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Tavi 3. wrfivi dinamiuri sistemebi 

wrfivi dinamiuri sistemebi ewodeba mowyobilobebs, 
romlebic xasiaTdebian Semdegi TvisebebiT: maTi 
gamomavali signali ganisazRvreba ara marto Sesasvleli 
signalis mniSvnelobiT drois ganxilul momentSi, aramed 
am signalis ”winaistoriiT”. sxvanairad Tu vityviT, 
dinamikur sistemas gaaCnia raRac sasruli an usasrulo 
”mexsiereba”, romlis xasiaTze damokidebulia Sesasvleli 
signalis gardaqmnis Taviseburebani. 

3.1. sistemebi, romlebic aRiwereba diferencialuri 
gantolebebiT 

Yyvela SesaZlo dinamikur sistemas Soris Teoriuli 
radioteqnikisaTvis didi mniSvneloba  aqvs maT, 
romlebic aRiwereba diferencialuri operatorebiT. 
zogad SemTxvevaSi saqme exeba iseT sistemebs, 
romelTaTvisac kavSiri  erTganzomilebian Sesasvlel da 
gamosasvlel signalebs Soris myardeba Semdegi 
diferencialuri gantolebebiT: 
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davuSvaT, rom mocemulia Sesasvleli signali )(tuSes . 

maSin gantolebis marjvena nawili (1.30), romelic 
SeiZleba pirobiTad avRniSnoT )(tf , warmoadgens cnobil 
funqcias. sistemis qcevis analizi am dros daiyvaneba  
maTematikaSi kargad Seswavlil mudmiv koeficientebiani 

n -rigis wrfivi diferencialuri gantolebis amoxsnaze: 
1

1 1 01
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gam          (1.31) 

am gantolebis n  rigs miRebulia vuwodoT dinamikuri 
sistemis rigi. 

ganvixiloT dinamikuri sistemis da maTi Sesabamisi 
diferencialuri gantolebebis ramdenime magaliTi. 
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magaliTi 3.1. mocemulia RC saxis Г -sebri oTxpolusas wredi 
(nax. 3.1), romelic aRigzneba Sesasvlelis mxridan  e.m.Zis )(tugam  

wyaroTi. gamosasvleli signali aris Zabva ugam  gamosasvlelze. 

amoxsna. vinaidan deni wredSi 

( )C

du
i t C

dt


gam
, kirxhofis meore kanonis 

gamoyenebiT vRebulobT diferencialur 

gantolebas  
du

RC u u
dt

 
gam

gam Ses .    (1.32) 

     nax. 3.1 
 

amgvarad, RCwredi warmoadgens 1-li rigis dinamikuri 
sistemis magaliTs. Aam wredis mniSvnelovani parametria 
drois mudmiva RC , romelic ganisazRvreba sistemaSi 
procesebis mimdinareobis maxasiaTebeli droiTi 
masStabiT.  

1-li rigis dinamikur sistemebs aseve uwodeben 
inerciul rgols 

 
magaliTi 3.2. mocemulia SedarebiT rTuli sistema, Seqmnili 

ori RC -wrediT, romlebic gayofilia 0K  gaZlierebis koefici-

entis mqone idealuri maZlierebliT (nax. 3.2).  maZliereblis 
Sesasvleli winaRoba 
SeuzRudavad didia, 
xolo gamosasvleli 
winaRoba usasrulod 
mcire, amitom maZlie-
rebeli warmoadgens 
wre debs Soris gan-
mxoloebis idealur    

                 nax. 3.2                      elements. 
amoxsna:Oori drois mudmivas 111 CR  da 222 CR SemotaniT 

wina magaliTis analogiiT gvaqvs 1-li rigis Semdegi 
diferencialuri gantolebebi: 
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Aaqedan damxmare sididis 1u  gamoricxviT, miviRebT wredis 

diferencialur gantolebas: 

.)( 0212
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21 Sesgam
gamgam

uKu
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ud
                   (1.33) 

Aaq ganxiluli ufro rTuli RC -wredi aRmoCndeba ukve me-2 
rigis sistema. 

magaliTi 3.3. vipovoT paraleluri rxeviTi konturis 
diferencialuri gantoleba danakargebiT, Tu CavTvliT, rom 

Sesasvlel signals warmoadgens 
deni )(ti , xolo gamosasvlel sig-

nals Zabva konturze )(tu . 
amoxsna:Ddenebis SekrebiT 
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         nax.3.3                  vRebulobT gantolebas 
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romelic  drois mixedviT erTjeradi diferencirebis gziT 
daiyvaneba saxemde 
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sadac )(2/1 RC  - konturis milevis koeficientia, 0 1 LC   

udanakargo konturSi sakuTari rxevebis sixSirea. 

