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Sesavali 

 

E   yoveli avtomaturi marTvis mowyobiloba Sedgeba urTierTzemomqmedi 

nawilebisagan, romlebic anxorcieleben informaciis mopovebas, gardaqmnas, 

gadacemas, logikur damuSavebasa da gamoyenebas samarTav obieqtebze 

saTanado reagirebis mosaxdenad. avtomaturi marTvis mowyobilobis 

Semadgenel nawilebs,romlebic asruleben zemoT aRniSnul funqciebs, 

xSirad moixsenieben funqciuri kvanZebis saxelwodebiT. 

     Sesavali da gamosavali signalebis xasiaTidan gamomdinare 

avtomaturi marTvis mowyobilobis funqciuri kvanZebi iyofa or jgufad: 

analogur da diskretul kvanZebad. es funqciuri kvanZebi Seicaven 

ramdenime tipur eleqtronul elements. kerZod, analoguri funqciuri 

kvanZebis awyoba ZiriTadad xorcieldeba integraluri mikrosqemuri 

Sesrulebis operaciul maZlierebelis gamoyenebiT, xolo logikuri 

algoriTmis mixedviT informaciis damuSavebis diskretuli funqciuri 

elementebi ASesrulebulia integralur logikur mikrosqemebze.  

     sakurso samuSao iTvaliswinebs operaciuli maZliereblisa da 

logikuri mikrosqemebis gamoyenebiT zogierTi funqciuri elementis agebisa 

da gaangariSebis Cvevebis dauflebas. 
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1. operaciuli maZliereblebi da maTi gamoyenebis  

magaliTebi 

 

    operaciul maZliereblebs (om) uwodeben eleqtruli signalebis iseT 

maZliereblebs, romelTa daniSnulebaa analogur eleqtrul sidideebze 

sxvadasxva operaciebis Sesruleba. Tavdapirvelad operaciul 

maZliereblebs iyenebdnen analogur gamomTvlel manqanebSi maTematikuri 

operaciebis Sesasruleblad (Sekreba, gamokleba, integreba, diferencireba 

da sxva). ise rogorc Cveulebrivi maZliereblebi, operaciuli 

maZliereblebic axdendnen Sesavali signalis Zabvis, denis an simZlavris 

gaZlierebas. Ggansxvaveba ki imaSia, rom Tu Cveulebrivi maZliereblebis 

Tvisebebi da maCveneblebi mTlianad maT sqemur Sesrulebazea 

damokidebuli, operaciul maZliereblebis Tvisebebi damokidebulia im 

ukukavSiris wredis maxasiaTebelze, romliTac operaciuli maZlierebelia 

aRWurvili yovel konkretul SemTxvevaSi. amitom tradiciuli maTematikuri 

operaciebis Sesrulebis garda operaciuli maZliereblebis gamoyenebiT 

SesaZlebelia mudmivi da cvladi denis maZliereblebis, aqtiuri 

filtrebis, harmoniuli da marTkuTxa rxevebis generatorebis, 

komparatorebis da mravali sxva eleqtronuli mowyobilobis realizacia. 

      Tanamedrove operaciuli maZliereblebi Sesrulebulni arian 

integraluri mikrosqemis (ims) saxiT. maTi xarisxobrivi maCveneblebi 

mniSvnelovnad jobnis diskretuli teqnologiis mixedviT Sesrulebuli 

analogis maCveneblebs. integraluri Sesrulebis operaciul maZliereblebs 

xSirad ganixilaven, rogorc mowyobilobas, romelic Tavisi TvisebebiT 

uaxlovdeba warmosaxviT idealur maZlierebels. 

      integraluri mikrosqemuri Sesrulebis operaciuli maZliereblis 

mier ama Tu im funqciis Sesrulebis sizuste (an cdomileba)  

damokidebulia gamoyenebuli operaciuli maZliereblebis parametrebze. 

     operaciuli maZliereblebis  ims  gaaCnia parametrTa didi raodenoba, 

romelTa dajgufeba SesaZlebeblia movaxdinoT Semdegnairad: Sesavalis 

parametrebi, gamosavalis parametrebi, gadacemis parametrebi, gardamavali 

parametrebi da kvebis wredis parametrebi. 

 

 

1. Sesavalis parametrebi. Aam jgufis parametrebi damokidebulia om-is 
Sesavali diferencialuri kaskadis Tvisebebze. imis gamo, rom idealurad 

dabalansebuli (simetriuli) diferencialuri kaskadis miReba SeuZlebelia, 

kaskadis tranzistorebis baza-emiteris gadasasvlelTa sawyisi simSvidis 

reJimis Zabvebi erTnairi sididis ar aris. amitom, Sesavali signalis 

nulTan tolobis miuxedavad, Zabva kaskadis gamosavalze nulisagan 

gansxvavebulia. es imas niSnavs, rom om-is amplituduri (gadacemis) 

maxasiaTebeli wanacvlebulia koordinatTa saTavis mimarT (ix. sur). aqedan   

                           gamomdinare om-is erT-erT mniSvnelovan  

                           parametrs  warmoadgens nulis wanacvlebis 

                           Zabva U wan.. es   aris Zabvis is mniSvneloba, 

                           romelic unda miewodos om-is Sesavals 

                           (niSnis gaTvaliswinebiT), raTa gamosavalze 

                           Zabva gaxdes nulis toli, rodesac 

                           US =0. cxadia, idealur variantSi Uwan=0. 

0
US

Ugam

Uwan
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realur om-Si Uwan sidide SeiZleba Seadgendes ramdenime aTeul 

milivolts. 

   Uwan. Zabva damokidebilia temperaturaze. amitom Sesavalis Semdeg 

parametrad miCneulia wancvlebis Zabvis temperaturuli dreifi CT
U

0
v w

∆

∆
. 

idealur om-Si 0w =
∆

∆

T
U

, xolo realur om-ebis 
T

U
∆

∆ w
 SeiZleba Seadgendes 

(1÷60) mkv/Êel. 

   Uwan Zabva Sesaval wredSi warmoSobs dens 
2

S2S1
S

II
I

+
= , romelsac 

Sesavalis deni ewodeba. 

   IS denTan erTad parametrad gamoiyeneba ∆IS =IÛ1-IÛ2 deni, romelsac 

sxvaobis Sesavali deni ewodeba. idealur om-Si IS =0 da ∆IS =0, xolo 

realuri om-ebis IS da ∆IS denebi SeiZleba aRwevdes ramdenime aseul 

nanoampers (na).  

    ∆IS deni temperaturazea damokidebuli, amitom om-is Sesavali wredis 

parametrad gamoiyeneba sxvaobis Sesavali denis temperaturuli dreifi 

CT
I

0 naS

∆
∆

. 

    om-is Sesavali wredis mniSvnelovani parametrebia Sesavalis winaRoba 

diferencialuri signalis mimarT 
S

Sd
S I∆

∆
=

U
R  (winaRoba Sesasvlelebs Soris 

modebuli signalis mimarT) da Sesavlis winaRoba sinfazuri signalis 

mimarT R S.s. idealuri om-is R S.=∞. realuri om-is RS. SeiZleba Seadgendes 

(0.01 . . . 1000) megaom.Ó 

    om-is Sesavalis parametrTa jgufs miekuTvneba agreTve 

diferencialuri da sinfazuri Sesavali Zabvebi.  

 

2. gamosavalis parametrebi. Aam jgufis parametrebi damokidebulia om-is 
gamosavali kaskadis Tvisebebze.  

   gamosavalis erT-erT ZiriTad parametrs warmoadgens gamosavali 

denis maqsimaluri mniSvneloba. es aris gamosavali denis dasaSvebi 

sidide, Zabvis maqsimaluri mniSvnelobisTvis an datvirTvis winaRobis 

minimaluri mniSvnelobis dros. gamosavalis parametrTa jgufidan meore 

mniSvnelovan parametrs warmoadgens gamosavalis winaRoba Rg. idealuri 

om-is gamosavalis winaRoba Rg=0. Tanamedrove om-ebis gamosavalis 

winaRoba ar aRemateba ramdenime aseul om-s. 

   om-is gamosavali wredis mesame mniSvnelovani parametria gamosavali 

Zabvis maqsimaluri mniSvneloba wrfivi gaZlierebis diapazonSi – 

Ugam.max. Tanamedrove om-TaÖ ÖÌÒÀÅËÄÓÏÁÉÓ ÖÖ Ugam.max. = 10v.  
3. gadacemis parametrebi. am jgufSi Sedis: a) Zabvis gaZlierebis 

koeficienti Kom=∆Ugam/∆USd.. idealuri om-is gaZlierebis koeficienti 

usasrulod didi sididisaa. Tanamedrove om-ebis gaZlierebis koeficienti 

moTavsebulia farglebSi 103÷107. 
       b) sinfazuri Sesavali Zabvis  Sesustebis koeficienti, romelic 

etoleba diferencialuri Sesavali signalis  gaZlierebis koeficientis 

Sefardebas sinfazuri signalis gaZlierebis koeficientTan.  



