
 

51 

Tema 7.  operatoruli meTodi 

ganxilul speqtralur meTodTan mWidrod 
dakavSirebulia farTod gavcelebuli operatoruli 
meTodi, romelic efuZneba sistemaSi Sesavali da 
gamosavali signalebis warmodgenaze laplasis 
gardaqmnebis gamoyenebas. 

7.1.  diferencialuri gantolebebis amoxsna 
operatoruli meTodiT 

laplasis gardaqmna aris moqnili da mZlavri meTodi, 
romelic standartuli procedurebis CatarebiT iZleva 
saSualebas amovxsnaT mudmivi koeficientebis Semcveli 
wrfivi diferencialuri gantolebebi. zustad am Tvisebam 
ganapiroba misi gamoyeneba samecniero kvlevebSi da 
sainJinro gamoTvlebSi. 

vTqvaT diferencialuri gantoleba  
1
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gam

Ses Ses Ses
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         (1.71)    

adgens Sesabamisobis kanons wrfivi stacionaruli sis-
temis Sesavalsa da gamosasvlels Soris. SemovitanoT Se- 

zRudvebi. davuSvaT, rom Sesasvleli signali    ( ) 0u t Ses           

roca 0t  . radioteqnikuri xelsawyoebis specifikidan 
gamomdinare sawyisi pirobebi avirCioT nulis tolad: 

( 1)
(0) (0) ... (0) 0

n
u u u

   gam gam gam . bolos, miviRoT, rom Sesas-

vleli signalebis dasaSvebi mniSvnelobebi ar Seicavs 
funqciebs, romlebic droSi ise swrafad izrdebian, rom 
maTvis laplasis gardaqmna ar arsebobs. (maTematikurad 
nulovani sawyisi pirobebi niSnavs imas, rom Sesasvleli 
signalis warmoSobis momentamde sistema ar Seicavs 
dagrovil energias). 

originalsa da gamosaxulebas Soris Sesabamisobis 

kanoni avRniSnoT Semdegnairad: ( ) ( )u t U pSes Ses , 

( ) ( )u t U pgam gam . (1.71) gantolebis orive mxridan gamovTva-

loT laplasis gardaqmna, miviRebT  (1.72): 
1 1

1 1 0 1 1 0( ... ) ( ) ( ... ) ( ).n n m m
n n m ma p a p a p a U p b p b p b p b U p 

         gam Ses  
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mniSvnelovani maxasiaTebeli, romelzec agebulia 

operatoruli meTodi, aris gamosasvleli signalis 
gamosaxulebis Sefardeba Sesasvlel signalTan:  

( )
( ) ,

( )

U p
K p

U p


gam

Ses

                  (1.73) 

romelsac ewodeba gansaxilavi sistemis gadamcemi fun-
qcia an gadacemis operatoruli koeficienti. 

formula (1.72) Sesabamisad 
1

1 1 0

1
1 1 0

...
( ) ,

...

m m
m m

n n
n n

b p b p b p b
K p

a p a p a p a







   


   
           (1.74) 

Tu es funqcia cnobilia, maSin mocemul Sesasvlel 
zemoqmedebaze sistemis gamosavali reaqciis povna iSleba 
sam etapad: 

1. ( ) ( ),

2. ( ) ( ) ( ),

3. ( ) ( )

u t U p

U p K p U p

U p u t







Ses Ses

gam Ses

gam gam

 

termini ”operatoruli meTodi” istoriulad modis 
xevisaidis cnobili naSromebidan. man SemogvTavaza wrfiv 
eleqtrul wredebSi diferencialuri gantolebebiT aRwe-
rili gardamavali procesebis amoxsna simboluri xerxiT. 
xevisaidis meTodi efuZneba simbolur Canacvlebas - dife-

rencirebis operatoris d / dt -is kompleqsur ricxvze p -ze 

Canacvlebas. 

7.2. gadacemis funqciis Tvisebebi 

Tu SevadarebT (1.74) da (1.41) formulebs, davrwmunde-

biT, rom funqcia ( )K p aris rezultati gadacemis sixSi-

ruli koeficientis ( )K j  analitikuri gagrZelebisa 

warmosaxviTi j  RerZiT mTeli kompleqsuri sibrtyis 

p j    sixSireebis sibrtyeze. funqcia ( )K p  

analitikuria mTel p  sibrtyeze, garda im zRvruli 

raodenobis wertilebisa 1 2, ,..., np p p  romlebic arian 

formula (1.74)-is mniSvnelis fesvebi. am wertilebs, anu 

gantolebis 1
1 1 0... 0n n

n na p a p a p a
      fesvebs,  uwodeben 
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gadamcemi funqciis ( )K p -s polusebs.  