 

3.2. dinamiuri sistemebis sakuTari rxevebi 

imisaTvis, rom srulad ganisazRvros dinamikuri 
sistemis qceva, romelic aRiwereba gantolebiT, saWiroa 
gaviTvaliswinoT sawyisi pirobebi, romlebic axasiaTeben 
sistemis Sida mdgomareobas drois raRac fiqsirebul 
momentSi. Cveulebriv miRebulia saZiebeli funqciis da 
misi 1n rigis warmoebulis mocema roca  

        ( 1)0 : (0), (0),..., (0).nt u u u  gam gam gam  

Ddiferencialuri gantolebebis Teoriidan cnobilia, 
rom (1.31) gantolebis amoxsna , romelic akmayofilebs 
nebismier sawyis pirobebs, warmoadgens jams im 
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araerTgvarovani gantolebis raRac kerZo amonaxsnisa, 
romlis marjvena nawili )(tf  gansxvavdeba nulisagan, da 
erTgvarovani gantolebis saerTo amonaxsnisa 
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erTgvarovani diferencialuri gantolebis amoxsnis 
problema dakavSirebulia sistemis maxasiaTebeli 
gantolebis fesvebis povnasTan 
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mocemul gantolebas aqvs zustad n  fesvi. ramdenadac 
gantolebis koeficientebi namdvilia, fesvebi n ,...,, 21  

SeiZleba iyos  rogorc namdvili, aseve kompleqsur-SeuR-
lebuli. Tu yvela fesvi gansxvavebulia, maSin erTgva-
rovani gantolebis saerTo amonaxsns (1.35), romelic aR-
wers sistemis sakuTar rxevebs, aqvs saxe: 

t
n

tt neCeCeCtu


 ...)( 21
21gam ,                (1.37) 

sadac – nCCC ,...,, 21  mudmivi ricxvebia, romlebic 

ganisazRvreba sawyisi pirobebidan. 
Tu fesvebidan zogierTi jeradia, maSin  erTgvarovani 

gantolebis sarTo amonaxsnis  mdgenelebi ramdenadme 
rTuldeba sekuliaruli (”saukonovani” - termini astrono-
miidan) mamravlebis gaCenis xarjze. amgvarad, Tu i  warmo-

adgens  k -s jerad fesvs, mas pasuxobs sakuTari rxevebis 
1exp( ), exp( ), ... , exp( )k

i i it t t t t    saxis erToblioba. 

ganvixiloT wrfiv stacionarul wredebSi sakuTari 
rxevebis magaliTebi. 

 
magaliTi 3.4. 0U  Zabvamde winaswar damuxtuli C  tevadobis 

kondensatoris aperioduli ganmuxtva, 
romelic 0t  drois momentSi ikvreba 
R winaRobis rezistoriT.  

amoxsna: wredi aRiwereba Semdegi 
diferencialuri gantolebiT cu cvladis - 

kondensatorze Zabvis mimarT: 

,0 c
c u

dt

du
  

      nax. 3.4      erTaderTi ,)0( 0Uuc  sawyisi pirobis dros.     
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                    - drois mudmiva RC  . 
01 MmaxasiaTebel gantolebas aqvs fesvi  /1 . Aaqedan 

vpoulobT Tavisufali rxevebis gantolebis saerTo amonaxsns: 
            )/exp()( tAtuc  . 

imisaTvis, rom davakmayofiloT 
sawyisi piroba, aucilebelia davuSvaT 

0UA  . sabolood vRebulobT 

)/exp()( 0 tUtuc  . 

amrigad, maxasiaTebeli gantolebis 
namdvil uaryofiT fesvs pasuxobs 
sakuTari rxeva, romelic eqsponencia-  

       nax. 3.5           lurad mcirdeba droSi (ix. nax. 3.5). 
Dam wredis drois mudmiva   aris drois Sualedi, romlis 

ganmavlobaSic Tavisufali procesi miileva – ...71828.2e jer. 
magaliTi 3.5. kondensatoris rxeviTi ganmuxtva. 

