = π ∆ π∆ ∆ ⋅ ∆
      
∑ ∑

)
                  (18) 

àáî   

             

1

1 2 2 1
2 1 2 2 1 2

1 1

( ) ( ) ;
k k

N Nj Nj Nj Nj Nj Nj
j j

h tg tg

−

− −

= =

   
   = π ∆ π∆ ∆ ⋅ ∆ π∆ ∆
      
∑ ∑

)
 (19) 

 

                           

1
2 1 2

1
0

2 2 1
2 1 2

1

sin( )

.

sin ( )

k

Nj Nj Nj
j

N k

Nj Nj Nj
j

−

=

−

=

∆ π∆ ∆

ω = π

∆ π∆ ∆

∑

∑
)

                          (20) 

×èñëî “k” âèì³ð³â ïåðøîãî ³ äðóãîãî ÷àñîâèõ ³íòåðâàë³â ∆1Nj, ∆2Nj  
âèçíà÷àþòüñÿ àáî ÷èñëîì “k1” çàô³êñîâàíèõ ï³âïåð³îä³â ïåðåì³ùåíü â 
îäí³é ðåàë³çàö³¿ ïðè îäíîìó çíà÷åíí³ ïî÷àòêîâèõ óìîâ 

0
0

(0)
(0) , N N

N N
dx dx

x x
dt dt

= =  àáî ÷èñëîì “k2” çàô³êñîâàíèõ çíà÷åíü ÷àñîâèõ 

³íòåðâàë³â ∆1Nj, ∆2Nj  â îäíîìó ï³âïåð³îä³ ïåðåì³ùåííÿ ïðè çàäàíí³ k2 

çíà÷åíü ïî÷àòêîâèõ óìîâ 0jx , 0 ,jdx

dt
àáî ÷èñëîì k1 × k2  çíà÷åíü ÷àñîâèõ 

³íòåðâàë³â. 
Ïðè âèêîíàíí³ óìîâè ñóáêðèòè÷íîãî çàòóõàííÿ ðîçãëÿíåìî “³” 

ð³âíÿííÿ ñèñòåìè (3): 

                            
2

2
0

N
i i

k i i i
k i

d x dx
m b cx

dt dt=

+ + =∑                                (21) 

àáî  
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2

2
0.i i i i

iN N

k k
k i k i

d x b dx c
x

dt dt
m m

= =

+ + =

∑ ∑
   (22) 

Ïðè ââåäåíí³ êîåô³ö³ºíò³â 
1 1

22 ,
N N

i i k î³ i k
k i k i

h b m c m

− −

= =

   
= ω =      

   
∑ ∑% %   (23) 

ð³âíÿííÿ (22) ìàº âèãëÿä: 
2

2
02

2 0.i i
i i i

d x dx
h x

dt dt
+ + ω =% %    (24) 

 
Îö³íêè êîåô³ö³ºíò³â 0,i ih ω% %  íà ï³äñòàâ³ (18), (19), (20) ìàþòü âèãëÿä: 

1

1 2
2 1 2 2

1 1

( ) ,
k k

i ij ij ij ij
j j

h ctg

−

−

= =

   
   = π ∆ π∆ ∆ ⋅ ∆
      
∑ ∑

)
%    (25) 

àáî 
1

1 2 2 1
2 1 2 2 1 2

1 1

( ) ( ) ,
k k

i ij ij ij ij ij ij
j j

h tg tg

−

− −

= =

   
   = π ∆ π∆ ∆ ⋅ ∆ π∆ ∆
      
∑ ∑

)
%   (26) 

1
2 1 2

1

2 2 1
2 1 2

1

sin( )

,

sin ( )

k

ij ij ij
j

i k

ij ij ij
j

−

=

−

=

∆ π∆ ∆

ω = π

∆ π∆ ∆

∑

∑
)
%    (27) 

äå 0,i ih ω
) )% %  â³äïîâ³äàþòü ñï³ââ³äíîøåííÿì (23). 

