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Tavi I. determinirebuli signalebis zemoqmedeba xazovan 

stacionarul sistemebze   

1..1. Sedegebi 

1.  sistemuri operatori ewodeba sistemis Sesasvlelis da 
gamosasvlelebs Soris damakavSirebel kanons. 

2. sistemebis klasifikacia efuZvneba sistemuri operato-
rebis Tvisebebs. 

   ganasxvaveben wrfivi da arawrfivi, stacionaruli da 
arastacionaruli, Tavmoyrili da ganawilebuli 
sistemebi.   

3. xazovani sistemis reaqcias delta-funqciaze uwodeben 
impulsur maxasiaTebels. 

4. sistemis gamosasvlelze signali aris Sesasvleli 
signalis da impulsuri maxasiaTebelis naxvevi. 

5. gadacemis sixSiruli koeficienti da   impulsuri 
maxasiaTebeli dakavSirebuli arian furies gardaqmnis 
wyviliT. 

6. dinamiuri sistemis sakuTari rxevebi ganisazRvreba 
maxasiaTebeli gantolebis fesvebiT. 

7.  dinamiuri sistema absoluturad mdgradia, Tu maxasia-
Tebeli gantolebis fesvebs aqvs uaryofiti namdvili 
nawilebi. 

8.  xazovani stacionaruli sistemis gadacemis sixSiruli 
koeficienti, romelic aRewereba Cveulebriv 
diferencialuri gantolebiT, aris sixSiris wilad-
racionaluri sistema. 

9.  gamosasvleli signalis speqtruli simkrive aris 
gadacemis sixSiruli koeficientis da Sesasvlelze 
rxevis speqtruli simkrivis namravli. 

10.  datvirTvas Sedgenils paralelurad SeerTebuli R  
winaRobis  da C  tevadobis elementebisagan uwodeben 
aperioduli, xolo LC -konturiT miRebul datvirTvas 
ewodeba – rxeviTi. 

11. maZliereblis gatarebis zoli miRebulia Sefasdes 
sazRvrul sixSiriT, romelzec asm  mniSvnelobebi 

mcirdeba 2 jer 0K  -Tan SedarebiT, sadac 0K SR ekv  

maZliereblis koeficientis modulia.   
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1.2. sakontrolo kiTxvebi 

1. moiyvaneT: wrfivi da arawrfivi; stacionaruli da 
arastacionaruli sistemebis ramdenime magaliTi.  

2.  ra pirobebis dros xazovani sistemis reaqcia mokle 
Sesasvlel impulsze SeiZleba warmovidginoT sistemis 
impulsur maxasiaTeblad? 

3.  CamoayalibeT sistemis fizikuri realizirebis piroba. 
4.  ra aris sistemis gardamavali maxasiaTebeli? rogor 
aris erTmaneTTan dakavSirebuli gardamvali da 
impulsuri maxasiaTeblebi? 

5.  rogor ganisazRvreba xazovani sistemis gadacemis six- 
   Siruli koeficieti? 
6.   moiyvaneT peli-vineris kriteriumis formulireba.  
7.   raSi mdgomareobs dinamiuri sistemebis gansxvavebuli 
Tviseba? 

8.   dawereT formula, romelic gansazRvravs aperioduli 
datvirTvis mqone mcire signalebis maZlierebelis 
sixSiris gadacemis koeficients. riT ganisazRvreba 
gaZlierebis sazRvruli sixSire? 

9.   raSi mdgomareobs wrfiv sistemaSi signalis gasvlis 
speqtruli analizis meTodis azri. 

10. ra logariTmul erTeulebSi izomeba sistemaSi signa-
lis gaZliereba?  

11.   daxazeT diferencirebis da integrirebis wredebis 
sqemebi. 

12.   rogor gardaiqmneba Sesasvleli signalis veqtori, 
romelic aris gilbertis sivrcis elementi, xazovani 
wredis gavlisas? 

13.  ra aris simZlavris gadacemis sixSiruli koeficienti? 
14. moiyvaneT wrfivi sistemis gadacemis funqciis cnebis 

gansazRvra.  
15.  kompleqsuri sibrtyis ra areSi unda ganlagdes mdgra-

di xazovani sitemis gadacemis funqciis polusebi?  