1 2, ,..., mz z z , wertilebs romlebic warmoadgenen ganto-

lebis    1
1 1 0... 0m m

m mb z b z b z b
       fesvebs,  uwodeben 

mocemuli gadamcemi funqciis nulebs. 
  (1.74)-is gantolebaSi, mricxvelis gayofisas mniSvnelze, 

Tu gavitanT saerTo 0K  mamravls, miviRebT egreTwode-

bul gadamcemi funqciis nul-polusur warmodgenas :  

          
    

    
1 2

0
1 2

( )
m

n

p z p z p z
K p K

p p p p p p

   
 

   
.            (1.75) 

diferencialuri gantolebis (1.72) namdvili koefici-
entebi ganapirobeben nulebis da polusebis Semdeg 
Tvisebas: yvela es ricxvebi arian an namdvilni an qmnian 
kompleqsurad SeuRlebel wyvilebs. 

xSirad iyeneben TvalsaCino xerxs: gadamcem funqcias 
asaxaven nulebis  da polusebis ruqiT, romelzec piro-
biTi niSnebiT (  -nuli, da  - polusi) datanilia aRniS-

nuli wertilebi. TviT ( )K p  funqcia, romelic iRebs 

kopleqsur mniSvnelobebs, SeuZlebelia warmovidginoT 
grafikulad. amitom iqcevian Semdegnairad: dekartuli 
sistemis koordinatebis sibrtyis zeviT asaxaven sam 

ganzomilebiani ( )K p  funqciis zedapirs (nax. 7.1). 

 
 

nax. 7.1 
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    7.1 nax.-ze moyvanilia gadamcemi funqciis ( )K p  zedapiris 

xasiaTi, romelsac aqvs ori komleqsur-SeuRlebuli polusi 

1,2 0p j     da erTi nuli 0z  . 

 

miRebul zedapirs aqvs ”mTiani landSaftis” maxasiaTe-
beli saxe; usasrulod maRali mwvervalebi Seesamabeba 
polusebs, xolo Rrmulebi - gadamcemi funqciis nulebs. 
Tu SevasrulebT am zedapiris kveTas sibrtyiT, romelic 
Seicavs rogorc vertikalur RerZs, aseve j  RerZs, maSin 

miviRebT sistemis asm-is profils. 
wrfivi sistemis gadamcemi funqciis polusebi warmoa-

dgenen maxasiaTebeli gantolebis (1.36) fesvebs. amitom 
sistemis mdgradobisaTvis aucilebelia da sakmarisi, rom  
es polusebi ganlagdnen mkacrad kompleqsuri p  cvladis 

marcxena naxevarsibrtyeSi. saerTo SemTxvevaSi gadamcemi 
funqciis nulebi SeiZleba ganlagdnen rogorc marcxena, 
aseve marjvena naxevarsibrtyeebSi. 

7.3. funqciis Sebruneba 

wrfiv stacionarul sistemaSi signalis gasvlis ope-
ratoruli meTodiT amocanis amoxsnis damagvirgvinebel 
etaps warmoadgens originalis povna, romelic Seesabameba  

gamosaxulebas  ( ) ( ) ( )U p K p U pgam Ses  . 

ganvixiloT kerZo SemTxveva, roca funqcia warmoadge-
ns ori kompleqsuri sixSiris xarisxebis mqone mravalwev-

rebis fardobas: ( ) ( ) / ( )U p M p N pgam , amasTan CavTvaloT, 

rom mricxvelis xarisxi m  ar aRemateba mniSvnelis n  

xarisxs, da amis garda, mniSvnelis fesvebi ip ,  i = 1, 2, ... , 

n martivia.   
originalis povnis xerxi, romelic pasuxobs aseT 

gamosaxulebas, efuZneba ( )U pgam  funqciis warmodgenas 

elementaruli wiladebis saxiT: 
1

( )

n
i

ii

C
U p

p p





gam . 

iC  koeficientebi arian ( )U pgam  funqciis naSTebi 

polusebis wertilebSi, amitom 
1

( )
( )

( )( )

n
i

i ii

M p
U p

N p p p



 

gam . 
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rogorc cnobilia, 
1

( )ip p
gamosaxulebas Seesabameba 

 exp ip t originali. maSasadame, mivdivarT cnobil Sebrune-

bis formulamde:  
1

( )
( ) exp( )

( )

n
i

i
ii

M p
U p p t

N p



gam .          (1.76) 

7.4. gamosasvleli signalebis povnis magaliTebi 
operatoruli meTodiT 

operatoruli meTodis praqtikuli gamoyenebisas 
formaluri gamoTvlebis udidesi nawili gamoiricxeba, 
Tu gamoviyenebT farTod gavrcelebul laplasis 
gardamqmnebis cxrilebs. 

