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Sesavali  

 

signalebis Teoriis kursi warmoadgens ZiriTad Teori-
ul disciplinas radio da telekavSiris, telexedvis, ra-
dioteqnikis, avtomaturi da mravalarxiani eleqtruli kav-
Siris, eleqtruli qselebis, eleqtromagnitur kanonebze 
agebuli axali gardamqnelebis, marTvis sistemebis agebis, 
teqnologiuri procesis Seswavlis, teqnikuri eleqtroni-
kis  da sxva momijnave specialobebisaTvis. 

wignSi moyvanilia Tanamedrove meTodebi, romlebic 
dRes aris miRebuli signalebis aRwerisaTvis da 
Tvisebebis SeswavlisaTvis. ganixileba signalebis klas-
ifikacia, signalebis sivrcis geometriuli gaazrebis 
fundamentaluri principebi, determinirebuli rxevebis 
speqtruli da korelaciuri  analizi, modulirebuli ra-
diosignalebis Teoria, aseve SezRuduli speqtris mqone 
uwyveti signalebis diskretuli warmodgena. vrclad aris 
gadmocemuli SemTxveviTi signalebis aRweris da gazomvis 
meTodebi.    

sakiTxebi, romlebic Seiswavleba am kursSi, pirdapir 
aris dakavSirebuli praqtikul amocanebTan da amitom 
ganxiluli masalis Seswavla daexmareba momaval bakalav-
rebs, magistrebs da doqtorantebs cnobili da jer kidev 
uamravi Seuswavleli movlenebis analizSi, maTi fizikuri 
safuZvlebis dadgenaSi,  da miRebuli codnis momdevno 
gamoyenebaSi mrewvelobaSi da sxva dargebSi. 

SeiZineT wina Taobebis mier dagrovebuli codna da 
gamoiyeneT is axali SemoqmedebiTi praqtikul an/da same-
cniero saqmianobaSi. 
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Tavi I. radioteqnikuri signalebis zogadi 

Teoriis elementebi 
 

 termini “signali” xSirad gvxvdeba aramarto teqnikur 
literaturaSi, aramed yoveldRiur cxovrebaSi. zogjer 
arc vakvirdebiT terminologiis simkacres da vaigivebT 
iseT cnebebs, rogoricaa signali, Setyobineba, informa-
cia. Cveulebriv es ar iwvevs gaurkvevlobas, vinaidan mo-
icavs farTo azrobriv diapazons. 

 termini “signali” warmoiSva laTinuri sityvidan «sig-

num»  - “niSani”. signali warmoadgens fizikur process, 
romelic icvleba droSi gadasacemi Setyobinebis kanoniT. 
  signalebis Teoriis kursis Sesaswavlad davazustdoT 
signalis cnebis mniSvneloba. tradicidan gamomdinare 
zogadad miRebulia, rom  signali ewodeba droSi raime 
obieqtis fizikuri mdgomareobis cvlilebas, romelic 
gamoiyeneba Setyobinebis asaxvis, registraciis da 
gadacemisaTvis. 
   cnobil da, SeiZleba iTqvas, nebismieri saxis sistemeb-
Si signali informaciis gadacemis ZiriTadi saSualebaa. 
aqedan gamomdinare  cxadia, rom metad mniSvnelovania 
misi gamoyenebis Teoriis Seswavla.  
   vinaidan sakiTxebs, romlebic exeba gadacemuli signa-
lis fizikur saxes (magaliTad, geometriul formas) da 
masSi Cadebul Setyobinebas da informacias, gaaCnia fri-
ad mniSvnelovani ara marto azrobrivi datvirTva, aramed 
masSi Cadebuli informaciis faseulobebTan da-
kavSirebuli sakiTxebi, am kursSi ar ganixileba. es sa-
kiTxebi sxva kursebis Seswavlis sagania.  
   saswavlo kursis mizania:  
- analoguri da diskretuli signalebis aRwerisa da an-

alizis daufleba; 
-  signalebis furie-analizis aTviseba;  
-  cifruli signalebis damuSavebis meTodebis aTviseba; 
-  filtrebis dizainisa da analizis meTodebis Seswavla; 
- sabazo CAD sistemis gamoyenebis aTviseba (SPICE, 

PSPICE). 
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1.1. radioteqnikuri signalebis klasifikacia 

signalebis Teoriuli Seswavlisa da angariSisaTvis 
iqmneba gamosakvlevi signalis maTematikuri modeli (mm), 
rac saSualebas iZleva Sedardes signalebi erTmaneTs, 
gamoiyos maTi ZiriTadi Tvisebebi, movaxdinoT klasifi-
kacia da rac Zalze mniSvnelovania, davadginoT garkveu-
li terminologia.  

1.1.1. signalebis aRwera maTematikuri modelebiT 

  signalebi, rogorc fizikuri procesebi, SesaZlebelia 
SeviswavloT xelsawyoebis gamoyenebiT – eleqtronuli 
oscilografiT, voltmetriT, mimRebebiT. aseT empiriul 
meTods aqvs mniSvnelovani nakli. eqsperimentiT damkvi-
rvebeli axdens dakvirvebas mxolod calkeul movlenaze. 
msjeloba fundamentur Tvisebebze, Sedegebis 
winaswarmetyveleba Secvlil pirobebSi SesaZlebelia 
mxolod gamosakvlevi signalebis maTematikuri modelis 
(mm) Seqmnis Semdeg. 

signalis mm SesaZlebelia iyos, magaliTad, funqciuri 
damokidebuleba, romlis argumenti aris dro  

                , ,s t u t f t  da ase Semdeg. 

modelis Seqmna pirveli nabijia movlenis Tvisebebis 
sistematiuri SeswavlisaTvis. radioteqnikaSi erTi da 
igive mm Tanabari warmatebiT aRwers dens, Zabvas, 
eleqtromagnituri velis daZabulobas da sxva sidideebs. 

umetes SemTxvevaSi Znelia mm-is zusti amorCeva. amitom 
mm-is didi raodenobidan unda amoirCes is mm, romelic 
yvelaze martivad aRwers fizikur process, anu mm-is 
SerCeva SemoqmedebiTi procesia. 

funqciebs, romlebic aRweren signalebs, SeuZliaT mi-
iRon rogorc namdvili, aseve kompleqsuri mniSvnelobebi. 
amitom xSirad gamoviyenebT rogorc namdvili, aseve kom-
pleqsuri signalebis terminologias imisda mixedviT, Tu 
romelia maTematikurad xelsayreli. 

mm-is codna saSualebas gvaZlevs erTmaneTs SevadaroT 
signalebi, davadginoT maTi igiveoba da gansxvaveba, Cava-
taroT klasifikacia. 
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1.2. erTganzomilebiani da mravalganzomilebiani signalebi 

radioteqnikisaTvis tipiuri signali aris Zabva raime 
wredSi an deni StoSi. aseTi signals, romelic aRiwereba 
erTi drois funqciiT, ewodeba erTganzomilebiani.      
zogjer gansaxilvelad xelsayrelia SemovitanoT Semdegi 
saxis mravalganzobilebiani, anu veqtoruli signalebi:  

       
1 2 N{ , , . . . , },V t t t t     

romlebic Seiqmneba erTganzomilebiani signalebis 
simravliT. mTeli ricxvi N  aris signalis ganzomileba. 
   mravalganzomilebiani signalis magaliTad SeiZleba 
iyos Zabvebis sistema mravalpolusas momWerebze. mraval-

ganzomilebiani signalis modeli 
moyvanilia nax. 1.1.-ze. 
 aRsaniSnavia, rom mravalganzomile-
biani signali erTganzomilebiani 
signalebis mowesrigebuli erTobli-
obaa. amitom zogad SemTxvevaSi, signa-
lebi komponentebis gansxvavebuli 
mimdevrobiT ar udris erTmaneTs: 

      nax. 1.1.                     1 2 2 1, ,     . 

 signalebis mravalganzomilebiani modelebi gacilebiT 
sasargebloa im SemTxvevebSi, rodesac rTuli sistemebis 
funqcionireba analizdeba egm-is gamoyenebiT. 

1.1.3. determinirebuli da SemTxveviTi signalebi 

determinirebuli signali – esaa signali, romlis 
myisieri mniSvneloba drois nebismier momentSi SeiZleba 
ivaraudos erTis toli albaTobiT. 

Ddeterminirebuli signalis magaliTia: impulsebis 
Tanmimdevrobani (romelTa Fforma, amplituda da drois 
mixedviT mdgomareoba cnobilia), uwyveti signalebi 
mocemuli amplitudur-fazuri TanafardobebiT. 

signalis mm-is mocemis xerxebia: analizuri gamosaxu-
leba (formula), oscilograma, speqtraluri warmodgena. 
determinirebuli (harmoniuli) sinusoidaluri signalis 
mm-is magaliTia  

0 0( ) sin( )ms t S t   (ix. nax. 1.2.):   
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nax. 1.2. 

SemTxveviTi signali – esaa signali, romlis myisieri 
mniSvneloba drois nebismier momentSi winaswar ar aris 
cnobili, magram SeiZleba navaraudevi iyos raRac 
albaTobiT, romelic erTze naklebia. 

SemTxveviTi procesis (nax. 1.3.) magaliTi SeiZleba iyos 
Zabva, romelic Seesabameba adamianis metyvelebas, musikas, 
radioimpulsebis mimdevroba radiolokaciuri mimRebis 
Sesasvlelze, xelSeSlebi, xmauri.   

 

nax. 1.3. 

1.1.4. analoguri, diskretuli da cifruli signalebi 

   Tavdapirvelad radioteqnikaSi gamoiyeneboda mxolod 
analoguri signalebi. isini gamoiyeneboda ubralo 
teqnikuri amocanebis gadasawyvetad (radiokavSiri, 
telexedva da sxva). martivi iyo analoguri signalis 
generireba, miReba da damuSaveba.  
  sididis (donis) mixedviT uwyveti da drois mixedviT 

uwyveti (uwyveti anu analoguri) signalebi  u t - 
Rebuloben nebismier mniSvnelobas da arseboben drois 
mocemuli intervalis nebismier momentSi (nax. 1.4). 
 termini analoguri signali xazs usvams imas, rom 
signali misi Semqmnel fizikuri procesis analogiuria.  
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nax. 1.4. 

   radioteqnikuri sistemebis mimarT gazrdilma moTxov- 
nebma gamoiwvia axali gzebis Zebna. zog SemTxvevaSi 
analogur signalebs Caenacvlnen impulsuri signalebi.   
   sididis mixedviT uwyveti da drois mixedviT 
diskretuli signalebi mocemulia drois diskretul 
mniSvnelobebSi (wertilTa sasrul simravleze) (nax. 1.5). 

am wertilebSi signali  u t  Rebulobs nebismier 
mniSvnelobas ordinatTa RerZis gansazRvrul 
intervalze.  
    termini “diskretuli” axasiaTebs  signalis mocemis 
xerxs drois RerZze. diskretuli signalis modeli moyva-
nilia nax. 1.5.-ze. misi umartivesi maTematikuri modeli 

aris  u td , anu drois RerZze sasruli raodenobis { }it  

wertilebis simravlis Sesabamisi mniSvnelobebi, romleb-

Sic gansazRvrulia misi iu  mniSvneloba. rogorc wesi, 

diskreditaciis biji 1i it t    yoveli signalisaTvis 

mudmivi sididea. 

 
nax. 1.5. 

 diskretuli signalebis erT-erTi upiratesoba signal-
is uwyvetad asaxvis aucileblobis gamoricxvaa. es ki 
SesaZleblobas iZleva erTidaigive radioarxiT gadavceT 
Setyobinoba sxvadasxva wyaroebidan. amiT SesaZlebeli 
xdeba arxebis droiTi dayofis meSveobiT mravalarxiani 
kavSiris organizeba.  

   sididis mixedviT daqvantuli  da drois mixedviT uwy-
veti signalebi (nax. 1.6) mocemulia mTel drois RerZze, 
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magram sidide  u t -s SeuZlia miiRos mxolod diskretu-
li (daqvantuli) mniSvnelobebi. 

 
nax. 1.6. 

sididis mixedviT daqvantuli  da drois mixedviT dis-
kretuli (cifruli) signalebi (nax. 1.7.) gadascemen sig-
nalis doneebis mniSvnelobebs cifruli formiT. 

 

               nax. 1.7        nax. 1.8      nax. 1.9 

   teqnikuri realizaciis gamartivebis TvalsazrisiT Cve-
ulebriv iyeneben orobiT kods, rogorc wesi, gan-
sazRvruli Tanrigebis ricxviT (nax. 1.8). bolo  dros, 
mikroeleqtronikis da integraluri sqemoteqnikis miR-
wevebis Sedegad inergeba sistemebi  cifruli signalebiT, 
romlebic pirobiTi 0-is da 1-is kodirebas iyeneben (nax. 
1.9). 
    mxedvelobaSi unda gvqondes, rom fizikuri procesis 
nebismieri diskretuli an cifruli signali aris 
analoguri signali. magaliTad, nela cvlad analogur 
signals SegviZlia SevusabamoT diskretuli, erTnairi 
xangrZlivobis mqone, marTkuTxa formis videoimpulsi. am 
impulsebis simaRle proporciulia aRricxvis wertileb-
Si aRebuli mniSvnelobebis (ix. nax. 1.10), magram, SegviZlia 
sxvagvaradac moviqceT, impulsis simaRle davtovoT 
ucvleli, xolo misi xangZlivoba vcvaloT  Sesabamis 
aTvliT wertilebSi (ix. nax. 1.11). 
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                nax. 1.10.                nax.1.11. 

1.1.5. impulsuri signalebi 

impulsi – esaa rxeva, romelic arsebobs mxolod 
drois sasruli monakveTis sazRvrebSi. amasTan 
ganasxvaveben videoimpulsebs  da radioimpulsebs. 

gansxvaveba mdgomareobs SemdegSi. Tu  u tv (nax. 1.12) – 

videoimpulsia, maSin misi Sesabamisi radioimpulsi (nax. 

1.13)      0 0u t u t cos t  r v , sadac sixSire 
0  da sawyisi 

faza 
0  nebismieria. amasTan  u tv -s ewodeba 

radioimpulsis momvlebi, xolo  0 0cos t   funqcias – 

misi Semvsebi. 

 

         nax. 1.12.          nax. 1.13.          nax. 1.14. 

trapeciodaluri videoimpulsisaTvis (nax. 1.14.) Semo-
tanilia parametrebi: 
A  – amplituda; 

i – videoimpulsis xangrZlivoba; 

f – frontis xangrZlivoba; 

mok – mokveTis xangrZlivoba. 

1.2. signalebis dinamiuri warmodgena 

   radioteqnikis bevri amocena, magaliTad, fizikur 
sistemaze zemoqmedebis gamoZaxilis gamoTvla, moiTxovs 
signalis specifiur warmodgenas. aucilebelia ara marto 
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signalis myisier mniSvnelobaze informaciis floba, ara-
med mTel drois RerZze misi yofaqcevis codna rogorc 
“warsulSi”, aseve “momavalSi”.  

1.2.1. dinamiuri warmodgenis principi 

  aseTi modelebis warmodgenis xerxi mdgomareobs 
SemdegSi. realuri signali miaxloebiT unda war-
movidginoT raime elementaruli signalebis jamad, rom-
lebic warmoiqmneba drois momdevno momentebSi. amis 
Semdeg calkeuli elementaruli signalebis xangZlivo-
bebi mivaswrafoT nulisaken. maSin, bunebrivia, zRvarSi 
miviRebT sawyisi signalis zust warmodgenas.   sig-
nalebis warmodgenis aseT xerxs ewodeba dinamiuri war-
modgena, amiT xazi esmeva procesis droSi ganviTarebas. 
 dinamiuri warmodgenis orma xerxma hpova farTo gam-
oyeneba. pirvelis Tanaxmad elementarul signalebad gam-
oiyeneba safexurovani funqciebi, romlebic Seiqmnebian 
drois toli   Sualedebis Semdeg (ix. nax. 1.15.). Ti-
Toeuli safexuris simaRle udris signalis nazrds 
drois   intervalSi. 
 meore xerxis mixedviT elementarul signalebs war-
moadgenen marTkuTxa impulsebi. es impulsebi uSualod 
miedebian erTmaneTs da qmnian mimdevrobas, romelic Caw-
erilia mrudSi an maszea Semowerili (ix. nax. 1.16). 
 nax. 1.15. da 1.16 isrebiT naCvenebia calkeuli elementa-
ruli Sesakrebebis cvlilebebis gzebi. 

 
                  nax. 1.15.             nax. 1.16. 

ganvixiloT elementaruli signali, romelic gamoiyene-
ba dinamiuri warmodgenisaTvis pirveli xerxiT (nax. 1.15.).              
 

1.2.2. dinamiuri warmodgenis pirveli xerxi  

(CarTvis funqcia)  

M vTqvaT, mocemulia signali, romlis maTematikuri 
modeli aRiwereba tolobaTa sistemiT:  
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0, ,

( ) ( ) 0.5, ,

1, .

t

t t t

t

 


       
  

                      

 
           nax. 1.17. 

mocemuli funqcia aRwers raime fizikuri obieqtis “nu 
lovanidan” “erTeulovan” mdgomareobaSi gadasvlis pro-
cess (ix. nax. 1.17). gadasvla warmoebs xazovani kanoniT.  

es gadasvla xdeba myisierad, Tu 0  . aseTi 

gadasvlis maTematikurma modelma miiRo dasaxeleba 
CarTvis funqcia anu xevisaidis funqcia (oliver 
xevisaidi (1850-1925) –ingliseli mecnieri).  

 

0, 0

( ) 1( ) 0.5, 0

1, 0

t

t t t

t




   
 

 

 

                  nax. 1.18. 
CarTvis funqciis saSualebiT mosaxerxebelia aRiweros  

eleqtrul wredebSi komutaciis sxvadasxvagvari procese-
bi. 

 CarTvis funqciis moyvanili xerxi ar aris erTaderTi 
SesaZlebeli. magaliTad, funqciebi, romlebic qmnian mim-

devrobas  
 

1

1 exp
nu t

nt


 
, n -is zrdasTan 

erTad sul ufro zustad axdenen 
aproqsimacias signalis wyvetisas, romelic 
asrulebs naxtoms erTze, roca 0t   (ix. nax. 

1.19).   
 nax. 1.19.    
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D magaliTi 1.1. marTkuTxa formis  impulsur signals aqvs 
xangZlivoba 5 mkwm da amplituda 15 v (ix. nax. 1.20). drois 
aTvlis dasawyisi emTxveva impulsis fronts. CawereT am 
signalis analizuri gamosaxuleba.  
   amoxsna. cxadia, rom donis signalis naxtomis efeqti, roca 

0t  , aRiwereba funqciiT  15 t   . imisaTvis, rom impulsi 

damTavrdes, roca 6

0 5 10t   wm, aucilebelia 

gamovakloT CarTvis igive impulsi, romelic 
dayovnebulia igive drois monakveTiT. 
sabolood miviRebT:            

      615 ( ) 15 ( 5 10 )t t t        v . 

 
  nax. 1.20. 
   magaliTi 1.2. wyaros emZ droSi xazovnad icvleba Semdegi 

kanonis mixedviT   63 10e t t   v. wyaro idealuri komutatoriT 

mierTebulia gare wredebTan. komutatori amuSavdeba drois 

0 2t  mkwm momentSi. CawereT Zabvis maTematikuri modeli 

xelsawyos gamosasvlelze.  
  amoxsna. wyaros gamosasvlelze (nax. 1.21) Zabva drois 2 mkwm-ze 
nakleb monakveTze, udris nuls, amitom cxadia, rom maTematikur 

models eqneba saxe    6 63 10 2 10u t t t       v. (nax. 1.22). 
 

 
     nax. 1.21.             nax. 1.22. 
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1.2.3. nebismieri signalis dinamiuri warmodgena 

CarTvis funqciis gamoyenebiT 

   ganvixiloT raime signali  s t  (nax. 
1.23.), amasTan gansazRvrulobisaTvis da-

vuSvaT, rom   0s t  , roca 0t  .   vTqvaT 

{ , 2 , 3 , . . .}    - drois momentebis mimdev-

robaa da maT Seesabameba  
1 2 3{ , , , . . .}s s s  - 

signalebis mniSvnelobebis  mimdevroba.    

    nax. 1.23.       Tu  
0 0s s  - sawyisi mniSvnelobaa, 

maSin, rogorc Cans agebulobidan,  signalis mimdinare 
mniSvneloba nebismieri t -is miaxloebiT udris safexuro-
vani funqciebis jams: 

                 
0 1 0 2 1 2 ...s t s t s s t s s t              

             
0 1

1

.k k

k

s t s s t k






        

 Tu bijs 0,   maSin diskretuli cvladi  k  SegviZlia 
SevcvaloT uwyveti cvladiT  . amasTan  mcire nazrdebi 

 1k ks s   gardaiqmneba diferencialebSi  d d d ds s    da 

Cven miviRebT nebismieri signalis dinamiur warmodgenas 
CarTvis (xevisaidis) funqciis gamoyenebiT: 

     
0

0

d
d

d

s
s t s t t



      


 

   magaliTi 1.3.  s t  signali udris nuls, roca 0t   da 

icvleba kvadratuli parobolis kanoniT   2s t At  roca 0t  . 

ipoveT am signalis dinamiuri warmodgena. 

  amoxsna: vinaidan 0 0, d d 2s s A  xolo , amitom  

   
0

2 ds t A t



      . 

 bolo formulis Sesabamisad elementaruli safexurebis 
simaRleebi, romlebidanac ikribeba signali, drois mixedviT 
xazovnad izrdeba.  
   signalis dinamiuri warmodgenis sxva xerxze gadasvli-
sas, rodesac daSlis elementebad gamoiyeneba mokle im-
pulsebi, unda gamoviyenoT axali mniSvnelovani cneba.  

1.2.4. delta-funqcia 
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 ganvixiloT marTkuTxa formis impulsuri signali,  

mocemuli Semdegnairad:  
1

; .
2 2

t t t
     

           
     

 para-

metris   nebismierad arCevi-

sas am impulsis farTobi 

udris erTs:  d 1S t







   . (ix. 

nax. 1.24.) 
   magaliTad, Tu   Zabvaa,    

   nax. 1.24.        nax. 1.25.   maSin 1S  v wm . 

vTqvaT, sidide   miiswrafis nulisaken. impulsis xang-

Zlivoba mcirdeba, magram farTobis sidide inarCunebs 
Tavis mniSvnelobas. am dros impulsis simaRle 
usazRvrod izrdeba.  aseTi funqciebis mimdevrobebis 
zRvars, roca 0 , ewodeba delta-funqcia, an dirakis 

funqcia:     

   
0

lim ; .t t


     

delta-funqcia – saintereso maTematikuri 
obieqtia. garda 0t   wertilisa, is udris 
nuls. miRebulia gamonaTqvami, rom funqcia 

Tavmoyrilia am wertilSi. Aamrigad, 

                       ( )d 1t t





  . 

nax. 1.25.-ze  moyvanilia delta-funqciis simboluri gamo-
saxuleba.  
 am kursSi mudmivad gamoiyeneba delta-funqciis apara-
ti. ZiriTadi mizezi, romelic ganapirobebs delta-fun-
qciis gamoyenebis moxerxebulobas fizikuri  amocanebis 
gadawyvetaSi, mdgomareobs SemdegSi. 
 gavixsenoT meqanikis cnobili debuleba: Tu m  masis 

materialur wertilze  1 2,t t  drois intervalSi moqmedebs 

cvladi  F t  Zala , maSin wertilis moZraobis raodenoba 

 
2

1

2 1 d

t

t

m m F t t     . 

, 0
( )

0, 0

t
t

t
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    maSasadame, mniSvnelovani aris ara TviT Zala, aramed 
misi impulsi, romelic figurirebs gantolebis  marjvena 
nawilSi.  delta-funqcia zustad aris garedan moqmedi  
mokle erTeuli  impulsis (farTobis) maTematikuri 
modeli. 

maTematikidan cnobilia, rom delta-funqciis Tvisebebi 
bevri klasikuri mimdevrobis zRvrebis niSandoblivia. 
moviyvanoT ori damaxasiaTebeli magaliTi: 

                   2lim 2 exp 2
n

t n nt


    ;  

             da      lim sin
n

t nt t


     . 

aq n -is zrdasTan erTad impulsis xangZlivoba mcirdeba, 
xolo misi simaRle izrdeba. 

1.2.5. signalis dinamiuri warmodgena 

    delta-funqciis gamoyenebiT 

  (aq aRwerili  signalis dinamiuri warmodgenis xerxSi, imisa-
Tvis, rom miviRoT raime myisieri mniSvneloba, unda gvqondes 
monacemebi signalis yofaqcevaze mTel drois RerZze). 
 daubrundeT nax. 1.16.-ze moyvanili analoguri  
signalis aRwerilobas erTmaneTTan mibjenili marTkuTxa 

impulsebis saxiT. Tu 
ks  - aris signalis mniSvneloba k -r 

aRricxvis wertilSi, maSin elementaruli impulsi k  
nomriT warmoidgineba ase: 

      .k k k kt s t t t t                                (1.10) 

   dinamiuri warmodgenis principis Sesabamisad sawyisi   

 s t  signali unda ganixilebodes rogorc elementaluri  

Sesakrebebis jami:                 
k

k

s t t




  .          (1.11) 

  am jamSi nulisgan gansxvavebuli iqneba mxolod erTi 

k  uri wevri, romelic  akmayofilebs utolobas 

1k kt t t   .  

Tu (1.10) CavsvavT (1.11)-Si, winaswar gayofil da 
gamravlebuli bijis   sidideze, maSin    

     
1

k k k

k

s t s t t t t




        
  

    zRvarze gadasvlisas, roca 0  , aucilebelia 
Seicvalos ajamva integrirebiT formaluri   cvladiT, 
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romlis diferenciali d  Secvlis   sidides. vinaidan 

     
0

1
lim ,k k kt t t t t t


          
 miviRebT saZiebeli 

signalis dinamiuri warmodgenis formulas  

      ds t s t





       .                   (1.12)  

   SesaZlebelia davinaxoT delta-funqciis mniSvnelovani 
Tviseba: misi fizikuri ganzomileba igivea, rac sixSiris 
ganzomileba, anu wm-1 .  
   maSasadame, Tu uwyvet funqcias gavamravlebT delta-
funqciaze, namravls ki droSi gavaintegrireT, maSin 
Sedegi iqneba uwyveti funqciis mniSvnelobis toli im 
wertilSi, sadac Tavmoyrilia  -impulsi. miRebulia 
gamonaTqvami, rom amaSi mdgomareobs  delta-funqciis 
mafiltrebeli Tviseba.  
   aqedan gamomdinareobs sistemis struqturuli sqema, 

romelic ganaxorcielebs analoguri signalis  s t  
myisieri mniSvnelobebis gazomvas 
(ix. nax. 1.26.), sistema Sedgeba ori 
rgolisagan: gadamamravlebeli da 

integratori. naTelia, rom  0s t  

gazomvis sizuste damokidebulia  
      nax. 1.26           realuri signalis (magaliTad, 
marTkuTxa formis videoimpulsis) xangZlivobaze.  
   rac ufro mcirea impulsis xangZlivoba, miT  metia 
gazomvis sizuste. 

1.3. geometriuli meTodebi signalebis TeoriaSi 

   signalebis Sedarebis Casatareblad maTi msgavsobis 
dasadgenad da sxva amocanebis gadasaWrelad saWiroa 
Sesabamisi maTematikuri aparatis gamoyeneba. 

me-XX saikuneSi Seiqmna funqcionaluri analizi – ma-
Tematikis mimarTuleba, romelic aerTianebs Cvens intui-
ciur warmodgenas sivrcis geometriul struqturaze. aR-
moCda, rom funqcionaluri analizis ideebi iZleva 
gamarTuli signalebis Teoriis Seqmnis saSualebas, rom-
lis safuZvelSi devs signalis koncefcia, rogorc veqto-
risa, specialuri xerxiT konstruirebul usasrulo-
ganzomilebian sivrceSi.  
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1.3.1. signalebis xazovani sivrce 

   vTqvaT    
1 2{ , , . . .}M s t s t  - signalebis simravlea. am 

obieqtebis gaerTianebis mizezia saerTo Tvisebebis arse-
boba M simravlis yvela elementisaTvis. 
     
   magaliTi 1.4. M simravle Seqmnilia sxvadasxvanairi 
analoguri signalebiT, romlebic gansxvavebulia nuli-
sagan 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 sawyisi fazebiT.  
 
   signalebis Tvisebebis Seswavla, romlebic gaerTiane-
bulia aseT simravleSi, martivdeba im SemTxvevaSi, 
rodesac SesaZlebelia simravlis erTi elementebi 
gamovsaxoT am simravlis sxva elementebiT. am SemTxvevaSi 
amboben, rom signalebis simravles gaaCnia gansazRvruli 
struqtura. struqturis amorCeva nakarnaxevia fizikuri 
mosazrebebiT. magaliTad, cnobilia, rom eleqtruli 
rxevebi SesaZlebelia ara marto Seikribos, aramed 
gamravldes nebismier masStabur koeficientze. es iZleva 
saSualebas signalebis simravleSi SemovitanoT  xazovani 
sivrcis struqtura.                                           
   signalebis M simravle qmnis namdvil xazovan sivrces, 
Tu WeSmaritia Semdegi aqsiomebi: 
1.   nebismieri signali u M  nebismieri t -sTvis 

Rebulobs mxolod namdvil mniSvnelobebs. 
2. nebismieri u M -isa da M -isaTvis 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).  
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Tu signalebis maTematikuri modelebi iReben 
kompleqsur mniSvnelobebs, maSin Tu me-3 aqsiomaSi 
davuSvebT gamravlebas kompleqsur ricxvze, mivdivarT 
xazovani kompleqsuri sivrcis cnebasTan. 
   moyvanili aqsiomatika sakmaod mkacria. signalebis 
simravleebi SesaZloa aRmoCndes 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 SevkrebT, 

miviRebT signals, romelic ar miekuTvneba M simravles. amitom 

M  ar aris xazovani sivrce. 

              1.3.2. koordinatuli bazisis cneba 

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

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

lebsac 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 qmnis koordinatul baziss. Tu mocemulia raime 

signalis  s t  daSla  Semdegi 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. 
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magaliTi 1.7. xazovani sivrce Sedgenilia signalebiT, romlebic 

aRiwerebian maRali rigis mravalwevrebiT:  
0

n

n

n

s t t




   (aseT 

funqciebs ewodeba  analizuri). 
   am sivrceSi koordinatTa bazisi aris erTwevrebis sistema 

2

0 1 2{ 1; ; ; . . .}e e t e t   . 

 
1.3.3. normirebuli xazovani sivrce. signalis energia 

   signalebis Teoriis geometriuli warmodgenis 
gasaRrmaveblad, aucilebelia 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 calsaxad Seesabameba ricxvi s  
– am veqtoris norma, amasTan sruldeba normirebuli 
sivrcis Semdegi aqsiomebi: 

1. norma ar aris uaryofiTi, anu 0s  . norma s =0 maSin 

da mxolod 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). 

radioteqnikaSi miRebulia, rom analoguri signalebis 

normaa                2 ds s t t





                       (1.15) 

(fesvis ori mniSvnelobebidan irCeven dadebiTs). kompleq-

suri signalebisaTvis norma    * ds s t s t t





  ,  

sadac  *  simboloTi aRiniSneba kompleqsurad SeuRlebu   
li sidide. 
  normis kvadrats uwodeben signalis energias 

 
2 2 dsE s s t t





   . 
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zustad aseTi energia gamoiyofa 1 om rezistorSi, Tu mis 

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

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

2.  energetikuli norma aramgrZnobiarea 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 sivrcis (1.15) saxis normas 
zRvruli mniSvnelobiT ewodeba  funqciebis sivrcis 

integrirebis kvadrati da mokled aRiniSneba  2L .  

1.3.4. metruli sivrce 

  SemovitanoT fundamenturi cneba, romelic aerTianebs 
Cvens warmodgenas sivrceSi or wertils Soris manZilze. 
   amboben, rom xazovani sivrce L  dgeba metrul sivr-
ced, Tu ,u L  elementebis TiToeul wyvils Seesabameba 

arauaryofiTi  ,u   metrikad wodebuli ricxvi, an 

manZili am elementebs Soris. 
   metrikis gansazRvris xerxis miuxedavad, metrika unda 
eqvemdebarebodes metruli sivrcis aqsiomebs: 

1.    , ,u u      (metrikis refleqsioba); 

2.   , 0u u   nebismieri u L ; 

3.  rogoric ar unda iyos 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 elements Soris: 

 ,u u   . 
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metrikis codniT, SeiZleba vimsjeloT, magaliTad, 
imaze, Tu ramdenad kargad aproqsimirebs erTi signali 
meores.  

 magaliTi 1.8.  signali  s t  warmoadgens Zabvis 

samkuTxa impulss U amplitudiT da 

i xangrZlivobiT (nax. 1.28). gamoTvaleT aseTi 

signalis energia da norma. 

  amoxsna: drois  0, i intervalSi signali 

aRiwereba funqciiT   /s t Ut i . signalis ener- 

   nax. 1.28      gia gamoiTvleba (1.16) gamosaxulebiT                 

        
2 2 dsE s s t t





   .      integrirebis zRvrebis 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 

momvlebiT. impulsi arsebobs  0, i  

intervalSi da aRiwereba funqciiT 

   0 0 0coss t U t    (ix. nax. 1.29)  

       
        nax. 1.29           

amoxsna: formula (1.16)-is gamoyenebiT  
2 2 dsE s s t t





   , 

integrirebis zRvrebis 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 . 
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 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 miuxedavad. 

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 xangZlivobis impulsis amplituda A  ise, 
rom manZili am orive signals 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 meore warmoebuls, davrwmu-
ndebiT, rom is dadebiTia. aqedan gamomdinareobs, rom eqstremu-
mis wertilSi namdvilad miiRweva minimumi. 

  maSasadame, aviRoT pirveli warmoebuli A  cvladis mimarT 
da gavutoloT 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 sinuso-
idaluri impulsis normis 44%. 



 

32 

1.4. orTogonaluri signalebis Teoria 

  Mmiuxedavad imisa, rom SemovitaneT xazovani sivrcis 
struqtura da ganvsazRvreT norma da metrika, mainc ar 
SegviZlia gamovTvaloT iseTi maxasiaTebeli, rogoricaa 
kuTxe or veqtors Soris. amas SevZlebT, Tu SemovitanT 
mniSvnelovan cnebas – xazovani sivrcis elementebis 
skalarul namravls. 

1.4.1 signalebis skalaruli namravli 

gavixsenoT, rom Tu Cveulebriv samganzomilebian 

sivrceSi cnobilia ori A da B  veqtori, maSin maTi jamis 

kvadratis  moduli    
2 2 2

2 ,A B A B A B            (1.18)   

sadac      cosA B A B    - am veqtorebis skalaruli 

namravlia, romelic damokidebulia 
maT Soris  kuTxeze.  

  analogiuri 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              signalebisgan gansxvavebiT maTi 
energiebi ar aris aditiuri (ar ikribeba), vinaidan energia 

E  Seicavs damatebiT urTierTenergias   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        

 2.    , , ;u u    
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 3.    , , ,u u     sadac - namdvili ricxvia;  

 4.      , , , .u w u w w     

xazovan sivrces aseTi 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 qvemoT 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 Soris. 

      nax. 1.35          
   amoxsna.  am signalebis energiebi erTnairia: 

 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-
gonalurs, Tu maTi skalaruli namravli da 

urTierTenergia 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. davuSvaT, 

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

srulo sistema, romlebic orTogonuli 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 sivrceSi 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 warmodgenas ewodeba amorCeul bazisSi  s t  
signalis furies ganzogadoebuli mwkrivi. 

  mocemuli mwkrivis koeficientebs pouloben Semdegnai-

rad. viRebT bazisur funqcias ku  nebismieri k  nomriT, 

vamravlebT masze tolobis (1.27) orive mxares, xolo 
Semdeg vaxdenT Sedegebis integrirebas droSi:  
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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) 

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)  

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

mwkrivis 
kc  koeficientebis simravliT. 

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

mwkrivis 
kc  koeficientebi aris s veqtoris 

proeqcia bazisur mimarTulebaze (ix. nax.     
   nax. 1.38    1.38). 
    1.4.3. orTonormirebuli bazisebis magaliTebi 

  ganvixiloT urTierTorTogonaluri funqciebis siste-
mebis agebis yvelaze mniSvnelovani da gavrcelebuli ori 
xerxi. aseTi funqciebis ageba Seswavlilia maTematikaSi  
(ix., magaliTad, [7,8]).   

      1.4.3.1. harmoniuli rxevis orTonormirebuli sistema  

 SegiZliaT darwmundeT, rom  0,T monakveTze tri- 

gonometruli sistema jeradi sixSireebiT, mudmivi signa-
liT damatebuli (ix. nax. 1.39), qmnis orTonormirebul 
baziss. 
 
                                   

 
 
 
 
 
 

        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





 

 

 

 



signalebis Teoria 

 36 

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 uolSis fun-
qciebs, martivad generirdeba mikroeleqtronuli gadam-
rTveli sqemebiT. 

SemovitanoT uzomo dro t T   da, rogorc miRebulia, 

avRniSnoT uolSis k -uri funqcia simboloTi  wal ,k  .      

mocemuli funqciebis analizuri aRwera sakmarisad 
rTulia. magram am sistemis agebis idea martivad SesaZle-
belia davinaxoT nax. 1.40-ze, romelzec gamosaxulia uol-
Sis funqciis pirveli ramdenime wevri. 

 
nax. 1.40 

 cxadia, rom nebismieri k  uri mniSvnelobisaTvis 
uolSis 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 maTi uSualo 
Semowmeba.  

magaliTad: 
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1/2 1/4 0

2

1/2 1/2 1/4

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



  

            

1/4 1/2

2

0 1/4

1 d 1 ( 1)d 0       

 / 2, / 2T T  drois monakveTze  mocemuli, zRvruli 

energiis mqone signalis daSlas 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 formis impulsis daSlisas uolSis funqciebis 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.  

sinamdvileSi sawyisi signalis energiaa  

 
1/2

22 3

1/2

1 2 d 3,sE U U


     



signalebis Teoria 

 38 

maSin roca sxvaobis 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 aproqsimirebuli signalis energiis 

6,25%. 

1.4.4. signalebis orTogonaluri daSlis aparaturuli 

realizacia 

   ganvixiloT xelsawyos struqturuli sqema, romelic 
eqsperimentaluri gziT analogur signals daSlis furi-
es ganzogadoebul mwkrivad mocemuli orTonormirebuli 
bazisuri funqciebis sistemis mimarT (ix. nax.1.43). 
  aq ZiriTadi elementebia im bazisuri funqciebis genera-
torebi, romelTa mimarT xdeba daSla. gasaanalizebeli 
signali erTdroulad miewodeba gamamravlebeli rgole-
bis erTobliobas, am signalsa da Sesabamis bazisur fun-
qciebze gadasamravlebad. maTi gamosasvlelebidan 
signalebi miewodeba Sesabamis integratorebs. signalis 
aseTi damuSavebis Semdeg ToToeuli integratoris 
gamosasvlelze moTavsdeba droSi ucvleli done, rom 
lis sidide (1.29) formulis Sesabamisad, zustad udris 

ganzogadoebuli furi-
es mwkrivis am Tu im 
koeficients. 
   nax. 1.43 
moyvanili sistema 

mniSvnelovania 
Teoriuli da gamoyene-
biTi TvalsazrisiT. 
misi analizis Sedegad 
vrwmundebiT, rom 
signalSi moTavsebuli 
sruli informacia 
marTlac SesaZlebelia 

warmovidginoT  
usasrulo, magram mainc 

sasruli ricxvebis erTobliobiT.  
 
            nax. 1.43         
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1.5.  I Tavis mimoxilva  

1.5.1. Sedegebi 

1.   signalebis Teoriuli gamokvlevisTvis aucilebelia 
SevadginoT maTi maTematikuri modelebi. 

2.   signalebis klasifikacia xorcieldeba Sesabamisi ma-
Tematikuri modelebis arsebiTi  niSnebis safuZvelze. 
miRebulia ganvasxvavoT erTganzomilrbiani da mraval-
ganzomilebiani, determinirebuli da SemTxveviTi, ana-
loguri da diskretuli signalebi. signalebis  
nairsaxeobas warmoadgenen cifruli signalebi. 

3.   dinamiuri warmodgenis principi saSualebas gvaZlevs 
avRweroT signalebi, maTi qceva rogorc ”warsulSi”, 
aseve ”momavalSi”. 

4.   dinamiuri warmodgenisaTvis gamoiyeneba ori elementa-
ruli signali: CarTvis funqcia (xevisaidis funqcia) da 
delta-funqcia (dirakis funqcia). 

5.   signalebis simravlis raime struqturis Semotanis 
gziT SesaZlebelia gadavaqcioT xazovan funqcionalur 
sivrceSi. 

6.   xazovnad damoukidebuli veqtorebis sistema qmnis 
koordinatul baziss, romelzec SesaZlebelia 
davSaloT nebismieri veqtori, romelic miekuTvneba 
xazovan sivrces. 

7.  signalebis xazovan sivrceSi veqtoris sigrZis analogi 
aris norma.  

8. normis kvadrats ewodeba signalis energia. 
9. signalebis xazovani  sivrce iqceva metrikul sivrced, 
Tu gavnsazRvravT metrikas – manZils or veqtors 
Soris. 

10.   imisaTvis, rom vipovoT kuTxe xazovani sivrcis or 
elements Soris, SemoaqvT skalaruli namravlis cneba, 
romelic signalebis urTierTenergiebis  proporciu-
lia. Tu skalaruli namravli udris nuls, maSin 
signalebi orTogonaluria. 

11. signalis warmodgenas orTonormirebuli bazisis 
daSlis saxiT, ewodeba furies ganzogadoebuli 
mwkrivi. aseTi mwkrivis koeficientebi warmoadgenen 
dasaSleli signalis da Sesabamisi bazisuri 
veqtorebis skalarul namravls. 
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12.  signalis energia udris furies ganzogadoebuli rigis 
yvela wevris energiis jams. 

13.   signalis daSla orTonormirebuli bazisis  mixedviT 
uzrunvelyofs aproqsimaciis cdomilebis energiis 
minimums. 

14.  signalSi Senaxuli sasargeblo informaciis amoRebis 
procesi SesaZlebelia warmovidginoT, rogorc furies 
ganzogadoebuli mwkrivis koeficientebis ricxviTi 
mniSvnelobebis aparatuli gansazRvra. 

1.5.2. sakontrolo kiTxvebi 

1 ras ewodeba determinirebuli signali? 
2 ra saxe aqvs determinirebuli signalis mm-s? 
3 rogori signalebi gamoiyeneba radioeleqtronikaSi? 
4 ra aris impulsuri signali? ra parametrebiT xasiaT-

deba igi? 
5 ras ewodeba signalis speqtraluri Slili? 
6 ra aris speqtraluri diagrama?  

1.5.3. amocanebis amoxsnis zogadi meTodika 

   zogadi meTodi  ar arsebobs. yovel konkretul SemTx-
vevaSi magaliTis/amocanis amoxsnas unda miusadagoT Sesa-
bamisi maTematikuri aparati da logikuri msjelobiT 
amoxsnaT dasmuli magaliTi an amocana. 

1.5.4. tipiuri amocanebis amoxsnis magaliTebi 

  magaliTi 1.1. impulsuri  u t signali, romlis erTeulis 
ganzomilebaa volti (v), aRiwereba formuliT: 

     5 5( ) 25 exp 10 exp 2 10 .u t t t t        

1.   aageT mocemuli impulsis grafiki; 

2.   gansazRvreT  signalis maqsimaluri maxu  mniSvneloba 

da misi dadgomis maxt  dro; 

3.   gansazRvreT impulsis i  xangrZlivoba, romelic 

ganisazRvreba rogorc monakveTis sigrZe nulidan im 
wertilamde, romelSic signalis myisieri mniSvneloba, 
maqsimalur mniSvnelobasTan SedarebiT, mcirdeba 10 
jer. 

    amoxsna:  droSi signalis myisieri mniSvnelobebis 
cvlilebis grafiki moyvanilia nax. m.1.1-ze.  
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1. cxadia, rom  max 0u t   pirobidan gamomdinare miviRebT 

gantolebas maxt  drois 

gansazRvrisaTvis:     

   5 5
max maxexp 10 2exp 2 10 0t t        

saidanac  5
max10 ln 1 2 ,t    anu 

       nax. m.1.1            6
max 6,931 10 6,931t   wm = mkwm ,  

amasTan  max 6.25u  v.  

2.  amocanis pirobidan gamomdinare impulsis xangZlivoba      

  aris  gantolebis    5 525 exp 10 exp 2 10 6.25 10       i i                    

F fesvi.  

    SemovitanoT uganzomilebo sidide 510x  i . miviRebT 

   exp exp 2 0.025x x    . 

aqedan gantolebaze gadasvlisas, romelic amoixsneba x -

is mimarT, miviRebT        2ln 0,025 xx e   .               

(1.1) 
aseTi transcedentuli gantolebis fesvebi xelsayrelia 
vipovoT miaxloebiTi mimdevrobis meTodiT (magaliTad, 
kalkulatoris gamoyenebiT an raime programiT gamoTvlis 
ricxviTi meTodis saSualebiT).  
   signalis grafikis gamoyenebiT, SegviZlia avirCioT 

sakmarisad axlo mdebare 0x  miaxloeba. vTqvaT, rom 0 3x  , 

da Semdeg gamoTvlebiT zustdeba amonaxsni. 
Tu CavsvamT am mniSvnelobas (1.1)-Si, miviRebT pirvel 

miaxloebas 

                  6
1 ln 0,025 3.5943422.x e     

  moyvanil process vagrZelebT iteraciuli principis 
gamoyenebiT:  

 12
ln 0,025 , 2,3,...nx

nx e n
     

 
 

 

 

5 2
max

5
max

10 2 0

1 2 0

2 1 1 2 ln 1 2

10 ln 1 2

y y

y y

y y

y t e e

e e

e e y

t
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gamoTvlebis proceduras vagrZelebT manam, sanam miRebu-
li ori mimdevrobiTi mniSvneloba ar gaxdeba umniSvne-
lod gansxvavebuli erTmaneTisagan. sabolood miviRebT 

3,6628862x   (yvela ricxvi zustia!). aseTi sizustiT pasu-
xis miReba praqtikulad ar aris aucilebeli.  
   (umetes SemTxvevaSi, sakmarisia SevCerdeT mZimis Semdeg ori 
niSnis miRebis Semdeg). 

   Sabolood, miaxloebiT miviRebT 3.66x  . am Sedegis 

gaTvaliswinebiT       53.66 10 36.6   i wm mkwm .  

   momdevno gaangariSebiT aigeba dazustebuli grafiki. 

   magaliTi 1.5.2.  s t signals (nax. m.1.2) aqvs Semdegi saxis 

maTematikuri modeli:           

                        0 0 0

0 0

0 , 0,

, 0 ,

, .

t

s t s t t t t

s t t




  




 

warmoadgineT mocemuli damokidebule-    
      nax. m.1.2    ba monakveT-xazovani funqciebis jamad.         

    amoxsna:  s t  signali SeiZleba 
warmovidginoT rogorc ori xazovnad 
zrdadi funqciis jami (nax. m.1.3) 
sididiT erTnairi, magram niSniT gan-

sxvavebuli daxris kuTxuri  0 0s t  

koeficientebiT. aqedan             

             0 0 0 0 0 0 .s t s t t t s t t t t t              

        nax. m.1.3 
   magaliTi 1.5.3. darwmundiT, rom roca n , funqciis 

   2
n t

nf t n e


  mimdevrobis zRvari iqneba dirakis  t  

funqcia. 

amoxsna: funqcia  
nf t  aris luwi; farTobi SezRudu-

lia  mrudis marjvena naxevriT, 

0 0

1 1
d d

2 2 2

ntn
e t e  

 

    . 

aqedan Cans, rom farTobi, Semofargluli mTliani 
mrudiT, n -isgan damoukideblad, udris erTs.  
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nebismieri 0t   dros  
nf t funqciis zRvruli mniSvne-

loba udris nuls. marTlac, lopitalis wesiT 

 
 

1

lim lim lim 0nt nt

n n nnt

n
ne te

e




  


  


. 

 maSasadame,  
nf t mimdevrobis zRvari aris ganzogadoe-

buli funqcia  t  

   magaliTi 1.5.4.  daamtkiceT, rom  
nf t funqciis 

mimdevrobis zRvari (ix. nax. m.1.4), roca 

n  aris dirakis  t  funqcia. 
   damtkiceba: cxadia, rom monakveTis 

sigrZe, romelzec Tavmoyrilia  
nf t  

funqcia, udris 2 n . amasTan, roca 

n , sigrZe miiswrafis nulisaken. 
amasTan, n -is mniSvnelobisagan 
damoukideblad samkuTxedis fardobi,      

nax. m.1.4        Semofargluli  
nf t  funqciiT, udris 

erTs.   

   magaliTi 1.5.5. gamoTvaleT Zabvis  v  eqsponencialuri 

videoimpulsis energia Ei da norma u , Tu  

     530exp 10u t t t   

amoxsna: signalis energiis gansazRvridan 

3
8 8

2 2 10 3 2

0 0

900 4.5 10
t

E u t e t       i v wmd d . 

mocemuli signalis norma  
1 2 2 1 26.708 10u E    i v wm   

   magaliTi 1.5.6. mocemulia ori signali: marTkuTxa 

videoimpulsi      0u t U t t      i da eqsponencialuri 

videoimpulsi    
0

tt U e t   (parametrebi  0 ,U   da i - 

dadebiTi namdvili ricxvebia). CaTvaleT, rom i  

xangrZlioba fiqsirebulia. ipoveT   parametris 
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mniSvneloba, romlis drosac manZili  ,u   iqneba 

minimaluri. 

 
amoxsna: signalebs Soris manZilis kvadrati 

   

 

 

22

2
2 2 2
0 0

0

2
0

, d

1 d d

1 2
1 .

