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Tema 15. amplituduri, fazuri da sixSiruli deteqti-

reba 

Tu gavaerTianebT arawrfiv elementebs Sesabamisi 
wrfivi sixSirulad-amrCevi  rgolebiT, SeiZleba SevqmnaT 
mowyobilobebi radiosignalebis deteqtirebisaTvis (demo-
dulaciisaTvis). qvemoT ganxiluli iqneba deteqtorTa 
mniSvnelovani saxeebis muSaobis Teoria. 

A15.1. am-signalebis deteqtirebis principebi 

   amplituduri deteqtirebis operacia pirdapir ampli-
tuduri modulaciis sapirispiroa. Tu gveqneba idealuri 
deteqtoris Sesasvlelze am-rxeva 

0( ) (1 cos )cos ( ),mu t U t t  Ses Ses
 

gamosasvlelze SeiZleba miviRoT dabalsixSiruli signa-

li ( ) cos ,mu t U t gam gam  romelic gadasacemi Setyobinebis 

proporciulia. deteqtoris muSaobis efeqturoba miRebu-
lia Sefasdes deteqtirebis koeficientiT 

/ ( ),m m k U MUdet gam Ses   (4.50) 

romelic udris gamosasvlelze dabalsixSiruli signa-
lis amplitudis Sefardebas Sesasvlelze maRalsixSiru-
li signalis amplitudis cvlilebis ”gaqanebasTan”. 

SeiZleba ganvaxorcieloT deteqtireba  am-signalis mi-
wodebiT arawrfiv uinercio elementze da speqtris da-
balsixSiruli mdgenelebis Semdgomi filtraciis gaTva-
liswinebiT. 

ganvixiloT egreTwodebuli koleqtoruli deteqtoris  
sqema (ix. nax. 15.1), romelic warmoadgens tranzistorul  

 
                  nax. 15.1                   nax. 15.2 
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mowyobilobas, romlis datvirTvaa paraleluri RC wredi. 
imisaTvis, rom datvirTvis wredma Seasrulos sixSiruli 
filtris roli, romelic axSobs maRalsixSirul speq-
tralur mdgenelebs, moviTxovoT utolobaTa Sesruleba 

01/ ( ) , 1/ ( ) .C R C R   d d d d   (4.51) 

utolobani auciloblad Sesruldebdeba, Tu Sesasvleli 
signali sakmaod viwrozolovania, e.i. 0 .    

es niSnavs, rom signalisaTvis, romlis modulaciis 
sixSirea  , deteqtoris datvirTva praqtikulad rezis-

tiulia da tolia Rd , amave dros datvirTvis winaRobis 

moduli, da, maSasadame, sistemis gadacemis koeficienti 
matarebel 0  sixSireze ugulvelsayofad mcirea. 

davuSvaT Sesasvleli Zabva tranzistoris bazaze 

0 0( ) (1 cos )cos ( ),mu t U U M t t   Sesbe
 

amasTan amplituda sakmaod didia imisaTvis, rom SesaZle-
beli iyos arawrfivi elementis volt-amperuli maxasia-
Teblis uban-uban wrfivi aproqsimaciiT sargebloba. si-
martivisaTvis davuSvaT agreTve, rom 0U U d  da denis 

mokveTis kuTxe 090   ar aris damokidebuli  Sesasvle-
li signalis amplitudis droSi cvlilebaze. Pprocesebi 
koleqtorul deteqtorSi ilustrirebulia grafikebiT 
nax. 15.2. 

koletoruli denis impulsebis Tanmimdevroba aRmoCn-
deba amplitudis mixedviT modulirebuli; denis nulova-
ni mdgeneli nela ( 0 sixSiriT) icvleba droSi, amasTan 

0

0( ) (1 cos ) (90 ) 0.318 (1 cos ),m mI t S M t S M t     0 Ses Sesk
 

deteqtoris Sesasvleli Zabva 

  ( ) ( ) 0.318 (1 cos ),u t E I t R E SR M t     gam kv 0 dat kv datk
  (4.52) 

saidanac deteqtirebis koeficienti 0.318 .k SRdet dat  (4.53) 

arsebiTia, rom aq  Sesasvlelze da gamosasvlelze 
signalebis amplitudebi erTmaneTTan pirdapirproporci-
uli damokidebulebiTaa dakavSirebuli. amitom deteqto-
ris muSaobis aseT reJims ewodeba wrfivi. misi ganmasxva-
vebeli niSania gadasacemi Setyobinebis damaxinjebebis 
ararseboba.  