 6

KS.sin.=Kdif/Ksin.. idealuri om-is KS.sin.=∞, xolo reluri om-ebis 

KS.sin.=(60÷120) db (db–decibeli ). 

       g) erTeuli gaZlierebis Sesabamisi sixSire – es aris 

gasaZlierebeli signalis sixSiris is kritikuli mniSvneloba, romlis 

drosac om-is gaZlierebis koeficienti mcirdeba erTamde. 

4.gardamavali parametrebi. am jgufis parametrebi axasiaTeben om-is 
dinamikur Tvisebebs. es parametrebia: a) gamosavali Zabvis zrdis 

maqsimaluri siCqare Vmax.. es aris om-is gamosavali Zabvis cvlilebis 

udidesi siCqare Sesavalze marTkuTxa formis signalis moqmedebis dros. 

sxvadasxva tipis Tanamedrove om-ebis Vmax  Seadgens (0.1 ÷ 100) v/ÌÊßÌ. 
      b) gamosavali Zabvis damyarebis dro  - t damy. igi ganisazRvreba 

drois im intervaliT, romelic esaWiroeba gamosavali Zabvis damyarebas  

0.1 Ugam.max._dan 0.9 Ugam.max._ mde, ÛÄÓÀÓÅËÄËÆÄ Zabvis naxtomis dros. 
5. kvebis wredis parametrebi. a) kvebis wyaris Zabva ± E .  
b) kvebis wyarodan moTxovnili deni I0 . 
      funqciuri SesaZleblobebis universalobis gamo integralur om-ebs 
aqvT uaRresad farTo gamoyeneba Tanamedrove eleqtronikis 

mowyobilobebSi. gansakuTrebiT farÈÏÀ om-ebis gamoyeneba mainversirebel 

da aramainversirebel maZlierebel da marTkuTxa impulsTa mimdevrobis 

maformirebel rgolebad sxvadasxva daniSnulebis mowyobilobebSi. qvemoT 

mocemulia aseTi funqciuri daniSnulebebis mqone operaciul- 

maZlierebliani rgolebis gaangariSebis meTodika. 

 

1.1 mainversirebeli maZlierebeli 
 

    mainversirebeli maZlierebeli, romlis sqemac 1.1 suraTzea naCvenebi, 

warmoadgens uaryofiTi ukukavSiriT aRWurvil operaciul maZlierebels. 

                           UuaryofiTi ukukavSiri ganxorcielebulia  

                                                  Ruk _ R1 Zabvis damyofiT, romelic        

                            Âamosavali Zabvis nawils awvdis mainversirebel 

                      Sesasvlels. nulis dayenebisa da sixSiruli  

                      koreqciis wredebi suraTze naCvenebi ar aris. 

                                                 US signali mierTebulia saerTo saltesa (nuli) 

            da mainversirebel Sesavals Soris. 

                      aramainversirebeli Sesavali R2 rezistoris 

                      saSualebiT mierTebulia saerTo saltesTan. 

          sur1.1           Ddenis dreifis Semcirebis mizniT R2 rezistoris  

winaRoba unda SeirCes Semdegi pirobis gaTvaliswinebiT: R2=R1 | | Ruk.  

mainversirebeli maZlierebelis gaZlierebis koeficienti  

1
.u RR

R
K

+
−≈

g

uk
i   ,          (1.1) 

sadac Rg – signalis wyaros Siga winaRobaa. 

       datvirTva Rd  CairTveba om-is gamosavlis gamomyvansa da saerTo 

saltes Soris. om-is gamosaval wredSi gamavali deni 

uk

gam

d

gam
ukdgam R

U
R
U

III +=+=  .   (1.2) 

gamosavali denis dasaSvebi mniSvneloba (miTiTebulia yvela tipis om-is 
cnobarSi) ar aRemateba ramdenime aTeul miliampers.  

R2
gam

I

d
S

I R

R1

d

uk

U

U

S

U

I

uku

R

I
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        idealuri om-is gaZlierebis koeficienti Ku.om =∞, Sesavalis 

winaRoba _ RS.om=∞, gamosavalis wnaRoba – Rgam.om=0. amitom, Tu 

vigulisxmebT, rom gamoyenebuli om-i idealuria, maSin mainversirebeli 

maZliereblis Sesavali winaRoba iqneba RSi=R1, xolo gamosavalis winaRoba 

Rgam.i=0.   

        realuri om-is parametrebis gaTvaliswinebiT mainversirebeli 

maZliereblis Sesavlis winaRoba 

ukom om S

ukom S
Si R)K1(R

RR
RR

u
1 +

+= ,  (1.3) 

        sadac RS om _ om-is Sesavalis realuri winaRobaa; 

     Kuom _ om-is gaZlierebis koeficientis realuri 

mniSvnelobaa. 

 M       

            mainversirebeli maZliereblis gamosavlis winaRoba 

om gam
om 

i
gam.i R

K
KR

u

.u= .         (1.4) 

            mainversirebeli maZliereblis gaZlierebis koeficientis 

dazustebuli sidide 

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
+

+
++

+
−

=

om S

uk

g

uk

om 

g

uk

i

R
R

RR
R

1
K

11

RR
R

K

1u

1
u   .   (1.5) 

(1.5) gamosaxuleba saSualebas iZleva davadginoT erTidaigive tipis  om-is 

sxvadasxva egzemplaris Kuom  da RS om  parametrebis gabnevadobiT 

gamowveuli Kui  sididis cdomileba, romelic aisaxeba gamosavali Zabvis 

sidideze. 

      cdomilebas, gamosavali Zabvis sididis dafiqsirebisas, iwvevs 

agreTve nulis wanacvlebis Zabva  _ U w . mainversirebeli maZliereblis 

statikuri cdomilebis Zabva gainisazRvreba gamosaxulebidan 

ukb02
uk

b01
uk

wcd. gam RIR
R
R

1I
R
R

1UU 2
11

−⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
++⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+= .         (1.6) 

Tu Sesrulebuli iqneba piroba uk
uk R

R
R

1R
1

2 =⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+ , e.i. R2=R1⎟⎟ Ruk, maSin 

Ugam cd=Uw(1+⎟ iuK ⎟)+∆ISRuk. 
       mainversirebeli maZliereblis statikuri cdomilebis Zabva 

damokidebulia temperaturaze, ris gamoc adgili aqvs maZliereblis 

gamosavali Zabvis dreifs. gamosavali Zabvis dreifi, temperaturis 10C-iT 
Secvlis dros, SeiZleba ganisazRvros gamosaxulebidan 

uk
S

i
wgam.cd R

T
I)K1(

T
U

T
U

u ∆
∆

++
∆

∆
=

∆

∆
.          (1.7) 

         mainversirebeli maZliereblis damatebiTi cdomileba warmoiqmneba 

sqemis kvebis wyaros Zabvis cvlilebis gamo. 
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magaliTi 1. 

 

        gaviangariSoT mainversirebeli maZlierebeli   K140UD1A  tipis 

operaciuli maZliereblis gamoyenebiT. gadacemis koeficienti Kui=10. 
DdatvirTvis winaRoba Rd=5 kom. Sesavalis winaRoba araa naklebi 10kom. –

ze. gamosavlis  winaRoba ar aRemateba 100 om. maZlierebeli muSaobs 

signalis wyaroze, romlis  emZ _ Eg=0,2 v  da SigawinaRoba _ RÂ=1kom. 
        ganvsazRvroT maZliereblis Sesavalze dayvanili fardobiTi 

statikuri cdomileba da dreifi, Tu    ∆T = 20ºc da kvebis wyaros 

arastabiloba aris ±10%.  