2

t t

u u t

U e t U e t

U e



 





  


 







 



  

   

 
    

 



 
i

i

i
i

 

       nax. m.1.5           amocanis pirobidan unda vipovoT 
funqciis minimumi 

   1 1 2 1.5
2 1 .

2

e
F e




 


  

     

i
i  

 miaxloebiTi grafiki, romelic moyvanilia nax. m.1.5, 

miuTiTebs imaze, rom  F  minimumi arsebobs da erTader-

Tia. pirobidan   0F    vpoulobT, rom   parametri  

transcedenturi gantolebis fesvia 
0.75

1








i

i

. am 

gantolebis amoxsnisas mimdevrobiT miaxloebiTi meTodiT 

(ix. amocana 1.5.1), miviRebT 0,961  i  

   magaliTi 1.5.7. signali   2f t t  arsebobs 0 1t   drois 

Sualedze. ipoveT am signalTan xazovani  u t At B   fun-
qciis saukeTeso miaxloeba, minimaluri manZilis miRebis 
azriT.  
 amoxsna. SevadginoT gantoleba  

   
 1 22

2 2 2

0

1 2
, d

5 2 3

A A B
f u t At B t AB B


         

gavutoloT nuls warmoebulebi 2d d A  da 2d d B da 

miviRebT xazovani gantolebebis sistemas 

2 3 3 2A B     da  2 2 3A B  , 

romelsac aqvs erTaderTi amonaxsni: 1 6, 1.B A     
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   magaliTi 1.5.8. vTqvaT   , 1,2,3,...nu t n  orTogonaluri 

signalebis sistemaa, romelic arsebobs saerTo a t b   
monakveTze da aris gilbertis sivrcis raime veqtori. 
daamtkiceT, rom signalebis es sistema xazovnad 
damoukidebelia.  

 amoxsna:  ganvixiloT toloba 1 1 2 2 ... 0k ka u a u a u    . 

 gantolebis orive nawili gavamravloT 1u  signalze. 

vinaidan funqciaTa sistema orTogonaluria gantolebis 
marcxena mxareSi nulisagan gansxvavebuli iqneba mxolod 

skalaruli namravli  1 1,u u . toloba  1 1 1, 0a u u   SesaZle-

belia mxolod maSin, roca 1 0a  . analoguri msjelobiT 

2 3, ,..., ku u u  signalebis mimarT nebismieri k -isTvis, 

vrwmundebiT, rom signalebis sistemis orTogonalobidan 
gamomdinareobs xazovnobis damoukidebulobis Tviseba.  

   magaliTi 1.5.9. signalebi  u t  da  t  aris gilbertis 
sivrcis raime namdvili elementebi. amasTan gansaxilavi 
signalebi xazovnad damoukidebelia, anu u     tolobas 
ar aqvs adgili arcerTi   namdvili parametris mniSvne-
lobisas. daamtkiceT koSi-buniakovskis utolobis WeSma-
riteba:  

 ,u u   . 

amoxsna: pirobis mixedviT gansaxilavi signalebi  u t  da 

 t  xazovnad damoukidebelia, maSin  , , 0,u u     

aqedan  

     2 , 2 , , 0.u u u             

 -is mimarT kvadratul samwevrs ar aqvs namdvili 

fesvebi da amitom      
2

, , , 0,u u u      anu 

 , ,u u   rac dasamtkicebeli iyo. 

   magaliTi 1.5.10. gilbertis sivrceSi mocemulia nebis-
mieri veqtori u  da veqtori v  iseTi, rom 

1v  . Cveulebrivi veqtorebis analo-
giurad, geometriidan cnobilia, rom 

sibrtyeze sruldeba toloba   ,w u v v  . 

veqtors w ewodeba u  veqtoris proeqcia     
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    nax. m.1.6   v   mimarTulebaze (ix. nax. m.1.6). daamtkiceT, 
rom veqtori y u w   orTogonaluria veqtori v -s 

mimarT. 

miTiTeba:  ipoveT  ,u  skalaruli namravli  

 

   magaliTi 1.5.11.  vTqvaT signalebis gilbertis sivrceSi 
mocemulia veqtorebis araorTogonaluri veqtorebis sis-

tema  0 1, ,..., ,...ng g g . mis safuZvelze aageT orTonormire-

buli sistema  0 1, ,..., ,...nu u u  iseTnairad, rom TiToeuli  

ku  veqtori iyos 0 0 1 1 ... ...k k k kn nu c g c g c g      saxis kombina-

cia mudmivi koeficientebiT.  

   amoxsna.. gavanormiroT elementi g  da davuSvaT 

0 0 0 .u g g  veqtori  1 1 1 0 0,h g g u u   orTogonaluria 0u -s 

mimarT (ix. amocana 1.27). gavanormiroT 1h , miviRebT orTo-

normirebuli sistemis axal elements: 1 1 1u h h . analo-

giuri moqmedebiT, miviRebT elements  

   2 2 2 0 0 2 1 1, , ,h g g u u g u u   romelic orTogonaluria ro-

gorc 0u -is, aseve 1u -is mimarT. misi normirebiT miviRebT 

2 2 2u h h . am proceduris gagrZelebiT k -ur bijze   

 3, 4,... :k        0 0 1 1 1 1, , ... ,k k k k k k kh g g u u g u u g u u      . 

maTematikaSi, orTonormirebuli sistemis bazisuri veq-
torebis agebis aseTi xerxi cnobilia Ggramma-Smidtis 
saxeliT. 
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Tavi 2. signalebis speqtruli warmodgena 

gansxvavebuli sistemebis orTogonalur funqciebs 
Soris, romlebic  SesaZlebelia gamoyenebul iqnes 
radioteqnikuri signalebis bazisebad, gansakuTrebuli 
adgili ukavia harmoniul (sinusoidalur da 
kosinusoidalur) funqciebs. harmoniuli signalebis 
mniSvneloba ganpirobebulia rigi mizezebiT. kerZod: 

1. harmoniuli signalebi invariantulia gardaqmnebis 
mimarT, romlebsac axorcielebs stacionaruli xazovani 
eleqtruli wredebi. Tu aseTi wredi aRigzneba harmoniu-
li rxevis wyaros meSveobiT, maSin signali wredis gamo-
savalze rCeba harmoniuli igive sixSiriT, magram Sesava-
li signalisagan gansxvavebulia mxolod amplitudiT da 
faziT. 

2. harmoniuli signalebis generirebis teqnika Sedareb-
iT martivia. 

Tu raime signali warmodgenilia gansxvavebuli sixSi-
ris harmoniuli rxevebis jamad, maSin amboben, rom  gan-
xorcielebulia am signalis speqtruli daSla. harmo-
niuli signalis calkeuli komponentebi warmoadgenen mis 
speqtrs. 

2.1. perioduli signalebi da furies mwkrivi 

droSi ganmeorebadi procesis maTematikuri modeli 

aris periodiuli signali  s t  Semdegi TvisebebiT: 

    , 1, 2, ...s t s t nT n                    (2.1) 

sadac T  -  signalis periodia (ix. nax. 2.1 da 2.2). 
 

 

            nax. 2.1                    nax. 2.2 

amocana mdgomareobs imaSi, rom vipovoT aseTi signa-
lis speqtruli Slili. 

 



signalebis Teoria 

 48 

2.1.2. furies mwkrivi 

drois  2, 2T T  monakveTSi SemovitanoT orTonormi-

rebuli bazisi, Sedgenili harmoniuli funqciebis  jera-
di sixSireebiT:  

0 1

2 3

4 5

1 , 2 sin 2 / ,

2 cos 2 / , 2 sin 4 /

2 cos 4 / , 2 sin 6 /

. . . . . . . . . . . . . . . .

u T u T t T

u T t T u T t T

u T t T u T t T

  

   

   

                  (2.2) 

am bazisidan nebismieri nu  akmayofilebs periodulobis 

(2.1) pirobas. amitom am bazisSi  s t  signalis orTogona-
luri daSlis Semdeg, anu Tu gamoviTvliT koeficientebs  

 , ,m mc s u                        (2.3)  

miviRebT sreqtrul daSlas   

          
0

m m

m

s t c u t




  ,                     (2.4) 

romelic WeSmaritia mTeli usasrulo drois RerZze. 
(2.4) saxis rigs ewodeba mocemuli signalis furies ri-

gi. SemovitanoT mimdevrobis ZiriTadi 1 2 T   sixSire, 

romelic qmnis periodul signals. daSlis koeficiente-
bis gamoTvlisas (2.3) formulis  gamoyenebiT, furies 
mwkrivis saSualebiT SeiZleba warmovidginoT sxvadasxva 
sixSiris mqone harmoniuli, n -is jeradi rxevebis jamis  

saxiT:      0
1 1

1

( ) ( cos( ) sin( )
2

n n

n

a
s t a n t b n t





                  (2.5) 

sadac:              
2

0

2

2
( )

T

T

a s t dt
T



    

          
2

1

2

2
( ) cos( )

T

n

T

a s t n t dt
T



          (2.6) 

        
2

1

2

2
( )sin( )

T

n

T

b s t n t dt
T



    

zogad SemTxvevaSi perioduli signali Seicavs mudmiv 
mdgenels da harmoniuli rxevebis – harmonikebis usasru-

lo krebuls, romelTa sixSireebi 1, 0,1,...n n n    .   
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mimdevrobis ZiriTadi sixSireebi 1  sixSiris jeradia. 

luw signals gaaCnia mxolod kosinusoidaluri, xolo 
kent signals - sinusoidaluri mdgenelebi. 

TiToeuli harmonika SeiZleba aRiweros misi amplitu-

diT nA  da sawyisi faziT n . maSin furies mwkrivis 

koeficientebi SeiZleba gamoviTvaloT formulebiT: 

                         2 2

cos

sin

,

n n n

n n n

n n n

n
n

n

a A

b A

A a b

b
tg

a





 









    

xolo furies mwkrivis eqvivalenturi formula iqneba: 

           0
1

1

( ) ( )
2

n n

n

a
s t A cos n t





     , (2.7) 

romelic zogjer gamosayeneblad ufro moxerxebelia.  

P2.1.3. perioduli signalebis speqtruli diagrama 

   radioteqnikaSi orTogonaluri funqciebis bazisad 
iReben harmoniul funqciebs, rac dakavSirebulia maTi 
generaciis simartivesTan, agreTve imasTan, rom signalebi 
invariantulia gardaqmnebis mimarT standartul eleqt-
rul wredebSi.  
   signalis speqtruli daSla – esaa signalis 
warmodgena sxvadasxva sixSiriani harmoniuli rxevebis 
jamis saxiT. 
   sixSiruli speqtri (anu speqtri) – esaa signalis 
calkeuli harmoniuli komponentebis krebuli. 
   perioduli signalis speqtruli diagrama – esaa 
furies mwkrivis koeficientebis grafikuri gamosaxuleba 
konkretuli signalisaTvis. 
    arsebobs perioduli signalis amplituduri da fazu-
ri speqtruli diagramebi. diagramebis horizontalur 
RerZze masStabSi gadaizomeba harmonikebis sixSireebi, 
xolo vertikalur RerZze – maTi amplitudebi (ix. nax. 2.3) 
an sawyisi fazebi (ix. nax. 2.4).  



signalebis Teoria 

 50 

 

             nax. 2.3                   nax. 2.4 

magaliTi 2.1. marTkuTxa formis videoimpulsis  s t  

parametrebia , ,T Ai . funqcia luwia 0t   wertilis mimarT. 

ipoveT furies mwkrivi. 

amoxsna: radioteqnikaSi Tanafardobas 
T

q 
i

 uwodeben impuls-

Ta simeCxres , sadac T aris signalebs Soris periodi, xolo 

i _ impulsis xangZlivoba. (2.6) formulebis gamoyenebiT 

vpoulobT 
2

0

2

2
( )

T

T

a s t dt
T



           

2

20
2

2

1
d |

2

a A A
A t t

T q q









  


i

i

i

i i

 , 

22

1
1 1

12 2

1

2 2 2
( )cos( ) cos( ) 2sin

2

2
sin

2

T

n

T

nA A
a s t n t dt n t dt

T T Tn

nA

n



 

 
      



 



 
i

i

i

i

 

 sabolood furies mwkrivis Cawera mosaxerxebelia Semdegi 
(2.7) saxiT:  

1

1

sin( )
( ) 1 2 ( )

n

A n q
s t cos n t

q n q





 
   

 
 . 

 nax. 2.5-2.6 –ze moyvanilia ganxiluli mimdevrobebis ampli-
tuduri diagramebi ori kidura SemTxvevisTvis: nax. 2.5 – didi 
mniSvnelobis simeCxris dros, xolo nax. 2.6 – mcire simeCxris 
dros. 

 

         nax. 2.5                    nax. 2.6     
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mniSvnelovania aRiniSnos, rom mokle impulsebi, romlebic 

iSviaTad misdeven erTmaneTs  1q , xasiaTdebian mdidruli 

speqtruli  SemadgenlobiT.  
magaliTi 2.1. periodulad mimdevrul harmoniuli signalebis 

impulsebs aqvT saxe 1cosmU t . signali (ix. nax. 2.7) SezRudulia 

0U  doneze (igulisxmeba, rom 0 mU U ). ipoveT furies mwkrivi. 

amoxsna: SemovitanoT specialuri parametri - wakveTis kuTxe 

 , romelic ganisazRvreba Tanafardo-

biT 0cosmU U  , saidanac 

 0arccos mU U . amis Sesabamisad 

2 (ix. nax. 2.7) udris erTi impulsis 

xangZlivobas, anu  1 2   i . 

analizurad impulsebis aseT mim-
devrobas eqneba saxe: 

       
1 0 1cos , .ms t U t U t         

      nax. 2.7           mimdevrobis mudmivi mdgeneli 

     

 

1

1

0
1 0 1 0 1

1 1
cos d cos d

2 2

sin cos .

m m

m

a
U t U t U t U t

T

U

  

  

       


  


 
 

pirveli harmonikis amplituduri koeficienti 

     
1 1 0 1 1

1
cos cos d sin cos .

2

m
m

U
a U t U t t





        
   

 analogiurad gamoiTvleba na  harmoniuli mdgenelebi, 

roca 2, 3,...n  : 

 2

2 sin cos cos sin

1

m
n

U n n n
a

n n

   
 

 
. 

Cveulebriv miRebuli Sedegebi 
Caiwereba ase: 

   
0 02 ;m n m na U a U      , 

sadac      
0 1 2, , , ...        

             nax. 2.8             bergis funqciebad wodebuli 

gamosaxulebebia:   
0

1
sin cos   


,    

1

1
sin cos    


, 
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 2

2 sin cos sin cos
, 2,3,...

1
n

n n n
n

n n

    
   

  
roca    

  bergis funqciebis grafikebi moyvanilia nax. 2.8 -ze 

2.4. furies mwkrivis kompleqsuri forma 

perioduli signalis speqtruli daSla SeiZleba 
moxdes sabaziso funqciebis sistemaSi, romlebic Sedgeba 
kompleqsur maCveneblebiani eqsponentebisagan warmosaxvi-
Ti maCveneblebiT: 

 
 1exp

, 0, 1, 2, . . .k

jk t
u k

T

  
    
  

       (2.10)     

 am bazisis  funqciebi periodulia Т periodiT da 
orTonormirebulia drois monakveTze [-T/2,T/2], vinaidan  

   
2

2

11
, d d

02

T

j m n x
m n m n

T

m n
u u u u t e x

m n


 

 


   

 
 

roca

roca
. 

maSin, kompleqsuri signalis normis gaTvaliswinebiT, 
nebismieri perioduli signalis furies kompleqsuri 
mwkrivi miiRebs saxes 

  1
1

n

jn t
ns t c e

T






     koeficientebiT   1

2

2

1
d

T

j t
n

T

c s t e t
T

 



  . 

Cveulebriv gamoiyeneben Semdegi formiT Caweras: 

      1

n

jn t
ns t C e






    ,                            (2.11) 

  1

2

2

1
d

T

j t
n

T

C s t e t
T

 



  .                 (2.12) 

gamosaxuleba (2.11) warmoadgens furies mwkrivs kompleq-
sur formaSi. 

formulis Tanaxmad  signalis speqtri Seicavs kompone-

ntebs sixSiris uaryofiT naxevarRerZze, amasTan n nC C
  . 

(2.11) rigSi Sesakrebebi uaryofiTi da dadebiTi sixSire-
ebiT gaerTiandebian wyvilebad, magaliTad:  

   

 

1 11 1

12 cos

n nj n t j n tjn t jn t
n n n n

n n

C e C e C e C e

C n t
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   maSasadame, uaryofiTi sixSire fizikuri cneba ki araa, 
aramed maTematikuri, romelic gamo-
mdinareobs kompleqsuri ricxvebis 
warmodgenis xerxidan. dadebiT six-
Sires Seesabameba veqtori, romelic 
brunavs saaTis isris Tanxvdenili 
mimarTulebiT (ix. nax. 2.9), xolo 
uaryofiT sixSires – veqtori, ro-
melic moZraobs sawinaaRmdego mima-
rTulebiT.   
          

       nax. 2.9         

2.1.5. furies mwkrivis trigonometriuli forma 

gamoTvlebisas gasaTvaliswinebelia eqsponencialuri 
funqciebis kavSiri trigonometriul funqciebTan 

                 )sin()cos( 11

1 tnjtne
tjn





                             

                    
1 1

1cos( )
2

jn t jn t

n t e e
  


    

                   
1 1

1sin( )
2

jn t jn t

j n t e e
  


     

   eqsponencialuri warmodgenis SemTxvevaSi signalis 
speqtri Seicavs harmonikebs sixSireTa RerZis uaryofiT 
areze. am dros unda gaviTvaliswinoT, rom uaryofiTi 
sixSire maTematikuri da ara fizikuri cnebaa, 
ganpirobebuli kompleqsuri ricxvebis warmodgeniT. 

imis gaTvaliswinebiT, rom    

                                  
2

1
cos

1

0

1

2 
T

k dttk
T

 , 

   

 

1 1

0

1

0

1
cos cos 0,

1
cos 0,

T

m n

T

k

m t n t dt
T

k t dt
T

   

 

  

 





 

sadac mda n  – mTeli ricxvebia, romlebic warmoadgenen 

k  ricxvis kerZo mniSvnelobebs, SeiZleba vaCvenoT, rom: 

 
2

2
20

10

1 1

4 2

T

k

k

a
s t dt A

T
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Tu funqcia  s t  warmoadgens, magaliTad, dens eleqt-

rul wredSi, maSin es gamosaxuleba joul-lencis kanonis 
Tanaxmad, saSualo simZlavris proporciulia, romelic 
STainTqmeba am wredSi. Aaqedan gamomdinare, saSualo sim-
Zlavre wredSi, romelSic gadis deni, warmoadgens drois 
rTul periodul funqcias da tolia yvela harmonikis 
saSualo simZlavreebis jamisa. 

miRebuli gamosaxulebis marjvena nawilis jami war-
moadgens usasrulo mwkrivs, magram romeliRac nomridan 
dawyebuli, harmonikebis amplitudebi imdenad mcirea, rom 
SeiZleba maTi ugulebelyofa da praqtikulad realuri 
perioduli procesi warmoadgens funqcias Semofargluli 
speqtriT. sixSireTa intervals, romelic Seesabameba Se-
mofarglul speqtrs, ewodeba speqtris sigane. 
  signalebis speqtruli analizis mokled gadmocemuli Teor-

ia saSualebas gvaZlevs gavaanalizoT signalebis gavla ra-
dioteqnikur wredebSi, mowyobilobebsa da sistemebSi. 

2.2. araperioduli signalis speqtruli analizi. 

furies gardaqmna 

furies meTodi iZleva Rrma da nayofieri gaerTianebis 
saSualebas. misi gamoyenebiT SesaZlebelia miviRoT arape-
rioduli signalebis speqtruli maxasiaTeblebi.  

2.2.1. impulsis perioduli gagrZeleba  

vTqvaT  s t  gansazRvruli xangZlivobis 
gancalkevebuli impulsia (nax. 2.10). azrobrivad 
davumatoT mas aseTive impulsebi, romlebic raime T  
intervaliT arian daSorebuli erTmaneTisagan (nax. 2.11). 
miviRebT ukve Seswavlil  

 
      nax. 2.10                         nax. 2.11 
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periodul mimdevrobas  s tper , romelic SesaZlebelia 

warmovidginoT furies kompleqsuri rigis saxiT:  

      1

n

jn t
ns t C e






 per ,                     (2.13) 

sadac   1

2

2

1
d

T

jn t
n

T

C s t e t
T

 



    amplituduri koeficientebia 

(2.14) 
imisaTvis, rom davubrundeT gancalkavebul impulss, 

ganmeorebis periodiT  mivaswrafoT usasrulobisaken: 
amasTan aSkaraa: 

1. mezobeli harmonikebis sixSireebi 1n  da   11n   

aRmoCndebian ise axlos erTmaneTTan, rom formulebSi 

(2.13) da (2.14) diskretuli cvladi 1n  SeiZleba 

CavanacvloT uwyveti cvladiT  , sadac is mimdinare 
sixSirea.  

2. amplituduri nC  koeficientebi aRmoCndebian usasru-

lod patarebi, vinaidan (2.14) formulaSi T  sidide mniS-
vnelSia. 

Cveni amocanaa vipovoT (2.13) zRvruli mniSvneloba ro-
ca T  . 

2.2.2. signalis speqtruli simkvrivis cneba  

visargebloT imiT, rom furies mwkrivis koeficientebi 
qmnian kompleqsurad SeuRlebel wyvilebs:  

,n nj j

n n n nC A e C A e
  

  . 
yovel aseT wyvils Seesabameba harmoniuli rxeva 

1 1( ) ( )

12 cos( )n nj n t j n t

n n n nA e A e A n t
       

     

kompleqsuri amplitudiT 2 2nj

n nA e C

 . 

ganvixiloT   sixSiris mcire intervali, romelic 

qmnis raime ares amorCeuli 0  sixSiris garSemo. am aris 

zRvrebis intervalSi moTavsdeba  
1 2N T       

calkeuli wyvilebis speqtruli mdgenelebis raodenoba. 
maTi sixSireebi mcire sidideebiT gansxvavdebian erTma- 
neTisagan. amitom speqtruli Semdgenlebi SegviZlia Seva-
jamoT ise, rom yvela maTgans hqondes erTidaigive sixSi-
re da xasiaTdebodnen erTnairi kompleqsuri 
amplitudebiT  



 signalebis Teoria 
 

 56 

  0
1

2 2 d
jn t

nC s t e t
T


 



    . 

saboolod vpoulobT eqvivalenturi harmoniuli signa-
lis kompleqsur amplitudas, romelic asaxavs wilobriv 
Senatans yvela im speqtruli mdgenelisa, romelsac 
Seicavs  intervali:   

   0 0

0

2
d d .

jn t jn tN
A s t e t s t e t

T

 
   



 


  

       (2.15) 

    funqcias                 0 d
jn t

S s t e t


 



               2.16)  

ewodeba  s t  signalis speqtruli simkvrive. formula 
(2.16) axorcielebs mocemuli signalis furies gardaqmnas.  
speqtrul simkvrives aseve uwodeben speqtrul funqcias 
an furies-saxis signals. 

2.2.3. speqtruli simkvrivis cnebebis fizikuri azri  

  miRebuli Sedegebis interpretacia mosaxerxebelia 

CavataroT kuTxuri  sixSiridan ciklur  2f     

sixSireze gadasvlisas. amasTan (2.15) miiRebs saxes: 

  
0 0( )A S


   


      

0 0 0

2
2 2 2 .f

f
A S f S f f


     


   (2.17) 

  es gamoiTqmeba Semdegnairad: speqtruli simkvrive 

   0 02S f S    aris proporciulobis koeficienti sixSi-

ris mcire intervalis f  sigrZis da mis mopasuxe 0f  

harmoniuli signalis kompleqsur amplitudas 
0f

A So_ 

ris. koeficienti 2 niSnavs, rom amplitudis mniSvnelobis  

SenatanSi erTnairad iRebs rogorc dadebiTi 0f , aseve 

uaryofiTi 0f  sixSireebi, romlebic qmnian wertilebis 

garemos 0f . 

  principulad mniSvnelovania, rom speqtruli simkvrive  
sixSiris kompleqsuri funqciaa, romelic erTdroulad 
Seicavs informacias rogorc amplitudaze, aseve elemen-
taruli sinusoidebis fazaze. veqtorul diagramaze (nax. 
2.12) elementaruli veqtorebis sigrZeebi usasrulod mci-
rea, amitom texilis nacvlad (T sasrulia) miiReba gluvi 

mrudebi (T  ). Tu sixSiris RerZze aviRebT raime 
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Tanabrad daSorebuli wertilebis mimdevrobas 

1 20 ...    ,  

 
            nax. 2.12                       nax. 2.13 

maSin speqtruli simkvrivis moduli  S   (nax. 2.13) mru-

dis gaswvriv adgens xazovan masStabs: rac meti iqneba 
speqtruli simkvrivis moduli, miT iSviaTad ganlagdebian 
sixSiris wertilebi veqtorul diagramaze. 
   diagrama (nax. 2.12) agebulia raRac fiqsirebuli drois 
momentisTvis. drois gavlisas mrudebis konfiguracia ic-
vleba sakmarisad rTulad, amitom rac metia sixSire, miT 
ufro didi siCqariT imoZraveben mrudis Sesabamisi mo-
nakveTebi. magram faqtiurad mniSvnelovania ara mrudis 
forma, aramedmisi bolo wertilis proeqcia horizonta-
lur RerZze. 

2.2.4 furies Seqceuli gardaqmna 

vipovoT signali, Tu mocemuli gvaqvs speqtruli simkvri-
ve. davuSvaT, rom perioduli signali miiReba perioduli 
mimdevrobidan, Tu mis periods mivaswrafebT usasrulobi-
saken. formulebis (2.13) da (2.14) gamoyenebiT daiwereba: 

    1
1

1
lim

jn t

T
n

s t S n e
T







  . 

  am formulaSi Semavali koeficienti 1 T , nebismieri 

mTeli n -is mezobeli harmonikebis sxvaobis propor-
ciulia: 
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                           1
1 1

1 1
1

2 2
n n

T


       

 
.  

 maSasadame,         1
1 1 1

1
lim 1 .

2

jn t

T
n

s t S n e n n







       

  

   vinaidan zRvarSi mezobel harmonikebs Soris sixSiru-
li intervalebi SeuzRudavad mcirdebian, miRebuli jami 
SeiZleba Seicvalos integraliT: 

   
1

d .
2

j ts t S e






  
 

                            (2.18) 

      am mniSvnelovan formulas ewodeba  s t  signalis fu-
ries Seqceuli gardaqmna. 
  sabolood CamovayaliboT es mniSvnelovani Sedegi: 

  s t  signali da misi  S  speqtruli simkvrive urTierT-
calsaxad dakavSirebulia furies pirdapiri da Seqceuli 
gardaqmnebiT, Sesabamisad: 

          d ,j tS s t e t


 



           
1

d .
2

j ts t S e






  
 

                 (2.19) 

    speqtruli daSlis meTodi mniSvnelovnad anviTarebs  
signalebis Teorias. magaliTad, signalis maTematikuri 

modeli  s t , mocemuli drois areSi rTulia da arasakma-
risad TvalsaCino. amavdroulad am signalis aRwera 

sixSirul areSi  S   funqciis gamoyenebiT SesaZloa aR-
moCndes Zalze martivi. 
  garda amisa, mniSvnelovania is, rom signalis speqtru-
li warmodgena xsnis pirdapir gzas signalebis gavlis 
analizisaTvis farTo klasis radioteqnikur wredebSi, 
mowyobilobebsa da sistemebSi.  
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2.2.5. signalis speqtruli simkvrivis arsebobis piroba 

maTematikaSi detalurad gamokvleulia sakiTxi imis 

Sesaxeb,  Tu ra Tvisebebi unda hqondes funqcias s(t)  

imisaTvis, rom misi furies gardaqmna namdvilad 
arsebobdes. 

[7] damtkicebis gamotovebiT mogvyavs saboloo Sedegi: 

( )s t signals SeiZleba SevupirispiroT misi speqtruli 

simkvrive ( )S   im SemTxvevaSi, Tu es signali absolu-

turad integrirebadia, e.i. arsebobs misi integrali 

( ) ds t t





  . 

msgavsi piroba mniSvnelovnad amcirebs dasaSvebi 
signalebis klass. Aase rom, miTiTebuli klasikuri azriT 
SeuZlebelia vilaparakoT harmoniuli signalis 

0( ) cosmu t U t   speqtrul simkvriveze, romelic arsebobs 

drois mTel usasrulo RerZze. 
magram Tanamedrove maTematikaSi ganxilulia meTodebi 

da xerxebi, romlebic saSualebas iZlevian gonivrulad 
gamoiTvalos araintegrirebadi signalebis speqtruli 
simkvriveebi. marTalia, am dros aRmoCndeba, rom aseTi 
speqtruli simkvriveebi ukve iqnebian ara Cveulebrivi, 
klasikuri funqciebi, aramed ganzogadoebuli funqciebi. 
sakiTxi  integrirebadi signalebis  speqtruli warmodge-
nis Sesaxeb ganxiluli iqneba am TavSi mogvianebiT. 

konkretul magaliTebze SeviswavloT impulsuri 
rxevebis speqtruli simkvriveebis gamoTvlis teqnika. 

2.2.6. marTkuTxa videoimpulsis speqtruli simkvrive 

vTqvaT mocemul ( )s t  signals aqvs 

amplituda U , xangrZlivoba i  da ganla-

gebulia drois aTvlis saTavis mimarT 
simetriulad (nax. 2.14). Fformula (2.16)-is 

(     dj tS s t e t






  ) safuZvelze  

nax. 2.14 
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/ 2 /2

/2 /2

/2 /2

0 0

( ) d (cos sin )d

cos d 2
2 cos d 2 sin .

2

j tS U e t U t j t t

t t U
U t t U

 



 

 

  

 


 



 

   

  

 

 

i i

i i

i i

i

 

gansaxilveli signalis speqtruli simkvrive 
warmoadgens sixSiris namdvil funqcias. mosaxerxebelia 

SemovitanoT uganzomilebo cvladi 
2


  i  da Sedegi 

sabolood warmovadginoT ase: 

sin
( ) .S U


 


 i            (2.20) 

aRvniSnoT, rom speqtruli simkvrivis mniSvneloba 

nulovan sixSireze impulsis farTobis tolia: (0) .S U i  
grafiki, agebuli (2.20) formuliT, gamosaxulia nax. 2.15. 

 

 
 

nax. 2.15. marTkuTxa videoimpulsis normirebuli speqtruli 

simkvrivis rogorc / 2 i parametris funqciis grafiki. 

 

2.2.7. eqsponencialuri videoimpulsis speqtruli 

 simkvrive  

ganvixiloT signali, romelic aRiwereba funqciiT 

( ) exp( ) ( )s t U t t      parametris dadebiTi namdvili 

mniSvnelobisas. 
aseT signals, mkacrad Tu vityviT, mxolod pirobiTad 

SeiZleba vuwodoT impulsi misi qcevis gamo, roca t  . 
amasTan piroba 0   uzrunvelyofs signalis myisieri 
mniSvnelobebis sakmaod swraf (eqsponencialur) Semcire-
bas drois gazrdisas. radioteqnikaSi msgavsi impulsebis 
efeqtur xangrZlivobas Cveulebriv gansazRvraven 
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signalis donis aTjeradi Semcirebis pirobidan: 

exp( ) 0.1 i , saidanac i =2,303/  (ix. 
nax. 2.16). 

eqsponencialuri videoimpulsis 
speqtruli simkvrive 

( j ) t ( i ) t

0

tU
S( ) U e dt e .

t 0j

   
 



   
 

  


 
zRvrebis CasmiT gvaqvs 

  nax. 2.16                
U

S( ) .
j


 




   (2.21) 

SeiZleba aRvniSnoT ori principialuri Tavisebureba, 
romelic ganasxvavebs eqsponencialuri rxevis speqtrul 
simkvrives marTkuTxa formis impulsis speqtrisagan: 

1. (2.21) formulis Sesabamisad S( ) sidide ar iqceva 

nulad sixSiris aranairi sasruli mniSvnelobisas. 
2. eqsponencialuri impulsis speqtruli simkvrive 

aris kompleqsur mniSvnelobiani funqcia 

 S( ) S( ) exp j ( ) ,     romelsac aqvs moduli 

(amplituduri speqtri) 2 2S( ) U     da 

argumenti (fazuri speqtri) ( ) arctg( / ).      

Sesabamisi  grafikebi warmodgenilia nax. 2.17 a, b. 

 
           a                             b   
nax. 2.17. eqsponencialuri videoimpulsis speqtruli 

simkvrive: a – normirebuli amplituduri speqtri; b 
_fazuri speqtri 
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2.2.8. gausis videoimpulsis speqtruli simkvrive 

mocemuli signali aRiwereba Semdegi saxis funqciiT  
2( ) exp( ).s t U t    (ix. nax. 2.18) 

gausis impulsis efeqturi xangrZli-
voba ganvsazRvroT signalis myisieri 
mniSvnelobis aTjeradi Semcirebis pi-
robidan. Tu mivmarTavT nax. 2.18, vnaxa-

vT, rom xangrZlivobam i  unda daakma-
yofilos Tanafardoba 

2exp ( / 2) 0.1,    i  romlis gardaqmniT      

  nax. 2.18      vRebulobT  
2 ln 0.1 3.035


 


 i     (2.22) 

gansaxilveli impulsis speqtruli simkvrive 

2

( ) .t j tS U e e dt 


 



       (2.23) 

gardavqmnaT integralqveSa gamosaxuleba ise, rom 
SesaZlebeli iyos  visargebloT cxrilis integraliT 

                        
2xe d .x 






  

amisaTvis eqsponentis maCveneblidan (2.23)-Si  gamovyoT 
sruli kvadrati: 

2
2 2 2 2 2/ (4 ) / (4 ) / (2 ) / (4 ).t j t t j t t j                    

 
 

amgvarad,   
2 / (4 ) 2( ) exp ( / (2 )) d .S Ue t j t    







   
   

SemovitanoT axali cvladi  / 2t j     , iseTi, 

rom d d / .t    es saSualebas gvaZlevs warmovadginoT 

saZiebeli speqtruli simkvrive Semdegi saxiT 
2

2
/ (4 )e

( ) e d ,
U

S
 

 







   

saidanac sabolood gvaqvs 

          
2 /(4 )( ) / e .S U                       (2.24) 

amgvarad, gausis impulsis speqtruli simkvrive 
namdvilia da aRiwereba gausis sixSiris funqciiT. 
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2.2.9. delta-funqciis speqtruli simkvrive 

davuSvaT, s(t)  signali warmoadgens mokle impulss, 

romelic Tavmoyrilia t 0 wertilSi da aqvs farTobi A . 
aseT signals aqvs maTematikuri modeli s(t) A (t).  Aam 

signalis  speqtruli simkvrive   ( ) A exp ( ) ( )d .S jωt t t 




   

delta-funqciis mafiltrirebeli Tvisebis safuZvelze 
(ix. Tavi 1)) aq Semavali integrali ricxobrivad udris 
klasikuri funqciis mniSvnelobas wertilSi, sadac 
Tavmoyrilia ganzogadoebuli funqcia. Aamitom 

( ) A constS       (2.25) 

amrigad, delta-impulss aqvs Tanabarzomieri speqtri 
yvela sixSireze. sainteresoa movaxdinoT am Sedegis 
interpretireba. veqtorul diagramaze nax. 2.12 impulsis 
gaCenis momentSi yvela elementaruli harmoniuli 
Semdgeni ikribeba koherentulad, ramdenadac (2.25)–is 
Sesabamisad speqtruli simkvrive namdvilia. Aam 
mdgenelebis amplitudebi sixSiris zrdisas ar mcirdeba 
(SeadareT wina magaliTebs). Aamgvarad, roca 0t   
SeimCneva signalis usasrulod didi mniSvneloba. drois 
yvela sxva momentSi signali iqceva nulad, vinaidan 
veqtoruli jami (ix. Nnax. 2.12 ) “ixveva” wertilSi. 

2.2.10. kavSiri impulsis xangrZlivobasa da misi speqtris 

siganes Soris 

Tu gavaanalizebT zemoTSeswavlil kerZo SemTxvevebs, 
maSin SeiZleba gavakeToT Zalian mniSvnelovani daskvna: 
rac ufro mcirea impulsis xangrZlivoba, miT farToa 
misi speqtri. 

speqtris siganed aq da Semdgom-
Si SeiZleba miviCnioT sixSiruli 
intervali, romlis farglebSi speq-
truli simkvrivis moduli ara nak-
lebia romeliRac winaswar moce-
mul doneze, magaliTad icvleba 

zRvrebSi 
max

S - dan 
max

0.1 S -mde   
nax. 2.19             (ix. nax. 2.19). 
ganvixiloT marTkuTxa videoimpulsi, Tan vivaraudoT, 

rom speqtris zeda sasazRvro sixSire z  esaa sixSire, 
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romelic Seesabameba speqtruli simkvrivis pirvel nuls. 

Tu gaviTvaliswinebT, rom  2 2 2f T       i , Zneli 

araa imis danaxva, rom / 2  z i  an 1.f  z i  

Tu mivmarTavT eqsponencialur videoimpulss, SeiZle-
ba pirobiTad vivaraudoT, rom zeda sasazRvro sixSireze 
speqtruli simkvrivis moduli mcirdeba 10-jer maqsima-
lur mniSvnelobasTan mimarTebaSi. aqedan gamomdinareobs 
[ix. (2.20) da qveviT], rom 

           21/ 1 ( / ) 0.1  z  an 99 , z  

sadac   aris eqsponencialuri  videoimpulsis ( te  ) 
koeficienti, romelic dadebiTia da namdvili. 

es ki niSnavs, rom  / (2 ) 99 2 3.14 1.584 .f       z z  

vinaidan eqsponencialuri impulsis efeqtur 
xangrZlivobas Cveulebriv gansazRvraven signalis donis 

aTjeradi Semcirebis pirobidan: exp( ) 0.1 i , saidanac 

gamomdinareobs i =2,303/ .   maSin namravli 3.647.f  z i  

bolos unda iTqvas, rom delta-impulsis speqtri, 
romelsac aqvs usasrulod mcire xangrZlivoba, 
usazRvrod gawelilia. 

Aamgvarad, impulsis speqtris siganis namravli mis 
xangrZlivobaze aris mudmivi ricxvi, romelic 
damokidebulia mxolod impulsis formaze da romelsac, 

rogorc wesi, aqvs erTeulis rigi: (1).f O z i  
(amboben, rom speqtris sigane da impulsis xangZlivoba da-

kavSirebuli arian ganusazRvrelobis TanafardobiT (termini 
motanilia kvanturi meqanikidan)). 

am Tanafardobas aqvs pirvelxarisxovani mniSvneloba 
radioteqnikisaTvis. igi gansazRvravs moTxovnebs 
radioteqnikuri mowyobilobis gatarebis zolisadmi. 
magaliTad, rac moklea impulsis xangrZlivoba, miT ufro 
ganieri unda iyos Sesabamisi gamaZliereblis gatarebis 
zoli. mokle impulsur xelSeSlebs  aqvT farTo speqtri 
da amitom SeiZleba gauaresdes radiomiRebis pirobebi  
sixSireTa mniSvnelovan zolSi. 
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2.3. furies gardaqmnis ZiriTadi Tvisebebi 

SeviswavleT ra sakmaod martivi, magram xSirad 
Semxvedri impulsuri signalebis speqtruli simkvriveebi, 
SegviZlia gadavideT furies gardaqmnis Tvisebebis 
sistematur Seswavlaze. 

F2.3.1. furies gardaqmnis wrfivoba 

Ees umTavresi Tviseba formulirdeba ase: Tu gvaqvs 

signalTa raime erToblioba 
1 2( ), ( ),...,s t s t  amasTan 

1 1 2 2( ) ( ), ( ) ( ),...,s t S s t S   maSin signalebis gasaSualebu-

li jami furies mixedviT gardaiqmneba Semdegnairad: 

( ) ( )i i i i

i i

a s t a S    .   (2.26) 

aq 
ia nebismieri ricxviTi koeficientebia. 

(2.26)Fformulis dasamtkiceblad unda SevitanoT signa-

lebis jami furies gardaqmnaSi (     0 d
jn t

S s t e t







    (2.16)). 

2.3.2. speqtruli simkvrivis namdvili da warmosaxviTi 

nawilebis Tvisebebi 
  davuSvaT ( )s t signalia, romelic iRebs namdvil mniSvne-

lobebs. Ees speqtruli simkvrive zogad SemTxvevaSi aris 
kompleqsuri: 

    ( ) ( )cos d ( )sin d ( ) ( ).S s t t t j s t t t A jB    
 

 

      

CavsvaT es gamosaxuleba furies ukugardaqmnis 

formulaSi (SegaxsenebT, rom     
1

d
2

j ts t S e






  
 

 (2.18)): 

 
1

( ) ( ) ( ) (cos sin )d .
2

s t A jB t j t    






    

imisaTvis, rom signali, miRebuli aseTi ormagi 
gardaqmnis gziT, darCes namdvili, aucilebelia 
moviTxovoT, rom  

   ( )sin d 0, ( ) cos d 0.A t B t     
 

 

  da  

es SesaZlebelia mxolod im SemTxvevaSi, Tu signalis 

speqtruli simkvrivis namdvili nawili ( )A   sixSiris 
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luwi, xolo warmosaxviTi nawili ( )B   _ sixSiris  kenti 

funqciaa: 

( ) ( ), ( ) ( ).A A B B          (2.27) 

2.3.3. droSi wanacvlebuli signalis speqtruli simkvrive      

davuSvaT, rom ( )s t  signalisaTvis  cnobilia Sesaba-

misoba ( ) ( )s t S  . ganvixiloT aseTive signali, romelic 

aRiZvreba 
0t  wamis dagvianebiT. miviCnioT 

0t  wertili 

drois aTvlis axal sawyisad da aRvniSnoT es 
wanacvlebuli signali, rogorc  

0
0( ) ( ) .

j t
s t t S e

 
                           (2.28) 

damtkiceba sakmaod martivia. marTlac,  0t t cvladis  

SevcliT, anu 0t t x  , miviRebT 

0 0
0 0( ) ( ) ( ) ( ) .

j t j tj t j xs t t s t t e dt s x e e dx S e
   

 
  

 

       

kompleqsuri ricxvis 
0exp( )j t moduli  nebismieri 

0t -
is dros,  erTis tolia, amitom elementaruli harmoniuli 
mdgenelebis amplitudebi, romlebisganac Sedgeba 
signali, ar aris damokidebuli mis mdebareobaze drois 
RerZze. informacia signalis am maxasiaTeblis Sesaxeb  
Cadebulia misi speqtruli simkvrivis argumentis 
sixSirul damokidebulebaSi (fazur speqtrSi). 

2.3.4. signalis speqtruli simkvrivis damokidebuleba 

drois gazomvis masStabis amorCevaze 

davuSvaT, rom sawyisi signali ( )s t  eqvemdebareba 

drois masStabis cvlilebas. Ees niSnavs, rom t  drois 
rols asrulebs axali damoukidebeli cvladi kt  ( k raime 

namdvili ricxvia). Tu 1k  , maSin xdeba sawyisi signalis 

“SekumSva”; Tu 0 1k  , maSin signali “iweleba” droSi. 

Turme,    Tu ( ) ( )s t S  , maSin   
1

( ) ( ).s kt S
k k


       (2.29) 

marTlac, cvladis SecvliT kt x , anu  xt
k

  

1
( ) ( ) d ( ) d ,

j x
j t ks kt s kt e t s x e x

k
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saidanac gamomdinareobs formula (2.29). 
amrigad imisaTvis, rom, magaliTad, SevkumSoT signali 

droSi misi formis SenarCune-
biT, aucilebelia gavanawiloT  
igive speqtruli mdgenelebi six-
SireTa ufro farTo intervalSi 
maTi amplitudebis Sesabamisi 
proporciuli Semcirebisas (ix. 
nax. 2.20 a da b). 
aq ganxilul sakiTxs mWidrod 

  a             b      uaxlovdeba Semdegi amocana.  

      nax. 2.20             mocemulia impulsi ( )s t , romelic 

 0,i  monakveTze gansxvavdeba   

nulisagan  da xasiaTdeba speq-

truli simkvriviT S( ).      

saWiroa vipovoT “droSi 

Sebrunebuli” signalis ( )s tSeb  

speqtruli simkvrive S ( )Seb , 

romelic warmoadgens sawyisi 
impulsuri rxevis “sarkisebur 
asls”. ramdenadac cxadia, rom 

( ) ( ),s t s t Seb i  amdenad  

( ) ( ) .j tS s t e dt 






 Seb i  

                           cvladis SecvliT x t i   

       nax. 2.21            vpoulobT, rom 

( ) ( ) ( ) ( ).
j j jj xS e s x e dx e S e S
    


   



   i i i
Seb      (2.30) 

2.3.5. warmoebulis da ganusazrvreli integralis speqtruli 

simkvrive 

davuSvaT mocemulia signali ( )s t  da misi speqtruli 

simkvrive S( ) . SeviswavloT axali signali ( ) /f t ds dt  da 

miznad davisaxoT misi speqtruli simkvrivis  ( )F   povna. 

gansazRvris Tanaxmad,    
0

( ) ( )
( ) lim .

s t s t
f t







 
  (2.31) 
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furies gardasaxva wrfivi operaciaa, rac niSnavs, rom 
toloba (2.31) samarTliania speqtrul simkvriveebTan mima-

rTebaSic. (2.28)-is 0
0( ) ( )

j t
s t t S e

   
 

 gaTvaliswinebiT  

 0

0 0

( ) ( ) 1 exp( )
( ) lim lim ( ).

j t jS e S e j
F S

 

 

  
 

 

 

 

  
     (2.32) 

eqsponencialuri funqciis teiloris mwkrivad 

warmodgeniT: 2exp( ) 1 ( ) / 2 ...,j j        am mwkrivis 

CasmiT (2.32)-Si da pirveli ori 
wevriT SemofargvliT, vpoulobT 

( ) ( ).F j S               (2.33) 
diferencirebisas signalis 

cvlilebis siCqare droSi izrde-
ba. aqedan gamomdinare, warmoebu-
lis speqtris moduls aqvs didi 
mniSvnelobebi maRali sixSireebis 
areSi sawyisi signalis speqtris 
modulTan SedarebiT. 

formula (2.32) ganzogaddeba n  
rigis warmoebulis speqtris Sem-
Txvevaze. advilia imis damtkiceba, 

rom Tu ( ) d / d ,n ng t s t    maSin  

( ) ( ) ( ).nG j S         (2.34) 
    nax. 2.22        amgvarad, signalis droSi diferen    

cireba eqvivalenturia speqtruli simkvrivis mamravlze 
gadamravlebis ubralo ariTmetikuli operaciisa. amitom 
miRebulia iTqvas, rom warmosaxviTi ricxvi j  warmoa-

dgens diferencirebis operators, romelic moqmedebs 
sixSirul areSi. 

Gganxiluli funqcia ( ) ( )s t f t dt   warmoadgens pirvel-

yofils (ganusazRvrel integrals) ( )f t  funqciis mimarT. 

