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Tavi IV. wrfiv stacionarul sistemebze 

SemTxveviTi signalebis zemoqmedeba  

TavebSi I, II gadmocemulia meTodebi, romlebic 
saSualebas gvaZlevs amovxsnaT wrfiv stacionarul 
sistemebSi determinirebuli signalebis gasvlis 
amocanebi. Ubolo nabijs, romelsac asrulebs wrfivi 
sistemebis Teoria, warmoadgens am meTodebis gadatana 
statistikur areSi. 

davuSvaT, rom wrfivi stacionaruli sistemis 
Sesasvlelze arsebobs rxeva ( )x t , romelic warmoadgens  

SemTxveviTi procesis ( )X t  raRac realizacias. Tu es 
realizacia winaswar miTiTebulia, maSin araviTari axali 
amocana ar dgeba _ ( )x t signals unda mivudgeT rogorc 
determinirebul, Tumca, SesaZloa sakmaod rTulad 
asaRwer funqcias. viciT ra sistemis maTematikuri 
modeli, romelic ganisazRvreba, magaliTad, gadacemis 
sixSiruli koeficientiT ( )K j , principSi yovelTvis 

SesaZlebelia vipovoT gamosasvleli reaqcia ( )y t . 
   Tumca statistikuri Teoriis specifika (statistikuri 
midgoma sistemaSi signalebis gardaqmnisadmi) imaSi mdgo-
mareobs, rom gamosasvleli signalis Sesaxeb aseTi sru-
li cnobebi miuwvdomelia _ Sesasvleli signalis deter- 
minirebuli aRwerilobis nacvlad Cven gvaqvs mxolod 
SemTxveviTi procesis ( )X t  gasaSualebuli savaraudo 
albaTobebis Sesaxeb cnobebi. aseTi maxasiaTeblebi 
SeiZleba aRmoCndes albaTobis erTganzomilebiani da 
mravalganzomilebiani simkvriveebi, aseve sxvadasxva 
momenturi funqciebi, uwinares yovlisa maTematikuri 
molodini  da korelaciis funqcia. Cveni mizania 
gamovikvlioT is kavSiri ( )X t  da ( )Y t  procesebis 
statistikur maxasiaTeblebs Soris, romelic SeiZleba 
napovni iqnas sistemis matematikuri modelis safuZvelze.  

Tema 11.1. wrfiv stacionarul sistemebze SemTxveviTi 

signalebis zemoqmedebis analizis speqtruლi meTodi 

Tavdapirvelad SemovitanoT SezRudva _ ganvixilavT 
mxolod Sesasvlel SemTxveviT procesebs ( )X t , 
stacionarulebs farTo gagebiT. rogorc cnobilia, es 
niSnavs, rom realizaciebis ( )x t sawyisi mniSvnelobebis 
maTematikuri molodini drois mixedviT mudmivia im 
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dros, roca korelaciis funqcia 2
x 1 2 1 2( , ) ( ) ( ) ( )R t t x t x t x   

damokidebulia mxolod sidideze 1 2t t    _absolutur 

Zvraze drois RerZze im wertilebs Soris, romlebSic 
xdeba myisieri mniSvnelobebis gazomva.  

SemdgomSi yvelgan vivaraudebT, rom ( ) 0x t  . Ees 
varaudi ar zRudavs gansjebis da daskvnebis zogadobas. 
gansaxilveli wredebis wrfivobis Tvisebis wyalobiT 
Sesasvleli signalis mudmivi mdgenelis gamosasvlel 
gamoZaxilze zemoqmedebis  Sesaxeb amocana SeiZleba 
gadawyvetili iyos damoukideblad da, rac mTavaria, 
statistikuri meTodebis gamoyenebis gareSe. 