 

amoxsna 

cnobaris daxmarebiT SevarCevT om-is konfiguracias  
da pirvel rigSi SevadgenT main-

versirebeli maZliereblis sqemas. aq 

R,C makoreqtirebeli wredia. unda 

ganisazRvros operaciuli maZliereb-

lis mikrosqemis damatebiTi sqemuri 

komponentebis (kiduli elementebis) 

parametrebi. es komponentebia: R1, R2 da 
Ruk. 

(1.1) gamosaxulebis Tanaxmad 
g

uk

i RR
R

Ku +
−=

1

. pirobis Tanaxmad RS=R1=10 kom. 

maSin Ruk=⎜Kui ⎜ (R1 + Rg)=10• 11=110kom. 
      denis dreifis Semcirebis mizniT SevarCioT R2 rezistoris winaRoba 

Semdegi gamosaxulebis mixedviT  

kom
ukg

ukg
ukg 10

121
11011

110110
110)110(

RRR
R)RR(

R)RR(R
1

1
12 =

•
=

++
+

=
++

+
=+= . 

   ganvsazRvroT om-is gamosavali deni sqemuri komponentebis SerCeuli 

parametrebis dros. vsargeblobT gamosaxulebiT 

uk

gam

d

gam
gam R

U
R
U

I += . 

Ugam = | Kui | •  Eg = 10 •  0,2 = 2v. maSin 

magam 58.0
110

8.2
5
8.2I =+= . 

   vinaidan SerCeuli om-is gamosavali denis dasaSvebi sidide 3 ma –ia, om 
imuSavebs normalur Termul reJimSi. 

     ganvsazRvroT maZliereblis gamosavali winaRoba 

omgam.om
om

i
gam 8700

900
10R

K
KR

u

u === . 

 (Kuom=900, Rgam.om=700 om _ cnobaridan) .  

     Rgam  sidide savsebiT misaRebia, radgan igi naklebia moTxovnilze. 

(moTxovnili iyo 100 om – ze naklebi). 

    SevafasoT maZliereblis Sesavalze dayvanili gamosavali Zabvis 

dreifi  

1

dg

10 C

-

E

9
E1

=-6.3v

R2

uk

+

5
К140УД1А

R

E

7

4
-

R
R1

g

12

R

2

=6.3v

R

+
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)RR(
T
I

T
U

TK
U

e 1
u

+
∆
∆

+
∆

∆
=

∆

∆
= g

Sw

i

cd gamS
dr . 

 cnobaridan aviRebT:    C20
T

U
0

mkvw =
∆

∆
;   C1030C30

T
I 3

00
S mkana −•==

∆
∆∆

. 

 

maSin            eS
dr=20+30• 10-3 • 11• 103=350 mkv/ºC. 

         maZliereblis fardobiTi statikuri cdomileba ganisazRvreba 

Semdegi gamosaxulebis mixedviT 

maxuu

u

UK
U

K
K

Si

cd gam

i

i
st

∆
+

∆
=δ . 

aq ∆Kui _ Kui _s cvlebaa garemo temperaturis Secvlis dros. 

 

kv
gam.cdgam.cd

sin
gam.cdgam.cd

ET. UUUU ∆∆ ∆+∆+∆=∆ , 

sadac 
.Usin

gam.cd∆  _ gamosavali Zabvis cvlilebaa Sesavalze sinfazuri 

signalis zemoqmedebis dros. mocemul operaciul maZlierelSi 

0U . =∆ sin
gam.cd ; 

TU∆∆ gam.cd _ gamosavali Zabvis cvlilebaÀ garemo temperaturis ∆T 

diapazonSi Secvlis dros. 70mlv10200,35i/
S

drgamcd =⋅⋅=∆⋅=∆ ∆ KuTU eT /  
kv

gam.cd
EU∆∆  _ gamosavali Zabvis cvlilebaa kvebis wyaros Zabvis 

Secvlisas. 

      kvebis wyaros Zabvis cvlilebis zegavlenis Sesafaseblad 

Semotanilila kvebis Zabvis gavlenis Sesustebis koeficienti KZgSk. Ees  

koeficienti aris fardoba kvebis Zabvis cvlilebisa _ ∆Ekv mis mier 

gamowveul wanacvlebis Zabvis Sesabamis ∆Uw cvlilebasTan, gamosaxulsÓ 

logariTmul erTeulebSi _ decibelebSi 

w

kv
ZgSk U

E
lg20K

∆

∆
= . 

mocemuli tipis om-isaTvis KZgSk=60db-s, rac imas niSnavs, rom 310
U
E

=
∆

∆

w

kv
. 

aqedan 310
E

U kv
w

∆
=∆ . pirobis Tanaxmad kvebis wyaros Zabva icvleba ±10%. maSin 

kvebis Zabvis cvlilebis sruli diapazoni iqneba 

v
kv

kv 26.1
100

103.62
100

102
=

••
=

•
=∆

E
E . 

vw 26.11026.1
10

26.1 3
3 =•==∆ −U . 

G     gamosavali Zabvis cvlileba kvebis Zabvis Secvlisas etoleba 

mviw

kv

gam.cd 3.121026.1 =•=∆=∆ ∆
u

E KUU . 

Aamrigad  

                     ∆Ugam cd=70+12.6=82.6 mv 

           δst-is GgamosaxulebaSi Semavali pirveli Sesakrebi ganisazRvreba 

maZliereblis koeficientis temperaturuli gradientiT, romelic 

Cveulebriv Seadgens 
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CTK
K

u

u
0

2 110)4.02.0( −÷=
∆

∆

om

om . 

aqedan  SevarCioT  

CTK
K

u

u
0

2 1104.0 −•=
∆

∆

om

om . 

       om-is ukukavSiris wrediT aRWurvisas, mainversirebeli maZliereblis 

sqemaSi ∆T=200C dros gveqneba              

%09.0109
900

1020104.0
/

4
2

=•≈
•••

=
∆

•
∆

∆
=

∆ −
−

iomom

om

om

om

uuu

u

u

u

KK
T

TK
K

K
K

 

maSasadame, saerTo statikuri cdomileba etoleba 

0423.0
2.010

106.82109
3

4 =
•
•

+∗=
−

−
stδ . 

δst=4.23% 
     Catarebulma gaangariSebaÌ gviCvena, rom maZliereblis gamosavalze 

miRebul SesaZlo cdomilebaSi mTavar damnaSaves Sesavali sxvaobis denis 

dreifi warmoadgens. 

 

1.2 marTkuTxa ÉÌÐÖËÓÈÀ mimdevrobis 
maformirebeli rgoli (multivibratori) 

 

     multivibratori aris eleqtronuli generatori, romelic mudmivi 

Zabvis mkvebavi wyaros energiis xarjze gamoimuSavebs marTkuTxa formasTan 

miaxlovebul rxevebs. arsebobs TviTaRgznebadi da momlodine reJimSi 

momuSave multivibratorebi. 

      pirveli saxis multivibratori mudmivi Zabvis wyarosTan 

mierTebisTanave gamoimuSavebs rxevebs marTkuTxa formis impulsTa 

mimdevrobis saxiT. meore saxis multivibratorSi gamosavalze marTkuTxa 

impulsuri xasiaTis signali gamomuSavdeba sxva wyarodan mosuli 

impulsuri signalis zemoqmedebis Sedegad. am saxis multivibratori 

elodeba gareSe signals da yoveli aseTi signalis mosvlis Sedegad mis 

gamosavalze warmoiqmneba erTi, marTkuTxa formis, impulsuri signali. 

amitom am saxis multivibrators  erTvibratorsac uwodeben. 

      multivibratorebi advilad realizebadia operaciuli maZliereblis 

bazaze. amisaTvis sakmarisia om-is mikrosqemaze ramdenime gareSe 

komponentis damateba. 1.2 suraTze naCvenebia TviTaRgznebadi da momlodine 

reJimSi momuSave multivibratorebis sqemuri agebis principi operaciuli 

maZliereblis gamoyenebiT. 

a)

gamgam

R1

R
C

S

U

VD1

C

b)

R1

U

R2

C1

R3

U
R2

VD2

R

 
sur1.2 
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mainversirebeli maZliereblisgan gansxvavebiT, sadac om-s muSaoba 

uxdeba wrfivi gaZlierebis reJimSi, multivibratorebSi  om muSaobs 

gadarTvebis, kerZod, komparatoris reJimSi. om-is mainversirebel da 

aramainversirebel Sesasvlelebze potencialTa gatolebis momentSi igi 

gadairTveba dadebiTi an uaryofiTi gajerebis mdgomareobaSi da 

gamosasvlelze aRmoCndeba an +Ugammax, ÀÍÃÀ _Ugammax .  
TviTaRgznebad multivibratorSi (sur1.2,a) om-is aramainversirebel 

