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leqcia 3 

1.4. ortogonaluri signalebis Teoria 

  SemovitaneT ra xazovani sivrcis struqtura, ganvsaz-
RreT norma da metrika, Cven, amis miuxedavaT mainc ar 
SegviZlia gamovTvaloT iseTi maxasiaTebeli, rogoricaa 
kuTxe or veqtors Soris. amas SevZlebT, Tu SemovitanT 
mnivnelovan cnebas –xazovani sivrcis elementebis skala- 
rul namravls 

1.4.1 signalebis skalaruli namravli 

gavixsenoT, rom Cveulebriv samganzomilebian sivrceSi 

cnobilia ori A da B  veqtori, maSin maTi jamis kvadra-

tis  moduli    
2 2 2

2 ,A B A B A B                   (1.18)   

sadac      cosA B A B     - am veqtorebis skaliaruli 

namravlia, romelic damokidebulia 
maT Soris  kuTxeze.  

  analoguri moqmedebiT, gamovTva-
loT ori u  da   signalis energi-
ebis jami 

 
2
d 2 duE u t E E u t

 



 

        .   (1.19) 

 nax. 1.34              signalebidan gansxvavebiT maTi 
energiebi ar aris aditiuri (ar ikribeba) vinaidan energia 

E  Seicavs damatebiT urTierT energias   2 duE u t







  .  

(1.18) da (1.19) formulebis urTierTSedarebiT, davad-
genT u  da   namdvili signalebis skalarul namravls:   

     , du u t t t 




  ,                 (1.20) 

xolo maT Soris kuTxis kosinusi iqneba: 

                 
 ,

cos .
u

u








                     (1.21)  

  skalarul namravls gaaCnia Semdegi Tvisebebi: 

 1.  , 0;u        
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 2.    , , ;u u    

 3.    , , ,u u     sadac - namdvili ricxvia;  

 4.      , , , .u w u w w     

xazovan sivrces aseT skalaruli namravliT uwodeben 
gilbertis namdvil H Hsivrces [david gilberti (1862-
1943) germaneli maTematikosi]. 
  WeSmaritia koSi-buniakovskis fundametaluri utoloba                          

                     , .u u                          (1.23) 

Tu signalebi iReben kompleqsur mniSvnelobebs, maSin 
skalaruli namravlis SemotaniT qvemod moyvanili for-
muliT, SesaZlebelia ganvsazRroT kompleqsuri gilber-

tis sivrce:              , du u t t t







                    (1.24) 

iseTi, rom             , ,u u


   . 

 
   magaliTi 1.11.  gvaqvs ori droSi wanacvlebuli formiT 
eqsponencialuri impulsi  (ix. nax. 1.35): 

     

     

5

1

5 6 6

2

5 exp 10 ,

5 exp 10 2 10 2 10 .

u t t t

u t t t 

   

         

 

ipoveT mocemuli signalebis skalaruli 
namravli, da kuTxe   maT Soeis. 

      nax. 1.35          
   amoxsna.  am signalebis energiebi erTnaeria: 

 5 5
2

2 2 10 2 10 4 2

1 2

0 0

5 d 25 d 1.25 10 ,t tu u e t e t

 

          v wm.  

   skalaruli namravli  

         
 5 5 610 10 2 10 4 2

1 2

0

, 25 d 1.023 10 ,t tu u e e t




        v wm.  

aqedan 
  4

0

4

, 1,023 10
cos 0.819 35

1,25 10

u

u





 
     

  
da  
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1.4.2.orTogonaluri signalebi da furies 

ganzogadoebuli  mwkrivebi 

ortogonalobis principi. or signals uwodeben orto-
gonaluri, Tu maTi skalaruli namravli da urTierT 

energia udris nuls:             , d 0u u t t t





    .     (1.25) 

aseTi saxis signalebis magaliTebia (ix. nax. 1.36 da 1.37) 

 
                 nax. 1.36                nax. 1.37   

   vTqvaT, H aris gilbertis signalebis sivrce energiis 
sasruli mniSvnelobiT. es signalebi gansazRrulia 

drois sasrul  1 2,t t an usasrulo  monakveTze. dauSvaT, 

rom am monakveTze mocemulia funqciebis  0 1, ,..., nu u u  usa-

srulo sistema, romlebic orToganuli arian erTmaneTis 
mimarT da gaaCniaT erTeulovani sididis normebi, anu: 

