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Sesavali 

 

    adamianis organizmSi mimdinare fiziologiri procesebi 
warmoadgenen rTul movlenebs, romlebic Seicaven Semaval da gamomaval 
nakadebs, romlebic SeiZleba iyos rogorc meqanikuri, aseve eleqtruli 
da bioqimiuri. mravali fiziologiri procesi SeiZleba warmodgenili 
iyos signalis saxiT, romelsac bioeleqtruli an mokled biosignali 
ewodeba. cnobilia diagnostikis mravali meTodi da saSualeba, romelic 
efuZneba adamianis organizmis sxvadasxva organoebis mier genrirebuli 
biosignalebis registracias, romlebic warmoadgenen daavadebis 
diagnostikisa da mkurnalobis procesSi organiszmis sxvadaxxva 
organoebis funqcionaluri mdgomareobis Sefasebis meTods. Tavis mxriv 
biosignalebi SeiZleba iyos eleqtruli – potencialis an denis saxiT, 
bioqimiuri – hormonebis da neirotransmiterebis saxiT, fizikri – wnevis 
da temperatris saxiT.  
 samkurnalo_diagnostikuri procesi moicavs Semdeg etapebs: 
monacemebis miReba, monacemTa analizi, gadawyvetilebis miReba da 
mkurnaloba. monacemTa miRebis etapi gulisxmobs pacientis 
mdgomareobaze maqsimalurad SesaZlo informaciis miRebas. eqims 
TviToon SeuZlia imsjelos pacientis mdgomareobaze garegani 
daTvalierebis da gamokiTxvis Sedegad. magram xSir SemTxevvaSi 
diagnozis dasmisaTvis da mkurnalobis dasaniSnad eqimis grZnobis 
organoebi ar aris sakmarisi, am SemTxvevaSi eqims exmareba Sesabamisi 
xelsawyoebi da aparatebi, romelTa saSalebiT SesaZlebelia pacientis 
mdgomareobis ufro sruli suraTis warmodgena. aseT xelsawyoebis 
magaliTebia: sicxis gamzomi Termometrebi, sisxlis wnebis manometrebi, 
spirometrebi, PH - metrebi da sxva. garda amisa, gamoiyeneba ufro rTuli 
monitorebi, eqoskanerebi, tomografebi da a.S. 
 monacemTa analizis etapi aseve gulisxmobs sxvadasxva xelsawyos 
farTo gamoyenebas, ZiriTadad mikroprocesoruls da kompiuretuls. 
magaliTisTvis am etapze saWiroa Seiqmnas monacemTa statistikuri 
damuSavebis sistema, monacemTa bazis Sevsebis da masSi arsebuli 
informaciis gamoyeneba da a.S, rac Seexeba mkurnalobis etaps, am 
SemTxvevaSi meqanikuri da eleqtruli saSalebebis gamoyeneba moiTxovs 
specialur momzadebas da codnas. 
      davadeba an romelime biologiuri sistemis defeqti iwvevs 
normaluri fiziologiuri procesis saxecvlilebas, romelsac mivyevarT   
normalurisagan gansxvavebul paTologiur procebTan. aqedan 
gamomdinare, SesaZlebelia biosignalis analizis safuZvelze SevafasoT 
sistemis mdgomareoba.M 

fiziologiri sistemebis kvlevisaTvis pirvel nabijs warmoadgens 
Sesabaisi gadamwodebis da aparatis SeqmnaMSesaswavli procesis eleqtrl 
signalSi gardaqmnisaTvis. Semdeg etaps warmoadgens miRebuli 
biosignalis damuSaveba, romelic eqimisaTvis yovelTvis ar  warmoadgens 
martiv amocanas. ase magaliTad, xSirad klinikurad saWiro inforaciaMM 
biosignalSi SeniRbulia xmauriT. garda amisa, rogorc wesi, biosignalis 
parametrebis uSualod vizualurad aRqma SeuZlebelia sxvadasxva 
mizezis gamo, magaliTad gulis tonebis sixSiruli diapazoni axlosaa 
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an sulac dabalia adamianis mier bgeris aRqmis sixSiresTan; zedapiruli 
eleqtromiografiuli signali sakmaod rTulia vizuluri analizisaTvis. 
garda amisa, sxvadasxva eqimis da specialistis subieqturi mosazrebidan 
gamomdinare SeuZlebels xdis movlenis saimedo Sefasebas da sxva aseTi 
faqtorebi. amis gamo saWiro xdeba ara marto Tanamedrove aparaturis 
Seqmna, aramed biosignalebis obieqturi analizis meTodebis damuSaveba. 

biosignalebis analizis ZiriTadi miznebia: 
- informaciis Segroveba, movlenis raodenobrivi Sefasebis da 

gamosakvlevi sistemis interpretaciisaTvis; 
- diagnostika, paTologiuri darRvevebis gamovlenisaTvis; 
- monitoringi, gamosakvlev sistemaze uwyvetad an periodulad 

informaciis miRebisaTvis; 
- Terapia da marTva, sistemis modificireba garkveuli Sedegis 

uzrunelyofisaTvvis; 
- Sefaseba, mkurnalobis efeqtis raodenobrivi Sefaseba. 

 zogadad biosignalebi SeiZleba davyoT or did jgufad: 
    - biosignalebi, romlebic moixsnebian obieqtebidan pirdapiri 
eleqtruli Zabvis saxiT (kardiograma, miograma, encefalograma, 
reograma da a.S); 
    - biosignalebi, romlebic asaxaven organos mdgomareobas gamzomi -  
gardamqnelebis daxmarebiT, sadac xdeba araeleqtruli maCveneblebis 
(wneva, temperatura, simkvrive da a.S) gardaqmna eleqtrul signalebSi. 
      dReisTvis klinikur-eqsperimentalur kvlevebSi farTod 
gamoiyenebian Semdegi biosignalebi: 
   - kardiograma, gulis eleqtruli aqtivobis gamokvlevisaTvis; 
   - encefalograma, Tavis tvinis eleqtruli aqtivobis gamokvlevisaTvis; 
   - eleqtromiograma, kunTebis eleqtruli aqtivobis gamovkvlevisaTvis; 
   - audiograma, smenis unaris SeswavlisaTvis; 
   - pletizmograma, organoebis an sxeulis nawilis moculobis 
cvlilebebis Sesaswavlad; 
   - fonokardiograma, gulis tonebis da xmauris registracia da 
diagnostikuri interpretaciisaTvis; 
   - gastrograma, kuWisa da nawlavebis moqmedebis SeswavlisaTvis da 
bevri sxva. 

biosignalebis moxsnis procedurebi SeiZleba davyoT Sedeg 
kategoriebad: invaziuri an arainvaziuri, aqtiuri an pasiuri. invaziuri 
procedura iTvaliswinebs organizmis SigniT gadamwodis an sxva 
mowyobilobis moTavsebas. pacientebisaTvis ufro misaRebia sxvadasxva 
riskis Tavidan acilebisaTvis arainvaziuri procedurebi, romlebsac 
miekuTvnebian, magaliTad kanis zedapiridan eleqtrodebis saSualebiT 
biosinalebis moxsna. 

monacemTa moxsnis aqtiuri meTodebi moiTxoven sistemaze gare 
stimulebis zemoqmedebas saWiro reaqciis an signalis miRebisaTis. 
magaliTad eleqtromiogramis registraciisaTvis saWiroa kunTebis 
SekumSva. pasiuri procedurebi ar moiTxoven pacientisagan raime 
moqmedebas, magaliTad kardiogrmis registracia. 
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 miRebuli biosignalebi eqvemdebarebian damuSavebas signalebis 
damuSavebis TeoriaSi arsebul meTdebs, aqedan gamomdinare, saWiroa 
SeviswavloT signalebis diskretuli damuSavebis meTodebi. 
 

 

 

 

1. signalebis analizis safuZvlebi 

  
1.1 signalis cneba 

  
bunebaSi mimdinare realuri fizikuri movlenebi umeteswilad 

droze damokidebuli procesebia, romlebic warmodgenilni arian 
signalebis saxiT. aqedan gamomdinare, signali ewodeba romelime 
process, romelic gamoiyeneba Setyobinebis asaxvis, registraciisa da 
gadacemisaTvis. arsebobs signalebis gadacemis da damuSavebis uamravi 
magaliTi. magaliTad, adamianis grZnobis organoebi (mxedvelobiT, 
smeniTi, ynosvis da sxva) signalebis meSveobiT tvins gadascemen uamrav 
informacias, sadac xdeba maTi damuSaveba da Sesabamisi reagireba. 
 signalis damuSavebis amocanaa signalSi arsebli informaciuli 
monacemebis aRmoCena da maTi gardaqmna moxerxebul formaSi, SemdgomSi 
misi gamoyenebisaTvis. signalis analizs qveS igulisxmeba ara marto misi 
maTematikuri gardaqmna, aramed am gardaqmnis Sedegad Sesabamisi 
procesebis da obieqtebis specifikur Taviseburebebze daskvnebis 
gakeTeba.  

signalis analizis mizania: 
     - signalis ricxviTi parametrebis gansazRvra (energia, saSalo 
simZlavre, saSualo kvadratuli mniSnvneloba da a.S); 
     -  signalis daSla elementarul mdgenelebad sxvadasxva signalebis 
Taviseburebebis Sesadareblad; 

- signalebs Soris damokidebulebebis raodenobrivi gansazRvra da 
Sefaseba aseTi Sefasebebi miiRebian korelaciuri da speqtruli 
analizis meTodebis gamoyenebiT; 

signalebi zogadad SeiZeba davyoT or jgufad: determinirebul da 
SemTxveviT signalebad. determinirebulia iseTi signali romelic 
zustad aRiwereba maTematikuri formulebiT e.i. drois nebismier 
momentSi SesaZlebelia misi zusti mniSvnelobis gansazRvra. 
 signals ewodeba SemTxveviTi, roca misi aRwera zusti maTematikuri 
formulebiT SeuZlebelia. SemTxveviTi signali garkveuli albaTobiT 
Rebulobs konkretul mniSvnelobebs. 
 signalebis damuSavebis TeoriaSi xSirad ixmareba terminebi: 
sixSire, periodi, cikluri sixSire. gavixsenoT, rom Tu raime signali 
wamSi meordeba magaliTad, 10-jer, maSin amboben, rom am signalis 

cikluri sixSire tolia 10f hc (cikli wamSi), xolo periodi 101T  
(wm). rogorc cnobilia, periodi da sixSire ukuproporciuli sidideebia, 

e.i. fT 1 , xolo kuTxuri sixSire , romelic radianebSi izomeba, 

ciklur sixSiresTan aris Semdeg damokidebulebaSi: f 2 .  
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1.2 determinirebuli signalebis klasifikacia. 
 

determinirebuli signalebis klasifikacia warmodgenilia Semdeg 
naxazze: 

 
 

periudul signalebis miekuTvnebian harmoniuli da poliharmoniuli 
signalebi. harmoniul signalebs miekuTvnebian trigonometriuli 
funqciebi (sinusi, kosinusi). sinusoiduri signali aRiwereba Semdegi 
maTemtikuri damokidebulebiT: 

       tAtfAtx 00 sin2sin  

sadac   AA- amplitudaa da f0 signalis cikluri sixSire hercebSi 

02 f  -kuTxuri sixSire radianebSi, µ- sawyisi fazuri kuTxe 

radianebSi. sinusoidis rxevis periodi tolia: 

00

21






f
T  

praqtikul kvlevebSi xSirad fazur kuTxes iReben µ= 0 tols an sulac 
ugulebelyofen, maSin gveqneba: 

   02sin fAtx   

aseTi sinusoidis realzacia warmodgenilia nax. 1.1a da misi Sesabamisi 
speqtri nax. 1.1b. aq AA = 1.  
 

 
                          a                              b 
                                   nax. 1.1 

poliharmoniuli signalebi  zustad imeoreben TavianT 
mniSvnelobebs garkveuli droiT intervalis Semdeg e.i  

                                        ,......3,2,1,  nnTtxtx                                           (1.1) 
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poliharmoniuli signalebi warmoadgenen periodul signalebis yvelaze 
gavrcelebul jgufs da aRiwerebian harmoniuli rxevebis jamis saxiT 

   



N

k

kkk ktAtx
0

,.....2,1,0,sin   

qvemoT moyvanil nax. 1.2 warmodgenilia poliharmoniuli signalis 
magaliTi oTxi mdgeneliT da Sesabamisi amplidtuduri da fazuri 
speqtrebiT. 

 
                                nax. 1.2 
am signalis maTematikuri modeli anu formula Semdegia: 

   



3

0

2cos
k

kkk tfAtx                        (1.2) 

sadac   7,4,3,5kA  - harmoniuli rxevis amplitudebia,  120,80,40,0f - 

harmoniuli mdgenelebis sixSireebia, xolo  8,0,6,0,4,0,0 k    

Sesabamisi sawyisi fazuri wanacvlebebia. 
 amrigad, nebismieri formis signali SeiZleba warmovidginoT 

ZiriTadi rxevis sixSiris F
T

f
1

0   an 
T




2
0   jeradi sixSireebis 

harmoniuli rxevebis jamiT. aseve unda SevniSnoT, rom perioduli 
signalebis speqtri diskrebulia. 
 TiTqmis perioduli signalebi Zalze waagaven poliharmoniul 
signalebs. magram Tu signali Seqmnilia sxvadasxva sixSiris ori an meti 
harmoniuli signalebis jamisagan, maSin aseTi signali ar iqneba 
perioduli. perioduli iqneba mxolod im SemTxvevaSi, roca nebismieri 
ori sixSiris fardoba iqneba racionaluri ricxvi. am SemTxvevaSi 
arsebobs ZiriTadi (fundamentaluri) sixSire, romelic akmayofilebs (1.1) 
gantolebas. aqedan gamomdinare signali 

       332211 7sin3sin2sin   tAtAtAtx  

periodulia, radgan 2/3, 2/7, da 3/7 racionaluri ricxvebia 
(fundamentaluri periodi usasrulod didia). TiTqmis perioduli 
signalebi ganisazvrebian (1.2) gamosaxulebiT da maT speqtric 
diskretulia. 

aperioduli signalebi warmoadgenen araperioduli signalebis 
ZiriTad jgufs da ganisazRvrebian nebismieri droiTi  funqciebiT. 
aperiodul signalebs miekuTnebian gardamavali (impulsuri) signalebi, 
romlebic warmodgenilni arian nax. 1.3 - ze TavianTi speqtrebiT. 
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                                   nax. 1.3 

sadac  fX speqtris modulia. 

                  
 
                  1.3 signalis energia da simZlavre 
   

daviwyoT energiis da simZlavris fizikuri cnebebeiT. Tu R 
winaRobis rezistors movdebT mudmiv Zabvas, maSin rezistoris 
gamoyofili simZlavre tolia: 

R

U
P

2

  

T drois ganmavlobaSi rezistori gamoyofs Tbur energias, romelic 
tolia: 

R

TU
E

2

  

davuSvaT igive rezistors movdeT ara mudmivi, aramed  tx signali. 
rezistorSi gabneuli simZlavre, damokidebulia droze anu am 
SemTxvevaSi saqme gvaqvs myisier simZlavresTan 

 
 

R

tx
tP

2

  

imisTvis, rom gamovTvaloT T drois ganmavlobaSi gamoyofili energia 
saWiroa myisieri simZlavris integrireba 

    

TT

dttx
R

dttxE
0

2

0

2 1
 

Tu SemovitanT simZlavris saSualo mniSvnelobis cnebas, masSi 

 

T

dttx
RTT

E
P

0

21
 

     yvela am formulaSi Sedis R winaRoba, magram Tu energias da 
simZlavres gavnixilavT ara rogorc fizikur sidideebs, aramed rogorc 
signalebis Sesadarebel saSualebas, maSin es parametri SegviZlia 
formulidan gamovricxoT (CavTvaloT,rom R=1), maSin Cven vRebulobT 
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signalebis TeoriaSi miRebul energias, myisier simZlavres da saSualo 
simZlavres: 

        

TT

dttx
T

PtxtPdttxE
0

22

0

2 1
;;  

signalis energia SeiZleba iyos sasruli da usasrulo, magaliTad 
nebismier sasrulo sigrZis signals gaaCnia sasruli energia (Tu is ar 
Seicavs delta-funqcias). nebismer periodul signals, piriqiT gaaCnia 
usasrulo energia. 
     Tu signalis energia usasruloa, maSin SesaZlebelia misi saSualo 

energiis gansazRvra drois mTel RerZze. amisTis unda gamoviyenoT P P 
gansazRvris formula da gadavideT zRvarze, roca  T  ∞ 

 dttx
T

P

T

T
T 





2

2

21
lim  

saSualo simZlavridan kvadratuli fesvi gvaZlevs signalis saSualo 
kvadratul (moqmed) mniSvnelobas: 

 





2

2

21
lim

T

T
T

dttx
T

P  

  T periodis mqone periodul signalebisaTvis zRvarze gadasvla ar aris 
aucilebeli, sakmarisia signalis periodiT gasaSualeba.         
 

 
 

1.4 signalebis cifruli damuSavebis ZiriTadi operaciebi 
 

signalebis cifruli damuSavebisas gamoiyeneba ZiriTadad erT da 
igive operaciebi: nakeci, korelacia, filtracia, gardaqmna da 
modulacia. unda aRiniSnos, rom signalebis cifruli damuSavebisas am 
ZiriTadi operaciebis gamoiyenebas sWirdeba mxolod martivi 
ariTmetikuli moqmedebebi – gamravleba, Sekreba, gamokleba da Zvris 
operatori. mokled ganvixiloT es operaciebi. 

nakeci. signalebis cifruli damuSavebisas nakeci warmoadgens 
yvelaze ufro gamoyenebad operacias. magaliTad, nakeci warmoadgens 

cifruli filtraciis ZiriTad operacias. ori N1 da N2 sigrZis x(n) da 

h(n) Tanmimdevrobis nakeci ganisazRvreba rogorc 

              









k k

Nnknxnhknxnhnxnhny
0

1,....,2,1,0, , 

sadac  simbolo gamoiyeneba nakecis aRniSvnisaTvis, 121  NNN . 
 korelacia. arsebobs korelaciis ori forma: avtokorelacia da 
urTierTkorelacia. urTierTkorelacia gviCvenebs or signals Soris 
msgavsebas an saerTo Tvisebebs. avtokorelaciuri funqcia gulisxmobs 
erTi signalis arsebobas da iZleba informacias signalis struqturaze 
an mis droSi qcevaze. is warmoadgens urTierTkorelaciuri funqciis 
kerZo SemTxvevas. korelaciuri funqciebis gamoyenebis sferoebia: 
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speqtruli analizi, signalis deteqtireba (aRdgena), romelic ar Cans 
xmaurian signalSi, signalSi arsebuli faruli periodis gamovlena da 
sxva. 
 cifruli filtrebi. signalebis cifruli damuSavebis erT-erT 
mniSvnelovan operacias warmoadgens signalis wrfivi cifruli 
filtracia, romelic sruldeba Semdegi gamosaxulebis gamoyenebiT: 

     





0k

knxkhny  , 

sadac   1,...,2,1,0,  Nkkh  filtris koeficientebia, x(k) da y(k) Sesabamisad 
cifruli filtris Semavali da gamosavali signalebia. 
 unda   RiniSnos,  rom filtracia faqtiurad warmoadgens droSi 

signalis nakecs filtris impulsuri h(k) maxasiaTebliT. filtris 
daniSnulebaa sasargeblo signalidan xmauris gamoricxva an Sermcireba. 
 diskretuli gardaqmnebi. diskretuli gardaqmnebi aRweren 
diskretul signalebs sixSirul koordinantebSi an saSualebas iZlevian 
signalis drois aredan sixSirul areSi gadasvlas. drois aredan 
sixSirul areSi gadasvlis operacia farTod gamoiyeneba signalebis 
cifruli damuSavebis bevr algoriTmSi. magaliTad, aseTi gardaqmnebi 
efeqturad gamoiyeneba iseT algoriTmebSi, rogoricaa filtracia, nakeci 
da korelacia. 
 arsebobs mravali diskretuli gardaqmnebi, romelTagan yvelaze 
ufro gavrcelebulia furies diskretuli gardaqmna, romelic SeiZleba 
ase warmovadginoT: 

   







1

0

2N

k

N

kn
j

ekxnX



 

da romelsac signali gadayavs droiT aredan sixSirul areSi. arsebobs 
furies ukugardaqmna, romelsac signali sixSirul aredan gadayavs 
drioiT areSi 

   





1

0

2N

k

N

kn
j

ekXnx



 

signalebis cifruli damuSavebisas farTod gamoiyeneba Z – 
gardaqmna, romelic zog SemTxvevaSi ufro mosaxerxebelia misi 
gamoyeneba vidre furies gardaqmna. nebismieri diskretuli 

  1,...,2,1,0,  Nkkx  Tanmimdevroba SeiZleba kompleqsuri z cvladiT 

warmovadginoT Semdegnairad: 

   





1

0

N

k

kZkxzX  

romelsac x(k) signalis Z – gardaqmna ewodeba. 
 modulacia. xSirad saWiroa cifruli signalis did manZilze 
gadacema. amisaTvis unda movaxdinoT signalis modulireba ise, rom misi 
sixSiruli maxasiaTeblebi daemTxves gadacemis an Senaxvis sistemis 
maxasiaTeblebs. arsebobs signalis cifruli modulaciis sami yvelaze 
ufro gavrcelebuli sqema: amplituduri, fazuri da sixSiruli.  
 signalis cifruli damuSavebis procesorebi. signalis cifruli 
damuSavebis sistemebi xasiaTdebian realur droSi damuSavebis 
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operaciebis SesrulebiT, Tanac aqcenti keTdeba gamtarunarianobis 
maRal siCqareze. standartuli mikroprocesorebis struqturebi ver 
akmayofileben signalis cifruli damuSavebis maxasiaTeblebs. swored 
aman gamoiwvia axali procesorebis Seqmna, romelTa struqtura 
gankuTvnilia specialurad signalis cifruli damuSavebis operaciebis 
SesrulebisaTvis. axal procesorebs anu Cipebs gaaCniaT Semdegi 
Taviseburebebi: 

- CaSenebuli mamravlebi, romlebic gankuTvnilni arian swrafad 
moaxdinon gamravlebis operaciebi; 

- calke mexsiereba programebis da monacemebis Sesanaxad; 
- brZanebebSi arsebuli ciklebi, romlebic gamoiyenebian 

ganStoebebis da ciklebis SeqmnisaTvis. aseTi brZanebebi 
mniSvnelovnad amcireben ciklebis raodenobas; 

- sakmaod didi siswrafe. magaliTad, TMS320C25 procesoris 
taqturi sixSire 40 mgh, xolo erTi taqtis siCqare – 100nanowam-
ia; 

- konveineruli damuSavebis gamoyeneba, rac iwvevs brZanebebis 
Sesrulebis drois Semcirebas da siswrafis zrdas. 

      axali Cipebi swrafi da mravalfunqcionalurebi arian. dReisaTvis 
zogierT Cips SeuZlia mcocavi mZimiT ariTmetikuli moqmedebebis 
Sesruleba, Seicaven mimdebrobiTi gadacemis arxebs, gafarToebuli 
mexsierebis ares, taimerebs da wyvetis mravaldonian sistemebs. 
 
 

 

 

1.5 signalis maTematikuri warmodgena 
 

rogorc viciT, analoguri signali  gardaiqneba diskretul 
signalad, sadac anaTvlebi warodgenilia cifrul foratSi. Tu drois 

raime  ba,  intervalSi  tx  analogur signals warovadgenT diskretul 

formaSi   Nntnx ,....,2,1,   da mas CavwerT rogorc  NxxxX ,....,, 21  

veqtoris saxiT, maSin Nxxx ,.....,, 21  diskretuli anaTvlebi  tx  signalis 

komponentebi iqnebian. 
 sawyisi signalis aRdgena damokidebulia N sidideze anu 

diskretizaciis t intervalze. rac ufro SevamcirebT t-s, miT ufro 
gaizrdeba N  da miT ufro kargad warmovadgenT sawyis signals. Tu 

N , maSin X veqtori gadaiqceva  tx  signalad (nax. 1.4). 
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                                                      Nnax. 1.4 

 
organzomilebian veqtors, romelic moTavsebulia organzomilebian 

sivrceSi, anu sibrtyeze, Seesabameba romelime wertils sibrtyeze (nax. 
1.5a). 

 
Nnax. 1.5 

 Aaseve samganzomilebian sivrceSi X veqtors Seesabameba mxolod 
erTi wertili (nax. 1.5b). analogiurad N ganzomilebian veqtors 

Seesabameba erTi wertili  N – ganzomilebian civrceSi   NxxxX ,....,, 21 , 

magram maTi geometriuli warmodgena SeuZlebelia. 
 Tu warmovadgenT usasrulod did ganzomilebis N sivrces, maSin 

 tx  uwyvet signals am sivrceSi Seesabameba erTi wertili. am usasrulo 
ganzomilebis sivrces funciis sivrce ewodeba. 

 amrigad, nebismieri  tx  signali SegviZlia ganvixiloT rogorc N – 

ganzomilebiani veqtori X, romlis komponentebia Nxxx ,.....,, 21  da romelsac 

N – ganzomilebian civrceSi Seesabameba erTi wertili. 
 N – ganzomilebian sivrceSi SesaZlebelia ganisazRvros veqtoris 
sigrZe, manZili or veqtrs Soris, kuTxe veqtorebs Soris da skalaruli 
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namravli. Tu aseve vimsjelebT signalebis mimarT, maSin igive SegviZlia 
CavataroT sivrcis funqciebis mimarT. e.i. Tu sivrcis funqciebis mimarT 
ganvsazRvravT manZils da skalarul namravls, maSin Cven SegviZlia 
vimsjeloT funqciebis sidideze da maT Soris kuTxeze, rac saSualebas 
iZleva movipovoT informacia signalis Tvisebebze. 
 ganvixiloT organzomilebian veqtorebs Soris skalaruli 

namravli da maT Soris manZili. dauSvaT  tx  signalidan aviReT x1 da x2 

mniSvnelobebi (nax. 1.6). aseve aviRoT y(t) signalidan y1  da y2  
mniSvnelobebi 

 
Nnax. 1.6 

rasakvirvelia signalidan aRebuli ori mniSvnelobiT SeuZlebelia 
sawyisi signalis aRdgena. es problema SeiZleba gadawydes Tu gavzrdiT 
gazomvaTa raodenobas. Aamrigad, gvaqvs ori X da Y organzomilebiani 

veqtori     2121 ,,, yyYxxX  . gamovikvlioT es ori veqtori. pirveli rac 
unda davadginoT aris is Tu ramdenad arian veqtorebi erTmaneTisagan 
daSorebulebi anu unda ganisazRvros veqtorebs Soris manZili. rogorc 
cnobilia, evklides sivrceSi manZili or veqtors Soris ganisazRvreba 
Sedegi  foruliT: 

     222

2

11, yxyxYXYXd  , 

sadac 2

2

2

1 xxX   warmoadgens X veqtoris absolutur mniSvnelobas, 

romelsac veqtoris normas uwodeben. amrigad, manZili warmoadgens erT-
erT parametrs, romelic zomavs veqtorebs Soris kavSiris Zalas. magram 
SesaZlebelia iseTi situacia, roca, magaliTad, Y da Z veqtorebi 
erTnairi manZiliT arian daSorebulni X veqtorisagan. aqedan 
gamomdinare, mxolod manZiliT dadgena veqtorebs Soris kavSiris 
siZliereze SeuZlebelia. saWiroa gaviTvaliswinoT veqtorebs Soris 
kuTxis sidide. maTematikidan cnobilia, rom kuTxe ori X da Y  veqtors 
Soris ganisazRvreba Semdegnairad: amisaTvis ganvixiloT veqtorebs 
Soris skalaruli naravli 

        cos, YXYX   aqedan 
YX

YX
co

,
             (1.3) 

avRniSnoT (1.3) gamosaxuleba r- iT, e.i. 

                  
YX

YX
r

,
                                (1.4) 

miRebuli (1.4)  gamosaxuleba warmoadgens korelaciis koeficients, 
romelic damokidebulia or veqtors Soris kuTeze da ar aris 
damokidebuli veqtorebis normaze. radgan 11  r , amitom 1cos1   . 
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e.i. korelaciis koeficienti r aRniSnavs X da Y veqtorebs Soris 
kavSiris Zalas, maT Soris kuTxis sididis saSualebiT. ase magaliTad, 

Tu 0 , maSin r aRwevs maqsimalur mniSvnelobas r = 1. kuTxis zrdasTan 

erTad r mcirdeba. roca r = 0, maSin 0, YX  anu X da Y veqtorebi 

urTierTperpendikularebi arian (nax. 1.7). 
  

 
 

Nnax. 1.7 
 veqtoris komponentebis gamoyenebiT or veqtors Soris skalaruli 

namravli tolia: 2211, yxyxYX  . veqtoris TavisTavze skalaruli 

namravli tolia: 
22

2

2

1, XxxXX  , rac gviCvenebs skalarul namravlsa 

da veqtoris normas Soris kavSirs. 
 Cven ukve viciT organzomilebian sivrceSi veqtorebs Soris 
skalaruli namravli da maT Soris manZili. exla ganvixiloT X veqtori 

n ganzomilebian sivrceSi.   nxxxX .....21  veqtoris norma ganisazRvreba 

Semdegi formuliT: 





n

k

kn xxxxX
1

222

2

2

1  

imisaTvis, rom mravalganzomilebian sivrceSi X veqtoris norma ar iyos 
damokidebuli sivrcis n ganzomilebaze, iyeneben Semdeg gamosaxulebas: 





n

k

kx
n

X
1

21
. 

 n ganzomilebian sivrceSi manZili ori X da Y  veqtors Soris 
ganisazRvreba Semdegi formuliT: 

   



n

k

kk yxYXYXd
1

2
, , 

xolo skalaruli namravli 





n

k

kknn yxyxyxyxYX
1

2211, . 

 Tu ganvixilavT funqciis sivrces, maSin    btatx ,  funqciis 
norma tolia: 

   

b

a

dttxtx 2 . 
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rogorc am formulidan Cans, rac ufro didia intervali, miT ufro 
didia normis mniSvneloba. amis Tavidan acilebisaTvis ufro 
mizansewonilia funqciis normis gamoTvlis Semdegi gamosaxuleba: 

    


b

a

dttx
ab

tx 21
. 

manZili x(t) da y(t) funqciebs Soris ganisazRvreba formuliT: 

          




b

a

dttytx
ab

tytxd
21

,  , 

es Tanafardoba xSirad gamoiyeneba saSualo kvadratuli cdomilebis 
gansazRvrisaTvis. Oor x(t) da y(t) funqciebs Soris skalaruli namravli 
tolia: 

       


b

a

dttytx
ab

tytx
1

,  

xolo x(t) funqciis TavisTavze skalaruli namravli tolia: 

        221
, txdttx

ab
txtx

b

a




  . 

Tu funqciis sivrceSi x(t) da y(t) funqciebs Soris arsebobs kuTxe, maSin 
korelaciis koeficienti ganisazRvreba Semdegi gamosaxulebiT: 

   

   








b

a

b

a

b

a

dtty
ab

dttx
ab

dttytx
ab

r

22 11

1

. 

aqac korelaciis koeficienti Rebulobs mniSvnelobebs  1.1  

intervalidan. rac ufro metia r – is mniSvneloba absoluturi sididiT, 
miT ufro didia kavSiri funqciebs Soris, anu sxva sityvebiT isini ufro 
msgavsebi arian. 
 Tu   x(t) da y(t) funqciebi urTierTperpendikularulni arian, maSin 

maTi skalaruli namravli nulis tolia, e.i.     0, tytx . magaliTad ori 

x(t)= t da y(t)= 1 funqcia  1.1  intervalSi urTierTperpendikularulni 

arian. marTlac 0
0

1

2
1,

21

 
t

tdtt
t

. 

 
 
 

1.6 kompleqsuri signalebi 
 
kompleqsuri signalebis Teoria efuZneba kompleqsuri ricxvebis 

gamoyenebas. kompleqsuri signalebi, romlebic warmodgenili arian 
kompleqsuri ricxvebiT, farTod gamoiyenebian mecnierebisa da teqnikis 
praqtikulad yvela sferoSi. aqedan gamomdinare, jer gavixsenoT 
kompleqsuri ricxvis cneba.  
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1. kompleqsuri ricxvebi. ganvixiloT umartivesi kvadratuli 

gantoleba 012 x , romlis amonaxsenia 1x . sazogadod namdvil 
ricxvTa simravleSi ar arsebobs luwi xarisxis fesvi uaryofiT 

ricxvidan. amitom maTematikaSi Semoitanes axali sidide 1j , 
romelsac warmosaxviTi erTeuli uwodes.  

ganvixiloT Semdegi kvadraruli gantoleba 0522  xx , romlis 
amonaxsenia  

 

j

x

21121
2

142

2

1162

2

1162

2

162

2

5442




















 

gantolebis amonaxsenebi j21  da j21  warmoadgenen kompleqsur 

ricxvebs, romelTac gaaCniaT Semdegi saxe: jba  , sadac a _ ricxvis 

namdvili nawilia, xolo b_warmosaxviT.  

SeniSvna. 522  xxy  grafiki ar gadakveTs ox RerZs, amitom 

0522  xx  gantolebas ar gaaCnia namdvili fesvebi.  
cxadia, rom                 

       111;1;11 22423
2

2  jjjjjjjjj . 

Tu namdvili ricxvi SeiZleba warmovadginoT wertilis saxiT 
koordinantTa erTganzomilebian RerZze (nax. 1.8),  

 
nax. 1.8 

maSin kompleqsuri ricxvis warmosadgenad gvWirdeba organzomilebiani 
sibrtye, romelsac gaaCnia erTi namdvili RerZi da erTi kompleqsuri. 
qvemod moyvanil nax. 1.9 naxazze naCvenebia kompleqsuri z ricxvi, sadac is 
warmodgenilia rogorc wertili.  

 
nax. 1.9 

kompleqsuri ricxvebi SeiZleba ganlagebulni iyvnen nebismier 
adgilze organzomilebian sibrtyeze, romelsac kompleqsuri sibrtye 
ewodeba. kompleqsur sibrtyes gaaCnia rogorc namdvili (Re) aseve 
warmosaxviTi (Im) RerZebi. magaliTad, nax. 1.9-ze kompleqsuri ricxvi 

25,2 jz   warmodgenilia wertili saxiT, romelic ar mdebareobs arc 

namdvil da arc warmosaxviT RerZze. Cven am wertilSi SegviZlia misvla 
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Tu koordinatTa saTavedan namdvil RerZze gadavzomavT +2,5 erTeuls, 
xolo warmosaxviT RerZze +2 erTeuls.  
     amrigad, kompleqsuri z ricxvi zogadad gamoisaxeba namdvili da 
warmosaxviTi sididiT (nax. 1.10). arsebobs kompleqsuri ricxvis Caweris 
ramodenime saxe. ase magaliTad:  

_ algebruli forma  jz  ;    zz Im,Re                               (1.5) 

_ trigonometriuli forma     sincos jz  ;                   (1.6) 

_ polaruli kordinatebis forma jez  ,                        (1.7)  

sadac  22  z  da mas ewodeba z ricxvis absoluturi mniSvneloba an 

moduli, 



 arctg  da igi warmoadgens z ricxvis arguments.  

 
                                                                      nax. 1.10 

Tu (1.6) da (1.7) gautolebT erTmaneTs, miviRebT eileris cnobil 
formulas: 

                                                          sincos je j    .                                                 (1.8) 

Tu (1.8) formulaSi j-s magivrad CavsvamT – j-s, maSin miviRebT: 

                                                          sincos je j  .                                                 (1.9) 

Tu miRebul (1.8) da (1.9) formulebidan ganvsazRvravT sinj  
mniSvnelobebs 








j

j

ej

ej





cossin

cossin
 

da miRebul gantolebebs gautolebT erTmaneTs da amovxsniT kosinusis 
mimarT , maSin miviRebT: 

                                                          jj ee 
2

1
cos .                                                    (1.10) 

 analogiuri gziT miiReba sinusisaTvis 

                                                           jj ee
j


2

1
sin .                                                 (1.11) 

miRebul (1.10) da (1.11) formulebs eileris igveobas uwodeben. 
ismeba kiTxva, ris safuZvelze vRebulobT kompleqsuri sididis 

warmodgenas naturaluri logariTmis e fuZis saSualebiT? amisaTvis 
je sidide gavSaloT teiloris mwkrivad 

        

         





!6!5!4!3!2
1

!6!5!4!3!2
1

65432

65432







jjj

jjjjj
je j

            (1.12) 
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Tu davakvirdebiT (1.12) mwkrivs advilad SevniSnavT, rom kenti wevrebi 
qmnian kosinusis mwkrivad gaSlas 

  
!6!4!2

1cos
642 

 , 

 xolo luwi wevrebi warmoadgenen sinusis funqciis mwkrivad gaSlas 

  
!5!3

sin
53 

 jjjj , 

e.i. vRebulobT (1.8) formulas.  Tu (1.8) formulaSi CavsvamT 2  , 
maSin miviRebT: 

            102sin2cos2  jje j  ,  e.i.  je j 2 . 
 kompleqsuri sididis polarul koordinantebSi warmodgena 
sasargebloa Semdegi mizezebis gamo: 
 _ amartivebs maTematikur gamoTvlebs; 
 _ gardaqmnis rTul signalebs martiv kompleqsur ricxvebis 
Sekrebaze (veqtoruli Sekreba); 
 _ Caweris yvelaze mokle formaa. 

ganvixiloT magaliTi.  vTqvaT gvinda ori )sin()cos(1  jz   da  

    2sin2cos2 jz   kompleqsuri ricxvis gadamravleba. 

         
                



2sincos2cossin2sinsin2coscos

2sin2cossincos21





j

jjzz
 

Tu funqciebis namravlisaTvis gamoviyenebT trigonometriul igiveobebs, 
maSin miviRebT: 

                 

       



sincossincos

sin3sinsin3sin
2

1
3coscos3coscos

2

1
21

jj

jzz




 

gacilebiT martivia am proceduris Catareba polaruli formis 
gamoyenebiT, marTlac 

              sincos2

21 jeeezz jjj   .  
amrigad. zogadad ori kompleqsuri sididis namravli tolia: 

 2121

212121

 


jjj
ezzezezzz , 

xolo ori kompleqsuri ricxvis fardoba gvaZlevs 

 21

2

1

2

1  


j
e

z

z

z

z
 

 

or  jz   da  jz  Kkompleqsur ricxvebs kompleqsurad 
SeuRlebulebi ewodebaT.             
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                                       nax. 1.11 
cxadia, rom     

 

 

   222

Im2

Re22

zjjzz

zzz

zzz



















 

unda aRvniSnoT, rom 
22 zz gansxvavebuli sidideebia. magaliTad, Tu jz   

da 11,0 2  z ,  maSin 1
2
z . 

dauSvaT wertili moTavsebulia kompleqsuri sibrtyis erTnulovan 
wrewirze ise, rom am wertilis koordinantTa saTavesTan SeerTebis wrfe 

namdvil RerZTan adgens  kuTxes, ise, rogorc es naCvenebia (2.12) naxazze. 

 
nax. 1.12 

erTnulovan wrewirze wertilis koordinantebi SeiZleba ase 
warmovadgnoT:  sincos j  . eileris formulis Tanaxmad 

 jej  sincos  

sadac e warmoadgens naturaluri logariTmis fuZes da ganisazRvreba 
Semdegnairad: 

......71828,2
1

1lim 











n

n n
e       1je . 

 j SegviZlia ganvixiloT ara rogorc ricxvi, aramed ricxvebze 
moqmedi operacia. kerZod, j operatori aRniSnavs kompleqsuri ricxvis 
mobrunebas 900-iT saaTis isris moZraobis sawinaaRmdego mimarTulebiT. 
 namdvil RerZze mdebare nebismieri ricxvis j-sTan namravli 
gvaZlevs warmosaxviT mniSvnelobas, romelic mdebareobs kompleqsuri 
sibrtyis warmosaxviT RerZze (nax. 1.13) 
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nax. 1.13 
rogorc nax. 1.13a-dan Cans, Tu +8-s gavamravlebT j-ze, maSin miviRebT 

+j8 warmosaxviT ricxvs, romelic mdebareobs warmosaxviT RerZis 
dadebiT nawilze, e.i. moxda +8 ricxvis 900-iT mobruneba. analogiurad, 
Tu +j8 gavamravlebT j-ze, maSin xdeba kidev erTi mobruneba 900-iT da 
miviRebT -8 ricxvs, romelic mdebareobs namdvili RerZis uaryofiT 
nawilSi. Tavis mxriv, -8 ricxvis namravls  j-ze mivyevarT kidev 900-iT 
Semobrunebaze da miviRebT -j8 ricxvs, romelic mdebareobs warmosaxviT 
RerZis uaryofiT nawilze da a.S. 
 amrigad, nebismieri ricxvis j-ze gamravleba iZleva Sedegs saaTis 
isris moZraobis sawinaRmdego mimarTulebiT (nax. 1.13a), romelic 900-iT 
aris daZruli, xolo Tu ricxvs gavamravlebT - j-ze, maSin Sedegi miiReba 
900-iT daZruli, oRond saaTis isris moZraobis mimarTulebiT (nax. 1.13b). 
  

2. kompleqsuri signalis cneba. kompleqsuri signali warmoadgens 
droze damokidebul organzomilebian signals, romelic Seicavs namdvil 
da warmosaxviT nawilebs. ganvixiloT ricxvi, romlis moduli erTis 
tolia da romlis fazuri kuTxe icvleba droSi. es kompleqsuri ricxvi 

nax. 1.24a-ze warmodgenilia tfj
e 02 wertiliT. 

 
nax. 1.14 

drois zrdasTan erTad kompleqsuri ricxvis fazuri kuTxec izrdeba da 
ricxvi komplewsur sibrtyeze koordinantTa saTavis mimarT saaTis isris 
moZraobis sawinaaRmdegod Semowers wres. nax. 1.24a-ze naCvenebia es 
ricxvi dafiqsirebuli drois garkveul momertebSi. ase magaliTad, Tu 

20 f hc, maSin wertili wres wamSi Semouvlis orjer. rac Seexeba 
tfj

e 02 kompleqsur ricxvs (naxazze TeTri wertili) igi moZraobs saaTis 
isris moZraobis mimarTulebiT da misi fazuri kuTxe drois zrdasTan 
erTad xdeba ufro uarofiTi. 

 or kompleqsur tfj
e 02  da tfj

e 02 gamosaxulebas kompleqsur signals 
uwodeben, romelsac gaaCnia namdvili da warmosaxviTi nawilebi da orive 

warmoadgens drois funqcias. tfj
e 02  da tfj

e 02 signalebi SeiZleba 
warmovadginoT rogorc veqtorebi, romlebic moZraoben 
urTierTsawinaaRmdego mimarTulebiT (nax. 1.14b). zogjer kompleqsur 
signals kvadratul signalsac uwodeben. 
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 nax. 1.15-ze warmodgenilia tfj
e 02  kompleqsuri signalis traeqtoria 

samganzomilebian sivrceSi, sadac is aRwers droze damokidebul Tavis 
moZraobis traeqtorias. 

 
nax. 1.15 

nax. 1.15-ze warmodgenili tfj
e 02  kompleqsuri signalis namdvili da 

warmosaxviTi nawilebi naCvenebia rogorc sinusis da kosinusis 
proeqciebi, rac kidev ufro naTel xdis eileris formulis (1.8) 
Tanafardobas. 

 amrigad, kompleqsuri    tfjtfe
tfj

00

2
2sin2cos0 

  signali ar 

warmoadgens maTematikur abstraqcias. igi Sedgeba namdvil da 
warmosaxviT signalebisagan. j operatoris saSualebiT es ori signali 
SegviZlia ganvixiloT, rogorc orTogonaluri signalebi, e.i. maT Soris 
kuTxe 900 tolia. (1.10) da (1.11) formulebi Tanaxmad gveqneba: 

              tfjtfjtfjtfj
ee

j
tfeetf 0000 22

0

22

0
2

1
2sin,

2

1
2cos

  
  .       (1.13) 

miRebuli gamosaxulebi (1.13) warmoadgenen kosinusoidaluri da 
sinusoidaluri kompleqsuri signalebis standartul gamosaxulebebs. 
  

3. kompleqsuri signalebi sixSirul areSi. kompleqsuri signalebis 
sixSirul areSi warmosadgenad ganvixiloT namdvili kosinusoidaluri 
da sinusoidaluri signalebis warmodgena rogorc droiT aseve 
sixSirul areebSi (nax. 1.16). 
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nax. 1.16  

 nax. 1.16a-ze warmodgenilia namdvili kosinusoidaluri da 
sinusoidaluri signalebi, xolo nax. 1.15b-ze naCvenebia sixSirul areSi 
maTi kompleqsuri warmodgena. msxvili isari ar warmoadgens faziT 
brunvis mimarTulebas, is aRniSnavs sixSirul areSi speqtruli 
impulsebis mimarTulebas. 

rogorc naxazidan Cans,  tf02cos   signals gaaCnia namdvili speqtri. 

es imitom xdeba, rom  tf02cos   signali droiT luwi funqciaa 

    tftf 00 2cos2cos   . e.i. drois uaryofiT t mniSvnelobebisTvis 

kosinusis mniSvnelobebi dadebiTi t drois mniSvnelobebis tolia. rac 

Seexeba  tf02sin   signals igi kenti funqciaa da misi speqtri 

warmosaxviTia, radgan uaryofiTi t dros mniSvnelobebi tolia 
Sebrunebuli niSnis dadebiTi t drois mniSvnelobebisa. e.i. 

    tftf 00 2sin2sin   . aqedan gamomdinare,  tf02sin   signals speqtri 

yovelTvis warmosaxviTia. 
magaliTisaTvis ganvixiloT eileris formulis realizacia 

komplewsuri sixSiris areSi., romelic warmodgenilia Semdeg naxazze: 
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dasawyisisaTvis namdvil sinusoidalur  tf02sin   signals vamravlebT j-ze 

da Semdeg mas umatebT igive sixSiris namdvil kosinusoidalur  tf02cos   

signals, romlis Sedegadac vRebulobT erT kompleqsur eqsponantas 
tfj

e 02 , riTac grafikulad dasturdeba eileris igiveoba. 
  
   4. uaryofiTi sixSiris cneba. uaryofiTi sixSire warmoadgens ara 
fizikur, aramed abstraqtul, maTematikur cnebas, romelic gamoiyeneba 
kompleqsuri sidideebis warmosadgenad. uaryofiTi sixSiris gamoyeneba 
aucilebelia roca Cven gvinda namdili signalis warmodgena 
kompleqsuri formis saxiT. 
 gavixsenoT, rom uaryofiTi ricxvebi dakavSirebulia 
mimarTulebasTan. kerZod, koordinatTa saTavis mimarT dadebiTi 
ricxvebi mimarTulni arian marjvniv, xolo uaryofiTi ricxvebi marcxniv. 
rac Seexeba sixSires aq sawme ufro ruladaa.  

 nax. 1.14-ze warmodgenil tfj
e 02  signals uwodeben dadebiTi sixSiris 

mqone kompleqsur eqsponentas imitom, rom igi sawyisi koordinantis 
saTavis mimarT f0 sixSiriT  dadebiTi mimarTulebiT moZraobs wriulad 

anu  saaTis isris moZraobis sawinaaRmdegod. analogiurad, tfj
e 02 signals 

uwodeben uaryofiTi sixSiris mqone kompleqsur eqsponentas imitom, rom 
igi sawyisi koordinatis saTavis mimarT f0 sixSiriT  wriulad moZraobs 
uaryofiTi mimarTulebiT anu  saaTis isris moZraobis mimarTulebiT. 
 rogorc vxedavT, uaryofiTi sixSire ganisazRvreba mxolod 
sixSirul areSi. rac Seexeba droiT ares, SeiZleba iTqvas, rom aq 
uaryofiTi sixSireebi fizikurad ar arseboben. 
 