(2.33)–dan formalurad gamomdinareobs, rom pirvelyofi-

lis speqtri              ( ) ( ) / ( ).S F j               (2.35) 

amrigad, mamravli 1/ ( )j  warmoadgens integrirebis 

operators sixSirul areSi. 
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2.3.6. signalis speqtruli simkvrive integratoris 

gamosasvlelze 
Mmraval radioteqnikur mowyobilobaSi gamoyenebas 

pouloben egreTwodebuli integratorebi _ fizikuri sis-
temebi, romelTa gamosasvleli signali Sesasvleli zemo-
qmedebis integralis proporciulia. ganvixiloT konkre-
tulad integratori, romelic axorcielebs Sesasvleli 

signalis ( )s tSes  gardaqmnas gamosasvlel signalad ( )s tgam  

Semdegi kanonis mixedviT (nax. 2.23): 

1
( ) ( ) .

t

t T

s t s d
T

 


 gam Ses         (2.36) 

aq T 0  _ fiqsirebuli parametria. 
gansazRvruli integrali, romelic 

Sedis (2.36)-Si, aSkaraa, s (t)Ses  signali 

misi pirvelyofilis ori mniSvnelobis 
sxvaobis tolia. erTi gamoiTvleba t    

    nax. 2.23        argumentis dros, xolo meore t T  ar-
gumentis dros. (2.28) da (2.35) Tanafadobebis gamoyenebiT 
vRebulobT Sesasvlelsa da gamosasvlelze signalebis 
speqtrul simkvriveebs Soris kavSiris formulas:      

               
( )

( ) (1 ).
j T

S
S e

j T








 

Ses
gam           (2.37) 

nebismieri sixSireebis dros, frCxilebSi moTavsebuli 
Tanamamravli Semofarglulia, amave dros  mniSvnelis 
moduli wrfivad izrdeba sixSiris zrdasTan erTad. Ees 
mowmobs imas, rom ganxiluli integratori moqmedebs 
dabali sixSireebis filtris msgavsad, anu atarebs 
dabal sixSireebs. Aamave dsros is asustebs Sesasvleli 
signalis maRalsixSirul speqtrul mdgenelebs. 

    2.3.7. signalebis namravlis speqtruli simkvrive 

  rogorc cnobilia, signalebis Sekrebisas maTi speqtre-
bi ikribeba. amasTan signalebis namravlis speqtri speq-
trebis namravls ki ar udris, aramed gamoisaxeba raRac 
specialuri integraluri TanafardobiT TanamamravlTa 
speqtrebs Soris.  

davuSvaT ( )u t  da (t)  ori signalia, romelTaTvisac 

cnobilia ( ) ( ), ( ) ( )u t U t V    Sesabamisobani. SevqmnaT 
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am signalebis namravli ( ) ( ) ( )s t u t v t  da gamovTvaloT misi 

speqtruli simkvrive. saerTo wesis mixedviT 

                       ( ) ( ) ( ) .j tS u t t e dt 






                  (2.38) 

furies uku gardaqmnis gamoyenebiT gamovsaxoT 

signali ( )t misi speqtruli simkvriviT da Sedegi  CavsvaT 

(2.38-Si)   
1

( ) ( ) ( ) .
2

j t j tS u t V e d e dt   


 



 

 
  

 
   

integrirebis rigis SecvliT gveqneba 

             ( )1
( ) ( ) ( ) ,

2

j tS V u t e dt d   


 

 

 

 
  

 
   

saidanac      
1

( ) ( ) ( ) .
2

S V U d    






                       (2.39) 

integrals, romelic dgas marjvena nawilSi, uwodeben 
V da U  funqciebis naxvevs. SemdgomSi  naxvevis operacias 

simbolurad aRvniSnavT ase: ( ) ( ) ( ) ( ).V U d V U     




    

amgvarad, ori signalis speqtruli simkvrive mudmivi 
ricxviTi Tanamamravlis sizustiT TanamamravlTa speqtr-
uli simkvriveebis naxvevis tolia:  

                          1
( ) ( ) ( ) ( ).

2
u t v t V U 


                              (2.40) 

Zneli araa davrwmundeT, rom naxvevis operacia komu-
tatiuria, e.i. uSvebs gardasaqmneli funqciebis  Tanmim-

devrobis rigis Secvlas:     V( ) U( ) U( ) V( ).       

zemoT damtkicebuli Teorema naxvevis Sesaxeb  
SeiZleba Sebrunebul iqnas: Tu raime signalis speqtruli 

simkvrive warmoidgineba namravlis 1 2S( ) S ( )S ( )    saxiT, 

amasTan 1 1S ( ) s (t),   da 
2 2S ( ) s (t),  maSin signali 

s(t) S( )   warmoadgens 1s (t)da 2s (t) signalebis naxvevs, 

magram ara ukve sixSirul, aramed droiT areSi: 

1 2( ) ( ) ( ) ).S s t s d   




     (2.41) 
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2.4. araintegrirebadi signalebis speqtruli 

simkvriveebi  

radioteqnikuri signalebis bevri maTematikuri modeli 
ar akmayofilebs absoluturi integrirebis pirobas. am 
SemTxvevebSi furies gardaqmnis meTodi Cveulebrivi saxiT 
ar gamoiyeneba. magram, rogorc aRvniSnavdiT, SesaZlebelia 
vilaparakoT signalebis speqtralur simkvriveebze, Tu 
davuSvebT, rom es simkvriveebi aRiwereba ganzogadoebuli 
funqciebiT.  

2.4.1. releis ganzogadebuli formula 

  davamtkicoT mniSvnelovani damxmare debuleba, romelic 

exeba signalebis Tvisebas. vTqvaT  ori signali  u t  da 

 t , zogadad kompleqsuria da gansazRvrulia Tavisi 
furies uku gardaqmnebiT:   

   
1

d
2

j tu t U e






  
 

,          
1

d
2

j tt V e






  
 

  

vipovoT maTi skalaruli namravli. amisTvis erTi maT-

gani, magaliTad  t , gamovxatoT misi speqtruli simkvri-
viT: 

    

         

   

1
, d d d

2

1
d d .

2

j t

j t

u u t t t u t V e t

V u t e t

 
  

   

  

 
  

 

 
     

   

  


  

 

 

am gamosaxulebaSi Sida integrali warmoadgens  u t  
signalis speqtrul simkvrives. amitom 

 

           
1 1

, d d , .
2 2

u u t t t U V U V

 
 

 

    
       (2.42) 

es formula warmoadgens releis ganzogadebul formu-
las. am formulis advilad damamaxsovrebeli ganmarteba 
Semdegia: ori signalis skalaruli namravli koeficientis 
sizustiT proporciulia maTi speqtruli simkvriveebis 
namravlisa.  (es formula cnobilia aseve, rogorc 
panservalis toloba an planSerelis Teorema) 
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2.4.2. speqtruli simkvrivis ganzogadebuli cneba 

vivaraudoT, rom signali  t  warmoadgens absolutu-
rad integrirebad funqcias. maSin misi furies gardaqmna 

 V    sixSiris Cveulebrivi klasikuri funqciaa. amis 

garda, signali  u t  ar akmayofilebs absoluturad inte-
grirebis pirobas da furies gardaqmnis klasikuri Tval-

sazrisiT  U  ar arsebobs. magram SegviZlia gavafarTo-

voT  speqtruli simkvrivis cneba, Tu davuSvebT, rom  U   
aris ganzogadoebuli funqcia im azriT, romelic dadge-
nili iyo signalebis dinamiur warmodgenaSi (ix. leqcia 1, 
p.1.3.). amisaTvis, releis ganzogadoebuli formulis Tana-

xmad sakmarisia davuSvaT, rom  U  - funqcionalia, rome-

lic, moqmedebs ra cnobil  V   funqciaze, iZleva Semdeg 

Sedegs:                , 2 , .U V u                  (2.43) 

araintegrirebadi signalebis speqtrebis gamoTvlebis 
xerxebi mizanSewonilia ganvixiloT konkretul magaliTe-
bze. 

2.4.3. droSi mudmivi signalis speqtruli simkvrive 

umartivesi araintegrirebadi signalia – aris mudmivi 

sidide   u t A const   (ix. nax. 2.24).  davuSvaT, rom  t  - 
nebismieri namdvili absoluturad integrirebadi signalia 

 V   speqtruli simkvriviT. (2.43) formulis gaxsnisas 

gveqneba         , 2 , 2 d .U V u A t t 




      

advilad dasanaxia, rom      

nax. 2.24                        0d d 0 .j tt t t e t V

 


 

     

aqedan delta-funqciis mafiltrirebeli Tvisebis safu-
Zvelze mivdivarT im daskvnamde, rom toloba (2.43) Sesa-

Zlebelia mxolod moyvanili pirobis Sesru-

lebisas            2 .U A              (2.44) 

miRebuli Sedegis fizikuri azri      
naTelia  - droSi ucvlel signals gaaCnia   

   nax. 2.25   speqtruli mdgeneli (ix. nax. 2.25) mxolod 
nulovan sixSireze. 
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2.4.4. kompleqsuri eqsponencialuri signalis speqtruli 

simkvrive 

vTqvaT     0exps t j t   - kompleqsuri eqsponencialuri 

signalia, romelic mocemulia namdvili 0 sixSiriT. (amis 

garda drois nebismieri t -isaTvis adgili aqvs 1s   tolobas). 

es signali ar aris absoluturad integrirebadi, vinaidan roca 

t  , funqcia  s t  ar miiswrafis arc erTi zRvrisaken.  

ganzogadoebuli azriT, am signalis furies  S   gardaqmnas 

unda akmayofilebdes Tanafardoba  

       0
0, 2 d 2 .

j t
S V t e t V


 



       

aqedan saZiebeli speqtruli  S   

simkvrive  gamoisaxeba Semdegnairad 

  nax. 2.26      nax. 2.27                  02 .S          (2.45) 

                    aRsaniSnavia, rom: 
1. kompleqsuri eqsponencialuri signalis speqtruli 

simkvrive udris nuls yvelgan, garda 0   wertilisa, 

sadac mas aqvs delta-Tavisebureba. 
2. am signalis speqtri arasimetriulia 0   wertilis 

mimarT da Tavs iyris  dadebiT an uaryofiT areSi. 

2.4.5. harmoniuli rxevebis speqtruli simkvrive 

vTqvaT     0cos .s t t .  maSin eileris formulis 

gamoyenebiT             0 0 2
j t j t

s t e e
 

  . 

zemoT napovni kompleqsuri eqponencialuri signalis 
speqtri da furies gardaqmnis xazovnobis Tviseba  
saSualebas gvaZleven dauyovnebliv CavweroT 
kosinusoidaluri signalis speqtruli simkvrivis 
gamosaxuleba: 

   0 0 0cos .t                  (2.46) 

SegiZliaT TviTon gasinjoT, rom sinu- 
soidaluri signalisaTvis WeSmaritia 
Tanafardoba 

  nax. 2.28            0 0 0sin .t j                (2.47) 

aRsaniSnavia, rom (2.46) gamosaxuleba warmoadgens sixSi-
ris luw, xolo (2.47) – sixSiris kent funqcias. 
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2.4.6. nebismieri perioduli signalis speqtruli simkvrive 

adre perioduli signalebis gamokvlevas vawarmoebdiT  
furies mwkrivebis Teoriis gamoyenebiT. axla ki SegviZlia 
gavafarTovoT warmodgena maT speqtrul Tvisebebze, Tuki 
periodul signalebs aRvwerT furies gardaqmnis 
gamoyenebiT. 

   vTqvaT mocemuli gvaqvs    1jn t

n

n

s t C e






   - perioduli 

signali, mocemuli kompleqsur formaSi Tavisi furies 
mwkrivis saxiT. formula (2.45) safuZvelze, mxedvelobaSi 
miviRebT ra furies gardaqmnis xazovnobis Tvisebas, dau-
yovnebliv miviRebT aseTi signalis speqtruli simkvrivis 
gamosaxulebas: 

   12 n

n

S C n    




                 (2.48) 

speqtruli simkvrivis Sesabamisi grafiki Tavisi konfi-
guraciiT imeorebs perioduli signa-
lis Cveulebriv speqtrul diagramas. 
grafiki Sedgeba delta-impulsebisagan 
sixSirul areSi, romlebic ganlagebu-

lia wertilebSi 
1n  koordinatebiT,    

nax. 2.29            sadac n N . 

2.4.7. CarTvis funqciis speqtruli simkvrive 

gamovTvaloT CarTvis funqciis  t speqtruli 
simkvrive, romelsac, simartivisTvis ganvsazRravT yvela 

wertilSi, garda 0t  :      
0, 0,

1, 0.

t
t

t


  


 

uwinares yovlisa SevniSnoT, rom CarTvis funqcia mii- 
Reba eqsponenciuri videoimpulsisgan zRvruli gadasvlis 

gziT:                    
 

0

0, 0,

lim exp , 0.

t
t

t t



    



 

amitom SevecadoT miviRoT CarTvis funqciis speqtruli 
simkvrive, zRvruli 0  gadasvlis Sesrulebisas, eqs-
ponencialuri rxevebis speqtruli simkvrivis formulis 

gamoyenebiT:         
0

1
limt

j
 

 
. 
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zRvarze uSualo gadasvla, romlis mixedviT,    1t j    

WeSmaritia yvela sixSireebze, garda 0. am SemTxvevaSi 
aucilebelia ufro gulmodgine ganxilva. 

uwinares yovlisa, eqsponencialuri signalis speqtrul 
simkvriveSi gamovyoT namdvili da warmosaxviTi nawilebi: 

2 2 2 2

1 1
.

j j

j j j

   
   

          
 

SegviZlia davrwmundeT imaSi, rom  

 
2 20

lim .



  

 
 

marTlac, am wiladis zRvruli mniSvneloba yvela 0   
gadaiqceva nulad, amave dros   sidideze damoukideblad,        

   

2

2 2 22 2 2

d d d ( )

1

  

  

      
   

       
    

saidanac gamomdinareobs es mtkicebuleba. 
maSasadame, miRebulia calsaxa Sesabamisoba CarTvis 

funqciasa da mis speqtrul simkvrives Soris, anu:   

   
1

.t
j

    


                 (2.49) 

delta-Tavisebureba roca 0  , metyvelebs imaze, rom 
CarTvis funqcias aqvs mudmivi mdgeneli, romelic udris 

1 2 . 
2.4.8. radioimpulsis speqtruli simkvrive 

rogorc viciT, radioimpulsi  s t
r

 moicema raRac 

 s t
v

videoimpulsis, romelic asrulebs momvlebis rols, 

da araintegrirebadi harmoniuli rxevis namravlis saxiT:  

                      0 0coss t s t t  
r v

. 

    radioimpulsis speqtruli simkvrivis dasadgenad CavTva-

loT, rom cnobilia funqcia  S r  – misi momvlebis 

speqtri. kosinusoidaluri signalis speqtri nebismieri 
sawyisi faziT miiReba (2.46) formulis elementaruli 
ganzogadebiT: 

     0 0
0 0 0 0cos .

j j
t e e

               

radioimpulsis speqtri aris naxvevi 
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       0 0
0 0

1
d

2

j j
S S e e


  



         r v
 

  delta-funqciis mafiltrirebuli Tvisebis gaTvaliswi-
nebiT, vRebulobT mniSvnelovan Sedegs: 

                0 0
0 0

1 1
.

2 2

j j
S e S e S

  
    r v v

      (2.50) 

nax. 2.30 moyvanilia videoimpulsis speqtris transfor-
macia misi gadamravlebisas maRalsixSirul harmoniul 
signalze. 

 
      a - videoimpulsi        b - radioimpulsi 

nax. 2.30 speqtruli simkvrivis modulis sixSiruli 
damokidebulebebi 

Cans, rom speqtruli midgomiT vidioimpulsidan radio-
impulsze gadasvla niSnavs vidioimpulsis speqtris gada-
tanas maRali sixSiris areSi – speqtruli simkrivis erTi 
maqsimumis nacvlad, roca 0  ,  SeimCneva ori maqsimumi  

roca 0   ; absoluturi mniSvnelobebi mcirdeba orjer. 

aRvniSnoT, rom nax. 2.30 moyvanili grafikebi pasuxoben 

situacias, rodesac sixSire 0  mniSvnelovnad aRemateba 

videoimpulsis speqtris efeqtur siganes (Cveulebriv 
zustad aseTi SemTxveva realizirdeba praqtikaSi). amasTan 
ar SeiniSneba speqtris SesamCnevi gadafarva, romlebic 
pasuxoben sixSiris dadebiT da uaryofiT mniSvnelobebs. 
magram SeiZleba aRmoCdes, rom videoimpulsis speqtris 

sigane (mokle impulsis dros) imdenad didia, rom 0  

sixSiris amorCeuli mniSvneloba ar gamoricxavs 
“gadafarvis” efeqts. aqedan gamomdinareobs, rom  vidio-
impulsis da radioimpulsis speqtrebis profilebi  ar 
aris msgavsi. 

magaliTi 2.3. ipoveT marTkuTxa formis radioimpulsis (ix. 
nax. 2.31) speqtruli simkvrive. 
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amoxsna: amoxsnis gasamartiveblad davuSvaT, rom sawyisi faza 
udris nuls. maSin radioimpulsis maTematikuri modeli Caiwere-
ba saxiT 

      0coss t U t t t       r i . 

viciT ra marTkuTxa formis radio-
impulsis speqtruli simkvrive 

   
2

sin ,
2

U
S


 



i  Tu SemovitanT 

2  
i

, maSin  
sin

S U


  


i
 (ix. 

formula (2.20))  
          nax. 2.31          Semdeg ki  formula (2.50)-is gamoyene-
biT vpoulobT saZiebel speqtrs  

 

 

 

 

 

0 0

0 0

sin sin
2 2 .

2

2 2

U
S

    
 
   

    
 
 

r

i i

i

i i

        (2.51) 

nax. 2.32 gamosaxulia formula (2.51)-iT Catarebuli speqtruli 
simkvrivis gamoTvlebi ori damaxasiaTebeli SemTxvevisTvis: 

 
       a - 0 20i   roca              b - 0 2i   roca    

nax. 2.32. marTkuTxa momvlebis mqone radioimpulsis speqtruli 
simkriveebis grafikebi ori SemTxvevisTvis 

pirvel SemTxvevaSi (nax. 2.32 a) movlebis impulsi Seicavs 

maRalsixSirul Sevsebis 10 periods  0 20 ;i    0  sixSire am 

SemTxvevaSi imdenadD didia, rom Tavis daRweva “gadafarvisagan” 
SeuZlebelia. meore SemTxvevaSi (nax. 2.32, b) radioimpulsi Secavs 

Sevsebis mxolod 1 (erT) periods  0 2i    . Semdgenebis zed-

debas, romlebic Seesabameba dadebiTi da uaryofiTi sixSireebis 
areebs, mivyevarT radioimpulsis speqtruli simkvrivis da maxa-
siaTebeli asimetriuli foTliseburi grafikis struqturamde.   
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2.5. laplasis gardaqmna 

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

2.5.1. 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   kompleqsuri sixSiris 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. zogierTi tipiuri 
signali 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 
SesaZleblobas gvaZlevs, 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  namdvili nawilisaTvis 
specialuri termini ar arsebobs. 

2.5.2. ZiriTadi Tanafardobani 

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

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

romelic moicema integraliT: 
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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 

0t , 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 0t . amrigad, laplasis gardaqmna 
SeiZleba ganvixiloT, rogorc furies gardaqmnis 
ganzogadeba kompleqsuri sixSireebis SemTxvevaze. 

Mmsgavsad imisa, rogorc es xdeba furies gardaqmnis 
TeoriaSi, Tu viciT gamosaxuleba, SeiZleba aRvadginoT 
originali. AamisaTvis furies Seqceuli 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 Seqceuli 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. [17]-is danarTebSi mocemuli gvaqvs iseTi cxrili, 
romelic saSualebas gvaZlevs gadavwyvitoT amocanebis 
sakmaod farTo wre.  

2.5.3. 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 ( ) 0f t , roca 0t . Tu gamoviyenebT 

(2.54) formulas 

0

( ) ( ) ptF p f t e dt




 
 
 
 

 , miviRebT 
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0

0

( )
( )

00

( )
0

p p t
p p t

te
F p e dt

p p t

  
 

 
  

 
 . 

Tu 0Re p  , maSin zeda zRvris Casmisas mricxveli iqceva 

nulad. 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 0t  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 0t , 
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 0t  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   
  

nax. 2.34                       ( ) 1t  .                      (2.61) 

           

2.5.4. 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 
0t  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 [9].  
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Tema: 2.6. veivlet-analizi 

speqtruli analizis meTodebi, romlebic efuZneba 
trigonometriuli bazisuri sistemebis gamoyenebas, 
sruliad adekvaturia signalebis gamokvlevis 
amocanebisa, rodesac signalebi Tavisi xasiaTiT axlos 
arian periodul rxevebTan. magaliTad, radioimpulsis 
furie-warmodgenis moZiebisas, SesaZlebelia windawin 
vamtkicoT, rom misi speqtruli simkvrivis modulis 
sixSirul damokidebulebas eqneba mkveTrad gamosaxuli 
maqsimumi maRalsixSirovani Sevsebis  gareubanSi. 

Tu signals ar aqvs mkveTrad gamoxatuli perioduli 
xasiaTi, maSin  furies gardaqmnis algoriTmi rCeba Zala-
Si, magram am algoriTmis efeqturoba mniSvnelovnad var-
deba. kerZod, SeuZlebeli xdeba, drois areSi monacemebis 
moculobis SenarCuneba signalis maTematikuri modelidan 
Sesabamis modelze gadasvlis xarjze sixSirul areSi.  

am sirTuleebis gadasalaxad, bolo wlebSi, SemoTa-
vazebuli iqna axali midgoma, romlis safuZvelzec aigo 
mTeli mimarTuleba, romelsac ewodeba veivlet-analizi. 

2.6.1. veivlet-analizis cneba 

   inglisuri sityva wavelet  SesaZlebelia gadaiTargmnos 
rogorc “mcire talRa” an “mcire rxeva”. am terminis azri 

miuTiTebs im moTxovnebze, 

romlebsac aucileblad 
unda Seesabamebodes raime 
 t  funqcia imisaTvis, 

rom miekuTvnebodes am fun-
qciaTa klass: 
1.  aseTi funqciis grafiki 
unda meryeobdes t  RerZis 
raime nuli wertilis gar-

nax. 2.35         nax. 2.36        Semo, amasTan  d 0;t t




  

2. funqciis norma unda iyos sasruli:  2 dt t 





   . 
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 veivletis konkretuli amorCeva mTlianad damokidebu-
lia dasmuli amocanis xasiaTze da gasaanalizebeli 
signalis saxeze. 
 qvemoT naCvenebi iqneba, rom veivlet-analizi iZleva 
mZlavr da sakmaod moqnil saSualebas orTonormirebuli 
bazisebis asagebad signalebis sivrceSi. 

2.6.2.  diskretuli veivlet-analizi 

Aase ewodeba signalebis warmodgenas ganzogadoebuli 
furies rigis mwkrivad, bazisuri funqciebis sistemaSi, 

romelic warmoiqmneba raime sawyisi veivletidan  t  

droSi wanacvlebiT da drois masStabis cvlilebis 
operaciebis Catarebis xarjze. 

 Tu Sesaswavli signali arsebobs drois RerZis  0,T  

monakveTze, maSin mosaxerxebelia, rogorc es keTdeboda 

adre, uganzomilebo droSi t T   gadasvla; aseTi 

SecvliT signalis argumenti moTavsdeba  0,1 monakveTis 

zRvrebSi. 
 TvalsaCinoebisaTvis ganvixiloT ubralo SemTxveva, 
roca bazisis elementis Semqmnelad gamoiyeneba xaaras 

veivleti. is funqcia arsebobs  0,1 monakveTze da Rebu-

lobs am intervalSi oridan erT mniSvnelobas:  

  
1, 0 1 2

1, 1 2 1 .


 



 
 

  
                 (2.64) 

 SevqmnaT funqciaTa sistema Semdegi wesis mixedviT:  

                2 ,j
jk A k                    (2.65) 

sadac A  - raime mudmivaa;  ,j k  - dadebiTi da uaryofiTi 

mTeli ricxvebia, nulis CaTvliT. 

 SeiZleba davrwmundeT imaSi, rom  
jk   funqciebi 

arian urTierTorTogonaluri, anu 

                        d 0,jk mn    





              (2.66) 

Tu tolobebi j m  da k n  erTdroulad ar sruldeba. 

marTlac, Tu j m  Tumca k n , maSin erT-erTi veivleti 

mTlianad ganlagdeba drois RerZis im monakveTze, sadac 
meore veivleti mudmivi sididea. amas ki uSualod mivyeva- 
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rT (2.66) integralis ganulebasTan. Tu  j m  da  k n , 

maSin (2.66) integralqveSa erT-erTi Tanamamravli mainc 
udris nuls. 
 (2.65) formulaSi A  mudmivi ricxvi SesaZlebelia Seva-
rCioT ise, rom veivletis bazisuri sistema gaxdes orTo-
normirebuli. amisaTvis gamoviyenoT signalis energiis 
gansazRvra da moviTxovoT, rom     

      

   
 

 

2 2 2 2

2 2 2

d 2
2 d = 2

2

2 d 2 1.

j
j j

j

j j

A k A k

A A


    

  

 

 



 



  

  

 



 

es niSnavs, rom              22 jA                   (2.67)  
avagebT ra xaaras veilvetis orTonormirebul bazisur 

sistemas, SegviZlia ganvaxorcieloT nebismieri  s t signa- 
lis warmodgena ganzogadoebuli furies mwkrivis saxiT:  

              22 2j j
jk

j k

t
s t c k

T


 

 

 
  

 
  .            (2.68)   

(1.29) formulis safuZvelze (ix. leqcia 3, gv. 33) jkc  

koeficienti aris skalaruli namravli sawyisi signalis 
da Sesabamisi bazisuri funqciisa: 

                2, 2 2 .j j
jk

t
c s t k

T


  
   

  
              (2.69) 

formalurad (2.68) saxis furies ganzogadoebuli rigi 
gansxvavdeba adre Seswavlilebisagan imiT, rom ajamva 
xorcieldeba ara erTi, aramed ori indeqsiT. es garemoeba 
ar aris mniSvnelovani, vinaidan rogorc erTindeqsiani, 
aseve orindeqsiani sistemebi miekuTnebian erTi da imave 
usasrulo mTlelebis klass, anu saTvalav simravleebs.   
   signalis veivlet speqtri, romelic iRebs namdvil mni-
Svnelobebs, SesaZlebelia warmovidginoT rogorc “tye” 

vertikaluri monakveTebiT, romelic ganTavsebulia jk - 

sibrtyis wertilebSi mTelricxovani koordinatebiT. ama-
sTan j  koordinata miuTiTebs signalis siCqaris cvlile-

baze, xolo k - mis mdebareobaze drois RerZis gaswvriv.  
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2.6.3. veivlet-gardaqmna 

 zemoT ganxiluli xaaras veivletebis wyvetili funqci-
ebis msgavsad, SesaZlebelia visargebloT uwyveti veivle-
tebiT. maT safuZvelze SesaZlebelia avagoT furies da 
laplasis sruli analogiebi. aseTi funqciis magaliTad 
SesaZlebelia gamoviyenoT kargad Seswavlili veivleti 

     2 21 exp 2 ,x x x                  (2.70) 

romelic aris gausis impulsis  2exp 2x  meore warmoe-

buli. am funqciis maxasiaTebeli saxis gamo literatura- 
Si mas uwodeben “sombreros” (meqsikuri qudi).  

  xaaras diskretuli veivletebis 
msgavsad, SesaZlebelia uwyveti vei-
vletebis xangZlivobis masStabire-
ba (anu SekumSva da gaWimva), aseve 
gadaadgileba drois RerZis gasw-
vriv. Sedegad mivdivarT veivleteb-
Tan, romlebic damokidebulia or 

ricxovriv a  da b  parametrze: 

          nax. 2.37             
1

ab

t b
t

aa
 

 
  

 
.       (2.71)   

mamravli  1 a   uzrunvelyofs am signalebis normis 

a  masStaburi ricxvis arCevisagan damoukideblobas. 

gansazRvrebis Tanaxmad,  s t  signalis veivlet-

gardaqmna aris ori ( a  da b ) cvladis funqcia  

   
1

, ds

t b
W a b s t t

aa






 
  

  .           (2.72) 

 veivlet-analizi Tavisi azrobrivi datvirTviT sruli-
ad Seesabameba furies gardaqmnas. magram aq integraluri 

gardaqmnis birTvad  exp j t  funqciis nacvlad gamoiye-

neba   t b a   veivleti. 

 veilveti lokalizebulia rogorc drois, aseve 
sixSirul areebSi. es ganapirobebs mis farTo gamoyenebas 
yvela i signalebis impulsebis aRwerisaTvis, romlebsac 
ar gaaCnia mkafiod gamoxatuli perioduloba. 
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    ,sW a b veivlet-gardaqmna aris ori argumentis funqcia, 

pirveli maTgani analogiuria oscilaciis periodisa (anu 
sixSiris Sebrunebuli), xolo meore – signalis wanacvle-
baa droSi, drois RerZis gaswvriv. naTelia, rom Tu 

Sesaswavli  s t  signali warmoadgens raime erTeulovan 

impulss, romelic Tavmoyrilia 0t t  wertilis midamoSi 

da i  misi xangZlivobaa, maSin misi veivlet-gardaqmna mii-

Rebs udides mniSvnelobas wertilis midamos ,a b t i  

koordinatebSi. 
 (2.72) toloba mocemuli marcxena mxariT SesaZloa 

ganvixiloT rogorc integraluri gantoleba  s t  signa-
lis mimarT. am gantolebis amonaxsni mocemulia uku 
veivlet-gardaqmnis saxiT [10]: 

     
2

1 1
, d ds ab

ab

s t W a b t a b
a








               (2.73) 

 es formula sabolood adgens msgavsebas veivlet-ana-
lizisa da furies gardaqmnis meTodebs Soris. 
 bolo dros veivlet-analizis teqnika gamoiyeneba mra-
vali aqtualuri amocanis gadaWrisas. upirveles yovlisa 
signalebis SekumSvisas da gamocnobisas. misi algo-
riTmebi farTod gamoiyeneba Mathlab-Si.  

 2.7. me-II Tavis mokle mimoxilva 

2.7.1. Sedegebi 

1. signalis speqtruli daSla warmoadgens mis daSlas 
(sasrul an usasrulo) elementaruli sxvadasxva 
sixSiris mqone harmoniuli signalebis jamad. 

2. perioduli signalebi warmoadgenen  furies rigis 
mwkrivs, romlebic warmoiqmneba, zogadad rom vTqvaT, 
usasrulo odenobis harmonikebis ajamviT. harmonikebis 
sixSireebi ZiriTadi harmonikis sixSiris jeradia. 

3. araperioduli signalebis speqtruli warmodgena, 
kerZod, impulsuri signalebisa, xorcieldeba maTi 
furies integralad daSlis gziT. 
4. sixSirul areSi araperioduli signali xasiaTdeba 
Tavisi speqtruli simkvriviT. signali da misi 
speqtruli simkvrive urTierT dakavSirebulia furies 
wyvili gardaqmnebiT. 



 

89 

5. klasikuri azriT, speqtruli simkvrivis arsebobisaTvis   
  aucilebelia, rom signali iyos absoluturad integri- 
  rebadi. 
6. araintegrirebadi signalis speqtruli simkvrive 

Seicavs  delta-funqciis tipis Taviseburebas. 
7. furies gardaqmnaSi kompleqsur sixSireze gadasvlas 

mivyevarT axali saxis integralur gardaqmnebTan – 
laplasis gardaqmnasTan. laplasiT gardaqmnili 
signalebi, roca  0t   unda  gadaiqcen nulad.    

2.7.2. sakontrolo kiTxvebi 

1. ratom aqvs martiv harmoniul rxevas  0 0cos t   gan-

sakuTrebuli mniSvneloba radioteqnikaSi? 
2. moiyvaneT perioduli signalis cnebis gansazRvra. 

daasaxeleT ramdenime fizikuri procesi, 
romlebisaTvis perioduli signalis modeli aris 
aRweris sakmarisad zusti saSualeba. 

3. rogor ganvsazRvroT harmoniuli rxevis wakveTis 
kuTxe? 

4. rogor warmoiSveba uaryofiTi sixSiris cneba? 
5. raSi mdgomareobs harmoniuli rxevebis koherentuli 

Sekrebis efeqti? 
6. ra Tvisebebi gaaCnia namdvili signalis speqtrul 

simkvrives? 
7. ragor aris miRebuli impulsuri signalebis xangZli-

vobis gansazRvra? 
8. raSi mdgomareobs maxasiaTebeli speqtris delta-funq-

ciis gansakuTrebuloba? 
9. rogor ganvsazRvroT,ori signalis skalaruli 

namravli maTi cnobili speqtruli simkvriveebis 
gamoyenebiT? 

10.  ra kavSiria impulsis xangZlivobasa da misi speqtris 
siganes Soris? 

11.  rogor aisaxeba sixSirul areSi signalebis diferen-
cirebis da integrirebis operaciebi? 

12. rogor arian erTmaneTTan dakavSirebuli  videoimpul-
sis da radioimpulsis speqtruli simkvriveebi? 

13. ra efeqts gauwevs sixSiruli areebis ”gadafarva” 
radio impulsis speqtrs? 

14. raSi mdgomareobs kompleqsuri sixSiris azri? 
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15. ra signalebzea SesaZlebeli laplasis gardaqmnis 
gamoyeneba? 

2.7.3. gamoTvlis zogadi meTodika 

   zogadi meTodi  ar arsebobs. yovel konkretul SemTx-
vevaSi magaliTis/amocanis amoxsnas unda mivusadagoT 
Sesabamisi maTematikuri aparati da logikuri msjelobiT 
amovxsnaT dasmuli magaliTi an amocana. 

2.7.4. tipiuri amocanebis amoxsnis magaliTebi 

2.7.4.1.Pperioduli signalebi da furies mwkrivebi 

    magaliTi m.2.1. perioduli signali  s t T periodiT 

2 2T t T    monakveTze moce-

mulia gamosaxulebiT 

   0 coss t U t T   (nax. m.2.1). 

ipoveT am signalis furies 

mwkrivis 
nC  koeficientebis 

gamosaxulebebi. 
 

          nax. m.2.1          

    amoxsna. vinaidan    1

0 cos
2

t
s t U


 , amitom        

                     
2

0 1

1

0

2
cos cos d

2

T

n

U t
C n t t

T


  . 

 visargebloT imiT, rom    
1

cos cos cos cos
2

x y x y x y       . 

maSin   

 

 

2 2

0 0

1 1

0 0

1
1 1

0 0 0

2

1 1

1 1
cos d cos d .

2 2

1 1 22sin sin
2 12 2

1 1 4 1
0 02 2

T T

n

n

U U
C n t t n t t

T T

TTn t n t
U U U

T T n
n n

 

 


 



   
       

   

   
        

  
    

    
   

 

 

    magaliTi m.2.2.  u t  periodul rxevas aqvs T  peroidi. 

2 2T t T    monakveTze mocemuli rxeva warmodgenilia 

Semdegi saxiT    0u t U exp t  , amasTan  parametri 

imdenad didia, rom 2 1T  da amitom calkeuli 
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impulsebi, romlebic qmnian periodul signals, praqtiku-

lad ar ”gadaikveTebian” (ix. nax. m.2.2). ipoveT 
0 2a  da 

na koeficientebi, romlebic 

Sedian mocemuli signalis fu-
ries mwkrivSi 

 
0

1

2
2 cosn

n

nt
u t a a

T





  . 

amoxsna. amocanis pirobidan 
gamomdinare, gadadiT integrire  

     nax. m.2.2          bis 
usasrulo zRvrebze   

pasuxi:       0 02 2 ,a U T  
 

  
0

2
2

2 2
.

2
n

U T
a

T

 

   
 


    

magaliTi m.2.3. zogadad SemTxvevaSi   s t   perioduli 

signali kompleqsuria, misi periodia T . miiReT gamosaxu-

leba, romelic akavSirebs am signalis simZlavris  PsS  

saSualo mniSvnelobas periodSi  furies rigis 
nC  koe-

ficientebTan. 
amoxsna: simZlavris saSualo mniSvneloba kompleqsuri 

signalis periodSi gamoiTvleba formuliT 

   
2

*

2

1
d .

T

T

P s t s t t
T



 sS      vinaidan    1jn t

n

n

s t C e






  ,  

amitom   
  1

2

*

2

1
d .

T

j n m t

n m

m n T

P C C e t
T


 



  

   sS  

uSualo gamoTvlebiT vrwmundebiT, rom 

1

2

2

d 0

T

jk t

T

e t




   yvela 1.k   

amgvarad             * * *

0 0

1

2 .n n n n

n n

P C C C C C C
 

 

   sS  

   magaliTi m.2.3.  s t Zabvis videoimpulsis oscilograma 

warmodgenilia nax. m.2.3-ze. 0 5t   i mkwm drois monakve-

Tze  s t  funqcias aqvs saxe    exps t A t  , sadac A da 

 - parametrebia, romlebic ganisazRvrebian oscilogra-
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mis saxiT. ipoveT mocemuli impulsis  speqtrulli simk-
rive.  

 
  amoxsna: miviCnioT 0t  , 
maSin naxazidan uSualod 
vpoulobT 80A  v . vinai-

dan    680exp 5 10 20,         

maSin 6 12.773 10   wm .    

  speqtruli simkvrive ki 

    1 .
jA

S e
j

  


 

 
 


i      

               nax. m.2.3 
amocana m.2.4. aCveneT, rom wina amocanaSi ganxiluli 

impulsis  S   speqtruli simkrive ar gaxdeba nulis 
toli sixSiris arcerTi ricxobrivi mniSvnelobis dros   
   amoxsna: speqtruli simkvrive ganuldeba   sixSiris im 
mniSvnelobis dros, rodesac Sesruldeba gantoleba 

    1
j

e e
  

 i i , 

                an      
cos 1,

sin 0.

e

e













  


 

i

i

i

i

 

naTelia, rom es sistema araTavsebadia. 

amocana m.2.5. perioduli signali  s tper  Seqmnilia usas-

rulo mimdevrobis erTnairi  s t0 impulsebisagan, 

romlebic meordebian erTnairi T drois intervalis 
Semdeg. ipoveT formula, romelic akavSirebs furies 

mwkrivis nC  koeficientebs  0, 1,...n    perioduli 

signalis erTeuli impulsis  s t0  speqtrul 

simkvrivesTan. 

amoxsna: furies kompleqsuri rigis nC  koeficienti 

gamoixateba integraliT: 

  1

2

0

0

1
d .

T

jn t

nC s t e t
T
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bolo formulaSi integrirebis zRvrebi SeiZleba gavzar-

doT   dan de , vinaidan  
0s t  gansazRvrulia 

2 2T t T    monakveTze.  maSasadame,    0 1

1
.nC S n

T
  

amocana m.2.6.  s t impulsebis mimdevroba Seqmnilia dro-

Si aragadamkveTi 2 1N  erTnairi impulsebisagan ( N  mTe-

li  dadebiTi ricxvia an nuli). 
impulsebis gameorebis mim-
devrobis intervali udris T  
(nax. m.2.4). 

cnobilia erTeuli impulsis 

speqtruli  
0S   simkrive.  

     nax. m.2.4              gamoTvaleT  S  mimdevrobis  
                         speqtruli simkrive.  
amoxsna: signalis speqtris Sesaxeb Teoremis gam-

oyenebiT da calkeuli impulsebis wyvil-wyvilad da-
jgufebiT, romlebic Tanabrad arian daSorebuli aTvlis 
saTavidan, miviRebT 

     
   

2 2

0

0

1 ...

1 2cos 2cos 2 ... 2cos .

j T j T j T j T jN T jN TS S e e e e e e

S T T N T

      

   

           

     
 

imisaTvis, rom miRebuli gamosaxulebis gavaanalizoT 
speqtruli simkvrivis damokidebuleba impulsebis raode-
nobasTan, SemovitanoT funqcia  

   1 2cos 2cos 2 ... 2cos .NF T T T N T         

   nax. m.2.5 a,b gamosaxu-

lebis  
1F T  funqciis 

grafikebi  (mimdevroba, 
Sedgenili sami impulsisa-

gan) da  
2F T funqciis gra-

fikebi (mimdevroba Se-
dgenili xuTi impulsisagan). 
SegviZlia SevniSnoT 
Semdegi kanonzomiereba: N -

is gazrdasan erTad  
NF T   

funqcia iRebas lokali-
zirebuli signalebi “Tqafa-
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nebs”, moTavsebulebs  2 0, 1, 2, . ..T n n     wertilebSi.  

zRvarSi,    
            nax. m.2.5                roca N   xdeba  
gadasvla uwyveti speqtridan diskretulze; calkeuli 
speqtruli mdgenelebis sixSireebi Seesabameba impulsuri 
mimdevrobis gameorebis harmonikebis sixSireebs. 

  magaliTi m.2.7. gamoTvaleT  S      ( )t ts t A e e t     . 

aageT speqtruli simkvrivis modulis sixSireze damokide-
bulebis grafiki Semdegi parametrebis mniSvnelobebisa-

Tvis: 6 1 6 16 , 3 .A     v, = 10 wm 10 wm  

amoxsna: eqsponencialuri videoimpulsis speqtruli sim-
kvrivis gamosaxulebis gamoyenebiT, miviRebT 

 
 

   2

1 1
.

A
S A

j j j

 


        

 
   

     
  

mocemuli ricxobrivi parametrebisaTvis  

 

 

7

2
12 2 13 2

1.2 10
.

3 10 1.6 10

S 

 




   

 

grafis asagebad moxer-
xebulia sixSiris 
normireba. SemovitanoT 

axali cvladi 610   

, maSin 

 
 

7

2
2 2

1.2 10
.

3 16

S 

 




 

    

   am damokidebulobis 
grafiki moyvanilia nax. 
m.2.6. 

 
                nax. m.2.6   

   magaliTi m.2.8. wina amocanaSi ganxiluli  s t signali-
saTvis gamoviyvaneT formula, romelic iZleva speqtris 

sazRvruli saz sixSiris gamoangariSebis saSualebas. am 

sixSireze speqtruli simkvrivis sixSiris moduli mcir-
deba 10-jer nulovan sixSireze speqtris  simkvrivis mniS-

vnelobasTan SedarebiT. miiReT saz  ricxviTi mniSvnelo-
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ba im  da   parametrebTan mimarTebaSi, romlebic moce-

mulia magaliTi m.2.7-is pirobaSi. 
 amoxsna:  zRvruli sixSire akmayofilebs bikvadratul 
gantolebas 

   
2 22 2 2 2100          saz saz , 

romlis dadebiTi fesvi  

 
1 2

2
2 2 2 2

2 299 .
4 2

   
  

 
     

 
saz  

  da   parametrebis ricxobrivi mniSvnelobis SetaniT 

gveqneba 6 15.026 10 .  saz wm  

 amocana m.2.9. televizoris mimRebi striqonis sigrZiT 
L  500 mm moiTxoveba Seiqmnas vertikaluri Savi gamosaxu-

leba zolis l   3 mm siganiT (nax. m.2.7). eleqtronuli sxi-
vi televizoris rastris striqons 
garbis t  64 mkwm droSi. mocemuli 
SemTxvevisTvis SeafaseT vidioimpu-

lsis speqtris zolis sigane  i , 

romelic marTavs kineskopis ekranis 
sikaSkaSes.   

amoxsna: videoimpulsis xangZlivo-
ba, romelic ekranze qmnis muq zols,  

3 64 500 0.384
l t

L



   i mkwm, aqedan             

    nax. m.2.7                  1 2.6f  z i  mhc. 

magaliTi m.2.10. gansazRvreT simetruili samkuTxa impu-

lsis (ix. nax. m.2.8) speqtruli  S   

simkvrive. 
   amoxsna: qvemoT gamoyenebuli xerxi 
moxerxebulia impulsuri rxevebis speq- 
truli simkvriveebis povnisaTvis, rom-
lebic SeiZleba warmovidginoT wrfeTa 

    nax. m.2.8       monakveTebiT. Tu sawyis signals gava-
diferencirebT, maSin miviRebT or sxvadasxva polarobis 
marTkuTxa formis impulsebs (ix. nax. m.2.9); meore warmo-
ebuls aqvs sam  funqciebis saxe (ix. nax. m.2.10). meore 
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warmoebuls aqvs sami  -funqciis saxe (ix. nax. 3.2.4). meore 
warmoebulis maTematikur models aqvs saxe:  

   
2 4

.
2 2

A A
s t t t t

 
  

 

    
         

    

i i  

                  
            nax. m.2.9                    nax. m.2.10 
meore warmoebulis speqtruli simkvrive  

  2 2
2 4

2 cos 1 .
2

j j
A A

G e e

 



  

   
       

 

i i
i

i i

 

speqtruli signalis da misi warmoebulis kavSiris gam-
oyenebiT vpoulobT 

 
  2

2 2 2

4 sin
1 cos .

2 2

4

AG A
S

 


   

 
      

   
 
 

i i

i i

 

 unda aRiniSnos, rom roca 21 ,S  maSin  anu 

speqtruli simkvrivis moduli sixSiris zrdasTan erTad 
mcirdeba gacilebiT, vidre marTkuTxa vidioimpulsis 

SemTxvevaSi, romlisaTvis  1S  . es dakavSirebulia 

imasTan, rom samkuTxa impulsi aRiwereba uwyveti funqci-
iT, xolo marTkuTxa impulsi aris wyvetili.   

 magaliTi m.2.11.  u t  signali warmoadgens mimdevrobis 

sami gansxvavebuli polarobis  videoimpulss T  xang-

ZlivobiT da TiTouli 0U  amplitudiT (nax. m.2.11). gamoT-

valeT am signalis speqtruli simkvrive  U  . aageT 
speqtruli simkvrivis damokidebulebis grafiki 

uganzomilebo argumentze 2T . 

 amoxsna. vTqvaT   d df t u t  da adgili aqvs    f t F   

Sesabamisobas. sawyisi signalis maTematikuri modelis 
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safuZvelze  funqcia  f t  gamoixateba  funqciebis 

jamad Semdegi saxiT: 

 
0 0 0 0

3 3 3
2 2

2 2 2 2

T T T T
f t U t U t U t U t   

       
               

       
. 

amgvarad, misi speqtruli simkvrive  

   
3 3

2 2 2 2
0 0 0 02 2

T T T T
j j j j

F j U U e U e U e U e
   

  
 

        

0 0

3
2 sin 4 sin .

2 2

T T
j U j U

 
   

aqedan           0 04 2 3
sin sin .

2 2

U UT T
U

 


 
   

uganzomilebo argumentis 

2x T  SemotaniT mi-

viRebT  

     
0 2sin sin3U x U T x x x 

 speqtraluri sim-
kvrivis normirebuli 
modulis grafiki, gamo-
angariSebuli mocemuli 

formuliT  
                 nax. 3.2.5         moyvanilia nax. 3.2.5-ze. 

magaliTi 2.35. ipoveT  s t  signali, romlis speqtruli 
simkvrive mocemulia gamosaxulebiT 

  0

2 21

S
S 

 



, 

sadac  0 ,S  - raime mudmivi sidideebia. 

 amoxsna:  furies ukugardaqmnis safuZvelze 

  0

2 22 1

j tS e d
s t

 

  






 . 

aq integralqveSa funqcias aqvs ori namdvili polusi, 

romlebic ganisazRvrebian gantolebidan 2 21 0   . es 
polusebi Tavmoyrilia wertilebSi koordinatebiT 

1,2 .j    

 roca 0t  ,  s t  signalis gamosaTvlelad unda Cava-

taroT integrireba 1C  konturis gaswvriv (ix. nax. 3.2.6), 

romelic Seicavs usasruli sigrZis namdvil RerZs da 
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usasrulod didi radiusis mqone rkals, ganlagebuls 
Im 0  -is zeda naxevarsibrtyeSi. radiusis zrdasTan er-

Tad integrali miTiTebuli 
rkalis gaswvriv miiswrafis 
nulisken da amitom  

2 2 2 2
2

1 1

j t j t

j

e d e
j rez

 

 




   



 

 
   

  
 .  

polusis wertilSi inte-
gralqveSa funqciis naSTi 

2tres e j  . 

         nax. 3.2.6           maSasadame,    
2 2

1
1

j t t

C

e d e  

 




  

 analoguri Sedegi, gansxvavebuli niSniT eqsponentis 
maCvenebelSi, miiReba 0t   mniSvnelobebisaTvis; amasTan 
integrireba unda vawarmooT konturiT, romelic didi 
radiusis qveda naxevarsibrtyeSia. saboolod miviRebT 
Semdeg Sedegs 

                          
0 2 .ts t S e    

magaliTi 2.45. uSualo gamoTvlebiT daamtkiceT, rom ori 

signalis  u t da  t  naxvevs       

         df t u t   




   

cnobili speqtruli simkriveebiT  U   da  V  , Sesabam-

isad, aqvT speqtruli simkvrive      .F U V    
 damtkiceba: speqtruli simkvrivis cnebis Sesabamisad 

     d d .
j t

F te u t
    

 

 


                 (*) 

mocemul gamosaxulebaSi  t   funqcia SegviZlia gam-
ovsaxoT Sesabamisi speqtruli simkvriviT 

     1
d .