magaliTi 1.17. ipoveT RC  wredis (nax. 7.2) gardamavali max-
asiaTebeli. 

amoxsna: aq  
1

,t
p

    
1

1
K p

p



, 

amitom 
 

1
( )

1
U p

p p



gam . am funqci-

is elementarul wiladebad daSlisas, 

         nax. 7.2            miviRebT      
 

1 1
( )

1/
U p

p p 
 


gam . 

bolo formulis marjvena mxaris orive Sesakrebi origi-
nalebi kargad aris cnobili. saZiebeli gardamavali maxasiaTe-

bels aqvs saxe        /1 tg t e t   . 

magaliTi 1.18. RC wredis (nax. 7.2) Sesasvlelze moqmedebs 

marTkuTxa formis emZ-is videoimpulsi T  xangZliobiT da  0U   

amplitudiT (ix. nax. 7.3). gamomaval signals warmoadgens Zabva 

wredis kondensatorze. ipoveT funqciia, romelic aRwers  cu t  

Zabvis cvlilebas droSi. 

amoxsna:  Sesasvlel signals aqvs gamosaxuleba 

   0 1 pTU
U p e

p

 Ses . am gamosaxulebaSi  exp pT arseboba 

adasturebs, rom gamosasvleli signali wainacvlebs droSi T  
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sididiT. amitom, magaliTi 1.17-Si miRebuli rezultatis gamo-
yenebiT, SegviZlia CavweroT   

               
              nax. 7.3                   nax. 7.4 

       //
0 01 1

t Tt
Cu t U e t U e t T

  
        

    
. 

 warmosaxviTisaTvis bolo formula 
mizanSewonilia warmovidginoT Semdegi 
saxiT: 

 
 

 

/
0

/ /
0

1 0

1

t

C
t T

U e t T
u t

U e e t T



 





   


 
 



roca

roca
. 

igive R  da C  parametrebisas, Tu gamo-
sasvvleli maxasiaTebeli moixsneba rezis-
toris momWerebidan, maSin Zabva rezistorze 

iqneba R Cu u u Ses  (nax. 7.5). 

   nax. 7.5 

magaliTi 1.19. paraleluri rxeviTi konturis impulsuri 
maxasiaTebeli. 

impulsuri maxasiaTeblis dadgena. danakargebiani 
paraleluri rxeviTi konturis aRigzneba denis delta-impulsiT 
wredis ganuStoebel nawilSi. gamosaval signals warmoadgens 

Zabva konturSi. toloba      U p Z p I p miuTiTebs imaze, rom 

am SemTxvevaSi gadamcemi funqciis rols asrulebs konturis 

operatoruli winaRoba       
2 2

0

/

2

p C
Z p

p p 


 
,           (1.77) 

sadac   
1

;
2RC

    2
0

1

LC
  .    

  moxerxebulia formula (1.77) warmovidginoT Semdegi saxiT 
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2 2

/

c

p C
Z p

p  


 
                    (1.78) 

sadac  2 2
c o     - danakargebis mqone konturis sakuTari  

rxevebis sixSirea. 

 denis delta-impulsis gamosaxuleba aris erTi, amitom am 
sistemis impulsuri maxasiaTebeli aris originali, romelic 
Seesabameba (1.78) gamosaxulebas. laplasis gardamqmnebis 

cxrilidan vpoulobT      cos sin
t

c c
c

e
h t t t

C

 
 



  
  

 
.     (1.79) 

 Tu konturi maRalvargisobiania  0  , maSin formula 

(1.79) odnav gamartivdeba      0cos
te

h t t
C






 .                (1.80) 

 aucilebelia gvaxsovdes, rom formulebi (1.79) da (1.80) Seesa-
bameba konturis aRgznebas denis usasrulod mokle impulsiT, 
romlis farTobi amisda miuxedavad Seadgens 1a×wm . realur 

masStambSi – es Zalze didi sididea: marTkuTxa impulss  1 mkwm  

xangZlivobiT unda hqondes giganturi amplituda 610 a !  ar 

aris gasakviri, rom roca 1000C  pkf  , dasawyis momentSi aseTi 

impulsi gamoiwvevs 610 v  Zabvas. realur denis impulss ampli-

tudiT 0,01 a  da 1 mkwm xangZlivobiT aqvs farTobi 810 a×wm ; 

roca 1000C  pkf  konturis sawyisi Zabva Seadgens 10 v.  

 amrigad, roca 0t  , Zabvas paralelur konturSi, romelic 

aRigzneba Simp  farTobis mqone  nebismieri formis denis mokle 

impulsiT, aqvs saxe     cos sin
t

c c
c

S e
u t t t

C




 


  
  

 

imp .      (1.81) 

 
 
 
 
 
 
 