 
 

1.7 korelaciuri funqciebi  
  

korelaciuri analizi speqtrul analizTan erTad signalebis 
TeoriaSi TamaSobs did rols. misi mTavari mizania sxvadasxva 
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signalebis msgavsebis zomis raodenobrivi gansazRvra. amisTvis 
gamoiyeneba korelaciuri funqcia. 
 ori SemTxveviT procesebs Soris an erTi SemTxveviTi procesis 
mniSnvnelobebs Soris wrfivi kavSiris dasadgenad gamoiyeneba 
korelaciuri funqciebi. arsebobs korelaciuri funqciebis ori saxe. 
avtokorelaciuri da urTierTkorelaciuri funqciebi. 
  

avtokorelaciuri funqcia. dauSvaT mocemulia  X  SemTxveviTi 

staciunaruli procesis  realizacia  tx  romelsac gaaCnia sasrulo 
energia, ganvxiloT integrali 

                               dttxtxRxx 




                                                         (1.6) 

 romelic akavSirebs  tx  realizaciis mniSvnelobebs t da t+ dois 

momentebSi. -s uwodeben Zvras. (1.6) funqcias avtokorelaciuri funqcia 
ewodeba. avtokorelaciur funqcias gaaCnia Semdegi Tvisebebi: 

 1. avtokorelaciuri funqcia  xxR , roca  = 0 tolia signalis 

energiisa, e.i. 

   




 xxx EdttxR 20 . 

 2.  xxR  funqcia Tavisi  argumentis mimarT yovelTvis luwi 

funqciaa, e.i.       xxxx RR ; 

 3.  = 0 dros avtokorelaciuri funqcia aRwevs Tavis maqsimalur 

mniSvnelobas e.i.     0xxxx RR  ;  

 4.  - s absolituri sididis zrdisas xdeba signalis energis 

Caqroba, e.i.   0lim 





xxR . 

 5. Tu  tx  realizacia ar Seicavs garkveul Taviseburebebs, 

magaliTad delta-funqciis saxiT, maSin  xxR  funqcias wyveta ar gaaCnia 

e.i. igi uwyvei funqciaa. 
 magaliTisTvis ganvixiloT marTkuTxa impulsis (1.5) 
avtokorelaciuri funqciis gansazRvra:  

 _ roca T0 , maSin    




T

xx TAdtAR


 22 ; 

_ roca 0 T , maSin    




T

xx TAdtAR


 22 ; 

_ roca T , maSin   0xxR . 

Tu am Sedegebs gavaerTianebT maSin gveqneba: 

 
 












T

TTA
Rxx






,0

,2

 

marTkuTxa impulsis avtokorelaciuri funqcia warmodgenilia Semdeg 
naxazze: 
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 perioduli signalebis dros da zogadad T periodis usasrulo 
energiis mqonde nebismieri signalisTvis avtokorelaciuri funqcia 
ganisazRvreba Semdegi gamosaxulebiT: 

     



2

2

1
T

T

xx dttxtx
T

R  , 

romelsac gaaCnia Semdegi Tvisebebi: 

1. roca 0 , maSin  xxR  tolia ara energiisa, aramed signalis 

saSualo simZlavrisa e.i.  

    pdttx
T

R

T

T

xx  


2

2

21
  

2. funqciis luwoba SenarCunebulia, e.i      xxxx RR ; 

3.  xxR  mniSvneloba roca 0 kvlav warmoadgens maqsimalur 

mniSvnelobas. e.i.    0xxxx RR  ; 

4. perioduli signalis avtokorelaciuri funqcia warmoadgens 

igive sixSiris periodul signals anu    TRR xxxx   ; 

5. Tu signali ar Seicavs delta_funqcias maSin misi 
avtokorelaciuri funqcia uwyvet funqcias warmoadgens. 

magaliTisTvis ganvixiloT    00cos   tAtx  perioduli signalis 

avtokorelaciuri funqcia. korelaciuri integrali  ganisazTvreba imis 

gaTvaliswinebiT, rom aseTi signalis periodi tolia 
0

2


  sididisa. 

        











0

2

0000
0 cos

2
coscos

2

0

0

A
dttAtARxx  



. 

rogorc vxedavT harmoniuli signalis avtokorelaciuri funqcia 
harmoniul funqcias warmoadgens. metad mniSvnelovan faqts warmoadgens 
is, rom miRebuli Sedegi ar aris damokidebuli harmoniuli signalis 

sawyis fazaze. ( parametri SemdegSi aRar aris warmodgenili). 
 

urTierTkorelaciuri funqcia. Tu mocemulia ori   tX  da   tY  

stacionaluri SemTxveviTi procesis x(t) da y(t) realizaciebi, maSin 
korelaciuri funqcia ganisazRvreba Semdegi formuliT: 

     dttytxRxy 
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romelsac urTierTkorelaciuri an kroskorelaciuri funqcia ewodeba 
da romelic akavSirebs x(t) realizaciis t drois mniSvnelobas y(t) 
realizaciis t  drois mniSvnelobasTan. 

cxadia, rom roca orive signali erTnairia, maSin 
avtokorelaciuri funqcia warmoadgens kroskorelaciuri funqciis 

kerZo SemTxvevas. e.i    tytx  . magaliTisTvis ganvixiloT marTkuTxa da 
samkuTxa impulsebis urTierTkorelaciuri funqcia. e.i mocemulia 

 

 






















Ttt

Tt
T

t
A

ty

Ttt

TtA
tx

,0,0

0,

,0,0

0,

 

_ roca T0 , maSin miviRiebT:    2
2

0

2

2



 


  T

T

A
dt

T

t
AR

T

xy ; 

_ roca 0 T , maSin    2
2

0

2

&2







 


T
A

dt
T

Tt
AR

T

xy  ; 

_ roca T , maSin   0xyR . 

Tu am Sedegebs gavaerTianebT maSin gveqneba: 

 

 

 























T

TT
T

A

TT
T

A

Rxy









,0

0,
2

0,
2

22
2

2
2

 

 
miTiTebuli urTierTkorelaciuri funqcia warmodgenilia Semdeg 

naxazze: 

 
urTierTkorelaciur funqcias gaaCnia Semdegi Tvisebebi: 

1.   yxxy EER  , sadac Ex  da Ey Sesabamisad x(t) da y(t) realizaciebis 

energiebia; 
2. gaaCnia antimetriis Tviseba anu Tu x(t) da y(t) realizaciebs 

adgilebs SevucvliT maSin     yxxy RR  ; 

3.  xyR  funqciebisaTvis ar aris auclebeli rom igi aRwevdes 

maqsimums 0  wertilSi; 
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4. | | gazrdisas sasruli energiis signalebis urTierTkorelaciuri 

funqciis mniSvneloba nulisaken miiswrafvis e.i.   0lim 





xyR ; 

5. Tu x(t) da y(t) realizaciebi ar Seicaven delta_funqcias, maSin maT 
urTierTkorelaciur funqcias ar gaaCnia wyveta e.i. igi uwyveti 
funqciaa. 

perioduli signalebisavis urTierTkorelaciuri funqciis cneba 
zogadad ar gamoiyeneba garda im SemTxvevisa roca x(t) da y(t) funqciebs 
gaaCniaT erTnairi periodi. 
  

korelaciis intervali. rogorc aRvniSneT, SemTxveviTi procesis 

korelaciis funqcia  Zvris gazrdasTan erTad miiswrafvis nulisaken. 

rac ufro swrafad Semcirdeba  R  funqcia, miT urfro naklebia 
statistikuri kavSiri SemTxveviTi signalis droSi daZrul or myisier 
mniSvnelobas Soris. 
 SemTxveviTi procesis realizaciis cvlilebis siCqaris 

maxasiaTevels warmoadgens korelaciuri intervali k  romelic 

ganisazRvreba Semdegnairad: 

 
 




0

0

1
 dR

R
xx

xx

k  

 

korelaciuri funqciis interpretacia. ganvixiloT oTxi tipiuri 
SemTxveviTi procesis realizaciebi (nax. 1.17): harmoniuli procesi (a), 
harmoniul process damatebuli farTozoliani SemTxveviTi xmauri (b), 
viwrozoliani SemTxveviTi procesi (g), farTozoliani SemTxveviTi 
procesi (d) da maTi Sesabamisi avtokorelaciuri funqciebi 

 
nax. 1.17 
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harmoniuli procesis avtokorelaciuri funqcia aris kosinusoida, 
romlis amplituda tolia harmoniuli procesis saSualo sididis 
kvadratisa. am procesisaTvis damaxasiaTebelia is, rom advilia drois 
nebismieri momentisaTvis procesis sididis zusti winaswarmetyveleba. 

farTozoliani SemTxveviTi xmauris fonze harmoniuli procesis 
avtokorelaciuri funqcia tolia harmoniuli rxevis korelaciuri 
funqciisa da farTozoliani SemTxveviTi xmauris korelaciuri 
funqciiebis jamisa da rogorc naxazidan Cans avtokorelaciuri funqcia 
swrafad uaxlovdeba mis kosinusoidalur nawils. es gvaZlevs imis 
saSualebas, rom drois sakmaod did diapazonSi movaxdinoT procesis 
momavali sidideebis sakmaod zusti prognozireba. 

viwrozoliani procesis dros avtokorelaciuri funqcia nela 
milevadia. aseTi procesis momavali sididis prognozirebis sizuste 
ufro mcirea, vidre harmoniuli pocesisa da rac ufro izrdeba t 
prognozirebis cdomilebac izrdeba. 

farTozoliani procesis SemTxvevaSi avtokorelaciuri funqcia 
swrafad milevadia. am SemTxvevaSi procesis momavali sididis 
prognozireba TiTqmis SeuZlebelia. marTlac, Tu sawyis realizacias (d) 
davakvirdebiT SevniSnavT, rom process gaaCnia qaotiurad ganviTarebis 
tendecia, rac SeuZlebels xdis droiT dacilebul sidideebsis 
prognozirebas. 
 

 

 

 

 

2. furies analizi 

 
2.1Ffuries mwkrivebi 

 
frangma maTematikosma furiem (1768-1830) wamoayena hipoTeza romlis 

Tanaxmad bunebaSi ar arsebobs funqcia, rom ar SeiZlebodes misi gaSla 
trigonometriuli mwkrivebis saxiT.  marTlac, nebismieri perioduli 
signali SeiZleba daiSalos sxvadasxva sixSireebis sinusoidebad an 
piriqiT, sxvadasxva sixSireebis sinusoidebis ajamviT SesaZlebelia 
sasurveli formis signalis miReba. ganvixiloT magaliTi. qvemoT 
moyvanil 2.1a naxazze warmodgenilia x(t)=2sint – sin2t funqciis grafikuli 
gamosaxuleba, romelic warmoadgens ori trigonometriuli funqciis 
jams. 
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                                  nax. 2.1 

 tx  funqcias daumatoT erTi wevri da miviRebT axal samwevrian mwkrivs 

  ttttx 3sin
3

2
2sinsin2   

romlis grafikuli gamosaxuleba warmodgenilia nax. 2.1b-ze. kidev 
daumatoT ramodenime wevri miviRebT axal trigonometriul mwkrivs, 
romlic 10 wevrisagan Sedgeba (nax. 2.1g) 

 

ttt

ttttttttx

10sin
5

1
9sin

9

2
8sin

4

1

7sin
7

2
6sin

3

1
5sin

5

2
4sin

2

1
3sin

3

2
2sinsin2





 

miRebuli trigonometriuli mwkrivis koeficientebi aRvniSoT bk-Ti, 
sadac k mTeli ricxvia. Tu yuradRebiT davakvirdebiT SevniSnavT, rom es 
koeficientebi SeiZleba aRiweros Semdegi damokidebulebiT: 

 
k

b
k

k

2
1

1
   , 

maSin  tx  funqcia SeiZleba ase warmovadginoT: 

  



M

k

k ktbtx
1

sin  

bk koeficientebi warmoadgenen k kuTxuri sixSiris sinusoidebis 
amplitudebs. nax. 2.1g-ze warmodgenilia SemTxveva, roca k = 10, e.i. M = 10. 

Tu M - s  gavzrdiT 100-mde, miviRebT  tx  funqciis grafiks (nax. 2.1d), 
romelic formiT uaxlovdeba xerxisebur funqcias. am magaliTis 
safuZvelze SeiZleba gavakeTod daskvna furies hipoTezis 
samarTlianobaze. 
 nax. 2.2 naCvenebia signalis daSla sxvadasxva sixSiris 
sinusoidebad. 
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nax. 2.2 

samyaroSi bevria movlenebi, romlebic SeiZleba warmovadginoT 
sxvadasxva sixSireebis rxevebis saxiT. magaliTisaTvis ganvixiloT 
TeTri feris signali. fizikidan cnobilia, rom Tu TeTri feris sxivs 
gavatarebT prizmaSi, maSin miviRebT Svidi feris speqtrs (nax. 2.3).  

 

 
nax. 2.3 

es imitom xdeba, rom prizmis minis gardatexis koeficienti icvleba 
eleqtromagnituri talRis sigrZis cvlilebasTan erTad. swored es 
Sedegi erTxel kidev gviCvenebs furies hipoTezis samarTlianobas anu 
TeTri feri aris sinaTlis sxvadasxva sigrZis talRebis jami. 
 amrigad, signalis daSla sxvadasxva sixSireebis mdgenelebad 
saSualebas gvaZlevs davadginoT mocemuli signalis warmoSoba, anu sxva 
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sityvebiT, Cven SegviZlia signalis warmoSobaze informaciis miReba. 
aseTi analizis meTods speqtruli analizi an furies analizi ewodeba. 

zemoT moyvanil magaliTSi xerxisebrivi funqciis     tttx ,  
furies mwkrivebad gaSlisas gamoyenebuli iyo mxolod sinusebi. magram, 

Tu aviRebT   ttx    funqcias (nax. 2.4) 

 
                                nax. 2.4 

da gavSliT furies mwkrivad aRmoCndeba, rom am SemTxvevaSi sinusebi 
gaqrebian da rCeba mxood kosinusebi, e.i miviRebT:  

  







 ttttx 5cos

25

1
3cos

9

1
cos

42


 

mivaqcioT yuradReba   ttx   funqcias, romelsac gaaCnia Semdegi Tviseba: 

   txtx    anu is simetrulia ordinatis RerZis mimarT. aseT funqciebs 
luwi funqciebi ewodebaT. xerxisebriv funqcias gaaCnia Semdegi Tviseba: 

   txtx   anu is simetriulia aTvlis wertilis mimarT. aseT funqciebs 
kent funqciebs uwodeben. qvemoT moyvanil naxazze naCvenebia kenti da 
luwi funqciebs Soris gansxvaveba. 
 

 
 
cxadia, rom  ,....2,1,0,cos kkt  luwi funqciaa, xolo   ktsin - kenti (nax. 2.5) 

 
                                  nax. 2.5 
advilad mtkicdeba, rom integrali kenti x(t) da luwi y(t) funqciebis 
namravlidan nulis tolia, e.i. 

   




 0dttytx . 
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      daskvnis saxiT SegviZlia CamovayaliboT: luwi funqciis furies 
mwkrivi Sedgeba mxolod kosinusebisgan, xolo kenti – sinusebisgan.  

     zogadad perioduli  tx  funqcia SeiZleba warmovadginoT 
Semdegnairad: 

 

  ,sincos
2

3sin2sinsin3cos2coscos
2

1

0

321321

0










k

kk ktbkta
a

tbtbtbtatata
a

tx

(2.1) 

sadac a0  ,ak ,bk furies koeficientebi ewodebaT. signalis aseT warmodgenas 
furies mwkrivad gaSla ewodeba. zogjer aseT warmodgenas furies 
mwkrivad namdvil gaSlas uwodeben, xolo koeficientebs - furies 
namdvil koeficientebs. termini `namdvili~ SemoaqvT imitom, rom 
ganvasxvaoT furies mwkrivis kompleqsuri gaSlisgan. 
 (2.1) Tanafardobis yvelaze didi periodis rxevas ewodeba ZiriTadi 
(fundamenturi) sixSiris rxeva anu pirveli harmonika. rxevas, romlis 
periodi ZiriTadi periodis naxevaria, ewodeba meore harmonika. rxevas, 
romlis periodi ZiriTadi periodis mesamedia, ewodeba mesame harmonika 
da a.S. 

 rogorc (2.1) formulidan Cans, a0 warmoadgens mudmiv sidides, 

romelic  tx  funqciis saSualo mniSvnelobis tolia. qvemod moyvanil 
naxazze warmodgenilia signali da misi furies mwkrivad gaSla namdvil 
mdgenelad da sxvadasxva sixSireebis harmonikebad. 
 

 
 
pirveli harmonika warmoadgens periodul signals 2  periodiT. sxva 
sixSireebsac gaaCniaT 2  periodis jeradi periodebi. 
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2.2Ffuries mwkrivebis zogadi warmodgena 

      

     Aaqamde  tx  funqcia mocemuli iyo  t drois   ;  intervalSi 

zogadad T periodis mqone signalis furies mwkrivad gaSlisaTvis unda 

gamoviyenoT  
2

;
2

TT  drois intervali. Tu   ;  intervals gavzrdiT 

(an SevamcirebT)  
2

;
2

TT  intervalamde, maSin pirveli harmonikis 

periodi T izrdeba (an mcirdeba) 2 -dan T-mde. radgan am gardaqmnis 

jeradoba 
2

T  tolia, amitom pirveli harmonika miiRebs Semdeg saxes:  

















t

T
t

T

 2
sin.

2
cos .  k-uri harmonikisaTvis gveqneba:  
















kt

T
kt

T

 2
sin.

2
cos . 

 maSin x(t) funqciis furies mwkrivad  gaSla SeiZleba ase warmovadginoT: 

                                      






























1

0 2
sin

2
cos

2 k

kk kt
T

bkt
T

a
a

tx


                                   (2.2)                                      

Tu pirveli harmonikis kuTxur sixSires aRvniSnavT 
T




2
0  , maSin (2.2) 

gamosaxuleba miiRebs Semdeg saxes:  

                                           





1

00
0 sincos

2 k

kk ktbkta
a

tx                                            (2.3) 

formulaSi Semaval 0k sidideebs uwodeben harmonikebs, romlebic k 

indeqsiT inomrebian da maT k –uri harmonika ewodebaT. 
furies mwkrivSi ak  da bk koeficientebi ganisazRvrebian 

Semdegnairad: 

    .....,2,1,0cos
2 2

2

0  


kdttktx
T

a

T

T

k   

    ......,2,1,0sin
2 2

2

0  


kdttktx
T

b

T

T

k   

                                                



2

2

0

2
T

T

dttx
T

a . 

 a0 warmoadgens signalis mudmiv mdgenels, romelic droze ar aris 
damokidebuli da igi tolia T periodSi signalis saSualo 
mniSvnelobisa. integrirebis sazRvrebi ar aris aucilebeli iyos 

 
2

;
2

TT . igi SeiZleba iyos nebismieri T sigrZis intervalidan, 

magaliTad 0-dan T- mde an –T-dan 0-mde. Tu x(t) luwi funqciaa, maSin yvela 
bk = 0 da furies mwkrivis formulaSi mxolod kosinusis mdgenelebi 
rCebian. Tu x(t) kenti funqciaa, maSin formulaSi mxolod sinusebi 
rCebian. 
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2.3 Ffuries mwkrivis warmodgenis namdvili forma 

 
furies mwkrivis warmodgena sinusebis da kosinusebis jamis saxiT 

qmnis garkveul uxerxulobas, radgan yoveli ajamvis k indeqs Sesabameba 
ori mdgeneli sinusi da kosinusi. radgan TiToeul harmonikas gaaCnia 

amplituda Ak da sawyisi k  faza, amitom furies koeficientebi SegviZlia 

CavweroT Semdegnairad: 

kkkkkk AbAa  sin,cos   

radgan 
k

k

kkkk
a

b
tgbaA  ,22   da Tu maT CavsvamT (2.3) formulaSi, maSin 

miviRebT Ufro mosaxerxebel formulas: 

                                        





1

0
0 cos

2 k

kk tkA
a

tx                                           (2.4) 

Tu   x(t) luwi funqciaa, maSin k  faza miiRebs nulovan da  

mniSvnelobebs, xolo Tu x(t) kenti funqciaa, maSin k  fazis SesaZlo 

mniSvnelobebi 
2


  tolia. 

                      F 
 

2.4 furies mwkrivis warmodgenis kompleqsuri forma 
 
Tu furies mwkrivis warmodgenis namdvili formis formulaSi (2.4) 

 ktk  0cos  sidides eileris formuliT  (1.10) warmovadgenT, maSin 

miviRebT furies mwkrivis warmodgenis kompleqsur formas: 

        kk

k

k

k

kk jtjkjtjk
Aa

tkA
a

tx   








00

1

0

1

0
0 expexp

22
cos

2
 

mudmivi mdgeneli 20a  SeiZleba ganvixiloT rogorc mwkrivis wevri 

nulovani nomriT. maSin eileris formulis Tanaxmad miviRebT furies 
mwkrivis Caweris kompleqsur formas: 

  







k

tjk

keCtx 0  

mwkrivis kompleqsuri koeficientebi dakavSirebulia Ak amplitudebTan da 

 k fazebTan Semdegi martivi TanafardobebiT: 

 kkkk

j

kk CCAeAC k arg,2,
2

1
   

martivad gamoisaxeba sinus_kosinusiani mwkrivis  ak  da bk koeficientebTan 
kavSiri 

   kkkk

kk

k CbCa
b

j
a

C Im2,Re2,
22

  

aqedan gamomdinareobs kompleqsuri furies mwkrivis koeficientebis 
gansazRvris formula. 
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2

2

1
T

T

tj

k dtetx
T

C k                                                  (2.5) 

Tu x(t) luwi funqciaa, maSin koeficientebi iqnebian namdvili ricxvebi, 
xolo Tu x(t) kenti funqciaa, maSin koeficientebi iqnebian warmosaxviTi. 
F   furies mwkrivis amplituduri harmonikebis erTobliobas ewodeba 
amplituduri speqtri, xolo fazebis erTobliobas - fazuri speqtri. 
 

 
 

2.5 furies mwkrivad gaSlis magaliTebi 
 

1. marTkuTxa impulsebis Tanmimdevroba 
marTkuTxa impulsebis Tanmimdevroba warmodgenilia Semdeg 

naxazze: 

 
sadac A -  xangrZliobis marTkuTxa impulsis amplitudaa, T _ gameorebis 
periodia. radgan mocemuli signali luwi funqciaa, amitom 
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T periodis fardobas impulsis xangrZlivobasTan ewodeba impulsis 

simeCxre, roemlic aRiniSneba q simboloTi, e.i 


T
q    Tu am parametrs 

SevitanT furies mwkris koeficientebis gansazRvris formulaSi da 

Semdeg formulas daviyvanoT 
x

xsin
saxemde, gveqneba: 
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q
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sin
2

sin
2

                                                (2.6) 

xSirad simeCxris magivrad iyeneben mis Sebrumebul 
T


 sidides, romelsac 

Sevsebis koefificienti ewodeba. 

 miRebul gamosaxulebidan Cans, rom roca 1
sin

,0 
x

x
x . exla 

SesaZlebelia marTkuTxa impulsebis Tanmimdevrobis Cawera furies 
mwkrivis saxiT. 
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 furies mwkrivis amplitudebis harmonikebi 
x

xsin
 gamosaxulebis 

kanoniT damokidebulni arian hamonikis rigiT nomerze. furies mwkrivis 
koefieientebi warmodgenilia nax. 2.12 -ze: 
 

 
                                nax. 2.12  
rogorc naxazidan Cans, marTkuTxa impulsebis Tanmimdevrobis speqtrSi 
simeCxris jeradobis harmonikebi ar arian, radgan maTi amplitudebi 

nulis tolia. manZili or mezobel harmonikebs Soris 
T

2  sididis 

tolia. speqtris rxevis sigane, romelic izomeba sixSiris erTeulSi 

tolia 


2  anu impulsis xangrZlivobis Sebrunebuli sididisa. rac 

ufro moklea signali, miT ufro farToa misi speqtri. 
 Tu furies koeficientebis gansazRvris formulaSi SemovitanT 

x
q

k    aRniSvnas, maSi (2.6) formula miiRebs Semdeg saxes: 

x

x

q

A
ak

sin2
  

x

xsin
  funqcia grafikulad wamodgenilia Semdeg naxazze:  

 
                                   nax. 2.13 
xSirad am funqcias uwodeben amorCevis (erTeulovani anaTvlis) 
funqcias. 
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2. meandra. 
 marTkuTxa impulsebis Tanmimdevrobis kerZo SemTxvevas warmoadgens 
metad mniSvnelovani signali, romelsac meandra ewodeba. meandra 
warmoadgens iseTi marTkuTxa impulsebis Tanmimdevrobas, romelTac 
gaaCniaT oris toli simeCxre da amis gamo impulsis xangrZlioba da 
impulsebs Soris intervali erTmaneTis tolia (nax. 2.14). 

 
                                     nax. 2.14 
Tu (2.6) formulaSi CavsvamT q = 2, maSin miviRebT: 
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rogorc vxedavT, meandras speqtrSi mxolod kenti harmonikebi 
imyofebian. aqedan gamomdinare, meandras warmodgena furies mwkrivis 
saxiT Semdegia: 
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meandras harmoniul mdgenelebs gaaCniaT cvalebadi niSnis amplitudebi, 
romlebic harmonikis nomrebis proporciulia.MEA 
  

3. xerxisebrivi signali. 
 xerxisebrivi signali, romelic warmodgenilia nax. 2.15 aRiwereba 
Semdegi wrfivi funqciiT: 

 
xerxisebrivi signali warmoadgens kent funqcias, amitom misi furies 
mwkrivi Sedgeba mxolod sinusebis mdgenelebisagan 

 



 

---------------------------------------------------------------------------------------- 
e. yubaneiSvili biosignalebis cifruli damuSaveba 
 

 

37 

 
                                  nax. 2.15 
zemod moyvanil marTkuTxa da xerxisebrivi perioduli 

signalebisaTvis aris erTi saerTo Tviseba, kerZod harmonikebis 
amplitudebi maTi rigiTi k nomris gazrdisas mcirdebian k –s 
proporciulad.  

 
4. samkuTxa impulsebis Tanmimdevroba 

 samkuTxa impulsebis Tanmimdevroba, romelic warmodgenilia Semdeg 
naxazze: 

 
warmoadgens periodul simetriul funqcias, romelsac aqvs Semdegi saxe: 

  TktTk
T

kTt
Atx 
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,41  

radgan x(t)  signali luwia, amitom furies mwkrivSi iqneba mxolod 
kosinusebis mdgenelebi 
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furies koeficientebi ganisazRvrebian Semdegnairad: 
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 rogorc vxedavT, samkuTxa perioduli signalis amplitudis 
harmonikebi mcirdebian harmonikis K nomris kvadratis proporciulad. es 
migvaniSnebs imaze, rom speqtris Caqrobis siCqare damokidebulia 
signalis sigluvis xarisxze. marTkuTxa da xerxisebr signalebs gaaCniaT 

pirveli rigis wyveta (naxtomi), sadac speqtrSi monawileobs 
k

1  

mamravli. samkuTxa signali warmoadgens uwyvet funqcias (Tumca mis 
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pirvel warmoebuls gaaCnia wyvetebi) da misi furies mwkrivis amplitur 

harmonikebs gaaCniaT 2
1

k
 mdgeneli. 

 
 
 

2.6 furies gardaqmna 
  

furies gardaqmna warmoadgens araperioduli signalebis speqtruli 
analizis instruments, Tumca misi gamoyeneba SesaZlebelia perioduli 
signalebisTvisac. 
 furies mwkrividan furies gardaqmnaze gadasvlis 
TvalsaCinoebisaTvis ganvixiloT Tanmimdevruli perioduli impulsebis 
furies mwkrivi. Semdeg erTeulovani impulsebis formis Seucvlelad 
gavzardoT impulsis gameorebis T periodi da kvlav ganvsazRvroT 
furies mwkrivis koeficientebi CvenTvis cnobili (2.5) formuliT:P  

 





2

2

0
1

T

T

tjk

k dtetx
T

C


. 

rogorc am formulidan Cans, saWiroa igive integralis gamoTvla oRond 

sixSireebis ufro mWidro ganlagebisaTvis  0 kk  . am SemTxvevaSi 

integrirebis zRvrebis Secvla araviTar rols ar TamaSobs. qvemoT 
moyvanil naxazze naCvenebia marTkuTxa impulsebis Tanmimdevrobis 
sixSiris periodis orjer gazrdis SemTxveva: 
 

 
                                   nax. 2.15 

amrigad, periodis gazrdasTan erTad furies mwkrivis harmonikebi 
ganlagdebian ermaneTis mimarT ufro mWidrod. am dros (2.5) integralis 
saxe ar icvleba. Tu Cven T-s gavzrdiT usasrulod e.i T , maSin 
speqtris harmonikebi ufro mWidrod ganlagdebian mTeli sixSiruli 
RerZis mimarT, xolo maTi amplitudebis mniSvnelobebi mcirdebian 
nulamde. 
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 araperioduli signalebis speqtruli analizis dros xdeba furies 
kompleqsuri mwkrivis koeficientebis gansazRvris formulis 
modificireba Semdegnairad:  
     - sixSire diskretulad cvladi sidide aRar aris, is xdeba 

gardaqmnis uwveti parametri. (2.5) formulaSi 0k  icvleba _Ti; 

     -  formulaSi gamoiricxeba 1/T mamravli; 

     -  gamoTvlebis Sdegad Ck koeficientebis nacvlad vRebulobT  X  

sixSiris funqcias, romelic x(t) signalis speqtruli funqcia an 
speqtruli simkvrivis funqcia ewodeba. 

amrigad (2.5) formulis modifikacias mivyevarT furies 
integralamde 

                                                    




 dtetxX tj




2

1
                                                          (2.7) 

romlsac droiTi x(t)  funqcia gadayavs sixSirul  X  funqciaSi da mas 
furies pirdapiri gardaqmna (an speqtri) ewodeba. furies pirdapiri 

gardaqmna mokled SeiZleba ase Caiweros:      txFX   .   
 furis gardaqmna Seqcevadia e.i gaaCnia uku gardaqmna, romlis 

Sedegad  X  sixSiruli funqciidan miiReba x(t) sawyisi funqcia 

                                                          




 dfeXtx tj
2

1
 .                                                (2.8) 

es gardaqmna mokled ase SeiZleba Caiweros:     XFtx 1 . Tu kuTxuri  

sixSiris nacvlad gamoviyenebT 




2
f  ciklur sixSires, maSin miviRebT: 

   




 dtetxfX ftj 2      da       




 dfefXtx ftj 2  

unda aRvniSnoT, rom zogadad  fX  warmoadgens sixSiris kompleqsur 
funqcias, romelic SegviZlia warmovadginoT rogorc namdvili da 
warmosaxviTi mdgenelebis jami:  

     fjXfXfX IR   
sadac  

         




 dtfttxffXfX R  2coscos  

         




 dtfttxffXfX I  2sinsin  

 fX  funqcia SegviZlia warmovadginoT polarul kordinatebSi  

     tjefXfX  , 

sadac   fX warmoadgens amplitudur speqts, xolo  f  fazur speqtrs.  

imisaTvis, rom furies gardaqmna gamoviyenoT signali unda 
akmayofilebdes Semdeg moTxovnebs: 
 - unda sruldebodes dirixles piroba; 
      - signali unda iyos absoluturad integrebadi. es imas niSnavs rom 
signalis modulidan integrali unda iyos sasruli mniSvnelobis. 
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dttx                                                  (2.9) 

dirixles pirobiT signali ar unda Seicavdes meore rigis wyvetas 
(usasrulobaSi mimavali funqciis StoebiT), an wyveta unda iyos 
sasrulo raodenibis (nax. 2.16).  

 
                            nax. 2.16 

Tu x(t) luwi  funqciaa, maSin, iseve rogorc furies mwkrivis dros, 
speqtri iqneba namdvili funqcia da Sesabamisad igi iqneba luwi funqcia. 

Tu  x(t)  funqcia kentia, maSin  fX  funqcia iqneba kenti da warmosaxviTi. 
 
 
 

2.7 furies finituri gardaqmna 
    

 Tu x(t)  warmoadgens stacionaruli SemTxveviTi procesis (signalis) 

realizacias, romelic gansazRvrulia   ;  intervalidan t –s nebismieri 
mniSvnelobisaTvis, maSin sruldeba Semdegi piroba: 

 




dttx  

aqedan gamomdinare, x(t)  funqciis  furies gardaqmna ar arsebobs, radgan 
(2.9) utoloba ar sruldeba. aqve unda SevniSnoT, rom araviTari 
dakvirvebebi (gazomvebi) arc laboratoriul da arc bunebriv pirobebSi 
SeuZlebelia CavataroT usasrulod anu t –s nebismieri niSvnelobisaTvis.  

 realurad x(t)  realizaciaze gazomvebi xdeba raRac sasrulo T 

drois ganmavlobaSi. ase rom,  fX  speqtruli funqciis Sefaseba xdeba 
furies finituri gardaqmniT, romelsac aqvs Semdegi saxe: 

     


T

ftj

TT dtetxTfXfX
0

2,   

amrigad, SezRuduli sigrZis stacionaruli SemTxveviTi signalis furies 
finituri gardaqmna yovelTvis arsebobs, radgan sruldeba (2.8) piroba.  
 
 

2.8 furies gardaqmnis magaliTebi 
 

1. marTkuTxa impulsi 
marTkuTxa impulsis furies gardaqmna warmoadgens erT-erT 

mniSvnelovan operacias signalebis cifruli damuSavebis dros. igi 
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farTod gamoiyeneba diskretizaciis TeoriaSi, speqtrul analizSi da 
gansakuTrebiT cifruli filtrebis proeqtirebis dros. ganvixiloT 
koordinatTa saTavis mimarT simetriuli marTxukxa impulsi:  

 
nax. 2.17 

ganvsazRvroT speqtruli funqcia                                              
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rogorc vxedavT, speqtri warmoadgens 
x

xsin
 funqciis saxes (nax. 2.13), 

xolo fazur speqtri warmodgenilia nax. 2.18-ze. 

 
                                    nax. 2.18 

rogorc vxedav, fazuri speqtri Rebulobs mxolod 0 an  mniSvnelobas. 

garda amisa, speqtruli funqcia  X  nulovan sixSireze tolia 

impulsis farTobisa A . 
 exla ganvixiloT Tu ra Seicvleba, rodesac xdeba impulsis daZvra 

 droiT, rogorc es warmodgenilia Semdeg naxazze: 
  

 
                                    nax. 2.19 
ganvsazRvroT furies gardaqmna da avagoT amplituduri da fazuri 
speqtrebi 
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nax. 2.20 
rogorc vxedavT, impulsis droiT daZvris Sedegad misi 

amplituduri speqtri rCeba igive, xolo fazuri speqtri droSi ganicdis 
Zvras, romelic wrfivad aris dakavSirebuli sixSiresTan. amplituduri 

speqtris  X  grafikuli gamosaxulebidan Cans, rom igi _s zrdasTan 

erTad nel-nela ganicdis Caqrobas. amitom saWiro xdeba speqtris 
efeqturi siganis cnebis Semotana. rogorc grafikuli gamosaxulebidan 
Cans,  speqtrs efeqturi siganed SeiZleba miviRoT mTavari rxevis sigane 

anu  


2   , romelic ukuproporciulia impulsis xangrZliobisa. 

 
 

2. simetriuli samkuTxa impulsi 
 

 
                     nax. 2.21 
 ganvsazRvroT speqtruli funqcia: 
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romlis amplitudur speqtrs aqvs Semdegi saxe:   
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                                     nax. 2.22 

rogorc am grafikidan Cans, speqtris efeqturi sigane tolia 
T

2 , iseve 

rogorc marTkuTxa impulsis dros, magram signalis xangrZlivoba orjer 
metia (2T). 

rogorc vxedavT, speqtruli funqcia warmoadgens arauaryofiT 
namdvil funqcias, amitom fazuri speqtri am SemTxvevaSi nulis tolia 
da misi grafikis ageba uazrobaa. 
 

3. gausis impulsi 
 

gausis impulsi taeAtx
2

)(  metad mniSvnelovan signals warmoadgens, 
romelsac orive droiTi RerZis mimarT gaaCnia usasrulo xangrZlivobis 
Stoebi.  

 
                                    nax. 2.23 
ganvsazRvroT speqtri  
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2
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exp

22

aa

A
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radgan signali luwi funqciaa, amitom misi speqtri namdvilia da 
grafikulad warmovadgenT mxolod amplitudur speqtrs. 
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                                       nax, 2.24 
gausis impulsis mniSnelovan Tvisebas warmoadgens is, rom misi speqtri 
aRiwereba gausis funqciiT. 
  

4. harmoniuli signali. 
 

ganvixiloT funqcia        tAtx 0cos  , sadac A _amplitudaa, 0 _ 

kuTxuri sixSire,  _ sawyisi faza. movaxdinoT  tx  signalis furies 
gardaqmna. 

 
rogorc vxedavT, harmoniuli signalis furies gardaqmnis Sedegi 

warmoadgens   sixSireze wyvil delta_funqcias. harmoniuli signalis 
amplituduri speqtri mocemulia Semdeg naxazze: 

 
 

6. kompleqsuri eqsponenta. 
  

ganvixiloT kompleqsuri funqcia     tj
Aetx 0 da misi furies 

gardaqmna  
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rogorc vxedavT, kompleqsuri eqsponentas speqrtruli funqcia 
(harmoniuli signalisagan gansxvavebiT) Seicavs mxolod erT 
delta_funqcias, romelic warmodgenilia Semdeg naxazze: 

 

 
 
 
 

2.9 furies gardaqmnis ZiriTadi Tvisebebi 
 
ganvixiloT furies gardaqmnis zogierTi Tviseba. 

1. wrfioba. dauSvaT   1X  da  2X  warmoadgenen x1(t) da x2(t) 

signalebis furies gardaqmnebs:   

         txFXtxFX 2211 ,    

furies gardaqmna wrfivia, Tu sruldeba Semdegi toloba: 

         constaaXaXatxatxaF  2122112211 ,,  

e.i. signalis speqtri, romelic miRebulia ori  txa 11  da  txa 22  signalebis 
jamisagan, tolia am signalebis speqtrebis jamisa. marTlac 

         

       



22112211

22112211

XaXadtetxadtetxa

dtetxatxatxatxaF

tjtj

tj


























 

 
 2. dayovneba. ganvixiloT Tu rogor moqmedebs speqtrul funqciaze 

signalis droSi dayovneba. vTqvaT  aris dayovnebis dro, maSin  tx  

funqciis furies gardaqmna tolia: 

    




 dtetxtxF tj  . 

SemovitanoT aRniSvna  tu , maSin gveqneba: 

            XedueuxedueuxtxF jujjuj  
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unda aRiniSnos, rom signalis Zvrisas     XXe j   amplituduri 

speqtri ar icvleba, icvleba mxolod fazuri speqtri, romelic 

damatebiT iZens sixSiresTan wrfivad damokidebul  mdgenels (nax. 2.25). 

 
                                 nax. 2.25 
  

3. drois RerZis masStabis cvlileba. Tu sawyis x(t) signalSi drois 

masStabs SevcvliT ise, rom t argumenti mravldebodes raime a mudmivaze, 

maSin x(at) signalis speqtri ganisazRvreba Semdegnairad: 

    




 dteatxatxF tj . 

SemovitanoT axali cvladi u=at , maSin 
adu

dt 1 . Tu a>0, maSin 

     







 







a
X

a
dueux

a
atxF

u
a

j 


11
 

roca a < 0, maSin 

     







 







a
X

a
dueux

a
atxF

u
a

j 


11
 

Tu am or gamosaxulebas gavaerTianebT, maSin miviRebT: 

   









a
X

a
txF

1
. 

Tu 1a  maSin x(t) signali gaiSleba a –jer, amitom signalis 

sixSireebi aRmoCndebian dabalsixSiris areSi da Sesabamisad speqtri 
sixSiris RerZis mimarT ikumSeba, maSin rodesac ordinantTa RerZis 

mimarT izrdeba 
a

1  _ jer.  

 Tu 1a , maSin signalis sixSire izrdeba, rac iwvevs abscisaTa 

RerZis mimarT speqtris gafarToebas, xolo ordinantTa RerZis mimarT 
speqtris SekumSvas (nax. 2.26). 
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nax. 2.26 

 4. parsavelis toloba. parsavelis Teorema samarTliania ara marto 
furies mwkrivisaTvis, aramed furies gardaqmnisaTvisac. parsavelis 
Teoremis Tanaxmad energia sixSirul da droiT areebSi erTnairia, rac 
gamoisaxeba Semdegi tolobiT: 

    








 


dXdttx
22

2

1
 . 

 
 
 

2.10 delta – funqcia da TeTri xmauri 
 

delta – funqcia da TeTri xmauri aris ori msgavsi da amasTan 
sxvadasxva signali, romlebic farTod gamoiyenebian signalebis 
analizisaTvis. 

delta_funqcia.  furies gardaqmnasTan mWidrod aris dakavSirebuli 
delta_funqcis cneba. ganvixiloT t = 0 wertilis mimarT simetriuli 

marTkuTxa x(t) funqcia, romlis siganea , xolo simaRle 


1  : 

 
                                 nax. 2.27       
cxadia, rom x(t) funqciiT SemosazRvruli farTobi erTis tolia. 
dauSvaT, rom x(t) funqciis sigane klebulobs, xolo misi simaRle ise 
izrdeba, rom SenarCunebuli iyos farTobis erTTan tolobis piroba. Tu 
gadavalT zRvarze  , maSin saqme gvaqvs marTkuTxa impulsTan, 
romlis simaRle miiswrafis usasrulobisaken, xolo farTobi rCeba 

erTis toli. Tu am impuls aRvniSnavT (t) simboloTi, maSin gveqneba: 
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0,0

0,

t

t
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dtt . 

(t) impuls delta - funqcia an dirakis funqcia ewodeba. zogadad, delta 
funqcia warmoadgens maTematikur abstraqcias. fizikurad igi ar 
arsebobs, magram praqtikul kvlevebSi is cvlis maRali intesiobis 
mokle impulsebs. 

  t  funqcia mniSvnelovan rols asrulebs signalebis damuSavebis 
TeoriaSi. mis erT-erT mniSvnelovan Tvisebas warmoadgens misi e.w. 
gafiltvris Tviseba. es imaSi mdgomareobs, rom Tu delta - funqcia aris 
integralis qveS rogorc erT-erTi mamravli, maSin integrirebis Sedegi 
tolia integralis qveS arsebuli sxva gamosaxulebis mniSvnelobisa im 
wertilSi, sadac delta - funqcia imyofeba, e.i. 

     




 00 txdttttx   , 

sadac x(t) uwyveti funqciaa,  0tt   iseTi delta - funqciaa, romelic 

miRebulia droiT RerZze delta - funqciis t0 sididiT wanacvlebiT. 0tt   

wertilSi delta - funqcia nulis tolia. amrigad sworia Semdegi 
Tanafardoba:  

               












 000000 txdttttxdttttxdttttx   

am gamosaxulebidan Cans, rom integralis sidide t0 wertilSi  x(t0) 
sididis tolia. integrirebis zRvrebi ar aris aucilebeli iyos 
usasrulo.  
 ganvixiloT delta - funqcis furies gardaqmna 

    10  








  jtj edetX . 

delta funqciis speqtri mudmivi sididea anu Tanabari sididisaa 
sixSiris usasrulo areSi, e.i. delta _ funqcias gaaCnia usasrulo 
mcire xangrZlivoba, xolo misi speqtri usasrulod didia (nax. 2.28). 

 
nax. 2.28 

 
miRebuli Sedegebidan gamomdinareobs, rom delta - funqcia SeiZleba 
CavweroT furies ukugardaqmnis saSualebiT Semdegnairad: 

  


  det tj







2

1
. 

miRebuli Tanafardoba metad mniSvnelovania signalebis damuSavebis 

TeoriaSi. Tu ganvixilavT  t  funqciis furies ukugardaqmnas, miviRebT: 
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 102 edtet ftj  . 

aqedan Cans, rom mudmivi sididis furies gardaqmna aris nulovani 
sixSiris delta_funqcia. radgan delta_funqciis speqtri mudmivi 
sididea, amitom mudmivi sididis speqtri delta_funqciis sixSiris 
tolia, marTlac 

   




    AdteAX tj 2 . 

miRebuli Sedegidan gamomdinareobs, rom usasrulod warmodgenil 
signals gaaCnia usasrulod viwro speqtri. 
 TeTri xmauri. TeTri xmauri ewodeba stacionarul SemTxveviT 
proces, romlis speqtruli simkvrivis funqcia yvela sixSirisaTvis 

mudmivia. e.i.   constSS  0 . viner_xinCinis Teoremis Tanaxmad, TeTri 

xmauris korelaciuri funqcia warmoadgens delta_funqcias 

   


 
0

0

2
Sde

S
R j  





. 

e.i.   0R  garda 0  wertilisa. TeTri xmauris dispersia usasrulod 
didi sididea. 
 TeTri xmauri warmoadgens abstraqtul maTematikur cnebas da 
fizikurad igi ar arsebobs. es SeiZleba avxsnaT dispersiis 
usasrulobiT. magram, analoguri signalisagan gansxvavebiT, diskretuli 
signalis TeTri xmauris dispersia ar warmoadgens usasrulo sidides 
(delta_funqciis sasrulobis gamo), amitom aseTi TeTri xmauris 
realizeba fizikurad SesaZlebelia.  
 

 

 

 

3. SemTxveviTi signalebi 

 
rogorc ukve aRvniSneT, bunebaSi mimdinare realuri fizikuri 

movlenebi droze damokidebuli procesebia, romlebic aRiwerebian 
SemTxveviTi funqciebis saxiT. droze damokidebuli erTi cvladis 
SemTxveviT funqcias ewodeba SemTxveviTi procesi, romelic aRiniSneba 

  tX  simboloTi. SemTxveviTi procesis sruli warmodgenisaTvis saWiroa 

mocemuli iyos misi realizaciebi anu ansambli   ,.....3,2,1, itxi SemTxviTi 

signalebis saxiT. teqnikur literaturaSi terminebi `SemTxveviTi 
signali~ da `SemTxveviTi procesi~ xSirad gamoiyenebian rogorc 
sinonimebi. 