K15.2. kvadratuli deteqtireba.  
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ganvixiloT calke gamoyenebisaTvis mniSvnelovani sus-
ti signalebis deteqtirebis SemTxveva, roca volt-amperu-
li maxasiaTebeli SeiZleba aproqsimirebuli iyos Semdegi 
saxis xarisxobrivi damokidebulebiT 

         2

0 1 0 2 0( ) ( ) ( ) ...i u a a u U a u U     Ses Ses    (4.54) 

SemovifargloT mxolod aq amowerili wevrebiT da da-
vuSvaT, rom deteqtorze miwodebulia am-signalis Zabva 
mudmiv wanacvlebasTan erTad: 

          0 0( ) (1 cos )cos ( ).mu t U U M t t   Ses Ses         (4.55) 

(4.55)-is (4.54)-Si CasmiT, sxvadasxvagvar kombinaciur 
rxevebs Soris aRmovaCenT  denSi arsebul Semdeg dabal-
sixSirul mdgenels (ds): 

      
2 2 2

2 2( ) cos 1/ 4 cos 2 .m mi t a U M t a U M t   ds Ses Ses  (4.56) 

datvirTvis wredis mafiltrirebeli moqmedebis wya-
lobiT signali ganisazRvreba swored am deniT: 

  
2 2 2

2 2( ) cos 1/ 4 cos 2 .m mu t E a R U M t a R U M t    gam kv dat Ses dat Ses  (4.57) 

deteqtirebis sasargeblo efeqti aq proporciulia si-

didis 
2

mU Ses , amitom mcire amplitudiani am-signalebis 

deteqtireba warmoadgens kvadratuls. (4.57)-Si cos 2 t -is 
proporciuli Sesakrebis arseboba imaze metyvelebs, rom 
kvadratul deteqtirebas Tan axlavs gadasacemi Setyobi-
nebis damaxinjebani. Aarawrfivi damaxinjebebis koefi-

cientis (adk) kadk   SemotaniT, romelic tolia 2  da   

sixSireebiani gamosasvleli rxevebis amplitudebis Sefa-

rdebis, (4.57)-dan vpoulobT, rom / 4k Madk . arawrfivi 

damaxinjebebi sakmaod mniSvnelovania Sesasvlelze Rrma 
amplituduri modulaciisas. Aamitom radiomimReb mowyo-
bilobebSi sasurvelia, rom am-signalis matarebeli rxe-
vis amplitudam, romelic ewodeba deteqtors, Seadginos 
ramdenime volti. AamasTan xdeba wrfivi deteqtirebis 
realizacia da arawrfivi damaxinjebebi ar aRiZvreba. 

A15.3. am-signalebis dioduri deteqtori 
farTod gamoiyeneba dioduri deteqtori, romelic gan-

sakuTrebiT vargisia didi donis signalebTan samuSaod. 
aseTi deteqtori (nax. 15.3) Seqmnilia diodisa da parale-

luri RC -wredis Tanmimdevruli 
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SeerTebiT. RC -wredis parametrebs irCeven (4.51) pirobebis 
Sesabamisad. 

    nax. 15.3             CavTvaloT, rom diods gaaCnia        
uban-uban  wrfivi vam dasawyisis nulovani ZabviT:    

0, 0
( )]

, 0.

u
i u

Su u


 