2

j t
t V e

    







                  (**) 

Tu (**)-s CavsvavT (*)-Si, xolo Semdeg, SevucvliT integ-
rirebis operaciis mimdevrobis rigs   da   cvladebis 

mimarT, miviRebT 
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       1
d d d

2

tj t j
F te u V e

     


  



  


     

   
1

d d d .
2

t tj t j j
te V e u e

     


  

  

 
     

 miRebul gamosaxulebaSi Sida integrali warmoadgens 

 U   funqcias. maSin 

       1
d d .

2

tt jj
F V e U e t

    


 

 

 
  

 
   

vinaidan               
1

d
2

tj
e t

 
  








  , 

maSin                     d .F V U V U        




    

rac unda dagvemtkicebina.  

  magaliTi 2.45. gamoiTvaleT  f t eqsponencialuri video-

impulsebis      
1 1 1exps t A t t    da      

2 2 2exps t A t t    

funqciebis naxvevi ori xerxiT: a) naxvevis integralis 
povnis pirdapiri xerxiT; b) furies gardaqmnis naxvevis 
Teoremis gamoyenebiT. 
amoxsna.: a) naxvevis gansazRvris Tanaxmad 

               1 2
1 2 1 2d d

t
f t s t s A A e t e

          
 

  

 

     . 

 vTqvaT, rom 0t  . nax. 3.2.7-ze moyvanilia integralqveSa 

gamosaxulebebis  1s t   da  2s   signalebis grafikebi. 

vinaidan am signalebis namravli gansxvavebulia nulisa-
gan mxolod 0 t   intervalSi, amitom 

       2 11 1 21 2

1 2

2 10

d .

t

t t tA A
f t A A e e e e

    
 

   
  

  

 Tu 0t  , maSin  1s t   da  2s  signalebis grafikebi 

(ix. nax. 3.2.8) aRmoCndebian droSi mimorigebuli. am signa-
lebis namravli nebismieri  -isaTvis udris nuls da ami-

tom   0f t  . 
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          nax. 3.2.7                       nax. 3.2.8 

 b)  
1s t  da  

2s t  signalebis gardaqmnas furies mixedviT 

aqvs Semdegi Sesabamisoba: 

   1 2

1 1

1 2

; ,
A A

s t s t
j j   

 
 

 

saidanac          
  

1 2

1 2

A A
f t

j j   


 
,  

anu                
  

1 2

1 2

d
.

2

j tA A e
f t

j j

 

    

 




              

integralqveSa gamosaxulebis wilad-racionaluri fun-
qciis daSlisas   

      1 2 2 1 1 2

1 1 1 1
.

j j j j         

 
  

     

 

 speqtruli simkvrivis vidioimpulsis cnobili eqspo-
nencialuri formulis gamoyenebiT miviRebT  

   1 21 2

2 1

,
t tA A

f t e e
 

 

 
 


 

rac, bunebrivia, emTxveva pirdapiri meTodiT miRebul 
Sedegs.       
                 2.7.4.2. laplasis gardaqmna 

 magaliTi 2.48. ipoveT  u t  funqciis originali, romel-

sac  pasuxobs gamosaxuleba   21U p p  

 amoxsna.: 0p  wertilSi  U p funqcias aqvs meore 

rigis polusi.  0t   integrirebis konturi Sedgeba 
usasrulo vertikaluri wrfisagan raime abscisiT 0a   

(nax. 3.2.9) da R   radiusisa da 1C  rkalisagan, 

ganlagebulis marcxena naxevarsibrtyeSi. vinaidan roca 
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R   sidide 21 0p   Tanabradaa p  argumentis mimarT, 

maSin Jordanos lemis Tanaxmad    
1

2
lim d 0

pt

R
C

e
p

p
 . 

polusis wertili aRmoCndeba integrirebis konturis 
SigniT. polusis wertilSi integralqveSa funqciis naSTi                    

 
2 0

0

d
lim

d

pt
pt

p
p

e
rez e t

pp 


 
  

 
. 

aqedan, roca 0t        

       
2

1
d =

2

j pt

j

e
u t p t

j p






 

 

  . 

  u t funqciis gamosaTvlelad 

roca 0t   integrirebis kontu-

ri unda Seikras 
2C  rkaliT, 

romelic mdebareobs marjvena 
naxevarsibrtyeSi, sadac inte-
gralqveSa funqcias ar aqvs 
gansakuTrebuli wertilebi.    

       nax. 3.2.9             amitom roca 0t  gvaqvs   0u t   

magaliTi 2.49. ipoveT  f t  funqcia, romelic aris    

 
   

1
F p

p a p b p c


  
  gamosaxulebis originali,  sa-

dac , ,a b c mudmivi ricxvebia. 

amoxsna: mocemuli gamosaxuleba warmovidginoT 
wiladebis jamis saxiT 

         
1 A B C

p a p b p c p a p b p c
  

     
. 

 koeficientebi , ,A B Cda  SegviZlia vipovoT Cveulebri-

vi xerxiT, romelic gamoiyeneba martiv wiladebad daS-
lis dros. magram es Zalian grZeli gzaa. gacilebiT 
mokle gza mdgomareobs SemdegSi. bolo gamosaxulebidan 

Cans, magaliTad, rom A sidide aris funqciis naSTi  rez , 
romelic dgas marcxena mxareSi, da gamoTvlilia roca 

p a  :            
  

1
p aA rez

b a c a
 

 
. 
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analogiurad vpoulobT B Cda  koeficientebs:  

  

1
p bB rez

a b c b
 

 
;    

  

1
p cC rez

a c b c
 

 
. 

aqedan    
        

at bt cte e e
f t

b a c a a b c b a c b c

  

  
     

. 

magaliTi 2.50. daamtkiceT Sesabamisobis formula  
laplasis mixedviT gamosaxulebasa da originals Soris 

  
 1 1

.at bte e
p a p b b a

  
  

 

amoxsna: Tu gamosaxulebas davSliT martiv wiladebad, 
miviRebT 

      
1 A B

p a p b p a p b
 

   
. 

ucnobi sidideebi  A  da B  akmayofileben gantolebas 

1pA bA pB aB    . 

miRebuli gantolebis marcxena da marjvena mxareebis p -s 

erTi da igive xarisxis koeficientebis mniSvnelobebi 
gavutoloT erTmaneTs, maSin miviRebT algebrul 

gantolebaTa sistemas   
0,

1

A B

bA aB

 


 
.   am sistemis 

amonaxsnebi aSkaraa: 

1 1
; .A B

b a b a
  

 
 

amgvarad, miviRebT    
      

1 1 1 1

p a p b b a p a p b

 
  

     

,  

saidanac gamomdinareobs amocanis pirobaSi moyvanili 
formula. 
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Tavi III. signalebis energetikuli speqtrebi.  

korelaciuri analizis principebi 

signalebis warmodgena speqtruli simkvriveebis gamoye-
nebiT mniSvnelovnad amartivebs signalebis energiebis 
gamoTvlas, aseve SesaZlebeli xdeba Seiqmnas rigi axali 
sasargeblo warmodgenebisa, romlebic gamoiyeneba radio-
teqnikis sxvadasxva areebSi. 

 

3.1. signalebis urTierTspeqtruli simkvrive 

pirvel TavSi Semotanili iyo sistemis or namdvil  

)(tu da ( )t  signals Soris fundamenturi maxasiaTebeli 

– maTi skalaruli namravli  

   ( , ) ( ) ( ) ,u u t t dt 





                    (3.1) 

romelic am signalebis urTierTenergiebis proporciu-
lia. Tu es signalebi igivurad tolia, maSin skalaruli 
namravli xdeba energiis toli 

2( , ) ( )dnE u u t t





   .                (3.2) 

)(tu da ( )t  signalebis skalaruli namravli SesaZlebe-

lia gamovxatoT maTi speqtruli )(U da )(V simkvrive-

ebiT relea-s ganzogadebuli (2.42) formulis gamoyenebiT: 

*1
( , ) ( ) ( )d

2
u U V   







   

Tanabarzomierad WeSmaritia toloba: 

*1
( , ) ( ) ( )d ,

2
u U V   







   

vinaidan namdvili signalebis skalaruli namravli aris 
namdvili ricxvi. 

davarqvaT urTierTenergetikuli speqtri namdvili 

)(tu da ( )t  signalebis funqcias 
*( ) ( ) ( ),uW U V                    (3.3) 

ise, rom  
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1
( , ) ( )d ,

2
uu W   







                 (3.4) 

amasTan    
*( ) ( ),u uW W                    (3.5) 

zogad SemTxvevaSi, Tu )(tu da ( )t  signalebis speqtrul 

simkvriveebs warmovidgenT namdvili da warmosaxviTi ja-
mis saxiT:  

     ( ) ( ) ( ),U A jBu u      ( ) ( ) ( )V A jB          

davrwmundebiT, rom uW   funqciis urTierTenergetikuli 

speqtri iRebs kompleqsur mniSvnelobebs: 

( ) ( ) Re ( ) Im ( )u u u u u u uW A A B B j B A A B W j W                  (3.6) 

Zneli ar aris SevniSnoT, rom 
uvWRe -luwi, xolo 

uvWIm -kenti sixSiris funqciebia. vinaidan (3.4) integralSi 

mxolod namdvil nawils Seaqvs wvlili, amitom   

0

1
( , ) Re ( ) ,uu W d  





               (3.7) 

bolo formula iZleva signalebis urTierTdamoki-
debulebis “SeumCneveli struqturis” 
analizis Catarebis SesaZleblobas. 

miT ufro relea-s ganzogadebuli 
formula, warmodgenili (3.7) saxiT, 
miuTiTebs im principul gzaze, ro-
melic mogvcems SesaZleblobas Se-
vamciroT or signals Soris 
kavSiris xarisxi, Tu zRvarSi 
mivaRwevT maT orTogonalobas. 
amisaTvis erT-erTi signali unda da-
vamuSaoT gansakuTrebul fizikur 
sistemaSi, romelsac ewodeba 
sixSiruli filtri. am filtrs 
miesadageba moTxovna: gamosavalze ar      

   nax. 3.1.      gaataros speqtruli Semdgenebi, rom-
lebic imyofebian sixSiruli intervalebis zRvrebSi, sa-
dac didia urTierTenergetikuli speqtris namdvili na-
wili. aseTi orTomaanalizebeli filtris gadacemis 
koeficientis sixSirul damokidebulebas eqneba mkafiod 



signalebis Teoria 

 105 

gamosaxuli minimumi (orTomaanalizebeli filtris 
gadacemis koeficientis sixSiruli damokidebuleba 
moyvanilia nax.3.1-ze).  

urTierTenergetikuli speqtris cnebaze dafuZnebul, 
skalaruli namravlis gamoTvlis aRweril midgomas aqvs 
pirdapiri damokidebuleba SedegebTan, romlebic miRebu-
li iyo pirvel TavSi orTonormirebuli bazisis elemen-
tebad daSlili signalebis skalaruli namravlis gamoT-
vlisas. gansxvaveba mdgomareobs imaSi, rom aq gamoiyeneba 
ara diskretuli, aramed furie-warmodgena. 

 
 

magaliTi 3.1. ipoveT erTnairi formis ori eqsponen-
cialuri videoimpulsis (ix. nax. 3.2) 
urTierTenergetikuli speqtri, 
romlebic gadaadgildebian erTma-

neTis mimdevrobiT drois 0t  inter-

valiT. 
  nax. 3.2           amoxsna: davuSvaT, rom orive sig-

nals aqvs erTeuli amplituda (ix. nax. 3.2). CavweroT maTi 
speqtruli simkvriveebi:  

1
( ) ( ) ( ) ,atu t e t U

j
 

 

  


 

0

0( )
0( ) ( ) ( ) .

j t
a t t e

t e t t V
j



  
 


 

   


 

aqedan vpoulobT urTierTenergetikul speqtrs, vinai-

dan  *( ) ( ) ( ),uW U V     maSin 

0 2 2( ) / ( ),
j t

uW e


                   (3.8) 

misi namdvili nawilia 2 2Re ( ) cos / ( ).u oW t       

Tu davafiqsirebT  parametrs, romelic gansazRvravs 
signalebis formas, maSin urTierTenergetikuli speqtris 
sixSiruli Tvisebebi damokidebuli iqneba maT Soris 

drois wanacvlebaze. nax. 3.3 moyvanilia Re uW   funqciis 

ori maxasiaTebeli grafiki.  
  ori eqsponencialuri videoimpulsebis urTirTenergeti-

kuli speqtri: a- roca 0 1;t   b- roca 0 1t   
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a                          b 

nax. 3.3. 

gansakuTrebul interess warmoadgens SemTxveva, roca 

namravli 
0

t  mcirea, anu impulsebi droSi mniSvnelovnad 

gadaifarebian. formula (3.8) da grafiki nax. 3.3b adastu-
reben imas, rom urTierTenergetikul speqtrs amasTan aqvs 
gamoxatuli dabalsixSiruli xasiaTi. aqedan gamomdina-
reobs daskvna: imisaTvis, rom SevamciroT am signalebis 
skalaruli namravli da gavxadoT isini ukeTesad gansxva-
vebadi, unda visargebloT maRali sixSireebis filtriT 
(msf), romelic axSobs yvela im rxevis sixSires, romelic 
raRac sazRvrul sixSireze naklebia. 

swrafad cvladi ipulsis fronti warmoiqmneba 
speqtris maRalsixSirovani Semadgenlebis ajamvis xar-

jze, romlebic dabrkolebis gareSe gadian 
msf gamosasvlelze. amavdroulad 
dabalsixSiruli mdgenelebis filtraciis 
xarjze gamosasvlelze impulsis xangrZli-
voba mniSvnelovnad Semcirdeba. aqedan gam-
omdinareobs, rom impulsebis gadafarvis 

efeqti 
nax. 3.4    SesaZlebelia dayvanili iqnes misaReb mcire 

sididemde ise, rom msf gamosasvlelze impulsebi miax-
loebiT orTogonalurni aRmoCndebian.  

impulsebis orTogonalizacia moyvanilia nax.3.4-ze.  
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3.1.1. signalebis energetikuli speqtri 

signalis speqtruli warmodgena SesaZlebelia marti-
vad miviRoT releis ganzogadoebuli formulidan, Tu 

masSi )(tu da ( )t  signalebs CavTvliT erTnairebad. formu-

la (3.3), romelic gamoxatavs energiis speqtrul sim-
kvrives, miiRebs saxes 

2*( ) ( ) ( ) ( ) ,W U U U    
i

            (3.9) 

( )W 
i

sidides ewodeba )(tu  signalis energiis speqtru-

li simkvrive, anu, mokled misi energetikuli speqtri. 
amasTan formula (3.2) Caiwereba ase: 

2 1
( )d ( )d ,

2
E u t t W  



 

 

  i i
            (3.10) 

fizikis gansxvavebul nawilebSi (3.10) Tanafardoba 
cnobilia, rogorc releis formula (viwro azriT), ro-
melic adgens Semdegs: nebismieri signalis energia aris 
ajamvis Sedegi yvela im Senatanebisa, romlebic sixSir-
uli RerZis sxvadasxva intervalebisagan miiReba. 

TiToeuli mcire sixSiris intervali   uzrunvel-
yofs Senatans signalis saerTo energiaSi, sididiT  

1
( ')d( ),E W  


 

i i
 

sadac ' - intervalis Sida wertilia. 
midgoma, dafuZnebuli signalis warmodgenaze speqtru-

li energiis saxiT, gansxvavdeba fardobiTi simartiviT. 
marTlac, energiebi, sixSiruli RerZis gansxvavebuli 
areebidan, ikribebian iseve, rogorc namdvili ricxvebi.  

amavdroulad, TviT signalebTan mimarTebaSi, furies 
gardaqmnis meTodi efuZneba imas, rom kompleqsuri ampli-
tudebi, romlebic aRweren mcire sixSiruli ubnebis Se-
natanebs, ikribebian rogorc kompleqsuri ricxvebi, rom-
lebic xasiaTdebian modulebiT da fazebiT. 

signalis Seswavlisas misi energetikuli speqtris gam-
oyenebiT, Cven gardauvlad vkargavT informacias, ro-
melsac Seicavs signalis fazuri speqtri, vinaidan for-
mula (3.9)-is Sesabamisad, energetikuli speqtri aris 
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speqtruli simkvrivis modulis kvadrati da ar aris 
damokidebuli mis fazaze. 

amis miuxedavad energetikuli speqtris cneba Zalze 
sasargebloa sxvadasxva sainJinro SefasebebisaTvis, ro-
melic adgens ama Tu im signalis realuri speqtris 
siganes. 

energetikuli midgomisas, formiT erTnairi, magram 
adgilmdebareobiT gansxvavebuli yvela signali drois 
RerZze, gamodian rogorc sruliad ganusxvavebuli.  
 

magaliTi 3.2. ipoveT marTkuTxa videoimpulsis (ix. nax. 3.5) en-
ergetikuli speqtri. 

amoxsna: aq Sedegi miiReba speqtralu-
ri simkvrivis (2.20) saxiT kvadratSi 
ayvanis gziT:    

2
2

2

sin ( / 2)
( ) ,

( / 2)
W U


 




i

i i

i

    (3.11) 

    nax. 3.5                  
(3.11) gamosaxulebis Sesabamisi grafiki moyvanilia nax. 3.6-ze, 

romelzec naCvenebia marTkuTxa 
formis videoimpulsis normirebuli 
energetikuli speqtri, rogorc fun-
qcia uganzomilebo sixSiruli 

cvladis i  mimarT.  

naxazi TvalsaCinod aCvenebs, rom 
mocemuli signalis energetikul spe-
qtrs aqvs udidesi mniSvneloba 
sixSiris dabali mniSvnelobebis 

areSi. 
     nax. 3.6               sixSiris zrdasTan erTad Sesabamis 

speqtrul Senatanebs aqvs ara monotonuri, rxeviTi xasiaTi, ma-
gram saerTo tendencia aseTia – energetikuli speqtri mcirdeba 
ukukvadratis kanonis mixedviT: 

2( )( ) 0 1/ ,W  i  roca    

(mxolod ara pirveli xarisxis sixSiris ukuproporciulad, 
rogorc Cveulebrivi signalis speqtruli simkvrivis ganxilvi-
sas). 

(3.11) gamosaxuleba saSualebas iZleva SevamowmoT releis 
formula pirdapiri gamoTvliT. upirveles yovlisa drois in-
tervalSi, TiTqmis uSromod, vpoulobT mocemuli videoimpul-
sis energias (ix. Tavi 1): 
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2 ,E U i i                     (3.12) 

sixSirul areSi signalis energiis gansazRvrisaTvis, auci-
lebelia integralis gamoTvla 

2 2 2

2

0

sin ( / 2)
( ) ,

( / 2)

U
E d

 
 

 



 
i i

i

i

           (3.13) 

Tu SemovitanT axal cvlads ,2/0x  maSin martivi gardaq-

mnis Semdeg gadavdivarT (3.12) formulaze. 

 

3.1.2. energiis ganawileba marTkuTxa videoimpulsis 

speqtrSi 

mravali gamosayenebeli amocanisaTvis mniSvnelovania 
vicodeT, Tu ra energiis wils Seicavs signalis dia-
gramis furclis erT, or, sam da ase Semdeg zRvaris far-

glebSi gamosaxuls nax. 3.6-ze. aRvniSnoT )(kE  marTkuTxa 

videoimpulsis energiis wili, romelic moTavsebulia 
mimdevrulad ganlagebul furclebSi. releis formuliT 

2
2

( ) 2

0

2 sin
,

k

kE U d




 
 

 i               (3.14) 

moyvanili integrali amoixsneba analizurad da aseve ad-
vilad gamoiTvleba ricxobrivad. qvemoT moyvanilia 
cxrili, romelSic Setanilia gamoTvlebis Sedegebi, en-
ergiis fardobiTi wilis damokidebuleba angariSis dros 

gaTvaliswinebuli furclebis raodenobis k  ricxvze. 
cxrili 3.1 

k  1 2 3 

( ) /kE E
i
 0.902 0,950 0,967 

maSasadame, Tu marTkuTxa videoimpulss mivawodebT 
dabali saxSiris idealur filtrs, romelic Tanabrad da 

Sesustebis gareSe atarebs yvela sixSires ( 0 2 / ) 
i

wm-1 

(pirveli furclis sazRvari), maSin gamosasvlelze miiRe-
ba signali, romlis energia Seadgens  Sesavali signalis 
energiis 90,2%. 

rogorc aRvniSnavdiT, aseTi midgoma speqtris realuri 
signis SefasebisaTvis ar gamoaaSkaravebs movlenis 
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realur suraTs. aseve, ucnobi rCeba signalis formis 
damaxinjebis xarisxi filtris moqmedebis gamo. magram Tu 
(magaliTad, statistikur radioteqnikaSi) wina planze 
gamodis energiis sidide, xolo rxevis formis damax-
injeba gadadis meoreze, maSin speqtris siganis ener-
getikuli Sefaseba gansakuTrebiT mniSvnelovani xdeba.     

magaliTad, cxrili 3.1-dan Cans, rom gadasvla 1k -dan 

2k mniSvnelobaze, anu xelsawyos zolis ormagi 
gafarToeba, romelSic gadis videoimpulsi, signalis en-
ergias zrdis 4,8%-iT. amasTan erTad, gasagebia, rom 
SeSfoTebebs (Tu aseTebi gaaCnia signals) amis gamo Seu-
ZliaT gazardon Tavisi energia, magaliTad, orjer, Tu 
maTi energetikuli speqtri Tanabaria gamosakvlevi 
sixSiris diapazonSi. 

mizanSewonili ar aris filtris gatarebis zolis 
gaumarTlebeli gafarToeba. 

 

3.2. signalebis korelaciuri analizi 

radioteqnikis ganviTarebis adreul etapze sakmaod 
mwvaved idga saukeTeso signalebis arCevis sakiTxi ama Tu 
im konkretuli gamoyenebisaTvis. Ees ganpirobebuli iyo, 
erTis mxriv, gadasacemi Setyobinenebis (satelegrafo 
gzavnilebi, radiomauwyebloba) SedarebiT martivi 
struqturiT; meores mxriv imiT, rom rTuli formis 
signalebis praqtikuli realizacia  maTi kodirebis, 
modulaciis da uku gardaqmnisaTvis saWiro mowyobilo-
bebTan kompleqsSi aRmoCnda Znelad gansaxorcielebeli. 

amJamad situacia Zireulad Secvlilia. Tanamedrove 
radioeleqtronul kompleqsebSi signalebis arCeva 
nakarnaxevia ara maTi generirebis, gardaqmnis da miRebis 
teqnikuri moxerxebulobiT, aramed im amocanebis 
optimaluri gadawyvetis SesaZleblobiT, romlebic 
gaTvaliswinebulia sistemis proeqtirebisas. imisaTvis, 
rom gavigoT, rogor Cndeba specialurad arCeuli 
Tvisebebis mqone signalebis moTxovnileba, ganvixiloT 
Semdegi magaliTi. 
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3.2.1. droSi daZruli signalebis Sedareba 

 mivmarToT impulsuri radiolokatoris muSaobis 
gamartivebul ideas, romlis daniSnulebaa 
miznamde daSorebis gazomva. aq informa-
ciaGgazomvis obieqtis Sesaxeb  Cadebulia 
sidideSi   _ droiT dayovnebaSi  mazondi-
rebel da miRebul signalebs Soris. (nax. 3.7) 

formebi mazondirebeli ( )u t  da miRebuli 

( )u t  signalebisa erTnairia nebismieri 

dayovnebebisas. 
radiolokaciuri signalebis damuSavebis   

nax. 3.7   mowyobilobis struqturuli sqema, romelic       
gankuTvnilia daSorebis gasazomad, SeiZleba gamoiyure-
bodes ise, rogorc es naCvenebia nax. 3.8. sistema Sedgeba 
elementebis krebulisagan, romlebic axorcieleben 
”etalonuri” gadasacemi signalis drois zogierTi 

fiqsirebuli monakveTebiT 1 2, ,...,  N  dayovnebas. dayovne-

buli signalebi miRebul signalTan erTad gasazomad  

  
 

Nnax. 3.8. signalebis dayovnebis dros gamzomi mowyobiloba 

miewodeba Sedarebis mowyobilobebs, romlebic moqmedeben  
Semdegi principiT: signali gamosasvlelze Cndeba  
mxolod im pirobisas, rom orive Sesasvleli rxevebi 
warmoadgenen erTmaneTis ”aslebs”. Ggvecodineba ra arxis 
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nomeri, romelSic xdeba  miTiTebuli movlena, SeiZleba 
gavzomoT dayovneba da, maSasadame, miznamde daSoreba. 

msgavsi mowyobiloba imuSavebs miT ufro zustad, rac 
ufro didi xarisxiT  gansxvavdebian erTmaneTisagan  
signali da droSi wanacvlebuli  misi ”asli”. 

Aamgvarad, Cven miviReT xarisxobrivi warmodgena imaze, 
rogori signalebi SeiZleba CaiTvalos ”kargad” 
mocemuli gamoyenebisaTvis. 
(Tu gansxvaveba didi ar aris, maSin SeiZleba movelodeT, magali 
Tad, aracalsaxa aTvlas, roca signalebi gaCndebian erTdroul-
ad Sedarebis ramdenime mezobeli mowyobilobis gamosasvlelze) 

gadavideT dayenebuli problemis  zust maTematikur 
formulirebaze da vaCvenoT, rom sakiTxebis am wres 
uSualo kavSiri aqvs signalebis energetikuli speqtrebis 
TeoriasTan.    

3.2.2. signalis avtokorelaciuri funqcia     

( )u t signalisagan droSi daZruli (wanacvlebuli) misi 

aslis ( )u t garCevis xarisxis raodenobrivi gansazRvri-

saTvis miRebulia SemovitanoT^ ( )u t  signalis avtokore-

laciuri funqcia (akf), romelic udris signalisa da 
misi aslis skalarul namravls: 

 ( ) ( ) ( )duB u t u t t 





         (3.15) 

SemdgomSi davuSvebT, rom gamosakvlev signals aqvs 
droSi lokalizebuli impulsuri xasiaTi, ase rom (3.15) 
saxis intervali aSkarad arsebobs. 

cxadad Cans, rom roca avtokorelaciuri funqcia 
toli xdeba signalis energiisa, maSin:  

  (0)B E ii         (3.16) 

akf-is umartivesi Tvisebebis ricxvs SeiZleba mivakuT-
noT misi luwoba: 

( ) ( )B B  i i        (3.17)  

marTlac, Tu integralSi (3.15) SevcvliT cvladebs, 
, x t  maSin 

( ) ( )d ( ) ( )d .u t u t t u x u x x 
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Dda bolos, avtokorelaciuri funqciis mniSvnelovani 
Tviseba mdgomareobs SemdegSi: droiTi Zvris nebismieri 
mniSvnelobisas akf-is moduli ar aRemateba signalis 
energias: 

( ) (0)B B E  i i i       (3.18) 

es faqti uSualod gamomdinareobs koSi-buniakovskis 
utolobidan (ix. Tavi I): 

( , )u u u u E    i    (3.19) 

amrigad, akf warmoadgens 
simetriul mruds centraluri 
maqsimumiT, romelic yovelTvis 

dadebiTia. amasTan, ( )u t  signalis 

saxis mixedviT avtokorelaciu-
ri funqcia SeiZleba iyos 
rogorc monotonurad klebadi, 
aseve mas SeiZleba hqondes 
rxeviTi xasiaTi nax. 3.9. 

     nax. 3.9 
 
magaliTi 3.3. vipovoT marTkuTxa videoimpulsis akf. 
nax. 3.10 a gamosaxulia marTkuTxa videoimpulsi U ampli-

tudiT da i  xangrZlivobiT. Aaqve warmodgenilia misi ”asli”, 

romelic daZrulia droSi  -iT dagvianebis mimarTulebiT. 

integrali (3.15) mocemul SemTxvevaSi gamoiTvleba 
elementarulad grafikuli agebis safuZvelze. marTlac, 

( ) ( )u t u t  namravli gansxvavdeba nulisagan mxolod drois 

intervalis  im zRvrebSi, roca adgili aqvs signalebis 
zeddebas. Nnax. 3.10 a -dan Cans, rom es droiTi intervali tolia  

 i , Tu Zvra ar aRemateba impulsis xangrZlivobas. 

 

 
a                        b 

         Nnax. 3.10. marTkuTxa videoimpulsis akf-is povna 
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amgvarad, gansaxilveli signalisTvis 

 
2 (1 ), ,

0,

U
B


  

 

 


 

 
 

i i
i i

i

      (3.20) 

aseTi funqciis grafiki  samkuTxedia, romelic gamosaxulia 
nax. 3.10 b-ze. samkuTxedis fuZis sigane orjer metia impulsis 
xangrZlivobaze. 

magaliTi 3.4. vipovoT marTkuTxa radioimpulsis akf. 
ganvixiloT Semdegi saxis radiosignali 

0

0, / 2,

( ) cos , / 2 / 2,

0, / 2.

t

u t U t t

t



  



 


   
 

i

i

. 

winaswar viciT ra, rom akf luwia, gamovTvliT integrals  

(3.15), imis varaudiT, rom 0    i .Aam dros 

 
/2

0 0

/2

/2

0 0

/2

2 cos cos ( )d

2 2
cos ( ) cos 2 ( )d ,

2 2 2

B U t t t
u

U U
t t



 



 

   


    

 

 

  

    





i

i

i

i

i

 

saidanac advilad miviRebT 

  0
0

0

2 sin 2 ( )
( ) cos .

2 2 ( )

  
    

  

 
   

  

u
u

u

U
B
u

    (3.21) 

bunebrivia, rom roca 0   sidide (0)B
u

 toli xdeba am 

impulsis energiis (ix. magaliTi 1.9). formula (3.21) aRwers 
marTkuTxa radioimpulsis akf-s  –s yvela Zvrisas, romlebic 

moTavsebulia     i i  farglebSi. Tu Zvris absoluturi 

mniSvneloba aWarbebs impulsis xangrZlivobas, maSin 
avtokorelaciuri funqcia igivurad gaxdeba nulis toli.  

magaliTi 3.5. vipovoT mimdevrobiTi marTkuTxa 
videoimpulsebis Tanmimdevrobis  akf. 

amoxsna: radiolokaciaSi farTod gamoiyeneba signalebi, 
romlebic warmoadgenen formis mixedviT erTnairi iseTi 
impulsebisagan Semdgar Sekvras, romlebic erTmaneTs mosdeven 
drois erTnairi intervalis Semdeg. aseTi Sekvris aRmoCenisas, 
aseve misi parametrebis, magaliTad, droSi ganTavsebis, 
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gasazomad qmnian mowyobilobebs, romlebic aparaturuli gziT 
axorcieleben akf-is gamoTvlis algoriTmebs. 

 
nax. 3.11.   akf Sekvra sami videoimpulsisgan: 

a – impulsebis Sekvra; b – akf-is grafiki 
 

nax. 3.11 a -ze gamosaxulia Sekvra, romelic Sedgeba marTkuT-
xa formis sami erTnairi videoimpulsisagan. Aaqve gamosaxulia 
misi avtokorelaciuri funqcia, gamoTvlili (3.15) formulis 
mixedviT (nax. 3.11 b). 

kargad Cans, rom akf-is maqsimumi miiRweva, roca 0  . Tum-
ca Tu dayovneba aRmoCndeba Tanmimdevrobis periodis jeradi 

(Cvens SemTxvevaSi , 2T T    ), SeimCneva gverdiTi furclebi, 

romlebic simaRlis mixedviT Sesadaria mTavar furclisa. A   
amitom SeiZleba vilaparakoT mocemuli signalis korela-

ciuri struqturis cnobil arasrulyofilebaze. 
 

3.2.3. usazRvrod gaWimuli signalis avtokorelaciuri 

funqcia 

Tu moiTxoveba droSi usazRvrod gaWimuli perioduli 
Tanmimdevrobis ganxilva, maSin signalebis korelaciuri 
Tvisebebis Seswavlisadmi midgoma ramdenadme unda 
Seicvalos. 

CavTvliT, rom aseTi Tanmimdevroba  miiReba  raRac 
droSi lokalizebuli, e.i. impulsuri signalisgan, roca 

am ukanasknelis xangrZlivoba i  miiswrafis 

usasrulobisaken. imisaTvis, rom aviciloT misaRebi gamo-
saxulebebis ganSladoba, ganvsazRvroT axali akf 
rogorc signalis da misi aslis skalaruli namravlis 

saSualo mniSvneloba:       
/2

1
lim ( ) ( )B u t u t dt

u






 




 
i

i

i
i

 

   (3.22)   
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aseTi midgomisas  avtokorelaciuri funqcia  uB   

xdeba am ori signalis saSualo urTierTsimZlavris 
toli. 

magaliTad, Tu gvsurs vipovoT akf droSi SeuzRudavi 

kosinusoidisaTvis   0cos ,u t U t     t , SeiZleba 

visargebloT formuliT (3.21), romelic miRebulia 

i xangrZlivobis radioimpulsisaTvis, xolo Semdeg gada-

videT zRvarze, roca  i , (3.22) gaTvaliswinebiT.  

Sedegad miviRebT    
2

0cos
2

  
U

B
u

.         (3.23) 

es akf Tavad warmoadgens periodul funqcias. Mmisi 

mniSvneloba, roca 0  , udris 2 2U . 

(sidide  2 / 2U  aris saSualo simZlavre, romelsac 
mocemuli signali gamoyofs 1 om aqtiur datvirTvaze).  

    anu akf-s aqvs simZlavris fizikuri ganzomileba. 
 
3.2.4. signalis energetikul speqtrsa da mis avtokorelaciur 

funqcias Soris kavSiri 

mocemuli Tavis masalis Seswavlisas SeiZleba 
vifiqroT, rom korelaciuri analizis meTodebi gamodian 
rogorc raRac gansakuTrebuli xerxebi, romelTac kavSi-
ri ara aqvT speqtraluri gaSlis principebTan. Tumca es 
ase ar aris. advilia imis Cveneba, rom arsebobs mWidro 
kavSiri  akf-sa da signalis energetikul speqtrs Soris. 

marTlac, (3.15) formulis Sesabamisad akf aris skala-

ruli namravli   ( , ).uB u u   aq simboloTi u  aRniSnu-

lia ( )u t signalis droSi daZruli asli. 

Tu mivmarTavT releis ganzogadebul formulas (2.42), 
SeiZleba davweroT toloba 

*1
( , ) ( ) ( )

2
u u U U Ud   







  . 

droSi daZruli  signalis speqtraluri simkvrive 

( ) ( )exp( ),    U U j  saidanac * *( ) ( )exp( ).   U U j  

amgvarad, mivdivarT Sedegamde: 
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21
( ) ( )

2

  






 
j

uB U e d      (3.24) 

speqtraluri simkvrivis modulis kvadrati, rogorc 
cnobilia, warmoadgens signalis energetikul speqtrs. 
amgvarad, energetikuli speqtri da avtokorelaciuri 
funqcia urTierTdakavSirebulia furies gardaqmniT: 

2
( ) ( ) ( ).   u uB U W       (3.25) 

cxadia, rom arsebobs uku Tanafardobac:  

2
( ) ( ) .  







 
j

uU B e d        (3.26) 

es Sedegebi principialurad mniSvnelovania ori miz-
ezis gamo. Ppirveli, SesaZlebeli xdeba  signalebis ko-
relaciuri Tvisebebis Sefaseba, gamomdinare speqtris 
mixedviT maTi energiis ganawilebidan. rac metia signal-
is sixSireTa zoli, miT ufro ZiriTadia avtokorela-
ciuri funqciis furceli da miT ufro srulyofilia 
signali misi sawyisi momentis zusti gazomvis SesaZle-
blobis TvalsazrisiT. 

meore, formulebi (3.24) da (3.26)  uCveneben energeti-
kuli speqtris eqsperimentuli  gansazRvris gzas. ufro 
mosaxerxebelia Tavdapirvelad miviRoT avtokorelaci-
uri funqcia, xolo Semdeg furies gardaqmnis gamoyenebiT  
vipovoT signalis energetikuli speqtri. aseTma xerxma 
gavrceleba hpova signalebis Tvisebebis kvlevisas swraf- 
qmedi egm -ebis daxmarebiT drois realur masStabSi. 

 
magaliTi 3.6. vipovoT akf signalisa Tanabarzomiani da 

sixSiris mixedviT Semofargluli energetikuli speqtriT. 
amoxsna: vTqvaT signals aqvs Semdegi saxis energetikuli 

speqtri 

0

0, ,

( ) , ,

0, .

uW W

 

   

 

 


  
 

z

z z

z

 

   nax. 3.12    sadac z  speqtris zeda sasazRvro sixSirea. (3.24)  

formuliT vpoulobT mis avtokorelaciur funqcias 
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00 0

0

sin
d cos d

2

j
u

WW W
B e =

 





  
   

    

  
z z

z

z z

z

    (3.27) 

amgvarad, mocemul signals aqvs furclis 
saxis akf. 

xSirad SemoaqvT moxerxebuli ricxviTi 

parametri k – korelaciis intervali.       

advilad Cans, rom gansaxilvel SemTxvevaSi 

k  sidide dakavSirebulia z  parametrTan 

TanafardobiT   kz . aqedan gamomdinare   

nax. 3.13     obs,  rom korelaciis intervali k     

                        
1/

2 f
   k z

z
     (3.28)  

Turme miT ufro naklebia (ix. nax. 3.13),  rac maRalia signalis 

speqtris sasazRvro sixSire z . 

 

3.2.5. SezRudvebi, romelic dadis signalis 

avtokorelaciuri funqciis saxeze 

napovni kavSiri avtokorelaciur funqciasa da 
energetikul speqtrs Soris saSualebas gvaZlevs  
davadginoT  saintereso da erTi SexedviT aracxadi 
kriteriumi signalis arsebobisa mocemuli korelaciuri 
TvisebebiT. saqme imaSia, rom nebismieri signalis 
energetikuli speqtri, gansazRvrebis mixedviT SeiZleba 
iyos dadebiTi [ix. Fformula (3.25)]. Mmocemuli piroba 
SeiZleba ar Sesruldes  akf-is nebismieri arCevis dros. 
magaliTad, Tu aviRebT 

0, ,

( ) , ,

0, .

 

   

 

  


   




uB A

k

k k

k

 

      Dnax. 3.14    da gamovTvliT furies Sesabamis garda-  

 qmnas, maSin         
2

0

sin
( ) 2 cos 2 .U A d A




   


 
k

k
k

k

 

es  niSancvladi funqcia ar SeiZleba warmoadgendes 
raime signalis energetikul speqtrs. 
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3.3 diskretuli signalis avtokorelaciuri funqcia 

akf marTkuTxa formis videoimpulsebis Sekvris 
Seswavlisas uTuod miaqcevdiT yuradRebas imas, rom 
Sesabamis grafiks aqvs specifikuri furclovani saxe. 
praqtikuli TvalsazrisiT, aseTi akf saxis signalis 
gamomJavnebisaTvis an misi parametrebis SeswavlisaTvis   
sruliad umniSvneloa is, rom zogierT maTgans aqvs 
samkuTxedebis forma. mniSvnelovania mxolod  maTi 
fardobiTi sidideebis Sedareba centralur maqsimumTan, 

roca  0  . 
Cveni amocanaa – SevcvaloT akf-is gansazRvra ise, rom 

misgan miviRoT sasargeblo informacia meorexarisxovani 
mniSvnelobis informaciis gamoricxviT. amisaTvis 
gamosayenebelia diskretuli signalis maTematikuri 
modelis  idea (ix. Tavi 1). 

 3.3.1. rTuli diskretuli struqturis mqone signalebis aRwera   

 marTkuTxa videoimpulsebisagan Sedgenili Sekvra 
umartivesi warmomadgenelia rTuli signalebis klasisa, 
agebuli Semdegi principiT. signalis arsebobis drois 
mTeli intervali dayofilia mTeli ricxvis 1M   tol 
Sualedebad, romlebsac uwodeben poziciebs. TiToeul 
poziciaSi signali SesaZlebelia imyofebodes oridan erT-
erT mdgomareobaSi, romlebsac pasuxoben ricxvebi +1 da -1. 
( 1  ricxvebis amorCeva principul xasiaTs ar atarebs da 
nakarnaxevia analizis moxerxebulobiT).  
 nax. 3.15 xsnis mravalpoziciuri rTuli signalis for-
mirebis zogierT xerxs. gansazRrulobisaTvis aq 3M  . 

 

   nax. 3.15 

   cxadia, rom diskretuli signalis fizikuri saxe Sei-
Zleba gansxvavebuli iyos. SemTxveva a Seesabameba video-

impulsis 0U  simaRlis mniSvnelobas, romelic gadaicema 
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Sesabamisi poziciiT; -1 simbolo pasuxobs 0- U  uaryofiT 

mniSvnelobas. amboben, rom amiT realizebulia rTuli sig-
nalis amplituduri kodireba. b - SemTxvevaSi  warmoebs 
fazuri kodireba. +1 simbolos gadasacemad Sesabamis pozi-
ciaSi generirdeba harmoniuli signalis monakveTi nulovani 
sawyisi faziT. imisaTvis, rom aisaxos -1 simbolo, gam-
oiyeneba igive sigrZis da sixSiris sinusoidis monakveTi, 

xolo faza Rebulobs damatebiT Zvras 0180 -iT. 

 am signalebis grafikebis gansxvavebis miuxedavad Sesa-
Zlebelia maTi maTematikuri modelebis sruli igiveobis 
dadgena. marTlac, nebismieri aseTi signalis modeli – es 

ricxvTa mimdevroobaa  1 2 1, ,..., ,M Mu u u u , romelSic Ti-

Touli simbolo Rebulobs oridan 1  erT mniSvnelobas. 
SevTanxmdeT, rom carieli poziciebi SevavsoT nulebiT. 
amasTan, magaliTad, diskretuli signalis Caweris formas 

 1, 1, 1, 1  eqneba saxe  . . . 0 0 0 11 11 0 0 . . .   

  diskretuli signalebis damuSavebis umniSvnelo operacia 
mdgomareobs imaSi, rom am signalis formis Seucvlelad is 
sawyisi mdgomareobidan gadavanacvloT ramdenime poziciiT.  
magalisaTvis, qvemoT warmodgenilia raime signali 
(pirveli striqoni) da misi aslebi (momdevno striqonebi), 
daZrulebi 1,  2,  da 3 poziciiT dayovnebis (dagvianebis) 
mxares: 

. . . 0 0 0 1111 0 0 0 0 . . .

. . . 0 0 0 0 1111 0 0 0 . . .

. . . 0 0 0 0 0 1111 0 0 . . .

. . . 0 0 0 0 0 0 1111 0 . . .

 

3.3.2. diskretuli avtokorelaciuri funqcia 

 SevecadoT ise ganvazogadoT formula (3.15) 

( ) ( ) ( )duB u t u t t 





 
  
 
 

 , rom SesaZlebeli gaxdes akf diskre-

tuli analogis gamoTvla mravalpoziciuri signale-
bisaTvis. naTelia, rom aq integrirebis operacia 
Sesacvlelia ajamviT, xolo cvladi  -s nacvlad gamosaye-
nebelia mTeli ricxvi n  (dadebiTi an uaryofiTi), romelic 
miuTiTebs imaze, Tu signalis asli ramdeni poziciiT aris 
daZruli sawyisi signalis mimarT. vinaidan ”cariel” 
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poziciebSi signalis maTematikuri modeli Seicavs nulebs, 

diskretuli akf Caiwereba saxiT   
ˆ̂

.u j j n

j

B n u u







    (3.29) 

   (moyvnili funqcia warmoadgens diskretuli signalis da 
misi aslis skalarul namravls).  
   bunebrivia, rom mTelricxovan n  argumentian funqcias 
gaaCnia Cveulebrivi avtokoreliaciis funqciis bevri 
cnobili Tviseba: 
1.  martivad Cans, rom diskretuli akf aris luwi: 

   
ˆ ˆˆ ˆ .u uB n B n                      (3.30) 

2. nulovani Zvrisas signalis akf-s  gansazRvravs diskre- 

  tuli signalis energia       2ˆ̂
0 .u j u

j

B u E





        (3.31) 

3.3.3. zogierTi magaliTi 

 ilustraciisaTvis gamovTvaloT diskretuli akf sampo 
ziciuri signalisaTvis, romlebsac TiToul poziciaze 

erTnairi mniSvnelobebi gaaCniaT:  1, 1, 1u  . CavweroT es 

signali aslebTan erTad daZvruli 1, 2 da 3 poziciiT:   
naTlad Cans, ukve 3n  -dan signali da 
misi asli Sewyveten erTmaneTze 
zeddebas ise, rom namravlebi, 
romlebic Sedian formula (3.29)-Si, 
gaxdebian nulis toli, rodesac 3n  .   
   jamis gamoTvlisas, ariTmetikulad 

da diagramis saxiT Sesabamisad vRebulobT nax. 3.16 
moyvanil diagramas 

    
ˆ̂

0 1 1 1 3,uB                   

     
ˆ̂

1 1 1 2,uB                         

      
ˆ̂

2 1.uB                                         nax. 3.16 

avtikoreliaciuri funqciis gverdiTi foTlebi nomris 
zrdasTan erTad xazovnad mcirdebian imis msgavsad, 
rogorc sami analoguri videoimpulsis avtikorelaciuri 
funqciis dros. 

. . . 0 0 0 1 1 1 0 0 0 . . .

. . . 0 0 0 0 1 1 1 0 0 . . .

. . . 0 0 0 0 0 1 1 1 0 . . .

. . . 0 0 0 0 0 0 1 1 1 . . .
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 ganvixiloT diskretuli signali, romelic wina maga-

liTisagan gansxvavdeba niSniT meore poziciaSi:  1, 1, 1u   .

 am SemTxvevisTvis analoguri moqmedebiT, gamovTvaloT 
diskretuli avtokorelaciuri funqciis mniSvneloba (anu 
viRebT signalisa da misi aslis skalarul namravls da 
vajamebT, rogorc moiTxovs formula (3.29)):  

    
ˆ̂

0 1 1 1 3,uB       (am SemTxvevaSi signalebi mravldebian  

                    Tavis Tavze)             

     
ˆ̂

1 1 1 2,uB       (signali da erTi poziciiT daZruli  

                     signalis asli, svetSi mdebare Sesa- 
                     bamisi mniSvnelobebiT, mravldeba  

        erTmaneTze da ijameba, anu                             

                         1·0 1·1 1· 1 0·1 1 1  2          )

      
ˆ̂

2 1.uB      (signali da ori poziciiT daZruli signa 

               lis asli, svetSi mdebare Sesabamisi mniSvne  
               lobebiT, mravldeba erTmaneTze da ijameba,  

    anu       1·0 1 ·0 1·1 0· 1 0·1  1 )       . 

    Sesabamisad vRebulobT nax. 3.17 
moyvanil diagramas. 

 SeiZleba aRmovaCinoT, romEpirveli  
gverduli furceli icvlis niSans, 

xolo absoluturi mniSvneloba rCeba 
ucvleli.  

nax. 3.17                                     
   da bolos, ganvixiloT sampoziciuri diskretuli sig-

nali maTematikuri modeliT  1, 1, 1u   . misi avtokorela-

ciuri funqcia da diagrama moyvanilia nax. 3.18-ze. 