SevTanxmdeT, rom registrirebamde (gazomvamde) SemTxveviTi signali 
unda ganvixiloT, rogorc SemTxveviTi procesi Tavisi realizaciebiT. 

nax. 3.1 warmodgenilia   tX  SemTxveviTi procesis ramodenime  txi  

realizacia 
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nax. 3.1 

 
 

3.1 SemTxveviTi procesebis albaTuri funqciebi da saSualo 
maxasiaTeblebi 

  
albaTobis Teoriidan cnobilia, rom SemTxveviTi sidide srulad 

aRiwereba Tu mocemulia misi ganawilebis kanoni. analogiuradaa saqme 
SemTxveviTi procesebis drosac. vTqvaT, mocemulia {X(t)} SemTxveviTi 

procesi da misi realizaciebis ansabli      txtxtx n,....,, 21 . nebismieri, 

magaliTad t1 doSi kveTisas (nax. 3.1) miRebuli SemTxveviT sidides yvela 

realizaciis mniSvnelobebis      nn txtxtx ,....,, 2211  ganawilebis funqcias aqvs 

Semdegi saxe: 

                           xtXPxtF  111,                           (3.1) 

es ganawilebis funqcia damokidebulia or argumentze: t1-ze, roca xdeba 

kveTa da x sidideze, romelzedac naklebi unda iyos SemTxveviTi sidide. 
(3.1) funqcias uwodeben erTganzomilebian ganawilebis kanons, romelic 
axasiaTebs mxolod erTi kveTisas aRebul SemTxveviT sidideebs, amitom 
igi ar gamodgeba ori an meti kveTis urTierT ganawilebis kanonis 
dasadgenad.  

SemTxveviTi procesis albaTur struqturas xSirad aRweren 

ganawilebis simkvrivis  1, txf  funqciis meSveobiT, romelic ase 

ganisazRvreba:    11 ,, txFtxf  . Tu cnobilia ganawilebis simkvrivis 
funqcia, maSin ganawilebis funqcia ganisazRvreba Semdegnairad: 

   




x

dxtxftxF 11 ,,  

aSkaraa rom erTganzomilebiani ganawilebis kanoni ver 
uzrunvelyofs SemTxveviTi procesis daxasiaTebas. aSkaraa isic, rom 
organzomilebiani ganawilebis funqcia ufro srulad warmoadgens 
SemTxveviT proces vidre erTganzomilebiani, Tumca isic ar aris 
sakmarisi SemTxveviTi procesis sruli aRwerisaTvis. 
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aqedan gamomdinare, SemTxveviTi procesi ufro srulyofilad iqneba 
warmomadgenili Tu gveqneba samganzomilebiani, oTxganzomilebiani da 

zogadad n ganzomilebiani ganawilebis funqciebi.  
 amrigad, Teoriulad SesaZlebelia SeuzRudavad ganvsazvroT 
SemTxveviTi procesis kveTebis raodenoba da miviRoT procesis sul 
ufro da ufro sruli maxasiaTeblebi. magram, argumentebis usasrulo 
zrda gamoTvlebis TvalsazrisiT iwvevs mTel rig garTulebebs da 
amitom praqtikulad mravalganzomilebiani ganawilebis funqciebis  
gamoyeneba miuRebelia. aqedan gamomdinare, praqtikul kvlevebSi 
miRebulia organzomilebiani ganawilebis kanoni da ufro metic, Zalze 
xSirad saerTod uars amboben ganawilebis kanonis dadgenaze da iyeneben 
SemTxveviTi procesis ZiriTad maxasiaTeblebs, romlebic proces aRweren 
Tumca ara srulad, magram sakmaod kargi miaxloebiT. 

Tu cnobilia  1, txf  ganawilebis simkvrivis funqcia, maSin 

SesaZlebelia  1tX  sididis statistikuri gasaSualeba. statistikuri 
gasaSualeba iTvaliswinebs droiT fiqsirebul momentSi SemTxveviTi 
procesis realizaciebis romelime kveTiT miRebuli mniSvnelobebis 
gasaSualebas. 

praqtikul kvlevebSi SemTxveviTi procesis yvelaze mniSvnelovan 
maxasiaTeblebs warmoadgenen: 

1. maTematikuri lodini, romelic warmoadgens drois romelime t 
momentSi SemTxveviTi procesis saSualo mniSvnelobis Sefasebas  

      




 dxtxxftXMtmx , . 

2. dispersia, romelic axasiaTebs SemTxveviTi procesis saSualo 
simZlavris gadaxris cvalebadobas misi maTematikuri lodinis mimarT. 

                  




 tmdxtxfxtmtXMtmtXMttD xxxxx

222222 , . 

3. saSualo kvadratuli gadaxra (standartuli gadaxra), romelic 
warmoadgens kvadratul fesvs dispersiidan da axasiaTebs t drois 
momentSi maTematikur lodinTan SedarebiT gafantvis amplitudur zomas: 

              tmtXMtmtXMtDt xxxx  22
  . 

rac Seexeba ganawilebis kanonebs, praqtikaSi yvelaze xSirad 
gvxdeba Tanabari da normaluri ganawileba. 

 
 

 
3.2 SemTxveviTi procesebis korelaciuri funqciebi 

 
 erTganzoilebiani simkvrivis funqcia sakmarisi ar aris droSi 
SemTxveviTi procesis cvlilebis aRwerisaTvis. gacilebiT met 
informacias miviRebT Tu ganvixilavT drois nebismier t1 da t2 momentSi 
SemTxveviTi procesis ormag kveTas (nax. 3.1). es ori kveTa qmnis 

organzomilebian SemTxveviT sidides     21 , tXtX , romelic aRiwereba 
organzomilebiani ganawilebis funqciiT 
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      22112121 ,,,, ttXttXPttxxF   

da organzomilebiani ganawilebis simkvrivis funqciiT 

   21212121 ,,,,,, ttxxFttxxf  . 
organzomilebiani ganawilebis simkvrivis funqcia saSualebas iZleva 

ganisazRvros SemTxveviTi procesis metad mniSvnelovani maxasiaTebeli – 
kovariaciuli funqcia: 

      2121, txtxMttCx   

am ganamartebiT SemTxveviTi sididis kovariaciuli funqcia warmoadgens 
t1 da t2 drois momentebSi SemTxveviTi procesis mniSvnelobebis namravlis 
saSualo sidides. 

      SemTxveviTi procesis yoveli realizaciisaTis    21 txtx  namravli 
waroadgens skalarul sidides. realizaciaTa erToblioba qmnis 
SemTxveviTi ricxvebis erTobliobas, romelTa ganawilebis kanoni 

xasiaTdeba organzomilebiani  2121 ,,, ttxxf  ganawilebis simkvrivis 
funqciiT. Tu ganawilebis simkvrivis funqcia cnobilia, maSin 
gasaSualebis operacia xorcieldeba Semdegi formuliT: 

    








 2121212121 ,,,, dtdtttxxfxxttCx . 

 xSirad SemTxveviTi procesebis analizis dros gansakuTrebel 
interess warmoadgens maTi fluqtuaciis (cvalebadobis) mdgeneli. aseT 
SemTxvevaSi gamoiyeneba korelaciuri funqcia, romelic ganisazRvreba 

centrirebuli    tmtX x  SemTxveviTi procesis t1  da  t2  drois 

momentebSi maTi sidideebis namravlis statistikuri gasaSualebiT. e.i. 
 

            

                 21212121212211

221121

,,,

,

tmtmttCdxdxttxxftmtxtmtx

tmtxtmtxMttR

xxxxx

xxx





 








    (3.2) 

korelaciuri funqcia  21,ttR  axasiaTebs statistikuri kavSiris 
xarisxs SemTxveviTi procesis im maCveneblebs Soris, romlebic miiRebian 

t1  da  t2  drois momentebSi. roca ttt  21 , maSin korelaciuri funqcia 
(3.2) formulis gaTvaliswinebiT SemTxveviTi procesis dispersiis tolia. 
e.i. 

       tDtmttCttR xxxx  2,, . 

unda gvaxsovdes, rom centrirebuli  SemTxveviTi procesis dros, roca 
maTematikuri lodini (saSualo sidide) nulis tolia, kovariaciuli da 
korelaciuri funqciebi erTmaneTis tolia.  
 magaliTvisaTvis ganvixiloT harmoniuli signali SemTxveviTi 
sawyisi faziT, romelsac aqvs Semdegi saxe: 

                               tAtx 0cos  ,                            (3.3) 

sadac A –amplitudaa (determinirebuli), 0 – sixSire (determinirebuli), 

 - SemTxveviTi sawyisi faza, romelic bevr SemTxveviTi signalisaTvis 

SeiZleba CavTvaloT  2,0  intervalSi Tanabrad ganawilebuli. maSin 
aseTi signalis ganawilebis simkvrivis funqcia tolia: 
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2,0,0

20,
2

1

f  

advilad mtkicdeba, rom aseTi SemTxveviTi procesi centrirebulia. 
marTlac: 

                        0
2

1
cos

0

0  







 dtAdftxtmx  , 

amitom kovariaciuli da korelaciuri funqciebi erTmaneTis tolia: 
              

             

      











 






 













2

0

2

0

210210

2

2

0

2010212121

cos
2

1
2cos

2

1

2

2

1
coscos,,

dttdtt
A

dtAtAdftxtxttCttR xx

 

am gamosaxulebis pirvel integralSi integrireba xdeba ori perioduli 
kosinusi funqciiT, amitom integralis mniSvneloba nulis tolia. meore 
wevris integralis qveS myofi funqcia ar aris damokidebuli 

integrirebis  cvladze, amitom miviRebT: 

                   210
2

2121 cos
2

,, tt
A

ttCttR xx   . 

roca 21 tt  , maSin      
2

,, 2
2121

A
tDttCttR xxx  . 

 
 
 

3.3 SemTxveviTi procesebis klasifikacia 
 
 SemTxveviTi procesebi iyofa stacionarul da arastacionarul 
procesebad. Tavis mxriv stacionaruli pricesebi iyofian ergodikul da 
araergodikul procesebad. 
 stacionaruli SemTxveviTi procesebi. Aase ewodebaT SemTxveviT 
procesebs, romelTa statistikuri maxasiaTeblebi erTnairia yvela 
droiTi kveTebisas. SemTxveviTi procesebi mkacrad stacionarulia (an 
sacionarulia viwro gaebiT), roca mravalganzomilebiani simkvrivis 

funqcia  nn tttxxxf ,...,,,,..., 212,1  ar icvleba kveTebis nttt ,....,, 21  droiT RerZze 

erTidigive  sididiT erTdrouli daZvrisas. e.i. nebismieri  -sTvis 

     nnnn tttxxxftttxxxf ,....,,,,....,,,...,,,,..., 2121212,1 . 

 Tu SemovifarglebiT mxolod erTi da organzomilebiani 
ganawilebis simkvrivis funqciiT, maSin aseTi SemTxveviTi procesi iqneba 
stacionaruli farTo gagebiT. 

stacionaruli SemTxveviTi procesisaTvis maTematikuri lodini da 
dispersia ar aris damokidebuli droze, xolo korelaciuri funqcia 

damokidebulia ara drois nttt ,....,, 21  momentebze, aramed maT Soris 

intervalze 12 tt  . e.i.      xxx RttRttR  122, . am mizezis gamo 
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stacionaruli SemTxveviTi procesis statistikur maxasiaTeblebSi 
SeiZleba gamovricxoT drois fiqsirebuli momentebi da davtovoT 

mxolod maT Soris sxvaoba  . e.i. gveqneba     xxxx CRDm ,,, . 

kerZo SemTxvevaSi, roca  1tmx  da  21, ttRx  sidideebi damokidebulni 

arian t1 drois momentze, SemTxveviTi proceses ewodeba sustad 
stacionaruli. am SemTxvevaSi saSualo sidide mudmivia, xolo 

korelaciuri funqcia damokidebulia  Zvris sidideze. 
ergodikuli SemTxveviTi procesebi. stacionarul SemTxveviT 

proces ewodeba ergodikuli roca misi nebismieri statistikuri 
maxasiaTebeli, romelic miRebulia SemTxveviTi procesis realizaciebis 
gasaSualebiT, eqvivalenturia erTi realizaciis droiT gasaSualebiT 
miRebul Sesabamis maxasiaTeblisa. unda gvaxsovdes, rom ergodikuli 
Tviseba mxolod stacionarul procesebs gaaCniaT. 

rogorc vxedavT, ergodikuli procesi warmoadgens     
stacionaruli SemTxveviTi procesebis mniSvnelovan klass, radgan yvela 
statistikuri maxasiaTebeli SeiZleba ganisazRvros SemTxveviTi 
procesis erTi realizaciidan droSi gasaSualebiT. sabednierod 
praqtikul kvlevebSi stacionarul SemTxveviT procesebs, TiTqmis 
rogorc wesi, gaaCniaT ergodikuli Tviseba, ris gamoc SemTxveviTi 
procesis damuSaveba SesaZlebelia erTi realizaciis saSualebiT. 
amrigad, ergodikuli procesis statistikuri maxasiaTeblebi 
ganisazRvrebian Semdegi gamosaxulebebiT: 
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 ergodikuli procesis sakmaris pirobas, garda misi stacionarobisa 
farTo gagebiT, warmoadgens korelaciuri funqciis miswrafeba 

nulisaken, roca  izrdeba. e.i.   0lim 





xR . 

 magaliTisaTvis ganvixiloT harmoniuli signali SemTxveviTi faziT 
(3.3) da SevamowmoT igi ergodiulobaze. amisaTvis ganvsazRvroT 
gasaSualebuli harmoniuli signalis statistikuri maxasiaTeblebi: 
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 rogorc vxedavT, droiT gasaSualebiT gamoTvlili parametrebi 
emTxveva im parametrebs, romlebic miRebulia realizaciebis 
statistikuri gasaSualebiT. e.i. harmoniuli signali SemTxveviTi sawyisi 
faziT warmoadgens ergodikul process. 
 arastacionarul procesebs miekuTvnebian iseTi procesebi, 
romlebic stacionarulobis kriteriumebs ar akmayofileben da maTgan 
gansxvavebiT statistikuri maxasiaTeblebi droze arian damokidebulebi. 
 

 
 

3.4 SemTxveviTi procesis speqtruli maxasiaTeblebi 
 

yoveli calke aRebuli SemTxveviTi procesis x(t) realzacias 
gaaCnia Tavisi speqtri. radgan Cven gvainteresebs SemTxveviTi procesebis 
statistikurad gasaSualebuli maxasiTeblebi, amitom speqtruli 
simkvrivis saSualo mniSvneloba tolia 

        














  dtetmdtetxdtetxX tj

x

tjtj   

rogorc vxedavT, SemTxveviTi procesis gasaSualebuli speqtruli 
simkvrivis funqcia warmoadgens procesis determinirebuli maCvneblis 
anu saSualo sididis speqtrs. centrirebuli procesisTvis mx(t) = 0 da  

  .0X   

 amrigad, gasaSualebuli speqtruli simkvrivis funqcia ar Seicavs 
araviTar informacias SemTxveviTi procesis fulqtuaciaze anu 
cvalebadobaze. es migvaniSnebs imaze, rom sxvadasxva realizaciebis 
speqtruli maCveneblebis (mdgenelebis) fazebi warmoadgenen SemTxveviT 
da damoukidebel sidideebs. 

SeiZleba ganvixiloT SemTxveviTi procesis x(t) realzaciis 
simZlavris speqtruli simkvrive, radgan simZlavre ar aris damokiedbuli 
speqtruli Semadgenlobis fazebis Tanafardobaze. amisTvis Tu aviRebT 

centrirebuli SemTxveviTi procesis x(t) realizacias  
2

,
2

TT  intervalSi 

da gamoviyenebT furies pirdapir gardaqmnas, maSin miviRebT  TX  
speqtrul simkvrives. parsavelis tolobis Tanaxad, signalis simZlavre 
droiT areSi tolia signalis simZlavrisa speqtrul areSi, e.i. 
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Tu am energias gavyofT T –ze, maSin miviRebT realizaciis saSualo PT 
simZlavres mocemul droiT intervalSi 
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Tu T intervals gavzrdiT usasrulod anu roca T  ∞, maSin miviRebT: 
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                                                       (3.4) 

sidide warmoadgens gansaxilvevli realizaciis saSualo simZlavris 
speqtrul simkvrives. 

 zogadad, simZlavris speqtruli simkvrive S() unda gavasaSualoT 
realizaciebis simravliT. magram, Tu saqme gvaqvs ergodikul SemTxveviT 
procesTan, maSin SeiZleba CavTvaloT, rom erTi realizaciiT miRebuli 

S() funqcia axasiTebs mTel SemTxveviT process. 
radgan Cven ganvixilavT centrirebuli ergodikuli procesis 

realizacias, amitom realizaciis saSualo simZlavre SemTxveviTi 
procesis dispersiis tolia 

                                               




 


dSDx
2

1
  .                                                     (3.5) 

S() namdvili funqciaa, romelic ar Seicavs informacias speqtruli 
mdgenelebis fazebze da amitom SeuZlebeli xdeba SemTxveviTi procesis 
calkeuli realizaciis aRdgena. garda amisa, speqtruli simkvrivis 

gansazRvridan (3.4) Cans, rom S() warmoadgens arauaryofiT luw funqcias. 
 
speqtruli simkvrivis funqciis interpretacia. ganvixiloT nax. 3.2 

warmodgenili oTxi SemTxveviTi procesis speqtruli simkvrivis 
funqciebi, romlebic warmodgenilni arian Semdeg naxazze:   

 
.  
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nax. 3.2 
rogorc naxazidan Cans, harmoniuli procesis (a) speqtruli 

simkvrivis funqcia warmoadgens delta_funqcias. 
farTozoliani SemTxveviTi xmauris fonze harmoniuli procesis (b) 

jamuri speqtruli simkvrivis funqcia tolia SesakrebTa speqtrebis 
jamisa. 

viwrozoliani procesis dros (g) speqtruli simZlavris funqcia 
ZiriTadad Tavmoyrilia speqtris viwro zolSi. 

farTozoliani procesis SemTxvevaSi (d) speqtruli simkvrivis 
funqcia Tavmoyrilia sixSiris farTo zolSi 

 
 

3.5 viner-xinCinis Teorema 
  

rogorc cnobilia, determinirebuli signalis korelaciuri 
funqcia furies pirdapiri gardaqmniT dakavSirebulia mis energetikul 
speqtrTan. Tu am Tvisebas gamoviyenebT T sigrZis SemTxveviT 
procesisaTvis, gveqneba: 
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gavyoT tolobis orive mxare T-ze da gadavideT zRvarze, roca T  
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Tu procesi ergodikulia, maSin tolobis marcxena mxares gvaqvs droiT 
gasaSualebuli korelaciuri funqcia, xolo marjvena mxares, 
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integralis qveS gvaqvs SemTxveviTi procesis speqtrili simkvrive (3.4) e.i 
miviRebT: 

   




  deS
T

R j

xxxx

1
 . 

 radgan Rxx() da S() warmoadgenen namdvil luw funqciebs, amitom 
SegviZlia uari vTqvaT furis gardaqmnis kompleqsur formaze, maSin 
miviRebT: 
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 amrigad, SemTxveviTi procesis korelaciuri funqcia da simZlavris 
speqtruli simkvrive dakavSirebuli arian erTmaneTTan furis gardaqmniT. 
am Tanafardobas viner-xinCinis Teoremas uwodeben.  
 xSirad SemTxveviTi procesi iseTia, rom uSualod  (3.4) formulis 
gamoyeneba simZlavris speqtruli simkvrivis funqciis gansazRvrisaTvis 
SeuZlebelia. am SemxvevaSi, Tu SesaZlebelia korelaciuri funqciis 
gansazRvra, maSin speqtruli simkvrivis funqcias miviRebT korelaciuri 
funqciidan viner-xiCinis Teoremis saSualebiT. 
 

 

 

4. diskretuli signalebi da sistemebi 

  
signalebis cifruli damuSavebis arsi mdgomareobs imaSi, rom 

fizikuri signali (Zabva, deni da a.S) gardaiqmneba diskretuli ricxvebis 
TanmimdevrobaSi da Semdeg xdeba maTi maTematikuri gardaqmnebi. 
transformirebuli diskretuli signalis (ricxvebis Tanmimdevroba) 
ukugardaqmniT SesaZlebelia sawyisi signalis aRdgena.  

 
4.1 analoguri, diskretuli da cifruli signalebi 

  
sawyisi fizikuri signali warmoadgens uwyvet funqcias, romlebic 

gansazRvruli arian drois mTel diapazonSi da maT analoguri 
signalebi ewodebaT. analoguri signalis Tamimdevrul anaTvlebSi 
gardaqmnis proces diskretizacia ewodeba, xolo aseTi gardaqmnis 
Sedegs - diskretuli signali. 
 analogur signalSi anaTvlebi (gazomvebi) aiReba raRac t  dros 
Tanabar intervalebSi, romelsac diskretizaciis periodi anu 
diskretizaciis intervali ewodeba. Tu diskretuli signalis anaTvlebs 

Soris dro t (wm)-is tolia, maSin diskretizaciis siCqare tolia t1  
(anaTvali wamSi) da mas signalis daqvantvis anu diskretizaciis 
sixSires uwodeben, e.i diskretizaciis sixSire tolia: 

t
fd




1
 (hc). 
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Sesabamisi kuTxuri sixSire tolia td   2 .  

sawyisi informaciis Senaxvis da aRdgenisaTvis diskretizaciis 
sixSire minimum orjer meti unda iyos signalis maqsimalur sixSireze. e. 

i. max2 ffd  . sxva sityvebiT rom vTqvaT maxf sixSiris erT periodze unda 

iyos aRebuli (gazomili) minimum ori anaTvali. aqedan gamomdinare, 
diskretizaciis intervali unda akmayofilebdes Semdeg pirobas: 

                           
max2

1

f
t                                 (4.1) 

praqtikul kvlevebSi Cven saqme gvaqvs realur procesebTan, romlebsac 
SeiZleba gaaCndes ganusazRvreli speqtruli simkvrive, amitom zemod 

moyvanil formulaSi gamoyeneba signalis maxf maqsimaluri sixSiris 

miaxloebiTi mniSvneloba. aqedan gamomdinare, diskretizaciis sixSires 

Cveulebriv iReben 3–5 jer met mniSvnelobas. e.i.     max53 ffd    anu 

  max53

1

f
t


  . 

komputerSi signalis anaTvlebi warmodgenilia orobiT sistemaSi 
(e.i nulisa da erTis kobinaciebiT). aqedan gamomdinare, anaTvlebi 
Rebuloben mxolod sasruli simravlis mniSvnelobebs da Sesabamisad 
signalis warmodgenisas aucilebeli xdeba mniSvnelobebis damrgvaleba. 
signalis anaTvlebis ricxvebSi gardaqmnis process doniT daqvantva 
ewodeba, xolo am dros warmoqmnil damrgvalebis cdomilebas – 
daqvantvis cdomileba. 
 droiT diskretul signals, romelic ar aris doniT daqvantuli, 
ewodeba diskretuli signali. signals, romelic droiT diskretulia da 
doniT daqvantvuli, ewodeba cifruli signali. gansxvaveba analogur, 
diskretul da cifrul signalebs Soris warmoadgenilia Semdeg naxazze. 

  
                   analoguri           diskretuli           cifruli 
 
gamoTvliTi sistemebi, romlebic gankuTvnilni arian signalis 
damuSavebaze, orientirebuli arian mxolod cifrul signalebze.  

 
 
 
 

4.2 analogur-cifruli da cifrul - analoguri gardaqmnebi 
  

signalebis cifruli damuSavebis ganzogadebuli struqturuli 
sqema warmodgenilia Sedeg naxazze: 
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                                 nax. 4.1 

mowyobiilobis Sesavals miewodeba  tx1  analoguri signali. analogur – 
cifruli gardamqmnelis (acg) saSualebiT xdeba signalis diskretizacia 
da daqvantva. zogadad es ori procesi – diskretizacia da daqvantva – 
warmoadgenen damoukidebel procesebs, magram, rogorc wesi, isini 
sruldebian erT mikrosqemaSi. 

 acg gamosaval signals warmoadgens ,.....,, 210 xxx  ricvebis 

Tanmimdevroba, romelic miewodeba cifrul procesors, sadac xdeba maTi 
Sesabamisi damuSaveba. kerZod, procesori asrulebs sxvadasxva 
maTematikur operaciebs. procesoris muSaobis Sedegs warmoadgens 

ricxvebis axali Tanmimdebroba ,......,, 210 yyy . , romlebic warmoadgenen 

gamosavali signalis anaTvlebs. am Tanmimdevrobis saSualebiT 
SesaZlebelia cifrul_analoguri gardaqmnelis (cag) saSualebiT 
movaxdinoT sawyisi (Semomavali) signalis aRdgena. cag-is gamosavalze 
vRebulobT safexurovani formis signals, romelic F filtris 
saSualebiT SegviZlia warmovadginoT mdored cvalebad signalad. 
 

 
4.3 naikvistis sixSire 

  
signalis diskretizacias yovelTvis mivyevarT sawyisi informaciis 

nawilis danakargamde, rac gamoixateba diskretizirebuli signalis 
aRdgenisas sawyisi signalis formis damaxinjebaSi. 

imisaTvis, rom analoguri signali zustad iyos diskretizirebuli 
mas ar unda gaaCndes sixSire, romelic diskretizaciis sixSiris 

naxevarze meti iqneba. es aris naikvistis sixSire Nf . e.i. 

22

1 d

N

f

t
f 


  . 

Senon-kotelnikovis Teoremis Tanaxmad, Tu analoguri signalis 

 tx realizacias gaaCnia finituri (SezRuduli) speqtri, maSin 

diskretuli signali SegviZlia calsaxad aRvadginoT danakargvebis 
gareSe Tuki gamoviyenebT diskretizaciis sixSires, romelic 

gaormagebuli naikvistis sixSireze metia, e.i. Nd ff 2 . 

aqedan gamomdinare, yvelaze didi sixSire, romelic SesaZlebelia 

diskretizaciis t1  siCqariT gamoyofa aris naikvistis sixSire t21 (hc). 

signalis ufro maRali sixSireebi  t21,0 hc diapazonSi ar 
gansxvavdebian amave diapazonis dabali sixSireebisagan. e.i. xdeba maRali 
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sixSireebis zeddeba dabal sixSireebze. amrigad, naikvistis sixSire 
warmoadgens zRvrul anu zeddebis sixSires. am SezRudvis axsna 
SesaZlebelia qvemod moyvanili naxazis saSualebiT. 

  
                              nax. 4.2 
ganvixiloT sami SemTxveva. 

1. Tu harmoniuli signalis sixSire niakvistis sixSireze 
naklebia, maSin diskretuli anaTvlebi analoguri signalis aRdgenis 
saSualebas iZleva (nax. 4.2a). 

2. Tu harmoniuli signalis sixSire naikvistis sixSiris tolia, 
maSin diskretuli anaTvlebi saSualebas iZleva aRvadginoT analoguri 
signali igive sixSiriT, magram aRdgenili signalis amplituda da faza 
(naxazze naCvenebia wyvetili xazebiT) SeiZleba damaxinjebuli iyos (nax. 
4.2b). uares SenTxvevaSi sinusoidis yvela diskretuli anaTvlebi 
SeiZleba nulis toli iyos. 

3. TuU harmoniuli signalis sixSire naikvistis sixSireze metia, 
maSin diskretuli anaTvlebiT aRdgenili signali (wyvetili xazebi) 
iqneba sxva sixSiris harmoniuli rxeva (nax. 4.2g). am efeqts ewodeba cru 
sixSireebis warmoqmnis efeqti. 

cru sixSireebis warmoqmnis Tavidan acilebisTvis erTaderT 
praqtikul meTods warmoadgens analogur_cifruli gardaqmnamde sawyis 
signalSi filtris saSualebiT yvela im sixSireebis CaxSoba, romelic 
naikvistis sixSireze metia. aqedan gamomdinare t , ise unda SevarCioT, 
rom naikvistis sixSire iyos sakmaod maRali. 

Senonis Teoremis Tanaxmad, signalis daqvantvis sixSire unda 
akmayofilebdes Semdeg utolobas: 

t
f d




2

1
 

praqtikaSi daqvantvis sixSire SeirCeva Semdegi formuliT: 

t
f d




)53(

1
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amrigad, radgan nebismier analogur signals gaaCnia SezRuduli 
speqtri, amitom Tu sworad SevarCevT diskretizaciis intervals, maSin 
sawyisi analoguri signali SeiZleba SevcvaloT Sesabamisi diskretuli 
signaliT. 

 
 
 
 

4.4 diskretuli Tanmimdevrobebis warmodgenis saSualebebi 
 
rogorc viciT, analogur_cifruli gardaqmnelis saSualebiT 

analoguri signali gardaiqmneba diskretul signalad. maTematikurad 

diskretuli signali warmodgindeba uwyveti Tanmimdevruli  nx  an  tnx   

an    nxxxxX ,....,,, 210  ricxvebis erTobliobiT, sadac n – anaTvlebis 

raodenobaa, t _ diskretizaciis intervali. xSirad metad sasargebloa 
da informatiulia Tanmimdevrobis grafikuli saxiT warmodgena. 
amisaTvis SesaZlebelia gamoviyenoT ori meTodi: pirveli, roca 
TiToeuli anaTvali warmodgenilia grafikulad da meore, roca maTi 
momvlebi, ise rogorc es Semdeg naxazzea naCvenebi: 

 
                                nax. 4.3 

ganvixiloT praqtikaSi xSirad gamoyenebadi zogierTi 
Tanmimdevrobebi: 

1. erTeulovani impulsi (erTeulovani anaTvali) 

 
diskretul sistemebSi erTeulovani impulsi TamaSobs igive rols, rasac 
delta_funqcia analogur signalebSi. maT Soris gansxvaveba is aris, rom 
pirveli warmoadgens fizikurad realizebads, xolo meore ganixileba, 
rogorc ganzogadoebuli funqcia. 

 2. dayovnebuli erTeulovani impulsi. 

 
3 erTeulovani naxtomi. 
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4. klebadi eqsponenta. 

 
5. kosinusoida. 

        
6. kompleqsuri eqsponenta 

   njne nj  sincos   
radgan es Tanmimdevroba kompleqsuria, amitom misi grafikuli 
warmodgenisaTvis saWiroa namdvili da warmosaxviTi mdgenelebis cal-
calke warmodgena. 

 
7. nebismieri saxis Tanmimdevroba. 

nebismieri saxis Tanmimdevroba advili warmosadgenia zemoT ganxiluli 
ZiriTadi Tanmimdevrobebis, kerZod dayovnebuli erTeulovani impulsis 

saSualebiT. Tu dayovnebul erTeulovan impuls aRvniSnavT  mn   

simboloTi, maSin mocemuli        nxxxx ,.....,2,1,0  Tanmimdevroba SeiZleba ase 

warmovadginoT: 

                                         





n

m

mnnxnx                                                           (4.1) 

marTlac, roca n = 1, maSin    11 xx  , radgan 

 









1,0

1,1
1

m

m
m  

            22
2,0

2,1
2,2 xx

m

m
mn 








      da a.S.  

nebmismieri saxis Tamimdebrobis aseTi saxiT warmodgena farTod 
gamoiyeneba wrfivi mudmivparametriani diskretuli sistemebis aRsawerad, 
cifruli fiktrebis sinTezis dros da bevr sxva SemTxvevebSi. 

 
 
 

4.5 wrfivi diskretuli sistemebi 
  

diskretuli signalebis damuSavebis Teoria efuZneba wrfivi 
diskretuli sistemebis Teorias. aqedan gamomdinare, ganvixiloT wrfivi 
mudmivparametriani diskretuli sistema. 



 

---------------------------------------------------------------------------------------- 
e. yubaneiSvili biosignalebis cifruli damuSaveba 
 

 

64 

 zogadad, diskretuli sistema faqtiurad wamoadgens erTi 
Tanmimdevrobis (romelsac Semavals uwodeben) meore TanmimdevrobaSi 
(romelsac gamosavali ewodeba) gardaqmnis algoriTms. e.i. gvaqvs Semdegi 
blok_sqema:  

 
sadac  nx  Semavali, xolo  ny  gamomavali Tanmimdevrobebia, romlebic 

funqcionalurad ase arian damokidebulni:      nxFny  ,   sadac F 
grdaqmnis operatoria. 
 fizikur diskretul sistemas ewodeba idealuri Tu igi  fizikurad 
realizebadia; gaaCnia mudmivi parametrebi; wrfivia da mdgradi. 
 diskretul sistemas ewodeba fizikurad realizebadi, roca sawyisi 
nulovani pirobebis dros sistemis reaqcia ar SeiZleba warmoiSvas manam 
sanam ar moxdeba sistemaze zemoqmedeba anu sistemis reaqcia 
damokidebulia mxolod mimdinare da wina zemoqmedebebze da ar aris 
damokidebuli Semdgomi zemoqmedebis mniSvnelobaze.  

   diskretul sistemas gaaCnia mudmivi parametrebi Tu maTi ZiriTadi 
Tvisebebi droSi ar icvlebian. aseTi sistema droiT invariantulia, 
romlisTvisac droSi dayovnebuli (an daZruli) Semomavali 
Tanmimdevroba unda iwvevdes droSi dayovnebul eqvivalentur gamomaval 

Tanmimdevrobas. magaliTad, Tu sistemis Sesasvlels mivawvdiT    knxnx   

signals da sistemis gamosavalze miviRebT    knyny   signals, maSin 

sistema droiT invariantulia. es piroba unda sruldebodes nebismieri k 

sididisaTvis da nebismieri signalisaTvis. aseT diskretul sistemas 
stacionaruli ewodeba.  
     sistema wrfivia, Tu misi reaqcia aditiuria da erTgvarovani. 
termini “aditiuroba” niSnavs imas, rom Semavali signalebis jamis 
reaqcia toli unda iyos ToToeuli signalis reaqciebis jamisa. e.i Tu 

 xf  aRvniSnavT Semavali signalis reaqcias, maSin          

       nn xfxfxfxxxf  2121 . 

termini ~erTgvarovani” niSnavs imas, rom sitemis Semavali signalis 

mudmiv c sidideze namravlis reaqcia tolia am mudmivi sididisa da 

signalis reaqciis namravlisa e.i    xcfcxf  . 
 praqtikaSi parametrebis mudmivoba realur fizikur sistemebSi 
xorcieldeba. rac Seexeba wrfivobas, aq saqme ufro rTuladaa. 
cnobilia, rom yvela fizikuri sistema arawrfivia roca Semavali 
signali Rebulobs eqstremalur mniSvnelobebs. situacia rTuldeba, 
roca arawrfiobis efeqti drois garkveuli momentidan iwyebs 
TandaTanobiT gamomJRavnebas. miuxedavad amisa, bevri realuri sistema 
SeiZleba CavTvaloT wrfivad, yovel SemTxvevaSi Semavali signalis 
cvlebadobis garkveul intervalSi.  

magaliTi 1. ganvixiloT martivi sistema, romelsac gaaCnia 
kvadratuli reaqcia da misi gamosaval signals aqvs Semdegi saxe: 
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       2nxany   

 mivawodoT sistemis Sesasvlels nebismieri ori  nx1  da  nx2  
Tanmimdevroba  da ganvsaRzvroT maTi Sesabamisi gamoZaxilebi. 
aditurobis Tvisebidan gamomdinare nebismieri ori Semavali 
signalisaTvis sistema unda akmayofilebdes Semdeg pirobas: 

     naxnaxny 2

2

2

1   
Cven SemTxvevaSi gveqneba:  

                  nxnxnaxnaxnxnxany 2

221

2

1

2

21 2   

aqedan gamomdinare, aditiurobis piroba darRveulia. 

dauSvaT c nebismieri sididis mudmivi sididea, maSin erTgvarovnebis 

Tvisebidan gamomdinare unda gvqondes:    nacxny 2 , magram sinamdvileSi 
gveqneba:  

      nxacncxany 222
  

aqedan gamomdinareobs, rom sistema arawrfivia, radgan igi ver 
akmayofilebs aditiurobis da erTgvarovnebis Tvisebebs.  
 magaliTi 2. ganvixiloT sistema, romelic aRiwereba Semdegi 
gantolebiT: 

   



n

k

kxny
0

 , 

romelsac sumatori ewodeba. mivawodoT sumatoris Sesasvlels 

nebismieri ori  nx1  da  nx2  Tanmimdevroba da ganvsazRvroT maTi 
Sesabamisi gamoZaxilebi 

      



n

k

n

k

kxnykxny
0

22

0

11 )(, . 

Tu sumatoris Sesasvlels mivawvdiT      nbxnaxnx 213   signals, maSin 

aditiurobis (superpoziciis) principis Tanaxmad nebismieri a da b 

koeficientebisaTvis sumatoris gamosavalze unda miviRoT 

     nbynayny 213   signali. marTlac 

                nbynaykxbkxanbxnaxkxny
n

k

n

k

n

k

n

k

21

0

2

0

1

0

21

0

33  


. 

amrigad, miRebuli Sedegi akmayofilebs sumatoris  aditiurobis pirobas.   
SevamowmoT erTgvarovnebis anu stacionarobis piroba. dauSvaT 

sumators miewodeba    01 nnxnx   signali. ganvsazRvroT sumatoris 

gamosavali  0nny   da  ny1  signali da Semdeg movaxdinoT maTi 

Sedareba. sumatoris gansazRvridan gamomdinare gveqneba: 

         







n

k

n

k

nn

k

nkxkxnykxnny
0

0

0

11

0

0 ;
0

 . 

Tu ajamvis parametrs SevcvliT 01 nkk   , maSin miviRebT: 

     0

0

11

0

1

nnykxny
nn

k

 




   

e.i. sruldeba erTgvarovnebis (stacionarulobis) piroba. amrigad, 
sumatori akmayofilebs rogorc aditiurobis (superpoziciis), aseve 
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stacionarulobis pirobebs. aqedan gamomdinare, sumatori wrfivi 
diskretuli sistemaa. 

diskretuli sistema SeiZleba aRwerili iyos droiT sivrceSi 
impulsuri maxasiaTebliT (nakeci an sxvaobiTi gantoleba), xolo 
sixSirul sivrceSi _ sixSiruli maxasiaTebliT (gadacemis funqcia). 

 
impulsuri maxasiaTebeli. mudmivparametriani wrfivi diskretuli 

sistemebis dinamiuri maxasiaTeblebi SeiZleba aRiweros  nh  impulsuri 
maxasiaTebliT anu rogorc mas xSirad uwodeben impulsuri gadayvanis 
funqciiT, romelic warmoadgens sistemis reaqcias erTeulovani 
impulsis (delta_funqciis) tipis SeSfoTebaze. 

 
 cnobilia, rom erTeulovani impulsis saSualebiT nebismieri saxis 

Tanmimdevroba   SeiZleba warmovadginoT (4.1) formulis saSualebiT. 

radgan  nh  warmoadgens  n  Tanmimdevrobis gamoZaxils da Tu sistemas 

gaaCnia mudmivi parametrebi, maSin  mnh   iqneba  mn   Tanmimdevrobis 

gamoZaxili. sistemis wrfivobidan gamomdinare    mnmx    

Tanmimdevrobis gamoZaxili unda iyos    mnhmx  . amitom  nx  
Tanmimdebrobis gamoZaxili iqneba: 

     





m

mnhmxny  

Tu am gamosaxulebaSi cvladebs SevcvliT, maSin miviRebT: 

                               





m

mnxmhny                       (4.2) 

amrigad,  nh  Tanmimdevroba mTlianad aRwers mudmivparametrian wrfiv 
diskretul sistemas. rogorc vxedavT, (4.2) gamosaxuleba nakecs 
warmoadgens. nakeci SeiZleba warmovadginoT Semoklebuli saxiT: 

     mnxnhny   
 imisaTvis, rom mudmivparametriani wrfivi sistema iyos fizikurad 
realizebadi, saWiroa rom sistema reagirebdes mxolod Semavali 

signalis warsul mniSvnelobebze. es imas niSnavs, rom   0nh , roca n < 0. 

 mudmivparametriani wrfivi diskretuli sistema mdgradia Tu misi 
Semavali Tanmimdevrobis nebismieri SezRudva vrceldeba sistemis 
gamosaval Tanmimdevrobazec. sistemis mdgradobis aucilebel da 
sakmaris pirobas warmoadgens Semdegi utolobis Sesruleba: 

 





n

nh  . 

garda amisa, sistema mdgradia, roca misi impulsuri maxasiaTebeli 
klebadi eqsponentaa, xolo sistema aramdgradia, Tuki misi impulsuri 
maxasiaTebeli zrdadi eqsponentaa. 
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U sixSiruli maxasiTebeli.  sixSirul sivrceSi mudmivparametriani 
wrfivi diskretuli sistema SeiZleba aRiweros sixSiruli 

maxasiaTebliT  H , romelic warmoadgen impulsuri maxasiaTeblis 
furies gardaqmnas  

   





0n

njenhH  . 

marTlac Tu sistemis Semaval Tanmimdevrobas gaaCnia Semdegi saxe:  

  njenx  , 
maSin sistemis gamosavalze gveqneba: 

                













 
0 00n v

mjnj

m

mnj Hnxemheemhmnxmhny  ,   

sadac  

   





0n

njenhH   

e.i. sixSiruli maxasiTebeli warmoadgens impulsuri maxasiaTeblis 

furies gardaqmnas. aq ajamva xdeba nulidan, radgan roca   0,0  mhm . 
 fizikuri sistemis dinamiuri maxasiaTeblebis aRwera sixSiruli 
maxasiTebliT metad xelsayrelia, radgan sistemis maxasiTeblebi 
warmodgenilni arian sixSirul areSi, rac praqtikuli kvlevebisaTvis 

metad mniSvnelovania. sixSiruli  H  maxasiTebels xSirad gadacem 
funqcias uwodeben. 
 rogorc wesi, sixSiruli maxasiTebeli kompleqsuri funqciaa 

      IR jHHH  , 
amitom ufro mizanSewonilia Tu mas warmovadgenT polarul 
koordinatebSi: 

      jeHH  , 

sadac 

                  22

IR HHH         
 
 













R

I

H

H
arctg  . 

 H  moduls amplituduri maxasiaTebeli ewodeba, xolo    _ fazuri 
maxasiaTebeli. 
 ganvixiloT sixSiruli maxasiTeblis zogierTi Tviseba. igi 
warmoadgens periudul funqcias 2  periodiT. amitom funqciis mTliani 
aRwerisaTvis sakmarisia sixSiruli  maxasiTebeli ganisazRvros mxolod 

 intervalisTvis. 

 Tu idealuri sistemis Sesavals miewodeba 0  sixSiris mqonde 

harmoniuli rxeva, maSin sistemis gamosavalzec gveqneba igive sixSiris 
mqonde harmoniuli rxeva. gamosavali signalis amplitudis fardoba 

Semavali signalis amplitudasTan tolia  H  amplituduri 

maxasiaTeblisa, xolo gamosaval da Semaval signalebs Soris fazuri 

Zvra mocemulia    fazusi maxasiaTebliT. 



 

---------------------------------------------------------------------------------------- 
e. yubaneiSvili biosignalebis cifruli damuSaveba 
 

 

68 

 mudmivparametriani wrfivi diskretuli sistemis sixSirul, 
amplitudur da fazur maxasiaTeblebs gaaCniaT simetriulobis Tvisebebi 
e.i. 

   

   

   









 

HH

HH

 

 Tu gvaqvs mimdevrobiT CarTuli ori sistema  1H  da  2H  
sixSirul maxasiaTeblebiT da sistemebs Soris ar arsebobs ukukavSiri, 
maSin axali sistemis sixSirul maxasiaTebels aqvs Semdegi saxe: 

     

     

     





21

21

21







HHH

HHH

 

e.i. ori sistemis mimdevrobiTi SeerTebis dros amplituduri 
maxasiaTeblebi gadamravldebian, xolo fazuri ikribebian. 
 unda gvaxsovdes, rom mudmivparametriani wrfivi sistemis 
sixSiruli maxasiaTebeli damokidebulia mxolod sixSireze da ar aris  
damokidebuli arc droze da arc Semavali signalis saxeze. arawrfivi 

sistemis SemTxvevaSi  H  funqcia SeiZleba damokidebuli iyos Semaval 
signalze. garda amisa, Tu sistemis parametrebi ar arian mudmivi, maSin 
igi damokidebulia drozec. 
 

 
 

4.6 furies diskretuli gardaqmna 
  

furies diskretuli gardaqmna (fdg) warmoadgens signalebis 
cifruli damuSavebis erT–erT yvelaze ufro gavrcelebul da mZlavr 
proceduras. fdg aris maTematikuri procedura, romelic gamoiyeneba 
diskretuli signalis harmoniuli an sixSiruli struqturebis 
dasadgenad. fdg gamoiyeneba nebismieri diskretuli TanmimdevrobisaTvis 
miuxedavad imisa Tu ras warmoadgens es Tanmimdevroba. 

 Tu  tx  realizacia warmoadgenilia diskretuli anaTvlebis saxiT 

  Nntnx ,.....,2,1,   diskretizaciis t  intervaliT, maSin realizaciis T 

sigrZe (periodi) diskretuli signalis N ganzomilebasTan aris Semdeg 
damokidebulebaSi: tNT  . aqedan gamomdinareobs, rom naikvestis sixSire 
tolia: 

t
f N




2

1
  , 

xolo fundamentaluri sixSire 

tN
f




1
0  

 da Sesabamisad 0ff  . rogorc cnobilia, nebismieri diskretuli 

Tanmimdevroba SeiZleba ase warmovadginoT: 
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k

kTtkxtx  . 

radgan signali periodulia, amitom misi speqtric unda iyos perioduli, 
romelic aseve aRiwereba usasrulo raodenobis N  ricxvebiT. 
 ganvixiloT perioduli diskretuli signalis speqtris gamoTvlis 
procerura. radgan signali periodulia, amitom gavSaloT igi furies 
mwkrivad, romlis koefieientebi ganisazRvrebian CvenTvis cnobili (2.2) 
gamosaxulebiT. am formulidan gamomdinare gveqneba: 

            













NT

o

tj
N

k

NT N

k

tj

NT

tj
dtekTtkx

NT
ekTtkx

NT
dtetx

NT
nX kk  

1

00

1

00

111
0 . 

rogorc viciT, sixSireTa mTel diapazonSi delta_funqciis speqtri M 
mudmivi sididea. garda amisa, radgan delta_funqcia dayovnebulia kT 

sididiT, amitom misi speqtri Rebulobs damatebiT njkT
e 0 mamravls. aqedan 

gamomdinare gveqneba:  

                      

       

    .
11

11

1

0
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NT
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                 (4.3) 

 

 (4.3) gamosaxulebaSi drois realuri masStabi figurirebs mxolod T1  
mamravlSi. diskretuli Tanmimdevrobis ganxilvisas Cveulebriv iyeneben 

anaTvlebis rigiT nomrebs, amitom T1 sidide (4.3) gamosaxulebidan 
SegviZlia gamovricxoT, anu CavTvaloT diskretizaciis intervali erTis 
toli. miRebul gamosaxulebas 

                                           NnekxnX
N

k

N

nk
j

,.....,2,1,
1

0

2









                                          (4.4) 

ewodeba furies diskretuli gardaqmna. arsebobs furies uku diskretuli 
gardaqmna 

                                            NkenX
N

kx
N

n

N

nk
j

,.....,2,1,
1 1

0

2

 






 .                                    (4.5) 

 nX  funqciis gamoTvlisas irCeven sixSiris Semdeg diskretul 
mniSvleobebs:  

Nk
tN

k

T

k
n ,....,2,1,0, 


  

unda aRiniSnos, rom gardaqmna erTgvarovania mxolod 2Nk   
mniSvnelobamde, vinaidan am wertils Seesabameba naikvistis sixSire. 
 Ffdg SegviZlia warmovadginoT amplituduri da fazuri speqtrebis 
saxiT. amplituduri speqtri ganisazRvreba formuliT: 

       nXnXnXnA IR

22  , 

xolo fazuri speqtri: 

 
 
 








nX

nX
arctgn

R

I , 
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sadac  nX R  _ speqtris realuri, xolo  nX I _ warmosaxviTi mdgenelebia. 

