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                    Sesavali 

 

   eleqtroenergetikuli manqanebis marTva, kerZod, ge-

neratorebis Zabvisa da eleqtroamZravebis siCqaris re-

gulireba, SesaZlebelia rogorc gaxsnilwrediani (uku-

kavSiris gareSe), aseve Sekrulwrediani (ukukavSiriani) 

principiT moqmedi avtomaturi sistemiT.  

   gaxsnilwrediani marTvis pincipis gamoyenebisas samar-

Tavi obieqti (eleqtroenergetikuli manqana -danadgari) 

muSaobs sareguliro sididis kontrolis gareSe da is 

ver uzrunvelyofs davalebis Sesrulebas maRali sizus-

tiT. am principiT moqmed marTvis sistemebs, kerZod gene-

ratorebis Zabvis an eleqtroamZravebis siCqaris avtoma-

turi regulirebis sistemebs, rogorc wesi, ageben rele-

kontaqtoruli aparatebiT da ukukavSiriani wredebi ar  

gaaCniaT. aseTi sistemebi ar miekuTvnebian kibernetikuls 

da avtomaturi marTvis TeoriaSi (teqnikur kibernetika-

Si) maT saerTod ar Seiswavlian. 

   Sekrulwrediani -ukukavSirebiani avtomaturi marTvis 

sistemebis mravali saxeoba arsebobs, romelTa klasifi-

kacias sxvadasxva avtori sxvadasxva niSnis mixedviT awa-

rmoebs.  

   marTvis sqemebSi gamoyenebuli gadasacemi signalebis 

saxeobis mixedviT avtomaturi marTvis sistemebs dayofen 

analogur (uwyvet signalebian) da cifrul (diskretul 

signalebian) sistemebad. 

 7 
 



   maTematikuri aRwerilobis mixedviT ki marTvis siste-

mebs ganixilaven wrfivs da arawrfivs. wrfivi sistemis  

yvela Semadgeneli elementis statikuri maxasiaTebeli  

(damokidebuleba elementis gamomavali da Semavali sig-

nalebis damyarebul mniSvnelobebs Soris) wrfivia (an 

axlosaa masTan), xolo Tu sistemis Tundac erT elemen-

ts aqvs mkveTrad gamoxatuli arawrfivi statikuri maxa-

siaTebeli, maSin sistema aris arawrfivi. idealurad wr-

fivi saxis sistema praqtikaSi ar arsebobs, arseboben si-

stemebi sustad an Zlier gamoxatuli arawrfivi maxasia-

Teblebis mqone elementebiT. Tu, sistemis elementebs ar 

gaaCniaT Zlier gamoxatuli arawrfivi statikuri maxasi-

aTeblebi, maSin dasaSvebia aseTi sistemis wrfiv siste- 

mad ganxilva. 

   eleqtroenergetikuli manqanebis gamosavalze miRebu-

li signalebis saregulirod mizanSewonilia e.w. masta-

bilizebeli sistemebis gamoyeneba, romlebic uzrunvel-

yofen sareguliro sididis mudmivad SenarCunebas maRa-

li sizustiT.   

   eleqtroamZravebis da generatorebis Tanamedrove mar-

Tvis sistemebis maRali sizustiTa da swrafqmedebiT mu-

SaobisaTvis mTavaria regulatorebis parametrebis opti-

maluri mniSvnelobebis gansazRvra. am mizniT universa-

luria teqnikur kibernetikaSi (avtomaturi marTvis Teo-

riaSi) cnobili sixSiruli maxasiaTeblebis meTodebi.  
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I Tavi. generatorebis da eleqtroamZravebis  

ukukavSiriani sistemebi 

 

$1.1. mudmivi denis generatoris Zabvis regulirebis uku-

kavSiriani sistema 

 

   ukukavSiriani (Sekrulwrediani) marTvis principiT mo-

qmed sistemebSi sareguliro sidide kontroldeba speci-

aluri gamzom-gadamwodi mowyobilobiT da misi propor-

ciuli signali ukukavSiris saSualebiT miewodeba marT-

vis sistemis pirdapir arxSi Sesavalze ganTavsebul re-

gulatorze ise, rogorc es naCvenebia 1-l suraTze.  

 

                             sur.1 

   sareguliro x sididis faqtiuri mnisvnelobis Sesaba-

misi y  signali, romelic gamomuSavdeba ukukavSirSi Car-

Tuli gadamwodis mier, Sedardeba g davalebis (marTvis) 

signals da miRebuli sxvaoba e.w. sistemis cdomilebis 

signali (ufro zustad misi proporciuli sidide) miewo-

deba regulators. realurad es signali amuSavebs mTel 

sistemas maRali sizustiTa da maqsimaluri swrafqmede-

biT. 
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   me-2 suraTze warmodgenilia mudmivi denis generato-

ris (g) Zabvis regulirebis sistema, romelic uzrunvel-

yofs sareguliro sididis mudmivad SenarCunebas (stabi-

lizacias) maRali sizustiT.  

 

                         sur.2 

sqemaze gvaqvs Semdegi aRniSvnebi: ud aris sistemis dava-

lebis (marTvis) Zabva, misi sidide 10 v-s ar aRemateba; r 

_regulatori, romelic Tanamedrove regulirebad teqnika-

Si warmoadgens operaciul gamaZlierebels didi stati-

kuri gaZlierebis koeficientiT; m _Sualeduri maZliere-

beli, romelic r regulatoridan miRebul ramdenime er-

Teulis tol Zabvas gaaZlierebs g generatoris agznebis 

gragnilisaTvis saWiro ramdenime 100-uli voltis tol 

Zabvamde; p _potenciometri, romlidanac viRebT g-is ga-

mosaval momWerebze arsebuli Zabvis proporciul signa-

ls. swored es signali miewodeba sistemis ukukavSiris 

wredSi uuk-is Zabvis saxiT; Rdat_generatoris Ruzis mom-

Werebze mierTebuli datvirTvis winaRoba, romlis cvli- 
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leba iwvevs g-generatoris Ruzis denis (Idat) da Zabvis 

cvlilebas. 

