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 leqcia 2 

1.4. geometriuli meTodebi signalebis TeoriaSi 

   signalebis Sedarebis Casatereblad maTi msgavsobis 
dasadgenaT da sxva amocanebis gadasaWrelad saWiroa 
Sesabamisi maTematikuri aparatris gamoyeneba. 

me-XX saikuneSi Seiqvna funqcionaluri analizi - 
maTematikis mimarTuleba, romelic aerTianebs Cven 
intuiciur warmodgenas sivrcis geometriul 
struqturaze. aRmoCda, rom funqcionaluri analizis 
ideebi iZleva gamarTuli signalebis Teoriis Seqvnis 
saSualebas, romlis safuZvelSi devs signalis koncepcia, 
rogorc veqtoris, specialuri xerxiT konstruirebul 
usasruloganzomilebian sivrceSi.  

   
1 2{ , , . . .}M s t s t  - signalebis simravlea. am 

obieqtebis gaerTianebis mizezia – saerTo Tvisebebis 
arseboba M simravlis yvela elementebisaTvis. 
     
   magaliTi 1.4. M simravle Seqvnilia sxvadsaxvanairi 
analoguri signalebiT, romlebic gansxvavebulia nuli-
dan drois intervalSi (0, 15 mkwm). am intervalis gareT 
signalebis mniSvnelobebi udris nuls. 

   magaliTi 1.5. M simravle Seicavs  0cosn n ns A t    har-

moniuli rxevebis saxis signalebs, romlebic gansxvavde-
bian amplitudebiT, sixSireebiT da sawyis fazebiT.  
 
   signalebis Tvisebebis Seswavla, romlebic gaerTiane-
bulia aseT simravleSi , martivdeba im SemTxvevaSi, 
rodesac SesaZlebelia simravlis erTi elementebi 
gamovsaxoT am simravlis sxva elementebiT. am SemTxvevaSi 
miRebulia gamonaTqvami, signalebis simravles gaaCnia 
gansazRvruli struqtura. struqturis amorCeva 
nakarnaxevia fizikuri mosazrebebiT. magalitad, 
cnobilia, rom eleqtruli rxevebi SesaZlebelia ara 
marto Seikribon, aramet gamravldnen nebismier masStabur 
koeficientze. es iZleva saSualebas signalebis 
simravleSi SemovitanoT  xazovani sivrcis struqtura.                                           

1.4.1. signalebis xazovani sivrce 

   vTqvaT 
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   signalebis M simravle qmnis namdvil xazovan sivrces, 
Tu WeSmaritia Semdegi aqsiomebi: 
1.   nebismieri signali u M  nebismier t  Rebulobs 

mxolod namdvil mniSvnelobebs. 
2. nebismieri u M  da M arsebobs jami w u  , 

amasTan w M . Sekrebis operacia komutaciuria: 

u u    da asociuri    u x u x     . 

3. nebismieri signalisTvis s M  da nebismieri namdvili 

  ricxvisaTvis gansazRruli signali f s M   . 

4. M simravle Seicavs gansakuTrebul nulovan elements 
 , iseTs, rom u u   yvela u M . 

(moyvanili aqsiomatika ar aris sruli da mas SeiZleba daematos 
sxva aqsiomebi).  

Tu signalebis maTematikuri modelebi iReben 
kompleqsur mniSvnelobebs, maSin, Tu me-3 aqsiomaSi 
dauSvebT gamaravlebas kompleqsur ricxvze, mivdivarT 
xazovani kompleqsuri sivrcis cnebasTan. 
 moyvanili aqsiomatika sakmaoT mkacria. signalebis 
simravleebi SesaZloa aRmoCdes xazovani simravlis miRma.   
 
magaliTi 1.6. M simravle Seicavs gansxvavebuli saxis Zabvis 
marTkuTxa videoimpulsebs, romlebic arseboben drois (0, 20 
mkwm) intervalSi, amasTan impulsebis amplitudebi ar aRemateba 
10 v. aris Tu ara xazovani sivrce Tu impulsebis amplitudebi 
udris 6 da 8 v ? 
amoxsna: ara, vinaidan Tu impulsebis amplitudebs SevkrefT, 

miviRebT signals, romelic ar miekuTvneba M simravles. amitom 

M  ar aris xazovani sivrci. 