 

         
 

4.7 furies diskretuli gardaqmnis Tvisebebi 
 
 ganvixiloT furies diskretuli gardaqmnis ZiriTadi Tvisebebi. 
       1.  speqtris perioduloba. periodul diskretul signals gaaCnia 

perioduli speqtri    NkXkX  . k da  Nk   komponentebisaTvis 
CavweroT furies diskretuli gardaqmna: 
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21
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22 N
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njN
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j
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eenxeenxNkX 



. 

radgan n mTeli ricxvia, amitom 12  nje  . e.i. miviReT: 

     kXenxNkX
N

n

N

nk
j

 




1

0

2

. 

amrigad, fdg Sedegi meordeba N periodiT. amas xSirad fdg ciklur 
Tvisebasac uwodeben. 

      2. wrfivoba. Tu  nx1  diskretuli Tanmimdevrobis fdg aris  nX1 , 

xolo meore  nx2  Tanmimdebrobis  nX 2 , maSin am ori diskretuli 
Tanmimdevrobis jamis fdg iqneba: 

           

     kXkXenx

enxenxnxnxnxF
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e.i. wrfivobis piroba sruldeba.  

     3. Tanmimdevrobebis nakeci. rogorc viciT, ori  nx  da 

 nh Tanmimdevrobis nakeci ganisazRvreba Semdegi gamosaxulebiT: 
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amrigad, diskretuli Tanmimdevrobebis nakecis fdg Seesabameba 
Tanmimdevrobebis speqtrebis namravls 
      4. speqtris simetriuloba. rogorc ukve aRvniSneT, diskretuli 
signalis speqtri periodulia. garda amisa, speqtri inarCunebs 
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simetriulobis Tvisebas e.i.    kXkNX  . CavweroT  kNX  komponentis 

fdg: 

   
 

 
 

 kXeenxenxkNX
N

n

njN

nk
jN

n
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nkN
j

 












 1
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2

21

0

2





, 

sadac 12  nje  . 

       5. signalis energiis mudmioba.  parsavelis Teoremis Tanaxmad, 
signalis saerTo energia unda rCebodes ucvleli rogorc furies 
gardaqmnamde aseve furies gardaqmnis Semdegac. e.i. adgili aqvs Semdeg 
tolobas: 

   









1

0

2
1

0

2 1 N

k

N

n

kX
N

nx . 

radgan  
2

kX jami yvela k–s mniSvnelobisaTvis warmoadgens signalis 

energias (an saSualo simZlavres, miRebuli signalis sigrZeze gayofiT), 

amitom   
2

kX  warmoadgens signalis simZlavris speqtruli simkvrivis 

funqcias. 
  

 
4.8 furies swrafi gardaqmna 

 
 furies diskretuli gardaqmnis uSualod gamoyeneba moiTxovs 

sakmaod didi raodenobis ariTmetikul operaciebs, kerZod 2N  

raodenobis kompleqsuri ricxvebis gamravlebas da igive raodenobis 
Sekrebis operaciebs. aq NNNdroiTi mwkrivis ganzomilebaa. meoce saukunis 
60 wlebSi Seiqmna furies swrafi gardaqmnis (fsg) meTodebi. fsg ewodeba 
algoriTms, romelis saSualebiT xdeba furies diskretuli 
gardaqmnisaTvis saWiro ariTmetikuli operaciebis raodenobis mkveTri 
Semcireba. arsebobs fsg ramodenime meTodi. Cven ganvixilavT algoriTms, 

romelic moiTxovs sawyisi monacemebis ganzomileba toli iyos p2  
sididisa, sadac p > 0 da igi mTeli ricxvia. 
 fsg idea mdgomareobs SemdegSi. vTqvaT, mocemulia N 
ganzomilebiani droiTi mwkrivi   Nnnx ,.....,2,1,  . SemoviRoT  ori 2N  
ganzomilebiani Tanmimdevroba, romelebic miiRebian sawyisi droiTi 

mkrividan luwi    kxkg 2  da    12  kxkg  kenti nomriani wevrebidan. 
maTi furies diskretuli gardaqmna tolia: 
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xolo  kX SegviZlia warmovidginoT Semdegnairad: 
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                     (4.6) 
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Tu sawyisi  kx  Tanmimdevroba periodulia 2N  periodiT, maSin  

           
22

NnqnqNngng   

da Sesabamisad  
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amitom  

                                                         kQekGNkX N

k
j
2
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                                                    (4.7) 

(4.6) da (4.7) forulebi safuZvlad udevs fsg algoriTms. SemdgomSi 
gamoTvlebi xdeba interaciuli principis saSualebiT. kenti da luwi 
nomrebis anaTvlebi Tanmimdevrulad kvlav iyofian or-or nawilebad. 
procesi grZeldeba manam, sanam ar miviRebT Tanmimdevrobas, romelic 
Seicavs erT anaTvals. advili misaxvedria, rom es erTaderTi anaTvlis 
fsg emTxveva TavisaTvis. 

fsg moiTxovs NN 2log  raodenobis kompleqsuri ricxvebis 
gamravlebis operaciebs, rac iZleva sakmaod karg efeqts. magaliTad, Tu 
N = 1024, maSin fsg gamodis 100-jer ufro swrafi, vidre furies 
diskretuli gardaqmna. marTlac:  

4,102
10240

1048576

log

,10240101024log,101024log,1048576

2

2

22

2





NN

N

NNN

 

 
 
 
 

4.9 furies diskretuli gardaqnis magaliTi 
 
 ganvixiloT martivi SemTxveva. vTqvaT mocemulia (1,0,0,1) 

diskretuli Tanmimdevroba. CavTvaloT, rom es Tanmimdevroba aRwers 

oTxi Zabvis mniSvnelobas, e.i.         13,02,01,10  xxxx . movaxdinoT am 
Tanmimdevrobis furies pirdapiri diskretuli gardaqmna. rogorc 
cnobilia 
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amrigad (1,0,0,1) diskretuli Tanmimdevrobis fdg Sedegad vRebulobT: 

 jj  1,0,1,2 . Tu aviRebT amplitudur speqtrs  nX  da 

gaviTvaliswinebT, rom fdg periodulia, maSin gveqneba speqtris Semdegi 
grafikuli gamosaxuleba: 

 
 

movaxdinoT miRebuli Tanmimdevrobis  jj  1,0,1,2  furis uku 
diskretuli gardaqmna. 

    3,2,1,0,
4

1 3

0

4

2

 


nekXnx
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nk
j


 

 

 
amrigad, miviReT sawyisi (1,0,0,1) diskretuli Tanmimdevroba. 
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4.10  Z – gardaqmna 
 
furies gardaqmna warmoadgens diskretuli signalebis damuSavebis 

erT-erT uZlieres meTods. magram, furies gardaqmna, samwuxarod, yvela 
diskretuli TanmimdevrobisaTvis ar aris gansazRvruli. amitom 
mizanSewonilia gvqondes furies gardaqmnis analogi, romelic 
gamoiyeneba ufro farTo klasis signalebisaTvis. aseT gardaqmnas 
miekuTvneba Z – gardaqmna, romelic garkvevul pirobebSi amocanebis 
analitikuri amoxsnisas ufro mosaxerxebelia vidre furies gardaqmna. 

  rogorc viciT, Tu  nx  Tanmimdevroba mocemulia   :  
intervalSi, maSin misi furies gardaqmna iqneba: 

   





k

nkjekxnX 2 . 

Tu SemovitanT aRniSvnas njez 2 , maSin miviRebT Semdeg gamosaxulebas: 

                                                 





n

nZnxzX                                                     (4.8) 

romelsac  nx  Tanmimdevrobis Z – gardaqmna ewodeba. amrigad, Z – 

gardaqmnis arsi mdomareobs x(n) Tanmimdevrobis kompleqsuri Z cvladiT 
warmodgenaSi. 

cxadia, rom X(z) funqcia gansazRvrulia mxolod im z 
mniSvnelobebisaTvis, rodesac (4.8) mwkrivi krebadia. (4.8) gamosaxulebas 
xSirad uwodeben ormxriv Z – gardaqmnas. Tu diskretuli Tanmimdevroba 

mocemulia   ,....2,1,0, nnx saxiT, maSin misi Z – gardaqmna iqneba: 

   





0n

nZnxzX  

da mas calmxrivi Z – gardaqmna ewodeba. 

 amrigad, nebismieri TanmimdevrobisaTvis, magaliTad 








3

1
,

4

1
,2,

2

1
 

SesaZlebelia misi Cawera Z – gardaqmnis saxiT: 

  321

3

1

4

1
2

2

1   zzzzX  

 rogorc (4.8) formulidan Cans, Z–gardaqmna aris usasrulo 
raodenobis wevrebis mqone xarisxovani mwkrivi, amitom is SeiZleba n –s 
yvela mniSvnelobisaTvis ar iyos krebadi. ares, sadac Z–gardaqmna 
krebadia, ewodeba krebadobis are, sadac X(z) mniSvneloba usasruloa. 

gasagebia, rom krebadobis are ganisazRvreba x(n) Tanmimdebrobis an X(z) 

gardaqmnis TvisebebiT. 

 amriad, x(n) Tanmimdevrobis Z–gardaqmna X(z) gansazRvrulia mxolod 

iseTi krebadobis areSi, romelic moicavs z-is yvela mniSvnelobas, 

romlebic imyofebian raime 0r  radiusis mqone wrewiris gareT (nax. 4.4). 0r  

uworeben krebadobis radius. e.i. mwkrivi krebadia, roca sruldeba 

 zr0  piroba. 
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                                                                      nax. 4.4 
   Z–gardaqmna, rogorc kompleqsuri cvladis funqcia, xelsayrelia 

aRiweros kompleqsuri sibrtyis saSualebiT. geometriulad z 

wertilebSi, romlebic akmayofileben 1z  pirobas, warmoadgenen 

erTeulovan wrewirs nulovani centriT (nax, 4.5) 
 

 
                                                                   nax. 4.5 

Z–gardaqmna, gansazRvruli mxolod erTeulovan wrewirze, emTxveva 

furies gardaqnas.  warmoadgens erTeulovani wrewiris radiusis 
kuTxes, romelsac igi adgens namdvil (Re) RerZTan da romelic aiTvleba 
saaTis isris moZraobis sawinaaRmdegod. 
 erTeulovani wrewiris dros X(z) gamoTvlisas, dawyebuli z = 1 (e.i. 

0 ) da Semdeg z = _1 (e.i.   ) mimarTulebiT, vRebulobT furies 
gardaqmnis mniSvnelobebs  0  sixSirul diapazonSi. Tu 
gavagrZelebT gamoTvlebs erTeulovani wrewiris garSemo, maSin miviRebT 
furies gardaqmnis mTel periods. 
 ganvixiloT zogierTi Tanmimdevrobis Z – gardaqmna. 
 1. erTeulovani impulsi 

           









0,0

0,1
0

n

n
nx                  11 0

0

00  




 ZZnxzX
n

n  

 2. erTeulovani naxtomi 

            









0,0

0,1
0

n

n
nx                 















 
000

1
n

n

n

n

n

n ZZZnxzX  



 

---------------------------------------------------------------------------------------- 
e. yubaneiSvili biosignalebis cifruli damuSaveba 
 

 

76 

miRebuli jami warmoadgens geometriul progresias da amitom igi 

krebadia nebismieri z–isTvis, roca 1z  anu 11 Z . ajamvis Semdeg 

miviRebT: 

 
11

1



Z

zX  

 3. diskretuli eqsponencialuri funqcia 
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n ZaZaZnxzX  

rogorc erTeulovani naxtomis dros, aqac miRebuli jami warmoadgens 

geometriul progresias, romelic krebadia roca 11 aZ anu aZ  , e.i. 

vRebulobT: 

 
11

1



aZ

zX  . 

  
Z – gardaqmnis Tvisebebi 

 

1. wrfivoba.   Z- gardaqmna wrfivia. es imas niSnavs, rom Tu X1(z)  da 

X2(z) warmoadgenen  nx1  da  nx2  Tanmimdevrobebis Z_gardaqmnas, maSin 

nebismieri a da b dadebiTi sidideebisaTvis    nbxnax 21   

TanmimdevrobisTvis Z_gardaqmna tolia    zbXzaX 21  . 

2. dayovneba. Z- gardaqmna SegviZlia ganvixiloT, rogorc dayovnebis 

operatori    mnxZnx n  . aqedan gamomdinare, Tu  nx  Tanmimdevrobas 

gaaCnia Z_gardaqmna X(z) , maSin    knxny   Tanmimdevrobis Z-gardaqmna  

nebismieri k mniSvnelobisaTvis tolia:  
 

                        









 
n

n

n

n ZknxZnxzY                     (4.9)   

 
SemovitanoT aRniSvna n–k=m , maSin (4.9) formula gadaiwereba 
Semdegnairad: 

                        zXZZmxZZmxzY k

m

mk

m

km 









      

amrigad Tanmimdevrobis dayovneba raime k taqtiT saWiroa am 

Tanmimdevrobis Z–gardaqmna gavamravloT kZ  sidideze, romelsac ewodeba  
diskretuli Tanmimdevrobis dayovnebis operatori. 

 

3. nakeci. rogorc viciT, ori  nx1  da  nx2  usasrulo diskretuli 
Tanmimdevrobis nakeci ganisazRvreba Semdegi gamosaxulebiT: 



 

---------------------------------------------------------------------------------------- 
e. yubaneiSvili biosignalebis cifruli damuSaveba 
 

 

77 

                      





k

knxkxny 21  .                        (4.10) 

ganvsazRvroT (4.10)  Tanmimdevrobis Z-gardaqmna. 
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kn

n ZknxkxZnyxY 21 . 

Tu ajamvis Tanmimdevrobas SevcvliT, maSin miviRebT: 

      









k n

nZknxkxzY 21 . 

meore jamSi Tu SemovitanT axal cvlads m = n – k , maSin gveqneba: 

             zXzXZmxZkxZZmxkxzY
m

m

k

k

k

k

m

m
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amrigad, diskretuli Tanmimdevrobebis nakecis Z_gardaqmna tolia 
Tanmimdevrobebis Z_gardaqmnebis namravlisa. 

     ganvixiloT magaliTi. mocemuli signalebisaTvis    0,0,0,1,1,11 nx   

   0,0,1,1,0,01 nx  ganvsazRvroT   nakecis Z_gardaqna. 

 jer ganvsazRvroT signalebis Z_gardaqna: 

      32

2

21

0

1 1 




  ZZzXZZZnxzX
n

n  

signalebis nakeci tolia: 

         54323221

21 221   ZZZZZZZZzXzXzY  
   K 
 

uku Z – gardaqna 
  

Z_gardaqmnidan sawyis ricxviT Tanmimdevrobaze gadasvlas ewodeba 
uku Z_gardaqna, romelic formalurad ase Caiwereba: 

   
 dzZzX

j
nx n 1

2

1


 . 

aRniSnuli integrali aiReba Sekruli konturidan, romelic 
moTavsebulia X(z) funqciis krebadobis areSi. Ppraqtikulad Z_gardaqna 
xSirad ganisazRvreba X(z) funqciis martiv wiladebad daSlis gziT. 
magaliTisaTvis ganvixiloT Sedegi gamosaxuleba: 
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 ZZ

zX                              (4.11) 

(4.11) warmovadginoT martiv wiladebis jamis saxiT 
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Z
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ZZ

zX                     (4.12) 

Tu gavixsenebT erTeulovani ipulsis Z_gardaqnas 
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1



Z

zX  

da diskretuli eqsponencialuri funqciis Z_gardaqnas  
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11

1



aZ

zX  , 

maSin advili SesamCnevia, rom (4.12) formulis pirveli mdgeneli 
Seesabameba naxtoms, romlis amplituda 2-s tolia, xolo meore mdgeneli 

– 0,2  kk . Aamrigad, saZiebeli Tanmimdevrobas gaaCnia Sedegi saxe: 

 









0,0

0,22

k

k
kx

k

 

Ddaskvnis saxiT SeiZleba CamovayaliboT: 
1. Z_gardaqna warmoadgens furies gardaqmnis ganzogadoebul saxes; 
2. Tu diskretuli Tanmimdevroba krebadia da gaaCnia Z_gardaqmna, 

maSin rodesac furies gardaqmna SeiZleba ganusazRvreli iyos; 
3. Tu diskretuli Tanmimdevroba krebadia da misi furies gardaqmna 

ganusazRvrelia, maSin mas gaaCnia Z_gardaqmna. 
 
 

4.11 diskretuli nakeci 
 

 diskretuli nakeci warmoadgens proces, rodesac xdeba ori 
diskretuli Tanmimdevrobidan axali Tanmimdevrobis miReba.  arsebobs 
diskretuli nakecis ori saxe: wrfivi da cikluri. ciklur nakecs 
xSirad uwodeben wriuls an perioduls. 
 wrfivi nakeci. vTqvaT mocemulia ori diskretuli Tanmimdevroba 

(signali)   1,....,2,1,0, 1  Nnnx  da   1,....,2,1,0, 2  Nnnh . rogorc cnobilia 
diskretuli nakeci ganisazRvreba formuliT: 

              









m m

Nnmnxmhmnxmhnxnhny
0

1,....,2,1,0, ,    (4.13) 

sadac  121  NNN . igulisxmeba, rom   0nx , roca n<0 da n>N1 , aseve 

  0nh , roca n<0 da n>N2. wrfivi nakecis gamoTvlisas xdeba x(n) da h(n) 
Tanmimdevrobebis erTmaneTis mimarT daZvra, maTi gadamravleba da Semdeg 
Sekreba.  
 movaxdinoT (4.13) gamosaxulebis gaSla  
 

    

                     

                     

                     
                      







140312213033

241302112022

342312011011

443322110000

xhxhxhxhxhyn

shxhxhxhxhyn

xhxhxhxhxhyn

xhxhxhxhxhyn

     (4.14) 

 
da a.S. rogorc (4.14) gamosaxulebidan Cans miviReT axali Tanmimdevroba 

          .........,4,3,2,1,0  xxxxx , romelic warmoadgens nulovani indeqsis 

mimarT sawyisi  nx  Tanmimdevrobis sarkul asaxvas. magaliTad, 

   3,2,1nx  TanmimdevrobisaTvis gveqneba    1,2,3 nx  e.i.  3,2,1x  

aisaxa  1,2,3x  TanmimdevrobaSi (nax. 4.6).. 
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nax. 4.6 
nax. 4.7 warmodgenilia wrfivi nakecis gansazRvris magaliTi 

 

 
nax. 4.7 

  
cikluri nakeci. cikluri nakecis dros igulisxmeba, rom erTi da 

igive N  sigrZis x(n) da h(n) diskretuli signalebi  periodulebi arian. 
cikluri nakecis gamoTvlis magaliTi moyvanilia nax. 4.8 
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nax. 4.8 

 wiTeli texiliT aRniSnulia  mnx   signalis periodebis 
gameorebis sazRvrebi. unda SevniSnoT, rom signalebis periodulobidan 

gamomdinareobs, rom    mNxmx  . bijobrivad gamovTvaloT cikluri 

nakeci. am SemTxvevaSi 4N . 

                     

               

   

                     

               
    621131132

23320110

2312011011

.231321112

13223100

3322110000

1

0

1

0

























xhxhxhxh

xhxhxhxhmxmhy

xhxhxhxh

xhxhxhxhmxmhy

N

m

N

m

 

analogiurad miviRebT:     143,32  yy  . 
 wrfivi nakeciT SesaZlebelia ganisazRvros cikluri nakeci. am 

SemTxvevaSi x(n) da h(n) diskretuli signalebis anaTvlebi unda iyos 
erTi da igive sigrZis. magaliTad, Tu ori Tanmimdevrobis sigrZeebia N1 

da N2 , maSin pirvel Tanmimdebrobas unda daumatoT N2 -1 nulebi, xolo 
meores  N1 - 1 nulebi. amis Semdeg orive Tanmimdevroba Rebulobs 

121  NN sigrZes. magaliTad, nax. 4.7 moyvanil magaliTisaTvis, sadac N1=3 

da N2=4, x(n) unda daumatoT ori nulovani anaTvali, xolo h(n)-s sami 
nulovani anaTvali, e.i. orive signalisaTvis sruldeba piroba: 

6143121  NN . aseTi cikluri nakecis gansazRvris magaliTi 
warmodgenilia nax. 4.8. 
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nax. 4.8 
rogorc vxedavT, wrfivi da cikluri nakecis mniSvnelobebi emTxvevian 
erTmaneTs. 
 nakecis gansazRvra furies diskretuli gardaqmniT. rogorc fdg 

Tvisebebidan Cans (ix. $4.7), nakecis speqtri tolia mocemuli signalebis 

speqtrebis namravlisa. e.i.      mXmHmY  . aqedan gamomdinare, nakecis 
gansazRvra SesaZlebelia fdg. nax. 4.9-ze warmodgenilia nakecis 
gansazRvris blok-sqema. 

 
nax. 4.9 

 mocemuli sqemiT nakecis gansazRvra sakmaod efeqturia. ganvixiloT 
magaliTi. vTqvaT, mocemulia 4000N  da 3000M  sigrZis 
Tanmimdevrobebi. nakecis uSualod gansazRvras sWirdeba 12000000MN  
(12 milioni) Sekrebis da gamravlebis operacia. igive 
TanmimdevrobebisaTvis cikluri nakecis misaRebad saWiroa daaxloebiT 
107000 kompleqsuri da namdvili gamravlebis operacia, rac daaxloebiT 
7,5-jer naklebia, vidre nakecis pirdapiri gansazRvrisas. 
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5. korelaciuri analizi 

 
5.1 Uavtokorelaciuri funqciis Sefaseba 

  
rogorc viciT, stacionaruli SemTxveviTi {X(t)} procesis x(t) 

realizaciis avtokorelaciuri funqcia ganisazRvreba formuliT: 

                                                    dttxtxRxx 




                                                    (5.1) 

romelic erTmaneTTan akavSirebs x(t) realizaciis mniSvnelobebs t da t+  

drois momentebSi.  -s uwodeben Zvras. diskretuli signalebisaTvis (5.1) 
formula miiRebs Semdeg saxes: 

                                                      





n

xx nxnxR                                                    (5.2) 

vTqvaT, mocemulia T sigrZis centrirebuli SemTxveviTi procesis 
realizacia 

 
maSin avtokorelaciuri funqcia ganisazRvreba Semdegi gamosaxulebiT:  

     dttxtx
T

R

T

T
xx  


0

1
lim  . 

Tu am formulaSi zRvars gamovricxavT, maSin miviRebT avtokorelaciuri 
funqciis Sefasebas: 

     













T

xx dttxtx
T

R
0

1
. 

 arsebobs avtokorelaciuri funqciis gansazRvris ori meTodi 
pirdapiri da arapirdapiri. pirdapiri meTodiT avtokorelaciuri 
funqcia miiReba uSualod sawyisi realizaciidan, xolo arapirdapiri 
meTodiT jer ganisazTvreba speqtruli simkvrivis funqcia da Semdeg 
furies uku gardaqmniT vRebulobT avtokorelaciuri funqciis 
Sefasebas. ganvixiloT orive es meTodi. 
 pirdapiri meTodi. Tu centrirebuli stacionaruli procesis x(t) 

realizacia warmodgenlia diskretuli Tanmimdevrobis   Nnnx ,.....,2,1,   

saxiT, romlis saSualo mniSvneloba mx = 0, maSin avtokorelaciuri 
funqciis Sefaseba ganisazRvreba Semdegi formuliT: 

.                       



N

n

xx mnxnx
N

R
1

,....,2,1,0,
1

                               (5.3) 

imisaTvis rom, miviRoT avtokorelaciuri funqciis gadauadgilebadi 
Sefaseba, amisaTvis (5.3) formulis marjvena mxareSi gayofa unda 
Sesruldes ara N - ze, aramed  N  sidideze e.i gveqneba: 
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N

n

xx mnxnx
N

R
1

,....,2,1,0,
1~

 ,  

sadac m maqsimaluri Zvraa. 
 praqtikaSi xSirad gamoiyeneba normirebuli avtokorelaciuri 
funqcia, romelic ase ganisazRvreba: 

 
 
 

m
R

R

xx

xx ,....,2,1,0,
0

~

 


 . 

rogorc viciT, am SemTxvevaSi nebismieri  - sTvis sruldeba   1
~

R  

utoloba. 
 Uarapirdapiri meTodi. avtokorelaciuri funqciis Sefasebis 
miRebisaTvis saWiroa Nm raodenobis gamravlebis operacia. Tu 

diskretuli signalis ganzomileba didia, maSin  xxR
~

 funqciis miRebas 

sWirdeba sakmaod didi raodenobis ariTmetikuli operaciebis Catareba. 
am problemis gadawyveta SesaZlebelia furies swrafi gardaqmnis 
meTodis gamoyenebiT. amisaTvis jer unda ganisazRvros x(n), n=1,2,… N 
diskretuli Tanmimdevrobis speqtruli simkvrivis funqcia da furies 
uku gardaqmniT miviRoT avtokorelaciuri funqciis Sefaseba e.i. 

        





N

N

f

xx

fj

xxxx dfffGdfefSR
0

2
2cos

~
   , 

sadac  fN  - naikvistis sixSirea. 
 am gziT miRebuli avtokorelaciuri funqciis Sefaseba 
gadaadgilebadia e.w. cikluri efeqtis gamo. avtokorelaciuri funqciis 
cikluri Sefaseba tolia: 

     





 


 NR
N

R
N

N
R xxxx

c

xx

~~~
. 

es movlena warmodgenilia Semdeg nagazze: 

 
 es problema SeiZleba Tavidan aviciloT TuU sawyis diskretul 
Tamimdevrobas daumatebT N raodenobis nuls, maSin xdeba cikluri 
efeqtis mTliani gamoricxva (gamoyofa),  

 

 
 

 
  


















12,...1,,2
~

1,....,2,1,0,
~

~

NNNNR
N

N

NR
N

N

R

xx

xx
c

xx







  

rac kargad Cans Semdeg naxazze: 
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 radgan  -s mimarT avtokorelaciuri funqcia yovelTvis luwi 
funqciaa, amitom cikluri korelaciuri funqciis meore wevri SegviZlia 
ugulvebelyoT da sabolaod miviRebT avtokorelaciuri funqciis 
gadauadgilebad Sefasebas 

    1,.....2,1,0,
~~




 NR
N

N
R c

xxxx 


 . 

 amrigad, Cven ganvixileT avtokorelaciuri funqciis gansazRvris 
pirdapiri meTodi, rodesac avtokorelaciuri funqciis Sefasebas 
vRebulobT uSualod sawyis diskretuli signalidan. 
 furies swrafi gardaqmnis gamoyeneba saSualebas iZleva gacilebiT 
swrafad iyos gamoTvlli avtokorelaciuri funqcia, gansakuTrebiT 
maSin, rodesac maqsimaluri Zvris sidide m didia. marTlac, pirdapiri 
meTodiT gamoTvlisas saWiroa mln operaciebis raodenoba, aq l - 
diskretuli signalis realizaciis Tanabrad dayofili intervalebis 
raodenobaa, romelic gvWirdeba speqtruli simkvrivis funqciis 
gansazRvrisaTvis.    rogorc viciT, furies swrafi gardaqmna Txoulobs 
4Np operaciebis raodenobas, sadac p aris N sigrZis intervalSi 
warmodgenili 2

P
 raodenobis diskretuli anaTvlebi. Tu m = n, maSin 

gamoTvlis daCqarebis koeficienti tolia 
P

N
q

4
 .  magaliTad, Tu N=1024 , 

maSin   q = 1024/40=26. 
 moviyvanoT avtokorelaciuri funqciis gansazRvris algoriTmi, 
romelic  Sedgeba Semdegi etapebisagan: 

1. lN sigrZis sawyis realizacias vyofT l raodeonbis intervalebad 
da TiToeuli intervalisaTvis virCevT maqsimaluri Zvris m 
mniSvnelobas m ≤ n pirobis gaTvaliswinebiT. 

2. TiToeul x(n), n=1,2… n intervals unda davumatoT N raodenobis 
nulebi, romlis Sedegad vRebulobT 2N ganzomilebis axal 
realizacias; 

3. furies swrafi gardaqmniT gamovTvaloT   12,.....2,1,0,  NkfX k  

mniSvnelobebi. 
4. ganvsazRvroT speqtruli simkvrivis funqciebis 

  12,.....2,1,0,  NkfG kxx  Sefasebebi. 

5. miRebuli speqtruli simkvrivis funqciis Sefasebis furies uku 

gardaqmniT vRebulobT   1,.......,2,1,0,  NRc

xx   

6. miRebuli  c

xxR  cikluri avtokorelaciuri funqciidan 

gamovricxoT misi meore naxevari da dagvrCeba 1,.......,2,1,0  N  
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7. miRebuli sidideebi mravldeba 
N

N
 samaStabo koeficientze. 

amiT sruldeba avtokorelaciuri funqciis gamoTvlis alogiTmi.  
 

 
5.2 urTierTkorelaciuri funqciis Sefaseba 

  

rogorc cnobilia, Tu mocemulia ori   tX  da   tY  stacionaruli 

SemTxveviTi procesis x(t) da y(t) realizaciebi, maSin urTierTkorelaciuri 
funqcia ganisazRvreba Semdegi formuliT: 

                                                   dttytxRxy 




                                                     (5.4) 

romelic akavSirebs x(t) realizaciis t drois mniSvnelobas y(t) 
realizaciis  t  drois mniSvnelobasTan. diskretuli signalebisaTvis 
(5.4) formula miiRebs Semdeg saxes: 

                                                     





n

xy nynxR                                                      (5.5) 

ganvixiloT T sigrZis centrirebuli stacionaruli   tX  da   tY  

SemTxveviTi procesebis x(t)  da  y(t)  realizaviebi, 

 
maSin urTierTkorelaciuri funqcia ganisazRvreba Semdegi 
gamosaxulebiT: 

     dttytx
T

R

T

T
xy  


0

1
lim   

Tu am formulaSi zRvars gamovricxavT, maSin miviRebT 
urTierTkorelaciuri funqciis Sefasebas: 

     













T

xy dttytx
T

R
0

1~
. 

 iseve rogorc avtokorelaciuri funqciis Sefasebisas, 
urTierTkorelaciuri funqciis Sefaseba SeiZleba miviRoT pirdapiri da 
arapirdapiri meTodebiT. 
 pirdapiri meTodi. Tu mocemulia ori centrirebuli stacionaruli 

  tX  da   tY  SemTxveviTi procesebis x(t) da y(t)  realizaciebi, romlebic 

warmodgenilni arian,     Nnnynx ,.....,2,1,,   diskretuli Tanmimdevrobebis 
saxiT, maSin urTierTkorelaciuri funqcia ganisazRvreba formuliT: 
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      mnynx
T

R
n

xxy ,....,2,1,0,
1

 




  

xolo misi gadauadgilebadi Sefaseba miiReba Semdegi formuliT: 

     














N

n

xy mnynx
N

R
1

,....,2,1,0,
1~

 

analogiurad ganisazRvreba: 

     














N

n

yx mnxny
N

R
1

,....,2,1,0,
1~

 

unda SevniSnoT, rom urTierTkorelaciuri funqciebi  xyR
~

 da  yxR
~

 

ganisazRvrebian x(t)  da  y(t)  Tanamamravlebis rigiTobiT.  
 normirebuli urTierTkorelaciuri funqcia ganisazRvreba Semdegi 
formuliT: 

 
 

   
m

RR

R

yyxx

xy

xy ,....,2,1,0,
0

~
0

~

~
~  


  

sadac Teoriulad unda sruldebodes Semdegi utoloba   1~1  xy . 

analogiurad ganisazRvreba   yx
~ . 

arapirdapiri meTodi. furies swafi gardaqmnis meTodis gamoyenebiT 
urTierTkorelaciuri funqciis Sefasebis algoriTmi SegviZlia 
CamovayaliboT Semdegnairad: 

1. sawyisi diskretuli Tanmimdevrobebs yofen l raodenobis N 

ganzomilebian intervalebad, sadac… 0,2  pN p . SeirCeva Zvris 

maqsimaluri m  mniSvneloba (m<NN) pirobis gaTvaliswinebiT. 

2. cikluri efeqtis gamosaricxavad TiToeul intervals umateben 
N raodenobis nulebs, romlis Sedegad vRebulobT 2N 
ganzomilebis axal intervalebs; 

3. miRebuli 2N ganzomilebiani intervalebisaTvis ganisazRvreba 

ormxrivi urTierTspeqtruli simkvrivis funqcia  fGxy ; 

4. miRebuli  fGxy  funqciis uku gardaqmniT vRebulobT 

  12,....,2,1,0,  NRc

xy   gamosaxulebas; 

5. urTierTkorelaciuri funqciis gadauadgilebadi Sefasebis 

1,...,2,1,0  N  mniSvnelobebisaTvis  xyR
~

 gamosaxuleba unda 

gavamravloT 
N

N
 samaStabo koeficientze. 

 
 
 
5.3 korelaciuri funqciebis gansazRvris magaliTebi. 
 

 
avtokorelaciuri funqcia. ganvixiloT umartivesi SemTxveva, roca 

mocemulia sampoziciuri    1,1,11 nx  signali, romelic SeiZleba ase 
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warmovidginoT ....000111000.... ganvsazRvroT diskretuli avtokorelaciuri 
funqcia (5.2) formulis gamoyenebiT. 

 

                                               





n

xx nxnxR   

     

 

   

 

   

 

    0300000011103

00011100003

1200000111002

00011100002

211100001110001

00011100001

30311100

11

11

11

11

1

1

1

1

1

1

2













 




xx

xx

xx

xx

Rnx

nx

Rnx

nx

Rnx

nx

Rnxx









 

miRebuli avtokorelaciuri funqciis grafikuli gamosaxuleba 
warmodgenilia Semdeg naxazze: 

 
 

 aviRoT sxva signali    1,1,12 nx , romlis avtokorelaciuri 
funqcia iqneba:  

 

 

 

  03

12

2111

31110

22

22

22

22









xx

xx

xx

xx

R

R

R

R
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urTierTkorelaciuri funqcia. aqac ganvixiloT martivi SemTxveva, 

roca mocemulia ori oTxpoziciani signali    1,1,1,1 nx  da    1,1,1,1 ny . 
urTierTkorelaciuri funqciis gamosaTvlelad gamoviyenoT (5.5) 
formula. 

 
 

     





n

xy nynxR   

 
   

 

   

 
   

 

   

 

    0411000110000004

100000001114

1311100000013

10000001113

01121110000012

100000001112

31111110000000111

100000001111

01111010000100011

100001000110





















xy

xy

xy

xy

xy

Rny

nx

Rny

nx

Rny

nx

Rny

nx

Rny

nx











 

gamovTvaloT urTierTkorelaciis funqcia  -s  uaryofiTi 
mniSvnelobebisaTvis. maSin miviRebT: 

 
   

 

   

 
   

 

   

 

    0411000000114

1000001110004

1311000000113

100001110003

02110000000112

1000111000002

11000110000111

100110000011

0010010000011

100100000110





















xy

xy

xy

xy

xy

Rny

nx

Rny

nx

Rny

nx

Rny

nx

Rny

nx











 

miRebuli urTierTkorelaciuri funqciis grafikuli gamosaxuleba 
warmodgenilia Semdeg naxazze; 
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5.4 korelaciuri analizis gamoyenebis zogierTi magaliTi 

 
1. perioduli signalis aRmoCena.   
 
bunebaSi mimdinare  fizikuri movlenebis didi raodenoba 

periodul signalebs warmoadgenen. rogorc viciT, Tu x(t) realizacia 

cxadad perioduli signalia T periodiT, maSin     ,....2,1,  nnTtxtx  e.i 

x(t) funqciis mniSvnelobebi da droSi daZruli ,.....3,2, TTT  funqciis 
mniSvnelobebi sakmao siZlieriT arian erTmaneTTan dakavSirebulni. 
magram, zogierT x(t) signalis realizaciaSi perioduloba cxadad ar Cans.      

imisaTvis rom gavigoT marTlac periodulia Tu ara x(t) 
realizacia, saWiroa ganisazRvros avtokorelaciuri funqcia. Tu 
gamoTvliT korelaciur funqciaSi, romelic gansazRvrulia x(t) da 

droSi daZvrul  nTtx   mniSvnelobebiT, aRmoCndeba pikuri 
mniSvnelobebi, romlebic meordebian garkveuli intervaliT, maSin 
SegviZlia vimsjeloT x(t) funqciis periodulobis arsebobaze. ganvixiloT 
magaliTi, vTqvaT mocemulia x(t) realizacia da misi avtokorelaciuri 
funqcia. 

 
 rogorc avtokorelaciuri funqciis grafikuli gamosaxulebidan 
Cans avtokorelaciuri funqcia Rebulobs pikur mniSvnelobebs nT 
wertilebSi T,T2,T3…., rac migvaniSnebs x(t) signalSi arsebuli 
periodulobas T periodiT. 
 ganvixiloT meore magaliTi. vTqvaT, mocemulia 5 Tanrigiani  
periodulad gameorebadi diskretuli Tanmimdevroba (1 1 1 -1 1) . aviRoT 
oTxperiodiani diskretuli signali:  
                  x(n) = (1 1 1 -1 1 1 1 1 -1 1 1 1 1 -1 1 1 1 1 -1 1) 
da gamovTvaloT avtokorelaciuri funqcia, romelic grafikulad 
warmodgenilia Semdeg naxazze: 
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naxazze TvalnaTliv Cans 4 lokaluri maqsimumi xuTi anaTvlis 
periodiT. es migvaniSnebs imaze, rom mocemuli diskretuli 
Tanmimdevroba periodulia (periodi tolia 5 anaTvlis) da Seicavs oTx 
periods. lokaluri maqsimumebis mniSvneloba sxvadasxvaa imis gamo, rom 
Cven gvaqvs monacemebis SezRuduli raodenoba. 

 
2. xmauris fonze perioduli signalis aRmoCena.  
 
davuSvaT gvaqvs centrirebuli x(t) realizacia, romelic Sedgeba 

ori mdgenelisagan      tbtptx  , sadac p(t) _ perioduli signalia ucnobi 

T periodiT, b(t)_xmauri. am SemTxvevaSi avtokorelaciuri funqcia 
ganisazRvreba Semdegi gamosaxulebiT: 

            


T

T
xx dttbtptbtp

T
R

0

1
lim   

avtokorelaciuri funqciis Tvisebebis gaTvaliswinebiT miRebuli 
gamosaxuleba SeiZleba ase CavweroT: 

          bppbbbppxx RRRRR  . 

 Tu CavTvliT, rom b(t) xmauri da p(t) signali damoukidebeli 
sdideebia, maSin sakmao sizustiT SegviZlia CavTvaloT, rom isini 
uaxlovdebian nuls. 
 amrigad xmauris mqone perioduli signalis avtokorelaciuri 
funqciis gamosaxulebidan darCeba mxolod erTi mdgeneli  

       ppxx RR  , 

sadac    cdomilebaa, romelic x(t) realizaciis T sigrZis zrdasTan 

erTad mcirdeba. 
      

 3. xmauris fonze cnobili periodiani signalis aRmoCena. 
 
ganvixiloT SemTxveva roca mocemulia T periodis xmauriani signali 

     tbtptx   da igive periodis damxmare signali y(t). ganvsazRvroT 
urTierTkorelaciuri funqcia. 
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T

T
xy dttytbtp

T
R

0

1
lim   

radgan y(t) da b(t) damoukidebelni arian, amitom  xyR  garkveuli 

cdomilebiT nulis tolia, e.i. gveqneba     pyxy RR  . amrigad, ori 

erTsixSiriani perioduli signalis urTierTkorelaciuri funqcia iqneba 
imave periodis funqcia. 

 
 
4. or signals Soris dayovnebis sididis gansazRvra 

urTierTkorelaciuri funqciiT SesaZlebelia gaizomos or 
signals Soris droSi dayovnebis sidide. magaliTisTvis ganvixiloT x(t) 

da y(t) signalebi da maTi urTierTkorelaciuri funqcia, romlebic 
warmodgenilni arian Semdeg naxazze:  

 
rogorc am naxazidan Cans, urTierTkorelaciuri funqcia maqsimums 

aRwevs 0  sididis dros, e.i SegviZlia gamovitanoT Semdegi daskvna: x(t) 

da  y(t) signalebs Soris korelacia aRwevs maqsimalur mniSvnelobas 

maSin, roca am signalebs Soris dayovneba 0  sididis tolia. 

 
 

^                       
 

 

6. speqtruli analizi 
 
speqtruli simkvrivis funqcia (speqtruli simkvrive, speqtri) 

aRwers SemTxveviTi procesis sixSirul struqturas da gviCvenebs 
Sesaswavli procesis realizaciaSi romeli sixSireebi dominireben da 
romeli ufro naklebad. speqtruli simkvrivis gansazRvra ZiriTadad 
SesaZlebelia ori gziT: korelaciuri funqciiT da uSualod 
realizaciis furies finituri gardaqmnis saSualebiT. ganvixiloT es 
ori meTodi. 
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6.1 speqtrebis gansazRvra korelaciuri funqciebiT 
 

vTqvaT mocemulia stacionaruli SemTxveviTi procesis   tX  

korelaciuri funqcia  xxR  , maSin speqtruli simkvrivis funqcia 

ganisazRvreba korelaciuri funqciis furies gardaqmniT:  

                     




   deRfS fj

xxxx

2                           (6.1) 

sadac  fS xx  warmoadgens speqtruli simkvrivis funqcias. zogjer mas 

avtospeqtrsac uwodeben.  fS xx Ffunqciis furies ukugardaqmna gvaZlevs 

korelaciur funqcias: 

                            




 dfefSR fj

xxxx

 2                           (6.2) 

(6.1) da (6.2) damokidebulebebs xSirad viner_xinCinis formulebs 
uwodeben. 

rogorc (6.1) formulidan Cans speqtruli simkvrive ganisazRvreba 
yvela sixSirisaTvis, rogorc dadebiTi aseve uaryofiTisaTvis, amitom 
mas ormxriv speqtrs uwodeben. Ppraqtikulad mosaxerxebelia im 
speqtrebTan muSaoba, romlebic arauaryofiTi sixSireebisTvisaa 
gansazRvruli. aseT speqtrs ewodeba calmxrivi da ganisazRvreba Semdegi 
formuliT: 

 
   












 







0,0

,0,22 2

f

fdeRfS
fG

fj

xxxx

xx

 

 

 
nax. 6.1 

  radgan korelaciuri funqcia yovelTvis luwi funqciaa, amitom 
speqtri ganisazRvreba furies gardaqmnis mxolod realuri nawilis 
saSualebiT: 

         





0

2cos42cos2  dfRdfRfG xxxxxx  

furies ukugardaqmna gvaZlevs: 

     



0

2cos dfffGR xxxx   

ori   tX  da   tY stacionaruli SemTxveviTi procesis speqtruli 
simkvrive ganisazRvreba urTierkorelaciuri funqciis furies 
gardaqmniT 
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   deRfS fj

xyxy

2  , 

sadac  fS xy uwodeben urTierTspeqtrul simkvrives an urTierTspeqtrs. 

calmxrivi speqtris dros gveqneba: 

         





0

2cos42cos2  dfRdfRfG xxxxxx  

     sadac         




  dfRfC xyxy 2cos2   warmoadgens namdvil nawils da 

mas kospeqtraluri simkvrive ewodeba an mokled kospeqtri, xolo 
warmosaxviT nawils  

     




  dfRfQ xyxy 2sin2  

ewodeba kvadratuli speqtruli simkvrive an mokled kvadratuli 
speqtri. 

urTierTspeqtri mosaxerxebelia gamovsaxoT modulisa da fazuri 
kuTxis saSualebiT Semdegnairad:   

     fj

xyxy
xyefGfG


 , 

sadac     

     fQfCfG xyxxxy    ,      
 

 












fC

fQ
arctgf

xy

xy

xy  

urTierTspeqtrebisTvis samarTliania Semdegi utoloba: 

     fGfGfG yyxxxy 
2

. 

korelaciuri funqciebis simetriulobidan gamomdinare samarTliania 
Semdegi tolobebi: 

           fSfSfSfSfSfS yxxyyyyyxxxx  ,,  

e.i. speqtruli simkvrivis funqciebi namdvili luwi funqciebia, xolo 
urTierTspeqtruli simkvrive _kompleqsuri funqciaa. 
        

 
6.2 speqtrebis gansazRvra furies finituri gardaqmniT 

 
rogorc aRvniSneT, speqtruli simkvrivis funqciis gansazRvra 

SesaZlebelia furies finituri gardaqmniT. davuSvaT   tX  da   tY  
warmoadgenen stacionalur da ergodikul SemTxveviT procesebs. am 
procesebis T sigrZis k–uri realizaciisaTvis furies finitur 
gardaqmnas aqvs Semdegi saxe:  

     


T

ftj

kkk dtetxTfXfX
0

2, 
 .            



T

ftj

kk dtetyTfY
0

2,   

urTierTspeqtruli simkvrivis funqcia ganisazRvreba Semdegnairad:  

      TfYTfXM
T

fS kk
T

xy ,,
1

lim 
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sadac  TfX k ,  aris  TfX k ,  kompleqsurad SeuRlebuli sidide.  

calmxrivi speqtruli da urTierTspeqtruli simkvriveebi 
ganisazRvrebian Semdegi gamosaxulebebiT: 

         

      TfYTfXM
T

fG

TfYM
T

fGTfXM
T

fG

kk
T

xy

k
T

yyk
T

xx

,,
2

lim

,
2

lim,,
2

lim
22











                         (6.3) 

(6.3) formulebiT gamoTvlisas gamoiyeneba furies swrafi gardaqmnis 
algoriTmi. radgan T sidide yovelTvis sasruloa da maTematikuri 

lodini  M  agreTve aiReba realizaciis sasrulo raodenobidan, amitom 
yvelive es iwvevs speqtris gansazRvris cdomilebas. aqedan gamomdinare, 
saWiroa Sevafasod speqtruli simkvrivrivis funqciebi. 
    G   

    
 

6.3 gardamavali procesebis speqtruli analizi 
 
stacionaruli procesebis specialur klass miekuTvneba 

gardamavali (impulsuri) procesebi, romlebisTvisac damaxasiaTebelia 

mokle xangrZlivoba daNnulisagan gansxvavdebian mxolod  T,0  

intervalSi. ganvixiloT   tX  gardamavali procesis  tx  realizacia, 

romlisTvisac sruldeba Tt 0  piroba. aseTi  tx  funqciis furies 
gardaqmnas eqneba Semdegi saaxe:  

     






 

T

ftjftj dtetxdtetxfX
0

22   

radgan adgili aqvs Semdeg tolobas: 

    02

0

2  








T

ftjftj dtetxdtetx  . 

amrigad, impulsuri procesebis speqtruli analizisaTvis SeiZleba 
gamoviyenoT stacionaruli procesebis meTodebi. ganvixiloT funqcia:  

 
  












0,0

0,2
2

f

ffXM
fWxx  

romelsac energetikuli speqtruli simkvrivis (energetikuli speqtris) 
funqcias uwodeben. Tu mas SevadarebT stacionaruli SemTxveviTi 
procesebis speqtruli simkvrivis funqciis gansazRvris (6.3) formulas, 

SevamCnevT maT msgavsobas. erTaderTi gansxvaveba isaa, rom  fWxx  

gansazRvrisaTvis araa saWiro T siedideze gayofa da Semdeg zRvarze 
gadasvla, roca T . 
 E   es mosazreba samarTliania, radgan gardamavali procesisaTvis, 

roca T ,   2
fX mudmivi, ucvleli sididea. miuxedavad amisa, am ori 

 fGxx  da  fWxx  sididis  Sefaseba xdeba erTnairad. Ee.i. gveqneba:  

     fTGfXfW xxxx 
2

2  
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analogiurad SeiZleba vaCvenoT, rom Tu gvaqvs ori gardamavali 

procesis  tx  da  ty  realizacia, maSin:  

       fTGfYfXfW xyxy  2  

sadac T yvelgan realizaciis sigrZea. 
rogorc vxedavT, energetikuli speqtri stacionaruli SemTxveviTi 

procesebis speqtruli simkvrivis funqciisagan gansxvavdeba mxolod 
samaStabo T koeficientiT. 
 
             

6.4 speqtruli simkvrivis funqciebis Sefaseba 
 

furies finituri gardaqmniT miRebuli speqtruli simkvriveebis (6.3) 
gamosaxulebebSi Tu ugulvebelyofT zRvrisa da maTematikuri lodinis 
niSnebs miviRebT Semdeg speqtrul Sefasebebs:  

             TfYTfX
T

fGTfY
T

fGTfX
T

fG xyyyxx ,,
2~

,,
2~

,,
2~ 22     (6.4) 

romlebic uzrunvelyofen sixSiris maqsimalur Tf 1 garCevis unars.      
imisaTvis, rom vipovoT speqtruli simkvrivis funqciis Sefasebis 

dispersia, gavixsenoT, rom furies finituri gardaqmna  TfX ,  aris 

kompleqsuri sidide namdvili  TfX R ,  da warmosaxviTi  TfX I ,  
nawilebiT, romlebic warmoadgenen arakorelirebul SemTxveviT 
sidideebs nulovani saSualo mniSvnelobiT da erTidaigive dispersiiT. 

radgan furies gardaqmna wrfivi operaciaa, amitom, roca  tx  realizacia 

normaluradaa ganawilebuli, maSin  TfX R ,  da  TfX I ,  sidideebic 
iqnebian agreTve normalurad ganawilebuli SemTxveviTi sidideebi. 
aqedan gamomdinare, gamosaxuleba 

     TfXTfXTfX IR ,,, 222
  

warmoadgens ori damoukidebeli sidideebis kvadratebis jams da gaaCnia 
2  ganawileba 2  Tavisuflebis xarisxiT. ganvixiloT gamosaxuleba:  

 
  2

~ 2


fG

fG

xx

xx  . 

cnobilia rom 2  ganawilebis saSualo mniSvneloba da dispersia 

Sesabamisad tolia n da 2n mniSvnelobebisa. Amitom  fGxx

~
 Sefasebis 

normirebuli saSualo kvadratuli cdomileba ganisazRvreba 
Semdegnairad:  

     
  nn

n

fG

fG
fG

xx

xx
xx

22
~

~



  

Cven SemTxvevaSi n = 2 da amitom    1
~

fGxy , e.i. Sefasebis saSualo 

kvadratuli cdomileba Sesafasebeli sididis tolia, rac praqtikuli 
kvlevebis umetes SemTxvaSi miuRebulia. 
 arsebobs speqtruli simkvrivis funqciis SemTxveviTi cdomilebis 
Semcirebis ramodenime meTodi. ganvixiloT zogierTi maTgani. 
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 intervalebis gasaSualeba. mocemuli  tx  realizacia davyoT l 

raodenobis T sigrZis calkeul gadaukveTav intervalebad (nax. 6.2) 

 
nax. 6.2 

TiToeuli intervalisaTvis ganisazRvreba speqtruli simkvrivis Sefaseba 
da Semdeg xdeba maTi gasaSualeba. e.i. vRebulobT Semdeg gagluvebul 
mniSvnelobas: 

                          



l

k

kxx TfX
lT

fG
1

2
,

2~
,                        (6.5) 

sadac  NtT  . Tavis mxriv, N sididezea damokidebuli sixSiris 

garCevis unaris anu sixSiruli diapazonis sidide tNTf  11 . radgan 

(6.5) gamosaxulebis marjvena mxares myofi yoveli Sefaseba gvaZlevs 2  
Tavisuflebis xarisxs, amitom miRebuli gasaSualebul Sefasebas aqvs 
Semdegi cdomileba: 

  
ll

fGxx

1

2

2~
  . 

 rogorc avtospeqtris  fGxx

~
 , aseve urTierTspeqtris  fGxy

~
 

Sefaseba Seicavs miuRebul SemTxveviT cdomilebas. praqtikaSi am 
SemTxveviT cdomilebas amcireben zemod ganxiluli meTodiT. kerZod, T 

sigrZis l raodenobis intervalebisaTvis gamoiTvleba urTierTspeqtrebis 
Sefasebebi da Semdeg xdeba maTi gasaSualeba romelic iZleva Semdeg 
Sefasebas: 

     



l

k

kkxy TfYTfX
lT

fG
1

,,
2~

 , 

romlis normirebuli saSualo kvadratuli Secdoma ganisazRvreba 
Semdegi formuliT: 

  
  lf

fG
xt

xy


 ~
1~

  

sadac  fxy  aris kvadratuli fesvi koherentuli funqciidan.  

     sixSiruli gasaSualeba. Tu speqtruli simkvrivis funqcia 
miRebulia SemTxveviTi procesis mokle ralizaciidan, maSin SemTxveviTi 
cdomilebis Semcireba SesaZlebelia q raodenobis mezobeli sixSireebis 
gasaSualebi|T.: 

        11

~~~1~
  qkxxkxxkxxkxx fGfGfG

q
fG  , 

romelsac gaaCnia 2  ganawileba q2  Tavisuflebis xarisxiT. am 
SemTxvevaSi normirebuli saSualo kvadratuli Secdoma tolia:  
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q

fGxx

1~
 . 