 

deteqtoris normaluri muSaobisaTvis aucilebelia, 

rom datvirTvis Rdat  rezistoris winaRoba mniSvnelovnad 

aWarbebdes diodis winaRobas pirdapiri mimarTulebiT, 

e.i. 1.SR dat  davuSvaT, deteqtoris Sesasvlelze miwode-

bulia aramodulirebuli harmoniuli signali 

K m 0( ) cos ( ).u t U tSes Ses  

kondensatori imuxteba Ria dio-
dis gavliT gacilebiT swrafad, vi-
dre ganimuxteba datvirTvis maRalo-
miani  

   nax. 15.4        rezistoris gavliT. Aamitom gamosas-
vleli signalis oscilograma warmoadgens xerxisebur 
mruds kbilebis mcire fardobiTi simaRliT. gamosasvle-
li Zabvis  saSualo done axlosaa Sesasvleli signalis 
amplitudasTan. Aamgvarad, diodi periodis meti drois 
nawilze rCeba Caketili. 

ugulebelvyoT gamosasvleli signalis es aramudmivo-

ba da CavTvaloT, rom Ugam  mudmivi sididea. 

Semdgom SevniSnoT, rom Zabva Ugam  modebulia 

diodze uku mimarTulebiT da asrulebs 
misTvis wanacvlebis Zabvis rols 

0U U  gam
  

mocemuli  mowyobilobis deteqtirebis koe-

ficienti / cosmk U U  det gam Ses  SeiZleba   

nax. 15.5    gavxadoT erTTan miaxloebuli, ramdenadac 

,mU Ugam Ses  da e.i. denis mokveTis  kuTxe sakmaod mcirea. 

mokveTis kuTxes pouloben Tanafardobidan 

           0 0 max 0 ( ) ,U I R SU R   dat dat  

saidanac gamomdinareobs  transcendenturi gantoleba 
cos ( )(sin cos )SR     dat  an     / ( ).tg SR    dat     (4.58) 
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(mcire  -s dros adgili aqvs:    3 / 3tg    ) 
roca 1SR dat  am gantolebis fesvi nulTan axlosaa, 

ase rom (4.58)-dan gamomdinareobs formula deteqtirebis 
koeficientis gamosaTvlelad: 

              3cos 3 / ( )k SR  
 det dat     (4.59) 

 
magaliTi 11.5. diodur deteqtors gaaCnia parametrebi: 

18R dat kom, S  10ma/v. ganvsazRvroT mocemuli mowyobilobis 

deteqtirebis koeficienti. 
Uuganzomilebo namravli SRdat =180 sakmao didia, amitom 

SeiZleba visargebloT formuliT (4.59), romelic gvaZlevs  
3cos [ 3 3.14 /180] 0.93.k    det  

Tu dioduri deteqtoris Sesasvlelze modis am-rxeva, maSin 
(4.51) pirobis  Sesrulebisas deteqtoris gamosasvleli Zabva 
”misdevs” Sesasvleli signalis amplitudis dones.  

15.4. signalisa da dabrkolebis urTierTqmedeba 
amplitudur deteqtorSi 

davuSvaT, rom idealuri wrfivi am-signalis deteqto-
ris Sesasvlelze, romelsac gaaCnia  deteqtirebis cno-

bili kdet  koeficienti arsebobs sasargeblo (s) 

erTtonaluri am-rxevisa da dabrkolebis (dab) 
aramodulirebuli rxevis jami: 

     0( ) (1 cos )cos ( ) cos ( );m mu t U M t t U t    Ses s dab dab  

sixSireebi 0  da dab zogad SemTxvevaSi gansxvavebulia. 