   gansaxilveli sqema muSaobs Semdegnairad: Tavdapir-

velad g-generators gare zemoqmedebiT moviyvanT brun-

viT moZraobaSi. Semdgom imisaTvis, rom g-generatorma 

gamoimuSaos Zabva saWiroa sqemis Sesavalze mivawodoT 

davalebis ud Zabva. Sesabamisi Zabvebi warmoiqmneba regu-

latoris  da Sualeduri gamaZliereblis gamosasvlele-

bze anu g- is agznebis gragnils guCndeba Zabva. es g-Si   
Seqmnis agznebis magnitur vels. is mbrunavi g- is Ruzis 

gragnilebSi daainduqcirebs e.m.Zalas, rac sabolod ge- 

neratoris Ruzis momWerebze warmoqmnis Zabvas 

           gdat.gg RIEU −=                   (1) 

sadac aggkg φω ⋅⋅= kE aris generatoris Ruzis gragni-

lebSi dainduqcirebuli e.m.Zala ;  - manqanis konstru-

qciuli koeficienti;  

kk

agφ - generatoris agznebis magni-

turi velis nakadi ;  -generatoris Ruzis gragnilis 

aqtiuri winaRoba. 

gR

    Tu davuSvebT, rom generatori muSaobs uqm svlaze, 

e.i -s, maSin 0=datI gg EU = -s. am dros ukukavSiris Zab-

va ( ) mcired gansxvavdeba davalebis Zabvis ( -s) si-

didisagan (gansxvaveba sqemis cdomilebazea damokidebu-

li). roca generatoris Ruzis gragnilis momWerebTan 

uku du
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CavrTavT -s, maSin (1)-formulis Tanaxmad  -Zabva 

Semcirdeba 

datR

U

gU

gdatg RI=Δ -sididiT, Tu sistemas ar aqvs 

ukukavSiri.                 

 

                          sur.3 

   me-3 suraTze naCvenebia generatoris gare maxasiaTebe-

li, romlis 1 wertili gviCvenebs datvirTvis Sesabamisi 

Zabvis mniSvnelobas sistemis muSaobisas ukukavSiris ga-

reSe. roca sistemas gaaCnia Zabvis uaryofiTi ukukavSi-

ri, maSin generatoris Zabva ecema mxolod 1  wertilis 

Sesabamis sididemde. es xdeba imitom, rom ukukavSirian 

sistemaSi generatoris datvirTvisas, -s Semcireba iw-

vevs -is Zabvis Semcirebasac, mas ki mohyveba sistemis 

cdomilebis 

/

gU

ukU

UΔ  Zabvis gazrda. es gamoiwvevs gag-ze mi-

wodebuli Zabvis da g-is magnituri velis nakadis ( agφ )  

momatebas. amiT sabolod gazrdeba generatoris mier 

gamomuSavebuli  Zabva. amrigad, (1)-l formulaSi meo-

re mdgenelis (generatoris datvirTviT gamowveuli Zab-

gU
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vis vardnis) kompensacia, ukukavSiris moqmedebis gamo, 

xorcieldeba agznebis nakadis momatebiT da Eg-s gazr-

diT. imave sur.3-ze naCvenebia generatoris gare maxasi-

aTeblebi Sekrulwrediani (ukukavSiriani) sistemisaTvi-

sac.U 

   ukukavSiriani marTvis sistemis (sur.2) SemTxvevaSi ge-

neratoris gare maxasiaTeblis formulis misaRebad unda 

visargebloT misi calkeuli elementisaTvis dawerili 

Semdegi gantolebebiT: 

                   

,

;
;

;

;

;

1

1

guk

ukd

r

mag

aggg

gdatgg

UkU

UUU
UkU

UkU

UkE

RIEU

⋅=

−=Δ

Δ⋅=

⋅=

⋅=

−=

uk

                 (2) 

sadac aris generatoris gaZlierebis (gadacemis) ko-

eficienti zabvis mixedviT, igi SeiZleba ganvsazRvroT 

misi nominaluri sidideebiT, ase 

gk

;/ agnomgnomg UEk = mk , 

 da - Sesabamisad Sualeduri gamaZliereblis, sis-

temis regulatoris da ukukavSiris gadacemis koe-

ficientebi. 

rk ukk

   (2)-is erToblivi gadawyvetiT miviRebT generatoris 

gare maxasiaTeblis gamosaxulebas ukukavSiriani siste-

misaTvis: 
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s

gdat

dav

s

uks

g
11 k

RI
U

k

kk
U

+

⋅
−⋅

+
= ,         (3) 

sadac _ sistemis saerTo gaZlierebis (ga-

dacemis) koeficientia. 

ukgmrs kkkkk =

   (3)-is pirveli mdgeneli ekvivalenturia generatoris 

em-Zalisa, xolo meore mdgeneli ki generatorSi Zabvis 

vardnaa Sekrulwrediani marTvisas. 

   rogorc Cans, generatorSi Zabvis vardna ukukavSirian 

sistemaSi (1+ -jer naklebia gaxsnil sistemaSi Zabvis 

vardnasTan (

)k

U gRIdatg =Δ ) SedarebiT. Tanamedrove sis-

temebisaTvis -s sidide ramdenime aTeuli aTasis to-

lia, ris gamoc 

k

g.ukUΔ SeiZleba CavTvaloT nulis to-

lad.  

   me-4 suraTze warmodgenilia cvladi denis sinqronu-

li generatoris Zabvis regulirebis ukukavSiriani sis-

tema. sqema moqmedebs zemoT ganxiluli mudmivi denis ge-

neratoris ukukavSiriani sistemis (sur.2) analogiurad. 

