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reziume 
 

samuSaos mizania arawrfivi sistemebis analizis garkveuli klasis amocanis 
gadawyveta, kerZod, kvlevis meTodebis or did jgufs: harmoniuli balansisa da obieqtTa 

drois sivrceSi funqcionaluri aRweris meTodebs Soris kavSiris dadgena. sakvlevi 
sistemis struqtura warmoadgens mimdevrobiT CarTul wrfiv dinamikur da arawrfiv 
statikur nawilebs (vineris da hamerSteinis modelebi), romlebic aRwerilia volteras 

mwkrivis saSualebiT. damuSavebulia farTo klasis arawrfivi dinamikuri sistemebis 
gaZlierebis kompleqsuri koeficientis maTematikuri modelis miRebis algoriTmi. 

sakvanZo sityvebi:  arawrfivi sistemebi. harmoniuli balansis meTodi. volteras 

mwkrivi. vineris da hamerSteinis modelebi. 
 

1. Sesavali 

 
arawrfivi sistemebis analizi dRemde warmoadgens rTul problemas da amitom mas 

mkvlevarebi sakmaod did dros uTmoben. yoveli garkveuli siaxle am amocanaTa 

gadawyvetaSi kidev erTi wingadadgmuli nabijia aRniSnuli klasis gamokvlevaSi. Cven 
miznad davsaxeT dagvemyarebina kavSiri kvlevis or did jgufs Soris: harmoniuli 
balansisa da obieqtTa droiT sivrceSi funqcionaluri aRweris meTodebs Soris. am 

amocanis gadawyveta mogvcemda saSualebas migveRo arawrfivi sistemebis angariSisa da 
kvlevis iseTi maTematikuri gamosaxulebani, romelTa praqtikuli gamoyeneba sakmaod 
mosaxerxebeli iqneboda. 

 2. ZiriTadi nawili 
 

arawrfivi dinamikuri obieqtebis maTematikuri modelis saxiT ganvixiloT kargad 

cnobili volteras funqcionaluri mwkrivis gamosaxuleba: 
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im klasisaTvis, rodesac struqtura Sedgeba mimdevrobiT CarTul wrfivi dinamikuri da 

arawrfivi statikuri nawilebiT. gamoviyenoT harmoniuli balansis meTodi da davamyaroT 
kavSiri (1) gamosaxulebasa da gaZlierebis ekvivalentur kompleqsur koeficients Soris. 
CavTvaloT, rom sawyisi pirobebi nulovania, models gaaCnia zemoT naxsenebi struqtura 

da arawrfivoba warmodgenilia xarisxovan mwkrivad:  

∑
∞

=

=
1

)(
i

i
i zCzF .                 (2) 

vineris modelisaTvis (modelSi jer aris wrfivi nawili, Semdeg arawrfivi da masze 

moqmedebs signali ( ) ( )tAtx ωcos= ),  gamosavali signalis  volteras mwkrivi miiRebs 

saxes: 
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(3) gamosaxulebis gardaqmniT vRebulobT: 
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harmoniuli balansis hipoTezis gaTvaliswinebiT (4) miiRebs saxes: 
 

( ) tBtAtyty ωω sincos)( 111 +=≈ ,                        (5) 

 

sadac 1A  da 1B  koeficientebis gamosaxulebebi moyvanilia 1-el cxrilSi. 

                                                                   cxr. 1 

1A  da 1B  koeficientebis gamosaxulebebi miRebuli aRniSvnebi 
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(5) gvaZlevs gaZlierebis ekvivalenturi kompleqsuri koeficientis miRebis 
saSualebas: 
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warmoadgens harmoniuli gawrfivebis koeficientebs. 
Tu gamoviyenebT cxr.1-s da (7) gamosaxulebebs, harmoniuli gawrfivebis 

koeficientebi miiRebs saxes: 
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miRebuli (8) gamosaxulebaTa gamoTvla SesaZlebelia integrirebis ricxviTi 
meTodebis gamoyenebiT an integralqveSa gamosaxulebis aproqsimaciiT. Cveni azriT, 

mizanSewonilia meore meTodis gamoyeneba, radganac kvlevis dros xSirad iyeneben 
arawrfiv modelTa parametrizacias, magaliTad, volteras birTvis parametrizacia:  
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samive SemTxvevaSi (8)-is gamoTvlebi martivia da dadis Semdeg integralze: 
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magaliTisaTvis davuSvaT, rom wrfivi nawili mocemulia ( ) 
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parametruli modeliT, maSin (9)-is gaTvaliswinebiT, harmoniuli gawrfivebis 

koeficientis saangariSo mniSvnelobebi miiRebs saxes: 
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da  

