
 

25 

Tema I.2. wrfivi stacionaruli sistemebis impulsuri,  

      gardamavali da sixSiruli maxasiaTeblebi   

wrfivi sistemebis aRsaniSnavi Tavisebureba – superpo-
ziciis principis samarTlianoba – iZleva gzas am siste-
mebSi sxvadasxvagvari signalebis gatarebis Sesaxeb 
amocanebis sistematuri amoxsnisa. Ddinamikuri warmodge-
nis meTodi (ix.“signalebis Teoria” Tavi.1) saSualebas iZ-
leva warmovidginoT signalebi elementaruli impulsebis 
jamis saxiT. Tu moxerxdeba ama Tu im xerxiT gamosasvle-
lze im reaqciis povna, romelic aRiZvreba Sesasvlelze 
elementaruli impulsis zemoqmedebisas, maSin amocanis 
amoxsnis damamTavrebeli etapi iqneba aseTi reaqciebis 
ajamva.  

analizis dasaxuli gza dafuZnebulia signalebisa da 
sistemebis Tvisebebis droiT warmodgenaze. Tanabarwilad 
gamosayenebelia, xolo zogjer ufro mosaxerxebelicaa 
analizi sixSirul areSi, roca signalebi mocemulia 
furies mwkrivebiT da integralebiT. sistemis Tvisebebi 
am dros aRiwereba maTi sixSiruli maxasiaTeblebiT, 
romlebic warmoadgenen elementaruli harmoniuli 
signalebis gardaqmnis kanons. 

2.1 impulsuri maxasiaTebeli 

vTqvaT raRac wrfivi sistema aRiwereba operatoriT T . 
simartivisaTvis davuSvaT, rom Sesasvleli da gamosas-
vlelebi erTganzomilebiania. gansazRvrebis mixedviT, 

sistemis impulsuri maxasiaTebeli ewodeba funqcias )(th , 

romelic warmoadgens sistemis gamoZaxils Sesasvlel 

signalze )(t . es niSnavs, rom funqcia )(th akmayofilebs 

gantolebas         )(T)( tth  .                         (1.5) 

(maTematikaSi sistemis impulsur maxasiaTebels uwode-
ben grinis funqcias). 

vinaidan sistema stacionarulia, analogiuri gantole-
ba iqneba im SemTxvevaSic, Tu Sesasvleli zemoqmedeba wa-

nacvlebulia drois mixedviT nebismieri 0t  sididiT: 

)(T)( 00 tttth                    (1.6) 
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2.2. impulsuri maxasiaTeblis fizikuri arsi 

naTlad unda warmovidginoT is, rom impulsuri max-
asiaTebeli, iseve rogorc misi warmonaSobi delta-
funqcia, warmoadgens gonivruli idealizaciis Sedegs. 
fizikuri TvalsazrisiT impulsuri maxasiaTebeli miax-
loebiT asaxavs sistemis reaqcias nebismieri formis er-
Teulovani farTobis mqone Sesasvlel impulsur sig-
nalze im pirobiT, rom am signalis xangrZlivoba mniSv-
nelovnad pataraa sistemis maxasiaTebel droiT masStab-
Tan, magaliTad misi (sistemis) sakuTari rxevebis period-
Tan SedarebiT. 

D2.3. duamelis integrali 

Tu gvecodineba wrfivi stacionaruli sistemis impul-
suri maxasiaTebeli, SeiZleba formalurad gadavwyvitoT 
aseT sistemaSi determinirebuli signalis gasvlis nebis-
mieri amocana. marTlac, (ix.“signalebis Teoria” Tavi.1) 
naCvenebi iyo, rom Sesasvleli signali yovelTvis uSvebs 
Semdeg warmodgenas: 

 d)()(  




tuu SesSes  

am signalze mopasuxe gamosasvleli reaqcia iqneba 

 d)()(TT  




tuuu SesSesgam .                (1.7) 