gansxvaveba mxolod imaSia, rom am SemTxvevaSi Zabvis 

uaryofiTi ukukavSiri ganxorcielebulia Zabvis mzomi 

transformatoris (Ztr), gammarTvelisa da Zabvis gamyofi 

(p) potenciometris saSualebiT. sinqronuli generatoris 

(sg) agznebis gragnili, rogorc wesi, ikvebeba mis RerZze 

damagrebuli mudmivi denis TviTagznebiani eleqtruli 

manqanidan e.w. agmznebidan. Aaqac iseve, rogorc wina Sem-

TxvevaSi generatoris mier gamomuSavebuli Zabvis regu- 
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                         sur.4 

lireba xorcieldeba agznebis gragnilSi miwodebuli  

denis regulirebiT. garda amisa, misi saSualebiT SeiZ-

leba agreTve vareguliroT generatoridan qselSi miwo-

debuli reaqtiuli simZlavrec.  

   cnobilia, rom sg-s mier gamomuSavebuli 3-faza (cal-

keuli fazebis) Zabvebi sinusoidaluria da Sesabamisad 

tolia:  

 15 
 



          

),
3

2sin((

)
3

2sin((

);sin(

0max

0max

0max

ϕπω

ϕπω

ϕω

++=

+−=

+=

tUU

tUU

tUU

c

B

A

;               (5)      

sadac  0ω  aris generatoris brunvis sinqronuli kuTxu-

ri sixSire; ϕ  -kuTxe, romliTac datvirTvis qveS myofi 

sg-s statoris deni CamorCeba mis Zabvas (aqtiur-induqci-

uri datvirTvisas) an win uswrebs mas (aqtiur-tevaduri 

datvirTvisas). Mme-5 suraTze naCvenebia sg-s fazuri Zab-

vebis veqtoruli diagrama.  

 

            sur.5                          sur.6 

 

    me-6 suraTze moyvanilia ukukavSiriani marTvis sis-

temis gamartivebuli struqturuli sqema, romlis mixed-

viTac cdomilebis proporciuli signali tolia: 

                      ,
1

1 g
k
⋅

+
=ε                     (6) 
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sadac 21 kkk ⋅= - aris sistemis saerTo gaZlierebis koe-

ficienti. (6)-dan Cans, rom rac meti iqneba , miT nakle-

bi iqneba sistemis 

k
ε  cdomileba. gasaTvaliswinebelia is 

garemoeba, rom normirebul dinamikur reJimebs ver uzr-

unvelyofs -s dauSveblad didi sididis aReba, ufro 

metic mas SeuZlia gamoiwvios sistemis mdgradobis piro-

bebis gauareseba da Seuqcevadi gardamavali procesebi. 

aqedan gamomdinare dinamikuri maCveneblebis optimizebi-

saTvis aucilebelia -s optimaluri mniSvnelobis gan-

sazRvra. optimizebis amocanis gadawyveta, rogorc wesi,  

daiyvaneba sistemis regulatoris gadacemis koeficien-

tis optimaluri mniSvnelobis SerCevaze. es imitom, rom  

sistemis danarCeni elementebis gadacemis koeficientebi 

winaswar mocemulia (isini gansazRvrulia proeqtirebis 

etapze). Tu sistemis regulatori pi-tipisaa, maSin misi 

e.w. dinamikuri gaZlierebis koeficientis garda Sesar-

Cevi iqneba misi sakuTari drois mudmivas optimaluri 

mniSvnelobac. es sakiTxi dawvrilebiT ganxilulia wig-

nis daskvniT nawilSi sistemebis dinamikuri optimizebi-

sas logariTmul-sixSiruli maxasiaTeblebis meTodiT.  

k

k

 

$1.2. mudmivi denis eleqtroamZravebis ukukavSiriani 

sistemebi 

 

me-7 suraTze warmodgenilia mudmivi denis siCqaris 
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uaryofiT ukukavSiriani tiristoruli eleqtroamZravis 

sistema, romelic Sedgeba Semdegi elementebisagan:  

 

                             sur.7 

Z –aris mudmivi denis damoukidebel agznebiani Zrava; tg 

–tiristoruli gammarTveli (igi kvebavs Zravas Ruzis 

gragnils regulirebadi ZabviT); sr da sg -siCqaris re-

gulatori da gadamwodia (taqogeneratori); f –filtria, 

romelic CarTulia taqogeneratoris gamosavalze da uz-

runvelyofs sg-dan miRebuli Zabvis ( ) gauToebas. ukU

   eleqtroamZravis gansaxilveli sistema muSaobs Sem-

degnairad. manam sanam sistemas mivawvdiT davalebis sig-

nals, upirvelesad aucilebelia Zabva mivawodoT Zravis 

aRgznebis gragnils da tiristorul gardamsaxs. mxo-

lod mas Semdeg unda mivawodoT sistemas davalebis 

signali (ud). es gamoiwvevs amZravis amuSavebas, misi siC-

qare damyardeba davalebis signalis Sesabamis sidideze. 