Ddeteqtoris gamosasvleli signali proporciulia 

( )u tSes  rxevis fizikuri momvlebis. imisTvis, rom gamoiTva-

los es signali, visargebloT SeuRlebuli signalis 

cnebiT ( )u t

Ses  (ix. signalebis Teoria, Tavi 5), romelic,   

aSkaraa, Caiwereba rogorc: 

0( ) (1 cos )sin ( ) sin ( ),m mu t U M t t U t    

Ses s dab dab   saidanac                                                

 

2 2 2 2 2

1 2

0

ˆ( ) [1 ( / ) (1 2 cos cos )

2( / )(1 cos )cos( )( )] . 4.60

m m m

m m

U t k u u k U U U M t M t

U U M t t 

        

    /

gam det Ses Ses det dab s dab

s dab dab

   ganvixiloT SemTxveva, roca sasargeblo signali gaci-
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lebiT  sustia dabrkolebis signalze e.i.  1m mU U s dab . 

davinteresdeT gamosasvleli rxevis sasargeblo (s) 
mdgeneliT, romelic icvleba gadasacemi Setyobinebis 
cos t  proporciulad droSi. radikalis gaSliT 
mwkrivad, romelic Sedis (4.60)-Si, mcire parametris 

/m mU Us dab  xarisxebis mixedviT, vrwmundebiT, rom mocemu-

li speqtraluri mdgeneli qmnis gamosasvlelze rxevas. 
          ( ) ( / ) cos .m m mU t k U U U M t sas det s s dab

          (4.61) 

Cans, rom dabrkolebis amplitudis zrdiT xdeba 
sasargeblo signalis CaxSoba. es movlena ukve iyo 
ganxiluli mocemul TavSi. 

dabrkolebis mavne zemoqmedeba vlindeba agreTve imaSi, 
rom deteqtoris gamosasvlelze SeiZleba aRiZras kombi-
naciuri rxevebis didi ricxvi signalisa da dabrkolebis 
arawrfivi urTierTqmedebis gamo. 

F15.5. fazuri deteqtireba 

cnobilia mravali sqema fazuri deteqtorebisa – 
mowyobilobebisa rxevebis demodulaciisaTvis sruli 
faziT 0( ) ( ) ( )t t t    , romlebic modulirebulia fazuri 

kuTxis mixedviT. aseTi deteqtorebis muSaoba efuZneba 
arawrfiv urTierTzemoqmedebas modulirebul signals da 
aramodulirebul sayrden rxevas Soris, romelic 
Seiqmneba damxmare gare wyaros gamoyenebiT. 

vTqvaT, magaliTad, arawrfiv 
uinercio orpolusaze (nax. 15.6), 

romlis vam-s aqvs 2
0 1 2( )i u a a u a u    

saxe, modebulia ori Zabvis jami: 

1 2 1 0 2 0( ) sin[ ( )] cos .m mu t u u U t t U t            

    nax. 15.6          maxasiaTeblis kvadratuli Sesa-   
krebis gamo denSi iarsebebs Semdgeni, romelic aRwers 
rxevebis arawrfiv urTierTqmedebas: 

  
2 1 2 0 0

2 1 2 2 1 2 0

( ) 2 sin[ ( )]cos

sin ( ) sin[2 ( )].

m m

m m m m

i t a U U t t t

a U U t a U U t t

  

  

  

  

ur
    (4.62) 

(4.62) formulis meore Sesakrebi Seesabameba maRal-
sixSiruli signali saSualo sixSiriT 02 , romelsac 

advilad ”aRCobs” dabali sixSireebis arawrfivi filtri 
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(magaliTad, RC -wredi).  pirveli Sesakrebi (4.62)-Si aRwers 
dabalsixSirul dens 

          
2 1 2 2 1 2( ) sin ( ) ( ).m m m mi t a U U t a U U t  

ds
  (4.63) 

gadasacemi Setyobinebis miaxloebiT proporciuls, Tu  
deteqtirebadi signalis fazis deviacia (modulaciis 
indeqsi) sakmaod mcirea. 

fazuri deteqtorebis Seqmnisas ver avicilebT sirTu-
leebs, romlebic dakavSirebulia sayrdeni generatoris  
Zabvis fazis rxevebTan. kerZod, mkacrad moTxoveba 
saydeni Zabvis fazis stabilizaciia. 