Yaxla mxedvelobaSi miviRoT, is rom integrali aris 
jamis zRvruli mniSvneloba, amitom wrfivi operatori T  
superpoziciis principis safuZvelze SeiZleba SevitanoT 
integralis niSnis qveS. SemdgomSi operatori Т “moqme-
debs” mxolod im sidideebze, romlebic damokidebulia 
mimdinare droze t , magram ar moqmedebs integrirebis   
cvladze damokidebul sidideebze. amitom (1.7) gamosaxu-
lebidan gamomdinareobs, rom           

 d)(T)()(  




tutu Sesgam  

Ggamosasvleli signalis myisieri mniSvneloba war-
moadgens Sesasvleli signalis funqcionals. Aamitom im-
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pulsuri maxasiaTebeli SeiZleba ganvixiloT, mkacrad Tu 
vityviT, rogorc ganzogadebuli funqcia (ix.“signalebis 
Teoria” Tavi.1), amitom sabolood miviRebT 

 d)()()(  




thutu Sesgam                 (1.8) 

am formulas, romelsac wrfivi sistemebis TeoriaSi 
aqvs fundamentaluri mniSvneloba, ewodeba duamelis in-
tegrali.  Tanafardoba (1.8) mowmobs imas, rom wrfivi 
stacionaruli sistemis gamosavali signali warmoadgens 
ori funqciis naxvevs - Sesasvleli signali da sistemis 
impulsuri maxasiaTebeli. cxadia, formula (1.8)KSeiZleba 
Caiweros aseve saxiTA 

 d)()()( htutu  




Sesgam .              (1.9) 

maSasadame, Tu impulsuri maxasiaTebeli )(th  cnobilia, 

maSin amoxsnis momdevno etapebi daiyvaneba srulad for-
malizebul operaciaTa Tanmimdevrobaze. im SemTxexaSi Tu 
(1.8) da (1.9) integralebi analitikurad ar gamoiTvleba, 
maSin yovelTvis SesaZlebelia ricxviTi analizis Catare- 
ba egm-is gamoyenebiT. 

 
magaliTi 1.4. raime wrfiv stacionarul sistemas, romlis 

Siga mowyobiloba umniSvneloa, aqvs impulsuri maxasiaTebeli, 

romelic warmoadgens T xangZliobis marT-
kuTxa video impulss nax. 1.4. impulsi war-

moiSveba, roca 0t  da aqvs 0A amplituda:  

gansazRvreT sistemis 
gamosavali reaqcia Tu 
mis Sesasvlelze miewo-
deba safexurebiani sig-
nali                           

      nax. 1.4                                     )()( 0 tUtu Ses ,  

sadac )(t , delta-funqciaa, anu dirakis funqcia: 

1)( 




dtt  

amoxsna: Ddiuamelis integralis (1.8) formulis gamoyenebisas,  

















.,0

,0,

,0,0

)( 0

Tt

TtA

t

th
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yuradReba unda miaqcioT imas, rom gamosavali signalis saxe 
damokidebuli iqneba imaze aWarbebs Tu ara drois mimdinare t  

mniSvneloba impulsuri maxasiaTeblis xangZliobas T -s.  roca  

Tt 0   gveqneba  

tUAUAAtUthutu

tt

00

0

000

0

0 dd)(d)()()(  





Sesgam  

Tu Tt  , maSin roca T , funqcia )( th  miiRebs nulovan 

mniSvnelobas da amitom   

0 0 0 0

0

( ) d

T

u t A U A U T gam . 

nax. 1.5 -ze moyvanilia napovni sistemis 
gamosavali reaqciis saxe uban-uban wrfi-
vi grafikis saxiT. 

      nax. 1.5 

 

2.4. ganzogadeba mravalganzobilebiani SemTxvevisaTvis 

zemoT ganixileboda erTganzomilebiani rogorc Sesas-
vleli, aseve gamosasvleli signalebi. zogadad m  Sesas-
vlelebiT da n  gamosasvlelebiT sistemisaTvis saWiroa 
SemovitanoT parcialuri impulsuri maxasiaTebelebi  

mjnithij ,...,2,1;,...,2,1),(  . 