Zravs gaSvebis procesi amjerad xorcieldeba forsire-

bulad (daCqarebulad) sistemis ukukavSiris daxmarebiT. 

forsirebas iwvevs is, rom Tavidan sanam Zrav jer kidev 
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uZravia da ukukavSiris Zabva nulia, davalebis ud Zabva 

mTlianad moedeba siCqaris regulators. Zabvis es 

sidide gacilebiT Warbobs normalurs, amitom gaSvebis 

procesi warimarTeba forsirebulad. rogorc ki Zrava 

daiwyebs brunvas. roca gaCndeba Zabva ukukavSirSi, ma-

Sinve daiwyebs Semcirebas regulatoris Sesavalze mo-

debuli Zabvis sidide. Zravas siCqaris stabilizacia 

xdeba Semdegnairad: Zravas datvirTvisas daecema ra misi 

siCqare, Semcirdeba ukukavSiris Zabvac, umal moimatebs 

Zabva regulatoris Sesavalze, rasac moyveba Zabvis 

gazrda regulatoris da tiristoruli gardamsaxis  

gamosavalze. es ki sabolood gazrdis Zravas siCqares 

Tavdapirvel sididemde, e.i. ganxorcieldeba amzravis 

siCqaris stabilizacia. 

   siCqaris uaryofiT ukukavSiriani tiristoruli eleq-

troamZravis sistemis siCqaruli maxasiaTeblis formu-

lis misaRebad saWiroa CavweroT misi calkeuli ele-

mentis statikuri reJimis Sesabamisi gantolebebi:  

                         (7)                        

⎪
⎪
⎪
⎪
⎪

⎩

⎪
⎪
⎪
⎪
⎪

⎨

⎧

=

−=

−=

=
Δ=

=

−=Δ

,

;

;

;
;

;

;

ω

ω

ZZ

RZRZZ

tgRtgtg

srtgtg

srsr

sguk

ukd

cE

RIEU

RIEU

UKE
UKU

KU

UUU

 19 
 



sadac ,  da - aris Sesabamisad siCqaris 

regulatoris, tiristoruli gardamsaxis  da siCqaris 

gadamwodis gadacemis koeficientebi;  da 

-Zravas Ruzis da tg-is e.m. Zalebi, agreTve Ruzis 

deni, Ruzis gragnilis da tg-is aqtiuri winaRobebia; -

Zravas e.m.-Zalis proporciulobis koeficienti, romelic 

ganisazRvreba misi sapasporto  monacemebiT da Semdegi 

formuliT: 

srK tgK sgK

RZRtg,Z, RIEE ,

tgR

Zc

         
nom

RZnomnom

Z ω
RIU

c
⋅−

= ;             (8) 

tgtg RE , -tiristoruli gardamsaxis e.m. -Zala da aqtiuri 

winaRobaa; -tiristoruli gardamsaxis gadacemis ko-

eficienti, misi gansazRvra warmoebs gare maxasiaTeblis 

muSa wertilSi gavlebuli mxebis daxris kuTxis tanges-

iT anu 

tgK

UUsr

tg
tg U

E
K

Δ

Δ
= ;                    (9) 

   (7)-is erToblivi amonaxsni gvaZlevs ukukavSiriani amZ-

ravis siCqaruli maxasiaTeblis formulas: 

( ),c ukZtgsr1Z

RwR
d

ukZtgsr1

Ztgsr

KKKK

RI
U

KKKK

KKK

+
−⋅

+
=ω      (10) 

sadac 
Z

Z c
K 1

=  - aris eleqtroZravas gadacemis koefici-

enti; tgRZRw RRR += -Zravas Ruzis wredis sruli aqtiu-
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ri winaRoba.                                                            

Tu (10)-Si -s SevcvliT Zravas brunvis momentis (RI M ) 

Sesabamisi sididiT Semdegi gamosaxulebidan 

                         ,RZ IcM ⋅=                     (11)            

maSin advilad miviRebT eleqtroamZravis ukukavSiriani 

sistemis meqanikuri maxasiaTeblis formulasac: 

)1(

/

Kc

MR
U

K

KK

+
−

+
=

2
Z

Rw
d

1

uk
ω ,                 (12) 

sadac ukZtg KKKK srK ⋅⋅⋅= -sistemis saerTo gaZliere-

bis koeficientia.  

   (12)-Si pirveli mdgeneli warmoadgens amZravis uqmi 

svlis siCqares )( 0ω , xolo meore mdgeneli aris amZra- 

vis siCqaris statikuri vardna ukukavSirian (Sekrul) 

sistemaSi )S( ωΔ . vinaidan sistemis saerTo K  ramdenime 

aseulis tolia, amitom: SωΔ  Zalian mcirea da Seadgens 

nominaluris (0.1_0.5) %-s . aqedan gamomdinare: 

2cZ

RZ

gaxsnωS

RM ⋅
Δ<<Δω = .                       (13) 

A  amrigad, siCqaris uaryofiT ukukavSiriani eleqtroam-

Zravis sistemas datvirTvis modebisas siCqaris statiku-

ri vardna TiTqmis ar gaaCnia, rac imas niSnavs, rom gan-

xiluli sitema uzrunvelyofs Zravas siCqaris stabili-

zacias maRali sizustiT.  
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   praqtikaSi regulirebad amZravebSi ZiriTadad gamo-

iyeneba siCqaris da denis ukukavSirebiani (e.w. orkon-

turiani) tiristoruli eleqtroamZravis sistema, rom-

lis funqcionaluri sqema warmodgenilia 8-e suraTze. 

sqemaze  sr da dr siCqaris da denis regulatorebia. igi 

ise, rogorc wina ganxiluli sistema, uzrunvelyofs am-

Zravis siCqaris stabilizacias maRali sizustiT, xolo 

dinamikaSi saSualebas iZleva gakompensirebul iqnas am-

Zravis ZiriTadi (didi) inerciulobebi, rac sabolood 

saSualebas mogvcems gavzardoT siCqaris regulirebis 

swrafmoqmedeba.                    

        

 

                           sur. 8 
 
   mudmivi denis cifrul-regulatoriani tiristoruli 

eleqtroamZravis sistema (sur.9) garda cifruli regu- 
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latorisa (1) Seicavs nulovani donis eqstrapoliators 

(2), romelic uzrunvelyofs sistemis impulsuri da uwy-

veti (analoguri) moqmedebis nawilebis urTierTkavSirs. 

sistemaSi siCqaris ukukavSiris sg -gadamwodi, rogorc 

wesi, impulsuri moqmedebisaa da mis wredSi CarTulia 

specialuri cifrul-analoguri gardamsaxi (cag). 