 
ˆ̂

0 1 1 1 3,uB           vinaidan  (1·1+1·1+1·1)=3 

 
ˆ̂

1 1 1 0,uB              vinaidan (1·0+1·1+(-1·1)+0·(-1))=0 

 
ˆ̂

2 1.uB        vinaidan    (1·0 1·0 1 ·1 0·1 0· 1 )  1            

  korelaciuri Tvisebebis TvalsazrisiT aq Seswavlili 
sami magaliTidan mesame aris yvelaze srulyofili, 
vinaidan am SemTxveaSi realizirdeba avtokorelaciuri 
funqciis gverdiTi furclebis umciresi done.  
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   nax. 3.18  

 3.3.4. barkeris signalebi 

diskretuli signalebi saukeTeso struqturis mqone 
avtokorelaciuri funqciiT 50-60-ian wlebSi intensiurad 
Seiswavleboda. moZiebuli iyo signalebi srulyofili 
korelaciuri TvisebebiT. maT Soris farTod cnobili  
gaxda barkeris signalebi (kodebi). am signalebs gaaCniaT  
unikaluri Tviseba: M poziciebis raodenobis miuxedavad 
avtokorelaciuri funqciis mniSvneloba, gamoTvlili (3.29) 
formulis gamoyenebiT, yvela 0n  ar aRemateba erTs. 

imavdroulad am signalebis energia, anu  
ˆ̂

0uB sidide, 

ricxobrivad udris M .  
 barkeris signalebi realizebulia mxolod poziciebis 

2,3,4,5,7,11 13M  da  raodenobisaTvis. barkeris signalebi 

3M   gavarCieT wina punqtSi. cxrilSi 3.2-Si moyvanilia 
barkeris signalebis modelebi 
cxrilSi 3.2 

M     signalis modeli akf 

3 1,1,-1 3,0,-1 
4 1,1,1,-1 4,1,0,-1 
 1,1,-1,1 4,-1,0,1 
5 1,1,1,-1,1 5,0,1,0,1 
7 1,1,1,-1,-1,1,-1 7,0,-1,0,-1,0,-1 
11 1,1,1,-1,-1,-1,1,-1.-1,1,-1 11,0,-1,0,-1,0,-1,0,-1,0,-1 
13 1,1,1,1,1,-1,-1,1,1,-1,1,-1,1 13,0,1,0,1,0,1,0,1,0,1,0,1 

    

     dRemde ucnobia, SesaZlebelia Tu ara aigos barkeris 
signali luwi 4M   poziciebiT. Catarebulma gamokvlevebma 
aCvenes, rom ar arsebobs barkeris signalebi 13-ze meti 
kenti M  poziciebiT. 
   nax. 3.19 -ze naCvenebia yvelaze xSirad gamoyenebuli 13-
poziciuri barkeris signalis kodirebis ori xerxi: a –
amplituduri kodireba; b – fazuri kodireba, da g - akf 
grafikuli warmodgena. 
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nax. 3.19 barkeris signalebi, roca 13M   

 ufro vrclad diskretuli signalebis Tvisebebi ganixi-
leba [1] me-15 an [??] me-8 TavebSi. 

3.4. ori signalis urTierTkorelaciuri funqcia 

radioteqnikur Teoriul da paraqtikul amocanebSi 
mosaxerxebelia ori signalis erTobriobis gansakuTrebeli 
maxasiaTeblis – urTierTkorelaciuri funqciis (ukf) 
Semotana, romelic aRwers rogorc gansxvavebas signalebis 
formebs Soris, aseve maT urTierT ganlagebasdrois 
RerZze. 

 3.4.1. urTierTkorelaciuri funqciis gansazRvris principi 

 ganzogadoebul (3.15) formulas vuwodoT urTierTkore-

laciuri funqcia ori namdvili  u t  da  t  signalebis 

skalarul namravls         d .uB u t t t   





            (3.32) 

 signalebis msgavsi integraluri maxasiaTeblis mizan-
Sewonileba Cans Semdegi magaliTidan. vTqvaT, magaliTad, 

signalebi  u t  da  t  sawyis mdgomareobaSi orTogona-

luria, ise rom             d 0.u t t t 





   

 am signalebis sxvadasxva xelsawyoebSi gatarebisas Sesa-

Zlebelia, rom  t  signali wanacvlebeli  u t iyos sig-

nalis mimarT raime  droiT. naTelia, rom ukf  warmoa-
dgens orTogonaluri mdgomareobis ”mdgradobis” zomas 
signalebis droSi daZvrisas.  
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3.4.2. urTierTkorelaciuri funqciis zogierTi Tviseba  

1. Tu (3.32) formulaSi SevcvliT integrirebis cvlads 

x t   , ise rom d dt x ,  maSin SesaZlebelia formulis 

aseTi Cawerac ki:            d .uB u x x x   





            (3.33) 

Aamitom, cxadia, aseTi SemTxvevisaTvis    
u uB B    . 

(3.34) 
   (3.32) da (3.33) formulebiT gamoTvlili Sedegebi emTxveva 
erTmaneTs, vinaidan signalebis erTi da igive ganlageba miiR-

weva rogorc  t  ZvriT dayovnebis mimarTulebiT, ise  u t  

daZvriT winswrebis mimarTulebiT. 
  2. calkeuli signalis avtokorelaciuri funqciebisagan 
gansxvavebiT, ukf, romelic aRwers or araerTnari signa-
lis sistemis Tvisebas, ar aris  argumentis mimarT luwi 
funqcia  

   .u uB B     

 3. Tu gansaxilav signalebs aqvT sasruli energiebi, 
maSin maTi urTierTkorelaciuri funqciebi aris SezRu-
duli. es mtkicebuleba gamomdinareobs koSi-buniakovskis 

utolobidan:      ,uB u u        saidanac   

  ,uB u     

vinaidan signalis droSi daZvra ar moqmedebs misi normis 
mniSvnelobaze. 
 4. yuradRebamisaqcevia is, rom roca 0   sruliad ar 
aris aucilebeli ukf mniSvnelobam miaRwios maqsimums.  
        

M  magaliTi 3.7. gamoTvaleT  
uB    funqcia im SemTxvevisaTvis, 

roca   u t  -  marTkuTxedis, xolo  t  - 

samkuTxedis formis videoimpulsebia (ix. nax. 

3.20). maTi amplitudebi U da periodebi T  
erTnairi sidideebia; sawyis mdgomareobaSi 
(dayovnebis ar arsebobis SemTxvevaSi) signale    

nax. 3.20      bi arseboben drois  0,T saerTo monakveTze. 

    amoxsna:  1) Tu  0 t T   , maSin gansaxilavi signalebi 

aRiwereba ase    u t U ,   t Ut T  . 
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2) Tu 0  , anu   t signali  u t  mimarT 

droiT Seyovndeba (ix. nax. 3.21), maSin, ugan-

zomilebo parametris T  anu  T   Se-

motaniT da  momdevno elementaruli garda-
qmnebis CatarebiT miviRebT 

       nax. 3.21      

         
 

22 2

  d   d
2

T T

T
u T

T

t TU U
B u t t t t T t T

T T
 

 


    


               

 
 

22 2
2

1
2 2

T TU U T

T





   .                      (3.36) 

3) Tu 0  , anu samkuTxa impulsi win uswrebs marTkuTxa 

  impulss (ix. nax. 3.22), maSin  

     
 

 
2

0 0 0

  d   d   d ,

T T T

u

U t U
B u t t t U t t t

T T

  




   

  


         

saidanac     
2

21 .
2

u

U T
B              (3.37) 

 

      nax. 3.22 

 (3.36) da (3.37) formulebiT gamoTvlil funqciebs aqvT saxe 
(ix. nax. 3.23).  
   grafikis asimetria gamowveulia 
imiT, rom mocemuli impulsebis 
”gadafarvis” farTobi icvleba 
sxvadasxvanairad da damokide-
bulia signalebis erTmaneTis 
mimarT Zvris mimarTulebaze  
 
          

        nax. 3.23 
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3.4.3. kavSiri  ukf da urTierTspeqtralur simkrvrives Soris 

 gamovxatoT ori signalis  ukf maTi speqtraluri maxa-
siaTeblebis saSualebiT. msjelobis meTodika srulad 
imeorebs imas, rasac viyenebdiT calkeuli signalis 
warmodgenisas speqtraluri avtokorelaciuri funqciis 
saxiT. releas ganzogadoebuli formulis safuZvelze  

               
1

, d
2

uB u U V      








    

da vinaidan droSi daZvruli signalis speqtri   

     expV V j     , maSin  

     
1

d
2

j
uB U V e 
    









  .             (3.38) 

 gvaqvs ra mxedvelobaSi, rom sidide      
uW U V     

aris  u t  da  t  signalebis urTierTenergetikuli speq-
tri, gansazRvruli sixSireebis usasrulo intervalSi 

  , mivdivarT daskvnamde: ori signalis urTierT-
korelaciuri funqcia da urTierTenergetikuli speqtri 
dakavSirebulia furies gardaqmnis wyviliT. 
 

3.4.4. urTierTkorelaciuri funqciis ganzogadoeba 

diskretuli signalebis SemTxvevisaTvis 

 vTqvaT  u t  da  t  signalebi mocemulia diskretuli 
formiT, rogorc aRricxvebis erToblioba: 

   1 0, 1 2 1 0, 1 2..., , , ,... , ..., , , ,... ,u u u u u       da  

romlebic droSi vrceldebian erTnairi T intervalebiT. 
calkeuli funqciis avtokorelaciuri funqciis analo-
giurad ganvsazRvroT ori diskretuli signalis urTi-
erTkorelaciuri funqcia formuliT 

 
ˆ̂
u j j n

j

B n u u







 ,                     (3.39) 

sadac n  - mTeli ricxvia (dadebiTi, uaryofiTi da nuli). 
CavataroT am funqciis gamoTvlis demonstracia oTxpozi-
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ciuri barkeris signalebis magaliTze:  1,1,1, 1u    da 

 1,1, 1,1   . Tu 0n  , maSin signali   CamorCeba u  sig-

nals. imis msgavsad, rogorc vakeTebdiT wina paragrafSi, 
SevadginoT cxrili, romelic Seicavs u signals da   
signalis daZruli aslebis mimdevrobas: 
 

          

. . . 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 . . .

. . . 0 0 0 0 1 1 1 1 0 0 0 0 0 0 0 . . .

. . . 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 . . .

. . . 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 . . .

. . . 0 0 0 0 0 0 0 1 1 1 10 0 0 0 . . .











 

 

formula (3.39)-iT Catarebuli gamoTvlebis Sedegia 

       ˆ ˆ ˆ ˆˆ ˆ ˆ ˆ0 0, 1 3, 2 0, 3 1.u u u uB B B B         

analogiurad avagoT cxrili, romelic asaxavs signa-
lis daZvras winswrebis mimarTulebiT: 

 
. . . 0 0 0 0 1 1 1 -1 0 0 0 . . .

. . . 0 0 0 0 1 1 -1 1 0 0 0 . . .

. . . 0 0 0 1 1 1 1 0 0 0 0 . . .

. . . 0 0 1 1 -1 1 0 0 0 0 0 . . .

. . . 0 1 1 1 1 0 0 0 0 0 0 . . .

-    ,  

da vpoulobT         
ˆ ˆ ˆ ˆˆ ˆ ˆ ˆ0 0, 1 1, 2 0, 3 1.u u u uB B B B           

 miRebuli barkeris ori signalis 
urTierTkorelaciuri funqciis 
diagrama moyvanilia nax. 3.24-ze. mas 
aqvs arasimetriuli saxe; funqciis 

maqsimumi miiRweva ( )t  signalis 

daZvrisas erTi (dadebiTi) poziciiT, 
anu 1-ze.  

       nax. 3.24 
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3.5. me-III. ZiriTadi debulebebi, Tanafardobebi da 

Taviseburebani 

3.5.1.    Sedegebi 

 sixSiris mixedviT ori signalis urTierT energiis 
ganawileba aRiwereba maT urTierT energetikuli 
speqtriT 

 Sesabamisi speqtruli mdgenelebis filtraciis gziT 
SeiZleba mivaRwioT signalebis miaxloebiT 
orTogonalizacias. 

 signalis energiis ganawileba sixSireebis mixedviT 
adgens mis energetikul speqtrs, romelic udris 
speqtruli simkrivis modulis kvadrats. 

 signalis da misi, droSi daZvruli, aslis msgavsobis 
xarisxi aRiwereba signalis avtokorelaciuri funqci-
iT.  

 signalis energrtikili speqtri da avtokorelaciuri 
funqcia urTierSembulia furies gardaqmnis wyviliT. 

 avtokorelaciuri funqcis cneba ganzogaddeba 
mravalpoziciuri diskretuli signalebis SemTxvevaze 

 signals gaaCnia kargi korelaciuri Tvisebebi, Tu akf -

is gverdiTi furclebis doneebi centraluri furclis 
doneze mniSvnelovnad dabalia,  

 ori signalis energetikuli speqtris furies gardaqmna 
aris maTi urTierTkorelaciuri funqcia.  

3.5.2. sakontrolo kiTxvebi 

1. ra fizikur azri aqvs ori signalis urTierT energeti-
kul speqtrs? 

2. ra pirobebs unda akmayofilebdes funqcia, romelic 
aRwers urTierTenergetikul speqtrs imisTvis,rom es 
signalebi iyon ortogonalurebi? 

3. SesaZlebelia Tu ara iseTi situaciis realizeba 
rodesac ori signalis speqtruli simkriveebi iyos 
gadafruli da amis miuxedavaT es signalebi iyos 
ortogonaluri? 

4. TamaSobs Tu ara raime rols speqtruli simkrivis 
faza signalis energetikuli speqtris gansazRvrisas? 
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5. marTkuTxa radioimpulsis saerTo energiis  ra nawils 
Seicavs speqtraluri diagramis pirveli (ZiriTadi) 
fiurclis farglebSi? 

6. ra teqnikuri winapirobebia  signalis akf  cnebis 
Semotana ? 

7. ragori unda iyos signalis energetikuli speqtri, rom 
akf qondes viwrozolovani ZiriTadi foToli?  

8. ra SezRudvebi SesaZlebelia davadoT signalis akf  
saxes? 

9. raSi mdgomareobs mravalpoziciuri rTuli signalis 
agebis principi? 

10. rogor Semoitaneba mravalpoziciuri signalis 
diskretuli akf ? 

11. daasaxeleT barkeris signalebis ZiriTadi Tviseba 
raSi mdgomareobs am signalebis upiratesoba sxva 
mravalpoziciuri signalebTan SedarebiT? 
SeiZleba Tu ara barkeris signalebis realizeba 

nebismieri didi raodenobis ricxvebis poziciebiT?  
 

3.5.3. amocanebis amoxsnis zogadi meTodika 

 

   zogadi meTodi  ar arsebobs. yovel konkretul SemTx-
vevaSi magaliTis/amocanis amoxsnas unda miusadagod Sesa-
bamisi maTematikuri aparati da logikuri msjelobiT 
amoxsnaT dasmuli magaliTi an amocana. 

 
3.5.4. tipiuri amocanebis amoxsnis magaliTebi 

3.5.4.1. releas ganzogadoebuli formula. 
energetikuli speqtrebi 

  amocana 3.1. releas ganzogadoebuli formulis gamoye-
nebiT ipoveT ori eqsponencialuri videoimpulsebis 

     
1 1
expu t A t t    da      

2 2
expt A t t     skalaruli 

namravli  ,u  . 

amoxsna: viciT ra mocemuli signalebis speqtruli 
simkriveebi skalaruli namravli gamoiTvleba  

 
  

1 2

1 2

d
,

2

A A
u

j j




    






  . 

itegralqveSa funqcia davyoT ubralo wiladebze:  
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  1 2 1 2 1 2

1 1 1 1

j j j j         

 
  

     
. 

TiToeuli  ubralo wiladis integrals gamovTvliT 
erTi da igive xerxiT. Aase, 

 2

22 2 2 2

2 2 2

dd d
.

j

j

   
 

     

  

  


  

      

sabolood miviRebT          1 2

1 2

,
A A

u 
 




.  

amocana 3.2 fizikuri sixSireebis areSi 0  ,  u t  da 

 t  signalebis speqtruli simkri-

veebi  uS  da  S   warmodgenilia 

nax. 1.3.1. gamoTvaleT mocemuli sig-

nalebis skalaruli namravli  ,u  . 

     
 nax. 1.3.1.     
amoxsna:  viciT ra mocemuli signalebis speqtruli 

simkriveebis skalaruli namravli gamoiTvleba  

 
1

1

1 2 1 2 1 1 2 1
2

, d
2 2

A A A A A A
u





 
 

  


   . 

amocana 3.7. gansazRvreT  u t  signalis energia romlis 
energetikueli speqtris grafiki sixSireebis dadebiT 
areSi mocemulia frafikulad (ix. nax, 1.3.2) 

 
 
 
 
 
amoxsna: gamoviyenoT 

releas ganzogadebuli formula (viwro azriT) romlis 
mixedviT: nebismieri signalis enrgia aris ricxviTi 
RerZis sxva da sxva sixSiruli intervalebis TiTouli 
ubnis jamuri Senatani. anu TiTouli mcire ubnis 
sixSiruli   intervalebis energiebis jami udris 
signalis jamur energias, romelic gamoiTvleba ga-
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mosaxulebiT  
1

E W  


  i i , sadac  mocemuli inter 

valis raime wertilia. am SemTxvevaSi 0.191,E i  v2·wm. 

 amocana 3.8. marTkuTxa  u t videoimpulsis amplitudaa 0U  

da xangZlioba i . gamoiyvaneT energiis Ez
gamoTvlis 

formula, romelic moTavsebulia dadebiTi sixSireebis 

zRvrebSi nulidan raime zeda z zRrul sixSiremde. 

amoxsna: marTkuTxa videoimpulsis speqtruli simkrivis 
namdvili nawilis kvadratSi ayvanis Semdeg, vRebulobT 
energetikul speqtrs (ix. leqcia 13, gv.100)  

2
2 2

2

sin ( / 2)
( ) .

( / 2)
uW U


 




i

i

i

 

sixSirul areSi signalis energiis gansazRvrisaTvis, auci-
lebelia integralis gamoTvla. releas Teoremis Tanaxmad 

viwro azriT       
2 2 2

0

2

0

sin ( / 2)
d

( / 2)

U
E





 


 
 

z

z

i i

i

. 

CavataroT cvladis Secvla / 2 
i

, miviRebT 
22 2

0

2

0

2 sin
d

U
E

 



 


 
 

iz

z

i . 

nawil-nawil integrirebiT, miviRebT 

2 2 2

0 2

00

2 sin sin 2
d

U
E

 

 



  


  

 
 

   
 



iz

iz

z

i  

 
 

 

22 2

0

2

0

sin 22
Si

2

U

 

 
 

  

 
 

  
  



iz

iz
iz

iz

i , 

sadac  
0

sin
Si d

z

z





   - aris araelementaruli funqcia, romel-

sac uwodeben integraluri sinusi [4] 
   amocana 3.9.  impulsuri rxeva mocemulia formuliT 

     715exp 10s t t t  . gansazRvreT zRruli  fz hc sixSire 

iseT nairad, rom sixSiris  0, fz intervalSi  Tavmoyrili 

iyos impulsis energiis 90%. 
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   amoxsna: mocemuli signalis energetikuli speqtri 

gamoiangariSeba formuluiT:      
2 2

2 2 14 2

15

10
s

U
W t

  
 

 
. 

 sazRvruli sixSire z akmayofilebs gantolebas 

14 2 14 2

0 0

d d
0,9

10 10


 

 




  

z

    an     7arc tg 10 0,45 z . 

gantolebis amoxsniT vpoulobT 710 0,45 ,tg  z  anu 

10.049f z mhc. 

3.5.4.2. avtokorelaciuri funqcia 

 amocana 3.12. miiReT orxmrivi eqsponencialuri videoim-

pulsis    exps t A t  ,  avtokorelaciuri funqciis 

 
sB   analitikuri gamosaxuleba Tu A - mudmivi sididea, 

0   - namdvili ricxvia. 

   amoxsna: vinaidan signalis speqtruli simkrive aris 

 
2 2

0

2
2 cos dt B

S B e t t 
 

 



 
 , 

aqedan energetikuli speqtri iqneba     
 

2 2

2
2 2

4
s

B
W




 



. 

 avtokorelaciuri funqcia  
sK   warmoidgineba furies 

Semdegi  integraliT: 

 
 

2 2

2
2 2

2 j

s

B e
K




  








 . 

aq integralqveSa funqcias aqvs ori meore rigis polusi 

wertilebSi koordinatebiT j   .  
sK   gamosaTvle-

lad roca 0   vpoulobT naSTs 

 

 

 
   

2

2

2 2
2 2 2 2

d
1 4

d

jj

j j

e je
res je




   

 
 

   



 

  
     
      

 

amrigad, roca 0     
 

2 2
2 2

d 1
2

2

je
j res e


  


 








  


 , 

saidan, avtokorelaciuri funqciis luwobis mxedveloba-
Si miRebis gaTvaliswinebiT, gveqneba 
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2

1 .t

s

B
K e   



   

amocana 3.13. gamoTvaleT      
0

exp sins t A t t t      sig-

nalis, romelsac gaaCnia eqsponencialuri milevadi mov-
lebi da harmoniuli maRalsixSirovani Sevseba,  avtoko-

relaciuri  
sB   funqcia  

   amoxsna:       2

0 0

0

sin sin  dt t
sK A e t e t t =     



      

 2 2

0 0

0

sin sin  dtA e e t t t    


    . 

cnobilia, rom        
1

sin sin cos cos
2

x y x y x y        

   
2 2

2 2

0 0 0

0 0

cos d cos 2 d  
2 2

t
t t

s

A e A e
K e t e t t.

 
      

  
      

tabulirebuli integralis gamoyenebiT 

   
2 2

0

1
cos d cos sinpxe qx x = p q ,

p q
  



  
  

vRebulobT    

 
2

0

0 02 2 2 2

0 0

1
cos sin . 

2

t

s

A e
K

 
    

    

   
    

   

 

  magaliTi 3.16. ipoveT radioimpulsis avtokorelaciuri 
funqciis analitikuri gamosaxuleba Tu is gamoixateba 

Semdegi TanafardobiT      0 0

0 , 0,

cos , 0 ,

0 ,

t

s t A t t

t

  






   




i

i

 

xolo movlebi marTkuTxedis formisaa. 

amoxsna:   dauSvaT, rom 0  . maSin 0    i  gveqneba  

     
0

dsK s t s t t

 

 



 
i

 

   2

0 0 0 0

0

cos cos dA t t t

 

    



     
i

. 
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vinaidan       
1

cos cos cos cos
2

x y x y x y       , maSin        

   
2 2

0 0 0 0

0 0

cos d cos 2 2 d
2 2

s

A A
K t t

   

       

 

     
i i

 

   
2 2

0 0 0

0

cos sin 2 2 .
2 4

A A
       


      i i  

 Tu gaviTvaliswinebT, rom  
sK  luwi funqciaa miviRebT 

   
2

0 0 0

0

1
1 cos sin 2 2

2 2
s

A
K

 
     

  

             
   

i
i

i i

. 

 praqtikul SemTxvevebSi, rogorc wesi, 
0

1 i , anu 

radioimpulsis xangZlioba mniSvnelovnad aRemateba 
maRalsixSirul Sevsebis erT periodis xangZliobas. maSin 

miaxloebiT  nax. m.3.5.4.1 naCvenebia 
amonaxsnis grafikebi 

 
2

0

0, ,

1 cos , ,
2

0, .

s

A
K

 

 
     



 

 


 
      

 
 

i

i
i i

i

i

 

     Nnax. m.3.5.4.1 

  magaliTi 3.18.  gamoTvaleT avtokorelaciuri  
sB n  

funqcia Semdegi xuTpoziciuri diskretuli signalebisa-

Tvis a)  1
1,1,1, 1,1s   da b)  2

1,1, 1, 1,1s     

pasuxi:  a)     
1

...,0,0,1,0,1,0,5,0,1,0,1,0,0,...sB n    

         b)     
1

...,0,0,1,0, 3,0,5,0, 3,0,1,0,0,...sB n     

U 3.5.4.3. urTierTkorelaciis funqcia 

  magaliTi 3.22. gamoTvaleT urTierTkorelaciuri  
sB n  

funqcia Semdegi sampoziciuri diskretuli signalebisa-

Tvis  1,1, 1u     da  1,1,1    

   pasuxi:         ...,0,0,1, 2, 1, 2,1,0,0,...uB n     
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Tavi IV. Mmodulirebuli signalebi 

rogorc wesi, signalebi, romlebic mogvewodeba Setyo-
binebis wyaroebidan (mikrofoni, gadamcemi satelevizio 
kamera, telemetruli sistemis gadamwodi), SeuZlebelia 
gadacemuli iqnes uSualod radioarxiT. saqme mxolod 
imaSi ar aris, rom signalebis amplituda mcirea. gacile-
biT mniSvnelovania maTi fardobiTi dabalsixSirianoba. 
imisaTvis, rom ganvaxorcieloT signalis efeqturi gada-
cema raime garemoSi, aucilebelia am signalebis speqtri 
gadavitanoT dabali sixSiris aridan sakmarisad maRal 
sixSirul areSi.Aam proceduram radioteqnikaSi miiRo 
modulaciis saxeli.  

4.1. signalebi amplituduri modulaciiT 

sanam SeviswavlideT modulirebuli signalebis am 
umartives saxes, ganvixiloT mokled zogierTi sakiTxi, 
romlebic exeba nebismieri saxis modulaciis principebs. 

4.1.1. gadamtani rxevis cneba 

idea meTodisa, romelic saSualebas iZleva gadavita-
noT signalis speqtri maRali sixSireebis areSi, mdgo-
mareobs SemdegSi. uwinares yovlisa, gadamcemSi 
formirdeba damxmare maRalsixSiruli signali, romelsac  
ewodeba gadamtani rxeva. Mmisi maTematikuri modeli 

1 2,...,( ) ( ; , )mu t f t a a a
gad

iseTia, rom gvaqvs parametrebis raRac 

1 2,...,, ma a a  erToblioba. vTqvaT ( )s t  dabalsixSiruli Set-

yobinebaa, romelic eqvemdebareba  radioarxiT gadacemas. 
Tu, ukidures SemTxvevaSi, miTiTebuli parametrebidan 
erT-erTi icvleba droSi gadasacemi Setyobinebis 
proporciulad, maSin gadamtani rxeva iZens axal Tvisebas 
– is Tavis TavSi Seicavs informacias, romelic 

Tavdapirvelad moTavsebuli iyo ( )s t  signalSi. 

swored gadamtani rxevis parametrebis marTvis 
fizikuri procesi  warmoadgens modulacias. 

radioteqnikaSi farTo gavrceleba hpoves modulaciis 
sistemebma, romlebic gadamtan rxevad iyeneben martiv 
harmoniul rxevas 

0( ) cos( )u t U t  
gad

,            (4.1) 

romelsac gaaCnia sami Tavisufali parametri ,U   da  . 
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    ama Tu im parametris droSi cvlilebiT SeiZleba 
miviRoT modulaciis sxvadasxva saxeebi.  

A4.1.2. amplituduri modulaciis principi 

Tu cvladi aRmoCndeba ( )U t  signalis amplituda, amas-

Tan danarCeni ori   da   parametri - ucvleli, maSin 

gveqneba gadamtani rxevis amplituduri modulacia. 
amplitudur-modulirebuli, anu am-signalis Caweris 
forma aseTia: 

0 0( ) ( )cos( )u t U t t  
am

           (4.2) 

Aam-signalis oscilogramas aqvs damaxasiaTebeli saxe 
(ix. Nnax. 4.1). yuradRebas iqcevs grafikis simetria drois 
RerZis mimarT. (4.2) formulis Sesabamisad am-signali 

aris ( )U t  momvlebisa da 0 0cos( )t   harmoniuli Sevsebis      

 
            a                    b                     g 
nax. 4.1. am-signalebi modulaciis sxvadasxva siRrmeebisas: a –  
araRrma modulacia; b – Rrma modulacia; g – gadamodulacia  

namravli. praqtikulad saintereso SemTxvevebis umeteso-
baSi momvlebi icvleba droSi ufro nela, vidre maRal-
sixSiruli Sevseba. 

amplituduri modulaciis dros ( )U t  momvlebsa da 

mamodulirebel ( )s t sasargeblo signals Soris kavSiri 

miRebulia ganisazRvros Semdegnairad: 
  [1 ( )].mU t U Ms t         (4.3) 

aq  mU  mudmivi koeficientia, romelic udris  gadam-

tani rxevis amplitudas  modulaciis ararsebobis dros, 
M  amplituduri modulaciis koeficientia. 

sidide M  axasiaTebs amplituduri modulaciis 
siRrmes. am terminis azri ganimarteba am-signalebis 
oscilogramebiT, romlebic gamosaxulia nax. 4.1, a-g. 
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modulaciis mcire siRrmis dros momvlebis fardo-

biTi cvlileba didi ar aris, e.i. ( ) 1Ms t   drois yovel 

momentSi damoukidebelad ( )s t  signalis formisagan. 

Tu drois momentebSi, roca ( )s t  signali aRwevs 

eqstremalur mniSvnelobebs, adgili aqvs miaxloebiT 

tolobebs max ( ) 1Ms t   an min ( ) 1Ms t   , maSin laparakoben 

Rrma amplitudur modulaciaze. xandaxan damatebiT 
SemoaqvT zemoT modulaciis fardobiTi koeficienti 

max( ) /m mM U U U z  

da qvemoT modulaciis fardobiTi koeficienti 
 m min( ) / mM U U U q . 

am-signalebi modulaciis mcire siRrmiT radioarxe-
bSi ar aris mizanSewonili gadamcemis simZlavris 
arasruli gamoyenebis gamo. Aamave dros 100%-iani modu-

lacia zemoT ( 1)M z  orjer amaRlebs rxevebis ampli-

tudas modulirebuli Setyobinebis pikuri mniSvnelobeb-
isas. Aam amplitudis Semdgom zrdas, rogorc wesi, mivye-
varT arasasurvel damaxinjebebamde gadamcemis gamo-
sasvleli kaskadebis  gadatvirTvis gamo. 

nakleb saSiSi ar aris Rrma amplituduri modulacia  
qvemoT. Nnax. 4.1.g gamosaxulia egreTwodebuli gadamodu-

lacia ( 1)M q .Aaq momvlebis forma wyvets modulirebuli 

signalis formis gameorebas.  

4.1.3. erTtonaluri amplituduri modulacia 

Uumartivesi am-signali SeiZleba miviRoT im SemTxve-
vaSi, roca mamodulirebel dabalsixSirul signals war-
moadgens   sixSiriani harmoniuli rxeva. aseT signals 

0 0 0( ) [1 cos( )]cos( )mu t U M t t     
am

           (4.4) 

ewodeba erTtonaluri am-signali. 
gamovarkvioT, SeiZleba Tu ara aseTi signali warmovi-

dginoT sxvadasxva sixSiriani martivi harmoniuli rxeve-
bis jamad. Kkosinusebis namravlis cnobili trigonomet-

riuli formulis    (    cos cos 1 2 cos cosx y x y x y      ) 

gamoyenebiT, (4,4) gamosaxulebidan miviRebT  



signalebi amplituduri modulaciiT 

 139 

0 0 0 0 0

0 0 0

( ) cos( ) cos[( ) ]
2

cos[( ) ].
2

m
m

m

U M
u t U t t

U M
t

   

 

      

   

am

   (4.5) 

Fformula (4.5) adgens erTtonaluri am-signalis 
speqtralur Semadgenlobas. miRebulia Semdegi termino-

logia: 0 - gadamtani sixSire, 0   - zeda gverdiTi 

sixSire, 0   - qveda gverdiTi sixSire. 

(4.5) formulis mixedviT speqtruli diagramis agebisas 
saWiroa, uwinares yovlisa, yuradReba mivaqcioT zeda da 
qveda gverdiTi rxevebis amplitudebis tolobas, aseve am 
speqtraluri Semdgenlebis ganlagebis simetrias gadamta-
ni rxevebis mimarT. 

  erTtonaluri modulacia simetriulia, Tu .M M M z q   

A4.1.4. am-signalis  energetikuli maxasiaTeblebi 

ganvixiloT gadamtani da gverdiTi rxevebis simZla-
vreebis Tanafardobis sakiTxi. erTtonaluri am-signalis 
wyaro eqvivalenturia harmoniuli rxevebis sami mim-
devrobiT CarTuli wyarosi: 

    0 0( ) cos( ),mu t U t  
gad

 

    0 0 0( ) cos[( ) ],
2

mU M
u t t    
zg  

    0 0 0( ) cos[( ) ].
2

mU M
u t t    
qg  

garkveulobisaTvis davuSvaT, rom ese- 
nia emZ-is wyaroebi, romlebic SeerTebu-
lia mimdevrobiT da datvirTulia erTe- 

     nax. 4.2    ul rezistorze. maSin am-signalis myisie- 
 ri simZlavre SeiZleba ricxobrivad toli iyos jamuri 
Zabvis kvadratis:   

2 2 2 2( ) 2 2 2P t u u u u u u u u u u      
am am gad zg qg gad zg gad qg zg qg

   (4.6) 

((4.6) gamosaxuleba Seicavs rogorc sakuTari simZlavreebis 
wyaroebis, aseve urTierTsimZlavreebs, proporciulebs wyvil- 
wyvilad dajgufebuli myisieri Zabvebis namravls). 

imisaTvis, rom vipovoT signalis saSualo simZlavre, 

( )p t sidide aucilebelia gavasaSualoT drois sakmaod  
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did T  monakveTze:        

0

1
lim ( ) .

T

T
p p t dt

T
 am

 

advilad davrwmundebiT, rom gasaSualoebisas yvela 
urTierTsimZlavre mogvcems nulovan Sedegs, amitom am-

signalis saSualo simZlavre aRmoCndeba gadamtani da 
gverdiTi rxevebis saSualo simZlavreebis jamis toli: 

2 2 2

[ ]
2 4

m mU U M
p p p p    
am gad zg qb

       (4.7) 

      
2 2 2 2

[ ] /
4 2 2

m mU M U M
p p p  
zg qb gad

      (4.8) 

ase rom, 100%-iani modulaciis ( 1)M   drosac ki orive 

gverdiTi rxevis simZlavris wili Seadgens aramoduli-
rebuli gadamtani rxevis simZlavris mxolod 50%. ram-
denadac informacia Setyobinebis Sesaxeb Cadebulia 
gverdiT rxevebSi, SeiZleba aRiniSnos simZlavris gam-
oyenebis araefeqturoba am-signalis gadacemisas. 

4.1.5 amplituduri modulacia rTuli 

mamodulirebeli signalis dros 

 praqtikaSi erTtonaluri am-signalebi iSviaTad gam-
oiyeneba. ufro metad realuria SemTxveva, roca mamod-
ulirebel dabalsixSirul signals aqvs rTuli 
speqtraluri Semadgenloba. aseTi signalis maTematikuri 
modeli SeiZleba iyos, magaliTad, trigonometriuli ja-
mi 

1

( ) cos( ).

N

i i i

i

s t a t



         (4.9) 

aq i sixSireebi qmnian mowesrigebul zrdad mim-

devrobas 1 2 ... N    , im dros, roca, i  amplitudebi 

da i sawyisi fazebi - nebismieria. 

(4.9) formulis CasmiT (4.3)-Si, miviRebT 

0 0

1

( ) [1 cos( )]cos( )

N

m i i i

i

u t U M t t  


    am     (4.10) 

SemovitanoT modulaciis parcialuri (nawilobrivi) 

koeficientebis erToblioba      i iM M          (4.11) 

da CavweroT rTuladmodulirebuli (mravaltonaluri)  
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am-signalis analizuri gamosaxuleba formiT, romelic 
ganazogadebs (4.4) gamosaxulebas:  

0 0

1

( ) [1 cos( )]cos( ).

N

m i i i

i

u t U M t t 


    am      (4.12) 

speqtraluri gaSla xdeba iseve, rogorc erTtonaluri 
am-signalisa: 

0 0 0 0

1

0 0

1

( ) cos( ) cos[( ) ]
2

cos[( ) ]
2

N
m i

m i i

i

N
m i

i i

i

U M
u t U t t

U M
t

   

 





      

   





am

 (4.13) 

Nnax. 4.3,a gamosaxulia mamodulirebeli signalis speq-
traluri diagrama, romelic agebulia (4.9) formulis 
Sesabamisad. Nnax. 4.3.b asaxavs mravaltonaluri am-signa-
lis speqtralur diagramas, romelic pasuxobs am mamod-
ulirebel rxevas. 

 

           a                        b 
nax. 4.3. speqtraluri diagramebi: a – mamodulirebeli signalis; 
b – am-signalisa mravaltonaluri modulaciisas.  

amrigad, rTuladmodulirebuli am-signalis speqtrSi 
gadamtani rxevis gverdiT aris zeda da qveda gverdiTi 
rxevebis jgufebi. zeda gverdiTi rxevebis speqtri war-
moadgens mamodulirebeli signalis speqtris asls, ro-

melic daZrulia maRali sixSireebis areSi 0 sididiT. 

qveda gverdiTi sixSireebis speqtri aseve imeorebs ( )s t  

signalis speqtralur diagramas, magram ganlagdeba 

sarkiseburad gadamtani sixSiris 0 mimarT. 

naTqvamidan gamomdinareobs mniSvnelovani Sedegi: am-
signalis speqtris sigane tolia  mamodulirebeli 
dabalsixSiruli signalis udidesi sixSiris 
gaormagebuli mniSvnelobisa. 
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magaliTi 4.1. gansazRvreT mauwyebeli radioarxebis ricxvi, 
romelic SeiZleba moTavsdes 0.5-dan 1.5 mghc sixSireTa dia-
pazonSi (saSualotalRovani samauwyeblo daipazonis 
daaxloebiT sazRvrebSi). 

radiomauwyebeli signalebis damakmayofilebeli kvlavwar-
moebisaTvis aucilebelia 100 hc-dan 12 khc-mde bgeriTi 
sixSireebis kvlavwarmoeba. amgvarad, sixSireTa zoli, romelic 

miiyvaneba erT am-arxze, tolia 24 khc. 
imisaTvis, rom Tavidan aviciloT 
jvaredini xelSeSlebi arxebs Soris, 
saWiroa gaviTvaliswinoT damcavi inter-
vali 1 khc siganiT. amitom arxebis da-
saSvebi ricxvia N  (1.5-0.5)106/(25103) = 40.  
 nax. 4.4            nax. 4.4-ze moyvanilia 

sixSireTa zolebi. 

4.2 signalebi kuTxuri modulaciiT 

SeviswavloT modulirebuli radiosignalebi, 
romlebic miiReba imis xarjze, rom gadamtani harmoniul 

rxevaSi 0( ) cos( )mu t U t  
gad

 gadasacemi Setyobineba ( )s t  

cvlis an sixSires  , an sawyis fazas  ; amplituda mU  

rCeba ucvleli. ramdenadac harmoniuli rxevis argumenti 

( )t t    , romelsac ewodeba sruli faza, gansazRvravs 

fazuri kuTxis mimdinare mniSvnelobas, aseTma signalebma 
miiRes kuTxuri modulaciiT signalebis saxelwodeba. 

4.2.1. kuTxuri modulaciis saxeebi  

a) fazuri modulacia 

davuSvaT dasawyisSi, rom sruli faza ( )t  dakavSire-

bulia ( )s t  signalTan damokidebulebiT:  

0( ) ( )t t ks t   ,        (4.19) 

sadac 0  - sixSiris mniSvnelobaa sasargeblo signalis 

ararsebobisas; k  - proporciulobis raime koeficienti. 
modulacias, romelic pasuxobs  (4.19) Tanafardobas, 
fazuri modulacia (fm) ewodeba:  

0( ) cos[ ( )].mu t U t ks t 
fm

        (4.20) 

Tu signali ( ) 0s t  , maSin fm-rxeva warmoadgens 

martiv harmoniul rxevas. ( )s t signalis mniSvnelobebis 

gazrdiT sruli faza ( )t  izrdeba droSi ufro swrafad, 
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vidre wrfivi kanoniT. mamodulirebeli signalis mniSvne-

lobebis Semcirebisas xdeba droSi  siCqaris zrdis ( )t  

vardna. Nnax. 4.5 naCvenebia fm-signalis grafikis ageba. 
1 – mamodulirebeli dabalsixSiruli signali; 2 – aramo-
dulirebuli harmoniuli rxeva; 3 – signali fazuri mod-
ulaciiT. 

 drois momentebSi, roca ( )s t  

signali aRwevs eqstremalur 
mniSvnelobebs, absoluturi 
fazuri Zvra fm-signalsa da 
aramodulirebul harmoniul 
rxevas Soris aRmoCndeba mci-
re. am fazuri Zvris zRvrul 
mniSvnelobas uwodeben fazis 
deviacias  . 

zogad SemTxvevaSi, roca                                        

        nax. 4.5                ( )s t   signali icvlis niSans, 

miRebulia gairCes fazis deviacia zeviT   maxk s  z  

(roca   0s t  ) da fazis deviacia qveviT mink s  q  (roca 

  0s t  ).              
veqtorul diagramaze  mudmivi sididis gamomsaxveli 

veqtori Seasrulebs brunvas aramudmivi kuTxuri siCqa-

riT. Msignalis myisieri sixSire ( )t  kuTxuri modula-

ciiT ganisazRvreba, rogorc sruli fazis pirveli 
warmoebuli drois mixedviT: 

d
( )

d
t

t


  ,  (4.21)     ase, rom   ( ) ( ) .

t

t t dt const 



    (4.22) 

b) sixSiruli modulacia 

signalis sixSiruli modulaciisas (sm) ( )s t  da 

( )t sidideebs Soris arsebobs Semdegi saxis kavSiri 

0( ) ( ).t ks t            (4.23) 

amitom         0( ) cos[ ( ) ].

t

mu t U t k s t dt



  sm      (4.24) 
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zogadi saxis formula (4.23) mixedviT, sm-signalis 
bunebriv parametrebs warmoadgenen: sixSiris deviacia 
zeviT maxks z  da sixSiris deviacia qveviT minks q . 

kuTxuri modulaciiT tipiuri signa-
lis oscilograma moyvanilia nax. 4.6-ze. 

Tu ( )s t –sakmarisad gluvi funqciaa, 

maSin fm- da sm- signalebis gare osci  
nax. 4.6      logramebi ar gansxvavdebian. Tumca arsebobs 
principuli gansxvaveba: fazuri Zvra fm-signalsa da 

aramodulirebul rxevas Soris  ( )s t -s proporciulia, 

maSin roca sm-signalisaTvis es Zvra proporciulia 
gadasacemi Setyobinebidan integralis.  

4.2.2. erTtonaluri signalebi kuTxuri modulaciiT  

fm- da sm-signalebis analizi maTematikuri Tvalsazri-
siT ufro rTulia, vidre am-rxevebis gamokvleva. Aamitom 
ZiriTadi yuradReba daeTmoba umartives erTtonalur 
signalebs. 

erTtonaluri sm-signalis SemTxvevaSi myisieri  

sixSire  0 0( ) cos( )t t      , sadac   – signalis 

sixSiris deviaciaa. (4.22) formulis safuZvelze aseTi si-

gnalis sruli faza     0 0 0( ) sin( ) ,t t t


  


    


 

sadac 0  – raime mudmivi fazuri kuTxea. 

aqedan Cans, rom sidide    / 2 /m f       ,    (4.25) 

romelsac ewodeba erTtonaluri kuTxuri modulaciis 
indeqsi, warmoadgens aseTi signalis fazis deviacias, ga-
mosaxuls radianebSi. 

simoklisaTvis davuSvaT, rom droSi ucvleli fazuri 

kuTxeebi 0 0 0    , da sm-signalis myisieri mniSvneloba 

gamosaxulia Semdegi saxiT  0( ) cos( sin )mu t U t m t  sm  (4.26) 

erTtonaluri fm-signalis Caweris analizuri forma 
iqneba analogiuri. amasTan, mxedvelobaSi unda gvqondes 
Semdegi: sm- da fm-signalebi modulaciis sixSirisa da ma-
modulirebeli signalis amplitudis cvlilebisas sxva-
dasxvanairad iqcevian. 
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 4.2.3. fm- da sm- signalebs Soris gansxvaveba 

fm- da sm- signalebs Soris arsebobs principuli 
gansxvavebebi, rac gamowveulia signalebis sxvadasxva-
nairad moqceviT modulaciis sixSiris da misi 
amplitudis cvlilebebis dros:  
1.   fazuri Zvra fm-signalsa da aramodulirebul rxevas 

Soris - ( )s t -s proporciulia maSin, roca sm-signali-

saTvis es Zvra gadasacemi Setyobinebis integralis 
proporciulia; 

2.   sm-sas sixSiris deviacia   dabalsixSiruli signa-
lis amplitudis proporciulia. amave dros sidide   

ar aris damokidebuli mamodulirebeli signalis sixSi-
reze.  

    fm fazuri modulaciis SemTxvevaSi moduliaciis 
indeqsi m , misi sixSirisagan damoukideblad, aRmoC-
ndeba dabalsixSiruli signalis amplitudis proporci-
uli. amis Sedegad, sixSiris deviacia fazuri 
modulaciisas (4.25) formulis Sesabamisad, sixSiris 
zrdasTan erTad wrfivad izrdeba. 

magaliTi 4.2. radiosadguri, romelic muSaobs 

mokletalRovan diapazonSi 0f = 80 mghc gadamtani sixSiriT, 

gamoasxivebs fm-signals, modulirebuls sixSiriT F  15khc. 

modulaciis indeqsi m=12. vipovoT zRvrebi, romelSic icvleba 
signalis myisieri sixSire da signalis maTematikuri modeli. 

amoxsna:   
1. amocanis pirobidan gamomdinare sixSiris deviacia 

Seadgens 12 15 180f mF     khc. 

  amgvarad, modulaciisas signalis myisieri sixSire icvleba 

zRvrebSi min 0f f f   80 - 0.18 = 79.82 mghc-dan 

max 0f f f    80 + 0.18  = 80.18 mghc-mde. 

2.  vinaidan  signalis maTematikur models, droSi ucvleli 
fazuri kuTxeebiT 0 0 0     aqvs saxe   

0( ) cos( sin )mu t U t m t   , maSin 

   0

7 4

cos[2 12sin(2 / )]

cos[2 8 10 12sin(2 1.5 10 )]

m

m

u t U f t f m t

U t t

 

 

      

     
. 

mU  ucnobis sidide ar axdens gavlenas myisieri sixSi- 

ris mniSvnelobaze. 
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leqcia 20-21 

4.3 signalebi Sidaimpulsuri sixSiruli modulaciiT 

bolo dros aseTi saxis signalebma hpova farTo 
gamoyeneba radiolokaciaSi. isini Cveulebrivi 
radiosignalebisagan gansvavdebian imiT, rom 
maRalsixSirul Sevsebas gaaCnia cvladi sixSire. yvelaze 
xSirad gamoiyeneba Sidaimpulsuri sixSiruli modulacia 
droSi xazovani kanoniT cvalebadi myisieri sixSiriT. 

4.3.1. xazovani sixSiruli modulaciis principi (xsm) 

ganvixiloT radioimpulsi marTkuTxa formis momvleb-
iT. vuSvebT, rom sixSire xazovnad izrdeba impulsis 
saTavidan mis bolomde. vTqvaT, rom impulsis 

xangZlivoba aris i , amasTan 0t   wertili Seesabameba 

impulsis Sua nawils (ix. nax. 4.7), xolo myisieri sixSire 
icvleba kanoniT   

 
0t t    ,   (4.38)  

sadac 0  - gadamtani six-

Sirea;   - parametri 2wm  

ganzomilebiT, romelic 
warmoadgens sixSiris 
cvlilebis siCqares droSi. 
 advilad dasanaxia, rom 
droSi, romelic udris 
impulsis xangZlivobas, 

sixSiris deviacia iqneba 

           nax. 4.7                        i .         (4.39) 

  signalis sruli faza           2
0 2t t t    .      (4.40) 

(signalis srul fazas SesaZlebelia davumatoT mudmivi fazuri 

0  Zvra. magram misi arseboba umniSvneloa). 

 amgvarad, radioimpulss xazovani sixSiruli 
modulaciiT, anu xsm-impulss, vuwodebT signals, 
romelic warmoadgens Semdeg maTematikur models: 

 

 2
0

0, 2,

cos 2 , 2 2,

0, 2.

m

t

u U t t t

t



   



 


    




xsm

i

i i

i

       (4.41)     
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xsm-signalis gansakuTrebuli Tviseba, romelic 
ganapirobebs mis praqtikul Rirebulebas, mdgomareobs 
SemdegSi. davuSvaT, rom raime fizikuri xelsawyo, 
axorcielebs signalis Sekavebas, romelic miewodeba mis 
Sesavalze. Tu SekumSvis dro damokidebulia signalis 
sixSireze, amasTan sixSiris zrdasTan es dro mcirdeba, 
maSin gansazRvrul pirobebSi SesaZlebelia am signalis 
”mniSvnelovani” SekumSva droSi (ix. nax. 4.8). (Tu SekumSvis 
xelsawyoSi danakargebi mcirea, maSin gamosavali signalis 
amplituda mniSvnelovnad aRemateba dabrkolebebis dones. es ki 
iZleva susti areklili radiosignalebis saimedo aRmoCenis  
saSualebas). 

 
nax. 4.8 

es efeqti ganpirobebulia imiT, rom Sekavebis 
mowyobilobis gamosavalze gamoCndebian rogorc dabali, 
romelic miekuTvneba signalis dasawyiss, aseve maRali, 
romelic miekuTvneba signalis bolos, signalis 
Semadgeneli sixSireebi. 