TiTouli maTgani asaxavs signals sistemis i -ur gamosa-
svlelze, maSin roca j -ur Sesasvlelze miwodebulia     

      delta funqcia. )(thij  funqciaTa  

      erToblioba qmnis moyvanili              
 (1.10) impulsuri maxasiaTeblebis ma-       
      tricis saxes, xolo mravalgan- 
      zomilebian SemTxvevaSi duame- 

      lis integralis formula iRebs  
 saxes: 
       
 

sadac ( )U t

gam - n -ganzomilebiani veqtori; )(tUSes


- m -ganzo-

zomilebiani veqtori. 























nmnn

m

m

hhh

hhh

hhh

th

...

......

...

...

)(

21

22221

11211

( ) ( ) ( )d , (1.11)U t h t U  





 
 
gam Ses
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2.5. fizikuri realizebis piroba 

ra konkretuli saxec ar unda hqondes fizikurad gan-
xorcilebuli sistemis impulsur maxasiaTebels, yovel-
Tvis unda sruldebodes umniSvnelovanesi principi: 
gamosasvleli signali, romelic pasuxobs Sesasvlel 
impulsur signals, ar SeiZleba warmoiSves im momentamde, 
sanam Sesasvlelze ar iqneba miwodebuli impulsuri 
signali. 

aqedan gamomdinareobs Zalze martivi SezRudva impul-
sur maxasiaTebelis dasaSveb saxeze:    

00)(  tth roca                    (1.12) 

   aseT pirobas akmayofilebs, magaliTad, sistemis impu-
lsuri maxasiaTebeli, romelic ganvixileT magaliTi 1.4-
Si. 

martivad SegviZlia davinaxoT, rom fizikurad ganxor-
cilebuli sistemis duamelis integralis zeda zRvari 
SesaZlebelia Seicvalos mimdinare drois mniSvnelobiT: 

 d)()()( htutu

t

 


Sesgam .             (1.13) 

(1.13) formulas aqvs naTeli fizikuri azri: wrfivi 
stacionaruli sistema, asrulebs ra Sesasvleli signa-
lis damuSavebas, awarmoebs Sewonil ajamvas yvela misi 
myisieri mniSvnelobisa, romlebic arsebobden “warsulSi” 
roca t  . amasTan wonis funqciis rols asrulebs 
sistemis impulsuri maxasiaTebeli. principulad mniSvne-
lovania, rom fizikurad ganxorcilebuli sistema veravi-
Tar garemoebaSi ver SesZlebs operirebas “momavalSi” 
SesaZlo Sesasvleli signlebiT.  

amis garda fizikurad ganxorcilebuli sistema unda 
iyos mdgradi . mdgradoba niSnavs imas, rom misi impulsu-
ri maxasiaTebeli unda akmayofilebdes absoluturi inte-

grirebis pirobas, anu       




tth d)( .          (1.14) 

realizebadi sistemebis impulsuri maxasiaTeblebis ma-
galiTebi moyvanilia nax. 2.3 a, b, g. 
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       a               b                  g 
                      nax. 2.3    

2.6. gardamavali maxasiaTebeli 

vTqvaT stacionaruli sistemis Sesasvlelze moqmedebs 

xevisaidis saxis funqciis signali ( )t . sistemis gamosas-

vlel reaqcias         )(T)( ttg                      (1.15) 

uwodeben sistemis gardamaval maxasiaTebels. 
vinaidan sistema stacionarulia, gardamavali maxasia-

Tebeli invariantulia droiTi wanacvlebis mimarT, anu 

)(T)( 00 ttttg   . 

sistemebis fizikuri realizeba SesaZlebelia im SemT-
xvevaSic ki, rodesac sistema aRigzneba ara delta-
funqciiT, aramed erTeulovani naxtomiT. amitom fiziku-
rad realizebuli sistemis gardamavali maxasiaTebeli 
gansxvavdeba nulisagan mxolod  roca 0t , xolo 

0)( tg  roca 0t . 