Sesasvlelze R1,  R2 Zabvis damyofiT miewodeba ukukavSiris Zabva 

max
21

2 U
RR

RU gam.uk +
±= , 

e.i.  ganxorcielebulia dadebiTi ukukavSiri. Mmainversirebel Sesasvlelze 

ki moqmedebs C kondensatoris damuxtva – ganmuxtvis procesSi arsebuli 

Zabva. C kondensatoris Zabvis Uuk-is ZabvasTan yoveli gatolebis dros 

multivibratori gadairTveba erTi kvaziwonasworuli mdgomareobidan 

meore kvaziwonasworuli mdgomareobaSi da gamosavalze Camoyalibdeba 

marTkuTxa formis rxeviTi Zabva. am Zabvis sixSire pirvel rigSi 

ganisazRvreba τ=RC drois mudmiviT. simetriuli multivibratoris 

gamosavali Zabvis sixSire 

)R/R21ln(RC2
1f

12+
= .          (1.8) 

TviTaRgznebad multivibratorisagan gansxvavebiT, momlodine 

multivibratoris  (sur1.2,b) gamosavalze marTkuTxa formis impulsi 

Camoyalibdeba mxolod im SemTxvevaSi, Tu Sesavalze moqmedebs e.w. gamSvebi 

impulsi. am impulsis moqmedebamde sqema imyofeba mdgradi wonasworobis 

mdgomareobaSi  da  gamosavalze arsebobs    +Ugammax      an  -Ugammax  Zabva. 
gamSvebi impulsis zemoqmedebis Sedegad sqema gadairTveba sawinaaRmdego 

mdgomareobaSi (Tu sqemis gamosavalze iyo + U gam max, maSin aRmoCndeba 
_Ugammax  da piriqiT). aseT mdgomareobaSi sqema darCeba garkveuli drois 

manZilze, ris Semdegac ubrundeba sawyis mdgrad mdgomareobas. amitom mas 
kvazimdgradi mdgomareoba ewodeba. kvazimdgradi mdgomareobis dros sqemis 

gamosavalze Camoyalibdeba marTkuTxa formis impulsi, romlis xangZlioba 

τ=RC drois mudmivas proporciulia. gamosavali impulsis xangZlivoba   

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+≈

1

21
R
R

RCtim .                  (1.9) 

      kvazimdgradi  mdgomareobis Semdeg sqema brundeba sawyis mdgrad 

mdgomareobaSi (aRidgens sawyis mdgomareobas). sawyisi mdgomareobis 

aRdgenis dro          

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

+≈
21

2

RR
R1lnRCt aR .             (1.10) 

     sqemis  normaluri funqcionirebisaTvis aucilebelia t aRd. Nnaklebi 

iyos 
ѓmax

1
 _tim sidideze, sadac ƒmax gamSvebi impulsebis maqsimaluri 

sixSirea. 
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magaliTi 2 

 
     gaviangariSoT TviTaRgznebadi multivibratori operaciul 

maZlierebelze, romelic gamoimuSavebs niSancvlad marTkuTxa impulsur 

Zabvas: amplitudiT Ugam≥83  da sixSiriT f= 10khc. datvirTvis  winaRoba 

Rd=10 kom. 

amoxsna 
 

    pirvel rigSi unda SevarCioT operaciuli maZliereblis tipi. 

operaciuli maZliereblis tipis SerCevisas unda vixelmZRvaneloT Semdegi 

ori pirobiT: 

     1) Ugammax >U gam;   2) maxmax. 2
1.02 / uVTU <gam  

  magaliTis pirobis Tanaxmad: U gam = 8v;  T=1/f =1/104=0.0001wm=100mkwm. 
maSin, Tu SevirCevT К140УД7 tipis operaciul maZlierebels, romlis 

gamosavali Zabvis maqsimaluri mniSvneloba Ugammax=11v, xolo 

VUgammax=10v/mkwm, orive piroba Sesruldeba, radgan  

2Ugammax / 0,1 •  (T/2)=(2 •  11)/(0.1 •  50) = 4.4 v/mkwm< VUgammax=10v/mkwm.  

     operaciuli maZliereblis tipis SerCevis Semdeeg saWiroa 

multivibratoris sqemis Sedgena da om-is mikrosqemaze damatebuli sqemuri 

komponentebis parametrebis gansazRvra. 

R, R1,R2 dakiduli rezistorebis winaRobebs virCevT Semdegi pirobis 

gaTvaliswinebiT: 

RSom >>R;  1
RR

R

12

2 <<
+

da R2 >>Rgam.om. radgan  

RS.om = 400 kom, aviRoT R=10kom. radgan  
Rgam.om=700om, aviRoT R2=10kom, xolo  

1
RR

R

12

2 <<
+

 pirobidan gamomdinare aviRoT 

R1=10.  R2=100kom. vipovoT operaciuli 

maZliereblis gamosavalis deni 

Igam.om =Icmax+ Iwan+Id. 
  Kkondensatoris gadamuxtvis denis 

maqsimaluri mniSvneloba 

ma2.1
10

11
110
1011 max

21

2

max =
⎟
⎠
⎞

⎜
⎝
⎛ +

=
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

+
=

R

U
RR

R

Ic

gam.

 

R1 , R2   rezistorebSi gamavali wanacvlebis deni 

magam.
wan 1.0

10100
11

RR
U

I
21

max =
+

=
+

= . 

DdatvirTvaSi gamavali deni 

ma
d

gam.
d 1.1

10
11

R
U

I max === . 

maSasadame,  Igam.om =1,2+0,1+1,1=2,4 ma. 

      radgan SerCeuli om-is gamosavalis denis dasaSvebi sidide 20 ma-is 

tolia, dakiduli elementebis parametrebi sworadaa SerCeuli. im 

SemTxvevaSi, Tu Igam.om-is naangariSebi sidide om –is dasaSveb denze meti 

R1

2

-

C

+

К140УД7

7

5
1

15v

8 R
6

3

-
+

d

R

R2

1nf

4

15v
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aRmoCndeba, maSin unda gaizardos R, R1 , R2   rezistorebis winaRobebi an 
SeirCes sxva om-i. 

      axla vipovoT gamosavali Zabvis sixSiris ganmsazRvreli C 
kondensatoris tevadoba   

pF
RRfR

C 27
)

100
1021ln(101010102

1
)/21ln(2

1
3312

=
•

+••••
=

+
= . 

magaliTi 3 
  gaviangariSoT momlodine multivibratori operaciuli maZliereblis 

gamoyenebiT, romelic gamosavalze iZleva 20 v amplitudis da tim  = 10 mkw 
xangZlivobis uaryofiTi niSnis impulsur Zabvas, Tu Sesavalze moqmedebs 

fmax  = 67 khc sixSiris xanmokle gamSvebi impulsuri signali. drois 

damkveTi C kondensatoris maSuntebel diodze  Ria mdgomareobis dros 

Zabva 0.6 v-s tolia. 

 

amoxsna 
    Ppirvel rigSi unda SeirCes operaciuli maZliereblis tipi. SerCeulma 

operaciulma maZlierebelma unda daakmayofilos Semdegi ori piroba : 

1) Ugam.max.om≥U gam /2; 
2) 2Ugammaxom/0.1tim <VUgam.om.  

      SevirCioT К544УД2  tipis operaciuli maZlierebeli, romlis 

Ugam.max=±10v, e.i. sruldeba pirveli piroba  10=20/2. aseve sruldeba 

meore pirobac _ 20
101.0

102
=≤

•
•

gam.omuV , radgan SerCeuli om – is gamosavali 

Zabvis cvlilebis siCqare VUgam.om=20 v/mkwm. 

SevirCioT R , R1 , R2 dakiduli rezistoris 

winaRobebi, romlebic unda akmayofilebdnen  

                                pirobebs: RS..om>>R, R2>>Rgam.om, 1
RR

R

12

2 <<
+

. 