                  
1,

,
0, .

i j

i j
u u

i j


 



Tu

Tu
                    (1.26) 

    am SemTxvevaSi amboben, rom signalebis sivceSi moce-
mulia ortonormirebuli bazisi. 

    nebismieri signali  s t H  davSaloT rigad: 

   
0

i i

i

s t c u t




 .                       (1.27) 

(1.27) saxiT wardenas ewodeba amorCeul bazisSi  s t  
signalis furies ganzogadebuli mwkrivi. 

  mocemuli mwkrivis koeficientebs pouloben Semdeg 

nairad. viRebT bazisur funqcias ku  nebismieri k  nomriT, 

vamravlebT masze tolobis (1.27) orive mxares, xolo 
Semdeg vawarmoebT rezultatebis integrirebas droSi:  

 
2 2

1 1
0

( )d( ) d( )

t t

k i i k

it t

s t u t t c u u t




  .                (1.28) 
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vinaidan (1.28) tolobis marjvena mxare ortonormirebuli 
bazisia, maSasadame rCeba mxolod jamis wevri nomriT 

i k ,  amitom 

                
2

1

( )d( ) ,

t

k k k

t

c s t u t t s u  .                (1.29)  

  SesaZlebloba warmovidginoT signalebi ganzogadebuli 
furies mwkrivis meSveobiT aris didi principuli mniSvne-
lobis faqti. imis nacvlad, rom gamoviklioTOfunqciuli 
damokidebuleba wertilebis usasrulo simravleSi, Cven 
gveZleva saSualeba am signalebis daxasiaTeba sasruli 
(zogadad rom vTqvaT, usasrulo) furies ganzogadoebuli 

mwkrivis 
kc  koeficientebis simravliT. 

    geometriul enaze formula (1.29) in-
terpretacia aseTia: furies ganzogado-

ebuli mwkrivis 
kc  koeficientebi aris 

s veqtoris proeqcia bazisur mimarTule-
baze (ix. nax. 1.38). 

    nax. 1.38 

1.4.3. ortonormirebuli bazisebis magaliTebi 

 ganvixiloT urTierT ortogonaluri funqciebis siste-
mebis agebis yvelaze mniSvnelovani da gavcelebuli ori 
xerxi.  
      1.4.3.1. harmoniuli rxevis orTonormirebuli sistema  

  TviTon SegiZliaT darwmundeT, rom  0,T  monakveTze 

trigonometruli sistema jeradi sixSireebiT, mudmivi 
signaliT damatebuli (ix. nax. 1.39), qmnian ortonormire-  

                       
             

 
 
 
 
 
 
 
 

nax. 1.39 

0

1

2

2 1

2

1 ,

2 sin 2 / ,

2 cos 2 / ,

. . . . . . . . .

2 sin 2 / ,

2 cos 2 / ,

. . . . . . . . .

m

m

u T

u T t T

u T t T

u T mt T

u T mt T





 

 

 

 
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bul bazis.  am sistemiT perioduli funqciis daSla 
furies mwkrivad ganxiluli iqneba me-2 TavSi. 

1.4.3.2. uolSis funqciebis orTonormirebuli sistema 

bolo dros diskretuli signalebis damuSavebis meTo-
debis gavleniT didi yuradReba eTmoba uolSis funqcie-
bis orTonormirebul sistemas, romlebic Tavisi arsebo-

bis  2, 2T T intervalSi iReben mxolod 1  mniSvnelo-

bas. amitom signalebi, romlebic Seesabameba yolSis fun-
qciebs, martivaT generirdeba mikroeleqtyronuli gadam-
rTveli sqemebiT. 