impulsuri da gardamavali maxasiaTeblebi mWidrod 
arian dakavSirebuli erTmaneTTan. namdvilad, vinaidan 

t
t

d

d
)(


  , maSin (1.5)-is safuZvelze miviRebT 









 )(

d

d
T)( t

t
th  . 

diferencirebis operators  
td

d
 da wrfiv stacionarul 

T operators SeuZliaT adgilebis Secvla, amitom 

 
t

g
t

t
th

d

d
)(T

d

d
)(   ,                 (1.16) 
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an )(d)()( 




t

htg .                   (1.16) 

Tu gamoviyenebT nebismieri signalis dinamiuri warmod-
genis formulas (xevisaidis funqciis gamoyenebiT)  




 d)(
d

d
)()(

0

0  


t
s

tsts  

da Tu iseve moviqceviT rogorc (1.8)-Si Tanafardobis 
gamoyvanis dros, maSin miviRebT kidev erT duamelis 
integralis formulas: 




d)(
d

d
)()0()(

0

  tg
u

tgutu

t
Ses

Sesgam  

2.7. gadacemis sixSiruli koeficienti 

sistemebis maTematikuri gamokvlevisas did interess 
warmoadgens aseve Sesasvleli signalebi, romlebic gar-
daiqmnebian ra sistemiT,  rCebian formiT ucvleli. Tu 
adgili aqvs tolobas 

 ( ) T ( ) ( )u t u t u t gam Ses Ses , 

maSin ( )u tSes aris sistemuri operatoris T -s sakuTari 

funqcia, xolo ricxvi   zogadad aris kompleqsuri da 
warmoadgens mis sakuTar mniSvnelobas. 

 vaCvenoT, rom kompleqsuri signali ( ) exp( )u t j tSes  

sixSiris  -s nebismier mniSvnelobis dros aris wrfivi 
stacionaruli operatoris T -s sakuTari funqcia.  

amisTvis gamoviyenoT duamelis integralis (1.9)-is saxe 
da gamovTvaloT 

)exp(d)(d)()( )( tjehhetu jtj  














 












gam .       (1.20) 

aqedan Cans, rom sistemuri operatoris sakuTari 
mniSvneloba   aris kompleqsuri ricxvi  






 tethjK tj d)()(  ,                (1.21) 
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romelsac sistemis gadacemis sixSirul koeficients 
uwodeben. 

formula (1.21) adgens principul mniSvnelovan faqts – 
gadacemis sixSiruli koeficienti da wrfivi stacio-
naruli sistemis impulsuri maxasiaTebeli dakavSirebuli 

arian furies gardaqmniT. amitom Tu viciT )( jK  fun-

qcia, SeiZleba gansazRroT impulsuri maxasiaTebeli 




 d)(
2

1
)( tjejKth 





               (1.22) 

SegviZlia CamovayaliboT wrfivi stacionaruli siste-
mebis Teoriis mniSvelovani debuleba –nebismieri aseTi 
sistema SeiZleba ganvixiloT drois areSi misi impul-
suri an gardamavali maxasiaTeblebiT, sixSirul areSi ki 
- gadacemis sixSiruli koeficientis davalebiT. 

orive midgoma tolfasia da erT-erTis amorCeva nakar-
naxavi iqneba sistemis sawyisi monacemebis miRebis moxer-
xebulobiT da gamoTvlebis simartiviT. 

daskvnaSi avRniSnavT, rom wrfivi sistemis sixSiruli  
Tvisebebi, m  SesasvleliT da n  gamosasvleliT, SesaZ-
lebelia aRiweros gadacemis sixSiruli koeficientebis 
matriciT                     























nmnn

m

m

KKK

KKK

KKK

jK

...

......

...

...

