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leqcia 10-11 

Tavi II. Tema: laplasis gardaqmna 

ase ewodeba integraluri gardaqmnis kidev erT saxes, 
romelic furies gardaqmnasTan erTad farTod 
gamoiyeneba radioteqnikaSi sakmaod gansxvavebuli 
amocanebisTvis, rac dakavSirebulia signalebis 
SeswavlasTan. 

2.38. kompleqsuri sixSiris cneba 

 speqtruli meTodebi, rogorc cnobilia, 
dafuZnebulia imaze, rom gamosakvleli signali 
warmoidgineba elementaruli Sesakrebebis usazRvrod 
didi ricxvis saxiT, romelTagan TiToeuli droSi 

icvleba periodulad kanoniT exp( ).j t  

 am principis bunebrivi ganzogadeba mdgomareobs imaSi, 
rom nacvlad kompleqsuri eqsponencialuri  signalebisa  

sufTa warmosaxviTi maCveneblebiT ganixilaven exp( )pt  

saxis signalebs, sadac p  kompleqsuri ricxvia: 

 p j  , romelmac miiRo kompleqsuri sixSiris 

saxelwodeba. 
ori aseTi kompleqsuri eqsponencialuri signalisagan 

SeiZleba SevadginoT namdvili signali, magaliTad 
Semdegi wesis mixedviT: 

               
*

( ) ( ) / 2,pt p ts t e e          (2.52) 

sadac *  p j   kompleqsur-SeuRlebuli sididea. 

marTlac, am dros 

( ) cos .
2

j t j t
t te e

s t e e t
 

  


        (2.53) 

kompleqsuri sixSiris namdvili da warmosaxviTi 
nawilebis arCevis mixedviT SeiZleba miviRoT  sxvadasxva 
saxis namdvili signalebi. Aamgvarad, Tu 0 , magram 

0 , maSin miiReba cos t  saxis Cveulebrivi harmoniuli 
rxevebi. Tu 0  maSin  –is niSnis mixedviT miiReba 
droSi zrdadi an klebadi eqsponencialuri rxevebi. U 
  aseTi saxis signalebi iReben ufro rTul formas, 

roca 0 . aq mamravli exp( )t aRwers momvlebs, romelic 

eqsponencialurad icvleba droSi. zogoerTi tipiuri 
signalebi gamosaxulia nax. 2.33 -ze. 
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Nnax. 2.32. namdvili signalebi, romlebic pasuxoben kompleqsuri 

sixSiris sxvadasxva mniSvnelobebs 

kompleqsuri sixSiris cneba aRmoCnda metad 
sasargeblo upirveles yovlisa imitom, rom is gvaZlevs 
SesaZleblobas, ar mivmarToT ganzogadebul funqciebs, 
miviRoT signalebis speqtruli warmodgenebi, romelTa 
maTematikuri modelebi araintegrirebadia. arsebiTia sxva 
mosazrebac: (2.53) saxis eqsponencialuri signalebi 
warmoadgenen sxvadasxva wrfiv sistemebSi rxevebis 
gamokvlevis ”bunebriv” saSualebas. es sakiTxebi 
Seswavlili iqneba ”wrfivi sistemebi”-s me-3 TavSi. 

yuradReba unda mieqces imas, rom WeSmariti fizikuri 
sixSire warmoadgens kompleqsuri sixSiris warmosaxviT 
nawils. Kkompleqsuri sixsiris  namdvil nawilisaTvis 
specialuri termini ar arsebobs. 

2.39. ZiriTadi Tanafardobani 

 vTqvaT ( )f t  raime signalia, namdvili an kompleqsuri, 

gansazRvruli 0t  dros da romelic udris nuls drois 
uaryofiTi mniSvnelobebisas. Aam signalis laplasis 
gardaqmna aris kompleqsuri p  cvladis funqcia, 

romelic moicema integraliT: 



signalebis Teoria 

 

 72 

               

0

( ) ( )



 
ptF p f t e dt         (2.54) 

( )f t signals ewodeba originali, xolo ( )F p  funqcias 

_ misi gamosaxuleba laplasis mixedviT (mokled, 
ubralod gamosaxuleba). 

piroba, romelic uzrunvelyofs (2.54) integralis 

arsebobas, mdgomareobs SemdegSi: ( )f t signals unda 

hqondes zrdis araumetes eqsponencialuri xarisxi, roca 

0t , e.i. unda akmayofilebdes utolobas ( ) exp( )f t A at , 

sadac ,A a_dadebiTi ricxvebia. 

