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koherentuli demodulatoris xelSeSlebisadmi  

mdgradobis kvleva  
omar tomaraZe 

saqarTvelos teqnikuri  

reziume 

gamokvleulia erTjeradi fazasxvaobiTi modulirebuli signalebis koherentuli 
demodulatoris xelSeSlebisadmi mdgradoba seleqciuri milevis (miyuCebis) arxebisa da 
SemTxveviTi Secdomebis zemoqmedebis pirobebSi. mtkicdeba, rom Sesabamisi 

demoduliatoris ararsebobis dros irRveva koherentuli damuSavebis piroba, rac 
ganapirobebs Secdomebis gazrdis albaTobas. 

sakvanZo sityvebi: fazasxvaobiTi signali. signalebis modulatori. arxis 

seleqciuri mileva. koherentuli demodulatori. Secdomebis albaToba. mdgradoba. 

1. Sesavali  

signalebis cifruli damuSavebis erT-erTi aqtualuri amocanaa signalis gawmenda 

SemTxveviTi Secdomebisagan, radgan realur pirobebSi sainformacio sistemis elementebi 
ganicdian xelSeSlebis zemoqmedebas [1]. nebismieri sainformacio-sazomi sistema 
ganixileba rogorc informaciis wyaro, gadamcemi arxi da mimRebi anu demodulatori. 

SemoTavazebul statiaSi ganxilulia realur axebSi informaciis miReba da 

koherentuli demoduliatoris xelSeSlebisadmi mdgradobis kvleva aditiuri gausis 
xmaurian sixSiris mixedviT seleqciuri milevis (miyuCebis) arxebSi. dasmuli amocanis 
gadawyveta xdeba koherentuli demoduliatorisaTvis erTjeradi fazasxvaobiTi 

modulirebuli signalebis SemTxvevaSi.  

2. ZiriTadi nawili  

cnobilia, rom erTjeradi fazasxvaobiTi modulirebuli signalebis koherentuli 

miRebis algoriTmi SeiZleba warmovadginoT Semdegi saxiT:   

                                                               
                                           (I1+I2)2>(I1-I2)2 ,         sadac                                                  (1)  

I1=(2/T) ∫
T

z
0

n(t)S(t)dt,  I2=(2/T) ∫
T

z
0

n+1(t)S(t)d(t), 

S(t)= ∑
=

2

1

k

kk
AkCOSkωt+BkSINkωt 

    Ak, Bk-t€(0,1) intervalze gadasacemi signalis furies daSlis koeficientebi: 
ω=(2π /T); T- signalis elementaruli gzavnilis xangrZlivoba; k2-k1+1=q B=2q - signalis 

baza. zn(t)- signalis n-uri gzavnilis da gausis aditiuri xmauris narevis realizacia.     

    rom ar davarRvioT ganzogadeba, CavTvaloT gadacemuli signalis fazaTa sxvaobis 
nulovani mniSvneloba. e. i.  

                                 zn(t)= ∑
=

2

1

k

kk
[(αk+ξk)COSkω t+(bk+

^
ξ k)SINkω t], 

                                  zn+1(t)= ∑
=

2

1

k
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[(αk+ήk)COSkω t+(bk+

^
η k)SINkω t],    sadac 

                                  ak= µ სკ.Ak- µ ზკBk,        bk= µ სკBk+μზკAk; 

         μსკ  μზკ-k-ur sixSireze arxis gadacemis koeficientis sinfazuri da kvadratuli 

mdgenelebi; ξk, 
^
ξ k, μk და 

^
µ k   k-ur sixSireze aditiuri gausis xmauris koeficientebis 
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daSlis realizaciis sinfazuri da kvadratuli mdgenelebia signalis n-uri da (n+1)  
gzavnilis gadacemisas normaluri SemTxveviTi sididis nulovani saSualo da Tanabari 
dispersiebiT. ganxilul SemTxvevaSi Secdomebis albaToba ganisazRvreba (1)-li utolobis 
SeusruleblobiT. e. i. 