SesaZlebelia kombinirebuli an orive meTodis , intervalebis da 
sixSiruli gasaSualebis, erTdrouli gamoyeneba. maSin normirebuli 
saSualo kvadratuli Secdoma tolia: 

  
ql

fGxx

1~
  

      speqtrebis Sefaseba furies gardaqmnis meTodiT. furies swrafi 
gardaqmnis algoriTmis SemoRebis Semdeg Zalzed gaadvilda speqtruli 
simkvrivis funqciebis gansazRvra furies finituri gardaqmnis 

saSualebiT, roca  tx  realizacia warmodgenilia diskretuli 

Tanmimdevrobis saxiT   Nntnx ,.....,2,1,  . furies finituri gardaqmna 
gvaZlevs speqtruli simkvrivis mniSvnelobebs Semdegi diskretuli 
sixSireebis dros:  

1,.....,2,1,0, 


 Nk
tN

k

T

k
f k  

amasTan, TiToeuli intervalisaTvis furies koeficientebi 
ganisaZRvrebian Semdegnairad: 

                        







1

0

2N

n

N

kn
j

iikki enxttXfX



                      (6.6) 

rac Seexeba urTierTspeqtris gansazRvras igi SeiZleba miviRoT 

ori gziT: 1) calcalke ganvsazRvroT orive  tx  da  ty  
realizaciebisaTvis furies koeficientebi (6.6) formuliT da Semdeg 
gamoviyenoT (6.4) formula. 2) ori realizaciis furies gardaqmna 
SeiZleba miviRoT erTdroulad, Tu erT realizacias warmovadgenT 
rogorc namdvils, xolo meores _ warmosaxviT nawilebad raime, vTqvaT 

 nz  kompleqsuri realizaciisaTvis. e.i. gveqneba:  

      1,....,2,1,0,  Nnnjynxkz , 
maSin furies gardaqmna gvaZlevs: 

                    







1

0

2

1,....,2,1,0,
N

n

N

kn
j

NkenjynxkZ



                  (6.7) 

romelic SeiZleba ganisazRvros furies swrafi gardaqmnis meTodiT. 

 kX  da  kY  funqciebis misaRebad SevniSnoT, rom 

 

N

nk
j

NkNn
j

ee

 22




 ,   

radgan  12 nje   nebismieri n –saTvis. aqedan gamomdinare, kompleqsurad 
SeuRlebuli funqcia tolia: 

      





 

1

0

2N

n

N

nk
j

enjynvkNZ



, 

romelsac sabolaod mivyevarT Semdeg gamosaxulebebdnen: 

              1,....,2,1,0,
2

1
,

2

1
 NkkNZkZ

j
kYkNZkZkX       (6.8) 
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6.5  speqtris energiis gaJonvis CaxSobis meTodebi 

   

 tx  realizaciis furies finituri gardaqmna SeiZleba ganvixiloT 

rogorc  tV  funqciis gardaqmna usasrulo intervalze, gamravlebuli 
e.w. marTkuTxa `droiT fanjaraze” romelsac aqvs Semdegi saxe: 

 









Ttt

Yt
tU

,0,,0

0,1
 

sxva sityvebiT, realizacia  tx  SeiZleba warmovidginoT rogorc 

namravli      tVtUtx   

 
marTkuTxa  tU  funqciis furies gardaqmnas aqvs Semdegi saxe: 

          
  fTjne

fT

fTfT
TfU 













2sin
                   (6.9) 

 da misi grafikuli gamosaxuleba warmodgenilia Semdeg naxazze: 

 
rogorc naxazidan Cans,  fU  gamosaxulebas gaaCnia gverdiTi rxevebi, 

romlebic iwveven speqtruli simkvrivis energiis gaJonvas, rac iwvevs 
speqtris mniSvnelovan damaxinjebas. ganvixiloT gaJonili energiis 
CaxSobis meTodebi. 
      droiT gagluveba. speqtris energiis gaJonvis CasaxSobad praqtikaSi 
iyeneben droiT fanjrebs, romlebic sawyis realizacias ise agluveben, 

rom CaixSos  T,0  intervalis sawyis da boloSi arsebuli mkveTri 
cvalebadobebi. Aarsebobs mravali `fanjara” , maT Soris yvelaze ufro 
gamoiyeneba e.w. kosinusoidaluri anu, rogorc mas uwodeben hanis 
fanjara, romelsac aqvs Semdegi saxe:  
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  Tt
T

t

T

t
tU h 

























 0,cos1

2
cos15,0 2 

 

hanis fanjris furies gardaqmnas aqvs Semdegi saxe: 

       11
4

1

4

1

2

1
ffUffUfUfU h  , 

sadac T1 ,  fU h  ganisazRvreba (6.8) formuliT. hanis fanjris droiTi da 

speqtruli funqciebi warmodgenilia Semdeg naxazze:  

 
 
aRmoCnda, rom hanis fanjris  gamoyenebiT speqtruli simkvrivis funqciis 
gamoTvlisas danakargebi nebismieri  

2
,....,2,1,0, Nk

T
kf k   

sixSirisaTvis gamodis 3/8 sididis tolia. Aamitom , speqtruli Sefaseba, 
romelic ganisazRvreba (6.6) formuliT unda gavamravloT samaStabo 

koeficientze 38 , maSin miviRebT: 

 

                     
























1

0

2

2cos1
3

8 N

n

N

kn
j

iki e
N

n
nxtfX




                  (6.10) 

sadac  
2

,....,2,1,0,
N

k
t

k
f k 


 . 

 
mfaravi intervalebis meTodi. aRsaniSnavia, rom speqtruli fanjris 

gverdiTi rxevebidan energiis gaJonvis CaxSoba iwvevs fanjris mTavari 
maqsimumis siganis zrdas, rasac mivyevarT sixSiris garCevis unaris 
SemcirebasTan. Hhanis fanjris gamoyenebisas gatarebis zolis sigane, 
gansxvavebuli energiis donis mixedviT, izrdeba 60%_iT. Cveulebriv, 
garCevis unaris aseTi gauareseba kompensirdeba gaJonvis energiis 
CaxSobiT yvela im sixSireebisaTvis , romlebic ganlagebulni arian 
mTavari maqsimumis gareT. amasTan erTad, droiT gagluvebas mivyavarT 
speqtrul SefasebaTa cvalebadobis zrdasTan. Tu sawyis realizacias 
gaaCnia sixSiriT mudmivi speqtri, maSin hanis fanjriT realizaciis 
gagluveba zrdis speqtris Sefasebis dispersias daaxloebiT orjer anu 
speqtruli simkvrivis Sefasebis cdomileba, romelic hanis fanjris 

gamoyenebiTaa ganpirovnebuli, aris l2  da ara l1 . 
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imisaTvis, rom droiT gagluvebis xarjze SevamciroT Sefasebis 
cvalebadobis zrda, zogjer umjobesia gamoviyenoT urTierTmfaravi 

monakveTTa analizis meTodi. am dros sawyisi realizacia  tx  iyofa ara 

l raodenobis damoukidebel monakveTebad     NiiTtitxi ,....,2,1,1,  , 

aramed mfarav intervalebad: 

      1,,.....,2,1,111  q
q

liTiqtTiq  . 

rogorc wesi, q –s mniSvnelobas iReben 0,5 sididis tolad, rasac 
mivyavarT monakveTTa 50%-ian gadafarvisaken, rogorc es Semdeg naxazzea 
warmodgenili: 

 
es meTodi gvaZlevs saSualebas 90%-mde aRvadginoT Sefasebis mdgradoba, 
romelic droiT gagluvebis dros ikargeba. meTodis nakli imaSi 
mdgomareobs, rom furies gardaqmnaTa ricxvi orjer izrdeba. 
            
 

6.6 speqtrebis eqvivalentobis hipoTezis Semowmeba 
  

ganvixiloT speqtruli simkvriveebis ori Sefaseba  fG1

~
 da  fG2

~
, 

romlebic miRebulia sxvadasxva pirobebSi, magaliTad ori gansxvavebuli 
realizaciiT an erTi da igive realizaciis or gansxvavebul intervalze. 
saWiroa ganisazRvros eqvivalenturia Tu ara statistikuri azriT es 

ori speqtri erTi da igive  ba ff , sixSireTa zolSi , romlis siganea 

ab ffB  . 

dauSvaT , rom speqtrebi gamoTvlilia f sixSiruli garCevis 

unaris dros, ise rom B speqtris sigane daiyo fN zolebad, anu fBN f  . 

CavTvaloT, rom gasaSualebaTa ricxvi orive speqtrisaTvis Sesamisad 1l  

da 2l  tolia da amasTan gasaSualebis dro yoveli SefasebisaTvis 
SeiZleba iyos gansxvavebuli, Tumca sixSiris garCevis unari iqneba 
erTnairi. 

N    fGfGH 210

~~
:   nulovani hipoTezis Sesamowmeblad ganvixiloT 

Semdegi statistika:  

 

 























n

i fG

fG

ll
D

1

2

2

1

1

21

2

~

~

log
11

, 

romelsac gaCnia 2  ganawileba fN  Tavisuflebis xarisxiT.  da   

mniSvnelobebis donis mixedviT 2  ganawilebis cxrilidan moiZebneba 

 ;  kritikuli mniSvneloba.  Tu aRmoCndeba , rom  ;

2 D , maSin ar 
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aris safuZveli nulovani hipoTezis  uarsayofad e.i speqtrebi 

eqvivalenturni arian. Tu  ;

2 D , maSin nulovani hipoTeza uaryofilia 

da speqtrebi araeqvivalenturni arian. 

Tu aRmoCndeba, rom speqtruli simkvriveebis Sefasebebi  fG1

~
 da 

 fG2

~
, eqvivalenturni arian, maSin SesaZlebelia maTi gaerTianeba 

               
   

21

2211

~~
~

ll

fGlfGl
fGp




                       (6.10) 

romlis SemTxveviTi cdomileba tolia:   
d

p
l

fG 1~
  , sadac 21 llld   

A(6.10) formula advilad SeiZleba ganvazogadoT q raodenobis 
speqtrebisaTvis. 
           
 

 
 

6.7 speqtruli analizis Catarebis rekomendaciebi 
  

CamovayaliboT zogadi saxis rekomendaciebi: 
1) speqtruli analizis Catarebisas aucilebelia mocemuli 

stacionaruli diskretuli mwkrivis   Nnnx ,.....,2,1,   centrireba 

xxx ii ~ , sadac x saSualo ariTmetikulia. es gamowveulia imiT, rom 

diskretuli signalis realizaciidan gamoiricxos dabali sixSiris 
mdgeneli, romelic SeiZleba gamowveuli iyos rogorc trendis 
arsebobiT, aseve gamzomi xelsawyos izoxazis dreifiT an sulac gareSe, 
gauTvaliswinebeli faqtoris zegavleniT. 

2) centrirebis procesi miuRebelia gardamavali (impulsuri) 

procesebisaTvis, radgan  T,0  intervalis gareT gveqneba ara nulovani 
mniSvnelobebi, aramed saSualo ariTmetikulis toli mudmivi sidide, 
rac gamoiwvevs speqtris damaxinjebas. 

3) stacionaruli droiTi mwkrivebis korelaciur-speqtruli 
analizis Casatareblad mizanSewonilia realizaciidan gamoiricxos 
trendi, romelic iwvevs analizis Sedegebis damaxinjebas. Mmagram, Tu 
saWiroa prognozirebis amocanis gadawyveta, maSin piriqiT, 
realizaciidan unda gamovyoT trendi da misi saSualebiT movaxdinoT 
prognozireba. 

4) furies swrafi gardaqmnis gamoyenebisas droiTi mwkrivis 
realizaciis sigrZe N  ise unda SevarCioT, rom igi toli iyos 

p2 sididisa, sadac p mTeli dadebiTi ricxvia. Tu es piroba ar sruldeba, 
maSin realizaciis sigrZe unda SevamciroT an daumatoT nulebi. 

 
zemoT moyvanili mosazrebebis mxedvelobaSi miRebis Semdeg 

CamovayaliboT speqtruli simkvrivis funqciis gansazRvris Semdegi 
algoriTmi:   
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1.Mmocemuli diskretuli signalis realizacia   Nnnx ,.....,2,1,   

iyofa dn raodenobis toli sigrZis intervalebad, romlebic Seicaven N 

raodenobis anaTvlebs  pN 2 ; 
2. TiToeuli intervalisaTvis hanis fanjris saSualebiT 

movaxdinoT monacemebis gagluveba. SeiZleba gamoviyenoT sxva droiTi 
fanjrebi; 

3. TiToeuli intervalisaTvis furies swrafi gardaqmniT (6.8) 

fonmuli saSualebiT gamoiTvleba   2,...,2,1,0, NkfX k   koeficientebi;  

4.   kfX  mniSvnelobebi unda gavamravloT samaStabo koeficientze, 

raTa gamovricxoT droiTi fanjris mier gamowveuli cvlilebebi (Tu 

viyenebT hanis fanjaras, maSin es koeficienti tolia 38 sididisa); 

5. (6.5) formuliT vRebulobT calmxrivi speqtruli simkvrivis 
funqciis Sefasebas; 

 
analogiurad SeiZleba CamovayaliboT urTierTspeqtruli 

simkvrivis funqciis gansazRvris algoriTmi; 

1. mocemuli diskretuli signalebis     Nnnynx ,.....,2,1,,   

realizaciebi davyoT dn  raodenobis intervalebad, romlebic Seicaven N 

raodenobis anaTvlebs  pN 2 ; 
2. hanis fanjris saSualebiT TiToeuli intervalisaTvis 

movaxdinoT droiTi gagluveba; 

3.  gagluvebuli ix  mniSvnelobebi CavweroT rogorc namdvili 

ricxvebi, xolo gagluvebuli iy  mniSvnelobebi – rogorc warmosaxviTi 

1,...,2,1,0,  Nijyxz iii . 

4. TiToeuli intervalisaTvis furies swrafi gardaqmniT (6.7) 

formuliT ganisazRvreba   1,...,2,1,0,  NkfZ k  mniSvnelobebi; 

5. TiToeuli intervalisaTvis (6.8) formulebiT ganisazRvreba 

    2,...,2,1,0,, NkfYfX kk   sidideebi; 

6.  kX  da  kY  mniSvnelobebi mravldeba samaStabo koepicientze 

(hanis fanjris SemTxvevaSi igi tolia 38  sididisa); 

7.  yoveli wyvili intervalisaTvis ganisazRvreba gaugluvebeli 
calmxrivi urTierTspeqtruli simkvriveebi 

       1,....,2,1,0,
2




  NkfYfX
tN

fS kkkxy . 

8.  gaugluvebeli   1,....,2,1,0,  NkfS kxy  mniSvnelobebis saSualebiT 

miviRebT gagluvebul mniSvnelobebs 

 
2

,....,2,1,0,
~ NkfG kxy   

     SeniSvna. urTierTspeqtruli simkvrivis funqcia SeiZleba 
ganisazRvros sxvanairadac. kerZod, TiToeuli diskretuli 
signalisaTvis ganisazRvros speqtruli simkvrivis funqcia da Semdeg 
urTierTspeqtruli simkvrive SegviZlia ganvsazRvrod (6.4) formuliT.  
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6.8 gadacemis da koherentuli funqciebis Sefasebebi 

  gadacemis funqciis Sefaseba. ganvixiloT mudmivparametriani  nh  
impulsuri maxasiaTeblis mqone wrfivi diskretuli sistema erTi 
SesasvleliT da erTi gamosasvleliT. dauSvaT, Sesasvlelze miewodeba 

centrirebuli ergodikuli    stacionaluri SemTxveviTi procesis  tx  

realizacia,  romelic wrfivi sistemis gamosavalze iZleva  ty  
realizacias. rogorc cnobilia impulsuri maxasiaTeblis furies 

gardaqmna gvaZlevs sistemis gadacem  fH funqcias. e. i.  

   





0

2

m

fmjemhfH  . 

meores mxriv, gadacemis funqcia SeiZleba miviRoT  tx  da  ty   

funqciebis speqtruli simkvriveebis    fGfG yyxx , da urTierTspeqtruli 

simkvrivis funqciebis  fGxy  saSualebiT, romelTa Soris arsebobs 

Semdegi damokidebulebebi:  

                         fGfHfGfGfHfG xxxyxxyy  ,
2

               (6.11) 

saidanac  

                                 
 

 fG

fG
fH

xx

xy
                           (6.12) 

 gadacemis  fH  funqcia SegviZlia warmovadginoT polarul 
kordinaciebSi Semdegnairad:  