G11.1.1. gamosasvleli signalis saSualo mniSvneloba.  

ganvixiloT Sesasvleli signalis ( )x t  calke aRebuli 
realizacia da warmovidginoT is furies integralis 
saxiT (SemTxveviTi procesis realizaciebis speqtraluri 
warmodgenis SesaZleblobis Sesaxeb ix. wigni “signalebis 

Teoria”, $ 7.1.):      
1

( ) ( )
2

j t

xx t S e d 






  . 

sistemis gamosasvleli signali iqneba napovni, Tu 
cnobilia misi gadacemis sixSiruli koeficienti ( )K j : 

1
( ) ( ) ( )

2

j t

xy t S K j e d  






  .         (4.1) 

gancalkevebuli realizaciidan Sesasvleli signale-
bis statistikur ansamblze gadasvlisas unda CavTvaloT, 
rom speqtraluri simkvrive ( )xS   SemTxveviTi funqciaa, 

amasTan (ix. “signalebis Teoria” Tavi 7) ( )X t procesis 
stacionarulobis Sesaxeb varaudi svams pirobas: 

speqtraluri simkvrivis saSualo mniSvneloba ( ) 0xS   . A   

amitom vasrulebT ra statistikur gasaSualoebas (4.1) 
gamosaxulebis orive nawilSi, (gasaSualoeba xdeba 
realizaciebis ansamblis mixedviT), gvaqvs 

1
( ) ( ) ( ) 0

2

j t

xy t S K j e d  






  .    (4.2) 

    
G11.1.2. korelaciis funqcia da sistemis gamosasvlelze 
SemTxveviTi signalis simZlavris speqtruli simkvrive. 
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imisaTvis, rom gamovTvaloT korelaciis funqcia ( ),yR   

aucilebelia, (4.1) speqtrul daSlasTan erTad vicodeT 
gamosasvleli signalis mniSvneloba t   drois momentSi. 
es mniSvneloba SeiZleba miviRoT furies gardaqmnis 
cnobili Tvisebebis safuZvelze: 

1
( ) ( ) ( )

2

j j t

xy t S K j e e d     




 



     .  (4.3)  

signalis droSi Zvras pasuxobs speqtruli simkvrivis 
gamravleba warmosaxviT maCveneblian eqsponencialur 

funqciaze je   . 
Mmcire (da ara principialuri) detali, romelic 

ganekuTvneba gamoTvlebis teqnikas: funqcia ( )y t  
namdvilia, amitom formula (4.3) ar Seicvleba, Tu mis 
marjvena nawilSi gadavalT kompleqsurad-SeuRlebul 
sidideebze: 

* *1
( ) ( ) ( )

2

j j t

xy t S K j e e d     




  



     .  (4.4) 

Ggamosasvleli signalis korelaciis funqcias vipoviT, 
Tu gadavamravlebT signalebs, gansazRvruls (4.1) da (4.4) 
tolobebiT, xolo Semdeg movaxdenT statistikur 
gasaSualoebas: 

* * ( )

2

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

4

j j t

y x xR y t y t S S K j K j e e d d          




  



       (4.5

) 
erTi SexedviT, am formulis analizi SeiZleba mogveC-

venos uimedod rTulad. Mmagram unda gaviTvaliswinoT, 
rom gansaxilveli Sesasvleli SemTxveviTi procesi sta-
cionarulia, amitom (“eleqtruli signalebi”, Tavi 7 for-
mula 7.5) misi calkeuli realizaciebis speqtraluri 
simkvriveebi delta-korelirebulia, e.i.  

*( ) ( ) 2 ( ) ( )x x xS S W         ,  (4.6) 

sadac xW    stacionaruli SemTxveviTi ( )X t  procesis  

speqtruli simkrivis simZlavrea. 
Sesasvleli signalis speqtris es Tavisebureba saSua-

lebas gvaZlevs gamovarkvioT (4.5) formulis martivi azri 
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21
( ) ( ) ( )

2

j

y xR W K j e d   








  ,   

an, toli uflebiT,    
21

( ) ( ) ( ) .
2

j

y xR W K j e d   






   (4.7) 

(aq gamoiyeneba delta-funqciis mafiltrirebeli Tviseba). 
(4.7) formula, faqtiurad Seicavs dasaxuli amocanis 

srul gadawyvetas korelaciuri Teoriis CarCoebSi: 
gamosasvleli SemTxveviTi signalis simkvrivis speqtri 
dakavSirebulia Sesasvleli signalis analogiur 
speqtrTan TanafardobiT 