1.3. amocanebis amoxsnis zogadi meTodika 

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

1.4.1. wrfivi wredebis diferenciuluri gantolebebi. 
sakuTari rxevebi 

   magaliTi m.1.1. gamoiyvaneT nax. m.1.1-ze moyvanili sqemis   
maxasiaTebeli gantoleba, 
romelic aRwers wredis saku-
Tari rxevebis sixSireebs. 
ipoveT sakuTari rxevebis six-
Sireebi kerZo SemTxvevebisaT  

          nax. m.1.1            vis: a) 0M  ; b) ;R   g) 0R  .    

   amoxsna: avirCioT dinamiur cvladebad 1i  da 2i denebi. 

maSin Sedgeba Semdegi gantolebaTa sistema: 

1 2
1 1

d d1
d 0,

d d

i i
L i t M

t C t
    

2 1
2 2

d d
0.

d d

i i
L Ri M

t t
    

vpoulobT amonaxns Semdegi saxiT    
1 2,t ti t Ae i t Be   , 

miviRebT gantolebaTa algebrul sistemas 

 

1

2

1
0,

0.

L A M B
C

M A L R B

 


 

 
    

 

    

 

am sistemis amosaxsnelad aucivlebelia, rom gamsazRvre-
li udrides nuls, saidanac gamonmdinareobs maxasiaTeli 
gantoleba 

  2 3 2
1 21 0.L C L R M C                  (I.1)     

  Tu 0M  , maSin konturebi aRmoCndebian damoukidebeli.  

(I.1) gantolebas aqvs sami fesvi, erTi madgani 1 1R L    

namdvilia, xolo ori sxva 2,3 1j L C   - sufTa 

warmosaxviTia. 1  fesvs pasuxobs milevadi eqsponencia-

luri procesi RL -wredSi; 2,3  fesvebs Seesabameba 

harmoniuli rxevebi sakuTari sixSiriT 11 L C sak  

udanakargo LC konturSi. 
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   Tu R   , RL konturi Riaa; LC  konturSi 
SesaZlebelia arsebobdes aramilevadi harmoniuli 

rxevebi sakuTari sak sixSiriT. 

  Tu 0R  , maSin (I.1) gantoleba iRebs saxes  

   2 3 2 2 2
1 2 1 2 11 0 ,L C L M C L L M C L             (I.2) 

saidanac        
 

2,3
2

1

,

1

j

k L C

  

 bm

                      (I.3) 

sadac 1 2 1k M L L  bm konturebis induqtiuri bmis kav-   

                          Siris koeficienti.  
amasTan sistemaSi SeiniSneba sakuTari harmoniuli rxevebi                            

sixSiriT        
 2

11

1 1
.

1 L Ck L C

  


sak

bm

               (I.4) 

    maSasadame, mokled CarTul konturTan induqtiuri 
kavSiris arsebobas mivyevarT rxeviTi konturis sakuTari 
sixSiris gazrdasTan. 
    magaliTi m.1.2. ipoveT ori rxeviTi konturebidan 

Sembuli udanakargo sistemis 
(ix. nax. m.1.2)sakuTari rxevebis 
sixSire  kerZo SemTxvevisTvis 

1 2L L L  ,  1 2C C C  .  

       nax. m.1.2             
    amoxsna: gansaxilavi wredis diferencialuri ganto-
lebaTa sistemas aqvs saxe:   

2 2
1 1 2

2 2

2 2
2 2 1

2 2

d d
0,

d d

d d
0.

d d

i i i
L M

Ct t

i i i
L M

Ct t

  

  

                 (I.5) 

   1i  da 2i   cvladebidan gadavideT axal cvladebze   

da   iseTebze, rom maT mimarT sistema (I.5) gadaiqceva or 

erTmaneTisagan damoukidebel gantolebaze. Tu aseTi gar-
daqmna SesaZlebelia, maSin   da   cvladebs uwodeben 

sistemis normalul koordinatebs. gadasvla normalur 
koordinatebze – mniSvnelovani xerxia rxevebis TeoriaSi. 
   mocemuli SemTxvevisTvis normaluli koordinatebi 
ipoveba martivad: 
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1 2 1 2; .i i i i                      (I.6) 

namdvilad, (I.6)-Si Semavali gantolebebis Sekrefis da 
gamoklebis Semdeg miviRebT: 

  2 2d d 0,L M t C                    (I.7) 

  2 2d d 0.L M t C                     (I.8)        