              1.4.1. koordinatuli bazisis cneba 

  rogorc Cveulebriv samganzomilebian sivrceSi, aseve 
signalebis xazovan sivrceSi SesaZlebelia gamovyoT 
specialuri qvesimravle, romelic Seasruleben koordi-
naTTa RerZebis rols. 

  amboben, rom veqtorebis erTobrivoba 1 2 3{ , , , . . .}e e e , rom-

lebic miekuTvneba M , aris xazovnad damoukidebeli, Tu 

toloba i i

i

e   SesaZlebelia mxolod im SemTxvevaSi, 

rodesac yvela i koeficientebi erTdroulad ganuldeba.  

   xazovnad damoukidebeli veqtorebis sistema xazovan 
sivrceSi qvnis koordinatul bazis . Tu mocemulia raime 
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signalis  s t  daSla saxiT  
i i

i

s t c e , maSin ricxvebi 

1 2 3{ , , , . . .}c c c  aris  s t  signalis proeqciebi amorCeuli 

bazisis mimarT.  
    signalebis Teoris amocanebSi bazisuri veqtorebis 
raodenoba ganusazRvrelad didia. aseT xazovan sivrceebs 
uwodeben usasruloganzomilebian sivrces. bunebrivia, 
rom am sivrceebis Teoria ar SeiZleba moTavsdes 
xazovani algebris formalur sqemaSi, sadac bazisuri 
veqtorebis ricxvi yovelTvis sasrulia. 
 
  

magaliTi 1.7. xazobani sivrce Sedgenilia signalebiT, romlebic 

aRiwerebian maRali rigis mravalwevrebiT:  
0

n

n

n

s t t




   (aseT 

funqciebs ewideba  analitikuri). 
   am sivrceSi koordinaTTa bazisi aris erTwevrebis sistema 

2

0 1 2{ 1; ; ; . . .}e e t e t   . 

 
1.4.2. normirebuli xazovani sivrce. signalis energia 

   signalebis Teoriis geometriuli wrmodgenis gasaRma-
veblad, aucivlebelia SemovitanoT axali cneba, romelic 
azrobrivad Seesabameba veqtoris sigrZes. es mogvcems 
saSualebas signalebi SevadaroT erTmaneTs. 

maTematikaSi veqtoris sigrZes uwodeben norma-s. 
signalebis xazovani sivrce  aris normirebuli Tu 

TiToeul veqtors  s t L calsaxaT Seesabameba ricvi s  – 
am veqtoris norma, amasTan sruldeba normirebuli 
sivrcis Semdegi aqsiomebi: 

1. norma ar ris uaryofiTi, anu 0s  . norma s =0 maSin 

da mxoloT maSin, Tu  s  . 
2. nebismieri   ricxvisaTvis WeSmaritia toloba 

.s s     

3.  Tu  s t  da  p t - ori veqtoria L -dan, maSin sruldeba 

samkuTxedis utoloba: .s p s p    

(es aqsiomatika gamoiyeneba, rogorc analoguri aseve 
diskretuli signalebisaTvis). 
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radioteqnikaSi miRebulia, rom analogur signalebis 

normaa                2 ds s t t





                       (1.15) 

(fesvis ori mniSvnelobebidan irCevsn dadebiTs). kompleq 

suri signalebisaTvis norma        * ds s t s t t





  ,  

sadac  * - simboliT aRiniSneba kompleqsurad SeuRlebu-                
           li sidide. 
  normis kvadrats uwodeben signalis energia 

 
2 2 dsE s s t t





    

zustad aseTi energia gamoiyofa 1 om rezistorSi, Tu mis 

momWerebze modebulia Zabva  s t . 
   signalis norma mizanSewonilia gamoiTvalos formula 
(1.15) Semdegi mizezebis gamo: 
1. radioteqnikaSi signalis sidideze msjeloben gamomdi 

nare jamuri energetikuli efeqtidan, magaliTad, rezi- 
storSi gamoyofili siTbos raodenoba. 