SekumSvis xelsawyos dawvrilebiTi analizi Catardeba 
”wrfivi sistemis” kursSi, romelSic ganixileba 
signalebis optimaluri gamoyofa SeSfoTebebis fonze. 

4.3.2. marTkuTxa xsm-impulsis speqtri 

(4.41) modelis safuZvelze CavweroT speqtraluri 
simkvrivis gamosaxuleba calkeuli xsm-impulsisaTvis: 

   
2

2
0

2

cos 2 dj t
mU U t t e t







   



  
i

i

 

 
2

2

0

2

exp d
2 2

mU t
j t t






 



   
     

   
i

i
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            +  
2

2

0

2

exp d
2 2

mU t
j t t






 



   
    
   

i

i

.           (4.42)  

  am Tanafardobis analizi gviCvenebs, rom pirveli 
integrali aRwers speqtrs gamokveTili maqsimumiT 

dadebiTi sixSireebis intervalSi, axlos 0 -Tan.  

meore integrali Seesabameba speqtruli simkvrivis 
nawils, Tavmoyrils ZiriTadad 0   intervalSi. 

praqtikaSi mniSvnelovania SemTxveva, rodesac 
speqtrebis gadafarvis efeqti, romlebic koncentrir-
debian uaryofiTi da dadebiTi sixSireebis areebSi, 
umniSvnelod mcirea. es dakavSirebulia sixSiris srul 
deviaciasTan. is gadamtani impulsis drois xangZlivobas-

Tan SedarebiT Zalian mcirea:   0 .    i  

vinaidan uaryofiTi sixSireebis areSi namdvili 
signalebisaTvis speqtri SesaZlebelia miviRoT furies 
gardaqmnis Tvisebebis safuZvelze (ix. Tavi 2): 

   U U   , amitom formula (4.42)-dan gamomdinareobs 
is, rom unda gamovTvaloT mxolod pirveli integrali, 
romelic iZleva speqtrul simkrives, roca 0.   

zemoTaRniSnulis gaTvaliswinebiT, Tu formula (4.42)-
is  eqsponincialuri funqciis arguments SevavsebT srul 
kvadratamde, miviRebT  

 
 

22 2
0 0

2

exp exp d
2 2 2

mU
U j j t t





   


 


     
       
       


i

i

. (4.43) 

mosaxerxebelia gadavideT t  cvladidan  axal x  argu-
mentze cvladis Secvlis SesrulebiT:  

0t x
 

 


 
   

 
. 

 gamoTvlebis CatarebiT, miviRebT 

 
  2

2

2 2
0

exp exp d ,
2 2 2

X

m

X

U x
U j j x

  


 


   
     

   
    (4.44) 

sadac integrirebis zRvrebi ganisazRvreba Semdegnairad: 

   0 0

1 2
2 2; .X X

 
   

 

   

 

i i

         (4.45) 
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 integrali (4.44) gamosaxulebaSi daiyvaneba kargad Ses-
wavlil specialur funqciebze – frenelis integralebze 
[11] :  

   
2 2

0 0

cos d ; sin d .
2 2

x x

C x S x
 

       

(frenelis integralebi gamoiyeneba fizikaSi talRebis 
difraqciis amocanebis amoxnisas) 

saboolood vRebulobT xsm-signalis speqtruli 
simkvrivis formulas: 

 
 

        

2

0

1 2 1 2

exp
2 2

mU
U j

C X C X j S X S X

 


 

 
   
  

     

      (4.46) 

warmovidginoT es speqtraluri simkvrive maCvenebel 

formaSi:      exp ,U U j      SesaZlebelia SevniSnoT, 

rom moduli (amplituduri speqtri) 

         
2 2

1 2 1 2
2

mU
U C X C X S X S X





          .     (4.47) 

maSin, roca fazuri speqtri Sedgeba kvadratuli 
Sesakrebisagan  

                      
2

1 0 2                        (4.48) 

da egreTwodebuli naSTuri fazuri wevrisagan  

 
   

   
1 2

2
1 2

arc
S X S X

tg
C X C X




 


.             (4.49) 

4.3.3. xsm-signali didi baziT  

 miRebuli gamosaxulebebis ricxviTi analizi 
adasturebs imas, rom marTkuTxa xsm-impulsis speqtruli 
simkrivis modulis da fazis sixSiruli damokidebuleba 
mTlianad damokidebulia uganzomilo ricxvze 

 2 2B f    i i ,                  (4.50) 

romelic udris sixSiris deviaciis f da impulsis xangZ-

livobis i  namravls. mas ewodeba xsm-signalis baza. 

 (Teoriul radioteqnikaSi bazis cneba gamoiyeneba sxvadasxva 
signalebTan mimarTebaSi. roca 1B  signals uwodeben rTuls, 
xolo roca 1B   - ubralos). 
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 (4.47) formulis analizis safuZvelze, SegviZlia dav-

wmundeT, rom speqtris centralur sixSireze  0  

 0
2

mU U





                  (4.51) 

   aseTi signalis energetikuli speqtri gamoiTvleba 

formuliT            2 2mW U i ,                    (4.53) 

romelic sixSireebis  0 02, 2     zolSi aseve 

mudmivi sididea da nulis toli xdeba am zolis miRma. 
 

magaliTi 4.4.  marTkuTxa xsm-impulsis amplitudaa 20mU  v, 

gadamtani sixSirea 0 10f  ghc da xangZlivobaa i = 2 mkwm. 

gansazRvreT aseTi signalis ZiriTadi parametrebi. 
amoxsna:  upirveles yovlisa, vpoulobT signalis bazas 

 2 7 62 10 10 2 10 200B f          i i . sixSiris nazrdis siC-

qare  8 6 142 6.28 10 2 10 3,14 10f         i wm-2. energetikuli 

speqtri gamoiTvleba  2 2mW U i  formulis gamoyenebiT da 

toli iqneba 122 10W  i  v2·wm2. vinaidan signalis baza didia, 

misi speqtri praqtikulad ganTavsdeba sixSiris zolis 

0 2 9.95f f  ghc -dan  0 2 10.05f f  ghc -is  sazRvrebSi. 

 
4.3.4. xsm-signalis avtokorelaciuri funqcia  

xsm-signalis avtokorelaciuri funqciis (akf) povna 
Zalze mniSvnelovania signalis aRmoCenisaTvis. 

am maxasiaTebelis dadgenisaTvis mizanSewonilia gamo-
viyenoT me-III Tavis Sedegebi, romelSic naCvenebia, rom 
kavSiri akf da signalis energetikul speqtrs Soris 
dgindeba furies integraluri gardaqmnis wyviliT. 

vTqvaT, rom xsm-signalis baza (impulsis sigrZe) sakma-
risad didia, ise, rom am signalis energetikuli speqtri 
Tanabaria da Tavmoyrilia sixSiris   zolSi gadamtani 
sixSiris irgvliv. maSin xsm-signalis avtokorelaciuri 

funqcia (ix. formula (4.53), anu    2 2m mW U   ):   

   
0

0

2
1

d cos d
2 2

j mU
B W e

 



 

    
 



 

   
i

i

ixsm
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 2

0

sin 2
cos .

2 2

mU  
 

  


ii

i

               (4.54) 

normirebuli avtokoreliaciuri      0r B B 
xsm xsm xsm

 

funqcia gamosaxulia nax. 4.9-ze. aqve moyvanilia am fun-
qciis momvlebi, romelsac aqvs furclovani struqtura. 

 
               a                               b 

nax. 4.9.   xsm-signalis avtokorelaciuri funqcia 
     a – normirebuli akf;  b - normirebuli akf 

momvlebi 
(4.54) formula adgens xsm-signalis Semdeg Tvisebas: 

mTavari furclis momvlebis sigane impulsuri signalis 
sixSiris deviaciis ukuproporciulia. marTlac, momvlebi 
pirvelad nulad iqceva signalis wanacvlebisas misi 

aslis mimarT drois  2 1 f    i  intervalSi. 

radiolokaciaSi gamoyenebuli xsm-signalebi xasiaTdebian 
mniSvnelovani sixSiris deviaciiT, amitom mTavari 
furceli aris viwro. magaliTad, magaliTi 4.4-Si Ses-
wavlili  signalis Zvra, romelic akf aqcevs nulad, 
Seadgens 0,01 mkwm, anu impulsis xangZliobis 0.5%. 

korelaciuri Tvisebebis TvalsazrisiT xsm –signals 
gaaCnia cnobili naklovanoba: sakmaod maRalia pirveli 
ori simetriuli gverdiTi foTlebis simaRleebi, romle-
bic Seadgenen centraluri foTlis simaRlis 0.212-s (ix. 
nax. 4.11). araxelsayrel pirobebSi amas SeuZlia 
Semoitanos impulsis droiTi mdebareobis gansazRvris 
cdomileba.  
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4.4. me-IV Tavis mokle mimoxilva.   

4.4.1. Sedegebi 

 modulaciis procesi dakavSirebulia signalis 
speqtris gadatanaze dabali sixSireebis aridan maRal 
sixSireebis areSi.  

 amplituduri modulaciisas (am) signalis momvlebi 
dakavSirebulia dabalsixSirovani modulirebuli 
rxevebis myisier mniSvnelobebTan.  

 am-signalis speqtri Seiqmneba gadamtani rxeviT da ori 
gverdiTi simetriuli rxevebis jgufebiT. 

 am-signalis gadacemis aucilebeli sixSiris zoli 
udris umaRlesi sixSiris gaorkecebul mniSvnelobas 
modulirebuli rxevebis speqtrSi.  

 kuTxuri modulaciisas gadamcemi Setyobineba gansaz-
Rvravs droSi cvlad gadamtani rxevis fazur kuTxes. 
ganasxvaveben sixSirul (sm) da fazur (fm) 
modulaciebs 

 sixSiruli (sm) da fazuri (fm) modulaciebis ZiriTadi 
parametria – kuTxuri modulaciis indeqsi, romelic 
udris fazis deviacias. 

 Teoriulad kuTxuri modulaciis signalis speqtris 
sigane ganusazRvrelad didia. 

 indeqsis mcire mniSvnelobisas sm da fm speqtris 
sigane praqtikulad udris moduliaciis gaorkecebul 
zeda sixSires.  

 indeqsis maRali mniSvnelobisas sixSiris zoli, 
romelic ukavia signals, Seadgens sixSiris deviaciis 
gaorkecebul mniSvnelobas.  

 signalebs xazovani sixSiruli modulaciiT (xsm) 
gaaCniaT praqtikulad Tanabari speqtri SezRuduli 
sixSiris zolis zRvrebSi, Tu signalis baza 
sakmarisad maRalia. 

 xsm-signalis avtokorelaciur funqcias aqvs furclo-
vani struqtura; sixSiris deviaciis gazrdisas  
mTavari firclis sigane mcirdeba.  
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4.4.2. sakontrolo kiTxvebi 

1. ra parametrebiTaa miRebuli amplituduri modulaciis 
siRrmis daxasiaTeba? 

2. ra aris Setyobinebis damaxinjebis mizezi, romelsac 
adgili aqvs gadamodulirebisas? 

3. razea damokidebuli simZlavris ganawileba 
erTtonaluri am-signalis speqtrSi? 

4. Cveulebriv erTmaneTTan ra TanafardobaSi imyofebian 
gadamtani da mamodulirebeli rxevebi? 

5. ra principiT igeba erTtonaluri am-signalis 
veqtoruli diagrama? 

6. principulad riT gansxvavdebian signalebis 
oscilogramebi balansuri amplituduri modulaciiT 
Cveulebrivi  am-signalebisagan? 

7. raSi mdgomareobs sixSirulad da fazurad modulire-
buli signalebis msgavseba da gansxvaveba?  

8. rogor aris dakavSirebuli erTmaneTTan modulaciis 
sixSire, sixSiris indeqsi da deviacia? 

9. modulaciis mcire indeqsebisas ra saxis speqtrisgan 
Sedgeba sm da fm – signalebi? 

10. mcire indeqsebisas ra gansxvavebaa sm da fm – 

signalebis speqtrebs Soris?  
11. ratom aris praqtikulad SezRuduli sixSiris zoli, 

romelic ukavia signals kuTxuri modulaciiT? 
12. rogor unda amovarCioT kuTxuri modulaciis indeqsi, 

rom signalis speqtrSi ar iyos gadamtani rxeva? 
13. riT gansxvavdeba sm da fm – signalebis speqtrebi, 

rodesac mamodulirebeli rxeva araharmoniulia? 
14. ra fizikur princips efuZneba xazovani sixSirulad 

modulirebuli (xsm) signalis SekumSva? 
15.  ra saxiT Semoitaneba xsm-signalis cneba? 
16. rogor gamoiyureba  xsm-signalis avtokoreliaciuri () 

fumqciis grafiki marTkuTxa formis momvlebiT? 
17. ratom ar aris xsm-signali srulyofili misi akf 

struqturidan gamomdinare?  
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4.4.3. amocanis/magaliTis amoxsnis zogadi meTodika 

 

   zogadi meTodi  ar arsebobs. yovel konkretul SemTx-
vevaSi magaliTis/amocanis amoxsnas unda mivusadagoT 
Sesabamisi maTematikuri aparati da logikuri msjelobiT 
amoxsnaT dasmuli magaliTi an amocana. 

 
4.4.4. tipiuri amocanebis amoxsnis magaliTebi 

4.4.4.1. signalebi amplituduri modulaciiT 

          
magaliTi m.4.1. erTtonaluri am- signali aRiwereba 

gamosaxulebiT       4 0 7 0500 1 0.8cos 10 45 cos 10 90u t t t    . 

masStabSi aageT mocemuli signalis 
veqtoruli diagrama, romelic pasuxobs 
drois 0t  moments. 
   amoxsna: signalis veqtoruli di-
ograma moyvanilia nax. m.4.1.-ze. aq OK -
kuTxeebis aTvlis RerZia, OA – gadamtani 
rxevis veqtori, AB - zeda gverdiTi 
rxevis veqtori, AC  - qveda gverdiTi 
rxevis veqtori, OD  - rezultirebuli am-

plitudis  
    nax. m.4.1     veqtori. naxazze moyvanilia masStabi 

magaliTi m.4.2. amplitudur-modulirebuli signali (v) 
aRiwereba gamosaxulebiT  

    0
12 1 0.6cos 0.2cos2 cosu t t t t     . 

ipoveT  U t  signalis momvlebis udidesi da umciresi 
mniSvnelobebi. 
  amoxsna: SemovitanoT aRniSvna x t  . cxadia, momvlebi 
miaRwevs eqstremalur mniSvnelobas, roca   

 1 0.6cos 0.2cos2 0x x    ,   anu   0.6sin 0.4sin 2 0x x  . 

Cxadia, fesvi 0x   Seesabameba momvlebis maqsimumis miR-

wevas  max 21.6U  v. sxva fesvis povnisaTvis, gavyoT gan-

tolebis orive mxare sin 0x  , saidanac cos 0.75.x    anu 

2.419x   da min 6.9U  v. 
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magaliTi m.4.3. aCveneT, rom erTtonaluri am -signalis  

   
0 01 cos cosu t U M t t    moduliaciis koeficientebi 

“zeviT” Mz da “qveviT’ Mq  emTxveva erTmaneTs M M M z q .  

  miTiTeba:  mxedvelobaSi miiReT, rom  max 0 0M U U U z  

 0 min 0M U U U q . 

  magaliTi m.4.4. erTtonaluri am -signalis  oscilogra-
ma, roca 1M   moyvanilia nax. 
m.4.2-ze. miiReT formula modu-
laciis M koeficientis gan-
sazRvrisaTvis eqsperimentuli 
mniSvnelobebis gazomvebiT 

miRebuli eqstremaluri maxU  da 

minU   mniSvnelobebis  gamoyenebiT. 

 amoxsna:  modulaciis koeficienti moiZebneba signalis 
eqstremaluri mniSvnelobebis gamoyenebiT:  

 
 

 

max 0

min 0

1

1

U U M

U U M

  


 
 Tu gavyofT erTmaneTze, miviRebT,               

                          rom  max min

max min

U U
M

U U





. 

 magaliTi m.4.5. nax. m.4.3. moyvanilia erTtonaluri am -

signalis  u t  oscilograma 1M  , roca adgili aqvs 

gadametmodulacias. ipoveT modulaciis koeficienti M  

cnobili maxU  da minU  amplituduri mniSvnelobebis 

gamoyenebiT. 
 amoxsna:   moyvanili 
oscilogramidan gamomdinareobs 

Tanafardobebi   
0 max1U M U  da 

 
0 min1U M U   . 

miRebul gamosaxulebebs Tu gav-
yofT erTmaneTze da Semdeg gamo-
viangariSebT M -is mniSvnelobas,  

      nax. m.4.3           miviRebT  

max min

max min

U U
M

U U





. 
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   magaliTi m.4.6. erTtonaluri am -signalis  oscilogra-

ma (nax. m.4.2) xasiaTdeba imiT, rom max 130U  v, min 20U  v. 

ipoveT  modulaciis M koeficienti da gadamtani rxevis 

amplituda 0U .  

 amoxsna:   am SemTxvevisTvis modulaciis koeficienti 
moiZebneba signalis eqstremaluri mniSvnelobebis gamoye-
nebiT (ix. magaliTi m.4..4):  

 
 

 

max 0

min 0

1

1

U U M

U U M

  


 
 Tu gavyofT erTmaneTze, miviRebT,               

  rom  max min

max min

U U
M

U U





=0.73, xolo max min

0
2

U U
U


 = 75 v. 

   magaliTi m.4.7. SeafaseT sixSiris siganis zoli  sz , 
romelic eTerSi ukavia telegrafis radioarxs. radi-
oarxi muSaobs am  principiT 300 niS/wT siCqariT. gamoT-

vlebis simartivisaTvis 
dauSviT, rom gadasacemi sig-
nali aris morzes kodis wer-
tilebis perioduli mimdevroba. 
dayovnebis xangZlivoba udris 

gadasacemi radioim  
       nax. m.4.4            pulsis xangZlivobas (ix. 
nax.m.4.4)  
 amoxsna:   miTiTeba (dauSviT, rom radioimpulsis speq-
tris sigane SezRudulia misi speqtruli diagramis Ziri-
Tadi furclis siganiT). 

 pasuxi   20sz hc. 

 magaliTi m.4.9. emZ -is wyaro  
0 0

1 cos cosU M t t   ampli- 

tuduri modulaciiT (am ) datvirTulia rezistorul R  
winaRobaze. miiReT myisieri simZlavreebis gamosaxulebebi 

datvirTvaSi  p t
 da  

2
p t


, romlebic icvlebian droSi 

sixSireebiT   da 2 , Sesabamisad. 
 amoxsna:   myisieri simZlavris gamoTvlisas, gvaqvs 

   
2 2

2 2 20 0

0

1 cos2
1 cos cos 1 2 cos

2

U U t
p t M t t M t M

R R


  
        

 

                        0
1 cos 2

.
2

t 
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aqedan     
2 2

0 0

2
cos ; cos2 .

4

U M U M
p t t p t t

R R
 

     

 

4.4.4.2. signalebi kuTxuri modulaciiT 

 
  magaliTi m.4.12.  rxeva kuTxuri modulaciiT aRiwereba 

gamosaxulebiT    8 6 515cos 10 3sin10 1.4sin10 4 .u t t t t      

ipoveT mocemuli signalis myisieri sixSire drois 1t   
mkwm momentSi.  
 amoxsna: rxevis gamosaxulebidan signalis sruli 

fazaa:         8 6 510 3sin10 1.4sin10 4.t t t t      

 myisieri sixSire aris warmoebuli sruli fazidan: 

  8 6 6 5 510 3 10 cos10 1.4 10 cos10 .t t t       

 Tu CavsvavT 610t   wm mniSvnelobas, miviRebT   
  8 11.0176 10 .t   wm  

 magaliTi m.4.18.*  erTtonalur sixSirulad modulire-

bul  sm - signals aqvs sixSiris deviacia 4 16 10    wm . 

ipoveT sixSiris modulaciis SesaZlebeli mniSvnelobebi-

dan  udidesi max  mniSvneloba, romlis drosac signali 

ar Seicavs gadamtani sixSiris speqtrul mdgenels. 
 amoxsna:   gadamtani sixSiris speqtruli mdgeneli ar 
iarsebebs yvela im modulaciis m  indeqsis mqone mniSvne-
lobebisaTvis, romlebic aris fesvebi transcedenturi 

gantolebisa  
0

0.J m   aseTi fesvebis simravle usasru-

loa; umciresi fesvia 2.405m  . vinaidan m    , amitom  

m   , maSin max  mniSvnelobas Seesabameba 
4 1

max
6 10 2.405 24948     wm . 

   *maTematikis specialur kursSi damtkicebulia, rom  eqspone-

nta  exp sinjm x specialuri saxis warmosaxviTi maCvenebliT, 

perioduli monakveTze x    , iSleba furies kompleqsur 

mwkrivad:  sinjm x jk x
k

k

e J m e




  , sadac m -nebismieri namdvili 

ricxvia;  kJ m - k  argumentis beselis funqcia m  argumentiT.  

    magaliTi m.4.20. kuTxuri modulaciis signalis speqt-

rul warmodgenas aqvs saxe     6 48cos 10 0.06sin10u t t t  . 
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Aam signalisTvis ipoveT speqtruli mdgenelebis 2mU  da 

3mU  amplitudebis miaxloebiTi mniSvnelobebi 0 2   da 

0 3    sixSireebze, Sesabamisad.  

 miTiTeba: daSaleT funqciebi  cos sinm t da  sin sinm t , 

rodesac 1m  teiloris mwkrivad. SeizRudeT  TiToeu-
li rigis or-ori wevris gamoyenebiT.                 
 amoxsna: harmoniuli funqciis mcire argumentis daS-
lis or-ori wevris datovebiT, gveqneba  

     

    
0 0 0 0

2 2 3 3
0 0 0 0

cos sin cos sin sin sin

cos 1 ( sin ) 2 sin sin sin 6 .

u t U m t t U m t t

U t m t U t m t m t

 

 

    

      

Tu cnobili wesebiT gavxsniT tigonometriuli fesvebis 
xarisxebs, vopoviT, rom  

2 3 3 5
2 0 3 08 3.6 10 , 48 3.6 10 ,m mU U m U U m        

4.4.4.3. signalebi xazovan-sixSiruli modulaciiT 

 magaliTi m.4.25. gamoTvaleT marTkuTxa formis, 
i
 xan-

gZlivobis, 0U mocemuli amplitudiT da sixSiris cnobili 

wazrdis siCqariT    u t xsm - impulsis saxis signalis 

energiis Ei  miaxlovebiTi mniSvneloba. amocana amoxseniT 

ori xerxiT : a) uSualo integrirebiT drois areSi; b) 
signalis energetikuli speqtris cnebis gamoyenebiT. 
   amoxsna:   a) davuSvaT, rom drois aTvlis dasawyisi 
emTxveva impulsis Sua wertils, maSin gveqneba 

2

2 22 0
2 2 2

0 0 0

2 2

1 cos 2
2

cos d d
2 2

t
t

t
E U t t U t

 

 







 

 
     

   
  

i i

i i

i . 

 mricxvelis integralqveS gamosaxulebis meore Sesak-
rebi warmoadgens niSancvlad funqcias; signalis bazis 
zrdasTan erTad misi Senatani miiswrafis nulisaken. ami-

tom F 2

0
2.E U i i

 

  Bb) signalis energetikuli speqtri praqtikulad mudmi-

via sixSiris gatarebis zolSi   
i
 da udris 

 2

0
2 .W U i maSin energia 2

0
2,E W U    i i i

 rac mii-

Reba sxva xerxis gamoyenebiT. 
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   magaliTi m.4.28. ipoveT xsm - impulsis saxis signalis 

 
2

2

0 0
cos

2

t t
s t U e t 

  
  

 
  speqtruli simkvrive  S   moce-

mul usasrulo intervalze t     da gaaCnia gausis 
formis momvlebi (ix. nax m.4.5). 

 amoxsna: warmovidginoT  s t  signalis speqtruli 

simkvrive Semdegi saxiT:  
1 2

S I jI    sadac   

2
2

1 0 0
cos cos d

2

t t
I U e t t t 

 






 
   

   

     
2

2 2

0

0 0
cos cos d ,

2 2 2

tU t t
e t t t  

   






    
         

    
  

2
2

2 0 0
cos sin d

2

t t
I U e t t t 

 






 
   

   

     
2

2 2

0

0 0
sin sin d .

2 2 2

tU t t
e t t t  

   






    
         

    
  

amoxsnisaTvis visargebloT tabulirebuli integraliT 

 
2

2 2

2

2 2 2 22 24

sin

sin
cos

cos

1
2 d exp arc tg ,

2

a x aq p pq
e px qx x =

a p a a pa p








   
     

     


miviRebT         
2 2 2

0 4 40

1
2 24

exp
2 4

U
S e jA

p

    




  
    


 

                      
2 2 2

0 4 40

2
2 24

exp ,
2 4

U
e jA

p

    



  
  


 

sadac      

 

 
 

 

2 2

0 0

1 22 2 2 2

1 1
arc , arc

2 2 2 2 28 4 8 4
A tg A tg

       

     

 
    

 
. 

   bolo formulis pirveli Sesakrebi aRwers speqtrul 
komponentebs, romelTac aqvT maqsimumi uaryofiTi 

sixSireebis areSi  roca 
0

~ ;  meore Sesakrebi Seesaba-

meba speqtris im nawils, romelsac aqvs maqsimumi, roca 

0
~  . praqtikaSi gamosayenebeli yvela SemTxvevisTvis, 

miTiTebuli speqtris nawilebi ar «gadaikveTebian». 
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Tavi V. signalebi SezRuduli speqtriT 

rogorc cnobilia (ix. Tavi II), signalis aRsadgenad 
misi speqtris gamoyenebiT aucilebelia gaviTvaliswinoT 
sixSireebi, romlebic Zevs nulidan usasrulobamde. 
magram aseTi procedura principulad ver 
ganxorcieldeba. amasTan speqtruli mdgenelebis Senatani, 
roca  , SegviZlia ugulebelvyoT signalis energiis 
SezRudulobis gamo. da bolos, signalis gadacemis da 
damuSavebis nebismier realur mowyobilobas aqvs 
gatarebis sasruli zolis sigane. 

amitom yovlad realisturia signalis maTematikuri 
modeli, romelsac gaaCnia aseTi Tviseba: rxevebis 
speqtruli simkvrive nulisgan gansxvavebulia mxolod 
sasruli sigrZis sixSireebis raime zolis sazRvrebSi. 
radioteqnikaSi msgavs signals ewodeba signali 
SezRuduli speqtriT. 

5.1. SezRuduli speqtris signalebis zogierTi 

maTematikuri modeli 

vTqvaT R  - sixSiris RerZis sasruli monakveTia. signa-

lis  s t  speqtruli simkvrive (SezRuduli speqtriT) 

akmayofilebs pirobebs:   0S    roca ,R   xolo 

  0S    yvela sxva sixSireebis mniSvnelobebisaTvis. 
drois areSi, SezRuduli speqtris mqone signalis maTema-

tikuri modeli, SeiZleba miviRoT furies Seqceuli 
gardaqmnis formulidan 

                      
1

d
2

j t

R

s t S e  


                (5.1)  

imisda mixedviT, Tu ra R  monakveTs da  S   funqcias 
amoirCevT, warmoiqmneba gansxvavebuli signalebis saxeebi 
SezRuduli speqtriT. 

5.1.1 dabalsixSiruli idealuri signali 

ganvixiloT rxeva mudmivi namdvili speqtruli 
simkvriviT monakveTis sazRvrebSi sixSiris RerZze 

nulidan zeda sazRvrul z  sixSiremde; am monakvTis 

gareT signalis speqtruli simkvrive gadaiqceva nulad;  
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0

0, ,

, ,

0, .

S S

 

   

 

 


   
 

z

z z

z

   (5.2) 

  
   nax. 5.1  
aseTi signalis myisieri mniSvneloba 

  0 0 sin
d .

2

j tS S t
s t e

t







 


  


  
z

z

z z

z

           (5.3) 

aseT rxevas ewodeba dabalsixSiruli idealuri 
signali (dis). amiT xazs vusvamT imas, rom sxva 
analoguri signalebisgan gansxvavebiT am signalis saxe 
umartivesia.  

grafiks, agebuls formula (5.2) 
mixedviT, aqvs oscilirebuli mrudis 
saxe. is luwia da amitom simetriulia 
ordinatTa RerZis mimarT (ix. nax. 5.2). 
sixSiris speqtris zeda zRvris 
gazrdisas izrdeba rogorc centra-
luri maqsimumi, aseve osciliaciis 

    nax. 5.2       sixSire. 
dis metad zogadi saxe miiReba, Tu formula (5.2)-Si 

SemovitanT speqtruli simkvrivis fazas, romelic 
xazovnad aris dakavSirebuli sixSiresTan: 

  0
0

0, ,

, .

0, .

j t
S S e



 

   

 



 


   




z

z z

z

       (5.4) 

speqtruli simkvrive (5.4) Seesabameba dabalsixSirul 
signals 

              
 

 
00

0

sin
.

t tS
s t

t t



 


 



zz

z

 

wanacvlebuls droSi (5.3) signalis mimarT 0t  wamiT. 

 (ivaraudeba, rom dabal sixSiruli filtris maxasiTebeli 
mocemuli zeda sazRvruli sixSiriT sakmarisad zustad 
aproqsimirdeba marTkuTxa formiT).   
 dis aris dabali sixSiris filtris (dsf)  idealizire-
buli gamomavali reaqcia, aRgznebuli rxevis sixSiriT 
Tanabari speqtruli simkvriviT, anu delta-funqciiT.   
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5.1.2. idealuri zoluri signali 

  gamovikvlioT signalis 
maTematikuri modeli, romlis speqtri 
SezRudulia sixSireebis zolebiT 
TiToeuli 2   siganiT da centrebiT 

sixSireebze 0  (ix. nax. 5.3).  Tu am 

zolebis farglebSi signalis 
speqtruli simkvrive aris 
     nax. 5.3        mudmivi: 

 
0 0 0

0 0 0

, ,

, ,

0,

S

S S

    

     

      


     

 am zolebis gareT,

              (5.5) 

maSin wina paragrafis analogiurad am signals ewodeba 
idealuri zoluri signali (izs). 
 izs myisier mniSvnelobas vipoviT furies Seqceuli 
gardaqmnis gamoyenebiT 

  
0

0

0 0
0

2 sin
cos d cos .

S S t
s t t t

t

 

 

 
  

  





 
  

          (5.6) 

izs grafikis agebisas (nax. 5.4), gamovlindeba, rom 0  

sixSireze maRalsixSirovan oscilaciebTan erTad Seini 
Sneba amplitudis myisieri mniSvnelobebis 

droSi cvlileba. funqcia    sin t t    

masStaburi 02S    koeficientis sizustiT 

TamaSobs izs neli momvlebis rols. 
Teoriulad izs miRebis SesaZlebeli 

xerxi naTelia: idealuri zolovani 
filtris Sesasvlelze, romelic atarebs 
rxevebs sixSireebiT mxolod zolis 
zRvrebSi   

 0 0        , unda miwodebel iqnes  

  nax. 5.4    farTodiapazoniani zemoqmedeba delta-impul-
sis saxiT. 

5.1.3. orTogonaluri signali SezRuduli speqtriT 

 SezRudulobis Tviseba iZleva saintereso da mniSvne-
lovani orTogonaluri signalebis moZiebis saSualebas. 
umartivesi magaliTi – ori orTogonaluri zolovani 
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signali, romelTa arsebobis speqtris areebi ar gadai-
kveTeba. am signalebis skalaruli namravlis nulis to-
loba gamomdinareobs uSualod releas ganzogadoebuli 
formulidan.  
   SezRuduli speqtris signalebis orTogonolizaciis 

naklebad cxadi xerxi mdgomareobs maT 
droSi wanacvlebaSi (ix. nax. 5.5). 
ganvixiloT ori idealuri dabalsix-

Sirovani signali (ids)  u t  da  t . 
orive signals aqvT erTnairi parame-

trebi  0S  da z  [ix. formula (5.2)], 

magram signali  t  CamorCeba  u t  sig-

nals 0t  droiT, ise rom misi speqtruli 

simkvrive      0expV U j t    .   

  am signalebis skalaruli 
namravli,  
    nax. 5.5       gamoTvlili maTi speqtruli simkvrive     
                 ebiT, 

  0

2 2
0 0 0

0

sin
, d .

2

j tS S t
u e

t







 
 

  


 
z

z

z z

z

           (5.7) 

skalaruli namravli gadaiqceva nulad da ori formiT 
erTnairi ids (idealuri dabalsixSirovani signali) (ix. 

nax. 5.6) aRmoCndeba orTogonalurbi, Tu maT Soris 
0
t  

droSi Zvra akmayofilebs pirobas  

 0 1, 2,...t k k    z  

minimalurad SesaZlebeli drois 0t  

Zvra, romelsac mivyavarT signalebis 

orTogonalizaciisken, miiReba 1k   :  

0

1
.

2
t

f




   

z z

         (5.8) 

principulad mniSvnelovania, rom    
  nax. 5.6        moyvanili qmedebiT SevZeliT ara ubra-

lod ori signalis orTogonalobis miRweva. amiT miTiTe-
bulia usasrulo orTogonaluri bazisis agebis gza, ro-
melic SesaZlebelia gamoyenebel iqnas koordinatul sis-
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temad nebismieri SezRuduli sixSiris z  mqone signalis 

daSlisas. 

ganxiluli signalebis grafikebi ori  0t  mniSvnelobi-

saTvis gamosaxulia nax. 5.7: a – roca 
0 0
t   ; b – roca 

0 0
2t   . 

 
                     a                b 

nax. 5.7 
drois im momentSi, rodesac erT-erTi signali aRwevs maq-
simums, sxva signalebi, am signalebis ojaxidan, gadian 
nuls. 

5.2. kotelnikovis Teorema 

1933 wels kotelnikovma daamtkica Teorema, romelic 
warmoadgens erT-erT fundamentur debulebas Teoriul 
radioteqnikaSi. Ees Teorema adgens (ra sizustiTac 
gvinda) SezRuduli speqtris mqone signalis myisieri 
mniSvnelobebis aRdgenis SesaZleblobas gamomdinare 
asaTvleli mniSvnelobebidan (amokrefebidan), romlebic 
aRebulia drois tol SualedebSi.  

5.2.1. orTonormirebuli bazisis ageba  

rogorc naCvenebi iyo, SezRuduli speqtris mqone 
nebismieri ori signali, romelic ekuTvnis ojaxs 

sin ( / )
( ) , ( 0, 1, 2,..),

( / )
k

t k
u t A k

t k

  

  


   



z z

z z

     (5.9) 

warmoadgens orTogonalurs.  
A Aamplituduri mamravlis Sesabamisi arCevis gziT 

SeiZleba mivaRwioT imas, rom am signalebidan TiToeulis 
norma gaxdes erTeulovani. Sedegad agebuli iqneba 
orTonormirebuli bazisi, romelic saSualebas gvaZlevs 
davSaloT SezRuduli speqtris mqone nebismieri signali 
furies ganzogadoebul mwkrivad. 

sakmarisia ganvixiloT mxolod funqcia  

0

sin
( ) ,






t
u t A

t

z

z

        (5.10) 
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vinaidan nebismieri ku  signalis norma erTnairia miuxeda- 

vad droSi Zvrisa. ramdenadac 

 
 

2 22 2
2 2

0 2 2 2

sin sin
,

t tA A
u A dt d t

t t

  


  

 

 

   
z z

z
z zz z

  (5.11) 

funqciebi ku  orTonormirebuli iqneba, Tu 1ku  , anu 

/ . A z            (5.12) 

funqciebis usasrulo erToblioba 

sin ( / )
( ; )

( / )

   


   





k

t k
Sc t

t k

z z z
z

z z

     (5.13) 

qmnis kotelnikovis baziss dabalsixSiruli signalebis 
wrfiv sivrceSi speqtriT, romelic zemodan 

SemosazRvrulia z  mniSvnelobiT. calkeul funqcias 

( ; )kS c t z  ewodeba k –uri asaTvleli funqcia. 

5.2.2. kotelnikovis mwkrivi da Teorema 

   Tu ( )s t  nebismieri signalia, romlis speqtruli sim-

kvrive gansxvavdeba nulisagan mxolod     z z  six-

Sireebis zolSi, maSin is SeiZleba daiSalos furies 
ganzogadoebul mwkrivad kotelnikovis bazisis mixedviT: 

( ) ( ; )




  k k

k

s t c Sc t z       (5.14) 

mwkrivis koeficientebad gamodian, rogorc cnobilia, 

dasaSleli signalisa da k –uri asaTvleli funqciis 

skalaruli namravlebi:     ( ( ), ( ; )).k kc s t Sc t z     (5.15) 

aseTi koeficientebis gamoTvlis mosaxerxebeli meTo-
di mdgomareobs releis ganzogadoebuli formulis gamo-

yenebaSi. Aadvilia imis Semowmeba, rom k –ur asaTvlel 

funqcias     z z  monakveTis zRvrebSi aqvs speqtra-

luri simkvrive, romelic tolia exp( / ).


  


 j k z
z

Ees 

Cans (5.3) da (5.13) formulebis Sedarebidan. maSin, roca 

( )S  Sesaswavli ( )s t  signalis speqtria,  
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1
( )exp / .

2






   

 


 
 

    
  

kc S jk d

z

z

z
z

   (5.16) 

  sidide figurul frCxilebSi sxva araferia, Tu ara 

( ),k ks s t  e.i. ( )s t  signalis myisieri mniSvneloba k –ur 

asaTvlel wertilSi  2kt k k f  z z . 

Aamgvarad,               .



k kc s

z

       (5.17) 

saidanac gamomdinareobs kotelnikovis mwkrivis gamosaxu-

leba:               sin ( / )
( ) .

( / )

  

  









 k

k

t k
s t s

t k

z z

z z

    (5.18) 

bolo tolobis safuZvelze miRebulia Kkotelnikovis 
Teorema Camoyalibdes ase: nebismieri signali, romlis 
speqtri ar Seicavs sixSireebs fz -is hc zeviT, mTlianad 

SeiZleba aRdgenil iqnes, Tu cnobilia am signalis 
asaTvleli mniSvnelobebi, aRebuli 1 (2 )fz wm drois tol 

SualedebSi. 
 
magaliTi 5.1. mocemulia signali 0 0( ) cos( )s t t   , (ix. nax. 

5.8). 0t  anaTvlebs Soris raRac fiqsirebuli intervalis arCeviT 

SesaZlebloba gveZleva anaTvlebis mixedviT 
calsaxad aRvadginoT signali, romlis 
speqtri ar Seicavs sixSireebis mdgenelebs, 
romlebic aRemateba sasazRvro sixSires 

0/ .t z . 

amoxsna: Tu 0  z , maSin gansaxilveli  

   nax. 5.8        harmoniuli signalisaTvis  SeiZleba kote-
lnikovis Teoremis gamoyeneba. mocemuli signalis anaTvlebis  
(amorCevebis) mniSvnelobebi        

0 0cos( / ).ks k   z
 

zRvrul SemTxvevaSi, roca sixSire 0 miiswrafis z -sken 

marcxnidan, anu                     
0

lim( )


  


 0 z . 

harmoniuli signalis yovel periodze SeiZleba modiodes 
zustad ori amokrefa. 

Tu irRveva kotelnikovis Teorema, da droSi anaTvlebi 
aiReba arasakmarisad xSirad, maSin sawyisi signalis aRdgena 
principialurad SeuZlebelia. anaTvlebis wertilebze SeiZleba 
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gavataroT mrudebis uricxvi raodenoba, romelTa speqtruli 

simkvriveebi     z z zolis gareT gansxvavdeba nulisagan. 

nax. 5.8 –ze moyvanili signalis erTmniSvnelobiani aRdgena   
SesaZlebelia.         
5.2.3. kotelnikovis mwkriviT warmodgenili signalis 

sinTezis aparaturuli realizacia 

 Kkotelnikovis Teoremis mniSvnelovani Tavisebureba 
mdgomareobs mis konstruqciul xasiaTSi: is ara marto 
miuTiTebs signalis Sesabamis mwkrivSi daSlis 
SesaZleblobas, aramed gansazRvravs uwyveti signalis aR-

dgenis meTods, romlebic mocemulia Tavisi anaTvlebis  
mniSvnelobebiT (nax.5.9). 
vTqvaT gvaqvs generatorTa erToblioba, romlebic gamo- 

sasvlel momWerebze qmnian asaTvlel funqciebs ( ; )kSc t z .  

 

Nnax. 5.9. signalis sinTezis aparaturuli realizacia  
              kotelnikovis mwkrivis mixedviT  

generatorebi marTvadia – maTi signalebis amplituda 

proporciulia ks  aTvlili mniSvnelobebis. Tu Sevaer-

TebT rxevebs gamosasvle-
lebze maTi miwodebiT am-
jamavze, maSin Semjamebe-
lis gamosasvlelidan, (5.18) 
formulis Sesabamisad, Se-

saZlebeli iqneba ( )s t  sin-

Tezirebadi signalis myis-
ieri mniSvnelobebis moxsna   

     nax. 5.10                nax. 5.10 moyvanili signalis 
erTmniSvnelovani aRdgena SeuZlebelia  

 
magaliTi 5.2. marTkuTxa videoimpulsi erTeulovani amplitu-

diT da i xangrZlivobiT ar miekuTvneba SezRuduli speqtris 
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mqone signalebis ricxvs. miT ufro misi speqtruli simkvrive 

sakmaod swrafad (1 / kanoniT) mcirdeba sixSiris zrdasTan 
erTad. daadgineT misi maTematikuri modeli 

amoxsna: aseTi signalis aRwera ori anaTvaliT, impul-  
sis dasawyissa da boloSi, aRniSnavs sawyisi rxevis Sec- 

vlas speqtriT, romelic SezRudulia zemodan /  z i  

sixSiriT.  
am signalis maTematikuri modeli (5.19) aseTia (nan. 5.11): 

sin( / ) sin[ ( ) / ]
( )

/ ( ) /

t t
s t

t t

    

    


 



i i i

i i i

 ,   (5.19) 

Tu aRvwerT impulss sami (ix. nax. 5.12) 
TanabarCamorCenili anaTvliT, maSin mivalT 
maaproqsimebel signalamde,  romelic  

 nax. 5.11   Seicavs sixSireebs   /t  z i -mde: 

sin(2 / ) sin[2 ( / 2) / ] sin[2 ( ) / ]
( ) .

2 / 2 ( / 2) / 2 ( ) /

t t t
s t

t t t

       

       

 
  

 

i i i i i

i i i i i

 (5.20) 

bunebrivia, rom gasaTvaliswinebeli 
wevrebis ricxvis zrdiT, anu amokrefebs 
Soris droiTi intervalis SemcirebiT, 
aproqsimaciis sizuste gaizrdeba.  

 
nax. 5.12 
 
5.2.4. cdomilebis Sefaseba, romelic aRiZvreba nebismieri      

    signalis kotelnikovis mwkriviT aproqsimaciisas 

Tu ( )s t  nebismieri signalia, maSin is SeiZleba warmovi-

dginoT jamiT o( ) ( ; ) ( )s t s t s t sig Secz , romelSic Sedis 

signali o ( ; )s t sig z  speqtriT, SezRuduli z mniSvnelobiT, 

aseve aproqsimaciis Secdomis signali ( )s tSec speqtriT, 

romelic zogad SemTxvevaSi ikavebs sixSireTa usasrulo 

zols   z . 

miTiTebuli signalebis speqtrebi ar gadaifareba, ami-

tom signalebi o s sig  da sSecorTogonaluria, xolo maTi 

energiebi, e.i. normebis kvadratebi ikribeba:     

                 
2 22

os s s sig Sec . 
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  Secdomis aproqsimaciis zomad SeiZleba miviCnioT 
manZili, romelic Secdomis signalis normis tolia. Tu 

( )sW   ( )s t signalis energetikuli speqtria, maSin releas 

Teoremis mixedviT 

1
( )dss W



 




 Sec

z

.       (5.21) 

 
magaliTi 5.3. mocemulia eqsponencialuri videoimpulsi 

( ) exp( ) ( )s t t t   , romelic xasiaTdeba energetikuli speqtriT 

2 2( ) 1/ ( )sW     da normiT:            

2 2 1

0

1
( ) d 0.7071/ .s    





    

   SeafaseT signalis aproqsimaciis cdomilebis norma. 
amoxsna: am impulsis efeqturi xangrZlivoba (ix. Tavi II) 

udris 2.3026 / . i  

gansaxilveli signalis speqtri araa Semofargluli. amitom 
saWiroa winaswar movaxdinoT signalis dabalsixSiruli fil-
tracia, misi gatarebiT dabali sixSireebis filtrSi (dsf). 

filtris gatarebis zolis zeda sixSiris z  mniSvneloba  

saWiroa avirCioT imisda mixedviT, Tu ramdenad xSirad aiReba 

signalis anaTvlebi dsf-is gamosasvlelze. vivaraudoT, rom i  

drois manZilze izomeba 10 anaTvali intervaliT 

0 / 9 0.2558 /t   i wm (ix. nax. 5.19).Kkote-

lnikovis Teoremis Tanaxmad es niSnavs, 

rom  
0/ 3.14 0.2558 / 12.279 .t     z  

signali dsf-is gamosasvlelidan zus-
tad aRdgeba Tavisi anaTvlebis mniSvne-
lobebis mixedviT. amasTan sawyisi vide-
oimpulsis mimarT  gardauvalia Secdoma.   
    mocemul SemTxvevaSi signalis Sec-

do-  
    nax. 5.19          mis norma 

1/2 1/2

2 2

1 1 0.1608
.

2

d
s arctg



 

    


   

      
    


z

z
Sec  

aproqsimaciis fardobiTi Secdoma 
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             / 0.1608 / 0.7071 0.2274.s s  Sec  

Cans, rom magaliTSi amorCeuli sixSire z  arasakmarisad  

maRalia sawyisi signalis kvlavwarmoebis damakmayofilebeli 
sizustis misaRwevad. 

 
5.2.5. signalebis sivrcis zoma, romlebic SezRudulia  

     speqtrisa da xangrZlivobis mixedviT 

impulsuri signalebis speqtraluri simkvriveebis gam-
oTvlis magaliTebi, moyvanili TavSi 2, aCvenebs, rom 
sasruli xangrZlivobis nebismier signals  aqvs speqtri, 
SeuzRudavad ganfenili sixSireTa RerZis gaswvriv. 

Tumca xSirad mosaxerxebelia ganvixiloT signalTa 
idealizirebuli modelebi, SemosazRvruli rogorc 
xangrZlivobiT, ise speqtris ganfenilobis mixedviT. 
msgavs modelebs SeuZliaT zustad aRweron signalebi, 
romelTa gamoyeneba xdeba kavSiris realur arxebSi. 

vTqvaT T aseTi signalis xangrZlivobaa, xolo fz - misi 

speqtris sasazRvro sixSire, gamosaxuli hercebSi. maSin 

signalis baza B Tf z  (ix. Tavi. 4, formula (4.50)).  

signalis sruli aRwerilobisaTvis unda hqondes 

0/ 2N T t Tf  z  damoukidebeli aTvla. 

Aamboben, rom ricxvi       2 2N Tf B z          (5.22) 

warmoadgens signalebis sivrcis zomas, romlebic 
SemosazRvrulia xangrZlivobisa da sixSiris mixedviT. 
ricxvi N , rogorc wesi, sakmaod didia. magaliTad, 1 
wuTSi signalis aRwerisaTvis, radiomauwyeblobis arxSi 

sasazRvro sixSiriT 12khc, saWiro iqneba 2601.210
4 

=1.4410
6
  

damoukidebeli ricxvi. 
   (informaciis TeoriaSi signalebis sivrcis zoma 
asrulebs Setyobinebebis moculobis Sefasebis rols). 

Tavis droze klod Senonma SemogvTavaza sasruli 
xangrZlivobiT da zoliT signalis interpretireba 
rogorc wertilisa mravalganzomilebian evklidis siv-

rceSi gazomvebis ricxviT 2Tfz . asaTvleli mniSvneloba 

ks am dros TamaSobs asasaxavi wertilis proeqciis rols 

k –ur koordinatTa RerZze. ramdenadac evklidis sivrcis 
metrika da sakoordinato RerZebi urTierTorTogona-
luria, signalis veqtoris sigrZe     



Tavi V.  signalebi SezRuduli speqtriT 

 171 

                     

1/2
2

2

1

Tf

s k

k

r s



 
 
 
 


z

                (5.23) 

sidide 
sr  SeiZleba gamoisaxos sE  signalis energiiT 

Semdegnairad. vinaidan     
2 2

2 2

1 1

1

2

Tf Tf

s k k

k k

E s s
f

 

  
z z

z

, 

maSin               2 2s sr E f Tf P z z saS ,              (5.24) 

sadac PsaS  signalis saSualo simZlavrea. Aaqedan 

gamomdinareobs, rom nebismieri signalebi fiqsirebuli 

parametrebiT ,T fz  da saSualo simZlavreebiT, romlebic 

ar aWarbebs P0  dones, gamoisaxeba wertilebiT, romlebic 

Zevs 0( ) 2P Tf P  z 0  radiusis mqone mravalganzomilebiani 

sferos SigniT.   