                              cnobaridan davadgenT, rom R S..om=10mgom 
                                                 Rgam.om=90 om. maSin, SegviZlia aviRoT 

                       R=R2=10kom. R1=100kom. 
vipovoT rezistorebis SerCeuli 

parametrebis mixedviT om-is gamosavali 

deni. igi naklebi unda iyos om-is gamo- 
savali denis maqsimalurad dasaSveb mni- 

Svnelobaze, romelic cnobaris mixedviT 

          5 ma-is tolia. 

Tu vigulisxmebT, rom datvirTvis wredi  

Y                                   gawyvetilia (Rd=∞), maSin Igam=Ic.Max+Iwan. 
gadamuxtvis procesSiKkondensatoris deni icvleba. mas maqsimaluri 

mniSvneloba aqvs multivibratoris gadarTvis momentSi, rodesac 

mainversirebel Sesasvlelze Zabva gautoldeba max
21

2 U
RR

R
gam.+

  sidides. 

amitom, kondensatoris denis maqsimaluri mniSvneloba 

ma

gam

09.110/10
10010

101
1 max.

21

2

max =•⎟
⎠
⎞

⎜
⎝
⎛

+
+=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

+
=

R

U
RR

R

Ic . 

7

VD3

C

C1

R3

R'

R1

d

43

2

R2

-

R

VD2

U

+

R
К544УД2

5

6

-

1

+

VD1

S
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       wanacvlebis deni etoleba  

magam.
wan 09.0

110
10

RR

U
I

21

max
==

+
= . 

maSin I gam=1,09+0,09=1,18ma.  
rogorc vxedavT, Sesrulda piroba I  gam. < I  gam.max om.  
gamosavali impulsis xangZlivobis damkveTi kondensatoris tevadoba     

nfim 11

100
101ln1010

1010

1ln 3

6

1

2

=
⎟
⎠
⎞

⎜
⎝
⎛ +•

•
=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

=
−

R
RR

t
C . 

vpoulobT sawyisi mdgomareobis aRdgenis dros, romelic aucilebelia 

tim=10mkwm xangZlivobis gamosavali impulsebis misaRebad 

mkwmwmiaR 5105101010151010
1067

11 6666
3

max

=•=•−•=•−
•

=−= −−−−t
f

t  

uaryofiTi ukukavSiris wredSi CarTuli R  winaRobis sidide, romelic 
uzrunvelyofs taR=5mkwm sidides. (1.10) gamosaxulebis Tanaxmad 

     komomi
aR 5105

110
101ln1011

105

1ln

3

9

6

21

2

=•=
⎟
⎠
⎞

⎜
⎝
⎛ +•

•
=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

+
=

−

−

RR
RC

t
R . 

 e.i. aRdgenis stadiaze R=10kom-is nacvlad aRniSnuli ukukavSiris wredSi 

unda darCes 5komis toli winaRoba. amisaTvis  VD3  diodis daxmarebiT, 

romelic Ria iqneba mxolod aRdgenis stadiaze, R-is paralelurad unda 

mierTdes R|=10kom winaRoba (naCvenebia wyvetili wiriT). 

 

 

2. cifruli integraluri mikrosqemebi da maTi 

gamoyenebis magaliTebi 
 

2.1 multivibratorebi cifrul integralur mikrosqemaze 

A    analoguri integraluri mikrosqemis garda multivibratorebs ageben 

cifrul integralur mikrosqemebzec. informaciis gardaqmnisa da 

damuSavebis cifrul aparaturaSi multivibratoris sqemaSi gamoiyeneba 

cifruli integraluri mikrosqema: erTis mxriv elementuri bazis 

unifikaciis mizniT, meores mxriv ki imis gamo, rom aRar aris saWiro aseTi 

generatoris signalis donis SeTanxmeba aparaturis sxva mowyobilobebis 

potencialur doneebTan. 

      umartives SemTxvevaSi marTkuTxa formis avtorxevebis miReba 

SeiZleba, Tu ara _ logikuri elementis (e.i. invertoris) gamosasvlels 

misive SesasvlelTan SevaerTebT dayovnebis damatebiTi wredis gavliT 

(sur 2.1,a) 
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t

1
T

d d

gam

U
1

3t

1

1

U
R

0

0

C

d

day.xazi
1

gam

2t

B

t0

U =U

t

0

0

 
       a)                           sur 2.1                            b) 

 

    sawyis  momentSi invertoris gamosavalze aris logikuri “1” (U c=1).  C  
wertilis maRali potenciali td  - dayovnebis drois Semdeg miewodeba 

sqemis gamosavals, amitom td  drois Semdeg sqemis gamosavalze 

warmoiqmneba logikuri “1” , romelic invertoris gamosavals Caayenebs 

logikur nulSi (Uc=0). td  dayovnebis drois Semdeg nuli gadis sqemis 

gamosavalze da amis gamo, invertoris gamosavalze kvlav aRmoCndeba 

logikuri “1” da a.S. sqemis gamosavalze Camoyalibdeba marTkuTxa impulsTa 

mimdevroba , romlis ganmeorebadobis periodi  T=2td. 
     avtorxeviT reJimSi momuSave multivibratoris realur sqemaSi 

gamoyenebulia ori, jvaredin ukukavSirebSi CarTuli, invertori. dayovnebis 

xazis funcqias ki asrulebs ukukavSiris wredSi CarTuli kondensatori  

(sur 2.2,a). 

     sqemaSi gamoyenebulia D1 da  D2  da-ara logikuri elementebi. maTi 

invertoruli CarTva miRweulia Sesasvlelebis gaerTianebiT. R1, R2  da 
C1,C2  sqemuri komponentebi warmoadgenen logikuri elementebis 

gadarTvebis drois damkveT, da maSasadame, gamosavalze miRebuli 

marTkuTxa impulsebis sixSiris ganmsazRvrel elementebs. D3 da  D4 
logikuri elementebi asruleben damxmare funqcias. maTi daniSnulebaa 

sqemis rbili TviTaRgznebis reJimis Seqmna. sqemas SeuZlia funqcionireba 

am elementebis gareSec. 

 

VD2
U

tt
U

2

a)

D2 zR.

U

S2

S2

VD1

&

t

3

i

U

U

U
1

S1

U'

p

t

U

1

C1

gam.2

0
D4

t

0

S1

t

U

t

gam2

R2

gam

0

C2 R1

0

D3

b)

R1

D1

U

R2

t

gam.1 U

t

&

gam1

zR.

gam

&

U

 
                                 sur 2.2                                  
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imis gamo, rom D1 da  D2 logikuri elementebi dadebiT ukukavSirian 

Caketil maryuJs warmoqmnian, sqemas ar SeiZleba gaaCndes mdgradi 

mdgomareoba. Caketil maryuJSi erT-erT mTavar funqcias asrulebs 

kondensatori. kerZod, kondensatoris damuxtva_ganmuxtvis procesis 

xangZlivoba ganapirobebs calkeuli logikuri elementis “1” da “0”-Si 

yofnis xangZlivobas. Zabva kondensatorze, romelic CarTulia logikur 

“0”-Si myofi elementis gamosavalsa da logikur “1”-Si myofi elementis 

Sesavals Soris, Uc=U0
gam–U1

Ses. es Zabva axlosaa nulTan. am elementis 

gadarTvis Semdeg igive kondensatori iwyebs damuxtvas meore logikuri 

elementis Sesavlis mimdevrobiT CarTuli rezistoris gavliT, ris gamoc 

es logikuri elementi gadairTveba “0”-Si. ase magaliTad, Tu t1  momentamde 
(sur 2.2,b) D2 logikuri elementi imyofeba “0” mdgomareobaSi, maSin D1 
elementi iqneba “1” mdgomareobaSi, radgan mis Sesasvlelze Zabva “0”-Tanaa 

axlos. t1 momentSi ki moxdeba D2-s “1’’ _ mdgomareobaSi gadarTva imis gamo, 

rom C2 kondensatoris ganmuxtvis Sedegad D2 elementis Sesavalis Zabva US2 

gautoldeba am elementis amoqmedebis zRurblur mniSvnelobas. amis gamo, 

iwyeba C1 kondensatoris damuxtva  R1 rezistoris gavliT. damuxtvis 

sawyis periodSi deni maqsimaluri mniSvnelobisaa, amitom  D1-is Sesavalze 

imoqmedebs maRali donis Zabva da gamosavalze iarsebebs logikuri “0”. t1 
momentidan dawyebuli US1 iwyebs klebas τ1=R1C1 drois mudmivis mixedviT. 

