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Tavi VI. Tema 19. oTxpolusebis sixSiruli 

maxasiaTeblebi 

oTxpolusebi ewodebaT eleqtrul wredebs, romlebic 
SeiZleba ganvixiloT, rogorc ”Savi yuTi” xelmisawvdomi 
momWerebis ori wyviliT. erTi wyvili emsaxureba 
signalis Sesasvlels, meore – gamosasvlels. samuSao 
reJimSi SesasvlelTan mierTebulia signalis wyaro, 

xolo gamosasvleli momWerebi 
datvirTulia datvirTvis 
winaRobiT Zd  (nax. 19.1). 

igulisxmeba, rom mkiTxveli 
gacnobilia oTxpolusaTa ana-
lizis meTodebTan, romlebic  

    nax. 19.1               gadmocemulia  wredebis Teo-
riis kursSi. Mmocemuli paragrafis masala aSuqebs mxo-
lod oTxpolusaTa sinTezisaTvis arsebiT calkeul 
momentebs. 

M19.1. matriculi aRwera 

wrfivi stacionaruli oTxpolusas umniSvnelovanesi 
Tviseba mdgomareobs imaSi, rom oTxi kompleqsuri ampli-

tuda 1 1 2 2, , ,U I U I     gare zemoqmedebis nebismieri sixSirisas 

erTmaneTTan dakavSirebulia wrfivi algebruli ganto-
lebebiT. Oori nebismierad arCeuli kompleqsuri amplitu-
da SeiZleba CavTvaloT damoukidebel sidideebad, xolo 
danarCeni ori unda ganisazRvros maTi saSualebiT. Ees sa 
fuZvlad udevs wrfivi oTxpolusebis matricul aRweras. 
Aase rom, Tvlian  ra damoukidebel cvladebad Zabvas da 
dens gamosasvlelze, xSirad iyeneben gadacemis matricas 

( ABCD -matricas). Aam  dros      1 2 2

1 2 2

U AU BI

I CU DI

 

 

  

 
   (19.1) 

 , ,A B C da D koeficientebs sxvadasxva fizikuri ganzo-
milebebi aqvT da SeiZleba gansazRvrulni iqnen uqmi 
svlisa da mokle CarTvis cdebidan. gadacemis matricebi 
gansakuTrebiT mosaxerxebelia  oTxpolusaTa kaskaduri 
SeerTebis aRwerisaTvis, vinaidan rezultiuri matrica 
aris calkeuli rgolebis  matricebis namravli. Tu  
mocemulia oTxpolusas matrica da datvirTvis winaRoba, 
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maSin SeiZleba gamoiTvalos egreTwodebuli wredis funq-
ciebi, romelTac miakuTvneben magaliTad: 

a) Sesasvlel winaRobas 
1 1Z /U I 

Ses ; 

b) gadamcem winaRobas 
2 1Z /U I  

gad ; 

g) Zabvis gadacemis sixSirul koeficients 
2 1/K U U   . 

wredis funqciebi zogad SemTxvevaSi damokidebulia 
sixSireze. wredis nebismieri funqcia gamoisaxeba  
oTxpolusas matricis elementebis da datvirTvis 
winaRobis  saSualebiT. Aamgvarad, (19.1) gantolebis  
marcxena da matrjvena nawilebis erTmaneTze gayofiT, 
vpigebT, rom Sesasvleli winaRoba 

            Z ( ) ( Z ) / ( Z )j A B C D  Ses d d .      (19.2) 

analogiurad, Zabvis gadacemis sixSiruli koeficienti 

                  ( ) Z / ( Z )K j A B d d  .    (19.3) 

mivaqcioT yuradReba imas, rom funqcia ( )K j  damo-

kidebulia sistemaSi energiis gadacemis mimarTulebaze. 
(pirdapiri da uku gadacemis koeficientebi zogad 
SemTxvevaSi ar emTxvevian erTmaneTs). 

Tu wyaro da datvirTva adgilebs gacvlian, maSin 
SemoaqvT ukumimarTulebiT gadacemis sixSiruli 
koeficienti (datvirTva marcxniv): 

                          
1 2/K U U  

uku            (19.4) 

19.2. oTxpolusas gadacemis funqcia 

SemdgomSi gadacemis sixSiruli koeficientis argumen-
tad gamoyenebuli iqneba ara marto cvladi j , aramed 

kompleqsuri sixSire p , e.i. ( )K j  funqciasTan erTad 

ganxiluli iqneba ufro zogadi maxasiaTebeli _ gada-

cemis funqcia ( )K p . oTxpolusas gadacemis funqcias aqvs 

Tavi 8-Si ganxiluli wrfivi stacionaruli sistemebis 
gadacemis funqciebis  yvela Tviseba. Aamgvarad, mudmiv 
parametrebiani wrfiv oTxpolusas pasuxobs funqcia 

             1 2

1

0

2

( )( )...( )
( )

( )( )...( )

m

n

p z p z p z
K p K

p p p p p p

  


  
,           

sadac 0K  mudmivi sididea. Tu wredi mdgradia, maSin po-

lusebi 
1 2, ,...

n
p p p  ganlagebuli unda iyos marcxena naxe-
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var sibrtyeSi da qmnidnen kompleqsurad-SeuRlebul wyvi-
lebs. 