2.  energetikuli norma aramgZnobiarea signalis formis    
cvlilebis mimarT da SeiZleba 
iyos mniSvnelovani drois mokle 
monakveTebSi.  
  (nax. 1.27–ze moyvanilia signale-          

     a            b      bi umniSvnelod gansxvavebuli 
        nax. 1.27         energiebiT). 
   xazovani normirebuli sivrces (1.15) saxis normas 
zRvruli mniSvnelobiT ewodeba  funqciebis sivrcis 

integrirebis kvadrati da mokled aRiniSneba  2L   

1.4.3. metruli sivrce 

  SemovitanoT fundamentaluri cneba, romelic aerTiane-
bs Cven warmodgenas sivrceSi or wertilebs Soris manZi-
lze. 
   amboben, rom xazovani sivrce L  dgeba metrul sivr-
ceT, Tu ,u L  elementebis TiToeul wyvils Seesabameba 

aravaryofiTi  ,u   metrikad wodebuli ricxvi, an 

manZili am elementebs Soris. 
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   metrikis gansazRvris xerxis miuxedavad, metrika unda 
daeqvemdebarebodes metruli sivrcis aqsoamebs: 

1.    , ,u u      (metrikis refleqsioba); 

2.   , 0u u   nebismueri u L ; 

3.  rogoric ar unda iyves elementi w L , yovelTvis  

     , , ,u u w w    . 

Cveulebriv metrika ganisazRvreba rogorc ori signa-

lis norma:              ,u u    .                 (1.17) 

N  normis qveS SegviZlia vigulisxmoT manZili  
sivrceSi amorCeul elementsa da nulovan elemens Soris: 

 ,u u   . 

 metrikis codniT, SeiZleba vimsjeloT, magaliTad, 
masze Tu ramdenaT kargaT erTi signali aproqsimirebs 
meores.  
  

 magaliTi 1.8.  signali  s t  warmoadgens Zabvis samkuTxa 

impuls U amplitudiT da xangZliobiT i (nax. 

1.28). gamoTvaleT aseTi signalis energia da 
norma. 

  amoxsna: drois  0, i intervalSi signali 

aRiwereba funqciiT 

     nax. 1.28                        /s t Ut i . 

    signalis energia gamoiTvleba (1.16) gamosaxulebiT 

 
2 2 dsE s s t t





   . integrirebis zRvebis SecvliT da 

integralidan mudmivi sidideebis gamotanis Semdeg miviRebT   
2 2 3

2 2

02 2

0

d
3 3

s

U U t
E t t U



  
     

  

i

i i

i i

. 

signalis norma 
3

ss E U


 
i
. 

magaliTi 1.9. gamoTvaleT radioimpulsis 
energia marTkuTxa formis mqone 

movlebiT. impulsi arsebobs  0, i  

intervalSi  da aRiwereba funqciiT 

   0 0 0coss t U t   (ix. nax. 1.29)  
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  amoxsna: formula (1.16) gamoyenebiT  
2 2 dsE s s t t





   , 

integrirebis zRvebis 
   nax. 1.29          SecvliT da integralidan mudmivi sidi-

deebis gamotanis Semdeg miviRebT    

 
0 02

2 2 20

0 0 0

00 0

cos d cos ds

U
E U t t x x

   

   
 

i i

. 

integrirebis Sesrulebis Semdeg  miviRebT  

     
2

2 2 0

0 0 0 0 0 0 0

00

cos d 2 sin 2
4

s

U
E U t t



            
i

i i . 

 Tu radioimpulsi Seicavs iseT maRalsixSirul Sevsebis 

eleqtromagnitur rxevebs, rom  0 1 i , maSin 
2

0

2
s

U
E


 i  

parametrebis  
0  da 

0  arCevis miuxedavaT. 

magaliTi 1.10.   u t signali warmoadgens sinusoidis monakveTs, 

romelic monakveTis  0,T  boloebSi Rebulobs 

nulovan mniSvnelobebs. impulsis simaRle 

U cnobilia. amoirCieT marTkuTxa formis 

igive xangZliobis impulsis amplituda A  ise, 
rom manZili am orive signalebs Soris iyos 
minimaluri (ix. nax. 1.30) 

     nax. 1.30 

    amoxsna: vinaidan sinusoidaluri formis  u t signalis 

periodi am SemTxvevaSi iqneba 2T , maSin miviRebT  

 
2

sin sin sin , 0
2

t
u t U t U t U t T

T T

 
      . 