vTqvaT wina magaliTi garTulebulia 
imiT, rom wredSi gvaqvs agreTve 

induqciuri elementi L  (nax. 3.6). wredis 

diferencialur gantolebas )(ti denis 

mimarT, Sedgenils kirxhofis meore 
kanonis safuZvelze, aqvs saxe 

02 2
02

2

 i
dt

di

dt

id
 ,               (1.38) 

          nax. 3.6       sadac  ./1),2/( 0 LCLR    

Ppirveli sawyisi piroba 0)0( i ganpirobebulia konturSi 

induqciuri elementis arsebobiT, vinaidan am SemTxvevaSi deni 
naxtomiT ar SeiZleba Seicvalos.  

Ddrois sawyis momentSi Zabva kondensatorze wonaswordeba 
TviTinduqciis emZ-iT: 
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mocemuli wredis maxasiaTebel gantolebas 

02 2
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aqvs kompleqsur-SeRlebuli fesvebi: 

2 2 2 2 2 2 2 2
1,2 0 0 0 cj j j j j                          , 
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sadac c - sistemis sakuTari rxevebis sixSirea. Tu danakargebi 

konturSi sakmaod mcirea, maSin  0 , amitom .0 c . 

erTgvarovani gantolebis saerTo amonaxsni 
tt

eCeCti 21
21)(


                                        (1.39) 

Seicavs koeicientebs 1C  da 2C , romlebic akmayofileben 

algebrul gantolebaTa sistemas (ix. sawyisi pirobebi): 
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am koeficientebis   (1.39)  gamosaxu-
lebaSi CasmiT, sabolood vRebulobT                  
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       (1.40) 

       nax. 3.7          grafikulad (ix. nax. 3.7)        
 
 

3.3. dinamikuri sistemebis gadacemis sixSiruli 
koeficienti 

 

Tu wrfivi dinamikuri sistemis Sesasvlelze modis signali, 

romelsac aqvs ).exp()( tjtu Ses saxis kompleqsuri maTematikuri 

modeli, maSin signali gamosasvlelze ).exp()()( tjtjKtu gam  Aam 

gamosaxulebebis CasmiT (1.30)–Si, saerTo mamravlze Sekvecis 
Semdeg vRebulobT sistemis gadacemis sixSirul maxasiaTebels 
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amgvarad, nebismieri dinamikuri sistemis gadacemis 
sixSiruli maxasiaTebeli, romelic aRiwereba  Cveulebrivi 
mudmivkoeficientebiani diferencialuri gantolebiT, warmoad-

gens jω cvladis wilad-racionalur funqcias; am funqciis koe-

ficientebi emTxveva diferencialuri gantolebis koeficientebs. 
sainJinro gamoTvlebSi wrfivi sistemis gadacemis sixSirul 

maxasiaTebels xSirad pouloben wredebis Teoriis meTodebiT 
principialuri sqemebis safuZvelze diferencialuri ganto-
lebebis Sedgenis gareSe. ganviziloT zogierTi magaliTi. 
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magaliTi 3.6. Zabvis gadacemis sixSiruli koeficienti 
RC wredisa, romlis sqema moyvanilia magaliTi 3.1.-Si 
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sadac RC drois mudmivaa. asm-is 
gantolebas aqvs saxe 
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fsm ganisazRvreba Semdegnairad: 
).()(  arctgk   

asm-is saxe gviCvenebs, rom aseTi wre-
di SeiZleba gamoviyenoT dabali 
sixSireebis 

      nax. 3.8       filtrad  (dsf). 
magaliTi 3.7. RCL ,, elementebze agebuli Г - sebri oTxpolu- 

sas Zabvis gadacemis sixSiruli 
koeficienti.Aaq     
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     nax. 3.9                 saidanac gamomdinareobs asm-is       
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       nax. 3.10       
Tu danakargebis winaRoba R  imdenad mcirea, rom sistemis 

vargisianoba 
/

1
L C

Q
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  , maSin mocemul wreds warmatebiT 

SeuZlia Seasrulos zoluri filtris roli. 
 