2
( ) ( ) ( )y xW W K j   .   (4.8) 

gamoyenebiT amocanebSi xSirad gvaqvs saqme  calmxriv 

( )xN f  da ( )yN f  speqtrebTan, romlebic gansazRvrulia 

mxolod hercebSi dadebiT f  sixSireebze. cxadia, rom 
2

( ) ( ) ( 2 )y xN f N f K j f  ,   (4.9) 

amitom gamosasvleli signalis dispersia 

22

0

(0) ( ) ( 2 )y y yR N f K j f df 


         (4.10) 

warmoadgens Sesasvleli signalis simZlavris speqtris im 
wilebis Sekrebis Sedegs, romlebic gamravlebulia six-
Sireze damokidebel gadacemis koeficientis modulis 
kvadratze, e.i. simZlavris gadacemis sixSirul koefi-
cientze. 

Aaq ganxiluli wridan konkretuli amocanebis gadawy-
vetis teqnika kargad cnobilia _ esaa furies integralis 
gamoTvlis SesaZlo meTodebi. Aamitom qvemoT moyvanil 
magaliTebSi yuradReba iqneba Kgadatanili saqmis ara im-
denad maTematikur mxareze, ramdenadac procesebis fizi-
kuri Taviseburebebis gansjaze. 
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magaliTebi 
magaliTi 11.1. 1-li rigis dinamikuri sistema, romlis princi-

pialuri sqema moyvanilia maintegrirebeli RC  wredis saxiT 
(ix. nax. 11.1), Sesasvlelis mxridan aRgznebulia xmauris emZ-is 
wyaroTi, romelsac yvela sixSireze gaaCnia mudmivi simZlavris 
speqtraluri simkvrive 0W (v2wm). ganvsazRvroT gamosasvleli 

Zabvis ( )y t dispersia da korelaciis funqcia. 

            
                                        nax. 11.1             
 

Mamoxsna: mocemuli sqemisTvis gamovTvaloT simZlavris ga-
dacemis koeficienti: 

2 2 2( ) 1/ [1 ( ) ]K j RC   . 

Semdeg formuliT (4.7), 0   CasmiT, ganvsazRvroT xmauris 
dispersia gamosasvlelze: 

2 0 0

2 2

0
21 ( )

y

W Wd

RCRC




 



 


.        (4.11) 

Ggamosasvleli signalis korelaciis funqcia 

0

2 2
( )

2 1 ( )

j

y

W e d
R

RC

 


 






 .        (4.12) 

            Aaq    
2 2 2 2

cos
2

1 ( ) 1 ( )

je d d

RC RC

   

 

 

 


   . 

 ukanaskneli integrali warmoadgens cxrilis integrals [15], 
amitom mza Sedegis gamoyenebiT, vRebulobT 

0( ) exp( )
2

y

W
R

RC RC


        (4.13) 

(korelaciis funqciis niSani ucv-
lelia. Ees niSnavs, rom gamosas-
vleli signali ar warmoadgens 
kvaziperioduls ix. nax. 11.2). 

        nax. 11.2          amgvarad, maintegrebeli wredis 
”TeTri xmauriT” aRgznebiT, gamosasvlelze vRebulobT SemTxve-
viT process eqsponencialuri tipis korelaciis funqciiT. 
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arsebiTia, rom RC wredi, romelic inerciulia, asrulebs 
cnobil “mowesrigebas”: Tu Sesasvleli signali, romelic war-
moadgens TeTr xmaurs, absoluturad araprognozirebadia, maSin 
gamosasvleli signali aRmoCndeba gagluvebuli; misi korela-
ciis intervals aqvs wredis mudmivas drois rigi.   

magaliTi 11.2. TeTri xmauris zemoqmedeba erTkonturian re-
zonansul gamaZlierebelze. 

Mamoxsna: davuSvaT, rom TeTri xmauris emZ-is wyaro simZla-
vris calmxrivi speqtriT 0N (v2/hc). aRagznebs mcire rxevebis 

rezonansuli gamaZliereblis Sesasvlels. Mmocemuli sistemis 
gadacemis sixSiruli koeficienti 

( 2 )
1 2 ( )

K
K j

j f f







 

rez

rez

; 

simZlavris gadacemis koeficienti 
2

2

2 2 2
( 2 )

1 4 ( ) k

K
K j

f f


 


 

rez

rez

. 

dispersiis gamoTvla xdeba (4.10) formulis mixedviT 

2 2
0 2 2 2

0
1 4 ( )

y

k

df
N K

f f


 




 rez

rez

. 