Cveulebriv SemoaqvT damatebiTi piroba – ( )K p  funq-

ciis polusebis ricxvi unda aWarbebdes nulebis ricxvs, 
e.i. usasrulod daSorebul wertilSi unda arsebobdes  
gadacemis funqciis ara polusi, aramed nuli. maSin im-
pulsuri maxasiaTebeli 

1 1
( ) ( ) ( )

2 2

j t pt

C

h t K j e d K p e dp
j





  
 

 
 

aRmoCndeba Semofargluli, ramdenadac  integrebis kon-
turis usasrulod didi radiusisas  integralqveSa 
funqciis eqsponencialur Tanamamravls SeuZlia “CaaxSos” 
integrali rkalis gaswvriv. 

aRsaniSnavia, rom gadacemis fumqciis nulis arseboba 
usasrulod daSorebul wertilSi uzrunvelyofs wredis 
asm-is vardnas Zalian maRal sixSireebze. 

19.3.Ggadacemis funqciis nulebis ganlageba 

  mdgradi wrfivi oTxpolusas ( )K p  funqciis polusebi-

sagan gansxvavebiT nulebi SeiZleba ganlagdnen p  cvla-

dis rogorc marcxena, aseve marjvena  naxevarsibrtyeSi. 

marTlac, Tu ( ) 0K p  , es mxolod niSnavs imas, rom raRac 

1( ) 0U p   dros 
2 ( )U p  gamosasvleli Zabvis gamosaxuleba 

nulad iqceva. Ees ar ewinaaRmdegeba mdgradi sistemebis 
Tvisebebs. 

oTxpolusebs, romelTac ar gaaCniaT gadacemis 
funqciis nulebi  marjvena naxevarsibrtyeSi, uwodeben 
minimalur-fazur wredebs. Tu nulebi gvaqvs marjvena nax-
evarsibrtyeSi, maSin aseT oTxpolusebs uwodeben aramini-
malur-fazur wredebs. 

Mmocemuli terminologia dakavSirebulia 
Semdeg garemoebebTan. ganvixiloT kompleq-
suri sixSiris sibrtye (nax. 19.2), romelze-

dac aRniSnulia raRac 1z  da 2z  wertilebi 

da marcxens da marjvena naxevarsib rtyeebSi.         
nax. 19.2    vTqvaT es wertilebi warmoadgenen oTxpolu-
sas gadacemis funqciis nulebs.  Tu wredi imyofeba har-
moniuli gare zemoqmedebis qveS ise, rom p j  , maSin 
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mocemul wertilebs Seesabameba ori veqtori kompleqsur 

sibrtyeze: 1 1V j z   da 2 2V j z  , romlebic pasuxoben  

(19.5) formulis mricxvelSi Sesabamis Tanamamravlebs. 
orive veqtori brundeba da icvlis sigrZes  sixSiris 
cvlilebisas. Ggansxvaveba maT Soris mxolod isaa, rom  

1V  veqtori sixSiris cvlilebisas  -dan - -mde gadace-

mis sixSiruli maxasiaTeblis fazur kuTxes zrdis  ra-

dianiT im dros, roca veqtori 2V  imave pirobebisas amci-

rebs fazas imave sididiT. OoTxpolusas gadacemis koefi-
cienti warmoadgens wilad-racionalur funqcias, romlis 
argumentis cvlileba 

arg ( ) arg ( ) arg ( )K j
 

   
 

mricxveli mniSvneli





. 

amitom nulebisa da polusebis erTnairi ricxvis dros 
araminimalur-fazuri wredi uzrunvelyofs gadacemis 
koeficientis fazis absoluturi mniSvnelobiT ufro met 
cvlilebas minimalur-fazur wredTan SedarebiT. 

( )K p Ffunqciis nulebis ganlageba dakavSire-

bulia  wredis topologiur struqturasTan. 
wredebis TeoriaSi naCvenebia, rom minimalur-
fazuri iqneba Semdegi Tvisebebis mqone nebis-
mieri oTxpolusa: signalis gadacema Sesas-
vlelidan gamosasvlelze SeiZleba mTlianad 
Sewydes erTaderTi Stos gawyvetis gziT (ix. 
nax.19.3). kerZod, minimalur-fazuri iqnebian safe 

nax. 19.3   xurovani struqturis nebismieri oTxpolusebi. 
Aaraminimalur-fazur oTxpolusebs aqvT, rogorc wesi, 

boguri (gadajvaredinebuli) wredebis struqtura, ro-
melSic signali  gamosasvlelze gadis ori an meti ar-

xiT. umartivesi araminimalur-
fazuri wredi esaa simetriuli 
boguri oTxpolusa, Seqmnili R  

da C  elemetebiT. Aaq, rogorc 
advilad davinaxavT, Zabvis mixed-
viT gadacemis funqcia  

      nax. 19.4           ( ) ( 1) / ( 1)K p pRC pRC   .      (19.6) 

mocemul funqcias aqvs erTaderTi nuli 1/ ( )z RC  , 

romelic imyofeba marjvena naxevarsibrtyeSi. 
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Tumca boguri struqtura ar iZleva  wredis aramini-
malur-fazur klasTan avtomaturi mikuTvnebis garantias. 
Y yovel calkeul SemTxvevaSiUNDAunda Semowmdes marjvena 
naxevarsibrtyeSi gadacemis funqciis nulebis arseboba-
ararseboba.  

 
 
 
 
 
 
  
 

 