15.6. sixSiruli deteqtireba 

 sixSiruli modulaciisas, rogorc cnobilia, 
sasargeblo Setyobineba proporciulia signalis sixSi-
ris myisieri gadaxrisa matarebeli rxevis sixSirisagan. 
ganvixiloT sm-signalebis demodulaciis zogierTi 
saSualeba. 

demodulirebuli signalis miwodebiT 
wrfiv sixSirul filtrze, SeiZleba 
sixSiruli modulacia gardavqmnaT ara-
Rrma amplitudur modulaciad, rome-
lic awyobilia ise, rom asm-s daSlaSi 

0 0( ) ( ) ( ) ( ) ...K j K j K j         

koeficienti ( )K j   gansxvavdebodes nu-

lisagan. Tu CavTliT, rom deteqtire-
buli signalis sixSire  

                              0( ) cos ,t t        

      nax. 15.7      maSin, filtris gamosasvlelze vRebu-
lobT signals rTuli amplitudur -kuTxuri modulaci-
iT. Aam signalis cvladi Semdgenis myisieri amplituda 
icvleba droSi Semdegi kanonis mixedviT 

                
'

0( ) ( ) cos
m

U t B K j t   
gam

 

sadac 0B –mudmivi koeficientia.  maSasadame cvladi 

Semdgenis myisieri amplituda formiT imeorebs gadasacem 
Setyobinebas. 

signalis saboloo damuSaveba xdeba Cveulebrivi am-de-
teqtoriT, romelic CarTulia filtris gamosasvlelze. 
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sixSiruli deteqtirebis ganxilul meTods axasiaTebs 
rigi naklovanebani: 1) mkacrad moiTxoveba filtris Sesa-
svlelze SesaZlebeli parazituli am-li signalis xaris-
xiani SezRudva (filtracia); 2) deteqtirebis maxasiaTe-
blis arasakmarisi wrfivoba. 

saukeTeso Sedegebs uzrunvelyofs meTodi, romelic 
efuZneba sm-signalebis gardaqmnas fm-signalebSi wrfivi 
sixSirulad-amrCevi filtrebis saSualebiT da Semdeg fa-
zuri deteqtirebiT. demodulaciis aseTi meTodisas  amr-
Cevi viwrozolovani wredis fazur-sixSirul maxasia-
Tebels (ix. Tavi 2) sixSiris mcire midamoSi aqvs saxe                   

           0 0( ) ( ) ( )t        jg ,   (4.65) 

sadac tjg – jgufuri dagvianebis droa. 

Tu 0( ) cost t      , maSin viwrozolovan signals 

filtris gamosasvlelze aqvs sruli faza 
          0 0( ) ( ) oskt t t c t       jg  

e.i. namdvilad warmoadgens fm-signals.  
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1v signalis da 2v  signalis speqtri da rxevebi balansuri 

modulatoris gamosasvlelze 
Eedvin armstrongi (1890-1954) – cnobili amerikeli 
radioinJineri da gamomgonebeli 
signalis veqtoruli diagramebi armstrongis 
modulatoris gamosasvlelze ori 1t  da 2t  drois 

Tanmimdevrul momentSi deteqtirebis koeficienti 
 
arawrfivi damaxinjebani deteqtirebisas 
gamosasvleli Zabva diodur deteqtorSi axlosaa Sesas-
vleli signalis amplitudasTan 
 
 
es garemoeba unda iyos gaTvaliswinebuli radiomimRebi 
mowyobilobebis proeqtirebisas, romlebic uzrunvelyo-
fen xelSeSlebis saguldagulo sixSirul filtracias 
wrfiv wredebSi amplitudur deteqtoramde 
imisaTvis, rom gadavaqcioT sm am-ad, sakmarisia matarebe-
li sixSire 0 movaTavsoT rezonansuli konturis ampli-

tudur-sixSiruli maxasiaTeblis ”ferdobze” 
aRvniSnoT, rom am-deteqtori principialurad aramgrZno-
biarea mis Sesasvlelze miwodebuli signalis myisieri 
sixSiris droSi cvalebadobis mimarT 
 
 

 