t2 momentSi US1 gautoldeba D1 invertoris amoqmedebis Zabvis zRurblur 

mniSvnelobas da gadairTveba “1” _ mdgomareobaSi. amjerad C2 kondensatori 
iwyebs damuxtvas. C2 –is damuxtvis procesSi U S2 Zabva iwyebs klebas 

τ2=R2C2 drois mudmivis mixedviT. t3 momentSi multivibratori kvlav 

gadairTveba axal mdgomareobaSi, romlis drosac kvlav iwyebs damuxtvas 

C1 kondensatori, e.i. cikli iwyebs ganmeorebas. 

       gamosavalze miRebuli impulsis xangZlivoba 

zR

gamgam

im U
UUU

CRt R1
01

11 ln
+−

≈ .  (2.1) 

impulsTa Soris pauzis xangZlivoba 

zR

gamgam

p U
UUU

CRt R2
01

22 ln
+−

≈ ,   (2.2) 

sadac UR1, UR2 _  R1 da R2 rezistorebze Zabvis vardnebia: UR1 =I0S•  R1;  
U R2 = I0S•  R2 ; 

              I0S _ mikrosqemis Sesavali denia Sesavali Zabvis dabali 

donis dros.   
    gamosavali impulsuri Zabvis ganmeorebadobis periodi 

( )
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡ +−
+

+−
+==+=

zR

gamgam

zR

gamgam

pim U
UUU

U
UUU

RCRC
f

ttT RR 2
01

1
01

2211 lnln1  .     (2.3) 

      2.3,a suraTze naCvenebia logikur elementebze agebuli momlodine 

reJimSi momuSave multivibratoris sqema.  
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         a)                                                              b) 

 

Nsur 2.3 

 

    sqemaSi gamoyenebulia ori da – ara logikuri elementi , romelTagan 

D1 –is Sesasvlelebi gaerTianebulia da muSaobs invertorad. meore 

logikuri elementis erTi Sesasvleli mierTebulia D1 –is gamosavalTan , 

xolo meore Sesavalze moqmedebs gamSvebi impulsuri signali U g . sawyisi 
t 0  mdgomareobis dros D1 logikuri elementis Sesavalze moqmedebs  

US1=UR=I0S R Zabva, romelic amoqmedebis zRurblur mniSvnelobaze naklebia 

(nulTan axlosaa). amitom, D1–is gamosavali Zabva _ Ugam1=Ugam. (e.i. 

gamosavalze aris maRali done). maSasadame,  t0–t1 SualedSi D2 logikuri 

elementis orive Sesasvlelze moqmedebs potencialis maRali done 

(logikuri “1”). da–ara logikuri elementis muSaobis WeSmaritebis 

cxrilis Tanaxmad Ugam2=U0
gam (am gamosavalze aris logikuri “0”) 

      t1 momentSi DD2 logikuri elementis erT Sesasvlelze miewodeba 

gamSvebi impulsi (logikuri “0”), ris gamoc igi gadairTveba logikur “1”-Si. 

Zabvis naxtomi _ ∆Ulog.=U1
gam–U0

gam C kondensatoriT miewodeba D1 
invertoris Sesavals da gadarTavs mas logikur “0”-Si. 

       t1 momentidan dawyebuli C kondensatori imuxteba. misi damuxtvis 

drois mudmiva  τ=RC. aseTive kanoniT iwyebs US1  Zabva klebas. t2 momentamde 
sqema imyofeba e.w. kvazimdgrad mdgomareobaSi. t2 momentSi adgili aqvs 

sqemis gadarTvas sawyis mdgrad mdgomareobaSi, radgan am dros US1 

Semcirdeba UzR Zabvamde, ris gamoc D1 gadairTveba logikur “1”-Si. es ki, 

Tavis mxriv, gamoiwvevs D2–is dabrunebas logikur “0”-Si. mdgrad 

mdgomareobaSi dabrunebis Semdeg sqema elodeba axali gamSvebi impulsis 

mosvlas, amitom aseTi saxis generators momlodine reJimSi momuSave 

multivibratori ewodeba. aseTi multivibratori yoveli gamSvebi impulsis 

sapasuxod    gamoimuSavebs    erT   impulss.   amis   gamo    mas   xSirad 

erTvibratorsac uwodeben. erTvibratoris mier gamomuSavebuli impulsis 

xangZlivoba ganisazRvreba Semdegi gamosaxulebis mixedviT   

0

U

t

& 

gam.1R 

gam

t

U

U

C gam1

D1 

t

 
U

VD 

g

0

gam 

0

zR.

R2 

t

U
D2 

S1

U gam.2

U 

U

t 

gam2

t

g 

U'

1 t 2 3 
& 0
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zR

gam

1

gam

im U
UUU

RCt R+−
≈

0

ln      (2.4) 

 

magaliTi 4 
      davaproeqtoT avtorxeviTi multivibratori 155-e seriis integralur 

mikrosqemaze, romlis zRurbluri Zabva 1.4 voltis tolia, logikuri `1 ~-

is reJimSi gamosavali Zabva U¹gam=2.4 v, xolo logikuri `0~-is       

reJimSi _ U0
gam=0.4v. muSa sixSire f= 5khc. Ggamosavali impulsebis simeCxere 

Q=2.  
 

Aamoxsna 
      ganvsazRroT gamosavali Zabvis impulsis xangrZlivoba. amisaTvis 

gamoviyenoT gamosavali Zabvis impulsebis simeCxris formula Q=T/tim . 
aqedan tim=T/Q, sadac T impulsTa ganmeorebadobis periodia.  

T=1/f=1/5.10³=0.2 •  10ֿ³wm=0,2mwm. 

      maSasadame, tim=0.2/2=0,1mwm. 
      imis gamo, rom Q=2, impulsebs Soris pauzis xangrZlivoba impulsis 

xangrZlivobis tolia (tp = tim =0,1mwm). Aamitom multivibratoris sqemaSi 

(sur 2.2,a),  R1=R2=R.  
      R rezistoris winaRobis sididis SerCeva unda movaxdinoT Semdegi 

ori pirobis gaTvaliswinebiT: R >> R|
gam da R < Rmax. 

      R|
gam – mikrosqemis gamosavalis winaRobaa gamosavali Zabvis maRali 

donis dros. R|
gam=0,2 kom (aiReba cnobaridan). 

      Rmax. – rezistoris maqsimaluri winaRobaa, romlis drosac 

multivibratori kargavs funqcionirebis unars. am winaRobas vangariSobT 

Semdegi gamosaxulebis gamoyenebiT: 

zRbekv

SzR

UUE
RU

R max −−
= , 

      sadac UzR – zRurbuli Zabvaa. UzR = 1,4 v;  

             RS  - mikroqemis Sesavalis winaRobaa, R S = 4 kom (cnobaridan); 
                    Ekv=5v – mikrosqemis kvebis wyaros Zabvaa; 

             Ube=0,7v – mikrosqemis Sesaval tranzistorze Zabvis vardnaa     

             (cnobaridan); 

kom2
9.2

44.1
4.17.05

44.1
max ≈

•
=

−−
•

=R  

           zemoT dasaxelebuli pirobebis gaTv.aliswinebis Sedegad SevirCioT  

R=1,5om. 

      vipovoT C1=C2=C  kondesatoris saWiro tevadoba  

zR

gamgam

im

U
UUU

R

t
C

R+−
= 01

ln
, 

            sadac UR - R winaRobaze Zabvis vardnaa; UR=IS R. 

ma
S

bekv
S 8.0

5.5
3.4

5.14
7.05

RR
UE

I ≈=
+
−

=
+

−
= . 

        UR=0.8 •  1.5=1.2v,  
          



 19

maSin 

mkf1.0

4.1
2.1044.2ln105.1

101.0
3

3

≈
+−

•

•
=

−

C . 

               dakiduli elementebis parametrTa gansazRvris Semdeg SevadgenT 

multivibratoris sqemas. gamoviyenoT K155ЛА3 tipis mikrosqema, romelic 

Seicavs 4 orSesasvlelian da-ara logikur elements. 

 

1
VD

R

D2
VD

C

10

gam.

1/4 К155ЛА3

1/4 К155ЛА3

2

gam.