 
 
                           sur.9  

 

$1.3. cvladi denis asinqronuli eleqtroam- 

Zravebis ukukavSiriani marTvis sistemebi 

 

   praqtikaSi amwe-kranebze, romlebsac esaWiroebaT  re-

gulirebis diapazoni D=3:1, farTod gamoiyeneba cvladi 

denis samfaziani asinqronuli eleqtroamZravis uwyveti 

marTvis sistema Zabvis tiristoruli gardamqmneliT 

(sur.10). regulirebis SezRuduli diapazoni ganpirobebu-

lia Zravas kritikuli (maqsimaluri) brunvis momentis 

kvadratuli damokidebulebiT statoris gragnilebze mi-

wodebuli Zabvisagan.  
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                            sur.10  
 
   siCqaris regulirebis did diapazons iZleva ZabviT 

da misi sixSiriT marTvadi samfaza asinqronuli eleqt- 

 

                           sur.11 
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roamZravis ukukavSiriani sistema, romlis funqcionalu-

ri sqema cifruli regulatoriT mocemulia 11-e suraT-

ze. garda zemoT aRniSnuli elementebisa igi Seicavs e.w. 

sixSiris avtonomiur invertors, romelic qselis Zabvas 

da mis sixSires  gardaqmnis saWiro sididis da sixSiris 

Zabvad.AamZravis aseTi sistema uzrunvelyofs TiTqmis 

iseTive statikur da dinamikur maxasiaTeblebs, rogoric 

gaaCnia mudmivi denis tiristorul eleqtroamZravs.        
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II Tavi. Eeleqtroenergetikuli manqanebis marTvis 

sistemebis ZiriTadi eleementebis gadamcemi 

funqciebi 

 

          $2.1. generatorebis gadamcemi funqcia 

 

   dinamikuri sistemebis gardamavali procesebis Sesaswa-

vlad, rogorc wesi, gamoiyeneba difencialuri gantole-

bebi. maTi saSualebiT SeiZleba Sedgenil iqnas, agreTve 

ukukavSiriani marTvis sistemebis maTematikuri modelebi. 

SedarebiT rTuli sistemebis  dinamikuri reJimebis Seswa-

vlis dros ufro xSirad sargebloben e.w. gadamcemi fun-

qciebiTa da maTi saSualebiT Sedgenili struqturuli 

sqemebiT. romelime rgolis (an elementis) gadamcemi fun-

qcia sazogadad warmoadgens gamomavali da Semavali si-

dideebis operatorul mniSvnelobaTa Sefardebas nulo-

vani sawyisi pirobebis dros. operatorad, rogorc wesi, 

iReben warmoebulis simbolur aRniSvnas da is ase gamoi-

saxeba s =d/dt .  

   Tavdapirvelad ganvixiloT Tu ras warmoadgens mudmi-       

  sur.12 
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vi denis generatoris (sur.12) gadamcemi funqcia. davu- 

SvaT, rom generatori brunavs mudmivi siCqariT ( =ω  

). vinaidan generatoris Zabvis regulirebis pro-

cesis xangrZlivoba ZiriTadad gansazRvraveba misi agz-

nebis wredis eleqtromagnituri inerciulobiT, amitom 

unda visargebloT Zabvebis wonasworobis Semdegi dife-

rencialuri gantolebiT, romelic dawerilia swored 

agznebis wredisaTvis :   

const=

               agag

ag

ag IR
dt

dI
LU += ,                  (14) 

sadac ,   -generatoris agznebis gragnilis induq-

tivoba da aqtiuri winaRobaa. 

agL agR

   Tu CavTvliT, rom m.d. generatori muSaobs damagnite-

bis mrudis wrfiv ubanze, e.i. misi e.m. Zala agg IE ≡ , maSin 

(14)-is martivi gardaqmnebis Semdeg vRebulobT generato-

ris gadamcem funqcias 

           
( )
( ) 1

)(
+

==
рT

K
рU
рE

рW
ag

g

ag

g
,                   (15) 

sadac aggg UEK ΔΔ= -aris generatoris gaZlierebis ko-

eficienti Zabvis mixedviT; agRLT agag = - agznebis grag-

nilis eleqtromagnituri drois mudmiva. 

   (15)-e samarTliania, agreTve cvladi denis samfaza sin-

qronuli generatorisTvisac. 
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$2.2. mudmivi denis damoukidebel agznebiani Zravas  

gadamcemi funqciebi 

    

   Tu CavTvliT, rom Zravis aRgznebis nakadi, misi Ruzis 

wredis induqtivoba  da aqtiuri winaRoba  ar 

icvleba, maSin gadamcemi funqciis misaRebad unda visar-

gebloT Ruzis wredis Zabvebis wonasworobis da amZravis 

moZraobis Semdegi gantolebebiT 

)( RL )( RR

           RRw

R

RwZ IR
dt

dI
LcU ++⋅= ω ;             (16) 

              
dt
dJMM ω

=− st ,                      (17) 

sadac: U –aris Zravas Ruzaze miwodebuli Zabva (Semava-

li signali);  -Zravas em-Zalis proporciulobis koe-

ficienti; 

Zc

M -Zravas brunvis momenti;  -amZravis jamuri 

inerciis momenti;  -Zravas RerZze winaRobis stati-

kuri momenti. 