( ) ( ) TAaA ωωω ,,b *
1

*
1 −= . 

analogiurad miRebulia volteras birTvis danarCeni SemTxvevisTvisac ( )ω,*
1 Aa  da 

( )ω,*
1 Ab  koeficientebis mniSvnelobani.  

hamerSteinis modelis SemTxvevaSi (modelSi jer aris arawrfivi nawili, Semdeg 
wrfivi), volteras mwkrivi miiRebs saxes: 
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martivi gardaqmnebis Sedegad (11) gamosaxuleba daiyvaneba (4)-is saxeze 1A da 

1B koeficientebiT, romlebic mocemulia me-2 cxrilSi. 

cxr. 2. 

1A  da 1B  koeficientebis gamosaxulebebi miRebuli aRniSvnebi 

1
12

12
1

22
1

1
12

12
1

22
1

1
12

2

1
12

2

bAC
n
n

B

aAC
n
n

A

n
n

n

n

n
n

n

n

−
−

∞

=

−

−
−

∞

=

−

∑

∑









−
−

=









−
−

=

 

( )∫
∞

=
0

1 )cos( τωττω da  

( ) ( )∫
∞

=
0

1 sin τωττω db  

 
zemoT ganxilulis analogiurad SeiZleba gamoiTvalos harmoniuli gawrfivebis 

koeficientebi: 
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xolo Tu mxedvelobaSi miviRebT volteras ukve aRniSnul parametrul birTvebs 
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3. daskvna 
 

damuSavebulia arawrfivi sistemebis farTo klasis dinamikuri obieqtebis 
gaZlierebis kompleqsuri koeficientis saxiT maTematikuri modelis miRebis algoriTmi, 

rodesac modeli aRwerilia volteras mwkrivis saSualebiT da misi struqtura 
warmodgenilia mimdevrobiT CarTuli wrfivi dinamikuri da arawrfivi statikuri 
nawilebiT.  

ganxilulia hamerSteinis da vineris modelebi. miRebulia gawrfivebis kompleqsuri 
koeficientis gamosaxulebani (8) da (12) (1) modelSi wevrTa raodenobis SezRudvis 
gareSe da maTi saangariSo gamusaxulebani (10) da (13) wrfivi nawilis garkveuli 

parametruli modelis SemTxvevaSi. 
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ABOUT A QUESTION OF DEFINITION OF EQUIVALENT COMPLEX  
FACTOR OF NONLINEAR SYSTEMS 

 
Mchedlishvili Nino, Imedadze Teimuraz  

Georgian Technical University  
 

Summary 
 

The analysis of nonlinear systems till now represents a challenge. The purpose of the given 
work is the decision of a problem of the certain class, namely, an establishment of communication 
between two big groups of methods of research: the method of harmonic balance and the functional 
description of objects of time area.  

The structure of researched systems is represented consistently included linear dynamic and 
nonlinear static by parts (Wiener's models and Hamershtein’s) which are described by series Volter. In 
article is defined the algorithm of mathematical model of wide class of nonlinear dynamic systems as 
complex factors of describing function. As a result of research expressions for calculation of complex 
factors of amplification are received.  

 
 
 

О ВОПРОСЕ ОПРЕДЕЛЕНИЯ ЭКВИВАЛЕНТНО КОМПЛЕКСНОГО  
КОЭФФИЦИЕНТА НЕЛИНЕЙНЫХ СИСТЕМ 

 
Мчедлишвили Н., Имедадзе Т. 

Грузинский Технический Университет 
 

Резюме 
 

Целью данной работы является решение задачи определенного класса анализа 
нелинейных систем, а именно, установление связи между двумя большими группами методов 
исследования: гармонического баланса и функционального описания объектов во временной 
области.  

Структура исследуемых систем представляется последовательно включенными 
линейным динамическим и нелинейным статическим частями (модели Винера и Гамерштейна), 
которые описаны рядом Вольтерра. В работе представлен алгоритм получения математической 
модели широкого класса нелинейных динамических систем в виде комплексных 
коэффициентов усиления. В результате исследования получены выражения для расчета 
комплексных коэффициентов усиления. 

 
 
 