                                                  Pცდ.=P[ χ 1< χ 2]  , sadac                                             (2) 
                                                χ 1=(I1+I2)2,   χ 2=(I1-I2)2  
e. i. unda moinaxos iseTi pirobebi, rodesac    χ 1=(I1+I2)2< χ 2=(I1-I2)2. 
     elementaruli, magram vrceli gardaqmnebis Sesrulebis Sedegad Pცდ.-sTvis 
miviRebT:  

                         Pცდ.=(1/2)[1-Ф2{( ϑ2/T 2 ∑
=

q

k 1
µ სკ.Ck)/ ∑

=

q

k
C

1
 k}]                                  (3)     

aRsaniSnavia, rom miyuCebis (milevis) ar arsebobis dros (3)-dan gamodis 
cdomilebis albaTobis cnobili gamosaxuleba, romelic samarTliania erTjeradi 

fazasxvaobiTi modulirebuli signalebis koherentuli miRebis dros aditiuri gausis 
xmaurian arxebSi  [2,3]. 

                                             Pცდ.=(1/2)[1-Ф2(h)] ,    sadac                                                   (4) 

                                    h2   =(T/2Э2)∑
=

q

k 1
Ck(μსკ2.+μზკ2)                                                     (5) 

                                   μს1 =μსq=μს        μზ1=μზq=μზ 

 miyuCebis (milevis) arxebSi miRebuli signalis energia da Sesabamisad h2-is sidide aris 
SemTxveviTi da Secdomebis saSualo mniSvnelobis gansazRvrisaTvis (3)-e unda 

gavasaSualoT gadacemis koeficientis yvela SesaZlo sinfazuri mdgenelis μსk mixedviT 

(sadac k=
−

2,1 kk , k2-k1+1=q). 
      SemovitanoT aRniSvna 

                                                       ν=∑
=

q

k 1
(μსkCk))/ ∑

=

q

k 1
Ck, 

radganac  μსk normaluri SemTxveviTi sidideebia, nulovani saSualoTi. SemTxveviTi 

sidide ν-c aris normaluri nulovani saSualoTi da dispersiiT   

                                              σν2= ∑
=

q

k 1
∑

=

q

e 1
CkCe µµ

−
სe )/∑

=

q

k 1
Ck,                                        (6) 

sadac μსk  μსe  k-ur da e-ur sixSireebze gadacemis koeficientis sinfazuri mdgenelebis 

korelaciuri funqciaa. Sesabamisad (3)-e SeiZleba warmovadginoT Semdegi saxiT 

                                
−

P ცდ.=(1/2 π2 σ ν) ∫
∞

∞−

[1-Ф2( ν2|T 2ν]exp{-(ν2)/2σν2}dν               (7)             

an elementaruli gardaqmnebis Sedegad miviRebT 

                                 
−

P ცდ.=(1/2)-1/ π2 ∫
∞

0

Ф2( ν2|T 2σνt)exp{-t2/2}dt 

es integrali aris cxrilis [5,6], Sedegad miviRebT                         

                       
−

P ცდ.=(1/2)-(1|π )arctg(Tσ 2ν )/(ν2 σT2 ν
2/ν2+1                                       (8) 

SemdgomSi gaviTvaliswinoT, rom                         

                                          
−

µ სk
=

µ სe=0,5
−

µ 2Rk,e                                                                            (9) 
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sadac 
−

µ 2 – sixSiris yvela mdgenelze arxis gadacemis koeficientis saSualo 

mniSvnelobis kvadrati; Rk,e –k- ur e-ur sixSireebze normirebuli korelaciis 

koeficientebi. CavsvaT (9)-e (6)-Si, miviRebT 

                     σν2=0,5
−

µ 2∑
=

q

k 1
∑

=

q

e 1
CkCeRk,e/ ∑

=

q

k 1
Ck,                                       (10) 

e. i. SemTxveviTi ν sididis dispersia ganisazRvreba miyucebis (milevis) xasiaTiT. 

 (Rk,e=1 da roca k=e)  (10)-dan gamomdinareobs saerTo miyuCeba (mileva)   

                                             σν,0
2=0,5

−

µ 2∑
=

q

k 1
Ck                                                                  (11)  

sufTa seleqciuri (arakolerilebuli) miyuCebis (milevis) dros  (Rk,e=0  roca k≠e, 
Rk,e=1  roca  k=e) 

                                            σν.c=0,5
−

µ 2∑
=

q

k 1
Ck

2 /∑
=

q

k 1
Ck                                                                     (12)                                                                                  

(10) da (12) CavsvaT  (8)-Si miviRebT gamosaxulebas koherentuli demoduliatoris 
cdomilebis saSualo albaTobis saangariSod.  