SemovitanoT cvladi f f   rez  da davuSvaT, rom gamaZlie-

reblis rxeviTi konturi imdenad vargisia, rom gadacemis koe-
ficienti 0f  dros SeiZleba CaiTvalos nulovanad. maSin 

2
02 2

0 2 2 2

0
21 4

y
kk

N Kd
N K




  



 


rez
rez .    (4.14) 

sabolood, gamosasvleli signalis korelaciis funqcia 

2 2
0 0

2 2 2 2

0

2
0

2 2

2
0

cos( )cos
( )

2 21 ( ) 1

cos
cos

2 1

exp cos
2

y

k k

k

k

N K N K dd
R

N K d

N K

  


    


 

 


 

 

 







 
  

  

 
   

  
 

 
  

 
 

 



rez rez rez

rez

rez
rez

rez
rez

(4.15) 

Cans, rom aq miRebul korelaciis funqcias aqvs saxe 
2( ) ( )cosy yR       rez    (4.16) 
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(ix. nax. 11.3), romelic damaxasiaTebelia viwrozolovani SemTx-

veviTi procesisaTvis, ramdenadac momvlebi ( ) exp( ( / )k      

warmoadgens nel funqcias maRalsixSirul 
SemavsebelTan SedarebiT. 

( anu korelaciis funqciis mniSvneloba 
nulSi tolia gamosasvleli signalis 
dispersiis). 

viwrozolovani gamaZliereblis gamosa-
svlelze SemTxveviTi signalis nebismieri 
realizacia warmoadgens kvaziharmoniul   

   nax. 11.3        rxevas SemTxveviTi momvlebiTa da myisieri 
sixSiriT. saSualod Sevsebis sixSire tolia rxeviTi sistemis 
rezonansuli sixSirisa. Ggamosasvleli signalis aseTi Tviseba 
advilad aixsneba, Tu  SevniSnavT, rom es signali warmoadgens 
mravalricxovani elementaruli gamoZaxilebis ajamvis Sedegs, 
romelTagan TiToeuli sistemis impulsuri maxasiaTeblis 
proporciulia (duamelis integralis principi). 
  imisaTvis, rom warmodgena gvqondes im sidideebis rigze, ro-

melTanac saqme aqvs statistikur radio-
teqnikas (ix. SemTxveviTi signalis tipiuri 
realizacia rezonansuli gamaZliereblis 
gamosasvlelze nax. 11.4), SevafasoT xmauris 
dispersia rezonansuli gamaZleblis gamosa-
svlelze Semdegi sawyisi monacemebis dros: 

0N = 1016 (v2/hc), Krez = 30, 7 1.59 10f  rez hc ,   

Qeqv = 60.  

Kkonturis drois mudmiva 
      nax. 11.4           2 /k Q  eqv rez = 1.2 mkwm, amitom (4.14) 

formulis safuZvelze dispersia 2
y  10-16900/(2.410-6)=3.7510-8 v2; 

xolo xmauris efeqturi Zabva, romelic dispersiidan kvadratu-
li fesvis tolia, Seadgens 194 mkv. 
   magaliTi 11.3. wredi Sedgenilia ori RC rgoliT, romelTa 
Soris CarTulia idealuri gamaZlierebeli gaZlierebis koefi-

cientiT 0K . 

wredis Sesa-
svlelze CarTu-
lia TeTri xmau-
ris saxis emZ-is 
wyaro cnobili                              
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               nax. 11.5                     simZlavris speq- 

traluri simkvriviT
0W (v2.wm). gamovTvaloT gamosasvleli Zabvis 

korelaciis funqcia. 
amoxsna: simZlavris gadacemis koeficienti 

2
2 0

2 2 2 2

1 2

( )
(1 )(1 )

K
K j

   


 
 