     fjefHfH 
~~~   

sadac  fH  – amplituduri, xolo  f  – fazuri maxasiaTeblebis 

Sefasebebia, romlebic gansazRvrulni arian  

2
,....,2,1,0,

N
k

t

k
f k 


  

sixSireebze da ganisazRvrebian Semdegi formulebiT: 
 

 
    

 kxx

kxykxy

k
fG

fQfC
fH ~

~~
~

2
1

22 
  ,     

 

 














kxy

kxy

k
fC

fQ
arctgf ~

~
~
 , 

 sadac  kxx fG
~

–speqtruli simkvrivis funqciis Sefasebaa,  kxy fC
~

 da 

 kxy fQ
~

–urTierTspeqtruli simkvrivis funqciis Sefasebis namdvili da 

warmosaxviTi nawilebia. 
      gadacemis funqciis amplituri maxasiaTeblis normirebuli 
SemTxveviTi Secdoma daaxloebiT tolia fazuri maxasiaTeblis saSualo 
kvadratuli gadaxrisa da ganisazRvreba Semdegi formuliT:  

     
  

  lf

f
ffH

xy

xy

xy
2

2
11~~

2







 , 
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sadac –  fxy

2~  koherentuli funqciis Sefasebaa, l - speqtruli 

maxasiaTeblebis gasaSualebis raodenobaa. 
   
        koherentuli funqciis Sefaseba. Tu (6.12) gamosaxulebas CavsvamT 
(6.11) formulaSi, maSin miviRebT Semdeg gamosaxulebas:  

     fGfGfG yyxxxy 
2

, 

romelic saSualebas gvaZlevs ganvsazRvroT namdvilis sidide:  

 
 

   fGfG

fG
f

yyxx

xy

xy 2  

romelsac koherentuli funqcia ewodeba. yoveli f–isaTvis koherentuli 
funqcia akmayofilebs Semdeg utolobas: 

  10 2  fxy . 

      Uunda aRiniSnos, rom koherentuli funqcia korelaciis 
koeficientis kvadratis analogiuria. e.i. rodesac sixSiris raRac 

mniSvnelobisaTvis   02 fxy , maSin amboben, rom  tx  da  ty   funqciebi 

mocemul f sixSireze arakoherentuli anu arakorelirebulni arian.  Tu 

 tx  da  ty   funqciebi statistikurad damoukidebelni arian yvela  f  

sixSiris mniSvnelobisaTvis, maSin   02 fxy . rodesac sixSiris yvela 

mniSvnelobisaTvis   12 fxy , maSin amboben, rom  tx  da  ty   funqciebi  

srulad koherentuli arian. 

       zogadad, ori nebismieri  tx  da  ty  realizaciebisaTvis 
yovelTvis SeiZleba ganisazRvros koherentuli funqciis Sefaseba Tu 

cnobilia    fGfG yyxx

~
,

~
da  fGxy

~
 speqtruli simkvriveebis Sefasebebi. 

amasTan, koherentuli funqciis mniSvneloba gviCvenebs erTi realizaciis 
meore realizaciasTan wrfivi sixSiruli damokidebulebis xarisxs. 
       koherentuli funqciis Sefasebis normirebuli SemTxveviTi 
Secdoma ganisazRvreba formuliT:  

  
  

  lf

f
f

xy

xy

xy 2

2

2
12~







 . 

rogorc formulidan Cans,    02 fxy  roca l   an    12 txy .  Tu 

 fxy

2 –is mniSvnelobebi axlosaa erTTan, maSin nebismieri 1dn –isaTvis 

koherentuli funqciis Sefaseba SeiZleba aRmoCndes ufro zusti, vidre 
misi gansazRvrisaTvis gamoyenebuli speqtruli simkvriveebis Sefasebebi. 
            l >1 SezRudva naTelia, radgan, roca l =1, maSin yvela sixSirisaTvis 

  12 fxy , anu am SemTxvevis Sesabamisi koherentuli funqciis Sefaseba 

uazrobaa. marTlac, Tu  
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           TfYTfX
T

fGTfYTfY
T

fG

TfXTfX
T

TfX
T

fG

xyyy

xx

,,
2

,,,
2

,,
2

,
2 2









 

maSin gveqneba: 

 
       

       

       
       

1
,,,,

,,,,

,,
2

,,
2

,,
2

..
2

2

















































TfYTfYTfXTfX

TfYTfXTfYTfX

TfYTfY
T

TfXTfX
T

TfYTfX
T

TfYTfX
T

fxy

 

    mudmivparametriani wrfivi idealuri sistemisaTvis   12 fxy , xolo 

Tu  tx  da  ty  realizaciebi damoukidebelni arian, maSin yvela f 

sixSirisaTvis   02 fxy . Tu koherentuli funqcia nulze metia da erTze 

naklebi, maSin SeiZleba gvqondes Semdegi oTxi SemTxveva: 
_ gazomvebSi monawileobs gareSe xmauri; 
_ speqtrebis Sefasebebi gadaadgilebadi arian; 

_ sistema, romelic akavSirebs   tx  da  ty  realizaciebs arawrfivia; 

_ sistemis gamosavali  ty  damokidebulia ara marto Semaval  tx    

realizaciaze, aramed sxva procesze an procesebze. 

   
 
 

7. cifruli filtrebi 

 
 

7.1 ZiriTadi cnebebi da ganmartebebi 
 
 bunebaSi arsebul signalebTan SedarebiT biosignalebis umetesoba 
warmoadgens mcire sididis signalebs. biosignalisaTvis nebismieri sxva 
signali warmoadgens dabrkolebas, artefaqts an ubralod xmaurs. 
xmauri SeiZleba aRmoCndes biosignalze ufro maRali rogorc 
amplitudiT, aseve sixSiriT, rac zogjer SeuZlebels xdis xmauridan 
sasargeblo signalis gamoyofas. aqedan gamomdinare, signalis 
filtraciisaTvis metad mniSvnelovania winaswar vicodeT 
biosignalisaTvis damaxasiaTebeli xmauris Sesaxeb. 
 zogadad xmauri SeiZleba davyoT SemTxveviT, struqtrurebul da 
fiziologiur xmaurebad. SemTxveviTi xmauri gamowveulia biosignalze 
gauTvaliswinebeli zemoqmedebiT, magaliTad rogoricaa eleqtruli 
mowyobilobis Tburi xmauri, romelsac iwvevs mowyobilobis elementebis 
gadaxureba; eleqtromagnituri veliT gamowveuli xmauri da sxva. 
rogorc cnobilia, biosignalis saSualo mniSvneloba warmoadgens 
mudmiv sidides, saSualo kvadratuli _ saSualo simZlavres, xolo 
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kvadratuli fesvi saSualo kvadratuli mniSvnelobidan gvaZlevs 
xmauris saSualo amplitudas anu mis dones. es maCveneblebi sasargebloa 
signali_xmauris fardobis gansaRzvrisaTvis. 
 struqturuli xmauri. qselis sixSire warmoadgens 
struqturirebul xmaurs. magaliTad, eleqtrokardiografiul signalze 
zogjer xdeba qseluri sixSiris (50 hc) zeddeba. am xmauris tipiuri 
forma winaswar cnobilia, magram unda aRiniSnos, rom talRebis fazebi 
Cveulebriv ucnobia. ufro metic, talRa SeiZleba ar iyos sinusoidis 
formis. 
 fiziologiuri xmauri. rogorc cnobilia, adamianis organizmi 
warmoadgens fiziologiuri procesebis rTul kolgomerants. yvela es 
procesi warmoqmnis sxvadasxva saxis signalebs, romlebic garkveul 
zemoqmedebas axdenen biosignalze da iwveven mis damaxinjebas. amrigad, 
yvela warmoqmnili signali, garda gamosakvlevi signalisa, warmoadgenen 
am signalis mimarT artefaqtebs. ase magaliTad: 

_ eleqtromiografiuli signali warmoadgens 
eleqtrikardiografiuli (ekg) signalisaTvis xmaurs, romelic 
gamowveulia pacientis xvelebiT, sunTqviT, daZabulobiT da sxva 
faqtorebiT; 
 _ dedis ekg signali, romlis zeddeba xdeba nayofis ekg signalze; 
 _ eleqtroencefalografiul signalze ekg signalis zeddeba; 
 _ eleqtroencefalografiul signalze gamowveuli potencialebis 
zeddeba da sxva. 
 fiziologiuri xmauri ar SeiZleba davaxasiaTod raime specifiuri 
formis talRebiT an speqtruli SemadgenlobiT da rogorc wesi, isini 
warmoadgenen dinamiur da arastacionarul procesebs. aqedan 
gamomdinare, martivi wrfivi filtrebis gamoyeneba ar iZleva 
fiziologiuri xmauris efeqturi moxsnis SesaZeblobas. 
 biosignalidan zemod ganxiluli artefaqtebis gamosaricxavad 
gamoiyeneba filtrebi. sityva `filtri~ warmoiSva eleqtroteqnikaSi, 
sadac filtrebs iyenebdnen eleqtruli signalebis erTi formidan 
meoreSi gardaqmnisaTvis, ZiriTadad sxvadasxva sixSireebis 
gamosaricxavad. sitya `filtracia~ waroadgens droiT sferoSi 
signalebis damuSavvebis operacias, romlis Sedegad icvleba sawyisi 
signalis speqtruli Semadenloba. SecvlaSi igulisxmeba signalSi 
arsebuli arasasurveli sixSiruli komponentebis Sesusteba an CaxSoba. 
filtrebi atareben signalis gansazRvrul komponentebs da amave dros 
asusteben sxva komponentebs. nax. 7.1 naCvenebia rogorc analoguri, aseve 
cifruli filtraciis procesis versiebi. 
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nax.  7.1 

filtrebi SeiZleba iyos analoguri da cifruli. analoguri 
filtri arsebobs ori saxis: pasiuri da aqtiuri. pasiuri filtrebi 
Sedgeba mxolod winaRobis, induqtiobis da tevadobis elementebisagan. 
aqtiuri filtrebi, garda zemod CamoTvlili elementebisa, Seicaven 
aqtiur elements _ operaciul maZlierebels. upiratesobas aniWeben 
aqtiur filtrebs. Tu analoguri filtri amuSavebs uwyvet signalebs 
(nax.7.1a), maSin cifruli  filtrebi amuSaveben diskretuli 
Tanmimdevrobis anaTvlebs (nax. 7.1b).  
 cifruli filtrebi warmoadgenen kompiuterul programas da 
analoguri filtrebisagan gansxvavebiT gaaCniaT mTeli rigi 
upiratesobebi. pirvel rigSi, maT gaaCniaT maRali mdgradoba sxvadasxva 
SeSfoTebebis mimarT. garda amisa, isini ufo zustni arian, radgan maTi 
sizuste damokidebulia ariTmetikuli operaciebis Sedegebis 
damrgvalebis sizusteze.  

rac Seexeba analogur filtrebs, maTi sizuste damokidebulia 
elementebis dasaSveb SeSfoTebebze, kerZod Zabvis stabilurobaze, 
temperaturis cvlilebaze, elementebis cveTaze (daZvelebaze), romlebic 
cvlian analoguri filtris maxasiaTeblebs. yoveli es faqtori ar 
moqmedebs cifrul filtrebze, radgan isini warmoadgenen kompiuterul 
programas, amitom maTi parametrebi mudmivi sidideebia. es Zalze 
mniSvnelovania gansakuTrebiT biosignalebisaTvis maTze moqmedi zemod 
ganxiluli artefaqtebis gamo. aqedan gamomdinare, Cven ganvixilavT 
mxolod cifrul filtrebs.  

 sazogadod, cifruli filtri aris nebismieri sistema, romelsac 
gaaCnia wrfiobis da stacionarobis Tvisebebi. imisaTvis, rom filtri 
iyos aratrivialuri anu filtris gadacemis koeficientebi sxvadasxva 
sixSireze iyos sxvadasxva, amisaTvis filtris gamosavali signali 
ramodenime anaTvliT unda iyos damokidebuli Semaval signalze. aqedan 
gamomdinare, cifrul filtrs unda gaaCndes mexsiereba. 
 arseboben filtrebi cvladi parametrebiT, romlebsac ar gaaCniaT 
stacionarobis Tvisebebi. aseT filtrebs aditiuri filtrebi ewodebaT, 
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romlebic Tavis parametrebs cvlian Semavali signalis statistikuri 
Tvisebebidan gamomdinare. aditiur filtrebs Cven ar ganvixilavT. 
 cifruli filtrebi SeiZleba davyoT dabalsixSirian, 
maRalsixSirian, zolur da gadamRob (reJeqtorul) filtrebad. dabali 

sixSiris idealurma filtrmam unda gaataros  0;0 f hc da CaaxSos f0 

sixSireze maRali sixSireebi (nax. 7.2). f0  sixSires mokveTis sixSire 
ewodeba.  

   
nax. 7.2 

 maRali sixSiris idealurma filtrmam, romelsac gaaCnia dabali 
sixSiris filtris sawinaaRmdego maxasiaTeblebi, unda gaataros f0 

sixSireze maRali sixSireebi da unda CaaxSos  0;0 f hc sixSireebi. 

zolur filtrmam unda gaataros  21; ff  SualedSi myofi sixSireebi, 
xolo danarCenebi unda CaaxSos. rac Seexeba reJeqtorul filtrs man 

uda gaataros yvela sixSireebi garda  21; ff  SualedSi myofi sixSireebi. 

 praqtikaSi aseTi idealuri maxasiaTlebis filtrebis miReba 
TiTqmis SeuZlebelia ori mizezis gamo:  
 1. filtris idealuri maxasiaTlebis miReba SeuZlebelia, radgan 
igi Sedgeba sasrulo raodenobis wevrebisagan, amitom faqtiurad iyeneben 
idealuri filtris maxasiaTeblis aproqsimacias. 
 2. sawyisi monacemebis sasrulo raodenobidan gamomdinare, yvela 
saxis filtrs gaaCnia gardamavali zona gasaSveb sixSireebsa da mokveTis 
f0  sixSires Soris. 
      moviyvanoT cifruli filtrebis gamoyenebis magaliTi 
eleqtroencefalogramis (eeg) damuSavebis dros. rogorc cnobilia eeg 
warmoadgens Tavis tvinis funqcionaluri mdgomareobis gamokvlevis 
meTods, romelic efuZneba Tavis tvinSi mimdinare bioeleqtrul 
procesebs. eeg-s erT-erT mniSvnelovan maxasiaTebels warmoadgens 
riTmebi, romlebic gamoiyofian biosignalidan da farTod gamoiyenebian 
nevrologiaSi diferencialuri diagnostikisaTvis.  qvemod moyvanil 
naxazze warmodgenilia eeg-dan riTmebis gamoyofis blok-sqema, 
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sadac F_iT aRniSnulia cifruli filtri. 
 

logariTmuli  masStabi. signalebis cifruli dauSavebis TeoriaSi 
signalebis speqtris, filtris amplitudur-sixSiruli maxasiaTeblis da 
fanjris amplitiduri speqtris sixSireebis grafikuli gamosaxulebebis 
garCevadobis xarisxis gaumjobesebis mizniT xSirad iyeneben 
logariTmul masStabs, sadac ordinantTa RerZi dagraduirebulia 
decibelebSi. 
      signalebis doneebis Sedareba sasurvelia moxdes signalebis 
simZlavreebis saSualebiT. Tu SedarebisaTis gamoviyenebT simZlareebis 
fardobis logariTms, maSin logariTmis dadebiTi mniSneloba Seesabameba 
sistemis gaZlierebis komponentebs, xolo uaryofiTi  logariTmi 
gviCvenebs komponentebis Sesustebas. yovelive amis gaTvaliswinebiT ori 

signalis 1P Pda 2P PsimZlaris gansxvavebis done izomeba uganzomilebo 
sazom erTeulSi, romelsac beli ewodeba. beli ganisazRvreba rogorc 
simZlareebis Sefardebis aTobiTi loariTmi 











2

1lg
P

P
Nb  beli. 

beli aRmoCnda sakmaod didi sazomi erTeuli,  rac iwvevda 
garkveul uxerxulobas misi gamoyenebis dros. magaliTad, roca 

10021 PP , maSin 2100lg  , Tu 100021 PP , maSin 31000lg  . e.i. nebismieri 
simZlavreebis fardoba [100;1000] intervadSi gvaZlevs sxvaobas 1 belis 
farglebSi, kerZod 2 belidan 3 belamde. ufro meti TvalsaCinoebisaTvis 
beli mravldeba 10-ze da miRebul sidides decibeli (db) ewodeba. e.i. 
2b=20db, 4,5b=45db da a.S. amrigad, decibeli aris belis meaTedi da 
ganisazRvreba formuliT: 











2

1lg10
P

P
Ndb  db. 
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dauSvaT P1 simZlavre gaxda sawyisi P0 simZlavresTan SedarebiT 

orjer meti, maSin     301,32lg10lg10 01 PP db. e.i. simZlavris zrda 3 db-

iT niSnavs mis gazrdas orjer. Tu P1 simZlavre gaxda sawyisi P0 

simZlavresTan SedarebiT orjer naklebi, maSin     35,0lg10lg10 01 PP db. 

e.i. simZlavris daklebas 3 db-iT niSnavs mis daklebas orjer. 
cnobilia, rom logariTmis gamoyeneba amartivebs maTematikur 

gamovlebs, kerZod gamravlebis da gayofis nacvlad gamoiyeneba Sekrebis 
da gamoklebis operaciebi. decibelze ariTmetikuli moqmedebebi ar 
gnsxvavdebian logaiTmulisagan. gavixsenoT logariTmis Tvisebebi: 

 
 

  AmA

BABA

BABA

m lglg.3

lglglg.2

lglglg.1







 

logariTmuli funqcia 








2

1lg10
P

P
, romlis grafiki  warmodgenilia nas. 7.3 

–ze, pirveli SexedviT ar Cans sasargeblo. 
 

 
nax 7.3 

 mivaqcioT yuradReba simZlavreebis 21 PP  mcire fardobis 
logariTmuli funqciis didi siCqariT cvlilebas  da umniSvnelo 
cvlileba simZlavreebis fardobis didi cvlilebisas.  am arawrfiobis 

Sedegad simZlavreebis 21 PP  fardobis mcire  cvlilebisas garCevadobis 
unari aRmoCnda didi, rac iZleva signalebis speqtrebSi simZlavreebis 
donis umniSvnelo sxvaobis garCevis saSualebas. 
 ganvixiloT logariTmuli masStabis gamoyeneba. gavixsenoT, rom 

sixSirul areSi nebismieri x(n) Tanmimdevrobis simZlavre warmoadgens 

amplitudur speqtrs  mX  , romelic proporciulia    2
mX sididisa. e.i. 

   
2

mXmX  . radgan   2
mX gamosaxulebis logariTmi tolia   mXlg2  , 

amitom miviRebT simZlavris speqtrs decibelebSi: 

              mXmX lg20  db.                     (7.1) 

miRebuli (7.1) gamosaxulebis gamoyeneba praqtikulad ufo misaRebia, 
radgan ar gvWirdeba simZlavris kvadratSi ayvana.  
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 xSirad sasurvelia simZlavris normirebul logariTmul masStabSi 

warmodgena, sadac TiToeuli   2
mX anaTvali iyofa simZlavris pirvel 

anaTvlaze   2
0X , e.i. gveqneba: 

normirebuli  
 

 

 

  





























0
lg20

0
lg10

2

2

X

mX

X

mX
mX  db 

aseTi normireba saSualebas gvaZlevs advilad SevadaroT erTmaneTs 
sxvadasxva speqtrebis logariTmuli grafikebi. amrigad, logariTmuli 
masStabi farTod gamoiyeneba rogorc signalebis speqtruli 
simZlavreebis, aseve filtrebis sixSiruli maxasiaTeblebis grafikuli 
warmodgenisaTvis. 
 SeniSvna. adamians SeuZlia bgerebis aRqma 10-15 db farglebSi. 0 db 
dros _ araferi ismis, 5 db_TiTqmis ar ismis, 25 db_adamians CurCuli 
esmis 1 metris farglebSi, 40 db_Cveulebrivi metyveleba kargad ismis, 
Tu bgeris simZlavre aRwevs 160 db-ze mets, maSin SesaZlebelia yuris 
abskis gaxvreta, 200 db-ze zemod iwvevs sikvdils. 
 

 
 

7.2 cifruli filtris gantoleba 
 

 cifruli filtri SegviZlia ganvixiloT, rogorc wrfivi 

mudmivparametriani diskretuli sistema erTi Semavali  nx  da erTi 

gamomavali  ny  TanmimdevrobebiT. Tu gamoviyenebT nebismieri saxis 
diskretuli Tanmimdevrobis warmodgenis meTods (4.1), maSin SegviZlia 
CavweroT: 

                                     









1

0

1

0

0,
N

k

M

k

nknykbknxka  ,                   (7.2)  

sadac  ka  da  kb  koeficientebia, romlebic gansazRvraven sistemas. 
imisaTvis, rom cxadad warmovadginoT sistemis gamosavali Tanmimdevroba 
Semavali TanmimdebrobiT, (7.2) formula warmovadginoT Semdegnairad: 

        

 
 
 

 
 
 

    









1

0

1

0

00,
00

N

k

M

k

bkny
b

kb
knx

b

ka
ny  

romelsac ewodeba sxvaobiTi gantoleba. Tu   10 b , maSin miviRebT 
cifruli filtris gantolebas: 

                                            









1\

0

1

0

n

k

M

k

knykbknxkany   .                                      (7.3) 

(7.3) formuliT SesaZlebelia gamosavali Tanmimdevrobis gansazRvra, 
roca 0n . sxvaobiTi gantoleba uSualod gansazRvravs diskretuli 
sistemis konfiguracias. 
 cifruli filtris gadacemis funqciis gantolebis misaRebad 
movaxdinoT (7.2) gantolebis Z- gardaqmna, maSin miviRebT: 
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n n

n
M

k

n
N

k

ZknykbZknxka
1

0

1

0

. 

Tu ajamvis Tanmimdevrobas SevcvliT, maSin 

          
















 
1

0

1

0

N

k n

M

k n

nn ZknykbZknxka . 

aRvniSoT mkn  , maSin 

         ZXZZmxZZmxZknx k

k

mk

k

km

k

k 














    

analogiurad: 

   ZYZZkny k

k

n 




   

e.i. miviReT: 

        








 
1

0

1

0

N

k

M

k

kn ZkbZYZkaZX . 

 

aqedan vRebulobT:        ZXZHZY  ,   sadac 

                                   
 

 

 
 ZB

ZA

Zkb

Zka

ZH
M

k

k

N

k

k


















1

0

1

0                                                    (7.4) 

da mas filtris gadacemis (sistemuri) funqcia ewodeba. 
 ganvixiloT ori SemTxveva, romlebic aRweren filtrebis or 
fumdamentalur klass. Tu filtris koeficientebi akmayofileben Semdeg 

pirobebs:     0;10  kbb , roca 0k , maSin (7.2) sxvaobiTi gantoleba 

daiyvaneba Semdeg saxeze: 

     





1

0

N

k

knxkany ,  

romlis gadamcem funqcias aqvs Semdegi saxe: 

                                                    





1

0

N

k

kZkaZH .                                            (7.5) 

aseTi klasis filtrebs ararekursiuli an transversaluri filtrebi 
ewodebaT. ararekursiul filtrs xSirad uwodeben filtrs ukukavSiris 
gareSe.  

      Tu (7.2) gantolebaSi   kb  koeficientebidan Tundac erTi (garda 

 0b -isa) gansxvavdeba nulisagan, maSin aseT filtrebs rekursiuli 
ewodebaT (7.3) gantolebiT da (7.4) gadacemis funqciiT. 

 Tu (7.4) gamosaxulebaSi  zA  da  zB  polinomebs ar gaaCniaT 

saerTo fesvebi, maSin filtris gadacemis funqciis  zH  nulebi iqneba 

  0zA  gantolebis fesvebi, xolo polusebi iqneba   0zB  gantolebis 
fesvebi. zogadad, filtris gadacemis funqciis polusTa ricxvi 
gansazRvravs cifruli filtris rigs. 
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 amrigad, Tu Nii ,....,2,1,   warmoadgenen  zH  gadacemis funqciis 

nulebs, xolo Mii ,....,2,1,  polusebs, maSin cifruli filtris 

gadacemis funqcia SeiZleba ase warmovadginoT: 

 
 

 

 

 






























M

k

k

N

i

i

M

k

k

N

i

i

Z

Z

C

Z

Z

CZH

1

1

1

1

1

1

1

1









 , 

sadac C namdvili mudmivi sididea. Tu i  da k  koeficientebi 

kompleqsnuri arian, maSin isini Z sibrtyeSi qmnian SeuRlebul wyvilebs. 
 gavixsenoT, rom filtris impulsuri maxasiaTebeli aris drois 
areSi filtris gamosavali Tanmimdevroba, roca filtris Sesasvlels 
miewodeba erTeulovani impulsi. filrtis koeficientebi da impulsuri 
maxasiaTeblebi warmoadgenen sinonimebs, e.i. filtris koeficientebi 
warmoadgenen filtris impulsur maxasiaTeblebs.  

impulsuri maxasiaTeblis mixedviT cifruli filtrebi iyofian or 
klasad: filtrebi sasrulo impulsuri maxasiaTeblebiT, romlebsac 
miekuTvnebian ararekursiuli filtrebi da filtrebi usasrulo 
impulsuri maxasiaTeblebiT, romlebsac miekuTvnebian rekursiuli 
filtrebi.  ganvixiloT ramodenime magaliTi. 

magaliTi 1. vipovoT nax. 7.4  warmodgenili cifruli filtris 
gamosavali signalis gamosaxuleba, impulsuri maxasiaTebeli da 
gadacemis funqcia.  
    

 
nax. 7.4 

filtris gamosavali signalis gamosaxuleba tolia:      15,14  nxnxny ,  
 diskretuli impulsuri maxasiaTeblis gansazRvrisaTvis filtris 

Sesasvlels mivawodoT erTeulovani impulsi    .....;0;0;1n , maSin 
miviRebT:   

     
     

  02

5,105,1141

405,1415,1040







h

h

h





 

e.i. miviReT:    5,1;4 nh , romelic emTxveva filtris koeficientebs. 

gadacemis  zH  funqciis gansazRvrisaTvis movaxdinoT impulsuri 

maxasiaTeblis Z gardaqmna (7.5): 

        110

0

5,14100 




  ZZhZhZhzH
n

n . 
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gadacemis furqciis gansazRvris meore meTodi mdgomareobs filtris 
gamosavali Tanmimdevrobis Z _ gardaqmnaSi: 

             zHzXZzXZzXzXzY   11 5,145,14 , sadac   15,14  ZzH . 

 magaliTi 2. vipovoT filtris Semavali    2;1;0;1nx  da gamomavali 

   1;2;1;0ny  signalebiT gadacemis funqcia. 

 movaxdinoT orive signalis  Z  gardaqmna  

   

    321

00

32

0

2

21























ZZZZnyzY

ZZZnxzX

n

n

n

n

 

gadacemis funqcia tolia: 

 
 
  32

321

21

2









ZZ

ZZZ

zX

zY
zH  

 magaliTi 3. vipovoT nax. 7.5 warmodgenili ararekursiuli filtris 
gamosavali signali da filtris gadacemis funqcia. 
 

 
nax. 7.5 

filtris gamosavali Tanmimdevroba tolia: 

                 2128,021 210

1

0






nxnxnxnxanxanxaknxkany
N

k

 

gadacemis funqcia tolia: 
 

    212

2

1

10

1

0

28,0 




  ZZZaZaaZkaZH
N

k

k  

 magaliTi 4. rekursiuli filtris struqturuli sqema mocemulia 
nax. 7.6. vipovoT filtris gamosavali signali, gadacemis funqcia da 

filtris reaqcia    1,1,1 nx Semavali diskretuli TanmimdevrobisaTvis. 
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filtris gamosavali signalis gantoleba tolia: 

             221221 21  nynynxnybnybnxny  
gadacemis funqcia tolia: 

 
 

   
212
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1

1
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gansazRvroT  ny  mniSvnelobebi 

   

     
       

       

      ....;46;45;24

012120122233

112121021222

11210211

100











yyy

yyxy

yyxy

yxy

xy

 

 
 

7.3 cifruli filtrebis SeerTebis sqemebi 
 

 rogorc cifruli filtris gantolebidan Cans nebismieri filtris 
realizaciisaTvis saWiroa sami tipis operacia: dayovneba (damaxsobreba), 
ajamva da gamravleba. filtris struqturuli sqemis Sedgenisas 
mxedvelobaSi unda miviRoT Semdegi aRniSvnebi: 
 
dayovneba                     

 
ajamva 

 
gamravleba  
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 ganvixiloT cifrli filtrebis SeerTebis sqeebi. vTqvaT  zH1  da 

 zH 2  F1  da F2 filtrebis gadacemis fnqciebia. SeerTebas, rodesac erTi 
filtris gamosavali mierTebulia meore filtris Sesasvlelze 
kaskaduri (mimdevrobiTi) SeerTeba ewodeba. maSin gveqneba: 

 
SeerTebas, rodesac filtrebs gaaCiaT saerTo Sesasvleli, xolo 
gamosasvlelebi mierTeblni arian erT sumatorTan ewodebaT paralelri 
SeerTeba. e.i. 

 
Tu erT-erT filtrs CavsvamT meore filtris mimarT  ukukavSiriT, maSin 
gveqneba: 

 

magaliTi. vTqvaT mocemlia  
11

3,01

1
)(




Z
ZH  da 21

2 2,0)(   ZZZH   

gadacemis fnqciebi. 
filtrebis mimdevrobiTi SeerTebis dros gveqneba: 

1

21

3,01

2,0
)(










Z

ZZ
ZH  , 

paraleluri SeerTebisas: 

1

321

3,01

3,07,072,02,0
)(










Z

ZZZ
ZH  , 

xolo ukukaSiriani filtrisaTvis gveqneba: 

  211

1

3,18,03,01

3,01
)(










ZZZ

Z
ZH . 
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7.4 cifruli filtris mdgradoba 

 
      cifruli  filtrebis praqtikuli gamoyenebisaTvis saWiroa,  rom 
isini iyvnen mdgradni.  filtrs ewodeba mdgradi Tu nebismieri  sawyisi 

pirobis da nebismieri SezRudvis dros Semavali  nx  xignals Seesabameba 

aseve  SezRudvili gamosavali  ny  signali.  
 arsebobs filtris mdgradobis Semowmebis ori xerxi: impulsuri 
maxasiaTebliT da gadacemis funqciiT. impulsuri maxasiaTebliT 
filtris mdgradobis Sefaseba SeiZleba ase CamovayaliboT: imisaTvis, 
rom cifruli filtri iyos mdgradi sakmarisia Sesruldes impulsuri 
maxasiaTeblebis (filtris koeficientebis) mwkrivis absoluturi 
krebadoba, e.i. 

                                                                         





n

nh                                                   (7.6) 

sadac h(n) – filtris impulsuri maxasiaTebelia. am kriteriumis Tanaxmad, 
ararekursiuli filtri yovelTvis mdgradia, radgan is Seicavs 
impulsuri maxasiaTeblis sasrulo raodenobas, rasac ver vityviT 
rekursiuli filrisaTvis, radgan mas gaaCnia usasrulo raodenobis 
impulsuri maxasiaTebeli. 

 aqve unda SevniSnoT, rom Tu h(n) –s gaaCnia sasrulo raodenobis 
wevrebi, maSin (7.6) piroba yovelTvis sruldeba. amitom aris, rom 
mdgradobis es kriteriumi praqtikaSi naklebad gamoiyeneba. 
      ganvixiloT sxva kriteriumi. rogorc viciT, cifruli filtris 
gadacemis funqciis Z_gardaqmnas aqvs  Semdegi saxe: 

 
)(

)(

zB

zA
zH   ,   

sadac  zA  da  zB  z cvladis polinomebia. isic cnobilia, rom  zH  
SegviZlia ganvixiloT rogorc ori mimdevrobiT SeerTebuli filtri, e.i.  

   zHzHzH 21)(  , sadac      zBzHzAzH 1,)( 21   da Sesabamisad 

warmoadgenen ararekursiuli da rekursiuli filtrebis gadacem 

funqciebs. ararekursiuli filtri  zH1  yovelTvis mdgradia, amitom 

cifruli filtris mdgradoba damokidebulia  mxolod  zH 2  
rekursiuli filtris mdgradobaze. 
 gadacemis funqciiT rekursiuli filtris mdgradoba Camoyalibdeba 
Semdegnairad: cifruli filtri mdgradia maSin da mxolod maSin, roca 
gadacemis funqciis yvela polusi moTavsebulia Z sibrtyis erTeulovani 
wrewiris SigniT. praqtikaSi swored es kriteriumi gamoiyeneba ufro 
xSirad. 
    ganvixiloT magaliTebi. 

      1.  
1

1

1
3,01

1









Z

Z
ZH ,   vipovoT filtris polusi  

 
.1

3,0
,13,0,03,01

1

1

1

1

1

1  

Z
ZZ  e.i.   3,01

1 Z  da radgan   11

1 Z  , amitom 

filtri mdgradia.   



 

---------------------------------------------------------------------------------------- 
e. yubaneiSvili biosignalebis cifruli damuSaveba 
 

 

118 

      2.  
1

1

2
21

1









Z

Z
ZH   ,   polusi    22

1 Z   da radgan   12

1 Z , amitom 

filtri aramdgradia.   

      3.  
21

2

3
97,08,11

1









ZZ

Z
ZH ,  polusebi     4,09,04,09,0 3

2

3

1 jZjZ  , 

radgan     13

2

3

1  ZZ , amitom filtri mdgradia 

      Tu  filtri aramdgradia da misi Semavali signali SeuzRudavad 
icvleba xangrZlivi  drois ganmavlobaSi, maSin adre Tu gvian 
gamosavali signali dakargavs Tavis damokidebulebas Semaval signalTan 
da filtri gadadis aramuSa mdgomareobaSi. 
      aramdgradi filtri muSa mdgomareobaSia mxolod im SemTxevaSi, 
roca  Semavali signali droSi SezRudulia. magaliTad, cifruli 
integratori, romlis gadacemis funqciaa 

 
11

1



Z

ZH  

aramdgradia, radgan mas gaaCnia z =  1 polusi. magram igi normalurad 
muSaobs roca Semavali sidide x(n) moqmedebs 10  Nn  intervalSi, 
romlis Semdeg saWiroa misi ganuleba anu sawyisi nulovani 
mniSvnelobis aRdgena. 

 

 

7.5 filrtis sixSiruli maxasiaTebeli 
 

 Tu gadacemis funqciaSi (7.4) CavsvamT tjez   , maSin miviRebT 
rekursiuli filtris kompleqsur - sixSirul maxasiaTebels: 
 

 















 
1

0

1

0

M

k

tjk

k

N

k

tjk

k

tj

eb

ea

eH




 , 

xolo ararekursiuli filtrisaTvis gveqneba: 
 

  




 
1

0

N

k

tjk

k

tj eaeH  . 

kompleqsur-sixSirul maxasiaTebelis moduls    tjeHA    ewodeba 

filrtis amplitudur - sixSiruli maxasiaTebeli an mokled sixSiruli 
maxasiaTebeli da gansazRvravs damyarebuli reJimis dros mdgradi 
filtris gamosavali signalis amplitudas, roca Semavali signalia  

  tjnetnx   . 

 kompleqsur-sixSiruli maxasiaTebelis arguments     tjeH   arg  

ewodeba fazur–sixSiruli an mokled fazuri maxasiaTebeli da 
gansazRvravs mdgradi filtris gamosavali signalis fazas, roca 

Semavali signalia   tjnetnx   . 
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 cxadia, rom namdvilkoeficientebiani rekursiuli cifruli 
filtrisaTvis gveqneba: 
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sadac b0 = 1. 
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   , 

xolo ararekursiuli cifruli filtrisaTvis gveqneba: 
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 magaliTi 1. mocemuli   215,02   ZZZH gadacemis funqciisaTvis, 

ganvsazRvroT  sixSiruli maxasiaTeblebi. maSin gveqneba: 

                        tjtjtj eeeH    25,02  

           222
2sinsin5,02coscos5,02 ttttA    

                       
   
   















tt

tt
arctg






2coscos5,02

2sinsin5,0
. 

    magaliTi 2. mocemuli    
15,01

1



Z

zH    gadacemis funqciisaTvis 

gveqneba:     
tj

tj

e
eH












5,01

1
 ,    

     22

2

sin5,0cos5,01

1

tt
A





  , 

 
 
 t

t
arctg











cos5,01

sin5,0
. 

namdvilkoeficientebiani cifruli filtris sixSiruli 
maxasiaTeblis ZiriTadi Tvisebebia: 

1. yvela sixSiruli maxasiaTebeli warmoadgens periodul funqcias 

 kuTxuri sixSiriT da t  2  periodiT; 

2.  sixSiris amplitudur-sixSiruli maxasiaTebeli luwi funqciaa, 

xolo  sixSiris fazur-sixSiruli maxasiaTebeli    kenti funqciaa. 
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am Tvisebebidan gamomdinare, mudmivi t  dros sixSiruli 

maxasiaTeblebi saWiroa mocemuli iyos  t,0  intervalze. sxvadasxva 
sixSiruli maxasiaTeblebis SedarebisaTvis mizanSewonilia sixSiris 
normireba. arsebobs normirebis ori meTodi. pirveli meTodis dros 

normirebuli sixSire tolia: t~ , maSin    22  tttgg  da 

sixSiruli maxasiaTebeli mocemulia  ,0  intervalze. 

meore meTodis dros uSveben normirebul sixSires  2~ t     
sididis tolad, maSin  

1
2

2

2

















t

t

t
gg  

da sixSiruli maxasiaTebeli mocemulia  5,0,0  intervalSi. praqtikaSi 
ufro xSirad iyenebn sixSireebis normirebis am meore meTods. 

 
 

 

 

 

8 ararekursiuli cifruli filtrebi 

 

 
8.1 ararekursiuli filtris maxasiaTeblebi 

 
 cifruli filtris gamosavali signalis mimdinare mniSvnelobis 
gansazRvrisaTvis ararekursiuli filtrebi iyeneben Semavali signalis 
mxolod mimdinare da wina mniSvnelobebs da ar iyeneben filtris 
gamosaval anaTvlebs (swored amitom qviaT aseT filtrebs 
ararekursiuli). amas mivyevarT iqamde, rom Tu filtris Semavali 
Tanmimdebroba Seicavs nulisagan gansxvavebul sasrulo raodenobis 
anaTvlebs, maSin aseTi filtris gamosavalze gveqneba agreTve nulisagan 
gansxvavebuli sasrulo raodenobis anaTvali. swored amitom aseT 
filtrebs uwodeben sasrulo raodenobis impulsuri maxasiaTeblis 
filtrebs  
 vTqvaT mocemulia sasrulo raodenobis simetriuli wevrTa 
ararekursuli filtri, romlis gantolebas aqvs Semdegi saxe: 

                                                    



N

Nk

knxkany  .                                              (8.1) 

sadac N _ wina anaTvlebis anu filtris koeficientebis raodenoba, 
romelsac filtris rigi ewodeba. (8.1) formula warmoadgens 
ararekursiuli filtris sxvaobiT gantolebas, romelic warmodgenilia 
droiT areSi.  
 ararekursiuli filtris (8.1) pirdapiri formis struqturul sqemas 
aqvs Semdegi saxe: 
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nax. 8.1 
 
ararekursiuli filtris impulsuri maxasiaTeblis misaRebad filtris 

Sesasvlels mivawodoT erTeulovani impulsi  nx0 , maSin  

     



N

Nk

knxkanh 0  ,   

magram anaTvali  knx 0  yvela n –sTvis nulis tolia, garda kn  , roca 

is erTis tolia. amrigad vRebulobT martiv Sedegs   nanh   anu an 

koeficientebi warmoadgenen filtris impulsuri maxasiaTeblis 
anaTvlebs. es SeiZleba TvalnaTliv avsaxoT nax. 8.1  saSualebiT. roca 
Sesasvlels miewodeba erTeulovani impulsi igi dayovnebis zolze 

gadaadgildeba da mravldeba ,.....,,, 3210 aaaa koeficientebze da ise 

miewodeba filtris gamosavals. 
 cxadia, rom realuri filtri Seicavs dayovnebis zolis sasrulo 
raodenobis elementebs, amitom ararekursiuli filtris impulsuri 
maxasiaTebeli sasrulo sigrZisaa. aqedan gamomdinare, aseT filtrebs 
uwodeben sasrulo impulsuri maxasiaTeblis filtrebs. 
 ukukavSiris ararsebobis gamo nebismieri ararekursiuli filtri 
mdgradia. marTlac, rogoric ar unda iyos sawyisi pirobebi, anu 
anaTvlebi, romlebic inaxeba dayovnebis zolSi, filtris SesasvelSi 

signalis ararsebobis SemTxvevaSi   00 nx , gamosavali signali iqneba 

nulisagan gansxvavebuli mxolod araumetes N taqtisa, romelic saWiroa 
dayovnebis zolis gasasufTavlebad. 
 metad mniSvnelovania is, rom sasrulo raodenobis simetriuli 
wevrTa ararekursul filtrebs gaaCniaT wrfivi fazur_sixSiruli 
maxasiaTebeli, rac uzrulvebelyofs jgufuri da fazuri dayovnebebis 
mudmivobas (sixSireze damoukidebeli). arsebobs simetriis ori tipi: 

 _ luwi simetria:    nNana   yvela Nn ,....,2,1,0 -isaTvis; 

 _ kenti simetria:    nNana   yvela Nn ,....,2,1,0 -isaTvis. 
simetriuli filtrisaTvis jgufuri dayovneba ar aris damokidebuli 

sixSireze da tolia 2N  anaTvlebisa. 

 luwi N-is da kenti impulsuri maxasiaTeblis simetriis dros, misi 

saSualo mniSvnelobis anaTvali nulis toli unda iyos:   02 Na . 
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Tu (8.1) gantolebaSi CavsvamT njex  , maSin miviRebT: 

          nj
N

Nk

kjnj
N

Nk

knj eHekaeekany   






 , 

sadac 

   



N

Nk

kjekaH   

da igi warmoadgens filtris gadacemis funqcias. koeficientebis 

simetrioulobis gamo     kaka   Cven gvaqvs mxolod kosinusebis furies 
mwkrivi    naikvistis intervaliT. eileris cnobili formulis 
Tanaxmad, gadacemis funqcias eqneba Semdegi saxe: 

          
 


N

Nk

N

k

kkakkaH
0

cos2cos  . 

gadacemis funqcia periodulia da  21,0  f  mimarT 

simetriulia. Tu gamoviyenebT ciklur sixSires, maSin gveqneba: 

     



N

Nk

fkkafH 2cos2 . 

sixSirul terminebSi naikvistis sixSire Seesabameba 2121  f  

intervals. mocemuli gadacemis funqcia simetriulia f = 0 mimarT. furies 
mwkrivis Sedegad miRebuli grafiki warmoadgens gadacemis funqciis 
grafiks. arsebobs filtris koeficientebis gansazRvris ramodenime 
meTodi. ganvixiloT zogierTi maTgani. 

 
 
 

8.2 gagluvebis meTodi 
 

 cifruli filtrebis proeqtirebisas gagluvebis meTodi efuZneba 
swori xazis an polinomialur aproqsimacias anu xdeba monacemTa 
gagluveba, sadac filtris koeficientebi moiZebnebian umcires kvadratTa 
meTodiT. es midgoma warmoadgens klasikurs, advilad gasagebia da 
fsiqologiuradac misaRebia. garda amisa, rogorc praqtika gviCvenebs, 
gagluvebis meTodi metad popularulia da iZleva karg Sedegs. 
filtrebis TeoriaSi am meTods sixSirul meTodsac uwodeben. 
ganvixiloT sriala saSualos da polinomialuri gagluvebis meTodebi. 
  
      sriala saSualos meTodi. gagluvebis erT-erT yvelaze martiv 
meTods warmoadgens sriala(mcocavi) saSualos meTodi, romlis arsi 

SemdegSi mdgomareobs: mocemuli diskretuli        tkxtxtxx  ,......,2,,0  

Tanmimdevrobidan, sadac  t  diskretizaciis intervalia, aiReba pirveli 

m wevri        tmxtxtxx  ,......,2,,0 . dauSvaT, rom m kenti ricxvia. 
gamoiTvleba maTi saSualo ariTmetikuli da es mniSvneloba miekuTvneba 

Tanmimdevrobis Sua wevrs, romlis rigiTi nomeria   2/1m . Semdeg aiReba 

     tmxtxtx  )1(,......,2,  wevrebi, gamoiTvleba maTi saSualo mniSvneloba, 

romlis sidide miekuTvneba am Tanmimdevrobis Sua   2/3m  wevrs da a.S. 
es procedura gagrZeldeba Tanmimdevrobis srul amowurvamde.         



 

---------------------------------------------------------------------------------------- 
e. yubaneiSvili biosignalebis cifruli damuSaveba 
 

 

123 

amrigad, sriala saSualoebiT gagluveba warmoadgens algoriTms, 
romliTac filtris gamosavali Tanmimdevroba SeiZleba warmovadginoT 
(8.1) formulis saSualebiT. 
         Tu gamoviyenebT Z  - gardaqnas, maSin vRebulobT filtris gadacem 
funqcias 

  


 
N

k

N

N

k

k ZaZaZaaZazH
0

2

2

1

10 . 

sriala saSualos martiv filtrs  miekuTneba hemingis filtri, romelic 
mocemulia Semdegi gamosaxulebiT: 

                                     ttnxttnxtnxtny  22
4

1
.                           (8.2) 

      rogorc vxedavT, mocemuli gantoleba warmoadgens sxvaobiT 

gantolebas, sadac Cans, rom gamosavali  tny   sidide drois nebismier 

momentSi tolia am momentSi Semaval  tnx   mniSvnelobisa, damatebuli 

gaorkecebuli jami Sesavali mniSvnelobisa drois wina momentSi 

 ttnx   da damatebuli  ttnx  2  Sesavali mniSvneloba t2  drois win.  

 nebismieri Semavali wertilisaTvis, magaliTad 5n , gamosavali 
iqneba: 

        txtxtxty  3425
4

1
5 . 

(8.2) gamosaxulebis Z _ gardaqmna tolia: 

                                              212
4

1   ZzXZzXzXzy  .                                           (8.3) 

aseTi filtris gadacemis funqciis gansazRvrisaTvis ganvixiloT 
Sesasvlelze erTeulovani impulsis Z_gardaqmna da ganvsazRvroT 
gadacemis funqcia. amisaTvis ganvixiloT (8.3) filtris struqturuli 
sqema, romelsac aqvs Semdegi saxe: 

 
nax. 8.1 

Tu filtris Sesavalze mivawvdiT erTeulovan impuls, maSin mis 
gamosavalze miviRebT Semdeg Tanmimdebrobebs: 

       

       

       
       ,.....0,41,21,418,.....0,0,0,414

,.......0,0,21,417,......0,0,1,0,03

,.......0,0,41,0,06......,0,0,0,1,02

......,0,0,0,21,05,......0,0,0,0,11

 

gadacemis funqcias eqneba Semdegi saxe: 

   2121
2

0

21
4

1

4

1

2

1

4

1 



  ZZZZZazH
k

k

k  . 
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filtris nulebis sapovnelad gadacemis funqcia gautoloT nuls da 

Semdeg amovxsnaT z-is mimarT. 

  1;1,01221
4

1 221   ZZZZZ . 

miviReT ori nuli da orive z - sibrtyis -1 wertilSi 

 
filtris amplituduri da fazuri maxasiaTeblebis gansazRvrisaTvis 

filtris gadacemis funqciis gamisaxulebaSi z - s magivrad CavsvaT tje  , 

maSin gveqneba: 

     

      tjtj

tjtjtjtjtjtj

etet

eeeeeeH













 cos1
2

1
cos22

4

1

2
4

1
21

4

1 2

 

rogorc cnobilia, amplituduri maxasiaTebelia 

      teHA tj     cos1
2

1
 , xolo fazuri:         teHJ tj

m     . 

 A  da    funqciebis grafikebi naCvenebia Semdeg naxazze: 

 
rogorc naxazidan Cans, dabali sixSiris filtris amplituduri 
maxasiaTebeli damaxinjebuli formisaa, igi erTis tolia mudmivi donis 
signalisaTvis da nulis tolia zeddebis sixSireze, e.i. roca  t , 

radgan  tf2  an tf  21 , amitom fazuri maxasiaTebeli wrfivia, rac 
metad sasurvelia, gansakuTrebiT biosignalebis damuSavebisas. 
 Tu aviRebT xuTwevrian sriala saSualos filtrs, maSin filtris 
gantolebas eqneba Semdegi saxe: 

            ttnxttnxtnxttnxttnxtny  22
5

1
 , 

xolo misi Z_gardaqmna iqneba: 

            4321

5

1   ZzXZzXZzXZzXzXzY  . 

erTeulovani impulsis dros, roca   1zX , gveqneba Semdegi gadacemis 
funqcia: 
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   43211
5

1   ZZZZzH  . 

amplituduri da fazuri maxasiaTeblebis mosaZebnad gadacemis funqciis 

gantolebaSi CavsvaT tjez   , maSin miviRebT: 

     

     tj

tjtjtjtjtjtjtjtjtjtj

ett

eeeeeeeeeeH













 2

222432

2cos2cos21
5

1

1
5

1
1

5

1

 

saidanac vRebulobT: 

        tteHA tj     2cos2cos1
2

1
;           teHJ tj

m     2 . 

sriala saSualos filtrs gaaCnia Semdegi dadebiTi Tvisebebi: 
 _ impulsur maxasiaTebels gaaCnia sasrulo  raodenobis wevrebi 

   Nkak ,.....,2,1,0,  ; 

 _ filtri SeiZleba realizirebuli iyos ukukavSiris gareSe; 
      _ filtris gamosavali damokidebulia mxolod Semavali  
   Tanmimdevrobis mimdinare mniSnelobebze da ramodenime bolo  
        gamosaval anaTvalze; 
      _ filtri Sedgeba mxolod  woniTi koeficientebis da dayovnebis 
      FFelementebisagan, rogorc es naCvenebia nax. 8.1-ze; 
      _ gadacemis funqcias ar gaaCnia polusebi, amitom filtri  
        mdgradia; 
      _ filtris fazuri maxasiaTebeli wrfivia im pirobiT, rom 
        filtris woniTi koeficientebi simetriulia.        
 magaliTisaTvis ganvixiloT nax. 8.2a-ze warmodgenili 
eleqtrokardiogramis (ekg) fragmenti maRali sixSiris xmauriT. 
      

 
 nax. 8.2 

nax. 8.2b-ze naCvenebia igive ekg fragmenti cxrawertiliani sriala 
saSualos gagluvebis filtris gamoyenebis Semdeg.      
  

paraboluri gagluvebis meTodi. dauSvaT gvinda paraboluri 
gagluvebis meTodiT davaproeqtoT dabali sixSiris simetriuli 
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filtri. aviRoT Tanmimdevrobis 5 wertilze gamavali parabola, rogorc 
es naCvenebia Semdeg naxazze: 

 
parabolas centraluri wertilia  tnx  . filtris sxvaobiT gantolebas 
aqvs Semdegi saxe: 

           ttnaxttnbxtncxttnbxttnaxtny  22 , 

xolo gadacemis funqcia iqneba: 

  4321   aZbZcZbZazH . 

Tu movaxdenT tjeZ    Casmas, maSin miviRebT: 

     
     tj

tjtjtjtjtjtjtjtjtjtj

etbtac

eaebecbeaeaebecebeaeH













 2

222432

2cos2cos2
 

amplituduri maxasiaTebeli iqneba: 

        tbtaceHA tj     2coscos  ,  

xolo fazuri:         teHJ tj

m     2 . 

 rogorc vxedavT, amocana daiyvaneba a, b da c koeficientebis 
gansazRvraze. maTematikuri ststistikis kursidan CvenTvis cnobilia, rom 
parabolas koeficientebis gansazRvra SesaZlebelia umcires kvadratTa 
meTodiT. maSin 5 wertiliani parabolisaTvis gveqneba Semdegi 
koeficiertebi: 

                                           3;12;17;12;3
35

1
 , 

7 wertilisaTvis:    2;3;6;7;6;3;2
21

1
 ; 

9 wertilisaTvis:    21;14;39;54;59;54;39;14;21
231

1
  da a.S.  

 5 wertiliani filtris struqturuli sqema Simdegia: 

 
aseTi filtris gadacemis funqcias aqvs Semdegi saxe: 

   4321 31217123
35

1   ZZZZzH  . 

Tu movaxdenT tjeZ    Casmas, maSin miviRebT: 
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       tjtjtjtjtjtj

tjtjtjtjtj

etteeeee

eeeeeH













 2222

432

2cos6cos2417
35

1
31217123

35

1

31217123
35

1

 

aqedan gveqneba: 

      tttA   2cos6cos2417
35

1
   da    tt   2 . 

paraboluri gagluvebis filtris gadacemis funqcia sxvadasxva 
raodenobis wertilebisaTvis mocemulia Semdeg naxazze: 

 
rogorc naxazidan Cans, rac ufro didia wertilebis raodenoba, miT 
ufro swrafad xdeba amplituduri maxasiaTeblis sixSirul RerZTan 
gadakveTa. 
 zemod Cven ganvixileT meore rigis paraboluri gagluveba (mesame 
rigis parabola igive Sedegs iZleva). Tu gavagrZelebT da aviRebT 
meoTxe rigis parabolas (mexuTe rigis parabola igive Sedegs iZleva), 
Semdeg meeqvses da a.S., maSin filtris amplituduri maxasiaTeblis 
sixSirul RerZTan gadakveTa miT ufro swrafad xdeba, rac ufro maRali 
rigisaa parabola. praqtikaSi ufro xSirad iyeneben meore da meoTxe 
rigis parabolebs, radgan ufro maRali rigis parabolis gamoyeneba 
dakavSirebulia rTul gamoTvlebTan. 
 
 

8.3 ararekursiuli gadamRobi filtri 
 
 SeiZleba davaproeqtoT  filtri, romelic mokveTs mxolod erT 
sixSires, Tu gamoviyenebT Semdeg sxvaobiT gantolebas: 

        ttnxttnxtnxtny  2
3

1
 , 

romlis gadacemis funqcias aqvs Semdegi saxe: 

   211
3

1   ZZzH  . 
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nulebis gansazRvrisaTvis unda amovxsnaT Semdegi gantoleba: 

866,05,0,012 jzzz  . 

radgan orive nuli mdebareobs erTeulovan wertilze (nax. 8.3) roca 

3
2 t , amitom am wertilebis Sesabamisi sixSire mTlianad CaixSoba. 

 
nax. 8.3 

dauSvaT, Cven gvinda 60 hc sixSiris CaxSoba da amasTan signalis 
daqvantis anu diskretizaciis sixSire iyos 180 hc, maSin 180 hc sixSires 
erTeulovan wrewirze Seesabameba  

3

2

180

6022 
 

df

f
t  

kuTxe anu zustad nulovani mdebareoba. filtris amplitudur da fazur 

maxasiaTeblebs vpoulobT Cveulebriv gadacemis funqciaSi tjez   CasmiT, 
e.i. 

         tjtjtjtjtjtjtj eteeeeeeH    cos21
3

1
1

3

1
1

3

1 2 , 

aqedan gveqneba:         teHtA tj     cos21
3

1
,     tt   .  

 
 
 

8.4 cifruli filtris sinTezi furies gardaqmnis meTodiT 
 

 ararekursiuli filtris proeqtirebisaTvis SesaZlebelia 
gamoyenebuli iyos furies mwkrivebi. Tu mocemulia filtris sixSiruli 

masasiaTebeli  jeH   periodiT, maSin filtris gadacemis funqciis 
koeficientebi SegviZlia miviRoT sixSiruli maxasiaTeblis furies 
mwkrivad gaSlis Sedegad. am dros mTavari siZnele imaSi mdgomareibs, 
rom furies mwkrivs gaaCnia usasrulo wevrTa raodenoba, rac 
praqtikulad filtrs xdis ararealizebads. aqedan gamomdinare, saWiroa 
furies mwkrivSi davtovoT sasrulo raodenobis wevrebi, rac Tavis 
mxriv es iwvevs gadacemis funqciis arasasurvel rxevebs, romelic 
pirvelad SeamCnia gibsmam da amitom am movlenas gibsis movlena uwodes. 
 ganvixiloT marTkuTxa impulsi (nax. 2.17) da misi furies mwkrivi 

 
 




 




0 12

12sin2

k k

tk
tx


 

Tu aviRebT sasrulo raodenobis wevrebs, maSin gveqneba aseTi suraTi 
(nax. 8.4a): 
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nax. 8.4 