   (I.7) gantolebis  amoxsnebi pasuxoben harmoniul rxeve-

bs sakuTari  1 L M C  sak.1  sixSiriT. analogurad (I.8) 

gantolebidan  gvaqvs sakuTari rxevis  1 L M C  sak.2  

sixSire. amboben, rom gansaxilav sistemaSi SesaZlebelia 
ori normaluri rxeva, romelsac uwodeben asee modebi. 
rTuli rxeviTi sistemebis modebi erTmaneTisagan sruli-
ad damoukidebeli arian. ase, Sesabamisi sawyisi pirobebis 
dros sistemaSi SesaZlebelia seleqtiurad aRiZvras pir-
veli (dabalsixSiruli anu neli moda). aRZnebis sxva xer-
xisas SesaZlebelia mivaRwioT mxolod meoris (maRalsix-
Siruli anu swrafi moda) arsebobas. zogad SemTxvevaSi 
sistemaSi erTdroulad arsebobs ori moda, romlebis in-
terferenciiT iqvneba rxevebis cema.   
    magaliTi m.1.3. nax. m.1.3 moyvanil RLwredisTvis dawe-

reT diferencialuri gantolebe-
Ta sistema, romlebic aRweren 
wredis sakuTar rxevebs. Seadgi-
neT moyvanili wredis maxasiaTe-
beli gantoleba da ipoveT misi 

fesvebi, amasTan 1 2 3.9R R  kom,        

        nax. m.1.3          3 1.6R  kom, 1 15L  mkhn, 2 35L  mkhn.   

                    
    amoxsna: saZiebeli funqciebis dasadgenaT gamoviyenoT  

1 da 2   kvanZebis potencialebi 1u  da 2u , Sesabamisad, 

13 131 2
1

1 3

d d
0

d d

R Ru u
u

t L R t
   ,              23 231 2

2

3 2

d d
0,

d d

R Ru u
u

R t t L
     

sadac  1 3
13

1 3

;
R R

R
R R




       2 3
23

2 3

R R
R

R R



. 

    maxasiaTebeli gantoleba 
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213 23 23 13 13 23 2 3

2
2 1 1 23 3

1 0.
R R R R R R R R

L L L LR
 

   
       

  

 

   Tu SevitanT parametrebis mniSvnelobebs miviRebT 

           8 1 7 1
1 11.915 10 , 2.57 10 .       wm wm  

 
1.4.2. gadamcemi funqcia da wredis gadacemis 

sixSiruli koeficienti 

 

   magaliTi m.1.4. rTul RC  wredSi (nax. m.1.4) Sesavali 

signali aris  u t Zabva, xolo 

gamosasvleli signali –  
Ci t  deni. 

ipoveT mocemuli sistemis gadacemis 

 K p  funqcia. 

                            amoxseniT ! 

       nax. m.1.4      pasuxi:    
 1 1 2

1

1
K p

R R R pC


 
 

   
   magaliTi m.1.5. gamoTvaleT nax. m.1.5-ze moyvanili sqemis 

gadacemis  K p  funqcia. Sesavali signali aris  i t  deni, 

xolo gamosasvleli signali –  u t Zabva.  
amoxseniT: ! 

pasuxi :    
 

2 2
2

2 2 1 2 11

p L
K p

pL L L L R L


 
  

 
     nax. m.1.5 

 
  magaliTi m.1.6. ipoveT nax. m.1.6-ze moyvanili sqemis gada-

cemis  K p  funqcia, romelic udris  i tgam da  i tSes  

denebis  gamosaxulebebis fardobas  .  
amoxseniT: ! 

pasuxi :    
 

 

i t R
K p

i t pL R
 



gam

Ses

 

 
 

       nax. m.1.6 
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 magaliTi m.1.7. xazovani wredi, romlis sqema moyvanilia 

nax. m.1.4-ze, aRigzneba idealuri  i tSes  denis wyaroT. gamo-

sasvleli signali aris  u tgam  

Zabva. miiReT gadacemis funqci-

is       K p U p I p gam Ses    da 

sixSiruli gadacemis funqciis 

koeficientis  K j  gamosaxu-

lebebi. gamoiyvaneT 
formulebi, romlebis aRweren 
mocemuli           

          nax. m.1.7           wredis amplitudur-sixSurul 
da faza-sixSirul maxasiaTeblebs. 

    amoxsna: a   da b  kvanZebs Soris CarTulia ori toti 
operatoruli gamtarobebiT  

        
1

1

1 2

1 1 1
; .

1 1

pC
G R pC G

pC R R pC pRC


 

      
  

   

   denebis gamosaxulebebi, gamomdinareobskirhgofis kano-

nebidan:          1 2 1 2 1 2; .I I I I I Y Y  Ses   

aqedan                  2 2 1 2I I Y Y Y Ses  

da amitom gadacemis funqcia 

 
 

2
2

2 2
1 2

.
3 1

RY pR C
K p

Y Y RC p RCp
 

  
 

avRniSnoT  RC  da Tu p parameters SevcvliT p j , 

vpoulobT gadacemis sixSirul koeficients 

 
   

2 2 22
.