am utolobis Sesrulebisas ( )F p funqcia arsebobs im 

azriT, rom (2.54) integrali absoluturad krebadia yvela 
p  kompleqsuri ricxvisTvis, romelTaTvisac Re p a . a  

ricxvs   uwodeben absoluturi krebadobis abscisas. 
cvladi p  ZiriTad formulaSi (2.54) SeiZleba iyos 

gaigivebuli kompleqsur sixSiresTan  p j  . marTlac, 

sufTa warmosaxviTi kompleqsuri sixSirisas, roca 0 , 

formula (2.54) gadadis (2.16)     dj tS s t e t






 
  

 
  formula-

Si, romelic gansazRvravs signalis furies gardaqmnas. is 
nulis tolia roca 0t . amrigad, laplasis gardaqmna 
SeiZleba ganvixiloT, rogorc furies gardaqmnis 
ganzogadeba kompleqsuri sixSirebis SemTxvevaze. 

Mmsgavsad imisa, rogorc es xdeba furies gardaqmnis 
TeoriaSi, Tu viciT gamosaxuleba, SeiZleba aRvadginoT 
originali. AamisaTvis furies uku gardaqmnis formulaSi  

            
1

( ) ( )
2





 
j tf t F e d 


         

mizanSewonilia SevasruloT analitikuri gagrZeleba, 
warmosaxviTi j  cvladidan  j   kompleqsur argument-

ze gadasvliT. Kkompleqsuri sixSiris sibrtyeze 
integrirebas axdendnen usazRvrod gaWimuli vertikalu-
ri RerZis  gaswvriv, romelic ganlagebulia absoluturi 
krebadobis abscisis marjvniv. vinaidan roca  const  
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diferenciali (1 )d j dp  , laplasis uku gardaqmnis 

formula Rebulobs saxes 

1
( ) ( )

2

c j

pt

c j

f t F p e dp
j

 

 

  .      (2.55) 

Kkompleqsuri cvladis TeoriaSi damtkicebulia, rom 
laplasis mixedviT gamosaxulebas aqvs ”kargi” Tvisebebi 
sigluvis TvalsazrisiT: aseTi gamosaxulebebi kompleq-
suri sibrtyis yvela p  wertilSi, egreTwodebuli gan-

sakuTrebuli wertilebis cvladi simravlis gamoklebiT, 
warmoadgenen analizur funqciebs. gansakuTrebuli wer-
tilebi, rogorc wesi, _ polusebia, erTjeradi an mraval-
jeradi. Aamitom (2.55) saxis integralebis gamosaTvlelad 
SeiZleba gamoviyenoT naSTTa Teoriis moqnili meTodebi. 

praqtikaSi farTod gamoiyeneba laplasis gardaqmnis 
cxrilebi, romlebSic Tavmoyrilia cnobebi originalebsa 
da gamosaxulebebs Soris Sesabamisobis Sesaxeb.  

cxrilebis arsebobam laplasis gardaqmna gaxada popu- 
laruli rogorc Teoriul kvlevebSi, ise radioteqniku- 
ri mowyobilobebisa da sistemebis sainJinro gaangariSe-
bebSi. [6]-is danarTebSi gvaqvs iseTi cxrili, romelic 
saSualebas gvaZlevs gadavwyvitoT amocanebis sakmaod 
farTo wre.  

2.40. laplasis gardaqmnebis gamoTvlis magaliTebi 

gamosaxulebebis gamoTvlis saSualebebSi bevri saer-
Toa imasTan, rac ukve Seswavlilia furies gardaqmnebTan 
dakavSirebiT. ganvixiloT SedarebiT maxasiaTebeli 
SemTxvevebi. 

magaliTi 2.4. daadgineT ganzogadoebuli eqsponencialuri 
impulsis gamosaxuleba. 

amoxsna: vTqvaT 0( ) exp( ) ( )f t p t t , sadac 0 0 0 p j   – 

fiqsirebuli kompleqsuri ricxvia. F  funqciis arseboba 

uzrunvelyofs tolobas ( ) 0f t  roca 0t . Tu gamoviyenebT 

(2.54) formulas 

0

( ) ( ) ptF p f t e dt




 
 
 
 

 , miviRebT 

 



signalebis Teoria 

 

 74 

0

0

( )
( )

00

( )
0

p p t
p p t

te
F p e dt

p p t

  
 

 
  

 
 . 