9

& 3

D1

8

CR

&

 
 

 

magaliTi 5 
     ganvsazRvroT kondesatoris tevadoba momlodine multivibratoris 

sqemaSi, romelSic gamoyenebulia 155-e seriis cifruli mikrosqema.sqemam 

unda gamoimuSaos 70 mkwm xangrZlivobis gamosavali impulsebi. mikrosqemis 

zRurbluri Zabva 1.3v-is tolia. U1
gam=2.3v; U0

gam=0.45v; R1
gam=0.2kom; RS=4kom; 

Ube=0.7v. 

 

amoxsna 
 

Kkondesatoris tevadobas vsazRvravT gamosaxulebidan 

zR

gamgam

mi U
UUU

RCt R+−
=

01

ln . 

  aqedan 

zR

0
gam

1
gam

i

U
UUU

lnR

tC
R+−

= . 

       wina magaliTis analogiurad, R winaRobas SevirCevT ori pirobis 

gaTvaliswinebiT: R>>R1
gam da R<Rmax. 

    wina magaliTis analogiurad  

kom
zRbekv

SzR 7.1
3
2.5

3.17.5
43.1

max ==
−−
•

=
−−

•
=

UUE
RU

R  

    SevirCioT R=1.5kom.   
                           UR=IS •  R. 
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ma
S

bekv
S 78.0

5.14
7.05

RR
UE

I ≈
+
−

=
+

−
= . 

    MmaSin, UR=0.78 •  1.5=1.17v. 

mkf055.0
1264

1070

3.1
17.145.03.2ln105.1

1070 6

3

6

=
•

=
+−

•

•
=

−−

C . 

    SevadgenT momlodine multivibratoris sqemas. sqemaSi gamoviyenoT 

K155ЛА 3 tipis mikrosqema. 

R
3

D1

1/4 К155ЛА3

2

U

D2

gam.

9

1/4 К155ЛА3
VD

1

10g
gam.8

C
&

&

 
 

 

2.2. obieqtis cifruli marTvis mowyobiloba integralur 

mikrosqemebze 
 

2.1.1 zogadi Teoriuli cnobebi 

 

      sakurso davalebis mizans warmoadgens logikuri funqciebis 

Seswavla, logikuri funqciebis minimizaciisa da logikuri funqciebis  

cifrul mikrosqemebze realizaciis Cvevebis daufleba. 

      logikuri ewodeba iseT funqciebs, romlebSic cvladebi Rebuloben 

mxolod `0~ an `1~ mniSvnelobebs da erTmaneTTan dakavSirebulni arian 

logikuri mimatebis da logikuri gamravlebis operaciebiT. 

       Tu X , Y da Z warmoadgenen  logikur funqciis cvladebs, maSin 

maTTvis samarTliania Semdegi kanonebi da aqsiomebi: 

 

            X+Y=Y+X;   XY=YX;                                  X(Y+Z)=XY+XZ   
  
                       0X = ,    Tu      X =1;                                      X •  0 = 0;          x+y+z +1=1;     
                        
                       1X = ,    Tu  X = 0 ;                                       X •  1=X;     
                        
                       X+ 0 = X ;                                                       0=• XX ;                 (2.5) 
                       
                       X + 1 = 1 ;                                                       XX = , 
 
                      1XX =+ ;                                                         X •  X=X , 
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  sadac  simbolos zemoT dasmuli niSani ` _ ~ niSnavs uaryofas. 

        samarTliania agreTve de-morganis formulebi: 

YXYX =+ ;                   YXXY += .                        (2.6) 
      Llogikuri funqciebi SeiZleba warmovadginoT cxrilis an analizuri 

saxiT. cxrilis saxiT warmodgenili logikuri funqcia analizurad 

Caiwereba mintermebis jamis an maqstermebis namravlis saxiT. 

   Tu cxrilis saxiT warmodgenili logikuri funqcia Seicavs cvladebs 

X,Y, Z, maSin cvladTa kombinaciebs SeerTebuls logikuri gamravlebis 

operaciiT, rodesac TiToeuli logikeri namravli erTis tolia, uwodeben 

mintermebs. magaliTad, Tu mintermebia 1ZXY = , 1ZYX =  da a.S. am 

SemTxvevaSi logikuri funqcia analizurad Caiwereba Semdegnairad  

                                         ZYXZXYF1 +=             (2.7) 

    cvladTa kombinaciebs SeerTebuls logikuri Sekrebis operaciiT, 

rodesac TiToeuli logikuri jami nulis tolia, uwodeben maqstermebs. 

magaliTad, Tu maqstermebia 0ZYX =++ , 0ZYX =++  da a.S. am SemTxvevaSi 

logikuri funqcia analizurad Caiwereba Semdegnairad    
                                                           ( ) ( ) X2 ZYZYXF ++•++=                      (2.8) 
 L   logikuri funqciis minimizacia, anu gamartiveba, miznad isaxavs sawyisi 

gamosaxulebis gardaqmnas zemoT moyvanili kanonebisa da aqsiomebis 

safuZvelze ise, rom misi realizaciisaTvis saWiro logikur elementebisa 

da Sesasvleli wredebis raodenoba aRmoCndes minimaluri, agreTve 

gamoiricxos kombinaciis ganmeoreba.  

      

    ganvixiloT gamosaxuleba (2.7) da SevasruloT minimizaciis operacia. 

Tu visargeblebT zemoT moyvanili kanonebiT da aqsiomebiT miviRebT  

ZYZYXZXYF1 =+=                  (2.9) 
        SevadaroT gamosaxulebebi (2.7) da (2.9). vnaxavT, rom gamosaxuleba (2.9), 

romelic (2.7)-is eqvivalenturia, gacilebiT martivia da misi 

realizaciisaTvis saWiro iqneba mxolod erTi orSesasvleliani da 
logikuri elementi. 

    analogiurad, gamosaxuleba (2.8)-isaTvis minimizaciis operaciis 

Catarebis Sedegad miviRebT 

( ) ( ) ZYZYXZYXF +=++•++=2         (2.10) 
    (2.8) da (2.10) gamosaxulebis Sedareba gviCvenebs, rom ukanskneli 

realizaciis TvalsazrisiT gacilebiT martivia da saWiroebs mxolod erT 

orSesasvlelian an  logikur elements. 

     dReisaTvis integraluri mikrosqemebis warmoeba orientirebulia 

sxvadasxva raodenobis Sesasvleniani da–ara elementebis gamoSvebaze 

(erT-erTia 155 seriis integraluri mikrosqemebi).  

      aRsaniSnavia, rom 155 seriis integralur mikrosqemaTa nusxaSi gvaqvs 

mxolod da–ara elementebi. logikuri funqciis sqemuri realizacia ki 

iTvaliswinebs da ,  ara da an logikuri operaciebis Sesrulebas. Aamitom,  

saWiroa vicodeT maTi Sesruleba da–ara logikuri elementebis 

daxmarebiT. GganvixiloT am operaciebis Sesrulebis magaliTebi. 

    I . operacia ara -s Sesruleba da – ara elementebze. 

     da – ara  logikuri elementebisaTvis SesasvlelTa minimaluri 

raodenobaa ori. amitom ganvixiloT ori  X da Y cvladis logikuri 
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funqcia F=XY.  or Sesasvleliani  da-ara elementis gamoyeneba mogvcems 

XYF = .    Tu    davuSvebT,    rom        Y=X,      gveqneba    XF = . Aamrigad,    Tu   

orSesasvlelian da –ara elementis orive Sesasvlels mivawvdiT erTi da 

igive cvlads, miviRebT operacia ara-s . CarTvis sqemas eqneba Semdegi saxe 

F=X&
1

3
2

1/4 1ЛБ553

X

 
 

    II . operacia an -is Sesruleba da-ara elementebze.  

    ori X  da  Y  cvladebisaTvis an operacia gamoisaxeba Semdegnairad:  
F=X+Y. gamoviyenoT de – morganis formulebi da gardavqmnaT aRniSnuli 

gamosaxuleba, miviRebT: 

YXYXYXF =+=+= . 
       CarTvis sqemas eqneba Semdegi saxe 

8

&

F=X Y

10

Y

1/4 1ЛБ553
9

1/4 1ЛБ553
4

1/4 1ЛБ553

6&

&

X

5

X
1

2
3

Y

 
  III . operacia da-s Sesruleba da-ara elementebze 

ori X  da  Y  cvladebisaTvis `da~ operacia ase gamoisaxeba 

F=X Y. gardavqmnaT funqcia Semdegnairad: XYXYF ==  

 
     CarTvis sqemas eqneba Semdegi saxe 

 

 

Y 5

1 4

F=X Y
& 3

X
1/4 1ЛБ5531/4 1ЛБ553

2
6&
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magaliTi 6 

 
marTvis obieqtis logikuri funqcia mocemulia cxrilis saxiT, 

 

X Y Z F 
0 
0 
0 
0 
1 
1 
1 
1 

0 
0 
1 
1 
0 
0 
1 
1 

0 
1 
0 
1 
0 
1 
0 
1 

1 
1 
0 
1 
0 
0 
0 
1 

 

sadac  X, Y, Z  cvladebia, F -  logikuri funqciaa. 