1 33 1

j R j R
K j

jj j

 


     
 

  
     (1.1) 

aqedan normirebuli amplitudur-sixSiruli maxasiaTebe-

li             
 

2
2 2 2 2

.

1 9

K j R




   



 

 

faza-sixSirul maxasiaTebeli  
k   warmoadgens ori 

kompleqsuri ricxvis sxvaobas, romlebic moyvanilia 
formula (1.1) -Si mricxvelSi da mniSvnelSi. Tu 1  , 
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maSin mniSvneli aisaxeba wertilaT kompleqsur sibrtyis 
pirvel kvadrantSi da amitom  

    2 22 arc 3 1 .k tg         

Tu 1  , maSin mniSvnelis amsaxveli wertili gadainacv-
lebs kompleqsuri sibrtyis meore kvadrantSi, ise rom  

     2 2arc 1 3 .k tg          

   magaliTi m.1.8. nax. m.1.8 gamosaxulia bogiruli (”gada-
jvaredinebuli”) struqturis mqone xazovani oTxpolusa, 

romelic Seicavs operatorul 1 2 3 4, ,Z Z Z Zda  winaRobebs. 

gamoiyvaneT formula      K p U p U p Ses gam funqciis 

gamosaTvlelaT. 

    miTiTeba: ganxilvisas SeitaneT cvladebi aU  da bU  - 

romlebi aRniSnaven a  da b  wertilebis eleqtrul pote-

ncialebs. amasTan .a bU U U gam  

     amoxsna:  potencialebis gamosaxulebebs eqneba saxe: 

2 4

1 2 3 4

;a b

Z U Z U
U U

Z Z Z Z
 

 

Ses Ses
,  maSin         

2 4

1 2 3 4

,a b

Z Z
U U U U

Z Z Z Z

 
    

  
gam Ses

         

         nax. m.1.8          xolo   
  

2 3 1 4

1 2 3 4

.
Z Z Z Z

K p
Z Z Z Z




 
 

   magaliTi m.1.9. peli-vineris kriteriumis gamoyenebiT, 
ganixileT sakiTxi dabali sixSiris filtris realizeba-
dobis Sesaxeb, romlis amplitudur-sixSirul maxasiaTe-

bels gausis saxe aqvs, anu    2
0 exp , 0K j K b       . 

   amoxsna:  ganvixiloTY peli-vineris integrali 

  2
0

2 2

ln ln
d

1 1

K j K b 


 

 

 




   . 

vinaidan 
2

2
lim 1

1







, maSin integrali ganSladia da ami-

tom filtri fizikurad ararealizebadia! 

1.4.3. impulsuri da gardamavali maxasiaTebeli 
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   magaliTi m.1.10. bipolarul tranzistorSi inerciuli 
procesebis aRricxvisaTvis xSiraT iyeneben gamartivebul 

models, romlis mixedviT statiku-
ri diferencialuri daxriloba 
aris kompleqsuri da damokidebu-
lia sixSireze 

   0 1S S j    sazR . 

sadac 0S rgolis daxrilobis 

koeficientia nulovan sixSireze. 
 miiReT maZliereblis (ix. nax. m.1.9) 

impulsuri  h t  maxasiaTebelis 
     nax. m.1.9           analitikuri gamosaxuleba, romel-
Sic gamoyenebulia aseTi  tranzistori. 
                 
   amoxsna: mocemuli sistemis gadacemis sixSiruli koe-

ficientiaY   
  

0
,

1

S R
K j

j j




  




 

e sazR.

esazR.

  saidanac  

                
  

0 d
.

2 1

j tS R e
h t

j j

 

   






 

e sazR.

esazR.

 

kompleqsuri   cvladis sibrtyeSi integralqveSa gamosa-
xulebas aqvs ori martivi polusi wertilebSi koordina-

tebiT 1 j  sazR.  da 2 j  e . naSTebis povniT 

 1
|

1

t
e

res
j



 
 



 


sazR.

sazR. e

      da       
 2

|
1

t
e

res
j



 
 






 



e

sazR. e

, 

viRebT             0
.

1

t tS R
h t e e

 

 

 
  



esazR.
e sazR.

esazR.