J

stM

   Tu davuSvebT, rom Zrava muSaobs uqm svlaze( 0=stM ),  

maSin zemoT Cawerili diferencialuri gantolebebis mar-

tivi gardaqmnebiT miviRebT mudmivi denis damoukidebel 

agznebiani Zravas gadamcem funqcias 

          ( ) ,
1)(

)(
2 ++

==
pTpTT

K
pU
ppW

ememR

Z

Z

Z

ω
           (18)      

sadac ZZ cK 1= -aris Zravas gadacemis koeficienti; 
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RwRwR RLT =  da 
2cJRT Rwem = -Sesabamisad, Zravas Ruzis 

wredis eleqtromagnituri da amZravis eleqtromeqanikuri 

drois mudmivebi.  

    miRebuli gadamcemi funqciis analizi gviCvenebs, rom 

Tu  , maSin (18)-e SeiZleba CavweroT e.w. meore 

rigis aperioduli rgolis saxiT: 

Rem TT 4≥

           
)1)(1(

)(
21 ++

=
pTpT

K
pW Z

Z G ,                (19) 

sadac:     emR

emEem TT
TT

T −±=

2

2,1 )
2

(
2

 .                (20) 

   Tu < , maSin Zravas ganixilaven rogorc rxeviT 

rgols Semdegi normirebuli saxis funqciiT 

emT RT4

          
12)(

)()(
22 ++

==
pTpT

K
pU
ppW

ZZ

Z

Z

Z ξ
ω

,          (21) 

sadac ξ -rxeviTi rgolis dempferirebis (rxevis Caqrobis) 

koeficientia. 

    

$2.3. marTvis sistemebis  gamzom-gadamwodi 

Eelementebi 

 

   marTvis sistemebSi sareguliro cvladebis kontroli- 

sa da ukukavSiris wredis realizebisaTvis gamoiyeneba 

sxvadasxva fizikuri sididis gamzom-gadamwodi mowyobi-

lobani. Cven qvemoT ganvixilavT zogierT maTgans, romle-
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bic gamoiyeneba eleqtromeqanikuri danadgarebis avtoma-

tikaSi. 

   mudmivi denis wredSi gamavali denis gamzom-gadamwod 

elementad praqtikaSi iyeneben e.w. Sunts, romelic naCve-

nebia sur.13, a-ze. cvladi denis wredSi ki denis gamzom-

gadamwod elementad iyeneben denis transformators da 

gammarTvels (sur.13,b). 

 

                          sur.13 

   eleqtromanqanebis siCqaris gamzom-gadamwodad gamoi-

yeneba rogorc cvladi denis (asinqronuli), ise mudmivi 

denis taqogeneratorebi. taqogeneratori mcire simZlav-

ris eleqtruli manqanaa, romelic mudmivi denis SemTxve-

vaSi mzaddeba eleqtromagnituri (sur.14.a) anda magneto-

eleqtruli (mudmivi magnitebiT) (sur.14,b) SesrulebiT. 

 

                         sur.14 
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   taqogeneratorisadmi wayenebuli moTxovnebidan mTa-

varia: maxasiaTeblis wrfivoba; tg-is momWerebze auci-

lebelia didi sididis winaRobis mqone potenciometris 

CarTva; g)koleqtorze Zabvis pulsaciis minimumi. 

   cvladi denis taqogeneratori mzaddeba Rru rotoriT. 

misi upiratesobaa SedarebiT naklebi inerciis momenti; 

maRali saimedooba eqsploataciaSi da konstruqciuli 

simartive. uaryofiTi mxarea gamomuSavebuli sinusoiduri 

Zabvis SedarebiT damaxinjebuli forma. 

   siCqaris gadamwodis (taqogeneratoris) gadamcemi fun-

qcia mis gamosavalze CarTuli filtris gaTvaliswine-

biT tolia: 

     
( )

( ) ,
1

1)(
+

=
Δ

Δ
=

sTs
s

sW
f.1

uk.1

sg ν
υ

             (22) 

sadac  wm -filtris drois mudmivaa. 02,0=f1T

   denis gadamwodis gadamcemi funqcia Semdegnairad ga-

moisaxeba 

      
( )

( ) ,
1

)(
+

=
Δ

Δ
=

sT
K

s
s

sW
f.2

uk.2

dg
ι

ι
υ

             (23) 

sadac dgdg αι ⋅= KK -denis gadamwodis gadacemis koefi-

cientia SeTanxmebis koeficientis gaTvaliswinebiT; 

;
UUR.b.

dg.

I
U

K =dg

d.b.

R.b.

dg U
I

=α ; 002,0=f2T  wm. 

sidideebi ,,b” indeqsiT Seesabameba sistemis muSaobas 

bazisur reJimSi. 
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M  $2.4. cvladi denis gammarTvelis, regulatorebisa da 

makoreqtirebeli oTxpolusebis gadamcemi funqciebi 

 

   ganvixiloT axla tiristoruli gammarTvelis Zaluri 

nawilis eleqtruli sqemebi, romlebic saSualo da didi 

simZlavris danadgarebis SemTxvevaSi samfaza Sesrule-

bisaa. maTi saSualebiT SesaZlebelia gamarTuli Zabvis 

cvla 0-dan −nomU mde, amasTan Zabvis regulireba xdeba 

tiristorebis marTvis eleqtrodebze miwodebuli impul-

sebis fazuri Zvris kuTxis cvlilebiT. Mme-15,a,b suraTze 

moyvanilia tiristoruli gammarTvelebis samfaza ortaq-

ta da erTtaqta Sesrulebis sqemebi, romlebzedac ifms -

aris impulsebis fazuri marTvis sistema. 

 

 

                        sur.15,a 
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                          sur.15,b  

   mudmivi denis Zravas Ruzis mkvebavi tiristoruli ga-

rdamsaxisaTvis, rogorc wesi, sargebloben Sedegi miax-

loebiTi gadamcemi funqciiT: 

               
( )
( ) ,

1
)(W

+
=

Δ

Δ
=

sΤ
Κ

s
s

s
tg.

t

sr.

tg.

tg υ
ε

          (24) 

sadac 
d.b

sr.
sr U

U
Δ
Δ

=Δυ  aris tg-s Sesavalze sr-dan miwo- 

debuli Zabva; tgtgt α⋅= KK  -tg-s gadacemis koeficien-

ti SeTanxmebis koeficientis gaTvaliswinebiT (fardobi-

Ti nazrdebis gamo); 
Usr

tg.