 

 

logikuri funqciis warmodgena 

analizuri saxiT 
 

CavweroT F -  logikuri funqcia analizuri saxiT. am mizniT, mocemuli 

cxrilis daxmarebiT ganvsazRvroT cvladTa kombinaciebi, romlebic 

gvaZleven mintermebs. cvaldTa es kombinaciebia: ZYX ; ZYX ; YZX ; XYZ . 
 

 

analogiurad, cxrilis daxmarebiT ganvsazRvroT cvladTa kombinaciebi, 

romlebic gvaZleven maqstermebs. cvladTa es kombinaciebia: 
( ) ( ) ( ) ( );ZYX;ZYX;ZYX;ZYX ++++++++  

mintermebis daxmarebiT F -  logikuri funqcia Caiwereba Semdegnairad: 

XYZYZXZYXZYXF +++=mint.         (2.11) 
maqstermebis daxmarebiT F -  logikuri funqcia Caiwereba Semdegnairad: 

( ) ( ) ( ) ( )ZYXZYXZYXZYXF ++•++•++•++=maqst. .        (2.12) 
 

Llogikuri funqciis  

Mminimizacia 
 

 

MmovaxdinoT mintermebiT gamosaxuli logikuri funqciis minimizacia.  

miviRebT   

( ) ( )XXYZZZYXF +++=min. , saidanac  YZYXF +=mint.   (2.13) 

         SevamowmoT  (2.13) gamosaxulebaSi Semavali wevrebi YX   da YZ , xom 
ar utoldebian igivurad  0-s an 1-s. 

 X, Y,  Z  cvladebis mocemuli mniSvnelobebisaTvis SevadginoT cxrili 
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X Y Z YX  YZ 

0 
0 
0 
0 
1 
1 
1 
1 

0 
0 
1 
1 
0 
0 
1 
1 

0 
1 
0 
1 
0 
1 
0 
1 

1 
1 
0 
0 
0 
0 
0 
0 

0 
0 
0 
1 
0 
0 
0 
1 

 

rogorc cxrilidan Cans 0≠YX da  1≠YX , aseve YZ≠0 da YZ≠1. maSasadame, 
gamosaxuleba  (2.13) SeiZleba gamoviyenoT marTvis obieqtis samarTavad . Tu 

romelime wevri YX  an YZ igiurad 0-s tolia, igi unda amovardes 

gamosaxulebidan, xolo Tu YX   an  YZ  igiurad 1-s tolia,  

e.i. 1F ≡mint. , maSin marTvis obieqtis marTva SeuZlebelia. 

      MmovaxdinoT (212) gamosaxulebis minimizacia. GgavxsnaT frCxilebi da 

gamoviyenoT zemoT moyvanili kanonebi da aqsiomebi.  

( ) (
) ( ) (

) ( )[ ] ( )[ ]
( ) ( )

( ) ( ) XZZXYXZYZYXZZYXXYXYZYZZ

ZYZXZYZXYYZXYZYXYZXYXYYZXXYYZYZXZXYXY

YZXZZYZYXYXYXZXYXYYZXZYZ

XYZXYXXZZYXZZYXYXZXYZZYZXZYZ

YYXYZXYXXXZZZYXZZYYYXYXZXYXXF

++++=++++=+

++++++++=++•++=

=++++++•++++++=+++++

++++•++++++++=++++

+++++•++++++++=

11

1100

00
maqst.

e.i. miviRebT  

XZYXZYF ++=.maqst . 

    gamosaxulebis ukanaskneli wevri gavamravloT  1=+ YY .-ze 
        ( ) ( ) ( )ZYXXZYYXZYXZYXZYYYXZYXZYF +++=+++=+++= 11maqst.     (2.14) 
sabolood miviRebT  

YXZYF +=maqst.         (2.15) 
 
 
 
 

Llogikuri funqciis realizaciisaTvis 

saWiro logikuri elementebis 

SerCeva 
 

   155 seriis logikuri mikrosqemebi ar Secavs  an logikuri funqciis 

Semsrulebel elementebs. amitom gamosaxuleba (2.13) miviyvanoT im saxemde, 

rom operacia an gamoiricxos. 
    gamosaxuleba (2.13) –is Tanmimdevruli gardaqmniT mviRebT: 

ZYYXZYYXZYYXF  mint. =+=+=          (2.16) 
  Ggamosaxuleba (2.16) ar Sicavs an logikur operacias , ris gamoc misi 

ageba SesaZlebelia 155 seriis logikur mikrosqemebze. 
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     rogorc gamosaxuleba (2.16) –is analizi gviCvenebs da logikuri 

operaciiT erTmaneTTan dakavSirebuli arian cvladebi X da   Y   da agreTve      
Z  da Y , romelTa realizaciac SeiZleba ganxorcieldes or Sesasvleliani 

da_ara logikuri elementiT. rac Seexeba  ara   operacias , igi da – 

ara  logikur mikrosqemaze Sesruldeba zemoT aRwerili meTodis 

mixedviT. 

       cnobaridan SevarCioT logikuri mikrosqema 1ЛБ553. 
 
 

 

mowyobilobis logikuri sqemis ageba 
 

  avagoT mocemuli logikuri funqciisaTvis  (2.16) logikuri sqema. sqemas 

eqneba Semdegi saxe 

1/4 1ЛБ553

F=X Y

&

3

10

YZ11

Y

3

1/4 1ЛБ553
mint.

6

&

5

F   =X Y  Z Y

12

Z

X

1

13

2

4

X

2

&

1

Y

&

& 8

1/4 1ЛБ553
9

1/4 1ЛБ553

1/4 1ЛБ553

 
 

vinaidan 1ЛБ553 logikuri mikrosqema Sedgeba oTxi  orSesasvleliani    

da-ara elementebisagan, sqemaSi gamoyenebulia erTi korpusi da meore 

korpusidan ¼1/4 nawili 

 

 

 

mowyobilobis mier moxmarebuli 

simZlavris angariSi 
 

   viangariSoT mowyobilobis mier moxmarebuli simZlavre. Mmowyobiloba 

agebulia or korpusze. erTi korpusis mier moxmarebuli simZlavre, 

rogorc cnobaridan Cans, Seadgens 110 mvt–s. ori korpusis mier 

moxmarebuli simZlavre iqneba  

          p=2 •  110=220mvt 
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mowyobilobis mier moxmarebuli 

denis angariSi 
 

 viangariSoT I denis mniSvneloba. 155 seriis mikrosqemebis kvebis wyaros 

Zabva U=5v. mowyobilobis mier moxmarebuli simZlavre p da  deni I  

erTmaneTTan dakavSirebuli arian gamosaxulebiT 

                                   P=IU 
 
vinaidan  P  da  U  cnobili sidideebia , miviRebT  

                        a044.0
5
10220 3

=
•

==
−

U
PI . 

 

 

 

 

Sesaval da gamosaval signalebs  

Soris dayovnebis drois angariSi 
 

      viangariSoT signalis gavrcelebis dayovnebis dro. rogorc 

cnobaridan Cans logikuri mikrosqemis 1ЛБ553  dayovnebis dro, nuli 

mdgomareobidan erTianSi t0.1
 da erTanidan nulianSi  t1.0

 gadasvlis 

SemTxvevaSi, aris sxvadasxva. cnobaridan SevarCioT dayovnebis maqsimaluri 

dro t =29nw.  
    vinaidan dayovnebis dro damokidebulia wredis ganStoebaSi 

mimdevrobiT CarTul elementTa maqsimalur raodenobaze, logikuri sqemis 

mixedviT    tday=3t
0.1=3 •  29nw=87nw.  
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