5.3. viwrozolovani signalebi 

 aseTi saxis radioteqnikuri signalebi warmoiSveba six-
Sirul -amorCeviTi wredebis da xelsawyoebis gamosasvle-
lebze. gansazRvris Tanaxmad, signals ewodeba viwrozo-
lovani, Tu misi speqtruli simkvrive nulisgan gansxvave-

bulia mxolod signalis sixSiruli intervalebis  

siganis zRvrebSi, romelic Seqmnilia 
0

 wertilebis 

midamoebiT, amasTan unda sruldebodes piroba 
0

1 .  

 rogorc wesi, SesaZlebelia CavTvaloT, rom  
0

  six-

Sire, romelsac ewodeba sayrdeni sixSiruli signali, 
emTxveva speqtris centralur sixSires. magram zogad 
SemTxvevaSi misi amorCeva sakmaod nebismieria. 

5.3.1. viwrozolovani signalis maTematikuri modeli 

 rogorc cnobilia (ix Tavi II), Tu  
1
f t - dabalsixSiru-

li signalia, romlis speqtri Tavmoyrilia nulovani six-

Siris midamoSi, maSin sakmaod didi 
0

  mniSvnelobisas, 

   
1 1 0

coss t f t t    rxevas eqneba viwrozolovani signalis 

yvela aucilebeli piroba, vinaidan misi speqtri 

aRmoCndeba koncentrirebuli 
0

  wertilis midamoSi. 
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viwrozolovani iqneba signalic    
2 2 0

sins t f t t  , romelic 

gansxvavdeba Tanamamravlis faziT. viwrozolovani signa-
lis zogadi maTematikuri modeli SesaZlebelia miviRoT, 

Tu SevadgenT xazovan kombinacias saxiT    
     

0 0
cos sins ss t A t t B t t    .              (5.25) 

 funqciis orive Sesavali drois funqciebi   
sA t  da 

 
sB t  arian dabalsixSirovanebi im azriT, rom maTi far-

dobiTi cvlileba sakmarisad mcirea maRalsixSirovani 

rxevis periodSi  
0

2T   . miRebulia,  rom mocemuli 

0
 saydeni sixSiris  mniSvnelobisas,  

sA t -s ewodos 

funqcia sinfazuri amplitudiT, xolo  
sB t - viwrozolo-

vani  s t  signalis funqcia kvadraturuli amplitudiT.  
 sinfazuri da kvadraturuli amplitudebi SesaZlebe-
lia gamovyoT aparatuli xerxiT. marTlac, vTqvaT gvaqvs 
gadamamravlebeli mowyobiloba (ix. nax. 5.14). mis erT 

Sesasvlels miewodeba viwrozolovani  s t  signali, 
xolo meore Sesasvlels – damxmare 

rxeva,  romelic droSi icvleba 
0

cos t  

kanoniT. gadamamravleblis gamosasvle-
lze miiReba signali 

     2

0 0
1cos sin 2

2s su t A t t B t t   
gam

  

   nax. 5.14        
0 0

1 1 1cos2 sin 2 .
2 2 2s s sA t A t t B t t      (5.26) 

 gadamamravleblidan gamomavali signali gavataroT 
dabali sixSiris filtrSi (dsf) nax. 5.15, romelic aRSobs 

0
2  rigis sixSireebs. naTelia, 

rom filtris gamosasvlelze 
iqneba dabalsixSiruli sinfa-
zuri amplitudis 

proporciuli  
sA t  rxeva. 

  Tu erT-erT gadamamravleb 
     nax. 5.15               lis Sesasvlelze mivawodebT  

damxmare 
0

sin t  rxevas, maSin aseTi sistema  s t  viwrozo-

lovani signalidan gamoyofs mis kvadraturul   
sB t  

amplitudas. 

5.3.2. viwrozolovani signalebis kompleqsuri warmodgena 
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xazovani eleqtruli wredebis TeoriaSi farTod 
gamoiyeneba kompleqsuri amplitudebis meTodi, romlis 
mixedviT harmoniuli rxeva gamoisaxeba rogorc 
kompleqsuri funqciis namdvili da warmosaxviTi 
nawilebi: 

   

   

0 0

0 0

0 0

0 0

cos Re ,

sin Im .

j j t
m m

j j t
m m

U t U e e

U t U e e

 

 

 

 

 

 
 

droze damoukidebel sidides 0j
mU U e


 ewodeba harmo-

niuli rxevis kompleqsuri amplituda. 
fizikuri TvalTvaxedvidan viwrozolovani signalebi 

warmoadgenen kvaziharmoniul rxevebs. (kvazi niSnavs “TiT-
qmis” an “msgavsi”) SevecadoT ise ganvazogadoT kompleq-
suri amplitudebis meTodi, rom am meTodis farglebSi 
aRiweros (5.25) saxis signalebi. 

SemovitanoT dabalsixSiruli kompleqsuri funqcia 

     ,s s sU t A t jB t                      (5.27) 

romelsac ewodeba viwrozolovani signalis kompleqsuri 
momvlebi. advilia uSualod gavsinjoT, rom 

        0
0 0cos sin Res s

j t
ss t A t t B t t U t e

        .     (5.28) 

 amgvarad, viwrozolovani signalis kompleqsuri 
momvlebi asrulebs igive rols, rasac 
kompleqsuri amplituda ubralo 
harmoniul rxevebSi. magram, zogad 
SemTxvevaSi, kompleqsuri momvlebi (ix. 
nax. 5.16) damokidebulia droze – veqtori 

 
sU t  kompleqsur sibrtyeze asrulebs 

raime moZraobas, da icvleba     
 nax. 5.16       rogorc moduliT, aseve mimarTulebiT. 

 

magaliTi 5.4. viwrozolovani  s t  
signali wamoadgens harmoniul rxevas, roca 

0t   da roca 0t  ;  0t    drois momentSi 
signalis sixSire izrdeba naxtomiT:      

        0 0

0 1

cos , 0,

cos , 0.

U t t
s t

U t t

 
 

 
 

   nax. 5.17       ipoveT  s t  signalis (ix. nax. 5.17) kompleq- 
suri momvlebi. 
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amoxsna:  Tu sayden sixSired aviRebT 0 , miviRebT kompleqsuri 

 
sU t  momvlebis Semdeg gamosaxulebas:  

 1 0

0

0

, 0,

, 0.
s j t

U t
U t

U e t
 


 



 

xazi unda gavusvaT im 
garemoebas, rom saydeni sixSiris 
amorCeva ikarnaxeba Casatarebeli 
gamoTvlebis simartiviT. ase, 
magaliTad, Tu gansaxilavi sig- -
nalis sayden sixSired aviRebT 

 0 1 2  , maSin kompleqsur 

 
sU t  momvlebs eqneba rTuli saxe: 

5.3.3. fizikuri momvlebi, sruli faza da myisieri sixSire 

 formula (5.27), romelic gansazRvravs kompleqsur mov-
lebs, SesaZlebelia warmovidginoT maCveneblian formaSi:                          

                        exp .s s sU t U t j t                  (5.29) 

aq  
sU t  - drois namdvili arauaryofiTi funqciaa, 

romelsac ewodeba fizikuri momvlebi (simoklisaTvis 

xSirad xmaroben ubralod momvlebs);  
s t - droSi nela 

cvalebadi wvrilzolovani signalis sawyisi fazaa. 

sidideebi  
sU t  da  

s t  dakavSirerbuli arian sinfa-

zur da kvadraturul amplitudebTan TanafardobebiT 
       cos , sin ,s s s s s sA t U t t B t U t t          (5.30) 

saidanac gamomdinareobs viwrozolovani signalis maTe-
matikuri modelis Caweris kidev erTi sasargeblo forma: 

     
0cos .s ss t U t t t                   (5.31) 

radiosignalebis kuTxuri modulaciis  Seswavlis 
msgavsad, SemovitanoT viwrozolovani rxevis sruli 

fazis cneba    
0s st t t     da  ganvsazRvroT signalis 

myisieri sixSire, romelic udris sruli fazis 

warmoebuls droSi:    
   

0

d d
.

dt d

s s
s

t t
t

 
           (5.32) 

(5.31) formulis Sesabamisad zogadi saxis viwrozolovani 
signali warmoadgens rTul rxevas, romelic miiReba gada 
mtani harmoniuli rxevis rogorc amplitudis, aseve  
fazuri kuTxis erTdrouli modulaciiT. 

 

 

 

0 1
0

1 0
0

exp , 0,
2

exp , 0.
2

s

U j t t

U t

U j t t
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5.3.4. viwrozolovani signalis fizikuri momvlebis Tvisebebi 

(5.30) formulis gamoyenebiT, fizikuri momvlebi  
sU t  

gamovsaxoT sinfazuri da kvadraturuli amplitudebiT: 

     2 2 .s s sU t A t B t                  (5.33) 

rogorc zemoT avRniSneT, viwrozolovani signalis 
momvlebi ar ganisazRvreba calsaxad. Tu (5.28) 

formulaSi, 0  sixSiris nacvlad aviRebT raime 
/

0 0      sixSires,  

maSin  s t  unda warmovadginiT saxiT 

   
/
0Re

j tj t

ss t U t e e
      

da kompleqsuri momvlebis axali mniSvneloba iqneba  

   / j t

s sU t U t e   .                     (5.34) 

 magram amasTan fizikuri momvlebi, romelic aris kom-
pleqsuri momvlebis moduli, rCeba ucvleli, vinaidan  

 exp j t   gamosaxulebas aqvs erTeulovani moduli. 

 fizikuri momvlebis sxva Tviseba mdgomareobs imaSi, 

rom drois TiToeul momentSi    
ss t U t  am mtkicebule-

bis WeSmariteba uSualod gamomdinareobs (5.31) formuli-
dan. aq tolobis niSani Seesabameba drois im momentebs, 

roca  
0cos 1.st t      magram amasTan warmoebuli signa-

lebi da misi momvlebi emTxvevian:  

           
0 0 0cos sins s s s ss t U t t t t t U t t t                       

momvlebis cnebis mniSvneloba 
ganpirobebulia imiT, rom radioteq-
nikaSi farTod gamoiyeneba 
specialuri mowyobilobebi – 
amplituduri deteqtorebi 
(demodulatorebi), (nax. 5.18) 

romlebsac aqvT unari zustad  
    nax. 5.18         aRiqvan viwrozolovani signalis 

momvlebi. 

5.3.5. viwrozolovani signalis myisieri sixSiris Tvisebebi 

Tu signalis kompleqsuri momvlebi warmoidgineba veq-
torad, romelic ucvleli kuTxuri   siCqariT brunavs 
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kompleqsur sibrtyeze, anu      exps sU t U t j t     , maSin 

(5.32) gamosaxulebis Sesabamisad viwrozolovani signalis  

myisieri sixSire droSi mudmivi sididea: 0s   .  

SegviZlia vamtkicoT, rom msgavsi signali warmoadgens 
kvaziharmoniul rxevas, romelic modulirebulia mxolod 
amplitudiT, magram ara fazuri kuTxiT, kerZod, Tu erT- 

erTi amplitudebidan sA an sB  igivurad gardaiqmnebian nu-

lad, maSin drois nebismier momentSi myisieri sixSire  

 0s  . 

zogad SemTxvevaSi myisieri sixSire droSi icvleba 

kanoniT      
0 0 2 2

d
arc .

d

s s s s s
s

s s s s

B B A A B
t tg

t A A B
  

 
   


       (5.35)     

5.3.6. kavSiri signalis speqtrebs da mis kompleqsur momvlebs 

Soris  

 vTqvaT  
sG   - viwrozolovani  s t  signalis (ix. nax. 

5.19) speqtruli simkvrivis kompleqsuri momvlebia, romel-

sac, Tavis mxriv, gaaCnia speqtruli  S  simkvrive. Zneli 
ar aris davinaxoT, rom  

    0Re d
j t j t

sS U t e e t
 







     

          0 0
1 1

d d
2 2

j t j t

s sU t e t U t e t
   

 

   

 

     

   nax. 5.19              0 0

1 1
.

2 2
s sG G   







          (5.36) 

  maSasadame, viwrozolovani signalis speqtruli sim-
kvrive SesaZlebelia napovni iyos kompleqsuri momvlebis 

gadataniT nulovani sixSiris midamodan 0  wertilebis 

midamoSi. yvela speqtruli mdgenelis amplitudebi 
orjer mcirdeba; uaryofiTi sixSireebis areSi speqtris 
misaRebad gamoiyeneba kompleqsuri SeuRlebis operacia. 
 formula (5.36) sasargebloa imiT, rom viwrozolovani 
signalis cnobili speqtris mixedviT SesaZlebelia vipo-
voT misi kompleqsuri momvlebis speqtri, romelic Tavis 
mxriv, gansazRvravs mis fizikur momvlebs da signalis  
myisier simkvrives.  

(fizikuri momvlebi namdvilad “moavlebs” viwrozolo- 
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van signals da mas gaaCnia aseTi rxevis myisieri amplitu-
dis azri nax. 5.19) 

 
magaliTi 5.5. roca 0  , viwrozolo-

van namdvil  s t  signals (ix. nax. 5.20), 
gaaCnia speqtruli simkvrive, romelic 

arasimetriulia  0  sixSiris mimarT:  

 
       
 

      nax. 5.20         
amoxsna: (5.36) formulis safuZvelze kompleqsuri movle-

bis   speqtruli simkvrivea                                       

           
0 0

0, 0,

, .
S b

G
S e 




 


 


                          

furies Seqceuli gardaqmnis gamoyenebiT, 
vpoulobT mis kompleqsur momvlebs                            

         

 
0 0

0

d .
2 2

b jt

s

S S
U t e

b jt




 



 
 

  

gamosakvlevi signalis simfazuri da kvad 
   nax. 5.21     raturuli amplitudebis mosanaxaT, gamov-
yoT namdvili da warmosaxviTo nawilebi:  

                     
 

 
 

0 0

2 2 2 2
; .

2 2
s s

bS tS
A t B t

b t b t
 

   
 

  gansaxilavi signalis fizikuri momvlebi 

                                 0

2 2
.

2
s s

S
U t U t

b t
 

 
 

   myisieri sixSiris udidesi mniSvneloba 

 
0 0 2 2

d
arc

d
s

t b
t tg

t b b t
     


 

Aqvs, roca 0t  , anu    
0

1
.s t

b
    

  s t  rxevis oscilograma (ix. nax. 5.22) 
warmoadgens simetriul radioimpulss 

dro- 
   nax, 5.22    Si aramudmivi Sevsebis sixSiriT.  
   

 
 0

0

0 0
1

2

0, 0 ,

, .
bS

S e
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5.4. me-5 Tavis mokle mimoxilva 

5.4.1. Sedegebi 

 signalebi droSi SezRuduli speqtriT usasrulod 
gaWimulia. 

 am klasis umartives signalebs – idealur dabalsixSi-
uls da idealur zolovans – vakvirdebiT idealuri 
filtrebis gamosavalze, romlebic aRigznebian delta-
impulsebiT. 

 ori idealuri dabalsixSirovani signali xdeba or-
Togonaluri maT Soris drois wanacvlebis Sesabamisi 
SerCeviT. 

 kotelnikovis rigi warmoadgens ganzogadoebuli furies 
rigis kerZo SemTxvevas. aq bazisur funqciebad aris 
idealuri dabalsixSirovani signalebi, erTmaneTis mima 

rT wanacvlebuli drois intervalebiT, romlebic  z  

jeradia. 

  kotelnikovis rigis koeficientebi aris dasaSleli 
signalis mniSvnelobebi aRebuli drois tol 
Sualedebis Semdeg. 

 Tu signalis speqtrSi ar aris mdgenelebi fz -ze meti 

sixSireebiT, maSin kotelnikovis Teorema iZleva zust 
(saSualokvadratuli azriT) warmodgenas signalze. 

  viwrozolovani signalis speqtris sigane naklebia 
centralur sixSireze. viwrozolovani signalebi aris 
kvaziharmoniuli – zogadad maTi amplituda da sixSire 
droSi nela icvleba. 

 kompleqsuri momvlebi aerTianebs kompleqsuri ampli-
tudis cnebas viwrozolovani signalis SemTxvevaSi. 

 fizikuri momvlebi udris kompleqsuri momvlebis modu-
ls. misi saxe ar aris damokidebuli signalis sayrdeni 
sixSiris arCevaze. 

 viwrozolovani signalis myisieri sixSire aris jami 
sayrdeni sixSirisa da kompleqsuri momvlebis argumen-
tis drois warmoebulisa. 

 viwrozolovani signalis speqtri miiReba misi kompleq-
suri momvlebis speqtris gadataniT monakveTze, romel-
ic ricxobrivad udris sayrdeni sixSiris mniSvnelobas. 

 yoveli  namdvil signals SesaZlebelia SevusabamoT  
kompleqsuri analitikuri signali, romelsac aqvs 
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speqtruli mdgenelebi mxolod dadebiTi sixSireebis 
areSi. 

 analitikuri signalis namdvili nawili udris sawyis 
signals. mis warmosaxviT nawils uwodeben SeuRlebul 
signals. 

 sawyis da SeuRlebul signalebs Soris kavSiri dginde-
ba gilbertis gardaqmnebis wyviliT. 

 nebismieri signalis momvlebi udris Sesabamisi anali-
tikuri signalis moduls. myisieri sixSire gan-
isazRvreba rogorc analitikuri signalis argumentis 
warmoebuli. 

5.4.2. sakontrolo kiTxvebi  

1. ratom aris mosaxerxebeli radioteqnikur mowyobilo-
bebSi signalebis realuri rxevebis aRwerisaTvis 
maTematikuri modelebi  SezRuduli speqtriT? 

2. ra saxis aris idealuri dabalsixSirovani da idealuri 
zoluri signalebis miaxlovebiTi oscilogramebi? 

3. ra ZiriTadi Tvisebebi gaaCnia funqcias, romelic qmnis 
kotelnikovis baziss? 

4. rogor formulirdeba kotelnikovis Teorema? 
5. ra TvalsaCino azri aqvs signalebis sivrcis ganzomile-

bas SezRuduls speqtriT da xangZlivobiT? 
6. rogor gamoiyureba maxasiaTebeli oscilograma? 
7. raSi mdgomareobs viwrozolovani signalis simfazuri 

da kvadraturiani mdgenelebis aparaturuli povnis 
xerxi? 

8. ra Tvisebebi gaaCnia fizikur momvlebs? 
9. rogor aris dakavSirebuli erTmaneTTan sawyisi da 

SeuRlebuli speqtraluri simkvriveebi? 
10.  rogor gamoiangariSeben viwrozolovani signalisaTvis 

gilbertis gardaqmnas? 
11. ratom poulobs did ganzogadebas analitikuri signa-

lis meTodi kompleqsuri momvlebis meTodTan 
SedarebiT? 

5.4.3. amocanis/magaliTis gamoTvlis zogadi meTodika 

   zogadi meTodi  ar arsebobs. yovel konkretul SemTx-
vevaSi magaliTis/amocanis amoxsnas unda mivusadagoT Sesa-
bamisi maTematikuri aparati da logikuri msjelobiT 
amovxsnaT dasmuli magaliTi an amocana. 

5.4.4. tipiuri amocanebis amoxsnis magaliTebi 
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5.4.4.1. dabalsixSiruli signalebi SezRuduli speqtriT. 

kotelnikovis rigi 

magaliTi m.5.1. SezRuduli speqtriT mqone  s t  signals 

aqvs speqtruli simkvrive   
0

0 , ,

cos , ,
2

0 , .

S S

 


   



 




 
     

 
 

z

z z

z

z

 

miiReT mocemuli signalis warmodgena ori idealuri 
dabalsixSiruli signalis jamad, romelTa speqtruli 

simkvriveebi mudmivia sixSiruli intervalis  ,  z z  

zRvrebSi. D 
  amoxsna: furies Sebrunebuli gardaqmnis gamoTvlisas 

  0 cos cos d
2 2

S
s t t






 

 


 
  

 

z

z z

 

0 0

0 0

cos d cos d
2 2 2 2

S S
t t

 
 

   
   

   
       

   
 
z z

z z

 

0

sin sin
2 2

.
2

2 2

t t
S

t t

 
 

 

 
 

 

    
     

     
    

     
    

z z

z zz

z z

z z

 

  aqedan Cans, rom signali, romelsac vixilavT, aris ori 
idealuri dabalsixSiruli signalis naxevarjami erTnaeri 

0
S  da z parametrebiT. signalebi droSi wanacvlebulia 

 2  z monakveTebad drois aTvlis saTavis mimarT. 

      magaliTi m.5.3.  u t  signali kotelnikovis Teoremis 
Sesabamisad dayofilia (diskretizire-
bulia) da gaaCnia ori aranulovani 
aTvla (ix. nax. m.5.1). ipoveT analoguri 
signalis myisieri mniSvneloba drois 

1t   mkwm momentSi. 
amoxsna:  naxazis Sesabamisad ganvsa-

zRvroT diskretizaciis intervali   

  nax. m.5.1        6

0
2 10t   wm. aqedan vpoulobT signalis 

speqtris zeda sixSires  6

0
1.57 10t   z  wm-1.      
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gansaxilavi signalis kotelnikovis rigs aqvs saxe 

 
 sinsin

20 15 ,
tt

s t
t t

 

  


 



zz

z z

  

saidanac roca 610t   wm, miviRebT  610 22.28s   v. 

magaliTi m.5.4.  s t  signalis kotelnikovis rigi Seicavs 
sam aranulovan mdgenels (nax. m.5.2). yvela 
anaTvlebi gazomilia voltebSi. 

gamoTvaleT am signalis 
S

E  energia. 

amoxsna: kotelnikovis rigis bazisuri 
funqciebis orTogonalobis principidan 
gamomdinare SegviZlia davaskvnaT, rom   
TiToeul speqtrul mdgenels Seaqvs Ta-
visi damoukidebeli wvlili signalis 

S
E energiis mniSvnelobis sididis gamoT-

vlaSi. amitom maTi normebis kvadratebi   

nax. m.5.2      ikribeba, anu   22 2 320 10 20 10
S

E      j  

   magaliTi m.5.5. gausis videoimpulsi    2

0
exps t U t   

mocemuli, roca    , miaxlovebiT Seicvleba 

SezRuduli speqtris mqone  s tSs  signaliT, romlis speqt-

ruli simkvrive 0    z  intervalSi,  emTxveva  s t  signa-

lis speqtrul simkvrives, xolo roca   z  gadaiqceva 

nulad. ipoveT aseTi aproqsimaciis Secdomis norma .sSec  

amoxsna:  vinaidan  s t signalis energetikuli speqtri  

aris    2
2

20

s

U
W e

 





  , amitom   

2

0

2
1 .s U



 

  
    

  

z
Sec  

   Tu gamoviyenebT cnobil araelementarul funqcias –  

albaTobis integrals [4]    
2 21

d
2

x

tx e t






   , romlisa- 

Tvis    1   , miviRebT      

2
2

20 d .
U

s e













 Sec     
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   Tu 0 z , maSin bunebrivia, rom .s sSec  marTlac,  

 0 0.5    da amitom        4
0

2 .s U s  Sec  

    x  funqcia x -is zrdasTan erTad swrafad 

miiswrafis erTisaken. amas mivyavarT imisken, rom z -is 

sakmaod didi mniSvnelobisaTvis cdomilobis signalis 

norma xdeba sakmarisad mcire. magaliTad, Tu  3  z ,  

maSin   0.9986  z    da 0.052 .s sSec  

5.4.4.2. zolovani signalebi. kompleqsuri momvlebi  

  amocana 5.8.  f t  viwrozolovan signals aqvs saxe  

   0 0
10cos cos 30sin 5sin 2 4 sinf t t t t t t           . 

ipoveT mocemuli rxevis kompleqsuri momvlebis  
fU t  

gamosaxuleba.  

   pasuxi:     10cos 30sin 5sin 2 4fU t t j t t          . 

   amocana 5.9. ipoveT erTtonaluri amplitudur modu-

lirebuli (am) signalis  kompleqsuri momvlebi  
fU t , 

misi simfazuri  
S

A t  da kvadratuli  
S

B t  amplitudebis 

gamosaxulebebi. 

    pasuxi:          1 cos exp 4 ,
S m

U t U M t j    

      2 1 cos
S S m

A t B t U M t    . 

   amocana 5.10. erTtonaluri kuTxad modulirebuli sig-
nali aRiwereba damokidebulebiT  

   cos sin .
m

s t U t m t    

dauSviT, rom sayrdeni sixSire udris gadamtan  

sixSires. miiReT kompleqsuri momvlebis  
fU t , simfazuri  

 
S

A t  da kvadratuli  
S

B t  amplitudebis gamosaxulebebi. 

daamtkiceT, rom signalis sixSire cos
s

m t      

    pasuxi:            exp sin ,
S m

U t U j t   

   cos sin ,
S m

A t U m t   

   sin sin
S m

B t U m t  . 
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  dasamtkiceblad sakmarisia aviRoT  s t  signalis argu-

mentis  warmoebuli da miviRebT cos
s

m t     . 

   amocana 5.11. ipoveT harmoniuli signalis  
0 0

sin ,s t U t  

t    , kompleqsuri momvlebi. sayden sixSired airCieT 

0
 . miiReT speqtruli simkvriveebis gamosaxulebebi  kom-

pleqsuri momvlebis  
S

G   da rxevis  S  , Sesabamisad. 

   amoxsna: vinaidan  0sin cos 90x x  , amitom  

     00 2
0 0 0

cos 90 Re
j

j t
s t U t U e e






    , 

saidanac kopleqsuri momvlebi warmoidgineba droSi mud-

mivi ricxviT       2
0 0

j

s
U U e jU




   . 

   kompleqsuri momvlebis speqtruli simkvrive  

   
0

2
S

G j U     . 

   saZiebeli  speqtruli simkvrive 

     0 0 0
S j U               

5.4.4.3. analitikuri signali. gilbertis gardaqmna 

amocana 5.18.  s t  signalis speqtruli simkvrive mocemulia 

gamosaxulebiT     
0

0, ,

exp , ,

0, ,

S S

 

     

 

 


    




z

z z

z

 

sadac 
0
, ,S   z dadebiTi ricxvebia. ipoveT Sesabamisi 

analitikuri  
s

z t  signali.  

   amoxsna:     

 
  0 0

0

d 1
jt jt

s

S S
z t e e

jt



   


  

   
   

 
z

z  

                  
 
 

0

2
1 cos sin .

S jt
e t je t

t

 
 

 

 
    



z z

z z    

amocana 5.19.  s t  signals aqvs namdvili speqtruli simkri-

ve  S  . misi grafiki, roca 0   moyvanilia nax. m.5.3–ze. 

gamoTvaleT analitikuri signali  
sz t  da gansazRvreT 

signalis myisieri sixSiris  
s t  droSi cvlilebis ka-

noni. 
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   miTiTeba: miaqcieT yuradReba imas, rom  S   grafikis 

arasimetriulobas 
0

 -is 

mimarT mivyavarT droSi 
sixSiris aramudmivobisken. 
amitom ganixileT kerZo Sem-

Txvevebi: a) 
1

0S  , b) 
2

0S  , g) 

1 2
S S . 

   pasuxi:     

     
0

1 2
1 1 ,

j t

j t j t

s

e
z t S e S e

j t


 



      

 
 

 

2 2

2 1

0 2 2

1 2 1 2

.
2 2 cos

s

S S
t

S S S S t


 



 
 

  

 
           nax. m.5.3 
amocana 5.24. drois aTvlis sawyisis mimarT simetriuli 

marTkuTxa videoimpulsi  s t  (nax. m.5.4.a), miewodeba sis-
temis Sesasvlels, romelic Sedgeba idealuri dife-
rencirebis da kvadraturuli filtrisagan da asrulebs  

 
        a                              b 
                        nax. m.5.4 
hilbertis gardaqmnis (hg) operacias (nax. m.5.4.b). gan-

sazRvreT  f t  signali sistemis gamosasvlelze. 

   amoxsna: Sesasvleli rxevis warmoebuli  

     0 0 0 0
.s t U t t U t t       

   kvadraturuli filtris gamosasvlelze signali 

 
   0 00 0

0 0 0

2 2

0 0 0

d d

21 1
.

t tU U
f t

t t

U U t

t t t t t t
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Tavi VI. SemTxveviTi sidideebis Teoriis safuZvlebi 

  bolo aTwleulebSi didi ganviTareba hpova egreT-
wodebulma statistikurma radiofizikam. es sagani 
Seiswavlis movlenebs Setyobinebebis gadacemisas, 
rodesac misi determinirebuli aRwera SeuZlebelia da 
maT adgils Caanacvlebs  albaTuri (statistikuri) 
aRwera. 
 SemTxveviTi signalis ganmasxvavebuli niSani mdgomare-
obs imaSi, rom misi myisieri mniSvneloba windawin ganusa-

zRvrelia (ix. nax. 6.1). magram, aseTi sig-
nalis Seswavlisas SesaZlebelia 
SevniSnoT, rom zogi maxasiaTebeli al-
baTobis azriT aRiwereba savsebiT 
zustad. aRsaniSnavia, rom yvelaze xSirad 
SeimCneva saSualo donidan SedarebiT 

umniSvnelo gadaxrebi; rac ufro 
    nax. 6.1      didia gadaxra absoluturi mniSvnelobiT, 
miT iSviaTad SeiniSneba isini. ukve amiT mJRavndeba raime 
statistikuri kanonzomiereba. Tu gvaqvs gansxvavebuli 
sidideebis monacemebi albaTur fluqtuaciebze, Sesa-
Zlebelia Seiqmnas SemTxveviTi sididis maTematikuri 
modeli, romelic misaRebia rogorc mecnieruli, aseve 
gamoyenebiTi azriT.  
 albaTuri kanonebi warmoiSveba yovelTvis, roca 
fizikuri sistema, romelic qmnis SemTxveviT signals, 
warmoadgens didi raodenobis mcire qvesistemebs, rom-
lebic asruleben individualur, didi an mcire xarisxiT 
erTmaneTze damokidebul moZraobebs. 
 radioteqnikaSi SemTxveviT signalebs xSirad 
SeSfoTebis saxe aqvT. es aris qaoturad droSi cvladi 
eleqtromagnituri rxeva, sadac muxtis gadamtanebi, 
magaliTad, eleqtronebi, asruleben mouwesrigebel moZ-
raobas. 
 SemTxveviTi signalis maTematikuri models mimarTaven 
aseve informaciis TeoriaSi kanonzomierebis maTematikuri 
aRwerisaTvis, romelic damaxasiaTebelia  gaazrebuli 
SetyobinebisaTvis.   
 da bolos, statistikuri buneba gaaCniaT lazerul 
damakavSirebel xazebs. imis gamo, rom eleqtromagnituri 
velis kvants (fotons) SedarebiT didi energia gaaCnia, 
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aucilebelia specifikuri kvanturi xmauris gaT-
valiswineba. 
 

6.1. SemTxveviTi sidideebi da maTi maxasiaTeblebi 

 am paragrafSi moyvanilia albaTobis Teoriis ZiriTadi 
cnebebi statistikur radioeleqtronikis amocanebSi 
gamosayeneblad. am sakiTxebi ufro cvlad ganixileba 

[11,12] 
6.1.1. albaToba 

 Tanamedrove albaTobis Teoria warmoadgens ma-
Tematikis aqsiomatizirebul ganStoebas, romelmac gaa-
erTiana didi moculobis, mecnierebiT dagrovebuli em-
piriuli masala, gansxvavebuli SemTxveviTi movlenebis 
Seswavlisas. 
 albaTobis Teorias safuZvlad udevs sruli sim-
ravlis “elementaruli Sedegebis” an SemTxveviTi 

movlenebis  1 2, ,..., ,...,nA A A cneba. iA simboloTi aRniSna-

ven raime SemTxveviTi eqsperimentis SesaZlo Sedegs. Ti-

Toeul Sedegs iA   Seesabameba namdvili ricxvi  iP A , 

romelsac uwodeben am SemTxvevis albaTobas. 
 miRebulia Semdegi aqsiomebi: 

1) albaToba arauaryofiTia da ar aRemateba erTs: 

 0 1;iP A   

2)   Tu iA da jA  araTavsebadi SemTxvevebia, maSin 

     ;i j i jP A A P A P A    

3) yvela SemTxvevis jami, romlebic Sedian  , aris 
utyuari  SemTxveva: 

     1 2 ..., ... 1.nP A P A P A     

6.1.2. albaTobebis gazomva 

 SemTxveviTi movlenis albaTobis maTematikuri cneba 
aris abstraqtuli maxasiaTebeli, romelic axasiaTebs ara 
materialuri samyaros obieqtebs, romlebic Cven gvainter-
esebs, aramed maT Teoretikul simravleebis modelebs. 
aucilebelia SemovitanoT damatebiTi SeTanxmeba imi-
saTvis, rom SesaZlebeli iyos albaTobaze codnis amo-
Reba eqsperimentaluri monacemebidan. 
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 sazogadod miRebulia albaTobis movlenis Sefaseba 
Sedegebis xelsayreli fardobiTi sixSiriT. Tu 
Sesrulebulia N  damoukidebeli gamocda, amasTan maT 
Soris n -dan SeiniSneba A  SemTxveva, maSin empiriuli 

(amonakrefi) anu albaTobis Sefaseba  P A , romelic Ses-
aZlebelia miviRoT am seriidan, iqneba:    

  .P A n N
emp

                   (6.1) 

    Cveulebriv miiCneven, rom ,P P
emp

 Tu gamocdebis 

ricxvi N  . 
 
magaliTi 6.1. raime eleqtronuli mowyobilobis gamosavalze (ix. 
nax. 6.2) signal " "u -s SeuZlia miiRos marto ori mniSvneloba: 

1 4.5u  v  (“maRali potenciali”, Sem-

Txveva 1A ) da 2 0.5u  v  (“dabali poten-

ciali”, SemTxveva 2A ). drois T tol 

Sualedis Semdeg SemTxveviTad xdeba 
sistemis mdgomareobis Secvla. eqsperi-
menti mdgomareobs imaSi, rom gamo-
sasvlelze mravaljeradad gaizomos 
signalis myisieri mniSvneloba. gaz-
omvis momentebi nebismieria, magram maT 
Soris intervalebis dro mniSvnelov-
nad aRemateba T -s. 
    davuSvaT, rom, 100 damoukidebeli 
cdis Catarebis Semdeg, Cven 43 jer mi-

viReT SemTxveva 1A  da 57 jer – SemT-  

       nax. 6.2           xveva 2.A  (6.1) formulis Sesabamisad al-

baTobis empiriuli Sefasebisas  1 0.43P A emp  da  2 0.57.P A emp  

gazomvebis monacemebidan ar gamomdinareobs, rom zustad aseTi 
unda iyos am SemTxvevebis Teoriuli albaTobebi. rogorc Cans, 
eqsperimentatori gamoTqvams hipotezas imaze, rom es SemTvevebi 

Tanabar albaTuria:    1 2 0.5P A P A  . magram, Tu aseTive empi-

riuli Sefasebebi miiReba 100000 cdis Catarebis Semdeg, maSin es 
hipoteza, SesaZlebelia, unda uarvyoT. 
 

6.1.3. ganawilebis funqcia da albaTobis simkvrive 

 vTqvT  X - SemTxveviTi sididea, anu namdvili x  
ricxvebis erToblioba, romlebic iReben SemTxveviT mniS-
vnelobebs. X -is statistikuri Tvisebebis amomwuravi 
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aRwera SesaZlebelia miviRoT im SemTxvevaSi, Tu gveqneba 

namdvili x argumentis araSemTxveviTi  F x  funqcia, ro-

melic udris im albaTobas, rom SemTxveviTi ricxvi X -
dan, miiRebs mniSvnelobas, romelic tolia an naklebia 

x -is konkretul mniSvnelobaze:    F x P X x  . 

  F x  funqcias ewodeba SemTxveviTi X  sididis ganawi-

lebis funqcia. Tu X -s SeuZlia miiRos nebismieri mniS-

vneloba, maSin  F x  aris gluvi araklebadi funqcia, 

romlis mniSvneloba Zevs  0 1F x   monakveTze. adgili 

aqvs Semdeg zRvrul tolobas:    0, 1.F F     

 ganawilebis funqciis warmoebuli   d dp x F x  aris 

mocemuli SemTxveviTi sididis ganawilebis albaTobis 
simkvrive (an, mokled, albaTobis simkvrive). cxadia, rom 

   d d ,p x x P x X x x     anu  dp x x  sidide aris  SemT-

xveviTi sididis  , dx x x  naxevarintervalSi moxvedris 

albaToba. 
 uwyveti X  SemTxveviTi sididis albaTobis simkvrive 

 p x  warmoadgens gluv funqcias. Tu ki X  - diskretuli 

SemTxveviTi sididea, romelic iRebs fiqsirebul mniSvne 

lobebs  1 2, ,..., ,...nx x x  albaTobebiT  1 2, ,..., ,...nP P P , Sesabam-

isad, maSin misTvis albaTobis simkvrive gamoisaxeba 
rogorc delta-funqciebis jami:  

                       .i i

i

p x P x x   

 orive SemTxvevaSi albaTobis simkvrive unda iyos 

arauaryofiTi:   0p x   da akmayofilebdes normirebis 

pirobas:                      d 1p x x





  

6.1.4. gaSualedeba. SemTxveviTi sididis momentebi 

 SemTxveviT sidideebze eqsperimentis Sedegebi, rogorc 
wesi, aris am sidideebis ama Tu im funqciebis saSualo 

mniSvnelobebi.  Tu  x - cnobili funqciaa xdan , maSin, 

gansazRvris Tanaxmad, misi saSualo mniSvneloba 
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     dx x p x x 





                    (6.2) 

 (xazi zevidan niSnavs gaSualedebis operacias SemTxve-
viTi gamocdebis dasasrulis simravleze). 

unda avRniSnoT Semdegi: udidesi Senatani saSualo 
mniSvneloba iZleva x  RerZis is monakveTebi, sadac 
erTdroulad didebia rogorc gasaSualedebuli funqcia 

 x , aseve  p x  albaTobis simkrive. 

 statistikur radioteqnikaSi farTod gamoiyeneba SemT-
xveviTi sidideebis gansakuTrebuli ricxviTi maxasiaTeb-
lebi, romlebsac uwodeben maTi SemTxveviTi sidideebis 
momentebs. X  SemTxveviTi sididis n -rigis momenti aris 
n -ri xarisxis SemTxveviTi cvladis saSualo 
mniSvneloba: 

 d .n n

nm x x p x x





                    (6.3) 

 yvelaze ubralo aris egreTwodebuli maTematikuri 
molodini 

 
1 dm x xp x x





   ,                  (6.4) 

romelic warmoadgens SemTxveviTi sididis saSualo 
mniSvnelobis Teoriul Sefasebas da miiReba sakmarisad 
gafarToebuli cdebis Catarebis Semdeg.  
   meore rigis momenti 

 2 2

2 dm x x p x x





   ,                  (6.5) 

aris SemTxveviTi sididis saSualo kvadrati. 

gamoiyeneba aseve SemTxveviTi sidideebis centraluri 
momentebi, romlebic moicema Semdegi zogadi formuliT: 

     d
m m

m x x x x p x x





    .            (6.6) 

mniSvnelovani centraluri momentia – egreTwodebuli 
dispersia 
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22

2 .x x x                        (6.7) 

cxadia, rom 

 
22 2 2 22x x xx x x x      .               (6.8) 

x  sidides, anu kvadratul fesvs dispersiidan, saSua-

lo kvadratuli gadaxra ewodeba, romelic gamoiyeneba 
maTematikuri molodinis mimarT, calkeuli SemTxveviTi 
gamocdis Sedegebis gabnevis ricxobrivi SefasebisaTvis.  

6.1.5. Tanabari ganawileba 

 vTqvaT, raime SemTveviT X  signals  SeuZlia miiRos 

mniSvnelobebi, romlebic ekuTvnis mxolod 1 2x x x   inte-

rvals, amasTan moxvedris albaTobebi nebismier Sida 
intervalebSi erTnairi x  siganis tolia.  maSin albaTo-
bis simkvrive 

   
1

2 1 1 2

2

0, ,

1 , ,

0, .

x x

p x x x x x x

x x




   




 

 ganawilebis funqcia iZebneba integrirebis gziT: 

   

1

1
1 2

2 1

2

0, ,

d , ,

1, .

x

x x

x x
F x p x x x

x x

x x

 







   


 

  

  maTematikuri molodini 
2

1

1 2

2 1

1
d ,

2

x

x

x x
x x x

x x


 

   

bunebrivia, emTxveva  1 2,x x monakveTis centrs. 

 advilad Sesamowmebelia, rom Tanabrad ganawilebuli 
SemTxveviTi sididis albaTobis dispersia udris  

 
22

2 1 12x x x   . 

6.1.6. gausis (normaluri) ganawileba 

 SemTxveviTi sidideebis TeoriaSi fundamenturi mniS-
vneloba aqvs gausis albaTobis simkvrives 
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2

2

1
exp ,

22

x m
p x

 

 
  

 
             (6.9) 

romelic Seicavs or ricxobriv m  da  parametrebs. fun-
qciis maxasiaTebeli warmoadgens zarisebul mruds erTa-
derTi maqsimumiT x m  wertilSi (ix. nax. 6.3). 

 
nax. 6.3. gausis albaTobis simkvrivis maxasiaTebeli   paramet- 

ris sxvadasxva mniSvnelobebisas 

   uSualo gamoTvlebiT SesaZlebelia davrwmundeT, rom 
gausis ganawilebis parametrebs aqvs, maTematikuri molo-

dinis da dispersiis azri, Sesabamisad: ;x m 2 2

x  . 

SemTxveviTi sididis gausis ganawilebis funqcia  

 
 

2

2

1
exp d .

22

x
m

F x



 



 
  

   

 cvladis  t m   Secvla iZleva 

   
 

21
exp 2 d .

2

x m

x m
F x t t









 
    

      (6.10) 

 aq  - kargad Seswavlili araelementaruli funqciaa, 
maSin egreTwodebuli albaTobis integrali [15]: 

 
21

exp d .
22

x
t

x t
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  F x  funqciis maxasiaTebels (nax. 6.4) aqvs monotonuri 

mrudis saxe, romelic icvleba nulidan erTamde. 

 
nax. 6.4. gausis SemTxveviTi sididis ganawilebis funqcia 

 

6.1.7. SemTxveviTi sididis albaTobis funqciis simkvrive 

 vTqvaT Y  - SemTxveviTi sididea, romelic dakavSirebu-

lia X -Tan calsaxa funqcionaluri  y f x  

damokidebulobiT. SemTxveviTi x  wertilis dx  siganis 
intervalSi moxvedra da SemTxveviTi y  wertilis 

 d dy f x x  siganis intervalSi moxvedra aris 

eqvivalenturi SemTxvevebi, amitom maTi albaTobebi 

emTxveva erTmaneTs:    d d .x yp x x p y y  aqedan 

     
d d

d d
y x x

x g
p y p x p g y

y y
     ,        (6.11) 

sadac  x g y  aris   y f x  -is Sebrunebuli funqcia.  

 Tu funqciuri kavSiri X -sa da Y -s 
Soris aracalsaxaa, ise rom 

     1 1 2 2, ,..., ,N Nx g y x g y x g y    maSin 

(6.11) erTiandeba Semdegnairad: 

         
1

d
.

d

N

i
y i i

i

x
p y p x

y


           (6.12) 

        nax. 6.5         (aq gamoiyeneba is, rom araTavsebadi SemT- 
xvevebis albaTobebi ijameba (ix. nax. 6.5)).          
        
 



signalebis Teoria 

 193 

 
 
magaliTi 6.2. gausis SemTxveviTi sididis xazovani gardaqmna. 

amoxsna:  vTqvaT  Y aX b  , amasTan albaTobis simkvrive 

 
 

2

2

1
exp .

22
x

x m
p x

 

 
  

 
 

 vinaidan d d 1x y a , maSin (6.11)-is safuZvelze 

 
 

2

2 2

1
exp .

22
y

y b ma
p y

aa  

  
  
 

 

 maS ase, gausis SemTxveviTi sididis   xasiaTi narCundeba 
xazovani gardaqmnisas. sidides, miRebuls aseTi gardaqmnisas, 

aqvs maTematikuri molodini y b ma   da 2 2 2

y xa   dispersia. 

 

6.1.8. maxasiaTebeli  funqcia 

albaTobis TeoriaSi did rols TamaSobs statistiku-
ri saSualo saxiT 

     exp dj xj x p x e x 





    ,              (6.13) 

romelsac ewodeba SemTxveviTi X  sididis maxasiaTebeli 

funqcia. funqciis koeficientis  sizustiT   aris fur-
ies gardaqmnis albaTobis simkvrive, amitom 

   
1

e d .
2

j xp x  








                   (6.14) 

 elementaruli gardaqmnis CaSvebiT, mogvyavs zogierTi 
Sedegi: 

   0 x a   monakveTze  Tanabrad ganawilebuli SemTxve-
viTi sididisaTvis  

     exp 1 ;ja ja                      (6.15) 

 ,m   mocemuli parametrebis gausis SemTxveviTi 

sididisaTvis    

                      2exp 2 .jm                     (6.16) 

 maxasiaTebeli funqciis gamoyenebiT, advilad moipoveba 
SemTxveviTi sidideebis momentebi, marTlac, vinaidan 
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d

d
d

n
n n j x

n
j x p x e x,








   

maSin, Tu davuSvebT, rom 0   da SevadarebT (6.3), 

vipoviT    0 .n n

nm j                     (6.17) 

 maxasiaTebeli funqciis gamoyenebiT, mosaxerxebelia 
aseve  SemTxveviTi sidideebis simkvrivis mopoveba, 
SevasrulebT funqcionalur gardaqmnas. ase Tu 

  ,y f x  maSin  

     exp exp .y j y j f x         

 Tu SevZlebT (6.14) saxis furies gardaqmnis gamoTvlas, 
maSin dasmuli amocana amoixsneba. 
 

magaliTi 6.3. vTqvaT 0 cos ,y U x  sadac 0U const , am dros x  - 

SemTxveviTi sididis mniSvnelobaa, romelic Tanabrad ganawile-

bulia x     monakveTze. 

amoxsna:  vinaidan    1 2xp x  , maSin 

     0 0 0

1
exp cos d ,

2
y j U x x J U





  




    

sadac 0J -nulovani indeqsis mqone pirveli rigis beselis 

funqciaa. 
 tabulirovani integralis gamoyenebiT [18] vRebulobT 

   
0

2 2

00 0

0

1
, ,1

d
2

0, .

j y

y

y U
U yp y J U e

y U

  









  




  

 albaTobis simkvrivis maxasiaTebeli 
(ix. nax. 6.6) dakavSirebulia imasTan, 
rom, Tu ganvaxorcielebT didi odeno-
bis cdebis serias, da yoveljer 
SemTxveviTi saxiT mocemuli aridan x  

mniSvnelobebis amoRebas, maSin  0 cosU x  

ufro xSirad miiRebs 0U - Tan axlos 

mdebare mniSvnelobebs, vidre 0 - Tan     
       nax. 6.6      axlos.     
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6.2. SemTxveviTi sidideebis sistemebis statistikuri 

maxasiaTeblebi 

miRebulia, rom SemTxeviTi signalebis Tvisebebi 
aRiweros ara marto im Tvisebebis ganxilviT, romelTa 
dakvirveba xdeba drois romeliRac momentSi, aramed am 
sidideebis erTobliobebis SeswavliT, romlebic 
miekuTvneba drois sxvadasxva fiqsirebul momentebs. 
gadavideT msgavsi mravalganzomilebiani SemTxveviTi 
sidideebis  Teoriaze. 