lancoSma SeamCnia, rom pulsaciis periodi emTxveva furies 
mwkrivSi an pirvel gadagdebuli wevris an bolo datovebuli wevris 
periods. man aCvena, rom nebismier SemTxvevaSi am periodiT gasaSualeba 
iZleva gibsis movlenis CaxSobas. amrigad, Tu sasrulo raodenobis 
furies mwkrivs 

   



N

k

kk ktbkta
a

tx
1

0 sincos
2

 M 

gavasaSualebT t-s mimarT N2  sigrZis simetriul intervalebze, 
miviRebT: 

    



N

k

kk ktbktakN
a

tx
1

0 sincos,
2

  , 

sadac 

 

N

k
N

k

kN






sin

,   

da mas sigma-faqtors uwodeben. amrigad, Tu furies koeficientebs 
gavamravlebT sigma-faqtorze, maSin xdeba gibsis movlenis CaxSoba (nax. 
8.4b). sigma-faqtors xSirad lancoSis fanjarasac uwodeben. gibsis 
movlenis gamosaricxavad, garda lancoSis fanjrisa, iyeneben sxva 
fanjrebsac, magaliTad heningis, hemingis da sxva. 
 ararekursiuli filtris koeficientebis gansazRvrisaTvis xSirad 
iyeneben marTkuTxa signalis furies gardaqmnasac: 

 
 

f

fT
fX



sin
  . 

 filtris koeficintebi miiReba Semdegnairad: jer gamoiTvleba 
marTkuTxa impulsis koeficintebi. Semdeg miRebuli koeficientebi 
mravldeba fanjris funqciaze iseve rogorc furies gaSlis meTodis 
dros. 
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 unda aRiniSnos, rom rac ufro metia filtris koeficientebis 
raodenoba miT ufro axlosaa filtris sixSiruli maxasiaTebeli 
idealurTan, rogorc es naCvenebia nax. 8.5-ze 
 

 
nax. 8.5 

 ganvixiloT  sf0  gamSvebi zoliani dabal sixSiris filtri, 

romlis koeficientebi gamoiTvlebian Semdegnairad: 

 
mk

k

tkf
atfa s

ks ,....,2,1,
2sin

;20 






 , 

sadac maqsimaluri sixSire tolia: )2(1max tf  .  

 Tu miRebulia dabali sixSiris filtris koeficientebi, maSin 
advilia maRali, zoluri da gadamRobi filtrebis sinTezi. ganvixiloT 
es SemTxvevebi. 

 maRali sixSiris  ms ff   gamSvebi zolis filtris sinTezisaTvis 

jer saWiroa miviRoT dabali sixSiris  sf0  gamSvebi zolis filtri 

da Semdeg movaxdinoT centraluri woniTi koeficientis a0 –is gamokleba 
erTidan, xolo danarCen koeficientebs SeucvaloT niSani, e.i. 

mkaaaa kk ,....,2,1;;1 /

0

/

0   

      zoluri filtris misaRebad, romlis gamSvebi zolia  21 ff  , 
saWiroa moviqceT Semdegnairad. unda miviRoT ori dabali sixSiris 

filtrebi  10 f  da  20 f  gamSvebi  zolebiT. zoluri filtris 

koeficientebis  misaRebad  20 f  sixSirian filtris koeficientebs 

unda gamovakloT   10 f  sixSiriani filtris koeficientebi, maSin 
gveqneba: 

 
   

mk
k

tkftkf
affta k ,.....,2,1,

2sin2sin
;2 12

120 






. 
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      gadamRobi  filtris misaRebad, romelmac ar unda gauSvas signali 

 21 ff   intervalSi, saWiroa igivve ori dabali sixSiris filtris 
miReba da misi saSualebiT gamoiTleba zoluri filtris koeficientebi 
Semdegi formulebiT: 

 
     

mk
k

tkfktkf
affta k ,.....,2,1,

2sinsin2sin
,21 21

120 






. 

oTxive filtris  amplitudur – sixSiruli maxasiaTebeli ganisazRvreba 
Ceulebriv, CverTvis ukve cnobili formuliT: 

   
t

ftfkaafH
m

k

k 
 


2

1,.....,2,1,0,2cos2
1

0  . 

 
 

8.5 medianuri filtri 
 

 zogadad xmauri SeiZleba davyoT or tipad stacionarul da 
impulsurad, romelTa winaaRmdeg brZola gansxvavebulia. ase magaliTad, 
stacionaruli xmauri SegviZlia mniSvnelovnad SevamciroT wrfivi 
cifruli filtrebiT, xolo impulsuri xmauris mosaxsnelad umjobesia 
gamoviyenoT arawrfivi filtrebi, kerZod medianuri filtri. 
 medianuri filtri pirvelad tiukim SemogvTavaza 1971w signalebis 
cifruli damuSavebisaTvis. ganvixiloT erTganzomilebiani medianuri 
filtri, romelic warmoadgens e.w. `mcocav fanjaras~ anu aperturas, 
sadac centraluri (SuaSi mdgomi) monacemis sidide icvleba aperturis 
medianis mniSvnelobiT. maTematikuri statistikidan cnobilia, rom 
mediana aris struqturuli saSualo mniSvneloba, romelic tolia n 
ganzomilebiani ranJirebuli Tanmimdevrobis SuaSi mdgomi mniSvnelobisa, 

e.i. roca n  luwia         1225,0  nxnxnxmed  , xolo  roca n kentia, 

maSin      21 nxnxmed , sadac n sidides gansazRvravs filtris 

apertura. magaliTad, Tu filtris apertura n = 5, maSin   23,0,7,2,0 med . 

 filrtis gagluvebis meTodebTan SedarebiT medianur filtrs, 
garkveul konkretul SemTxvevebSi, gaaCnia upiratesoba. ganvixiloT 
aseTi ori SemTxveva. 
 1. medianuri filtracia inarCunebs sawyisi signalis mkveTr 
gadasvlebs (vardnebs), maSin roca gagluvebis meTodiT signali 
maxinjdeba. nax. 8.6 naCvenebia sawyisi (a) da medianuri filtriT (b) 
miRebuli Sedegebi. 
    

 
nax. 8.6 
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rogorc nax. 3.6b-ze Cans medianuri filtri inarCunebs signalis mkveTr 
gadasvlas. 
 2. medianuri filtri sakmaod efeqturia impulsuri xmauris 
CasaxSobad, rac sxva cifruli filtrebisaTvis TiTqmis miuRwevelia. 
impulsur xmaurad iTvleba maRali amplitudis (rogorc dadebiTi aseve 
uaryofiTi) da xanmokle xangrZliobis impulsebi, romlebic amaxinjeben 
signals. 
 medianuri filtri xasiaTdeba Semdegi TvisebebiT: 

 _      kxamedkaxmed  ; 

 _      kxmedakxamed  00 , 

sadac a da a0 mudmivi sidideebia. aRsaniSnavia, rom medianur filtrs ar 
gaaCnia superpoziciis principi 

          kxmedkxmedkxkxmed 2121   
da misi arawrfiobis gamo SeuZlebelia mkacrad ganvasxvaoT medianuri 
filtris zegavlena signalze da xmaurze (wrfivi filtris SemTxvevaSi 
aseTi amocana advilad ixsneba). 
 Tu sawyisi monacemebi Tanabradaa ganawilebuli, maSin medianas 
dispersia tolia: 

2

3 2

2




n

x

med


  

sadac 2

x _ sawyisi monacemebis dispersiaa, n _ farjris apertura. Tu 

monacemebi normalurad aris ganawilebuli, maSin gveqneba: 

 
 

,.....5,3,1,
1

2

2
2

2 


 n
n

x

med 


  

radgan n ganzomilebiani amonarCevis saSualo mniSvnelobis dispersia 

tolia nx

2  sididisa, amitom SegviZlia davaskvnaT, rom medianuri 

filtraciis efeqti sriala saSualos meTodTan SedarebiT didi n-is 
dros daaxloebiT   %6012   dabalia. magram Tu ganvixilavT 
organzomilebian mniSvnelobebs (magaliTad, gamosaxulebis 
damuSavebisas), romelebic normalurad arian ganawilebulni, maSin 
medianis asimptoturi dispersia tolia: 

 5,0

5,0 2
2




n

x
med


  

rac daaxloebiT 50%-iT naklebia, vidre saSualo ariTmetikulis 
dispersia. amrigad, mediana warmoadgens saukeTeso Sefasebas, vidre 
saSualo ariTmetikuli da amasTanave igi optimaluria minimaluri 
saSualo kvadratuli cdomilebis kriteriumiT. swored amtom aris, rom 
medianurma filtrma gansakuTrebuli adgili daiWira or da 
samganzomilebiani gamosaxulebis filtraciis dros. 
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9. rekursiuli cifruli filtrebi 

 
 rekursiuli filtrebis daxmarebiT SegviZlia ufro cicabo 
sixSiruli maxasiaTeblebis realizacia vidre arakursiuli filtrebiT. 
e.i rekursiuli filtriT miiRweva amplitudur-sixSiruli maxasiaTeblis 
SedarebiT ufro kargi aproqsimacia,  vidre ararekursiuli filtriT.  
 imisaTvis, rom vaCvenoT rekursiuli filtris gamoyenebis efeqti 
nax. 9.1-ze naCvenebia 19 koeficientiani ararekursiuli da meoTxe rigis 
rekursiuli filtrebis amplitudur-sixSiruli maxasiaTeblebi. 

 
nax. 9.1 

Tu 19 koeficientian ararekursiul filtrs erTi taqtis dros sWirdeba 
19 gamravlebis operacia, maSin igive amplitudur-sixSiruli 
maxasiaTeblis misaRebad sakmarisia meoTxe rigis rekursiuli filtri, 
romelsac sWirdeba mxolod 9 gamravlebis operacia. 
 amrigad, rekursiul filtrebs SeuZliaT igive raodenobis 
gamravlebis operaciiT filtraciis procesis ukeT Catareba, vidre 
ararekursiul filtrebs. 
  rekursiuli filtris gadacemis funqcia  

 
 

 















1

0

1

0

M

k

k

N

k

k

Zkb

Zka

ZH  

SeiZleba iyos warmodgenili polinomebis usasrulo jamiT an maTi 
SefarebiT. radgan rekursiul filtrebSi gvaqvs ukukavSiri, amitom 
araswori Sesrulebisas igi SeiZleba iyos aramdgradi. garda amisa, 
rekursiul filtrebs ar gaaCniaT wrfivi fazuri maxasiTebeli. 
 rekursiuli filtrebis sinTezis dros, rodesac viyenebT 
amplituduri maxasiTeblis aproqsimacias, ZiriTadad gamoiyeneba mxolod 
filtris amplituduri maxasiTeblis kvadrati 

     1
2

 zHzHeH j . 

am fuqciis polusebs da nulebs Z sibrtyeSi erTeulovani wrewilis 

mimarT gaaCniaT simetriis Tviseba. mdgradi filtrebisaTvis  zH  
funqciis polusebi ganlagebulni arian erTeulovani wrewilis SigniT, 
amitom isini mTlianad ganisazRvreban amplituduri maxasiTeblis 

kvadratiT. umetes SemTxvevaSi  zH  nulebic ganlagebulni arian Z 
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sibrtyis erTeulovan wrewirze an mis SigniT. aseT filtrebs minimalur 
– fazuri filtrebi ewodebaT. 
 radgan rekursiuli filtris gadacemis funqcia zogad SemTxvevaSi 

warmoadgens _s mimarT kompleqsur funqcias, amitom amplituduri 
maxasiaTeblis garda mizanSewonilia misi fazuri maxasiaTeblis 
gansazRvrac. 

 zogadad filtris angariSi daiyvaneba misi ai da bi koeficientebis 
gansazRvraSi, romlebic uzrunvelyofen filtris maxasiaTeblebis 
aproqsimacias. 

 
 
 

9.1 rekursiuli filtris struqturuli sqemebi 
 

 rekursiuli filtri, romelic aRiwereba 

          
 


N

k

M

k

knykbknxkany
0 1

 

gantolebiT, SeiZleba warmovadginoT Semdegi struqturuli sqemiT: 
 

 
nax. 9.2 

romelsac pirdapiri struqturuli forma ewodeba.  
rogorc naxazidan Cans, ararekursiuli filtrebisagan 

gansxvavebiT, rekursiuli filrtis realizaciisaTvis saWiroa 

damatebuli iyos meore dayovnebis xazi gamosavali  kny   anaTvlebis 
dasamaxsovreblad. radgan gamoTvlebis dros gamoiyeneba signalis wina 
gamosavali mniSvnelobebi, amitom filtris struqturul sqemaSi 
gaTvaliswinebulia ukukavSiri. swored amitomaa, rom aseT filtrebs 
rekursiuli filtrebi ewodebaT. 
 rekursiuli filrtis impulsuri maxasiaTeblis gansazRvra arc 
iseTi advilia. ganvixiloT mxolod ramodenime pirveli anaTvlebisaTvis. 
filtris Sesasvlelze erTeulovani impulsisi miwodebisas is mravldeba 

a0 koeficientze da gadis filtris gamosavalze, e.i.   00 ah  . Semdeg 
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Semavali erTeulovani impulsi moxvdeba filtris Semavali dayovnebis 
xazze, xolo gamomavali anaTvali, romelic a0 –is tolia _ gamosaval 
dayovnebis xazze. amis Semdeg impulsuri maxasiaTeblis meore anaTvali 

formirdeba Semdegnairad:     10111 01 baahbah  . Tu am proceduras 

gavagrZelebT, maSin miviRebT: 

        2

10201121011202122 102 bababaabaabbaahbhbah   

cxadia, rom gamosavali dayovnebis xazis anaTvlebiT Sevsebisas 
impulsuri maxasiaTlebis analitikuri formulis gamosaxuleba mkveTrad 
rTuldeba.  
 sqemaSi arsebuli ukukavSiri saSualebas iZleva miviRoT usasrulo 
impulsuri maxasiaTebelis filtri. usasrulo impulsuri maxasiaTebelis 
gamo rekursiuli filtri SeiZleba aramdgradi iyos.  
      nax. 9.2 sqemis upiratesoba isaa, rom misi struqtura martivia da 
uSualod aris dakavSirebuli Z_gardaqmnasTan. magram, rogorc sqemidan 
Cans, roca M=N saWiroa 2N ganzomilebis toli mexsiereba da igive 
raodenobis ajamvis da gamravlebis operaciebi. garda amisa, aseTi 
struqturuli sqemis filtris maxasiaTeblebi metad mgrZnobiareni arian 
koeficientebis cdomilebebis mimarT. amitom praqtikaSi cdiloben, rom 
aseTi sqema ar gamoiyenon. 
 Tu filtris gadacem funqcias warmovadgenT Semdegnairad 
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, 

maSin miviRebT sxva struqturis cifrul filtrs, romelic Sedgeba 
Tanmimdevrulad SeerTebuli ori filtrisagan, romelTa gadacemis 

funqciebia  zH1  da  zH 2 . pirvel filtrs gaaCnia mxolod polusebi, 

xolo meores _ mxolod nulebi. Tu  zH1  da  zH 2  gadacem funqciebs 
warmovadgenT Semdegnairad 
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N

i

i
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ZW

ZY
ZH

0

2 , 

sadac  ZW -iT aRniSnulia pirveli filtris gamosavali signali, maSin 

miiReba ori sxvaobiTi gantoleba (igulisxmeba, rom b0 =1). 

     



M

i

i inWbnxnW
1

 ,         



N

i

i inWany
0

 , 

romlebic SeiZleba realizirebuli iyos Semdegi struqturuli sqemis 
(nax 9.3) saSualebiT, romelsac kanonikur struqturul sqemas uwodeben 
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da misi upiratesoba isaa, rom aq gamoiyeneba ajamvis, gamravlebis da 
dayovnebis operaciebis minimaluri raodenoba. 

 
nax. 9.3 

  
 Teoriulad rekursiuli filtris es ori struqturuli sqema 
erTgvarovania, magram praqtikuli realizacis dros mxedvelobaSi unda 
miviRoT am sqemebis mTeli rigi Taviseburebebi. ase magaliTad, 
kanonikuri formis dros, sadac gamoiyeneba erTi dayovnebis xazi, 
saWiroa mexsierebis mcire raodenoba da gamoiyeneba ajamvis, gamravlebis 
da dayovnebis operaciebis minimaluri raodenoba. 

arsebobs agreTve rekursiuli filtrebis SeerTebis kaskaduri 
(mimdevrobiTi), paraleluri da Sereuli formis struqturuli sqemebi. 

 
 

9.2 pirveli da meore rigis rekursiuli filtrebi 
  

ganvixiloT dabali sixSiris martivi rekursiuli filtri, romlis 
struqturuli sqema warmodgenilia Semdeg naxazze: 

 
 gadacemis funqciis gansazRvrisaTvis filtris Sesasvlels 
mivawodoT erTeulovani impulsi da ganvixiloT signalis Tamimdevroba 
filtris sxvadasxva kvanZebSi: 

                            (1)        (1, 0,  0,   0, ......    ) 

                            (2)       (1, 1/2, 1/4,1/8,1/16 ......) 

                            (3)       (0, 1, 1/2, 1/4,  1/8 ......) 

                            (4)       (0, 1/2, 1/4, 1/8, 1/16 ....  ) 

(2) kvanZSi anu filtris gamosavalze gveqneba gadacemis funqciis Semdegi 
Tammimdevroba: 



 

---------------------------------------------------------------------------------------- 
e. yubaneiSvili biosignalebis cifruli damuSaveba 
 

 

137 

...
8

1

4

1

2

1
1)( 321   zzzzH  

Tu gamoviyenebT progresiis wevrTa jamis Teoremas, maSin usasrulo jami 
SegviZlia CavweroT Semdegnairad: 

1

2

1
1

1

)(

)(
)(





z
ZX

zY
zH

            
 

aseTi gadacemis funqciis mqonde filtris sxvaobiTi gantolebis 

gansazRvrisaTvis  zH  gamosaxuleba gadavweroT Semdegnairad: 

1)(
2

1
)()(  zzYzYzX

 

an                               ttnytnytnx 
2

1
. 

aqedan miviRebT pirveli rigis rekursiuli filtris sxvaobiT 
gantolebas: 

     ttnytnxtny 
2

1
 . 

ararekursiuli filtrisagan gansxvavebiT, sadac mimdinare mniSvneloba 

 tny   damokidebulia mxolod  tnx   mimdinare da wina mniSvnelobebze, 
mocemuli rekursiuli filtrisaTvis saWiroa vicodeT winamorbedi 

gamosavali mniSvnelobac  ttny  , radgan winamorbedi gamosavali 
mniSvnelobebi gavlenas axdenen momdevno gamosaval mniSvnelobebze, 
romlebic Tavis mxirv moqmedeben Semdeg gamosaval mniSvnelobebze da 
a.S. amitom gardamavali procesis SemTxvevaSi, sanam filtris 
gamosavalze procesi ar damyardeba, dagvWirdeba anaTvlebis mravali 
mniSvneloba. yovelive amisagan Tavisufalia ararekurtiuli filtri, 
rac migvaniSnebs mis erT-erT dadebiT mxareze. 
 ganxilul filtrs ar gaaCnia nulebi, radgan gadacemis funqciis 
gamosaxulebaSi mricxveli ara gvaqvs Z-is Semcveli wevrebiT. polusebis 
mosaZebnad gautoloT gadacemis funqciis mniSvneli nuls 

21;021;0211 1   zZZ  

  radgan 1Z , amitom  filtri mdgradia. Tu Z-s U SevcvliT je  

mniSvnelobiT SegviZlia ganvsazRvroT am filtris apmlitudur– 
sixSiruli maxasieaTebeli. 
 Tu gadacem funqciaSi 1/2 mudmivas SevcvliT 2-iT, maSin fltri 
gamova aramdgradi, radgaan z = 2 da igi aRmoCndeba erTeulovani wrewiris 
gareT. 
 meore rigis rekursiuli cifruli filtris gadacemis funqcias 
aqvs Semdegi saxe.: 

2

21

2

21

1

1
)(

zbzb

zaza
zH






 
nulebi gveqneba   21

2

2

11 421 aaa   wertilebSi, xolo polusebi 
 

  21

2

2

11 421 bbb   wertilebSi. erTeulovan wrewirze polusebis 
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ganlagebis  kuTxe ganisazRvreba formuliT:, 
d

s

f

f


2
 , sadac 

df signalis daqvantis sixSirea, sf  filtris CamoWris sixSirea, romelic 

warmoadgens dabalsixSiruli da maRalsixSiruli filtrebis zRvrul 
sixSires. 
 Semdeg ganisazRvreba polusebis wrewiris centridan daSorebis r 

radiusi, romelic amave dros warmoadgens demfirebis faqtors da 

ganisazRvreba formuliT : taer  . aqedan Cans, rom Tu polusebi 
uaxlovdebian erTeulovan wrewirs, filtris amplituduri 

maxasiaTeblis rxevebis amplituda matulobs  0,1  ar . Tu a  e.i 

0r , maSin adgili aqvs gadademfirebas (demfirebis gajerebas). aseTi 
filtrebisaTvis kritikul demfirebas adgili aqvs mxolod maSi, roca 

21r  da 8  . 

 iseve rogorc sxva dros, amplitudur-sixSiruli da fazur-
sixSiruli maxasiaTeblebis misaRebad sakmarisia z SevcvaloT 

tje  gamosaxulebiT. 
  

 
 

9.3. biwrfivi gardaqmnis meTodi 
  

cifruli filtrebis daproeqtebas Zalian Seuwyo xeli analoguri 
filtrebis arsebobam. kerZod, analoguri filtris gadacemis funqciis 
specialuri gardaqmnis saSualebiT vRebulobT cifruli filtris 
gadacem funqcias. aseT gardaqmnas biwrfivi (uban-uban wrfivi) gardaqmna 
ewodeba.  

biwrfivi gardaqmna mdgomareobs analoguri filtris  sH Hgadacem 

funqciaSi s kompleqsuri cvladis magivrad  

                                              
1

1

1

1









Z

Z
ks                                                               (9.1) 

gamosaxulebis pirdapir CasmaSi, romelic iwvevs S sibrtyis arawrfiv 
gardaqmnas Z sibrtyeSi. aq k namdvili mudmivi sididdea, romelic ar 

cvlis gardaqmnis formas. analoguri filtris  sixSiris RerZi (9.1) 

gardaiqmnis Sedegad gardaiqmneba erTeulovan wrewirad tjeZ   1  ise 
rom  

                               






 


2

t
ktg


 

da amitom analoguri filtris amplitudur – sixSiruli maxasiaTeblis 

mokveTis s  sixSire Seesabameba cifruli filtris amplitudur-

sixSiruli maxasiTeblis mokveTis s  sixSires. e.i  
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ktg s
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.                               (9.2) 
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amrigad, Tu cnobilia orive mokveTis sixSire, maSin (9.2) 
gamosaxulebidan ganisazRvreba k sidide. (9.2) gamosaxulebis 
damokidebuleba  -ze, roca 1k , naCvenebia nax. 9.4-ze  

 
nax. 9.4 

rogorc naxazian Cans  mcire sididemde gardaiqmna TiTqmis 

wrfivia, magram  zrdisas igi swrafad gadadis arawrfivobaSi. amitom 
biwrfivi gardaqmnis gamoyeneba yovelTvis mizanSeuwonelia. magram 
arseboben filtrebis sakmaod didi raodenoba sadac SesaZlebelia 
biwrfivi gardaqmis gamoyeneba. aseTia dabali sixSiris, maRali sixSiris 
zoluri da gamRobi (reJeqtoruli) filtrebi, sadac SesaZlebelia 
arawrfiobis kompensireba. amisaTvis ganvixiloT biwrfivi gardaqmnis 
grafikuli meTodi, romelic aadvilebs gardaqmnis meqanizmis Seswavlas.  
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nax. 9.5 

Tu mocemulia cifruli filtrebis mokveTis sixSireebi 321 ,,   

da 4 , romlebic naCvenebia nax. 9.5-is qvemoT da gamoviyenebT (9.2) 
arawrfiv gardaqmnas, maSin miviRebT analoguri filtris Sesabamis 

321 ,,   da 4 sixSireebs, romlebic naCvenebia naxazis zeda nawilSi. 

amis Semdeg unda movaxdinoT analoguri filtris angariSi ise, rom 
yvela sixSireebi daemTxves cifruli filtris sixSireebs. aseTi 
analoguri filtris amplituduri maxasiaTebeli  naCvenebia nax. 9.5 
zemod marcxniv. exla Tu movaxdenT aseTi filtris biwrfiv gardaqmnas, 
maSin miviRebT cifrul filtrs, romlis yvela mokveTis sixSireebi 
daemTxvevian mocemul sixSireebs. 

amrigad, biwrfivi gardaqmna uzrunvelyofs analogur da cifrul 
filtrebs Soris martiv asaxavs da warmoadgens algebrul gardaqmnas, 
romlis drosac j  RerZi mTlianad aisaxeba Z sibrtyis erTeulovan 
wrewirze. garda amisa, mas gaaCnia Tviseba, romlis Tanaxmad fizikurad 
realizebadi mdgradi analoguri filtri gardaiqmneba aseve mdgrad 
cifrul filtrad.  

normalizebuli dabali sixSiris analogur filtrisaTvis, roca 

1 s , gveqneba: 
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da  (9.2) gardaqmna miiRebs Semdeg saxes:  
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 ,                       (9.3) 

xolo, roca 1 s  gveqneba: 
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amrigad (9.3) gardaqmna gvaZlevs saSualebas gamovTvaloT dabali 

sixSiris cifrul filtri mocemuli s  mokveTis sixSiriT, Sesabamisi 

analoguri filtris monacemebiT.   
magaliTisaTvis ganvixiloT batervortis dabali sixSiris 

analoguri filtri romlis gadacemis funqciaa:  
 

  ,.....3,2,1,
1

2

2
















 nH

n

s

  , 

sadac  s  mokveTis sixSirea, romelic 21  sididis tolia 

(logariTmul masStabSi – 3 db), n – filtris rigia. aseTi filtris 
sixSiruli maxasiaTebeli monotonuri funqciaa. roca n kentia mas 

polusebi gaaCnia 0 da  kuTxeebis dros, roca n  luwia, maSin polusebs 

gaaCniaT n
2


 kuTxe. Tu ganvixilavT normirebul filtrs roca 1 s  , 

maSin     
 n

H
2

2

1

1


 ,   xolo laplasis gardaqmnis gamoyenebisas 

gveqneba: 

                    
 ns

sH
2

2

1

1


 .                         (9.4) 

batervortis dabali sixSiris filtrs gaaCnia Semdegi Tvisebebi: 
 1. batervortis filtrebs gaaCniaT mxolod polusebi (gadacemis 
funqciis nulebi moTavsebulia usasrulobaSi) ; 
 2. 1  sixSiris dros filtris gadacemis funqciis mniSvneloba 

21  sididis tolia (e.i. mokveTis sixSireze filtris amplituduri 
maxasiaTebeli ecema 3 db sididiT); 
 3. filtris n rigi mTlianad gansazRvravs filtrs. (9.4) 
gamosaxulebis biwrfivi gardaqmnis gamoyenebiT miviRebT:  
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Tu CavsvamT jeZ  1  miviRebT.: 
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                        (9.5) 
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sadac k mudmiva moiZebneba Semdegi pirobebis gaTvaliswinebiT: roca 

s   amplitudur_sixSiruli maxasiTeblis amplituda unda iyos 21  

sididis toli. e.i. 

1
2

22 






 stgk


.   aqedan   











2

1

2

2

stg

k


. 

TuU am gamosaxulebas CavsvamT (9.5) gamosaxulebaSi miviRebT:  
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  . 

e.i miviRebT batervortis dabali sixSiris filtris amplitudur-
sixSiruli maxasiTeblis kvadratis zogadi saxe.  

analogiurad SegviZlia miviRoT CebiSevis dabali sixSiris 
filtris amplitudur_sixSiruli maxasiTebliis kvadratis mniSvneloba.  

 
 
 
























2

2
1

1

22

2

s

n

j

tg

tg
T

eH






  . 

Tu gvinda maRali sixSiris zoluri da gadamRobi cifruli 
filtrebis sinTezi, saWiroa movaxdinoT normalizebuli dabali 
sixSiris analoguri filtris gardaqmna. magaliTad, Tu gvinda maRali 
sixSiris cifruli filtris sinTezi saWiroa dabali sixSiris 

analoguri filtris gadacem funqciaSi s SevcvaloT    11 11   ZZ  
sididi da miviRebT maRali sixSiris cifrul filtrs.   

amrigad, biwrfivi Z gardaqmnias gaaCnia ori upiratesoba 
1. analoguri filtris amplitudur-sixSiruli maxasiaTebeli 

gadadis cifruli filtris maxasiaTebelSi sixSiruli skalis 
deformaciis gaTvaliswinebiT. 

2. radgan biwrfivi gardaqmna warmoadgens algebruls, amitom misi 
gamoyeneba SesaZlebelia rogorc racionaluri, aseve polinomialuri da 
namravlis formis gadacemis funqciebisaTvis. 

biwrfivi gardaqmnis garda rekursiuli Ffiltrebis proeqtireba 
SesaZlebelia gardaqmnebis csrilis daxmarebiT, sadac Sesabamisi 
droiTi funqciebisaTvis mocemulia laplasis da Z – gardaqmnebi.  
 

 

 
 

9.3 cifruli filtrebis pirdapiri sinTezi 
 

 cifruli filtrebis pirdapiri sinTezis amocana SeiZleba davyoT 
or etapad: 

1. dabali sixSiris cifruli filtris pirdapiri sinTezi; 

2. dabali sixSiris cifruli filtris gadacemis funqciiT maRali 

sixSiris, zoluri da gadamRobi filtrebis sinTezi. 
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aseTi saxiT dayofa mniSvnelovnad aadvilebs rekursiuli 
filtrebis sinTezs, radgan Tu dabali sixSiris filtis gadacemis 
funqciiT miiReba maRali sixSiris, zoluri da gadamRobi filtrebi, 
maSin sakmarisia ganvixiloT mxolod dabali sixSiris filtris 
sinTezis amocana. 

 rogorc viciT, dabali sixSiris idaluri filtris amplitudur 
maxasiaTebels gaaCnia marTkuTxedis forma. aqedan gamomdinare, sinTezis 
amocanaa moiZebnos iseTi funqcia, romelic moaxdens amplituduri 
maxasiaTeblis idealur aproqsimacias. 

 cifruli filtris sinTezis pirveli nabiji mdgomareobs imaSi, 
rom vaCvenoT mocemuli filtris amplituduri maxasiaTebliT rogor 
avagoT filtris gadacemis funqcia. rogorc viciT, rekursiuli 
filtris gadacem funqcias aqvs Semdegi saxe: 
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amplituduri maxasiaTeblis kvadrati advilad moiZebneba Semdegi 
gamosaxulebidan: 
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                          (9.6)    

ci  da di koeficientebi dakavSirebulni arian ai  da bi koeficientebTan. 
(9.6)^gamosaxuleba SeiZleba ase CavweroT: 
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                         (9.7) 

amrigad, amplituduri maxasiaTeblis kvadrati yovelTvis SeiZleba 
warmovadginoT rogorc ori trigonometriuli funqciis fardoba. 
xSirad (9.7) gamosaxulebas ase warmoadgenen: 
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  ,                     (9.8) 

sadac i  da i  namdvili mudmivi koeficientebia. (9.8) gamosaxuleba 

zogadi saxiT SeiZleba ase Caiweros: 
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P
tH


  ,                        (9.9) 

sadac  - namdvili mudmivi sididea, romelic asaxavs filtris 

pulsacias gamSven zolSi.  2P  warmoadgens  22 ttg   gamosaxulebis 
namdvil racionalur funqcias. amrigad (9.9) gamosaxulebaSi 

 2P zogadi saxiT SeiZleba ase warmovadginoT: 
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da maSin (9.4) gamosaxuleba SeiZleba Caiweros gamartivebuli saxiT: 
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sadac  2

nP  warmoadgens n rigis racionaluri trigonometriuli 

funqciis polinorms.  2

nP  funqciis SerCeviT vRebulobT cifruli 

filtris sxvadasxva tips, magaliTad, batervortis filtrisaTvis 
gveqneba: 
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  , 

xolo CebiSevis filtrisaTvis gveqneba:     
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  , 

sadac  xTn  n rigis CebiSevis polinomia. filtris idealuri 

maxasiaTeblis aproqsimaciis sizuste damokidebulia polinomis rigze da 
rac ufro metia misi sidide miT ukeT xdeba filtris masaxiaTeblis 
aproqsimacia. 

 
 

9.4 batervortis cifruli filtrebi 
  
 

Rogorc cnobilia, idealuri dabali sixSiris filtris gadacemis 
funqciis aproqsimaciisaTvis saWiroa maRali rigis polinomi. erT-erT 
aseT sasargeblo aproqsimacias iZleva dabali sixSiris batervortis 
sinusoidaluri filtri, romlis gadacemis funqciis modulis kvadrati 
tolia: 
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tH
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                     (9.10) 

da igi akmayofilebs Semdeg pirobebs: 

                      10
2
H ;    21

2
sH  ;     0

2
tH  .            (9.11)          

rac ufro didia n mniSvneloba, miT ufro zustia aproqsimacia e.i ufro 
uaxlovdeba idealuri filtris maxasiaTebels. filtrs ar gaaCnia 
nulebi, xolo polusebis raodenoba n-is tolia da maTi 
gansazRvrisaTvis saWiroa amoixsnas Semdegi gantoleba: 
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     02sin/2sin1
2


n

s tt   . 

garda (9.10) gamosaxulebisa praqtikaSi farTod gamoiyeneba batervortis 
dabali sixSiris tangensuri filtri, romlis gadacemis funqciis 
amplituduri  maxasiaTebelis kvadrats aqvs Semdegi saxe: 
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  .             

am gamosaxulebisTvisac WeSmaritia (9.11) pirobebi.  2sin t  da  2ttg   
funqciebis gamoyeneba imiTaa gamarTlebuli, rom orive es funqcia 

TiTqmis iseve icvleba rogorc 2t  sidide  ;0  intervalSi. 
garda amisa tangesuri filtris maxasiaTeblebi filtris 

dayovnebis zolSi ufro ukeTesia, vidre sinusuri filtrisa, kerZod, 
gadacemis funqcia gacilebiT dabalia vidre sinusuri filtris 
gadacemis funqcia. 
 cifruli filtris sinTezisaTvis mocemuli amplituduri 

maxasiaTebliT saWiroa ganisazRvros polusebis ganlageba 1Z  sibryeze. 
batervortis dabali sixSiris tangesuri filtris polusebis 
koordinatebi ganisazRvrebian Semdegi formuliT: 
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es gamosaxuleba samarTliania roca n luwia. Tu n kentia, maSin   nk 2/12   

sidide unda Seicvalos k/n sididiT da mxedvelobaSi unda miviRoT, rom k 

Rebulobs 0,1,2,.....,(n-1) mniSvleobebs. 
 batervortis maRali sixSiris filtris gadacem funqcias aqvs 
Semdegi saxe: 
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zoluri filtrisaTvis gveqneba: 
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xolo gadamRobi filtrisaTvis gveqneba: 
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sadac c, s, D, E igive sidideebia rac zoluri filtris dros.  
 amrigad filtris sinTezi mdgomareobs Semdegi etapebis 
SesrulebaSi: 

1. mocemuli maxasiaTebliT ganisazRvros filtris rigi; 

2. moiZebnos nulebis mdebareoba 1Z  sibrtyeze da amoirCios is 

wyvilebi, romlebic moxvdebian erTeulovani wrewiris SigniT; 

3. mocemuli polusebis saSualebiT formirdeba cifruli filtris 

gadacemis funqcia. 

 
 

 

10. daqvantis efeqti cifrul sistemebSi 
 

 aqamde ganxilul masalaSi igulisxmeboda, rom diskretuli 
signalebis anaTvlebi da cifruli filtrebis koeficientebi 
warmodgenilni iyvnen zustad, cdomilebis gareSe. aqedan gamomdinare, 
faqtiurad Cven vixilavdiT mxolod diskretul anaTvlebs da ara 
cifruls. 
 sazogadod, signalis anaTvlebis da gamoTvlis Sedegad miRebuli 
Sedegebis warmosadgenad gamoiyeneba mexsierebis elementebi (registrebi, 
mexsierebis ujredebi), romelTac gaaCniaT Tanrigebis sasrulo 
raodenoba. efeqtebi, romlebic gamowveuli arian ricxvebis sasrulo 
raodenobis TanrigebSi warmodgeniT, SeiZleba davyoT Semdeg 
kategoriebad: 
 _ acg gamowveuli daqvantis cdomileba (anu xmauri); 
 _ cifruli filtris koeficientebis daqvantviT gamowveuli  
        filtris maxasiaTeblebis damaxinjeba; 
 _ gamoTvliT procesebSi Tanrigebis gadavseba; 
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 _ Sualeduri gamoTvlili mniSvnelobebis damrgvaleba. 
yovelive aqedan gamomdinare, gamoTvliT miRebuli Sedegebi 
warmodgenilni iqnebian SezRuduli sizustiT. 
 

 
 

10.1 ricxvebis warmodgenis formebi 
 

 signalebis cifruli damuSavebisas anaTvlebis kompiuterSi 
warmosadgenad ZiriTadad gamoiyeneba ori: fiqsirebuli da mcocavi 
mZimis formatebi. 
 fiqsirebuli mZimis formati. am SemTxvevaSi orobiTi ricxvis mTel 
da wilad nawilebisaTvis gamoyofilia Tanrigebis fiqsirebuli 
raodenoba. sxva sityvebiT, ricxvis orobiT sistemaSi warmodgenisas 
mZime, romelic gamoyofs ricxvis mTel da wilad nawils, registrSi 
fiqsirdeba misi adgilmdebareoba. xSirad fiqsirebuli mZimis formats 
aRniSnaven ori mTeli ricxviT: M.N, sadac M-iT aRniSnulia ricxvis 
mTeli nawilis (niSnis CaTvliT) Tanrigebis raodenoba, xolo N _ 
wiladi nawilis Tanrigebis raodenoba. mTeli nawilis ufrosi Tanrigi 
gamoiyeneba niSnisaTvis. 
 fiqsirebuli mZimis formatis dadebiT Tvisebas warmoadgens 
ricxvebis Tanabari daqvantva da ariTmetikuli operaciebis realizebis 
simartive. mTavar naklas warmoadgens dinamiuri diapazonis SezRudva. 
dinamiuri diapazoni ewodeba ricxvis uvelaze didi mniSvnelobis 
yvelaze mcire mniSvnelobasTan (nuli ar iTvleba) fardobis moduls. 

fiqsirebuli mZimis formatisaTvis dinamiuri diapazoni 12 1 n -s tolia. 
 mcocavi mZimis formati. mcocavi mZimis formatSi (zogjer mas 
eqsponencialur formatsac uwodeben) A ricxvi SeiZleba warmovadginoT 

Semdegnairad: nqmA  , sadac m _ mantisaa, q _ Tvlis sistemis fuZe, n _ 
rigi. Cveulebriv mantisa warmodgenilia fiqsirebuli mZimis formatiT, 
xolo rigi warmoadgens mTel ricxvs Tavisi niSniT. radgan 
eqsponencialur formatSi warmodgenis dros ricxvis CanawerSi arsebobs 
ori parametri, amitom aseTi warmodgena iwvevs araerTgvarovnebas. 
moviyvanoT martivi magaliTi. ricxvi 2 SeiZleba ase warmovadginoT: 

 3210 2
4

1
2

2

1
21222  

araerTgvarovnebis aRmosafxvrelad miRebulia mantisis diapazonis 
SezRudva, magaliTad ase : 15,0  m  an 21  m . (es ukanaskneli ufro 

gamoiyeneba). 
 praqtikaSi gamoiyeneba ricxvebis warmodgenis normalizirebuli 
forma, sadac mantisis mTeli nawili nulis tolia, xolo wiladi 
nawilis pirveli sarwmuno cifri gansxvavdeba nulisagan. magaliTad, 

mocemuli   125,510 A  ricxvi SeiZleba ase Caiweros  
1

10 105125,0 A . 

orobiT Tvlis sistemaSi gveqneba :   001,1012 A , xolo normalizebul 

formatSi :  
11

2 2101001,0 A . 
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10.2 analogur-cifruli gardaqmneliT gamowveuli daqvantvis cdomileba 

 
cifrul sistemebSi acg saSualebiT xdeba Semavali analoguri 

signalis diskretizacia da daqvantva. am dros warmoqmnili Semavali 

signalis daqvantvis cdomilebas  ne  ewodeba acg xmauri. zogadad 
daqvantvis procesi arawrfivia, magram Semavali signalis arawrfivi 
daqvantvis procesis miaxloebiTi analizisaTvis gamoiyeneba wrfivi 
daqvantvis procesi.  

daqvantvis procesi. gavixsenoT, rom daqvantva ewodeba signalis 
anaTvlebis orobiTi Tvlis ricxvebSi gardaqmnis process. orobiTi 
Tvlis sistemaSi warmodgenil ricxvebs gaaCniaT SezRuduli Tanrigebis 
raodenoba, rac Tavis mxriv iwvevs e.w. daqvantvis cdomilebis warmoqmnas, 
romelic gamowveulia Sedegebis damrgvalebiT. nax. 10.1 warmodgenilia 

harmoniuli  tx  signalis daqvantis procesi, daqvantvis Sedegi  txd  da 

daqvantvis Sedegad warmoqmnili      txtxte d  cdomileba. 

 
nax. 10.1 

 
cxadia, rom daqvantvis cdomilebis sidide icvleba Semdeg diapazonSi: 

 
22





 te  , 

sadac  _ mezobel daqvantvis doneebs Soris manZili (anu biji). 

CavTvaloT, rom daqvantvis biji mudmivi sididea, e.i. =Const. daqvantvis 

biji ganisazRvreba umciresi niSnadi Tanrigis woniT: b 2 . 
 daqvantvis TvalsaCino magaliTi naCvenebia nax. 10.2. 
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nax. 10.2 

nax. 10.2a wyvetili xaziT naCvenebia analoguri signali, saidanac miiReba 
diskretuli Tanmimdevruli anaTvlebi. analogur signalze diskretuli 
anaTvlebi aRniSnulia wertilebis saxiT. nax. 12.2b gamosaxulia 
daqvantuli signali, romlis mniSvnelobebi daqvantvis donezea 
ganlagebulni. 

magaliTisaTvis ganvixiloT harmoniuli daqvantvuli signalis 
fardoba xmaurTan  SNR(signal-to-noise ratio). Tu harmoniuli signalis A 
amplitudas SevafardebT daqvantvis cdomilebis saSualo kvadratul 
gadaxrasTan , maSin gveqneba: 

3
32

12

2
N

AA
SRN 





  ,  sadac  




A
N

2
 _ daqvantvis donis raodenobaa. 

 acg, romelsac gaaCnia q raodenobis orobiTi Tanrigi, 

uzrunvelyofs qN 2  daqvantvis dones. Tu signalis cvalebadoba 

Seesabameba acg muSa diapazons, maSin  32qSNR  . Tu am sidides 
gamovsaxavT db-Si, maSin miviRebT martiv formulas, romelic gviCvenebs 
kavSirs orobiT Tanrigebsa da am SemTxvevaSi SRN maqsimalur 
mniSvnelobas Soris: 

  77,463lg102lg2032lg20  qqSNR q  db. 

 
daqvantvis cdomileba. daqvantva SeiZleba ori meTodiT: 

damrgvalebiT da CamoWriT. damrgvalebis dros sawyisi k Tanrigiani 
ricxvi (k > b) Seicvleba uaxloesi b Tanrigiani ricxviT. daqvantvis 
cdomileba damrgvalebis dros tolia: 

                             12
2

max 


 b

n
n                            (10.1) 

nax. 10.3a warmodgenilia daqvantvis procedura.  
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nax/ 10.3 

rogorc nax. 10.3a Cans, Tu A ricxvis moduli naklebia 
2

  - ze, maSin is 

Seesabameba 0dA . ricxvebi, romlebic moTavsebulni arian  
2

3;
2

  

intervalSi, maSin dA  da a.S.   

 zogadad xdeba Semdegi daSveba. kerZod, yvela SesaZlo cdomileba 
(0.1) diapazonSi Tanabari albaTobisaa, e.i. daqvantvis cdomilebebi 
warmoadgenen SemTxveviT sidides, romelTac gaaCniaT Tanabari 
ganawileba. daqvantvis cdomilebis ganawilebis simkvrivis funqcia 
warmodgenilia nax. 10.3b. 
 unda aRiniSnos, rom uaxloes mniSvnelobamde damrgvalebis dros 
is ricxvebi, romlebic uaxloes or mezobel mniSvnelobebs Soris 
moxvdbian sazRvarze, maTi damrgvaleba yovelTvis xdeba gazrdil 
mniSvnelobamde. didi moculobis monacemebis damuSavebisas amas 
mivyevarT erTi mimarTulebiT gadaadgilebis efeqtTan. 

 k Tanrigiani ricxvis CamoWra b niSnadi Tanrigebamde  bk  , iwvevs 

sawyisi ricxvis umciresi  bk   Tanrigebis CamoWras. CamoWrisas 

daqvantvis cdomileba e akmayofilebs Semdeg utolobebs: 

 _ dadebiTi ricxvebis dros 02   eb ; 

 _ uaryofiTi ricxvebis dros be  20 . 
qvemod moyvanil nax. 10.4a warmodgenilia CamoWris procedura 

 

 
nax. 10.4 
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xolo nax. 10.4b naCvenebia CamoWris daqvantvis cdomilebis ganawilebis 
simkvrivis grafikuli gamosaxuleba. 

umetes SemTxvevaSi SeiZleba CaiTvalos, rom  te  warmoadgens 
SemTxveviT process, romelsac mocemul sazRvrebSi gaaCnia Tanabari 
ganawilebis kanoni. aseTi SemTxveviTi procesis saSualo 

mniSvneloba 0Am , xolo dispersia 
12

2
A . diskretizaciis Semdeg 

daqvantvis cdomileba warmoadgens  nTe  SemTxveviT diskretul 
Tanmimdevrobas. umetes SemTxvevaSi am Tanmimdevribis anaTvlebi SeiZleba 
CaiTvalos arakorelirebulni.  

nax. 10.1 igulisxmeba, rom daqvantva xdeba signalis donis 
damrgvalebiT. realur acg SeiZleba gamoyenebuli iyos Camojra anu 
damrgvaleba dabali mniSvnelobisaken. am SemTxvevaSi daqvantvis 
cdomileba ];0[   intervalSia moqceuli, romlis saSualo mniSvneloba 

tolia: 
2


Am , xolo dispersia 

12

2
2 
A . 

  
 
 

10.3 daqvantvis efeqti cifrul filtrebSi 
 

 signalebis cifruli damuSavebisas daqvantvis cdomileba ar 
warmoadgens erTaderT problemas. zogadad, cifrul sistemebSi 
ariTmetikuli operaciebis Sedegad miRebuli rogorc Sualeduri, aseve 
filtris koeficientebis mniSvnelobebis damrgvalebebi warmoqmnian 
damatebiT cdomilebebs, romlebic daqvantvis cdomilebasTan erTad 
iwveven filtris sasurveli maxasiaTeblebis damaxinjebas. ganvixiloT es 
cdomilebebi. 

cifruli filtris koeficientebis damrgvaleba. aqamde cifruli 
filtris koeficientebi ganixilebodnen rogorc zusti mniSvnelobebi, 
cdomilebis gareSe. praqtikulad, filtris realizaciisas TiTqmis 
yovelTvis saWiroa koeficientebis mniSvnelobebis damrgvaleba. Tavis 
mxriv, koeficientebis damrgvaleba iwvevs cifruli filtris 
parametrebis da maxasiaTeblebis sasurvel mniSvnelobebidan gadaxras. 
garda amisa, Sualeduri Sedegebis damrgvalebas mivyevarT gamoTvliTi 
cdomilebis dagrovebasTan. 
 ararekursiuli cifruli filtris koeficientebi, rogorc 
cnobilia, impulsuri maxasiaTeblebis anaTvlebis tolia da wrfivad 
arian dakavSirebulni gadacemis funqciis kompleqsur koeficientebTan. 
amitom koeficientebis mcire damaxinjeba iwvevs filtris sixSiruli 
maxasiaTeblis mcire damaxinjebas, ris gamoc koeficientebis 
damrgvalebis efeqti gamovlindeba iSviaTad. nax. 10.5 naCvenebia 
ararekursiuli dabali sixSiris filtris amplitudur-sixSiruli 
maxasiaTebeli koeficientebis damrgvalebamde (nax. 10.5a) da damrgvalebis 
Semdeg (nax. 10.5.b) 
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nax. 10.5 

rogorc naxazidan Cans, koeficientebis damrgvaleba iwvevs sixSiruli 
maxasiaTeblis mcire amplitudur pulsacias, rac am SemTxvevaSi 
araviTar saSiSroebas ar warmoadgens. magram, Tu filtrs unda gaaCndes 
amplitudur-sixSiruli maxasiaTebeli mkveTrad gamoxatuli damreciT, 
maSin koeficientebis damrgvalebam SeiZleba gamoiwvevs sixSiruli 
maxasiaTeblis damaxinjeba. 

rac Seexeba rekursiul cifrul filtrebs aq saqme ufro 
rTuladaa. filtris koeficientebis damrgvalebis efeqti mniSvnelovnad 
moqmedebs filtris amplitudur-sixSirul maxasiaTebelze, radgan 
gadacemis funqciis gamosaxulebis mniSvnelSi arsebuli koeficientebi 
filtris impulsur da sixSirul maxasiaTeblebTan arawrfiv kavSirSia. 
magaliTisaTvis nax. 10.6 warmodgenilia dabali sixSiris rekursiuli 
filtris amplitudur-sixSiruli maxasiaTebeli koeficientebis 
damrgvalebamde da damrgvalebis Semdeg (wyvetili mrudi). 
 

 
nax. 10.6 

rogorc naxazidan Cans, filtris koeficientebis damrgvaleba iwvevs 
sixSiruli maxasiaTeblis mniSvnelovan damaxinjebas. 
 daqvantvuli koeficientebiani filtris sinTezisaTvis arsebobs 
ori midgoma. SeiZleba ganvixiloT koeficiertebis cdomilebebi rogorc 
SemTxveviTi sidideebi. maSin SesaZlebelia am cdomilebebis 
statistikuri damuSaveba, kerZod Sevafasod filtris daqvantvuli 
sixSiruli maxasiaTeblis mocemul sixSirul maxasiaTeblidan gadaxris 
saSualo kvadratuli cdomileba. meore midgoma mdgomareobs 
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daqvantvuli koeficiertebis pirdapir optimizaciaSi, raTa miRweuli 
iyos mocemuli sixSiruli maxasiaTeblidan minimaluri gadaxra. 
 cifruli filtris koeficientebis masStabireba.  gamoTvlebis 
daCqarebis mizniT xSirad iyeneben monacemebis warmodgenas fiqsirebuli 
mZimis formatSi. am SemTxvevaSi SeiZleba aRmoCndes, rom filtris 
zogierTi koeficientis mniSvnelobam SeiZleba gadaaWarbos SerCeuli 
formatis diapazons. am problemis gadawyveta SesaZlebelia filtris 
koeficientebis maStabirebiT, ris Sedegadac koeficientebis 

mniSvnelobebi aRmoCndebian  1,1  diapazonSi. masStabirebis 
koeficientad SeiZleba aviRoT filtris udidesi mniSvnelobis 
koeficientis absoluturi sidide, romelzedac gaiyofa cifruli 
filtris yvela koeficienti, xolo filtris gamosavali mniSvneloba 
unda gamravldes am samasStabo koeficientze. masStabirebis koeficienti 

mosaxerxebelia, Tu mas SevarCevT n2 -is tolad. magaliTad qvemoT 
moyvanil naxazze warmodgenilia rekursiuli filtris koeficientebis 
mniSvnelobebi masStabirebamde (nax. 10.7) da masStabirebis Semdeg (nax. 
10.8). 

 
nax. 10.7 

rogorc naxazidan Cans, samasStabo koeficientad SeiZleba aviRoT 4. 
masStabirebis Semdeg gveqneba: 
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nax. 10.8 
 

10.4 monacemebis gadavseba. 
 

signalebis cifruli damuSavebis procesSi gamoiyeneba mravali 
Sekrebis da gamravlebis operacia. am dros gamoTvlis Sedegad 
miRebulma Sualedurma mniSvnelobebma SeiZleba mniSvnelovnad 
gadaaWarbos dasamaxsovrebeli registris Tanrigebis raodenobas. 
yovelive aman SeiZleba gamoiwvios mniSvnelovani problema, romelsac 
monacemebis gadavseba ewodeba. gadavsebis Sedegi warmoqmnis cdomilebas, 
romelic gamowveulia Sedegebis umciresi Tanrigebis dakargviT. 
gadavsebis efeqtiT gamowveuli cdomileba miT ufo didia, rac ufro 
metia ariTmetikuli operaciebis raodenoba.  

monacemebis gadavsebis efeqtis Semcireba SesaZlebelia ori 
meTodiT: damrgvalebiT an CamoWriT, sadac yoveli maTgani warmoqmnis 
Tavis daqvantvis cdomilebas. 
 monacemebis damrgvaleba. rogorc ukve aRvniSneT, cifruli 
signalebis damuSavebis algoriTmebis realizaciisas gamoTvliT 
procesSi formirdeba mravali Sualeduri Sedegi. am Sedegebis Senaxvis 
formatidan gamomdinare saWiro xdeba monacemebis damrgvaleba, rac 
Tavis mxriv iwvevs damatebiT cdomilebis warmoqmnas. 
 damrgvalebis dros monacemebi Rebuloben uaxloesi daqvantvis 
dones an xdeba maTi damrgvaleba am donemde. ase magaliTad, Tu 
daqvantvis done warmodgenilia mTeli ricxvebiT, maSin, magaliTad, 1,2 
sidide daqvantvis Sedegad Rebulobs 1-is tol sidides, xolo 1,6 ki 2-s. 
yovelive es warmodgenilia nax. 10.9a, sadac x ricxvis yvela mniSvneloba 

5,05,0  x  diapazonSi damrgvalebis Sedegad Rebuloben nulovan 
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mniSvnelobebs, xolo 5,15,0  x  diapizonSi 1-s tol sidides. 5,25,1  x  

diapazonSi Rebuloben 2 da a.S.    
 

 
nax. 10.9 

damrgvalebis cdomilebis ganawilebis simkvrivis funqcia warmodgenilia 
nax. 10.9b-ze. 

 Tu gamoiyeneba monacemebis warmodgenis fiqsirebuli mZimis 
formati, maSin Sekrebis da gamoklebis ariTmetikuli operaciebis dros 
damrgvalebis efeqti gamoricxulia. am SemTxvevaSi mosalodnelia 
mxolod registris Tanrigebis gadavseba. rac Seexeba fiqsirebuli mZimiT 
warmodgenili ricxvebis gamravlebis operaciam SesaZlebelia gamoiwvios 
Sedegebis damrgvalebis aucilebloba. 
 Tu monacemebis warmosadgenad gamoiyeneba mcocavi mZimis formati, 
maSin Sekrebis operaciam SeiZleba gamoiwvios sizustis dakargva. rac 
Seexeba gamravlebis operacias, iseve rogorc fiqsirebuli mZimis 
formatisa, aqac SeiZleba saWiro gaxdes Sedegebis damrgvaleba. 
 Mmonacemebis CamoWra. CamoWra warmoadgens process, romlis 
Sedegadac monacemebis mniSvnelobebi warmodgindebian daqvantvis 
umciresi doniT. magaliTad, Tu daqvantvis done aRiniSneba mTeli 
ricxvebiT, maSin namdvili mniSvneloba 1,2-s CamoWra xdeba 1-mde. mTel 
mniSvnelobamde CamoWris procedura warmodgenilia nax. 10.10a-ze, sadac 