 

   magaliTi m.1.11. miiReT formula, romelic aRwers erT-
nairi aperioduli datvirTvis mqone N  safexuriani mcire 

signalebis maZlierebis impulsuri  h t  maxasiaTebeli, 
imis gaTvaliswinebiT, rom erTi safexuris gadacemis six-

Siruli koeficienti udris        1 0 1K j K j    e , 
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sadac  0K  safexuris gaZlierebis koeficientia nulovan 

sixSireze, xolo e - safexuris ekvivalenturi drois 

mudmivaa.  
   aageT impulsuri maxasiaTeblebis grafikebi 2, 3N   da 

4 –saTvis damokidebuli uganzomilo argumentize t e .  

   miTiTeba: gaiTvaliswineT, rom rgolebis kaskaduri Se-
erTebisas maTi gadamcemi koeficientebi gadamamravldebi-
an. impulsuri maxasiaTebeli ipoveT naSTTa Teoriis gamo 
yenebiT  
   amoxsna :  identuri rgolebisagan Sedgenili N -safe-

xuriani sistemisaTvis         0 1
N

NK j K j    e .   

maSin                       
 

 
0 d

.
2 1

N j t

N

K e
h t

j

 

 











e

 

integralqveS funqcias aqvs N   jeradi polusi j  e  

naSTiT     
 

 

 

1

1

1 d
|

1 ! d 1

Nj t
N

j N N

j

e j
res

N j



 

 

 

 



 



 
  
    

e

e

e

e

  

                      
 

1
1

1 !

N
tt

e
N







 

  


 

e

e
e

. 

aqedan              
 
 

 
1

0 1
.

1 !

N N
tK t

h t e t
N




 


  

   


 

e

e e
  

nax. m.1.10-ze warmodgenilia impulsuri maxasiaTeblebis 
proporciuli funqciebis grafikebi 

 
1

1 !

N
t

N

t t
f e N






   

    
  

e

ee
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nax. m.1.10 

   grafikebi agebulia 2, 3N   da 4 –saTvis. grafikebidan 

Cans, rom maZlierebelis safexurebis ricxvis gazrdas 
mivyevarT impulsuri gamoZaxilis dayovnebisaken. 
   magaliTi m.1.11. ipoveT orkontura wredis impulsuri 

 h t  da gardamavali  g t maxasiaTeblebi, romlis princi-

puli sqema moyvanilia nax. m.1.11-ze. 
   amoxsna : gamoviyenebT ra Zabvis da denebis gamosaxu-

lebebs miviRebT 
gantolebaTa sistemas 

U
1 1 1 1 2

2 2 2 2 1

,

0 .

U R I pL I pMI

R I pL I pMI

  


  

Ses
 

moyvanili sistemis meore 

gantolebidan  1I p  gamo-

ricxviT miviRebT kavSirs    

            nax. m.1.11              USes  da 2I  Soris:   

  2 2 1 1

2.
R pL R pL

U pM I
pM

  
  
 

Ses  

wredis gadamcemi funqcia    

 
   

2

2 2
1 2 1 2 2 1 1 2

.
U pMR

K p
U p L L M p L R L R R R

 
   

gam.

Ses.

 

aq gaTvaliswinebulia, is rom 2 2 ,U I R gam  vinaidan kontu-

ruli 2i denis gazrda im mimarTulebiT, romelic miRebu-

lia dadebiTad, mivyavarT potencialis gazrdisaken  2R  



 

 69 

rezistoris qveda momWerze, anu gamosavali Zabvis Semci-

rebisken. gamoviyenoT aRniSvna  2 2
1 2 1 2 1L L M L L k   bm , rome-

lic gamomdinareobs bmis koeficientis gamosaxulebis 

1 2k M L Lbm  martivi gardaqmniT. maSin gadamcemi funqcia 

SegviZlia warmovidginoT saxiT   

 
    

2

2
1 21 2

,
1

MR p
K p

p p p pL L k
 

  bm

 

sadac 1,2p  maxasiaTebeli gantolebis fesvebia 

   
2 1 2 2 1 1 2

2 2
1 2 1 2

0.
1 1

L R L R R R
p p

L L k L L k


  

 bm bm

 

laplasis gardaqmnis cxrilebis gamoyenebiT, miviRebT 

 
 

   1 22
1 22

1 21 2

1
,

1

p t p tMR
h t p e p e t

p pL L k
  

 bm

 

 
 

   1 22

2
1 21 2

1
.

1

p t p tMR
g t e e t

p pL L k
  

 bm

 