6.2.1. ganawilebis funqcia da albaTobis simkvrive 

vTqvaT mocemulia SemTxveviTi sidideebi  1 2, ,..., nX X X , 

romlebic qmnian n –ganzomilebian SemTxveviT veqtors X . 
erTganzomilebiani SemTxvevis analogiiT am veqtoris 
ganawilebis funqcia      

         1 2 1 1 2 2( , ,..., ) ( , ,..., )   n n nF x x x P X x X x X x . 

misi mopasuxe – n  ganzomilebiani simkvrivis albaToba 

1 2( , ,..., )np x x x akmayofilebs Tanafardobas 

 
1 2 1 2

1 1 1 1

( , ,..., )d d ...d

d ,..., d .

n n

n n n n

p x x x x x x

P x X x x x X x x



      
 

cxadia, ganawilebis funqcia SeiZleba napovni iyos 
albaTobis simkvrivis integrirebis gziT: 

1

1 2 1 2 1 2( , ,..., ) ... ( , ,..., , ) ...     

 

  
nxx

n n nF x x x p d d d . 

nebismier mravalganzomilebian simkvrives gaaCnia 
Tvisebebi, damaxasiaTebeli albaTobis simkvrivisaTvis: 

1 2( , ,..., ) 0;np x x x    

1

1 2 1 2... ( , ,..., , )d d ...d 1.

nxx

n np x x x x x x

 

   

Tu gvecodineba n –ganzomilebiani simkvrive, yovelTvis 
SeiZleba vipovoT m–ganzomilebiani simkvrive, roca 
m n , ”zedmeti” koordinatebis mixedviT integrirebiT:  

1 2 1 2 1( , ,..., ) ... ( , ,..., , )d ...d ;m n m np x x x p x x x x x
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6.2.2. momentebis gamoTvla 

 Tu gvaqvs albaTobis Sesabamisi mravalganzomilebiani 
simkvrive, SeiZleba vipovoT gansaxilveli SemTxveviTi 
sidideebidan nebismieri kombinaciis saSualo mniSvnelo-
bebi, kerZod, gamovTvaloT maTi momentebi.  Aamgvarad, Tu 
SemovifarglebiT momavlisaTvis ufro mniSvnelovani 
organzomilebiani SemTxveviTi sididis SemTxveviT, (6.4)-is 
da (6.7)-is analigiiT vipoviT maTematikur molodinebs 

                 1 1 1 2 1 2( , )d d ;x x p x x x x





    

                 2 2 1 2 1 2( , )d d ;x x p x x x x





         (6.18) 

da dispersiebs                          

                 
2

2
1 1 1 1 2 1 2( , )d d ,x x p x x x x





    

                 
2

2
2 2 2 1 2 1 2( , ) .x x p x x dx dx





         (6.19) 

erTganzomilebian SemTxvevasTan SedarebiT axals aq 
warmoadgens meore rigis Sereuli momentis warmoqmnis 
SesaZlebloba 

               12 1 2 1 2 1 2 1 2( , )d dK x x x x p x x x x





    ,     (6.20) 

romelsac uwodeben ori SemTxveviTi sididis sistemis 
kovariacionul moments. 

K6.2.3. korelacia 

davuSvaT, rom Catarebulia cdebis seria, romelTa 
Sedegad yovel dros SeiniSneboda organzomilebiani Sem-

TxveviTi sidide  1 2,X X .PpirobiTad yoveli cdis warmo-

mavloba gamovsaxoT  wertiliT dekartis sibrtyeze. 
SeiZleba aRmoCndes, rom gamomsaxvelobiTi wertilebi 

saSualod ganlagebulni iyvnen  zogierTi wrfis 
gaswvriv (ix. nax. 6.7), ase rom sididis yoveli calkeuli 

gamocdisas 1x -s da 2x -s yvelaze xSirad eqnebaT erTnairi 
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niSani. mas mivyavarT im mosazrebamde, rom 1x -sa da 2x -s     

Soris arsebobs statistikuri kavSiri, 
romelsac ewodeba korelacia. 

TumcaRa SesaZlebelia sibrtyeze 
wertilTa qaoturi ganlagebis SemTxve-
va (ix. nax. 6.8).   

amboben, rom am dros gansaxilveli  
sidideebi arakorelirebulia, e.i. 

maT Soris  ar  arsebobs   mdgradi 
kavSiri, 
     nax. 6.7       albaTuri azriT. 

 ori SemTxveviTi sididis statis-
tikuri kavSiris xarisxis raodeno-
briv maxasiaTebels warmoadgens maTi 

kovariaciuli momenti 12K  an, rac 

xSirad ufro mosaxerxebelia, korela- 
ciuri  momenti  12R ,   gansazRvruli    

     nax. 6.8         rogorc namravlis saSualo mniSvne-

loba 1 1 2 2( )( ) :x x x x               

      12 1 1 2 2 1 2 1 2 12 1 2( )( ) ( , )d dR x x x x p x x x x K x x





           (6.21) 

SemoaqvT aseve korelaciis uganzomilebo koeficienti 

                      12 12 1 2/ ( ).r R                       (6.22) 

im SemTxveviTi sidideebisTvis, romlebic erTmaneTs 

emTxvevian, roca 1 2x x , adgili aqvs tolobas 

                2
11 22 11 22, 1.R R r r     

Tu SemTxveviTi veqtoris ganzomileba  orze metia, 
maSin SeiZleba avagoT yvela SesaZlebeli jvaredini 
koralaciuri momentebi             

1 1... ( )( ) ( ,..., )d ...d , , 1,2,..., ,ij i i j j n nR x x x x p x x x x i j n

 

 

     sadac  

da korelaciis koeficientebi / ( ).ij ij i jr R   , romlebic 

erTiandeba  Semdegi matricis Sesabamisad 
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11 12 1

21 22 2

1 2

...

...

. . . .

...

n

n

n n nn

R R R

R R R
R

R R R

 
 
 
 
  
 

,    

12 1

21 2

1 1

1 ...

1 ...

. . . .

... 1

n

n

n n

r r

r r
r

r r

 
 
 
 
  
 

. 

SeiZleba vaCvenoT, rom yovelTvis 1ijr  , amasTan to-

loba SesaZlebelia mxolod i jx x  pirobisas (mTlianad 

korelirebuli sidideebi). 

6.2.4. SemTxveviTi sidideebis statistikuri 

damoukidebloba 

 Gganmartebis Tanaxmad, SemTxveviTi sidideebi 

1 2, ,..., nX X X  statistikurad damoukidebelia, Tu maTi 

mravalganzomilebiani albaTobis simkvrive SeiZleba 
warmodgenili iyos Sesabamisi erTganzomilebiani 
simkvriveebis namravlis saxiT: 

             1 2 1 1 2 2( , ,..., ) ( ) ( ) ( ).n n np x x x p x p x p x      (6.23) 

statistikurad damoukidebeli SemTxveviTi sidideebi 
erTmaneTTan arakorelirebulia. marTlac, maTTvis 

          ( ) ( )d ( ) ( )d 0ij i i i i i j j j j jR x x p x x x x p x x

 

 

      

roca i j . zogad SemTxvevaSi arasworia Uuku mtkiceba: 

arakorelirebulobidan avtomaturad ar gamomdinareobs 
SemTxveviTi sidideebis damoukidebloba. 

6.2.5. mravalganzomilebiani SemTxveviTi sidideebis 

fuqcionaluri gardaqmnebi 

 davuSvaT, rom ori SemTxveviTi X da Y veqtoris 
Semdgenebi dakavSirebulia calsaxa damokidebulebiT 

1 1 1 2

1 2

( , ,..., ),

.............................

( , ,..., ),

n

n n n

y f x x x

y f x x x





 

amasTan cnobilia uku funqciebi 

1 1 1 2

1 2

( , ,..., ),

.............................

( , ,..., ).

n

n n n

x g y y y

x g y y y
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sawyisi albaTobis simkvrive 1 2( , ,..., )np x x xsaw mocemulia. 

imisaTvis, rom ganvazogadoT formula (6.11) mravalganzo-
milebian SemTxvevaze da gamovTvaloT gardaqmnili veqto-

ris albaTobis simkvrive 1 2( , ,..., )np y y ygar , saWiroa vipovoT 

gardaqmnis iakobiani (iakobiani warmoadgens proporciulobis 
koeficients elementarul moculobebs Soris funqcionaluri 
gardaqmnisas) 

1 1 1

1 2

1 2

. . .

. . . .

. . .

n

n n n

n

g g g

y y y

D

g g g

y y y

  

  



  

  

 ,     (6.24) 

maSin saZiebeli albaTobis simkvrive 

1 2 1 2( , ,..., ) ( , ,..., )n np y y y p g g g D gar saw .    (6.25) 

 

magaliTi 6.4. vTqvaT 1x  da 2x   sibrtyeze veqtoris bolos 

SemTxveviTi koordinatebia (iv. nax. 6.9). 

gadavideT polarul koordinatebze ( , )  : 

         
1

2

cos , 0

sin , 0 2 .

x

x

  

   

   


  
: 

aseTi gardaqmnis iakobiani 

          
cos cos

.
sin cos

D
  


  


   

amitom Tu mocemulia albaTobis simkvri         nax. 6.9           

 ve 1 2( , )p x xsaw , maSin    ( , ) ( cos , sin ).p p      gar saw  

 

6.2.6. mravalganzomilebiani gausis ganawileba 

 davuSvaT, rom  1 2, ,..., nX X X X n -ganzomilebiani SemTxve-

viTi  sididisTvis cnobilia saSualo mniSvnelobebis 

1 2, ,..., nm m m  da 2 2 2
1 2, ,..., n    dispersiebis erTobliobani, 

aseve korelaciis koeficientebis matrica r . 
zogad SemTxvevaSi es cnobebi arasakmarisia n -

ganzomilebiani albaTobis simkvrivis asagebad. gamona-

kliss warmoadgens SemTxveva, roca X  mravalgan-
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zomilebiani gausis sididea. maSin, ganmartebis Tanaxmad   

1 2 /2 1/2
1

1
( , ,..., )

... (2 )
n n

n

p x x x
r  

                

            

, 1

( )( )1
exp ,

2

n
i i j j

ij
i ii j

x m x m
A

r  


  
  
 
 

    (6.26) 

sadac r - r  matricis ganmsazRvreli; ijA - r gamsazRvrelis 

ijr  elementis algebruli damateba. 

Ggausis ganawilebis mniSvnelovani Tviseba mdgomare-

obs SemdegSi. vTqvaT veqtori X Seqmnilia arakorelirebu-
li SemTxveviTi sidideebiT ise, rom r  matricaSi nulis-
gan gansxvavebulia mxolod elementebi mTavar diagonal-

ze: i j i jr     amasTan  1r  , algebruli damateba ij ijA  , 

xolo i j  aris kronekeris simbolo  da   
1,

0,
i j

i j

i j



 


.   

warmovadginoT es sidideebi (6.26)-Si, miviRebT 
2

1 2 /2 2
1 1

1 2

( ) ( )1 1
( , ,..., ) exp

2... (2 )

( ) ( )... ( ),

n
i i j j

n n
n ii

n

x m x m
p x x x

p x p x p x

   

  
   
  



  

sadac TiToeuls erTganzomilebiani gausis ganawilebebi-

dan aqvs parametrebi , .i im  . 

Aamrigad, Tu gausis erToblioba Seqmnilia arakore-
lirebuli SemTxveviTi sidideebiT, maSin yvela isini 
statistikurad damoukidebelia. 

SemdgomSi xSirad gamoiyeneba organzomilebiani 

gausis albaTobis simkvrive     1 2
2

1 2

1
( , )

2 1
p x x

r 
 


 

2 2
1 1 1 1 2 2 2 2

2 2 2
1 21 2

( ) ( )( ) ( )1
exp 2

2(1 )

x m x m x m x m
r

r   

      
     

     

 (6.27) 

sadac 12 21r r r   - 1x  da 2x  Semdgenebis korelaciis koefi-  

cientebia. 

es formula martivdeba, Tu  1 2 0m m    da 1 2    : 



signalebis Teoria 

 

 201 

2 2
1 2 1 1 2 22 22 2

1 1
( , ) exp ( 2 ) .

2(1 )2 1
p x x x rx x x

rr 

 
    

   

 (6.28)  

msgavsi albaTobis simkvrive aisaxeba 
gluvi zedapiriT (ix. nax. 6.10), romelic 

agebulia ( 1 2,x x ) koordinatul sibrtyeze. 

sidide 1 2( , )p x x  aRwevs maqsimums koordi-

natTa saTaveSi. zedapiris konfiguracia 
damokidebulia korelaciis r koeficien-          

  nax. 6.10        tze. 

6.2.7. mravalganzomilebiani maxasiaTebeli funqcia 

   maxasiaTebel funqciaTa cnebebis ganzogadebas warmoa-
dgens Sesabamisi albaTobis simkvrivis furies n -ganzomi-
lebiani gardaqmna: 

          

 

   

1 2 1 1 2 2

1 1 1 1

( , ,...,. ) exp ...

... exp ... ,..., ...

n n n

n n n n

v v v j x v x v x v

j x v x v p x x dx dx

 

 

       

    
    (6.29) 

Mmravalganzomilebiani maxasiaTebeli funqcia aRwers 
SemTxveviTi sidideebis sistemas sisrulis imave 
xarisxiT, rasac misi mopasuxe albaTobis simkvrive, 
romelic gamoisaxeba furies gardaqmniT:    

                 
 

1 2

1
( , ,..., )

2
n n

p x x x


   

 1 1 1 1... ( ,..., ) exp ... ...n n n nv v j x v x v dv dv

 

 

          (6.30) 

Tu  1,..., nX X  statistikurad damoukidebeli 

sidideebis erTobliobaa, maSin (6.29)-is safuZvelze 
mravalganzomilebiani maxasiaTebeli funqcia iSleba 
calkeuli SemTxveviTi sidideebis erTganzomilebian 

maxasiaTebel funqciebad:     1 2

1

( , ..., ) ( )

n

n i i

i

v v v v



     (6.31) 

(funqciis warmodgenas TanamamravlTa namravlis saxiT ewodeba 
am funqciis faqtorizacia) 
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SeiZleba vaCvenoT, rom mravalganzomilebian gausis 

SemTxveviT sidides  1 2, ,..., nX X X X  pasuxobs  maxasiaTe-

beli funqcia 

1 2

1 , 1

1
( , ..., ) exp

2

n n

n k k k i ki k i

k k i

v v v j m v r v v 
 

 
   
  
       (6.32) 

sadac km  da 2
k kX SemTxveviTi sididis saSualo mniSvne-

loba da dispersiaa, kir  korelaciuri matricis elementi. 

6.2.8. SemTxveviT sidideTa jamis albaTobis simkvrive 

Tu (6.29) formulaSi davuSvebT 1 2 ... nv v v v    , maSin 

mravalganzomilebiani maxasiaTebeli funqcia gadadis 

1 2 ... nx x x    jamis erTganzomilebian maxasiaTebel 

funqciaSi:          1 2( ) exp ( ... )nv jv x x x     . 

Aaqedan, Tu SevasrulebT furies ukugardaqmnas, 
SeiZleba vipovoT am jamis albaTobis simkvrive. 

magaliTad, Tu   1,..., nX X  gausis arakorelirebuli (da 

maSasadame damoukidebelic)) SemTxveviTi sidideebia, 

TiToeuli km , k  parametrebiT, maSin (6.32)-dan 

gamomdinareobs, rom    2 2

1 1

1
( ) exp

2

n n

k k

k k

v jv m v 
 

 
   

  
  .  (6.33) 

(es aris maxasiaTebeli funqciis Tviseba) 
Aam Sedegis SedarebiT (6.16) formulasTan vrwmundebiT, 

rom normaluri SemTxveviTi sidideebis jami ganawile-
bulia aseve normalurad, amasTan SesakrebTa maTemati-
kuri molodini da dispersia jamdeba: 

2 2

1 1

, .

n n

k k

k k

m m m 


 

        (6.34) 

albaTobis TeoriaSi mtkicdeba gacilebiT ufro Zli-
eri debuleba, romelic warmoadgens a.m. liapunovis cen-
traluri zRvruli Teoremis arss [19]. Aam Teoremis 
Tanaxmad, damoukidebeli SemTxveviTi sidideebis jamis 
ganawileba, romelTa dispersiebi sasrulia, xolo al-
baTobis ganawilebani nebismieri, zogierTi SezRu-
dvebisas, rogorc wesi, Sesrulebad fizikur amocanebSi, 
SesakrebTa ricxvis zrdiT miiswrafis gausisken.  
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6.3 SemTxveviTi procesebi 

 SemTxveviTi sidideebis Teoria Seiswavlis albaTur 
movlenebs ”statikaSi”. signalebis aRsawerad, romlebic 
asaxaven droSi cvlad ganviTarebad movlenebs, arasakma-
risia  klasikuri albaTobis Teoriis meTodebis gamoye-
neba. msgavs amocanebs Seiswavlis SemTxveviTi procesebis 
Teoria. 

   SemTxveviTi procesis cneba: SemTxveviTi  X t  procesi 
aris gansakuTrebuli funqcia, romelic xasiaTdeba imiT,  

rom is drois nebismier t  momentSi Rebulobs SemTxvevi-
Ti sididis mniSvnelobebs.  

6.3.1. realizaciis ansambli 

 Tu saqme gvaqvs determinirebul signalebTan, Cven avsa-
xavT maT funqcionaluri damokidebulebebiT an oscilog-
ramebiT. SemTxveviT procesebSi situacia gacilebiT rTu- 
lia. drois raime SualedSi dafiqsirebuli SemTxveviTi 
signalis myisieri mniSvnelobebi, vRebulobT mxolod 
erT ganumeuriebel realizacias. SemTxveviTi procesi war 
moadgens aseTi saxis realizaciebis usasrulo erTobli 
obas, romlebic qmnian statistikur ansambls. magaliTad,  

ansambli aris signalebis grova     1 2, ,... ,x t x t romlebsac 

SesaZlebelia erTdroulad davakvirdeT erTnairi xmau-
ris Zabvis generatorebis gamosasvlelebze (ix. nax. 6.10). 

 xSirad cdiloben SemTxveviTi procesebi warmoidginon 

yvelanairi harmoniuli signalebiT  cosU t  , romelTa 

sami , ,U     parametridan erT-erTi SemTxveviTi sididea, 

romelic Rebulobs gansazRrul mniSvnelobas TiToeuli 
realizaciis dros. SeuZlebelia winaswar vicodeT am 
parametris mniSvneloba. 
 SemTxveviT procesebs, Seqmnili realizaciebiT, rom-
lebic damokidebulia zRvruli parametrebis ricxvze, 
ewodeba kvazideterminirebuli SemTxveviTi procesebi. 

6.3.2. SemTxveviTi procesebis albaTobis simkvrive    

 vTqvaT  X t  - SemTxveviTi procesia, romelic mocemu-

lia realizaciebis ansambliT, xolo 1t  - raime nebismieri 

drois momentia, Tu davafiqsirebT       1 1 2 1 1, ,..., ,...kx t x t x t   
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sidideebis calkeulad aRebul realizaciebSi da  ganva-
xorcielebT erT ganzobileba SemTxveviTi procesis kve-

Tas, davakvirdebiT  SemTxveviT sidides  1X t . misi alba-

Tobis simkvrives   1,p x t   ewodeba  X t  procesis erT 

ganzomilebiani albaTobis simkvrive 1t  drois momentSi. 

gansazRvris Tanaxmad, sidide   1d , dP p x t x  aris albaTo-

ba imisa, rom SemTxveviTi procesis realizacia drois 1t  

momentSi miiRebs mniSvnelobebs, romlebic ganlagdeba    

 , dx x x intervalSi. 

  mniSvnelovnad meti informacia SesaZlebelia mi-
viRoT, Tu gveqneba SemTxveviTi procesis kveTebi ara-

Tanxvedri drois  1t   da 2t  momentebSi. aseTi or 

ganzomilebiani SemTxveviTi sidide     1 2,X t X t aRiwereba 

or ganzomilebiani albaTobis simkrive  1 2 1 2, , ,p x x t t . Sem-

TxveviTi procesis es maxasiaTebeli gvaZlevs imis 
xdomilobis albaTobas, rom SemTxveviTi procesis real-

izacia, roca 1t t  moxdeba 1x  wertilis mcire midamoSi, 

xolo roca 2t t  moxdeba 2x  wertilis mcire medamoSi. 

BU bunebrivi ganzogadebaa SemTxveviTi procesis n - gan-

zomilebiani  2n  kveTa, romelsac mivyevarT n - ganzomi-
lebiani albaTobis simkvrivesTan. 
 mravalganzomilebiani SemTxveviTi procesis albaTo-
bis simkvrive unda akmayofilebdes Cveulebriv pirobebs, 
romlebic edeba SemTxveviTi sidideebis albaTobis sim-
kvrivis erTobliobas (ix.$6.2). garda amisa, 

 1 2 1 2, ,..., , , ,...,n np x x x t t t  sidide ar unda iyos damokidebuli 

misi argumentebis ganlagebis wyobis rigze (simetriu-
lobis piroba). 
   zogjer albaTobis simkvrivis n - ganzomilebiani sim-
kvrivis nacvlad moxerxebulia n - ganzomilebiani maxasi-
aTebeli funqciis gamoyeneba, romelic dakavSirebulia 
Sesabamis furies gardaqmnis simkvrivesTan (6.35):                  

 1 2 1 2, ,..., , , ,...,n nt t t   

   1 2 1 2 1 1 2 2 1 2, ,..., , , ,..., exp d d . . .dn n n n np x x x t t t j x x x x x x  
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 SemTxveviTi procesebis Tvisebebis aRwera mrvalganzo-
bilebiani maRali rigis albaTobis simkriveebiT SesaZle-
belia iyos Zalze vrceli. magram am gzaze xSirad 
gvxvdeba seriozuli maTematikuri sirTuleebi. 

6.3.3. SemTxveviTi procesebis momenturi funqciebi 

 rogorc wesi, praqtikuli TvalsazrisiT misaRebi Sem-
TxveviTi procesebis maxasiaTeblebi, SesaZlebelia mivi-
RoT im SemTxveviTi sidideebis momentebis gamoTvliT, 
romlebic SeimCneva aseTi procesebis kveTebSi. vinaidan 
zogad SemTxvevaSi es momentebi damokidebulia droSi 
cvlad argumentebze, maT miiRes dasaxeleba momenturi 
funqciebi. 
 statistikur radioteqnikaSi mniSvnelovania dabali 
rigis sami momenturi funqcia, dasaxelebiT maTematikuri 
molodini, dispersia da korelaciis funqcia.   

maTematikuri molodini         , dm t x t xp x t x





      (6.36) 

aris procesis  X t  saSualo mniSvneloba t  drois mimdi-
nare  momentSi; GgaSualedeba tardeba procesis realiza-
ciis srul ansamblze, 

 dispersia              
2 2

2 , dt x t m t x t m t p x t x





     (6.37) 

iZleva myisieri mniSvnelobebis gabnevis xarisxis Sefase-
bis saSualebas saSualo mniSvnelobis mimarT, romlebsac 
Rebulobs calkeuli realizacia t  drois fiqsirebul 
kveTaSi. 
 organzomilebiani centraluri momenti   

         

         

1 2 1 1 2 2

1 1 2 2 1 2 1 2 1 2

,

, , , d d

R t t x t m t x t m t

x t m t x t m t p x x t t x x





         

         
(6.38) 

ewodeba  X t SemTxveviTi procesis korelaciis funqcias. 
es momenturi funqcia axasiaTebs im SemTxveviTi sidide-
ebis statistikuri kavSiris xarisxs, romlebic SeimCneva  

1t t  da 2t t  dros. Tu SevadarebT  (6.37) da (6.38), Sevam-

CnevT, rom Tu kveTebs SevaTavsebT, maSin korelaciis  
funqcia ricxobrivad gautoldeba dispersias: 
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1 2

2

1 2, t t tR t t t   .                 (6.39) 

6.3.4. stacionaruli SemTxveviTi procesebi 

 ase ewodeba SemTxveviT procesebs, romlis statisti-
kuri maxasiaTeblebi erTnairia yvela kveTebSi. 
   SemTxveviTi signalebi aris stacionaruli SemTxveviTi 
procesebis tipiuri realizaciebi, romlebic Seadgenen 
farTod gavrcelebuli SemTxveviTi rxevebis klass. 
 amboben, rom SemTxveviTi procesi aris stacionaruli 
viwro gagebiT, Tu misi n -ganzomilebiani albaTobis sim-
kvrive invariantulia   drois wanacvlebis mimarT: 

   1 2 1 2 1 2 1 2, ,..., , , ,..., , ,..., , , ,...,n n n np x x x t t t p x x x t t t      .  (6.40) 

 Tu ki moTxovna SevzRudoT imiT, rom procesis maTema-

tikuri molodini m  da 2  dispersia ar iyos damokide-
buli droze, xolo korelaciis funqcia damokidebuli 

iyos mxolod 
2 1t t   , anu    

1 2,R t t R  sxvaobaze, maSin 

aseTi SemTxveva iqneba stacionaruli farTo gagebiT.  
 gansazRvridan gamomdinareobs, rom stacionaruli pro-

cesis korelaciis funqcia aris luwi:    R R   . 
 amis garda, am funqciis absoluturi mniSvneloba nebi-
smieri  -s mniSvnelobisaTvis ar aRemateba funqciis 
mniSvnelobas, roca 0  : 

    20R R   .                       (6.41) 

 damtkicebis meTodi aseTia: WeSmariti utolobidan    

     
2

0x t m x t m            gamomdinareobs, rom  

     
           

 

2 2

2

2

2 2 0,

x t m x t m x t m x t m

R

 

 

              

  

   

aqedan uSualod gamomdinareobs (6.41) utoloba. 
 xSirad gamosayeneblad mosaxerxebelia normirebuli 

korelaciuri funqcia      2r R   ,  (6.42) romlisaTvis    

 0 1r  . 
   stacionaruli SemTxveviTi procesis cnebis ilustra-
ciisaTvis ganvixilod ori magaliTi. 
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    magaliTi 6.5.   U t SemTxveviTi  procesi Seqmnilia Semdegi 

saxis     0cosmu t U t    realizaciebiT, sadac mU da 
0  

winaswar cnobilia, maSin roca fazuri kuTxe   - SemTxveviTi 

sididea, romelic Tanabrad aris ganawilebuli        

monakveTze. akmayofilebs Tu ara mocemul SemTxvevaSi procesi  
farTo gagebiT stacionarulobis aucilebel pirobebs? 

     amoxsna: vinaidan fazuri kuTxis simkvrive  1 2p  , 

maSin procesis maTematikuri molodini  

   0 0cos cos d 0
2

m
m

U
u U t t





    
 

     . 

   analogurad SeiZleba vipovoT dispersia: 

   
22 2 2 2

0cos 2m mu u U t U       . 

   bolos, korelaciis funqcia iqneba: 

     

    

 

2 2

1 2 0 1 0 2

2

0 1 2 0 2 1

2

0 2 1

, cos cos

1
cos 2 cos

2

1
cos .

2

m

m

m

R t t U t t

U t t t t

U t t

   

  



   

       

 

  

    maSasadame, mocemuli SemTxveviTi procesi akmayofilebs 
yvela aucilebel pirobas, rom uzrunvelyofili iqnes 
stacionaroba farTo gagebiT. 

   magaliTi 6.6.   U t SemTxveviTi procesi Seqmnilia Semdegi 

saxis     0cosmu t U t    realizaciebiT, sadac 0 da -

mocemuli ricxvebia.  mU - SemTxveviTi sididea nebismieri 

ganawilebis kanoniT. iqneba Tu ara stacionaruli es procesi? 
    amoxsna: vinaidan procesis maTematikuri molodini 

   cos 0u t U tm    ar iqneba damokidebuli droze  mxolod 

maSin, roca Sesruldeba  0Um   piroba, amitom zogad SemTxve-

vaSi ganxiluli SemTxveviTi procesi iqneba arastacionaruli.  
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6.4. VI Tavis  mokle mimoxilva  

(ZiriTadi debulebebi, Tanafardobebi da 

Taviseburebani 

 

6.4.1. Tavis  Sedegebi 
 

 albaTuri kanonzomierebani gamovlindeba fizikur 
sistemebSi, romlebic Seiqmneba didi raodenobis ufro 
wvrili qvesistemebidan. 

 SemTxveviTi sididis ZiriTadi maxasiaTeblebebia: gana-
wilebis funqcia da albaTobis simkvrive. 

 ricxviTi parametrebi, romlebic aRweren SemTxveviT 
sidides, aris momentebi, iseTi rogoricaa, magaliTad, 
maTematikuri molodini da dispersia. 

 miRebulia mravalganzomilebiani SemTxveviTi sididis 
calkeuli mdgenelebis statistikuri kavSirebi aRiwe-
rebodes meore rigis Sereuli momentebiT, romlebsac 
ewodeba korelaciis koeficientebi. 

 arakorelirebuli gausis sidideeebi statistikurad 
damoukidebelia. 

   centraluri zRvruli Teoremis Sesabamisad, didi 
ricxvis damoukidebeli SemTxveviTi sidideebis jami 
Sesakrebebis ricxvis gazrdisas  ganawilebulia nor-
maluri kanoniT. 

 SemTxveviTi procesi moicema usasrulo realiza-
ciebis ansambliT.  

  SemTxveviTi procesis umniSvnelovanesi momenturi 
funqciebia: maTematikuri molodini, dispersia da ko-
relaciis funqcia. 

  Tu SemTxveviTi procesis statistikuri maxasi-
aTeblebi droSi ucvlelia, maSin process ewodeba 
stacionaruli 

  stacionaruli ergodiuli SemTxveviTi procesebis 
maxasiaTeblebi SesaZlebelia Seiswavlebodes eqsperi-
mentalurad sakmarisad grZeli erTaderTi realizaciis 
analizis Catarebisas. 

  gausis stacionaruli SemTxveviTi procesis nebismi-
eri mravalganzomilebiani albaTobis simkvrive Sesa-
Zlebelia gamovTvaloT, Tu gvecodineba misi maTemat-
ikuri molodini da korelaciis funqcia.  
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6.4.2. sakontrolo kiTxvebi  

1. rogor formulirdeba albaTobis Teoriis aqsiomebi? 
2. raSia gansxvaveba maTematikuri da eqsperimentuli 

(amorCeviTi) albaTobebis cnebebs Soris? 
3. moiyvaneT SemTxveviTi sididis albaTobis simkvrivis 

ZiriTadi Tvisebebi? 
4. rogor unda movipovoT SemTxveviTi sididis 

albaTobis funqciis simkrive erT- da 
araerTkavSirebis dros? 

5. rogor aris dakavSirebuli erTmaneTTan albaTobis 
simkvrive da SemTxveviTi sididis maxasiaTebeli 
funqcia? 

6. ra azri aqvs ori SemTxveviTi sididis koreliaciis 
cnebas? 

7. ra aris ufro mkacri moTxovna – arakorelireba Tu 
SemTxveviTi sididis statistikuri damoukidebloba? 

8. ra TvisebebiT gansxvavdebian mravalganzomilebiani 
gausis SemTxveviTi sidideebi? 

9. rogor formulirdeba centraluri zRvruli Teorema? 
10. Ra gansxvavebaa or cnebas Soris – ”SemTxveviTi 

procesi” da ”SemTxveviTi realizacia”? 
11. eqsperimentulad miRebulia nax. m.6.1 moyvanili SemT-

xveviTi signalis realizacia: 

 
nax. m.6.1 

principulad SeiZleba Tu ara moyvanili signali mieku-
Tvnebodes gausis SemTxveviTi procesis realizaciis 
ansambls? 

12.  moiyvaneT stacionaruli SemTxveviTi procesis 
cnebebis  gansazRvebebi farTo da viwro gagebiT? 

13.  raSi mdgomareobs ergodiuli SemTxveviTi procesis 
gansxvavebuli Tviseba? 

14.  ra fizikuri azri aqvs ergodiuli SemTxveviTi pro-
cesis dispersias? 

15.  rogor ganisazRvreba ori SemTxveviTi procesis 
urTierTkorelaciuri funqciis cneba? 
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6.4.3. gamoTvlis zogadi meTodika 

   zogadi meTodi ar arsebobs. yovel konkretul SemTx-
vevaSi magaliTis/amocanis amoxsnas unda miusadagoT Sesa-
bamisi maTematikuri aparati da logikuri msjelobiT 
amoxsnaT dasmuli magaliTi an amocana. 

6.4.4. tipiuri amocanebis amoxsnis magaliTebi 

6.4.4.1. SemTxvevTi xdomiloba da misi albaToba 

magaliTi m.6.1. ori A Ada B piri, rigrigobiT agdeben 
saTamaSo Zvals. TamaSs iwyebs A . igebs is, romelic pir-

veli amoagdebs 6 qulas. ipoveT AP albaToba imisa, rom 

moigebs A Apiri. 
  amoxsna: gamoiyeneT araTavsebadi movlenis albaTobis 
gamoTvlis wesi. avRniSnoT 6-ianis amovardna X  
simboloTi, xolo nebismieri sxva ricxvisa erTidan 

xuTamde - Y simboloT. A Apiris mogebisaken mivyavarT 
Semdeg situaciebs: X -albaTobiT 1/6; YYX - albaTobiT 

 
2

5 6 1 6 ; YYYYX - albaTobiT  
4

5 6 1 6  da a.S. aqedan 

advilad Cans, rom A piris mogebis albaToba gamoiTvleba 
Semdegi formuliT  

12 2

0

1 5 1 5
1 0.545

6 6 6 6

n

A

n

P






    
       

    
 , 

anu pirs, romelic iwyebs TamaSs, aqvs mcire upiratesoba. 
   magaliTi m.6.5. raRac sistema, romelic gadascems 

signalebs a  wertilidan  b  wertilSi, moyvanilia nax. 
m.6.2 –ze. sistema Seicavs or elements, romlebic areze-

rveben erTmaneTs. normaluri 
funqcionireba sruldeba, Tu 
erT-erTi am elementebidan 
muSa mdgomareobaSia. 
 cnobilia, rom raime drois 

SualedSi 1 elementi muSaobs 
gamarTulad albaTobiT 

1 0.8,P   xolo elementi 2 – 

albaTobiT 2 0.7P  . ipoveT sa- 

        nax. m.6.2            rezervo sistemis gamarTuli  
muSaobis P albaToba drois igive SualedSi. 
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miTiTeba: SeadgineT SemTxvevebis sruli jgufi, 
romlebic pasuxobs sistemis gamarTul muSaobas. 
gamoiyeneT jgufis araTavsebadi SemTxvevebis albaTobis 
gamoTvlis wesi.  

amoxsna:  vinaidan    1 2 1 1 2 2 11 0.94P PP P P P P P       

magaliTi m.6.6. amjamavis (sumatoris) Sesasvlelze (ix. 
nax. m.6.3) miewodeba oTxi damoukidebeli, droSi mudmivi, 

SemTxveviTi 1 2 3 4, ,u u u uda  Zabvebi. am Zabvebidan TiToeuls 

SeuZlia toli alba-
TobiT miiRos 0.5 v 
mniSvneloba (poten-
cialis ”dabali” done) 
an 4.5 v (potencialis 
”maRali” done).   

gansazRvreT Zabvebis 

ugam  erToblioba amja-

mavis gamosasvlelze 
maTi gamoCenis albaTo-
bebTan erTad. 

          nax. m.6.3 
 miTiTeba:  gamoiyeneT Sesasvleli Zabvebis statistiku-

ri damoukideblobiT. SeadgineT SemTxvevebis sruli 
jgufi 

    pasuxi:   2 6 10 14 18 .u gam v, v, v, v, v    

6.4.4.2. ganawilebis Ffunqcia da albaTobis simkvrive. 

momentebi 

  amocana m.6.8. X  SemTxveviTi sididis albaTobis 

simkvrives aqvs saxe         
 3

0, 0,

2 1 , 0.

x
p x

x x


 

 

 

   ipoveT mocemuli SemTxveviTi sididis  ganawilebis 

 F x  funqcia, aseve SemTxveviTi wertilis  0, 1  

monakveTis SigniT moxvedris albaToba  0 1P X  . 
 amoxsna: gansazRvrebis Tanaxmad 

     
 

 

1

3

0 0

d
d 2 .

1

x

F x p


 


 


   

   SevcvaloT   cvladi 1   -iT, gveqneba 
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1

23

1

2 d 1 1 .

x

F x x 




     

Semdeg,       0 1 1 0 0.75P X F F      

  amocana m.6.10. uwyvet SemTxveviT sidides X aqvs samkuT-

xa formis albaTobis simkvrivis  p x  

grafiki (ix. nax. m.6.4). parametri a  - 
mocemuli ricxvia, sidide A  winaswar 
ucnobia. miiReT formula, romelic 

aRwers  p x funqcias.  

    amoxsna:   

   nax. m.6.4           
 

 

2

2

0, ,

, 0,

, 0 ,

0, .

x a

a x a a x
p x

a x a x a

x a

 


   
 

  
 

 

   amocana m.6.11. SemTxveviTi sidide 0, 2m    para-

metrebiT ganawilebulia normaluri kanonis mixedviT. 
ipoveT am SemTxveviTi sididis moxvedra 0 2x   naxe-
varintervalSi.  

    pasuxi:   formulis   
b m a m

P a x b
 

    
       

   
 

gamoyenebiT mocemul SemTxvevaSi miviRebT       
     0 2 1 0 0.341.P x       

   amocana m.6.13. ipoveT  SemTxveviTi sididis R albaTo-
bis simkvrive. R aris ori paralelurad SeerTebuli re-
zistoris winaRoba. erT maTgans aqvs fiqsirebuli 

winaRoba 0R , maSin roca meoris winaRoba  SemTxveviTi 

sididea, romelic Tanabrad aris ganawilebuli monakveT-

ze [ 0 0,R a R a  ], sadac 0a R  - mudmivi ricxvebia. 

   amoxsna: vinaidan  0 0R rR r R  , maSin misi Sebrunebu-

li funqciaa   0 0r RR R R  , xolo misi warmoebulia 

 
22

0 0d dr R R R R  . r  winaRobis albaTobis simkvrives aqvs 

saxe    1 2 ,p r a amitom      
22

0 0d d 2 .p R p r r R R a R R        

R  winaRoba icvleba Semdeg zRvrebSi  
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 0 0
min

02

R R a
R

R a





-dan 

 0 0
max

02

R R a
R

R a





-de. 

sabolood         

min

22
0 0 min max

max

0 ,

2 ,

0 ,

R R

p R R a R R R R R

R R


       




. 

   amocana m.6.14. damoukidebel X da Y  SemTxveviT sidi-

deebs aqvs speqtruli simkvriveebi  
1p x  da  2p y , Sesaba-

misad. ipoveT SemTxveviTi Z X Y   sididis speqtruli 

simkvrive  
3p z . 

   amoxsna:  ganvixiloT organzomilebiani SemTxveviTi 

sidide  ,W X Y . vinaidan X da Y  damoukidebelia, maSin 

     1 2,wp x y p x p y  . gadavideT  ,x y argumentebidan axal 

 ,x z argumentebze, sadac z x y  . vinaidan iakobiani 

1D  ,  maSin axal cvladebSi albaTobis organzomilebi-

ani speqtruli simkvrive iqneba      
1 2,wp x z p x p z x   . 

aqedan jamis albaTobis speqtruli simkvrive aris Sesa-
krebi albaTobebis simkvriveebis naxvevi:    

     
3 1 2 d .p z p x p z x x





    

  amboben, rom moyvanili gamosaxuleba aRwers ori kano-
nis ganawilebis kompozicias. 
  amocana m.6.19. gamoTvaleT amocana m.6.8 –Si ganxiluli 

X  SemTxveviTi sididis x  saSualo mniSvneloba da 2x  
saSualo kvadrati.  
  amoxsna: gaSualedebis principidan gamomdinare 

 
3 2 3

0 1 1

d d d
2 2 2 1

1
x

   

 

  

   


    

  saSualo kvadratis povna dadis integralis gamoT-

vlaze 
 

 
 

2
2

3 3

0

d 1 1
2 2 ln 1

011 2 1
x

 


 


 

          
  

   m.S. aq ganxilul SemTxveviT sidides gaaCnia 
usasrulod didi dispersia. 
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   amocana m.6.21. uwyveti SemTxveviTi sidide X Tanabrad 

aris ganawilebuli a x b   naxevarmonakveTze. gamoTva-

leT SemTxveviTi sididis 1m x  saSualo mniSvneloba, 
2

2m x  saSualo kvadrati da 2 2
2 1x m m    dispersia.  

   amoxsna:  mocemul SemTxvevaSi 

 
1

d d
2

b

a

b a
x xp x x x x

b a






  

  , 

anu saSualo mniSvneloba emTxveva Sua monakveTs. Sendag  

 
2 2

2 2 21
d d .

3

b

a

b ab a
x x p x x x x

b a





 
  

   

da bolos,        
 222 2 .

12x

b a
x x


    

  amocana m.6.22. SemTxveviT X  sidides aqvs calmxrivi 
eqsponencialuri albaTobis simkvrive 

 
 exp 0,

0 0.

x x
p x

x

   
 



roca

roca
 

   ipoveT am SemTxveviTi sididis x  saSualo mniSvneloba 

da 2
x  dispersia. 

   miTiTeba. isargebleT tabulirebuli integraliT 

1

0

! .n x nx e n 



    

   pasuxi:  2 21 , 1 .xx      

   amocana m.6.24. uwyveti SemTxveviTi sidide X Tanabrad 

aris ganawilebuli monakveTze  0, 1 . ipoveT Z  SemTxvevi-

Ti sididis maTematikuri molodini da dispersia, romlis 
TiToeuli realizacia udris monakveTebis sigrZeebis 
namravls, romlebzec gayofilia monakveTi x  SemTxveviTi  
wertiliT.    

   amoxsna:  rogorc Cans,  1 .z x x   albaTobis simkvrive 

 1p x  . maSin  
1

0

1 d 1 6z x x x    da  
1

22 2

0

1 d 1 30.z x x x    

aqedan        22 2 1 1 1
.

30 36 180
x z z       
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6.4.4.3. SemTxveviTi sididis funqcionaluri gardaqmna.  

mravalganzomilebiani SemTxveviTi sidideebi  

  amocana 6.25. ipoveT Z  SemTxveviTi sididis albaTobis 
simkvrive, ganxiluli amocana 6.24-Si.  

  amoxsna: Tu  1z x x   (nax. m.6.5, a), maSin Sebrunebuli 

funqcia 1 2 1 4x z    orniSnaa (nax. m.6.5, b). misi warmoe- 

 
            a                             b 
                           nax. m.6.5 

buli  
1

,
2 1 4

dx

dx x



 saidanac  

 

0, , 0,

1 1 4 , 0 1 4,

0 , 1 4.

z

p z z z

z




   




 

  amocana m.6.26. X  SemTxveviT  sidides aqvs calmxrivi  
eqsponencialuri albaTobis saxis 
simkvrive  

 
 exp 0,

0 0.

x x
p x

x

   
 



roca

roca
 

fiqsirebuli 0   parametris mni 
SvnelobiT. SemTxveviTi sidide Y  
miiReba X -dan funqciuri gardaqm 

                        nis gziT. gardaqmnis grafiki moy-    
        nax. m.6.6        vanilia nax. m.6.6-ze. 
gansazRvreT gardasaqmneli SemTxveviTi sididis albaTo-

bis simkvrive  p ygar .           
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pasuxi:   
     

   

1 0 00 0

1
1 0 0 0 0

0

0 , 0

1

, 0 ,

0 , .

y x x yx x

x

y

e y e e
p y

x x y e y y y y

y y

 



 



  






  
 

     




gar  

   amocana. sam damoukidebel SemTxveviT ,X Y Zda  sidi-

des aqvs erTnairi normaluri albaTobis simkvrive 

      2exp 2 2p      , sadac   simbolo  Seesabameba 

,x y zda . vTqvaT  , ,x y z  - wertilebia sam ganzomilebian 

dekartul koordinatTa sivrceSi, romlebic da-

kavSirebulia sferul  , ,r   koordinatebTan cnobili 

TanafardobebiT:   sin cos , sin sin , cos .x r y r z r        

   ipoveT erTganzomilebiani R  SemTxveviTi sididis al-

baTobis  p r  simkvrive, romelic warmoadgens koordinat-

Ta sferuli sistemis radius-veqtors. 
  amocana: , ,x y z cvladebidan , ,r    cvladebze iakobianis 

gardaqmnas aqvs saxe 

2

sin cos cos cos sin sin

sin sin cos sin sin cos sin .

cos sin 0

r r

D r r r

r

     

      

 

 



 

maSasadame, albaTobis simkvrivis gardaqmna 

 
 

  
2

2 2

3 2 3

sin
, , exp 2 .

2

r
p r r


  

 
   

erTganzomilebiani SemTxveviTi sididis simkvrivis gamo-
saTvlelad viyenebT gamosaxulebas: 

   
 

  
2 2

2 2

1 2 3
0 0

2
d d , , exp 2

2

r
p r p r r

 

    
 

     . 

 

 

 

 

6.4.4.4 SemTxveviTi sididis maxasiaTebeli funqcia 

     amocana m.6.30. ipoveT  X  SemTxveviTi  sididis maxasia-
Tebeli funqcia, romelsac aqvs Semdegi saxis albaTobis  
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simkvrive       x
xp x e x  .  

    pasuxi:      u ju     

   amocana m.6.31. gamoTvaleT X  SemTxveviTi sididis  u  
maxasiaTebeli funqcia, romelic Tanabrad ganawilebulia 

a x b   monakveTze. 

     pasuxi:    
 

jbu jaue e
u

j b a u


 


 

     amocana m.6.32.  a x b   monakveTze 
Tanabradganawilebul X  SemTxveviT  sidides aqvs 

   u ju     saxis maxasiaTebeli funqcia. ipoveT Sem-

TxveviTi  sididis saSualo x  mniSvneloba. 
   amoxsna: gamoviyenoT cnobili kavSirebi momentebsa da 

maxasiaTebel funqcias Soris: 
   0 .n

nm j     

   maxasiaTebeli funqciis warmoebuli  

 
 

 
2

1
.

jbu jau jbu jauju be ae e e
u

j b a a

  
  


       (*) 

roca 0u  , maSin gantolebis marjvena mxares war-
moiqmneba ganusazRvreloba. ganusazRvrelobis 
gaxsnisaTvis unda visargebloT Semdegi daSlebiT: 

2 2

1 ... ;
2

jau a u
e jau      da  

2 2

1 ...
2

jbu b u
e jbu     

Tu CavsvavT am gamosaxulebebs (*)-Si,  miviRebT  

        
 

0 ;
2

j a b
      xolo    1

2

a b
m x


  . 

  amocana m.6.33. X  SemTxveviTi  sidide Tanabrad ganawi-

lebulia 1 2 1 2x    monakveTze. gamoTvaleT Y  SemTxve-

viTi sididis albaTobis simkvrive, romlis TiToeuli 
realizacia udris X  SemTxveviTi  sididis sami 
damoukidebeli realizaciebis jams.  
   amoxsna: gamoviyenoT amocana m.6.31-Si miRebuli Sedegi  

       
  

   
2 2 2 2

sin 2 2
1 2 1 2

ju ju ju ju

x

e e e e
u u u

juj u

 
   

 
, 

saidanac       
33sin 2 2 .y u u u   
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  imisaTvis, rom maxasiaTebeli funqciidan gadavideT 

 p y  albaTobis simkvriveze, aucilebelia furies inte-

gralis gamoTvla      
1

d
2

jyu
yp y u e u









  .  imis gamo, 

rom funqcia  
y u  luwia, integrali SeiZleba Caiweros 

ase  

 
 3

2

0

sin 2 cos8
d

u yu
p y u

u



  . 

  Sesabamisi tabulirebuli integralis saxes 

 

2

23

3

0

3 1
, 0 ,

8 4 2

sin 2 cos 3 1 3
d , ,

16 2 2 2

3
0 ,

2

y y

u yu
I u y y

u

y






  
   

 
  
     

 

 


  

mivyavarT  p y  albaTobis simkvrivis Semdegi gamosaxule-

bisaken, roca 0 :y          

2

2

3 1
, 0 ,

4 2

1 3 1 3
, ,

2 2 2 2

3
0 , .

2

y y

p y y y

y

 
   

 
  
    

 

 


 

   cxadia, rom funqcia aris luwi da amitom simetriuli  
ordinatTa RerZis mimarT. anu roca 0y  funqciis grafi-  

ks unda daematos Sesabamisi marcxena Sto (ix. nax. m.6.6).  
   aRsaniSnavia, rom sami damoukidebeli SemTxveviTi si-
didis albaTobis simkriveebis jami aisaxeba “gluvi” mru-
dis saxiT, imisda miuxedavad, rom albaTobis simkvri-
veebis calkeul Sesakrebebs  aqvs wyvetili xasiaTi. amaSi 
gamoixateba kanoni, romlis mixedviT SesakrebTa ricxvis 
araSezRudul zrdasTan erTad ganawilebis kanoni asimp-
toturad miiswrafis normalurisken (centraluri zRvru-
li Teorema albaTobis TeoriaSi). 
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