SemovitanoT uzomo dro t T   da, rogorc miRebulia, 

avRniSnoT uolSis k -ri funqcia simboloT  wal ,k  .      

mocemuli funqciebis analitikuri aRwera sakmarisad 
rTulia. magram am sistemis agebis idea martivad SesaZle-
belia davinaxoT nax. 1.40-ze romelzec gamoxaxulia yol-
Sis funqciis pirveli ramdenime wevri. 

 
nax. 1.40 

 cxadia, rom nebismieri k ri mniSvnelobisaTvis uol-
Sis funqciis normirebis mniSvneloba udris 1-s: 

           
1/2

2 2

1/2

wal( , ) wal ( , )d 1k k


      

am funqciebis orTogonaloba gamomdinareobs maTi 
agebis principidan da SesaZlebelia uSvalod SevamowmoT.  
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magaliTad: 

 

1/2 1/4 0

2

1/2 1/2 1/4

1/4 1/2

2

0 1/4

wal(1, )wal(2, )d ( 1) d ( 1) 1d

1 d 1 ( 1)d 0



  

        

    

  

 

 

drois monakveTze  / 2, / 2T T  mocemuli, zRvruli 

energiis mqone signalis daSla furies ganzogadoebul 
rigSi uolSis funqciebis mixedviT aqvs saxe 

   
0

, / .k

k

s t c wal k t T




  

 
magaliTi.  ipoveT pirveli ori koeficienti marTkuTxa samkuT-
xedis impulsis formis daSlisas uolSis funciebis sistemiT. 

amoxsna.   dasaSleli signali   / 2, / 2T T  monakveTze aRiwe-

reba funqciiT    / 1 2s t U t T   (ix. nax. 1.41). 

gamovTvaloT furies ganzogadoebuli mwkrivis koeficiente-
bi 

     
1/2 1/2

0

1/2 1/2

0, d 1 2 d 2,c s wal U U
 

          

       
1 21/2 0

1

1/2 1/2 0

1, d 1 2 d 1 2 d 4.c s wal U U U
 

              

   maSasadame, marTkuTxa samkuTxedis formis impulsis aproq-
simaciisas uolSis funqciaTa sistemis  pirveli ori wevris 
gamoyenebiT miiReba (ix. nax. 1.42) safexurovani formiT miaxlo-  

 
                    nax. 1.41           nax. 1.42 
ebiTi warmodgena. unda aRiniSnos, rom zemoT moyvanili energe-
tikuli normiT aseTi aproqsimacia ukve aris damakmayofili.  

namdvilad, sawyisi signalis energiaa  
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 
1/2

22 3

1/2

1 2 d 3,sE U U


     

maSin roca sxaobis energia  

     
1/4

2
2 2 2

0 1

0

0, 1, 4 d 48s c wal c wal U x x U        

Seadgens mxolod 1 16 , anu aprosimirebuli signalis energiis 

6,25%. 

1.4.4. signalebis ortogonaluri daSlis aparaturuli 

realizacia 

   ganvixiloT xelsawyos struqturuli sqema, romelic 
eqsperimentaluri gziT analogur signals daSlis furi-
es ganzogadoebuli mwkrivad mocemuli ortonormirebuli 
bazisuri funqciebis sistemis mimarT (ix. nax.1.43). 
  aq ZiriTadi elementebia im bazisuri funqciebis genera-
torebi romlis mimarT tardeba daSla. gasaanalizebeli 
signali erTdroulad miewodeba gamamravlebeli rgole-
bis erTobriobas, am signalis da Sesabamisi bazisur fun-
qciebze gasamamravlebad. maT gamosasvlebidan signalebi 
miewodeba Sesabamis integratorebs. signalis aseTi damu-
Savebis Semdeg ToToeuli integratoris gamosasvlelze 

moTavsdeba droSi uc-
vleli done, romlis 
sidide (1.29) formulis, 
Sesabamisad, zustad 
udris ganzogadebuli 
furies mwkrivis am Tu 
im koeficients. 
   nax. 1.43 
moyvanili sistema 

mniSvnelovania 
Teoriul da gamoyene-
biT TvalsazrisiT. misi 
analizis Sedegad vrw-
mundebiT, rom signalSi 

moTavsebuli sruli in- 
                nax. 1.43           formacia, SesaZlebelia 
warmovidginoT marTlac rom usasrulo, magram mainc 
sasruli ricxvebis erTobriobiT. 