saerTo releuri miyuCebisaTvi (milevisaTvis) 

                                     
−

P ცდ.საერ.=(1/2)-(1/π  )arctg(h2/ h21+ 2 )                                        (13) 
sufTa seleqciuri miyuCebisaTvis (milevisaTvis         

                              
−

P ცდ.სელ.=(1/2)- (1/π )arctg(
−

µ 2TQ)/2ν2 µ+1 2TQ/ν2                           (14) 

sadac 
−

h 2 - miRebis adgilze  signal/xmaurTan fardobis saSualo mniSvneloba  (fsx)   

                                                  Q=∑
=

q

k 1
Ck

2/∑
=

q

k 1
Ck                                                            (15) 

rogorc adrec aRvniSneT, seleqciuri miyuCebis (milevis) arxebSi Secdomebis 
saSualo mniSvnelobis albaToba damokidebulia gadasacemi signalis sixSiris mixedviT 

energiis ganawilebaze. signalis energiis Tanabari ganawilebis dros (Ck=C-const)  (15)-
dan gamomdinareobs, rom Q=C და (114) SeiZleba warmovadginoT Semdegi saxiT :  

 
ნახ. 1 

                        
−

P ცდ.სელ.=(1/2)-(1|π )arctg(
=

h 2/q qh |21+ );                                            (16) 
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  araTanabari ganawilebis dros 

                                          Q=(2ν 2/
−

µ 2T
−

h 2 ∑
=

q

k 1
(

−

h
 k

2)2                                                  (17) 

CavsvaT (17)  (14)-Si, miviRebT                  

                          
−

P ცდ.სელ.=(1/2)-(1/π )arctg{∑
=

q

k 1
(

−

h k
2)/h2 ∑

=

−−

+
q
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1
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ნახ. 2 

(13), (16) da (18)-is mixedviT Catarebul iqna saWiro gaTvlebi. 1-el naxazze 

mocemulia 
−

P ცდ.სელ. da 
−

P ცდ.სელ damokidebuleba q=1,2,5, da 10-Tvis, xolo me-2 naxazze -  
−

P ცდ.სელ gadasacemi signalis energiis araTanabari ganawileba mdgenelebis porcialuri 

SerCevis SemTxvevaSi 

                                
=

h 2=(1/9)[8+(1/4)q-1]h2, 
=

h 2=(1/3)(1/4)k-1h2, k=2,...,q 

3. daskvna 

miRebuli Sedegebi gvaZlevs saSualebas gavakeToT daskvnebi seleqciuri milevis 

(miyuCebis) arxebSi erTjeradi fazasxvaobiTi modulirebuli signalebis koherentuli 

demoduliatoris xelSeSlebis mdgradobisadmi.    

1. arxis gadacemis koeficientis mdgenelebis mimdinare informaciis 

demoduliatoris ar  arsebobis dros irRveva koherentuli damuSavebis piroba, rac 

ganapirobebs Secdomebis albaTobis gazrdas. 

2. miRebis xelSeSlebisadmi mdgradoba damokidebulia signalis bazaze. yvela sxva 

Tanabari pirobebis dros signalis bazis gazrda iwvevs Secdomebis albaTobis gazrdas. 

aRniSnuli movlena gansakuTrebiT Tavs iCens gamoyenebuli sixSiris diapazonSi 

gadasacemi signalis energiis Tanabari ganawilebis dros. 
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RESEARCH OF RANDOM ERRORS NOISE IMMUNITY IN COHERENT  

DEMODULATOR  

Tomaradze Omar 
Georgian Technical University 

Summary  

In this article it is studied the immunity of the coherent demodulator of signals with a single 
PDM in channels with selective fading-out. It is proved that in the case of absence of an appropriate 
demodulator, the conditions of coherent processing are violated, what leads to an increase of the 
probability of error. 

 
ИССЛЕДОВАНИЕ ПОМЕХОУСТОЙЧИВОСТИ КОГЕРЕНТНОГО  

ДЕМОДУЛЯТОРА  

Томарадзе O. 
Грузинский Технический университет  

Резюме 
 

Исследуется помехоустойчивость когерентного демодулятора сигналов с однократной 
ФРМ в каналах  с селективными замираниями. Доказывается, что при отсутствии 
соответствующего демодулятора нарушаются условия когерентной обработки,  что 
обуславливает увеличение вероятности ошибки.  