(4.7)-is Sesabamisad  gamosasvleli Zabvis korelaciis funqcia 
2

0 0

2 2 2 2

1 2

( )
( )

2 (1 )(1 )
y

W K exp j d
R

 


    






     (4.17) 

mizanSewonilia visargebloT naSTTa TeoriiT, imave gzis 
gameorebiT, rac moyvanili iyo I-el TavSi RC wredis impulsuri 
maxasiaTeblis analizisas. integralqveSa funqcias (4.17)-Si aqvs 
oTxi martivi polusi koordinatebiT 1,2 1 3,4 2/ , / .j j        

gamovTvaloT funqcia ( )yR   roca 0  , integrebis konturis 

SekvriT zeda naxevarsibrtyeSi (ix. nax. 11.6). integralqveSa 
funqciis naSTi 1 wertilSi 

1

1

1 1

2 2
2 2 2 2 1 2

1 2

exp( ) exp( / )

2 ( )
(1 )(1 )

j d
res

d j

d

 

 

    

    







 


 

 

analogiurad pouloben naSTs 

3   wertilSi, romelic 

mdebareobs integrirebis konturis 
SigniT. 

3

2 2

2 2

1 2

exp( / )

2 ( )
res

j 

  

 

 



. 

Aaqedan, koSis Teoremis gamoyene-
biT, advilad vpoulobT, rom  0      

        nax. 11.6          dros 

               1 2

2
/ /0 0

1 22 2

1 2

( ) ( ).
2( )

y

W K
R e e     

 

  


  (4.18) 

Kroca 0  korelaciis funqcia miiReba amave formulidan 
 Secvlisas  -Ti. Ees gamomdinareobs korelaciis luwi 

funqciis Tvisebidan, Tumca Sedegi SeiZleba dadasturebuli 
iqnas pirdapiri gamoTvliT. (gaxsovdeT, rom roca 0   
integrirebis rkalis gza unda CavketoT usasrulod didi 
radiusis  kompleqsuri   sixSiris qveda naxevarsibrtyeSi). 
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Aamrigad,        1 2

2
/ /0 0

1 22 2

1 2

( ) ( )
2( )

y

W K
R e e

   
  

 

 
 


.  (4.19)

  
Ggamosasvleli signalis dispersia 

2
2 0 0

1 2

(0)
2( )

y y

W K
R R

 
 


,     (4.20)  

Aamitom gamosasvleli SemTxveviTi procesis normirebuli 
korelaciis funqcia 

1 2/ /

1 2

1 2

1
( ) ( )yr e e

   
  

 

 
 


.       (4.21) 

nax. 11.7 gamosaxulia (4.21) formuliT gamoTvlili Sedegebi 
Tanafardobis ori gansxvavebuli SemTxvevisas. 

Aamave naxazze Sedarebisa-
Tvis warmodgenilia mrudi, 
romelic asaxavs  ( )yr   fun-

qcias erTi maintegrebeli 
RC  wredis gamosasvlelze 
drois mudmivaTi 1 .       

 sainteresoa avRniSnoT  
ara marto korelaciis in-
tervalis zrda, romelic 
gamowveulia meore inerciu-   

               nax. 11.7              li wredis damatebiT, aseve    
 ori RC  wredisagan Semdgari     or rgoliani filtris ( )yr   

sistemis gamosasvlelze SemT-     funqciis xasiaTis cvlileba 
xveviTi procesis normirebuli    0   wertilis midamoSi. 
korelaciis funqcia: 1 – roca    korelaciis funqciis meore 

2 1 / 2  ;  2 _roca 1 2           warmoebulis arseboba am 

                                    wertilSi uzrunvelyofs 
gamosasvleli SemTxveviTi procesis diferencirebadobas (ix. 
”signalebis Teoria” Tavi 7). fizikurad diferencirebadoba 
aRniSnavs signalis realizaciebis sigluves, romlebic gadian 
or kaskadurad SeerTebul RC  wreds. 

*  nax. 11.8-ze naCvenebia TeTri xmauri, gardaqmnili erTi da 
ori mimdevrobiT 

CarTuli RC  wre-
diT, Sesabamisad. 

 
 

                nax. 11.8 