   signalebs   u t  da  t  Soris manZilis kvadrati gamoiT-

vleba formuliT       
2

2

0

, sin A d

T
t

u U t
T

 
   

  . 

   integrirebis Catarebis Semdeg, miviRebT  

 2 2 2, 2 4A Au U T U T T    . 

  miRebuli funqciidan Tu aviRebT meor warmoebuls davrwmu-
ndebiT, rom is dadebiTia. aqedan gamomdinareobs, rom eqstremu-
mis wertilSi namdvilad miiRweva minimumi. 
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  maSasadame, aviRoT pirveli warmoebuli A  cvladis mimarT 
da gautoloT nuls. miviRebT, rom manZilis minimumi miiRweva  

Tu A 2 0,637U U   . maSin,    

       22 2 2

min min1 2 4 0,095 0,308U T U T U T        . 

am SemTxvevaSi sinusoidaluri impulsis energia  
2

2 2

0

sin d
2

T
t U T

E U t
T


 i , misi norma 0,707u U T . 

   maSasadme, amorCeuli metrikiT minimalurad misaRwevi 
manZili ganxilul signalebs Soris Seadgens 44% sinuso-
idaluri impulsis normidan. 

amocana impulsuri ( )u t signali  Zabvis ganzomilebiT (v), 

aRiwereba formuliT        5 525 exp 10 exp 2 10u t t t t        , 

aageT mocemuli impulsis grafiki. gansazRvreT signalis 

maqsimaluri mniSvneloba maxu , da 

maqsimumis miRwevis dro 
maxt . 

gamoTvaleT impulsis xangZlioba, 
rogorc drois monakveTis sigrZe im 
momentamde rodesac signalis 
myisieri mniSvneloba Semcirdeba 10 
jer maqsimalur mniSvnelobasTan 
SedarebiT.  

amoxsna. pirobidan  max 0u t   

miviRebT gantolebas maxt  gansazR-

vrisaTvis: 

   5 5

max maxexp 10 2exp 2 10 0t t        

       nax. 1.31            aqedan gamomdinareobs, rom 

 5

max10 ln 1 2t   , anu 6

max 6,931 10t   wm , maSin max 6,25u  v .  

  vinaidan impulsis maqsimaluri mniSvnelobis 10-jer Semcire-
buli amplituda aris saZiebeli impulsis xangZlioba, amitom 
misi mniSvneloba ganisazRvreba gantolebidan 

   5 5 1 6,25
exp 10 2exp 2 10 0.025

10 25
        i i . 

Semovitanod aRniSvna 510 ,x  i maSin    exp 2exp 2 0.025.x x      

aqedan miviRebT transidentul gantolebas  2ln 0.025 xx e   ,  
romelic amoixsneba gamoTvlis miaxlovebis xerxiT. grafikidan 

airCeva sawyisi miaxlovebiTi mniSvneloba , magaliTad 0 3x  , da 
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Semdeg gamoTvlebiT zustdeba amonaxsni. saboloT miaxlovebiT 

miviRebT 3.66x  . am rezultatis gaTvaliswinebiT    

    53.66 10 36.6   i wm mkwm .  
am gaangariSebiT avagoT dazustebuli grafiki (nax. 1.31). 

            amocana.  s t signals aqvs (nax. 
1.32) Semdegi saxis maTematikuri modeli:           

   0 0 0

0 0

0 , 0,

, 0 ,

, .

t

s t s t t t t

s t t




  




 

warmoidgineT mocemuli damokidebuleba  
      nax. 1.32        monakveT-xazovani funqciebis jamad. 

     amoxsna.  s t  signali SeiZleba warmovidginoT rogorc ori 

xazovanad zrdadi funqciebis jami (nax. 
1.32) erTnairi sididiT, magram niSniT 
gansxvavebuli daxris kuTxuri 
koeficientebiT. aqedan             

        

          0 0 0 0 0 0 .s t s t t t s t t t t t       

 
 

      nax. 1.33 

 