U
E

K
Δ

Δ
=tg -tiristoruli gardam-

saxis gadacemis koeficienti Zabvis mixedviT, romelic 

ganisazRvreba misi statikuri (gare) maxasiaTeblis mixe-
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dviT ( =tgK 10070 ÷ ); d.b.

tg.b.

d.b.

tg U
E
U

;=α -marTvis sistemis 

davalebis signalis bazisuri sidide; f.tgtgtg TT +=τ -tg-

is eqvivalenturi drois mudmivaa, romelic Sedgeba gar-

damqmnelis dagvianebis droisa da mis Sesasvlelze Car-

Tuli filtris drois mudmivebisagan 

=tgT( =+ 003,0002,0 wm)005,0 . 

   Tanamedrove avtomatikaSi regulatorebad iyeneben mu-

dmivi denis samkaskada maZlierebels proporciuli (p) an 

proporciul-maintegrebeli (pi) tipisas. maTi gamartive-

buli eleqtruli sqemebi warmodgenilia me-16,a,b suraT-

ze. 

 

                         sur.16 

   p-tipis regulatoris gadamcemi funqciaa 

              ,1/ RR0)( pW 1k ==                (25) 

sadac da  -regulatoris sakuTari ukukavSiris wre-

dSi da Sesavalze CarTuli winaRobebis sidideebia. 

0R 1R

   pi-tipis regulatoris gadamcemi funqciaa 

              pppW ττβ /)1()( += ,                  (26) 
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sadac 10 / RR=β - regulatoris dinamikuri gaZlierebis 

koeficientia; 00cR=τ - regulatoris sakuTari ukukavSi-

ris wredis drois mudmiva. 

   zemoT moyvanili gadamcemi funqciebiT advilad age-

ben avtomatizebuli eleqtroamZravebis sistemebis deta-

lizebul struqturul sqemebs. 

   im SemTxvevaSi, roca marTvis sistema ver iZleva re-

gulirebis sasurvel xarisxobriv maCveneblebs saWiro 

xdeba sawyis sqemaSi damatebiTi makoreqtirebeli rgo-

lebis (elementebis) CarTva. praqtikaSi angariSis gamar-

tivebis mizniT ufro xSirad iyeneben makoreqtirebeli 

oTxpolusebis CarTvas pirdapir arxSi regulatoris mim-

devrobiT. aRniSnuli oTxpolusebi, rogorc wesi, srul-

debian pasiuri R-C elementebis bazaze, ise rogorc es 

naCvenebia me-14,a,b,g suraTze. 

 

                           sur.17 

   me-17,a suraTze naCvenebia madiferencirebeli tipis ma-

koreqtirebeli oTxpolusas eleqtruli sqema. is gamo-

iyeneba sistemis dinamikuri swrafqmedebis gasazrdelad. 

misi gadamcemi funqcia advilad SeiZleba ganisazRvros. 

is Semdegi saxisaa: 
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1

)1(
)(
)()(

2

10

1

2

+
+

==
pT
pTk

pU
pU

pW  ,       (27) 

sadac:   1
21

2
0 <

+
=

RR
R

k ;  111 cRT ⋅= ;  102 TkT ⋅= . 

   me-17,b suraTze naCvenebia maintegrebeli tipis mako-

reqtirebeli oTxpolusas sqema. is gamoiyeneba sistemis 

statikuri sizustis gasazrdelad. misi gadamcemi fun-

qcia Semdegi saxisaa: 

                
1
1

)(
)()(

1

2

1

2

+
+

==
pT
pT

pU
pUpW ,               (28) 

sadac:   2211 )( cRRT += ;  222 cRT ⋅= . 

    Mme-17,g suraTze moyvanilia maintegrebel-madiferenci-

rebeli tipis makoreqtirebeli oTxpolusas sqema. is ga-

moiyeneba erTdroulad sistemis sizustisa da swrafq-

medebis gasazrdelad. misi gadamcemi funqcia Semdegi sa-

xisaa: 

                  
)1)(1(
)1)(1()(

43

21

++
++

=
pTpT
pTpTpW ,              (29) 

  sadac:   111 cRT ⋅= ;  222 cRT ⋅= ;    1
2

21 >
+

=
R

RR
a ;  

          )
)(

411(
2 2

21

2121
4,3 aTT

TTaTTT
+

−±
+

= .    (30)  
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III Tavi. arawrfivi elementebis funqciaTa da 

maxasiaTeblebis gawrfiveba. superpoziciis 

principi 

 

$3.1. Ggawrfivebis xerxebi  

 

   me-18 suraTze naCvenebia gajerebis tipis rgolis  

statikuri maxasiaTebeli.  

                  

                      sur.18 

aseTia eleqtruli manqanebis (generatorebisa da eleq-

troZravebis) damagenitebis mrudi. imis gamo, rom isini 

ZiriTadad muSaoben mrudis wrfiv ubanze, amitom aRniS-

nul maxasiaTebels Tvlian sustad gamoxatul arawrfiv 

elementad. maTi gawrfiveba SeiZleba maxasiaTeblis muSa 

wertilSi gavlebuli mxebis saSualebiT. MmaTematikurad 

es ase Caiwereba:   

                        baxy += 00 ,                 (31) 

sadac а da b  koeficientebia, romlebiTac 

ganisazRvreba  mocemuli funqcionaluri wiris muSa 

wertilSi gavle-buli mxebis daxris kuTxe. 
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M  

                         sur.19 

   me-19 suraTze warmodgenilia maxasiaTeblebi Zlier 

gamoxatuli arawrfivobiT, kerZod: me-19,a suraTze moce-

mulia releuri tipis maxasiaTebeli, xolo me-19,b su-

raTze ki maxasiaTebeli ugrZnobadobis zoniT (e.w. luf-

tiT). Tu arawrfivi elementi mocemulia raime formu-

liT, maSin misi gawrfiveba SeiZleba, Tu mas davSliT 

teiloris mwkrivis saxiT da visargeblebT misi mxolod 

pirveli ori wevriT. 