)(

21

22221

11211

                            (1.23) 

)(th  da )( jK  matricebs Soris arsebobs bmis kanoni 

imis analogiurad, romelic mocemulia formulebiT (1.21) 
da (1.22) 
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2.8. amplitudur-sixSiruli da fazur-sixSiruli max-
asiaTeblebi 

)( jK  funqcias aqvs ubralo interpretacia: Tu siste-

mis Sesasvlelze miewodeba harmoniuli signali cnobili 

  sixSiriT da kompleqsuri SesU amplitudiT, maSin gamo-

savali signalis kompleqsuri amplituda  

Sesgam UjKU  )(  .                  (1.24) 

   xSiraT gamoiyeneba gadacemis sixSiruli koeficientis 
maCvenebliani formiT: 

 )(exp)()(  KjjKjK  .             (1.25) 

orive Semaval namdvil funqciebs aqvT specialuri da-

saxeleba: )( jK  - sistemis amplitudur-sixSiruli maxa-

siaTebeli, )(K - misi fazur-sixSiruli maxasiaTebeli. 

2.9. SezRudvebi, romlebic exeba gadacemis 
sixSirul koeficients 

umartivisi SezRudva dakavSirebulia imasTan, rom sis-

temis impulsuri maxasiaTebeli  )(th  aucilebelia iyos 

namdvili. furies gardaqmnis Tvisebidan gamomdinareobs  

)()( *  jKjK                     (1.26) 

(1.26) formulis Sesabamisad gadacemis sixSiruli koe-
ficientis moduli (asm – amplitudur sixSiruli max-
asiaTebli  an АЧХ) aris sixSiris luwi, xolo fazuri 
kuTxe (fsm – fazuri sixSiruli maxasiaTebeli an ФЧХ) – 
sixSiris kenti funqcia. 

Znelia upasuxo kiTxvas Tu ranairi unda iyos gadace-
mis sixSiruli koeficienti, rom Sesruldes sistemis 
fizikuri ganxorcielebis pirobebi?  

damtkicebis gareSe mogvyavs peli-vineris kriteriumi: 
sistemis fizikuri ganxorcielebis gadacemis sixSiruli 
koeficienti  unda iyos iseTi, rom arsebobdes integrali 

2

ln ( )
d

1

K j








  
              (1.27) 

ganvixiloT konkretuli magaliTi, romelic ailustri- 
rebs wrfivi sistemis sixSiruli signalis sixSiruli ko- 
eficientis gadacemis Tvisebebs.  
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magaliTi 1.5. raime wrfiv stacionarul sistemas aqvs 
idealuri dabali sixSiris filtris (dsf) Tviseba. maSasadame 
misi gadacemis sixSiruli koeficienti moicema tolobebis 
sistemiT: 

0

0, ,

( ) , ,

0, .

K j K 

   


    


 

Ses

Ses Ses'

Ses

 

(1.20) gamosaxulebis safuZvelze aseTi       
                 filtris impulsuri maxasiaTebelia               

                  
00

sin
( ) d .

2

j t
K tK

h t e
t







 


  


  
Ses

Ses

Ses Ses

Ses

  (1.28) 

am funqciis grafiki simetriulia 0t  wertilis mimarT da 
adasturebs imas, rom dabali sixSiris idealuri filtri ara-
realizebadia. es daskvna gamomdinareobs peli-vineris kriteriu-
midan. namdvilad, (1.27) integrali ganSladia nebismieri asm, ro-
melic ganuldeba sixSiris RerZis raime zRvrul monakveTze. 

miuxedavaT dabali sixSiris idealuri filtris ararealizi-
rebadobisa, modeli warmatebiT gamoiyeneba sixSiruli filtris 

miaxloebiTi aRwerisaTvis. Tu dauSvebT, rom )( jK  Seicavs 

fazur mamravls, wrfivad damokidebuls 
sixSireze:   


















.

,),exp(

,,0

)( 00

Ses

SesSes

Ses

 0, 





 tjKjK    

 Zneli ar aris davadginoT, rom 
impulsuri maxasiaTebelia   

)(

)(sin
)(

0

00

tt

ttK
th






Ses

SesSes








 .  (1.29) 

    0t  parametri, moduliT 

tolia fsm-is daxris koeficien-

tis da gansazRvravs )(th  

funqciis maqsimumis dayovnebas 
droSi. naTelia, rom mocemuli 

modeli miT ufro zustaT asaxavs realizebuli sistemis 

Tvisebebs, rac ufro didia 0t -s mniSvneloba. 