Ïðè âèêîíàíí³ óìîâè ñóáêðèòè÷íîãî çàòóõàííÿ ðîçãëÿíåìî îñòàííº 
ð³âíÿííÿ ñèñòåìè (3), à ñàìå: 

2
1 1

1 1 12
1

0,
N

k
k

d x dx
m b c x

dt dt=

+ + =∑    (28) 

àáî 

                                     
2

21 1
1 01 12

2 0,
d x dx

h x
dt dt

+ + ω =% %        (29) 

äå 

                           

1 1

2
1 1 01 1

1 1

2 , .
N N

k k
k k

h b m c m

− −

= =

   
= ω =      

   
∑ ∑% %            (30) 

Îö³íêè êîåô³ö³ºíò³â 0,i ih ω
) )% %  íà ï³äñòàâ³ (18), (19), (20) ìàþòü âèãëÿä 

â³äïîâ³äíî 

                      

1

1 2
1 21 11 21 21

1 1

( ) ,
k k

j j j j
j j

h ctg

−

−

= =

   
   = π ∆ π∆ ∆ ⋅ ∆
      
∑ ∑

)
%  (31) 

             

1

1 2 2 1
1 21 11 21 21 11 21

1 1

( ) ( ) ,
k k

j j j j j j
j j

h tg tg

−

− −

= =

   
   = π ∆ π∆ ∆ ⋅ ∆ π∆ ∆
      
∑ ∑

)
%  (32) 
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1
21 11 21

1
0

2 2 1
21 11 21

1

sin( )

.

sin ( )

k

j j j
j
k

j j j
j

−

=

−

=

∆ π∆ ∆

ω = π

∆ π∆ ∆

∑

∑
)
%  (33) 

Òàêèì ÷èíîì, ó ðîáîò³ ïðîâåäåíî äîñë³äæåííÿ äëÿ âèçíà÷åííÿ 
³íåðö³éíî-æîðñòê³ñíèõ ïàðàìåòð³â ³ äèñèïàòèâíèõ ïàðàìåòð³â ìíîæèíè 
ë³í³éíèõ êîëèâàëüíèõ ñèñòåì. Âèçíà÷åí³ îö³íêè íå íàëåæàòü äî ìàñèâó 
“ïàðö³àëüíèõ ïàðàìåòð³â” çà âèíÿòêîì ïàðàìåòð³â, ùî õàðàêòåðèçóþòü 
êîëèâàëüíó ñèñòåìó, ìàñà ÿêî¿ âèçíà÷àºòüñÿ îäí³ºþ ìàñîþ ÌÊÑ.  

Ó ïîäàëüøèõ äîñë³äæåííÿõ íåîáõ³äíî âèçíà÷èòè êîæíó îêðåìó ìàñó 
ìàñèâó ìàñ òà êîæåí îêðåìèé êîåô³ö³ºíò æîðñòêîñò³. Êð³ì òîãî, 
íåîáõ³äíî ïðîâåñòè êîìï’þòåðíå ìîäåëþâàííÿ äëÿ îòðèìàííÿ 
³íôîðìàö³éíèõ ìàñèâ³â ïåðøîãî ³ äðóãîãî ÷àñîâèõ ³íòåðâàë³â ³ ïåðåâ³ðêè 
äîñòîâ³ðíîñò³ âèçíà÷åííÿ îö³íîê ³äåíòèô³êàö³éíèõ ïàðàìåòð³â. 

 
ÂÈÑÍÎÂÊÈ 

Ó ðîáîò³ îòðèìàí³ àíàë³òè÷í³ ñï³ââ³äíîøåííÿ äëÿ âèçíà÷åííÿ 
³íåðö³éíî-æîðñòê³ñíèõ ³ äèñèïàòèâíèõ ïàðàìåòð³â ìíîæèíè ë³í³éíèõ 
êîëèâàëüíèõ ñèñòåì, ÿê³ íå íàëåæàòü äî ìàñèâó ïàðö³àëüíèõ ïàðàìåòð³â 
çà âèíÿòêîì ïàðàìåòð³â, ùî õàðàêòåðèçóþòü êîëèâàëüíó ñèñòåìó, ìàñà 
ÿêî¿ âèçíà÷àºòüñÿ îäí³ºþ ìàñîþ ÌÊÑ. 

 
SUMMARY 

 
INTERVAL METHOD OF PARAMETRIC IDENTIFICATIONH OF  

OSCILLATING SYSTEMS 

I.D. Puzko, Sumy State University 
  
 In the article the analytical correlations for estimate of parameters of mechanical oscillating systems 
with the final number of degrees of freedom are given. Method of formation of two mass groups is applied at 
the condition of capability of mass fixed coupling in each mass group and capability of flexible coupling 
between mass groups. The applied algorithm is based on simultaneous discreet change of mass of each mass 
group at the condition of stability of summed mass of both mass groups. Algorythm of parameters’ estimate 
receive is based on the principle of regression analysis. 
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