10  x  diapazonis yvela x CamoWris Semdeg Rebulobs nulovan 
mniSvnelobas, xolo 21  x  diapazonSi x Rebulobs 1-is tol 
mniSvnelobas. 32  x  diapazonSi x Rebulobs 2-is tol mniSvnelobas da 
a.S.     
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nax. 10.10 

 
CamoWris cdomilebis ganawilebis simkvrivis funqcia 

warmodgenilia nax. 10.10b-ze.  
 CamoWris cdomileba damokidebulia sam faqtorze: 1) CamoWris 
Tanrigebis raodenobaze, 2) CamoWrili bitebis mniSvnelobebze (anu iyvnen 
Tu ara es bitebi nulis an erTis toli) da 3) CamoWris Sedegad 
darCenili orobiTi ricxvis moduli. cxadia, rom CamoWris maqsimaluri 
mniSvneloba miiReba, roca yvela CamoWrili biti erTis tolia. 

 
 

 

11. hilbertis diskretuli gardaqmna 

 

 
11.1 hilbertis gardaqmnis arsi 

 
hilbertis diskretuli gardaqmna warmoadgens proceduras, 

romelic gamoiyeneba namdvili signalidan kompleqsuri signalis 
miRebisaTvis. namdvili signalebis magivrad kompleqsuri signalebis 
gamoyeneba xSirad amartivebs signalebis damuSavebis mraval operacias 
da zrdis damuSavebis efeqtianobas.  

 
nax. 11.1 
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rogorc nax. 11.1 –dan Cans, hilbertis gardaqmna warmoadgens maTematikur 

operacias namdvili  tx  signalis mimarT, romlisganac vRebulobT axal 

 txh  namdvil signals. Cveni mizania  txh  signali iyos 2  faziT 

wanacvlebuli (daZruli)   tx  signalis mimarT. 

 dauSvaT gvaqvs  tx  signali.  tx  signalis orTogonaluri danamati 

ewodeba iseT   txi  signals, rodesac sruldeba Semdegi piroba: 

   




 0dttxtx i . 

am dros igulisxmeba, rom  txi  signali igiveobrivad ar aris nulis 

toli. aRmoCnda, rom mocemuli namdvili  tx  signali da misi 

orTogonaluri danamati  txi  SegviZlia davakavSiroT kompleqsur  txc  

signalTan Semdegnairad: 

                                     tjxtxtx ic  .                     (11.1) 

kompleqsur  txc  signals ewodeba analitikuri signali (imitom, rom is 

ar Seicavs sixSireebis uaryofiT speqtrul komponentebs), romlis  

namdvili nawili sawyisi  tx  signalis tolia, xolo misi warmosaxviTi 

 txi  mdgeneli dakavSirebulia sawyis  tx  signalTan Semdegi gardaqmniT: 

                          
 







 


d
t

tx
txi

1
,                         

romelsac hilbertis gardaqmna ewodeba. rogorc am gamosaxulebidan 

Cans, hilbertis gardaqmnis Sedegi warmoadgens  tx  signalis da  

 
t

th


1
   funqciis nakecs.  th  funqcias uwodeben hilbertis gardaqmnis 

birTvs anu impulsur maxasiaTebels. ganvsazRvroT hilbertis gardaqmnis 
sixSiruli maxasiaTebeli 

         
















  dtt
t

jdtt
t

dte
t

dtethH tjtj 





  sin
1

cos
11

 

am gamosaxulebis pirveli integrali nulis tolia, radgan  th  kenti 
funqciaa da Tanac integrireba xdeba drois mTel RerZze. e.i. gveqneba: 

  




 dt
t

tj
H






sin
 . 

radgan  


signdt
t

t






sin
  amitom       


 jsignsign

j
H   , sadac 

 
















0,

0,0

0,









j

j

jsign  

amrigad, hilbertis gardaqmnis sixSiruli maxasiaTebeli tolia: 
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0,

0,0

0,









j

j

H                         (11.2) 

hilbertis gardaqmnis amplituduri da sixSiruli maxasiaTeblebi 
warmodgenilni arian Semdeg naxazze: 

 
 rogorc vxedavT, hilbertis gardaqmna warmoadgens idealur 
farTozolian fazamabrunebels. unda aRiniSnos, rom fazis 
mobrunebasTan erTad  hilbertis gardaqmna aRmofxvris signalis mudmiv 
mdgenels. aqedan gamomdinare, hilbertis gardaqmnis Sedegad namdvili 

 tx  signali da analitikuri  txc  signalebi fazebiT gansxvavdebian 

erTmaneTisagan 2  sididiT. amasTan  tx  da  txc  signalebs uwodeben 

hilbertiT SeuRlebulebs. aqedan gamomdinare  tcos  da  tsin  
warmoadgenen hilbertiT SeuRlebulebs. analitikuri signalis miRebis 
blok-sqemas aqvs Semdegi saxe:  

 
nakecis Tvisebidan gamomdinare sixSirul areSi hilbertis gardaqmna 

SeiZleba ase Caiweros:      . XHX i  . 

arsebobs hilbertis uku gardaqmnac 

                           
 







 


d
t

tx
tx i1

.                            (11.3) 

amisaTvis ganvixiloT signalis orTogonaluri danamatis hilbertis 

gardaqmna, romelic warmodgenilia nakecis saxiT        txthtx i . 

sixSirul aresaTvis gveqneba:       . iXHX  . movaxdinoT furies uku 

gardaqmna (11.2) formulis gaTvaliswinebiT 

 
 

                txXFXHHFXHFd
t

x
i

i 








 


 111 , 

sadac     12  jHH  . e.i. miviReT (11.3) formula. 
ganvixiloT analitikuri signalis speqrti 
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                 XHjXjXXX ic   

Tu gaviTvaliswinebT (11.2) formulas maSin 
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0,0

0,0

0,

0,0

0,
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XjjX

X

XjjX

X c  

 
amrigad, analitikuri signalis speqtri nulisagan gansxvavdeba 

mxolod dadebiT sixSireTa areSi, xolo uaryofiTi sixSireebis dros is 
nulis tolia. analitikuri signalis es Tviseba farTod gamoiyeneba 
erTpolusiani modulaciis signalis formirebisaTvis. 
 garda amisa, analitikuri signali SeiZleba gamoviyenoT 
orTogonaluri danamatis misaRebad. amisaTvis unda movaxdinoT sawyisi 

 tx  signalis furies gardaqmna, gavanuloT miRebuli speqtris 
mniSvnelobebi uaryofiTi sixSirul areSi da dadebiT sixSiris areSi 
speqtri gavaormagod. amis Semdeg movaxdinoT miRebuli speqtris furies 
uku gardaqmna da miviRebT analitikur signals, romlis saSualebiTac 
miiReba sawyisi signali da misi orTogonaluri danamati. aseTi procesis 
realizacia warmodgenilia Semdeg naxazze:  

 
 
 
 imisaTvis, rom moviyvanoT hilbertis gardaqmnis martivi magaliTi, 
amisaTvis nax. 11.2a–ze warmodgenilia samganzomilebian sivrceSi 

namdvili kosinusoidaluri signali  tcos  rogorc droiT, aseve 
sixSirul areSi. 
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nax. 11.2 

nax. 11.2b gviCvenebs, rom  tcos  signalis hilbertis gardaqmna gvaZlevs 

sinusoidalur  tsin  signals. nax. 11.2b-s marjvena mxares warmodgenili 
kompleqsuri speqtri gviCvenebs hilbertis gardaqmna rogor abrunebs 
kosinusoidalur signalis dadebiTi sixSiris komponentebs _ j-Ti, xolo 
uaryofiT sixSiris komponentebs +j-Ti. amrigad, +j-ze gamravlebis 
operacia speqtrul komponentebs abrunebs sixSiruli RerZis irgvliv 
+900-iT saaTis isris sawinaRmdego mimarTulebiT. 
 analitikur signals gaaCnia Semdegi Tvisebebi: 

 1. analitikur signalis speqtri  cX  Seicavs mxolod dadebiT 

sixSireebs 

 
 










0,0

0,2






X
X c  

 2. analitikuri signalis      tjxtxtx ic   namravli mis SeuRlebul 

     tjxtxtx ic   signalTan tolia sawyisi  tx  signalis momvlebis 

kvadratisa. es imas niSnavs, rom analitikuri signalis moduli  tx  
signalis momvlebis tolia.  
 3. analitikuri signalis energia sawyisi signalis gaormagebuli 
energiis tolia. 
 swored am Tvisebebis gamo analitikuri signalis gamoyeneba 
signalebis cifruli damuSavebisas sakmaod sasargebloa, gansakuTrebiT 
rTuli signalebis analizisas. 

mivceT  txc  signals garkveuli fizikuri arsi. ganvisiloT 

namdvili signali    ttx 0cos   da misi hilbertis gardaqmna  txi , 

romelic warmoadgens sinusoidalur signals (nax. 11.3), sadac 
analitikuri signali gamosaxulia spiralis saxiT. 
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nax. 11.3 

eileris formulis Tanaxmad analitikuri signali SegviZlia 
warmovadginoT kompleqsuri eqsponentis saSualebiT: 

                    tj

ic etjttjxtxtx 0

00 sincos
  .                       (11.4) 

am signalis speqtrebi warmodgenilni arian nax. 11.4. 

 
nax. 11.4 

 rogorc vxedavT, (11.4) formulis Tanaxmad Tu Cven  iX  

movabrunebT + 900-iT saaTis isris moZraobis sawinaRmdegoT (+j) da 

daumatebT  X , maSin miviRebT: 

      ic jXXX   . 

rogorc vxedavT,  cX  moduli tolia gaormagebuli  X  modulisa, e.i. 

    XX c 2 . garda amisa,  cX  nulis tolia yvela uaryofiTi 

sixSireebisaTvis. swored amis gamo, roca uaryofiTi sixSireebi ar 

arseboben,  txc  signals uwodeben analitikur signals. 
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11.2 hilbertis gardaqmnis ZiriTadi Tvisebebi 
   

 ganvixiloT hilbertis gardaqmnis ZiriTadi Tvisebebi. dauSvaT  tx  

da  ty  signalebs gaaCniaT hilbertis gardaqmna Sesabamisad  txi  da  tyi . 

maSin SesaZlebelia CamovayaliboT Semdegi Tvisebebi: 

 1. wrfioba. mocemuli      tbytaxtc   signalis, sadac a da b mudmivi 
sidideebia, hilbertis gardaqmna tolia: 
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amrigad, ori signalis jamis hilbertis gardaqmna tolia TiToeuli 
signalis hilbertis gardaqmnis jamisa. e.i. wrfiobis piroba sruldeba. 

 2. masStabireba. Tu  ty  signals gaaCnia  tyi  hilbertis gardaqmna, 

maSin  aty  signalis, sadac a mudmivi sididea, hilbertis gardaqmna 
iqneba: 

 
 










d

t

ay
. 

SemovitanoT xa   aRniSvna, maSin 
a

x , 
a

dxd   da miviRebT: 
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e.i. signalis masStabirebas (SekumSva_gaWimvas) micyevarT misi hilbertis 
gardaqmnis igive masStabirebaze. 

 3. droiT daZvra. Tu  ty  signals gaaCnia  tyi  hilbertis gardaqmna, 

maSin  aty  signals, sadac a mudmivia, gaaCnia hilbertis gardaqmna: 

 
 

 
 

 atydx
xat

xy
d

t

ay
i 





















 , 

sadac dxdaxxa   ,, . amrigad, signalis droiT daZvra iwvevs 
misi hilbertis gardaqmnis igive sididiT daZvras. 

      4. nakeci. dauSvaT  tx  da  ty  signalebs Sesabamisad gaaCniaT 

hilbertis gardaqmna  txi  da  tyi . ganvixiloT am signalebis nakecis 

     tytxtc   hilbertis gardaqmna. amisaTvis gadavideT sixSirul areSi, 
maSin gveqneba: 

                            XYHYXHYXHCHCi   

gadavideT droiT areSi. radgan 

                     txtytytxXYHYXH ii   , 

amitom miviRebT:                txtytytxtc iii   
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11.3 hilbertis gardaqmnis gamoyenebis magaliTebi 
 
analitikuri signalis saSualebiT SesaZlebelia drois mocemul 

mometisaTvis signalis myisieri parametrebis gansazRvra, rogoricaa 
amplituda, faza an sixSire. dauSvaT gvaqvs amplitudiT modulirebuli 

namdvili signali, romlis momvlebs gaaCnia raime informacia, maSin  tE  
momvlebis myisieri amplituda tolia: 

                          22
txtxtxtE ic                            (11.5) 

da signalis momvlebi daemTxveva  txc  signalis moduls., rogorc es 

naCvenebia nax. 11.5. 

 
nax. 11.5 

nax. 11.5a naCvenebia amlitudiT modulirebuli signalis demodulacia, 
sadac sinusoidaluri signali modulirebulia amplitudiT 
dabalsixSiriani sinusoidiT (wyvetili mrudi). samodulacio signalis 
tradiciuli sqemiT aRsadgenad saWiroa modulirebuli signalis 
gamarTva da Semdeg misi gatareba dabali sixSiris filtrSi. filtris 
gamosavali signali naCvenebia nax. 11.5b (mTliani mrudi), romelic 
warmoadgens samodulacio signals. am proceduris magivrad Tu 

ganvsazRvravT  tx  signalis hilbertis gardaqmnas, miviRebT  txi  

signals, romlis saSualebi T formirdeba analitikuri signali 

     tjxtxtx ic  . bolos samodulacio signalis gamosayofad, romelic 

naCvenebia nax. 11.5g (msxvili mrudi), (11.5) formuliT vRebulobT  txc  

signals moduls, romelic zustad warmoadgens samodulacio signals. 
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meores mxriv, dauSvaT, rom namdvili sinusoidaluri  tx signali  

faziT aris modulirebuli. Cven SegviZlia  txc  signalis  t  myisieri 

fazis gansazRvra Semdegi gamosaxulebiT: 

 
 
  








tx

tx
arctgt i  . 

O  t  fazis gansazRvra eqvivalenturia  tx  signalis fazuri 
demodulaciisa. analogiurad, Tu namdvili sinusoidaluri signali 
modulirebulia sixSiriT, maSin SegviZlia misi myisieri sixSiris 
gansazRvra myisieri fazis gawarmoebiT: 

 
  

 
 

dt

tx

tx
arctgd

dt

td
tF

i













. 

 tF  gansazRvra eqvivalenturia  tx  signalis sixSiruli demodulaciis. 

Tu  t  izomeba radianebSi, maSin  tF  sazomi erTeulia radiani/wamSi. 

Tu  tF  gavyofT 2-ze, miviRebT sixSires hercebSi. 
 ganvixiloT hilbertis gardaqmnis gamoyenebis kidev erTi magaliTi. 

vTqvaT, namdvili  tx  signalis speqtris moduli  X  ganTavsebulia 25 

hc centraluri sixSiris mimarT (nax. 11.6a). 
 

 
nax. 11.6 

dauSvaT, Cven gvinda am speqtris gadatana 20 hc centralur sixSireze. 

amisaTvis saWiroa  tx  signali gavamravloT  t502cos   sidideze, raTa 
miviRoT namdvili signali, romlis speqtri Tavmoyrilia 20hc 
centralur sixSiris garSemo (nax. 11.6b). aseTi meTodis problema 
mdgomareobs imaSi, rom maRali sixSireebis CasaxSobad gvWirdeba 
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filtri praqtikulad ararealizebadi sixSiruli maxasiaTebliT, 
romelic  nax. 11.6b warmodgenilia wyvetili oTxkuTxedis saxiT.  

 meores mxriv, Tu ganvsazRvravT  tx  signalii hilbertis gardaqmnas 

da miviRebT  txi  signals, maSin am ori signaliT miviRebT analitikur 

signals (11.1), romlis calmsrivi speqtri naCvenebia nax. 11.6g. Semdeg,  txc  

signals gavamravlebT kompleqsur tje 502 eqsponentaze da vRebulobT 

sixSiriT daZrul  txout  kompleqsur signals, romlis speqtri naCvenebia 

nax. 11.6d. Tu am speqrtidan aviRebT namdvil nawils miviRebT saWiro 
sixSiris namdvil signals, romlis centraluri sixSire 20hc tolia (nax. 
11.6e). 
 
 
 

11.4  hilbertis cifruli filtri 
 

 rogorc ukve aRvniSeT hilbertis gardaqmna SeiZleba 
warmovadginoT rogorc sawyisi signalis da hilbertis gardaqmnis 

birTvis nakeci      txthtxi  , sadac  th  warmoadgens  hilbertis 

gardaqmnis birTvs anu impulsur maxasiaTebels, romelic faqtobrivad 
warmoadgens wrfivi filtris impulsur maxasiaTebels. aqedan 
gamomdinare, aseT filtrs hilbertis filtri ewodeba.  
 ganvixiloT hilbertis cifruli filtri. dauSvaT, mocemulia N 

ganzomilebiani diskretuli Tanmimdevroba  tnx  , sadac t  
diskretizaciis intervalia. Tu diskretuli signalis speqtri 

periodulia 
t

T


 2  periodiT, maSin hilbertis cifruli filtris 

koeficientebi SeiZleba ganisazRvros hilbertis filtris sixSiruli 
maxasiaTeblis furies uku gardaqmniT 

    ,.....3,2,1,0,
2

1 2

2

 


 ndeHtnh

T

T

tnj 


  

dauSvaT, rom 1t , maSin 
 

    ,.....3,2,1,0,
2

1
 



ndeHnh nj





 


 

Tu gaviTvaliswinebT hilbertis filtris sixSirul maxasiaTebls 

 
















0,

0,0

0,









j

j

H  , 

da integrirebis mTeli intervals davyobT dadebiT da uaryofiT 
areebad, maSin miviRebT: 

    







 















 








0

0

0

0
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1
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j
dejdejnh njnjnjnj . 

integralebis amoxsnis Sedegad miviRebT: 
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amrigad miviReT hilbertis cifruli filtris impulsuri 
maxasiaTebeli, romelic ganisazRvreba Semdegi gamosaxulebiT: 

    n
n

nh 


cos1
1

 . 

rogorc am gamosaxulebidan Cans, luwi ,...6,4,2,0n dros hilbertis 

cifruli filtris impulsuri maxasiaTebeli nulis tolia, xolo roca 

n kentia ,....5,3,1n  maSin     nnh 2 . 
 SeiZleba davaskvnaT, rom hilbertis cifruli filtri warmoadgens 
idealur farTozolian fazamabrunebels da rogorc yvela idealuri 
filtri fizikurad ararealizebadia. unda aRiniSnos, rom fazis 
mobrunebasTan erTad hilbertis filtri aRmofxvris signalis mudmiv 
mdgenels. 

radgan praqtikaSi usasrulo rigis hilbertis cifruli filtris 
gamoyeneba SeuZlebelia, amitom sasrulo rigis hilbertis cifruli 
filtri, idealur filtrTan SedarebiT, iwvevs filtris sixSiruli 
maxasiaTeblis damaxinjebas, rac gamoixateba uaryofiT areSi 
analitikuri signalis speqtris arasrul CaxSobaSi. 
 

 
11.5 diskretuli hilbertis gardaqmnis proeqtireba 

 
 diskretuli hilbertis gardaqmna SeiZleba realizirebuli iyos 
rogorc droiT aseve sixSirul areebSi. ganvixiloT orive maTgani. 

 1. hilbertis gardaqmna droiT areSi. gavixsenoT, rom  nxi  

diskretuli signali  SeiZleba miviRoT  nx  da  kh  signalebis nakeciT. 
analitikurad es gamoisaxeba Semdegnairad:  

     





k

i knxkhnx . 

es imas niSnavs, rom hilbertis gardaqmna SeiZleba realizirebuli iyos 
diskretuli ararekursiuli filtris saSualebiT, romelic 
warmodgenilia Semdeg nasazze: 

 
nax. 11.7 
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rogorc vxedavT hilbertis gardaqmna daiyvaneba misi impulsuri  kh  

maxasiaTeblis gansazRvraSi, romlis saSualebiTac SesaZlebelia nax. 
11.1-ze moyvanili sqemis realizireba. 

 dasawyisaTvis unda gadavwyvitoT  kh  kenti Tu luwi sigrZisa unda 
iyos. unda gvaxsovdes, rom ararekursiuli filtrebis realizacias 
gaaCniaT kenti an luwi sigrZis antisimetriuli koeficientebi 

(Sesabamisad III da IV tipis filtrebi). kenti sigrZis dros   00 H  da 

  02 dH  . luwi sigrZis dros gveqneba:   00 H  da  2dH  -s SezRudva 

ar gaaCnia. 
 yovelive es gviCvenebs, rom hilbertis gardaqmnis amplituder-
sixSiruli maxasiaTebeli kenti sigrZis dros nulis tolia rogorc 
nulovan sixSireze, aseve diskretizaciis sixSiris naxevarze. rac Seexeba 
luwi raodenobis ganStoebis mqone hilbertis gardaqmnas misi 
amplituder-sixSiruli maxasiaTebeli nulovan sixSireze yovelTvis 
nulis tolia. ganvixiloT ramodenime magaliTi. 
 nax. 11.8-ze naCvenebia hilbertis gardaqmnis amplituder-sixSiruli 
maxasiaTebelis Tanmimdevroba )15( n , romelTa koeficientebi 

aRniSnulia  kh1  simboloTi. 

 
nax. 11.8 

nax. 11.8–dan gamomdinare SegviZlia gavakeTod Semdegi daskvnebi: 
 1. kenti sasrulo raodenobis impulsuri maxasiaTeblis 
realizacias gaaCnia nulovani mniSvnelobis amplituder-sixSiruli 

maxasiaTebeli nulovan da 2df  hc sixSireebze. es imas niSnavs, rom 

kenti raodenobis impulsuri maxasiaTeblebi (III tipis filtri) 
moqmedeben ise, rogorc zolovani filtri. 

 2.  1H  gaSvebis zolSi gaaCnia pulsacia. es mosalodnelia, 

radgan Cven ar SegviZlia  kh1  usasrulo Tanmimdevrobis gamoyeneba da 
amitom drois areSi impulsuri maxasiaTeblis wakveTa iwvevs sixSirul 
areSi pulsacias (gibsis movlena). rogorc viciT pulsaciis Caqroba 

SesaZlebelia Tu  kh1  Tanmimdevrobas gavamravlebT fanjaraze, Tumca es 
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movlena iwvevs  1H -s gatarebis zolis Semcirebas da amitom saWiro 

xdeba koeficientebis raodenobis gazrda. 
 3. Zalze Znelia hilbertis gardaqmnis gamoyeneba dabalsixSiriani 
signalisaTvis. Cven SegviZlia gatarebis zolis ramdenadme gazrda da 

SevamciroT  1H -s gardamavali zolis sigane, magram yovelive es 
moiTxovs filtris sigrZis mniSvnelovan gazrdas. 

 4. fazur-sixSiruli  1H  maxasiaTebeli wrfivia (impulsuri 
maxasiaTeblis simertiulobis gamo), romlis daxriloba proporciulia 
dayovnebaze, romelsac ganicdis signali ararekursiul filtrSi gavlis 

dros.  fazur-sixSiruli  1H  maxasiaTebelis wyveta 0 hc dros 

Seesabameba  radians. 

 analitikuri signalis warmoqmnisas saWiroa  1H  arsebuli wrfivi 
fazuri wanacvlebis (Zvris) kompesacia. kerZod, droSi mudmivi dayovneba, 
romelic filtris jgufur dayovnebis tolia. es SeiZleba gakeTdes 

sawyisi  tx  signalis droSi dayovnebiT, romelic  kh1  impulsuri 
maxasiaTeblis mqone hilbertis gardaqmnis jgufur dayobnebis tolia. 
 nax. 11.9 warmodgenilia ararekursiuli filtris saSualebiT 

kompleqsuri  nxc  Tanmimdebrobis warmoqmnis sqema, romelsac gaania 7 

ganStoeba.  

 
nax. 11.9 

 
rekursiuli filtrisaTvis jgufuri dayovneba ganisazRvreba 

formuliT:   21 kG  , sadac k – filtris ganStoebis raodenobaa. nax. 

11.9a-ze naCvenebia kompleksuri  nxc  Tanmimdebrobis warmoqmnis blok-

sqema, sadac xdeba  nx  dayovneba   3217 G  anaTvliT, romlis 

Sedegadac vRebulobT dayovnebul  nx  Tanmimdevrobas.  
 Tu Cven vaxdenT nax. 11.9a sqemis programulad modulirebas, maSin 

dayovnebuli  nx  Tanmimdevrobis miReba SesaZlebelia 3 nulovani 

anaTvlis SetaniT  nx  Tanmimdevrobis dasawyisSi. 
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2. hilbertis gardaqmna sixSirul areSi. hilbertis gardaqmna 

sixSirul areSi mdgomareobs SemdegSi. N sigrZis diskretuli  nx  

analitikuri Tanmimdevrobidan GRebuloben  X  speqtrs, romelic 
naCvenebia nax. 11.10a-ze. 

 
nax. 11.10 

Semdeg vqmniT axal speqtrs     XX c 2 , romlis uaryofiT 

sixSireebsanuleben, ris Sedegadac vRebulobT calmxriv  cX  speqtrs 

(nax. 11.10b). miRebul  cX  speqtris mniSvnelobebs vyofT  0cX  mudmiv 

mdgenelze da  2NX c  sidides 2 ricxvze. sabolaod  cX  speqtridan 

droiT areSi furies ukugardaqmniT vRebulobT analitikur  nxc  

Tanmimdevrobas.  nxc  Tanmimdevrobis namdvili nawili warmoadgens sawyis 

 nx  Tanmimdevrobas, xolo warmosaxviTi  nxc  warmoadgens  nx  

Tanmimdevrobis hilbertis gardaqmnas. 
 sixSirul areSi analitikuri signalis miRebis pirdapiri meTodiT 
gamoyenebisas mxedvelobaSi unda miviRoT Semdegi: 

 1. sasurvelia  nx  Tanmimdevrobis ganzomileba oris xarisxis 
toli iyos, raTa efeqturad iyos furies swrafi gardaqmnis gamoyeneba. 

 2.  cX  speqtris Tanmimdevrobis sigrZe toli unda iyos sawyisi 

 X  speqtrs Tanmimdevrobis sigrZisa. unda gvaxsovdes, rom uaryofiTi 
sixSireebis ganuldeba ar niSnavs maT gamoricxvas masividan. 

 3.     XX c 2  tolobaSi mamravli 2 amplitudis orjer 

daqveiTobasa akompesirebs, rac gamowveulia uaryofiT sixSireebze 
speqtris energiis danakargebiT. 
 4. signalebis cifruli damuSavebis swrafi mikrosqemebis da furies 
swrafi diskretuli gardaqmnis konveiruli meTodebis gamoCenam 
analitikuri signalis miRebis zemod ganxilul sqema misi praqtikaSi 
gamoyenebisaTvis SeiZleba aRmoCndes sicocxlisunariani. 
 SeniSvna. hilbertis gardaqmnis tradiciuli meTodebi gankuTvnilia 
wrfivi stacionaruli signalebisa da sistemebisaTvis. mxolod bolo 
aTeul wleebSi mimdinareobs intesiuri muSaoba arastacionaruli 
procesebisaTvis hilbertis gardaqmnis damuSaveba, romelsac 
hilbert_huanis gardaqmna ewodeba. es meTodi 1995w aSS SemogvTavaza n. 
huanma taifunebis zedapiruli talRebis Sesaswavlad. dReisaTvis 
mimdinareobs gardaqmnis maTematikuri Teoriis damuSaveba. 
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12. modulacia da demodulacia 

 

  

biosignalebis uSualod gadacema kavSiris arxebis saSualebiT ar 
SeiZleba. saqme imaSi ki araa, rom es signalebi dabali amplitudebisaa, 
aramed imaSi, rom isini SedarebiT dabalsixSiriani signalebi arian. 
garda amisa, xSirad kavSiris erTi da imave arxiT saWiroa erTdroulad 
ramodenime sxvadasxva sixSiriani signalis gadacema. am problemis 
gadawyvetis erT-erT meTods warmoadgens arxebis sixSiruli dayofa, 
romlis drosac sxvadasxva signalebs ukaviaT gadaukveTavi sixSiruli 
zolebi. imisaTvis, rom movaxdinoT signalebis efeqturi gadacema, 
saWiroa am signalebis speqtri dabali sixSiris aredan gardavqmnaT 
sakmaod maRalsixSirul areSi. am proceduras modulacia ewodeba.  
 modulacis arsi SemdegSi mdgomareobs. formirdeba garkveuli 
maRalsixSiruli rxeva (ZiriTad harmoniuli), romelsac gadamtani  rxeva 
(signali), anu ubralod gadamtani ewodeba, romlis romelime parametri 
droSi icvleba sawyisi signalis proporciulad. gadamtan signalad 
SeiZleba gamoviyenoT: 
 _ harmoniuli signali. am SemTxvevaSi modulacias ewodeba 
analoguri an uwyveti; 
 _ perioduli impulsebis Tanmimdevroba. am SemTxvevaSi modulacias 
ewodeba impulsuri modulacia. 

1. analoguri modulaciis saxeebi: 
 _ amplituduri modulacia, roca gadamtanis amplituda icvleba: 
 _ sixSiruli modulacia, roca gadamtanis sixSire icvleba; 
 _ fazuri modulacia, roca gadamtanis faza icvleba. 

2. impulsuri modulaciis saxeebi: 
 _ amplitudur-impulsuri modulacia, roca gadamtanis impulsebis 
amplituda icvleba ; 
 _ sixSirul_impulsuri modulacia, roca gadamtanis impulsebis 
saxSire  icvleba; 
 _ fazur_impulsuri modulacia, roca gadamtanis impulsebis faza  
icvleba; 
 _ ganiv_impulsuri modulacia, roca gadamtanis impulsebis 
xangrZlivoba icvleba.  

sawyis signals samodulacio signali ewodeba, xolo miRebul 
droSi cvalebad parametrebian rxevas ewodeba modulirebuli signali. 
ukuprocess _ modulirebuli signalidan samodulacio signalis miRebas 
ewodeba demodulacia.  
 modulirebuli signalidan sawyisi signalis misaRebad gamoiyeneba 
gadamtani signalis romelime ganmasxvavebeli niSani. aseT niSnad xSirad 
iyeneben gadamtani signalis sixSires. aseT SemTxvevaSi adgili aqvs 
signalis sixSirul gayofas. signalis sixSiruli gayofisaTvis iyeneben 
sixSirul filtrebs, romlebic atareben gadamtani signalis sixSires. 

dauSvaT kavSiris arxiT gvinda gadavceT  dabali sixSiris  tx  
signali. CavweroT zogadi saxis maRalsixSiriani harmoniuli rxeva 
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   00cos   tAtx , romelsac gaaCnia sami parametri: amplituda A , sixSire 

0  da sawyisi faza 0 . TiToeul maTgans SeuZlia dakavSirebuli iyos 

samodulacio signalTan, ris gamoc miiReba modulaciis sami saxe: 
amplituduri, sixSiruli da fazuri. sixSiruli da fazuri modulaciebi 
Zlier arian urTierTdakavSirebulni, radgan orive moqmedebs kosinus 
funqciaze. amitom am ori tipis modulacias gaaCniaT saerTo dasaxeleba 
_ kuTxuri modulacia.  
 Tanamedrove cifrul gadamcem sistemebSi gavrcelebulia 
kvadratuli modulacia, romlis drosac erTdroulad icvlebian 
signalis amplituda da faza. Cven ganvixilavT analogur modulacias, 
kerZod  amplitudur, sixSirul da fazur modulaciebs. 
 
 

 
 

12.1 amplituduri modulacia 
 

 amplituduri modulaciis dros icvleba gadamtanis rxevis 
amplituda: 

     oM ttAtx   0cos . 

amplidudiT modulirebuli  txAM  signali  warmoadgens samodulacio 

signalis momvlebis  tA  da gadamtanis harmoniuli  ot  0cos  rxevis 

Sevsebis namravls. amplituduri modulaciis dros kavSiri  tA  

momvlebsa da  samodulacio  tx  signals Soris ganisazRvreba 
Semdegnairad: 

    tmxAtA m  1  , 

sadac mA _ mudmivi koeficientia, romelic tolia gadamtani signalis 

amplitudisa, m _ amplituduri modulaciis koeficientia (12.3). 

  Tu  txAM  signalis  tA  amplitudas gavxdiT samodulacio  tx  
signalis proporciuls, maSin SeiZleba warmoiSvas Semdegi problema. 
rogorc wesi, samodulacio signali niSancvladi signalia. ganvixiloT 

aseTi signali      46sin2cos3   tttx  (nax. 12.1 a) 
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nax. 12.1 

nax. 12.1 b – dan Cans, rom demodulaciis dros gamoyofili amplitudis 
momvlebi (wyvetili xazebi) aRmoCndeba araswori _ igi Seesabameba sawyisi 
signalis moduls. amitom signalis amlituduri modulaciis dros 

samodulacio  tx  signals unda daumatoT mudmivi mdgeneli, raTa igi 

gaxdes erTniSniani.    tkxAtA  0 . nax. 12.2-ze warmodgenil signalisaTvis 

sakmarisia k = 4. 

 
nax. 12.2 

exla movlebis forma Seesabameba samodulacio signals zustad mudmivi 
mdgenelamde. rac Seexeba mudmiv mdgenels igi demodulaciis Semdeg 
advilad SeiZleba gamovricxoT signalidan. amrigad, signalis 
amplituduri modulacia sabolaod SegviZlia CavweroT Semdegnairad: 

                              000 cos   ttkxAtxAM .                    (12.1) 

 erTtonaluri amplituduri modulacia. amplituduri modulaciis 
da misi speqtruli struqtyris arsis gasagebad sasargebloa ganvixiloT 
martivi SemTxveva, roca samodulacio signals warmoadgens harmoniuli 

rxeva  sixSiriT da 0 faziT,  
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   0cos  tAtx M , 

xolo gadamtan signals gaaCnia erTi 0 sixSire 0 _ faziT. maSin (12.1) 
formula Caiwereba Semdegnairad: 

                   0000 coscos   ttAAtx MAM ,                 (12.2) 

sadac 0 . im SemTxvevaSi, roca  samodulacio signals warmoadgens 

harmoniuli rxeva, vRebulobT e.w. erTtonalur  amplitudur 
modulacias, romelic warmodgenilia Semdeg naxazze : 

 

 
 

samodulacio signalis amplitudis MA  fardoba gadamtani 

signalis 0A  amplitudasTan  

                                
0A

A
m M                                  (12.3) 

ewodeba modulaciis koeficienti an modulaciis siRrme. (12.3) 
gamosaxulebis gaTvaliswinebiT miviRebT: 

                0000 coscos1   ttmAtxAM .                 (12.4)  

nax. 12.3 naCvenebia signalis amplituduri modulacia sxvadasxva 
modulaciis koeficientebisaTvis. 
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nax. 12.3 

cxadia, rom amplitudiT modulirebuli signalis movlebis maqsimaluri 
mniSvneloba miiRweva, roca orive kosinusi erTis tolia. e,i.  

 mAA  1max  . momvlebis minimaluri  mniSvneloba Seesabameba im 

momentebs, roca modulirebuli signalis kosinusi -1 tolia. e.i. 

 mAA  1min . aqedan gamomdinareobs modulaciis koeficientis 
gansazRvris formula: 

minmax

minmax

AA

AA
m




  . 

ise rogorc es naCvenebia Semdeg naxazze (m = 0,5): 

 
sazogadod modulaciis koeficienti icvleba  1;0  diapazonSi. roca 

1m , maSin saqme gvaqvs gadaWarbebul modulaciaze (nax, 12.4) 
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nax. 12.4 

rogorc am naxazidan Cans amplitudis momvlebi damaxinjebulia. 
 ganvixiloT erTtonaluri  modulaciis speqtruli analizi. 
amisaTvis (12.4) formulaSi Tu gavxsniT frCxilebs da gamoviyenebT 

cnobil trigonemetriul formulas     yxyxyx  coscos21coscos , maSin 
miviRebT:  

       

       00000000000

0000000

cos2cos2cos

coscoscos









tmAtmAtA

ttmAtAtxAM
    (12.5) 

miRebuli Sedegi gviCvenebs, rom signalis amplituduri modulacia 
Sedgeba sami harmoniuli mdgenelisagan. erTi maTgani warmoadgens 

gadamtanis rxevas 0  sixSiriT, xolo danarCeni ori, romlebsac 

gverdiTi sixSireebi ewodebaT, CamorCebian 0  sixSires zeviT da qveviT 

  sixSiriT. gadamtanis rxevis amplituda A0 –is tolia da igi ar aris 
damokidebuli modulirebuli signalis doneze. gverdiTi sixSireebis 

amplitudebi 20mA  modulaciis koeficientis proporciulia. 

 gverdiTi maRali sixSireebisaTvis xdeba gadamtanis da 

modulirebuli signalebis sawyisi fazebis ajamva  0 , xolo dabali 

sixSireebisaTvis _ gamokleba  0 . modulirebuli signalis 

amplituduri da fazuri speqtrebi moyvanilia nax. 12.5 

 
nax. 12.5 
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sadac a _ amplituduri da b _ fazuri speqtrebia. nax. 12.5 Cans, rom 
amplitudiT modulirebuli signalis speqtris sigane orjer metia 
samodulacio signalis sixSireze:  2 . 
 erTtonaluri amplituduri modulacia praqtikaSi iSviaTad 

gvxdeba. umetes SemTxvevaSi samodulacio signali  tx  warmoadgens 
droze damokidebul rTul funqcias. cnobilia, rom Tu gamoviyenebT 
furies mwkrivs an furies gardaqmnas, maSin nebiemieri rTuli funqcia 
SeiZleba warmovadginoT sasrulo an usasrulo harmoniuli rxevebis 

jamis saxiT.  tx  signalis yoveli i  sixSiris harmoniuli mdgeneli 

amplituduri modulaciis dros qmnis i0  sixSiris or gverdiT 

mdgenels. 

 Nii ,....,2,1,   sixSireebis mravlobiTi harmonikebi Sesabamisad 

warmoqmnian Nii ,...,2,1,0   gverdiT sixSireebs. TvalsaCinoebisaTvis 

speqtris aseTi gardaqmna amplituduri modulaciis dros naCvenebia 
Semdeg naxazze: 
 

 
rogorc naxazidan Cans, amplitudiT modulirebuli signalis speqtri 

garda gadamtanis 0  sixSirisa Seicavs gverdiT zeda da qveda areebs. am 

SemTxvevaSi zeda gverdiTi sixSiris are warmoadgens samodulacio  tx  
signalis kopirebul speqtrs, romelic daZrulia zeda sixSireebis areSi 

0  sididiT. qveda sixSiruli are imeorebs  tx  signalis speqtrul 

diagramas, sadac sixSireebi ganlagebulni arian sarkisebrad gadamtanis 

0  sixSiris mimarT. 

erTtonaluri amplituduri modulacis simZlavre. ganvixiloT 
signalis erTtonaluri amplituduri modulacis (12.5) gamosaxuleba. 
gavixsenoT, rom A amplitudis mqone harmoniuli rxevis simZlavre tolia 

22A  sididisa. garda amisa, radgan sxvadasxva sixSiris harmoniuli 
rxevebi arakorelirebulni arian, amitom maTi simZlavreebi ijameba. 
aqedan gamomdinare, (12.5) gamosaxulebis saSualo simZlavre tolia: 

                     
42

22

0

2

0 mAA
P   .                                 (12.6) 

rogorc vxedavT, miRebul (12.6) gamosaxulebis pirveli mdgeneli ar aris 
damokidebuli modulaciis koeficientze da amitom is warmoadgens 
aramodulirebuli gadamtanis simZlavres. sasargeblo simZlavre 
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Tavmoyrilia mxolod modulirebuli signalis gverdiT sixSireebze (12.6 
formulis meore mdgeneli). 
 SemovitanoT amplituduri modulacis margi qmedebis koeficientis    
cneba, romelic ganisazRvreba gverdiTi sixSireebis simZlavris 
fardobiT signalis saerTo simZlavresTan: 

2

42

1

4
2

2

2
2

0

2
2

0















m

m

m
A

m
A

Am . 

nax. 12.6 –ze warmodgenilia Am  - s damokidebuleba m – ze. 

 
nax. 12.6 

rogorc naxazidan Cans, modulaciis koeficientis maqsimaluri 
mniSvnelobis dros (m = 1)  margi qmedebis koeficienti mxolod 33%-ia. e.i. 

simZlaveris 32  ixarjeba informaciis TvalsazrisiT usargeblo 
gadamtani rxevis gadacemaze.  

swoded amitom, dabali margi qmedebis koeficientis da speqtris 
didi siganis gamo, romelic orjer aRemateba samodulacio signalis 
speqtris siganes, amplituduri modulacia naklebad gamoiyeneba 
praqtikaSi. dReisaTvis amplituduri modulacia gamoiyeneba SedarebiT 
dabali sixSiris radiosignalebis da satelevizio gamosaxulebebis 
gadasacemad. 

 
 
 
 

12.2 amplituduri modulaciis demodulacia 
 

 amplitudurad modulirebuli signalis demodulacia SeiZleba 
ramodenime meTodiT. umartivesi meTodis arsi SemdegSi mdgomareobs. 
ganisazRvreba modulirebuli signalis moduli da Semdeg gagluvebis 
meTodis gamoyenebiT miiReba erTniSniani kosinusoidaluri impulsebi da 
Semdeg xdeba maTi gagluveba dabali sixSiris filtris saSualebiT. (nax. 
12.7) 
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nax. 12.7 

cxadia, rom es meTodi ar imuSavebs gadaWarbebuli modulaciis dros. 
demodulaciis Semdeg meTods sinqronuli deteqtireba ewodeba, romlis 
arsi mdgomareobs signalis sixSiris gadamtani sixSiris mqone sayrdeni 
rxevis namravlze: 

               0000

2

00 22cos
2

1

2

1
coscos   ttAtAttAttxty AM  

gamravlebis Sedegi Seicavs or mdgenels. pirveli aris saZebni 

amplituduri funqcia, xolo meore _ gadamtanis 20 sixSiris 
modulirebuli signali. es maRali sixSiris signali advilad SeiZleba 
CaixSos, Tu signals gavatarebT dabali sixSiris filtrSi (nax. 12.7).  

am SemTxvevaSi metad mniSvnelovania sawyisi fazis, sayrdeni rxevis 
sixSiris da modulirebuli signalis gadamtanis sixSiris zusti 
Tanxvedra. Tu xdeba sixSireebis Tanxvedra, magram sawyisi fazebi 
gansxvavdebian, maSin dabalsixSiriani signali aRmoCndeba gamravlebuli 
fazuri cdomilebis kosinusze, rac iwvevs regulatoris gamosavalze 
sasargeblo signalis donis dawevas, xolo Tu fazTaSoriso cdomileba 
aRwevs 900, maSin signali nulis toli xdeba. 
 rodesac xdeba sixSiruli Zvra gadamtan signalsa da sayrden 
signals Soris situacia kidev ufro mZimdeba, kerZod gamosavali 
dabalsixSiriani signali aRmoCndeba gamravlebuli harmoniul rxevaze, 
romlis sixSirea sixSireTa sxvaoba. es sabolaod iwvevs gamosavali 

signalis pulsirebas  sixSiriT. am movlenas dartymebi ewodeba, xolo 

sixSireebis   sxvaobas _ dartymis sixSire. 
 gadamtansa da sayrden rxevas Soris sixSiruli da fazuri 
sinqronizaciis SenarCunebisaTvis gamoiyeneba specialuri sistemebi, 
kerZod sixSiris fazuri avtoregulirebis sistema. 
 sinqronuli deteqtirebis Rirsebas warmoadgens is, rom igi sworad 
axdens signalis demodulacias maSinac ki, roca xdeba modulaciis 
gadarWarbeba. 
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12.3 amplituduri modulaciis nairsaxeoba 
 

 amplituduri modulaciis maxasiaTeblebis gaumjobesebisaTvis 
damuSavda ramodenime modifikacia. ganvixiloT zogierTi maTgani. 
 1. gadamtanis CaxSoba. amplituduri modulaciis margi qmedebis 
koeficientis gazrdisaTvis SeiZleba uari vTqvaT gamousadegar gadamtan 
rxevaze, uari vTqvaT samodulacio signalze mudmivi mdgenelis 
damatebaze. aseT meTods ewodeba amplituduri modelacia gadamtanis 
CaxSobiT: 

     00cos   ttxtx M  , 

romlis grafikuli gamosaxuleba warmodgenilia nax. 12.8 

 
nax. 12.8 

energetikuli mogeba sakmaod didia (margi qmedebis koeficienti 100% 
tolia). magram, modulirebuli signalis speqtris sigane igive rCeba, 
radgan xdeba gadamtanis saSualo sixSiris CaxSoba, xolo gverdiTi 
sixSireebi adgilze rCebian. 
 amrigad, amplituduri modelacias gadamtanis CaxSobiT, 
Cveulebrivi amplitudur modelaciasTan SedarebiT gaaCnia garkveuli 
upiratesobebi. magram, am meTodma praqtikaSi ver pova farTo gamoyeneba 
imis gamo, rom demodulaciis dros warmoiqmneba garkveuli problemebi. 
kerZod,  demodulaciis dros saWiroa gadamtanis sixSiris da fazis 
zusti Sesabamisoba sayrden rxevasTan. 
 2. erTpolusiani modulacia. zemod ganxiluli amplituduri 
modulaciis speqtris gverdiTi sixSireebi erTmaneTis mimarT 
sarkisebrad arian ganlagebulni da gaaCniaT erTi da igive informacia. 
amitom erT-erTi gverdiTi sixSire SegviZlia gamovricxoT. aseT 
modulacias erTpolusians uwodeben. 
 imis mixedviT, Tu romeli gverdiTi sixSire rCeba, vRebulobT 
erTpolusian modulacias zeda an qveda gverdiTi sixSiris zoliT. 
erTpolusiani signalis formirebisaTvis ganvixiloT ramodenime 
speqtruli grafiki (nax. 12.9) 
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nax. 12.9 

sadac a _ samodulacio signalis speqtria, b _ erTmoduliani signalis 
speqtri zeda gverdiTi sixSiris zoliT, g _ igive qveda gverdiTi 
sixSiris zoliT. 
 amrigad, erTpolusian modulaciis dros xdeba signalis speqtris 
daZvra gadamtanis areSi. amlituduri modulaciasTan SedarebiT xdeba 
yoveli `naxevari~ speqtris wanacvleba Tavis mimarTulebiT: dadebiTi 

sixSireebis areSi 0-ken an uaryofiTi sixSireebis areSi _0-ken. 
 cxadia, rom erTpolusiani signalis speqtris sigane samodulacio 
signalis speqtris siganis tolia. e.i. erTpolusiani signalis speqtri 
orjer ufro viwroa vidre Cveulebrivi amplituduri modulaciis dros. 
 erTpolusiani modulaciis gansaxorcieleblad unda gamoviyenoT 
hilbertis gardaqmna. pirvel rigSi saWiroa samodulacio signalidan 
miviRoT analitikuri signali, romelsac gaaCnia calmxrivi speqtri. Tu 

am signals gavamravlebT tj
e 0 kompleqsur sidideze, maSin xdeba 

calmxrivi speqtris daZvra 0 sixSiriT marjvniv, ris Sedegad 
formirdeba erTpolusiani signalis calmxrivi speqtri zeda gverdiTi 
sixSiris zoliT. imisaTvis ,rom analitikuri signalidan gadavideT 
namdvil signalze, saWiroa aviRoT analitikuri signalis namdvili 
nawili. analogiurad xdeba qveda gverdiTi sixSiris dros im 

gansxvavebiT, rom analitikuri signali unda gavamravloT tj
e 0 sidideze 

(maSin speqtri gadaadgildeba marcxniv uaryofiTi sixSirreebis areSi). 
 amrigad, erTpolusiani signali SeiZleba warmovadginoT rogorc 
ori amplitudiT modulirebuli signalebis jami, romelTa gadamtanis 
rxevebs gaaCniaT erTi da igive sixSire, oRond urTierTmimarT faziT 
daZrulni arian 900-iT. imisdamixedviT xdeba am ori signalis ajamva Tu 
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gamokleba formirdeba signali zeda an qveda gverdiTi sixSiruli 
zolebiT. 
 unda aRiniSnos, rom erTpolusiani signalis amplitudebis 
momvlebi gansxvavdeba dabalsixSiriani samodulacio signalisagan. nax. 
12.10 warmodgenilia ori harmonikis mqone samodulacio signali (nax. 12.10 
a) 

 
nax. 12.10 

nax. 12.10b naCvenebia signali zeda gverdiTi sixSiriT, xolo g _ signali 
qveda gverdiTi sixSiriT. 
 erTpolusiani signalis demodulacia. miuxedavad imisa, rom 
vizualurad erTpolusiani signali gansxvavdeba Cveulebrivi 
amplitudiT modulirebuli signalidan, demodulacia SesaZlebelia 
igive sinqronuli deteqtirebis meTodiT, kerZod signalis sayrden 
rxevaze gamravlebiT. namravlis Sedegi (nax. 12.11a) Sedgeba ori 
mdgenelisagan: pirveli aris samodulacio signali, xolo meore _ 

erTpolusiani 20 sixSiris gadamtani signali. 
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nax. 12.11 

rCeba mxolod modulirebuli signalis gamoyofa dabali sixSiris 
filtriT (nax. 12.11b). 
 

 
12.4 sixSiruli da fazuri modulacia 

 
 sixSiruli modulacia. sixSiruli modulaciis dros gadamtanis 

amplituda mudmivi rCeba, xolo myisieri sixSire  t  icvleba 

samodulacio signalis cvlilebasTan erTad:    tkxt  0 , sadac k-

_proporciulobis koeficientia, romelic dakavSirebulia  t  sixSiris 

gadaxrasTan Tavis nominaluri 0 sixSiridan da  samodulacio  tx  

signalidan, romelic iwvevs am gadaxras. 
 ganvixiloT yvelaze martivi SemTxveva, kerZod erTtonaluri 
sixSiruli modulacia. nax. 12.12 warmodgenilia erTtonaluri sixSiruli 
modulaciis myisieri sixSirisa da fazis cvlilebebis droiTi 
diagramebi. 
 

 
nax. 12.12 



 

---------------------------------------------------------------------------------------- 
e. yubaneiSvili biosignalebis cifruli damuSaveba 
 

 

183 

erTtonaluri samodulacio signalis      tAtx M  cos  (nax. 12.12a) 

modulacia xdeba  txm  gadamtaniT (nax, 12.12b). amave dros gadamtanis 

sixSire   tkAt M  cos0  imeorebs samodulacio signalis cvlilebis 

kanonzomierebas (nax. 12.12g). gadamtanis sixSiris maqsimalur gadaxras 0  

saSualo sixSiridan ewodeba sixSiris deviacia: 

 
max0  tm  

sixSiris deviaciis fardobas samodulacio signalis  sixSiresTan 
ewodeba sixSiruli modulaciis indeqsi: 




 m

FMm


. 

t = 0  da  t = 8T drois momentebSi myisieri siCqare maqsimaluria, xolo t = 4T 

dros _ minimaluri. gadamtanis myisieri  t  fazis cvlilebis 

kanonzomiereba (nax. 12.12d) ganisazRvreba Semdegi gamosaxulebiT: 

      tmttdttt

t

  sin, 0

0

  

Tu gaviTvaliswinebT kavSirs sixSiresa da fazas Soris, maSin: 

      
















 

tt

FM dttxkAdttAtx
0

00

0

0 coscos  . 

aqedan gamomdinare,  erTtonaluri sixSiruli modulacia SeiZleba ase 
warmovadginoT: 

   tmtAtxFM  sincos 00  . 

 
 fazuri modulacia. fazuri modulacia warmoadgens gadamtanis 

myisieri  t  fazis cvlilebis process, romelic proporciulia 

samodulacio signalis cvlilebebisa: 

                  txmtttt M 00  .                        (12.7) 

amrigad gveqneba: 

    txmtAtx   00 cos  , 

sadac m _ fazuri modulaciis indeqsia. 

 Tu gvaqvs erTtonaluri fazuri modulacia:   tAtx M  cos , maSin 
miviRebT: 

   tmtAtx   coscos 00  . 

nax. 12.13 naCvenebia tonaluri fazuri modulaciis dros rogor icvleba 
myisieri sixSire da faza. 
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nax. 12.13 

erTtonaluri  tx signalis (nax. 12.13a) modulireba xdeba  txm  gadamtaniT 

(nax. 12.13b). am dros gadamtanis myisieri fazis cvlilebis kanonzomiereba 

(12.7) imeorebs  tx signalis cvlilebis kanons (nax. 12.13g), anu wrfivad 

cvalebad fazaze (naxazze wyvetilebi) xdeba cvladi     ttt 0   

nazrdis zeddeba. gadamtanis myisieri  t  sixSiris cvalebadobis kanoni 
ganisazRvreba Semdegi formuli:  

 
 

  tmtmt
dt

d

dt

td
t   sincos 00 


 . 

faziT modulirebuli rxeva (nax. 12.13e) agebulia  t  funqciis grafikis 

safuZvelze. t=2T  da t=10T  drois momentebSi faziT modulirebul 

signals  tx  signals gaaCnia minimaluri, xolo t=6T drois momentSi 

maqsimaluri myisieri sixSire. 
  amrigad, sixSiruli da fazuri modulaciebi urTierTkavSirSi 
arian, kerZod Tu rxevis sawyisi faza icvleba, maSin icvleba agreTve 
misi myisieri sixSrec da piriqiT. am mizezebis gamo modulirebis es ori 
saxe gaerTianebulia `kuTxuri modulaciis~ saerTo dasaxelebiT. 
 naTqvamidan gamomdinare, SeiZleba gavakeod Semdegi daskvnebi: 
 1. kuTxuri modulaciis formis mixedviT SeuZlebelia ganisazRvros 
fazuri modulacia es Tu sixSiruli. amisaTvis saWiroa vicodeT 
samodulacio signali. 
 2. Tu samodulacio signals gavatarebT idialur diferecirebis 
mowyobilobaSi, xolo Semdeg mivawvdiT mas sixSirul moduliators, 
maSin miviRebT fazur modulacias (nax. 12.14 zeda Sto). 
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nax. 12.14 
 3. Tu samodulacio signals gavatarebT idialur maintegrirebel 
mowyobilobaSi, xolo Semdeg mas mivawvdiT fazur modulators, maSin 
miiReba sixSiruli modulacia (nax. 12.14 qveda Sto). 
 demodulacia. iseve rogorc amplituduri modulaciis dros, 
kuTxuri modulaciis demodulacia SeiZleba SevasruloT mravali 
meTodiT. yvelaxe ufro radikaluri midgomaa  analitikuri signalis 
gansazRvra da Semdeg misgan gamovyoT fazuri funqcia. Semdegi moqmedeba 
damokidebulia imaze Tu ra saxis modulaciasTan gvaqvs saqme. kerZod, 

fazuri modulaciis dros fazuri funqciidan ganisazRvreba wrfivi t0  

mdgeneli, romelic Seesabameba aramodulirebul gadamtans. Tu 
sixSiruli modulaciaa, maSin fazuri funqcia gawarmoebdeba da miRebul 

Sedegidan ganisazRvreba 0  mudmiva (nax. 12.15) 

 

 
nax. 12.15 

nax. 12.15 warmodgenilia signalis fazuri (uwyveti mrudi) da sixSiruli 
(wyvetili mrudi) demodulaciis Sedegebi. 
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