Tu 0Re p  , maSin mricxveli iqceva nulad zeda zRvris 

Casmisas. Sedegad miviRebT Sesabamisobas 

0

0

1
( ) 



p t
e t

p p
        (2.56) 

rogorc (2.56) formulis kerZo SemTxveva, SeiZleba vipovoT 
gamosaxulebebi namdvili eqsponencialuri videoimpulsisa: 

1
( ) 



te t
p

 


          (2.57) 

Dda kompleqsuri eqsponencialuri signalisa: 

0

0

1
( ) 



j t
e t

p j

 


       (2.58) 

bolos, (2.57)-Si 0  CasmiT, miviRebT xevisaidis funqciis 
gamosaxulebas: 

1
( ) t

p
         (2.59) 

magaliTi 2.5. daadgineT delta-funqciis gamosaxuleba. 

amoxsna: Tu gansaxilveli impulsi aRiZvreba 0 0t  drois 

momentSi, maSin integrali 

                0
0

0

( ) .



 
ptptt t e dt e  

Aamgvarad,       0
0( )


 

pt
t t e          (2.60) 

es gamosaxuleba gansazRvrulia kompleqsuri sibrtyis yvela 
p  wertilSi da arsad ar gaaCnia Taviseburebani, garda 

usasrulod daSorebuli wertilisa. 
garkveul sirTules SeiZleba warmoadgendes delta-impulsis 

gamosaxulebis gamoTvla, romelic Tavmoyrilia roca 0t , 
ramdenadac gaugebaria, rogor unda gaviTvaliswinoT wili 
ganzogadebuli funqciidan, romelic Tavmoyrilia integrirebis 
aris erT-erT boloSi. saqme imaSia, rom  TavSi 1 delta-funqcia 
gansazRvruli iyo rogorc im impulsebis Tanmimdevrobis 

zRvari, romlebic simetriulia 0t  wertilis mimarT. Tu for-
malurad moviqceviT, maSin integrirebis aris farglebSi 
aRmoCndeba  aseTi impulsis mxolod naxevari, rac migviyvans 
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integralis orjerad Semcirebamde. imisaTvis, rom  es ar mox-

des, ( )t funqciis gamosaxuleba ganisazRvreba rogorc zRvari 

       
0

0

lim ( ) 1









ptt e dt




 ,    romelic ar aris damokidebuli   

parametrze. aseTi midgomisas ( )t  funqcia mTlianad 

ekuTvnis integrirebis ares. amitom  delta-impulsi 

(nax. 2.34)  ekuTvnis 0t   ares,   anu   
  

               ( ) 1t  .                     (2.61) 
   

 nax. 2.34                 

2.41. warmoebulebis gamosaxuleba 

imisaTvis, rom vipovoT signalis pirveli warmoebulis 
gamosaxuleba, saWiroa SevasruloT nawilobiTi 
integrireba: 

  
   

0 0

d d
d ( ) ( ) d .

0d d

pt pt ptf t f t t
e t f t e p f t e t

tt t

 

   
  

   

advilad vrwmundebiT, rom pirveli warmoebulis 
gamosaxuleba Seicavs signalis mniSvnelobas sawyis 
wertilSi: 

               
d

( ) (0).
d

f
pF p f

t
        (2.62) 

induqciis mixedviT mtkicdeba formula n -rigis 
warmoebulis gamosaxulebisaTvis: 

1 2 ' ( 2) ( 1)d
( ) (0) (0) ... (0) (0)

d

n
n n n n n

n

f
p F p p f p f pf f

t

          (2.63) 

sawyisi mdgomareobis gaTvaliswinebis SesaZlebloba 
0t  dros saSualebas gvaZlevs gamoviyenoT laplasis 

gardaqmnis meTodi ucnobi sawyisi pirobebis mqone wrfivi 
diferencialuri gantolebebis amosaxsnelad. 

laplasis gardaqmnis ZiriTadi Tvisebebi furies gar-

daqmnis aRwerili  Tvisebebis msgavsia [14] (Лаврентьев М.А., 

Шабат Б.В.  Методы терии функций комплексного переменного. – 

М.: Физматгиз, 1958.). 