   ori cvladis namravlis Semcveli funqciac arawrfi-

via. AaseTi saxis funqcia gvxvdeba eleqtroamZravebis 

Ruzis gragnilis e.m.Zalisa da brunvis momentis for-

mulebSi, roca adgili aqvs agznebis nakadis cvlilebas. 

am SemTxvevaSi gawrfivebis mizniT Sesabamis gantolebebs 

Caweren cvladebiT nazrdebSi (umjobesia cvladebis 

Cawera fardobiT nazrdebSi), amasTan unda gamoviyenoT 

mxolod pirveli rigis nazrdebiani wevrebi. mag; Tu 

ganvixilavT dalamberis principiT Sedgenil amZravis 

moZraobis gantolebas  
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dt
djMM ω

=− st ,               (32) 

roca adgili aqvs manqanis agznebis nakadis cvlilebas, 

maSin brunvis momenti warmoadgens ori cvladis namrav-

lis funqcias, kerZod: I⋅⋅= ФKM . es funqcia  arawr-

fivia. Tu , am gantolebaSi cvladebis statikuri reJi-

midan gadavalT absolutur nazrdebze gveqneba:             

dt
d

JMM )( Δ+− stIK
)(

)Ф)(IФ(
ωω Δ+

=Δ+Δ+ st

stst . (33)   

Tu (33)-Si gaviTvaliswinebT mxolod pirveli rigis naz-

rdebs, maSin gveqneba: 

            
dt

dJMФKIIK ωΔ
=Δ−Δ+Δ stststФ .      (34) 

gavyoT (34)-is yvela wevri Mst-ze, maSin miviRebT ganto-

lebas cvladebiT fardobiT nazrdebSi: 

              νμϕ Δ⋅⋅=Δ−Δ+Δ pTi mst  ,      (35) 

sadac
stФ
ФΔ

=Δϕ ,  
stI
Ii Δ

=Δ , 
st

st

st M
MΔ

=Δμ  da
stω
ων Δ

=Δ     

aris Sesabamisad manqanis agznebis nakadis, Ruzis denis, 

amZravis datvirTvis statikuri momentis da Zravas 

brunvis kuTxuri siCqaris fardobiTi nazrdebi; 

ststm MjT /ω=   _amZravis meqanikuri drois mudmiva. 

   miRebuli (35)-e gantoleba wrfivia. aq ganxiluli me-

TodiT gawrfiveba miT ufro misaRebia, vinaidan Tanamed-

rove avtomatikis elementebi saSualebas iZleva mdovred 
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vareguliroT eleqtroamZravebis Zabvisa da siCqaris si-

dideebi. 

 

$3.2. dinamikuri sistemis Tavisufali da  

iZulebiTi moZraoba 

 

   avtomaturi marTvis sistemis muSaobis  procesi zoga-

dad SeiZleba aRiweros Semdegi saxis diferencialuri 

gantolebiT: 

     

......

...

1010

1

1

10

+++++=

=+++ −

−

dt
dfcfc

dt
dgbgb

xa
dt

xda
dt

xdа nn

n

n

n

          (36) 

sadac: aris sistemis maxasiaTebeli  

koeficientebi, romlebic ganisazRvrebian calkeuli 

rgolebis parametrebiT;  _sistemaze moqmedi mar-

Tvis da SeSfoTebis zemoqmedebebi, agreTve  sareguli-

ro cvladi.  

kmn ccbbaa ......,... 000

xf ,g,

U um. maTematikis kursidan viciT, rom diferencialuri 

gantolebis sruli amonaxsni Sedgeba diferencialuri 

gantolebis marcxena mxaris Sesabamisi amonaxsnisagan 

(e.w. Tavisufali mdgenelisagan) da difgantolebis marj-

vena mxaris Sesabamisi kerZo amonaxsnisagan (e.w. iZule-

biTi mdgenelisagan). amrigad, )()()( txtxtx iZTav += . Tavi-

sufali mdgeneli ganisazRvreba difgantolebis maxasia-

Tebeli gantolebis fesvebiT, xolo iZulebiTi mdgeneli 
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ganpirobebulia gantolebis marjvena mxareSi myofi mar-

Tvis g(t) an SeSfoTebis f(t) zemoqmedebaTa sidideebiT.  

   sistemis marTvis sruli procesi ganisazRvreba ro-

gorc Tavisufali, ise iZulebiTi amonaxsnebiT. amasTan, 

Tavisufali mdgeneli sistemas axasiaTebs dinamikaSi  

(gardamaval reJimSi), xolo iZulebiTi mdgeneli siste-

mis muSaobas axasiaTebs rogorc statikaSi, ise dinami-

kaSi.  

$3.3. superpoziciis principi wrfivi 

sistemebisaTvis 

 

   davuSvaT, rom marTvis sistema, romelzec erTdrou-

lad moqmedebs rogorc davalebis (marTvis), ise SeSfo-

Tebis zemoqmedeba, aRiwereba operatorul saxeSi Caweri-

li Semdegi diferencialuri gantolebiT: 

         ),()()()()()( tfpCtgpBtxpA +=              (37)               

sadac: A(p), B(p) da C(p) Sesabamisad aris, n-uri da, m-uri da 

k-uri rigis polinomebi, amasTan m < n  da  k<  n , 

maSin (37)-e gantolebis amonaxsni SeiZleba vipovoT 

rogorc marTvis da SeSfoTebis signalebis erToblivi 

zemoqmedebis Sesabamisad, aseve maTi calkeuli zemoq-

medebisas (Tu g(t)=1(t) , maSin f(t)=0, xolo roca f(t)=1(t) , maSin  

g(t)=0   ) .  

   wrfivi marTvis sistemebisaTvis dadgenilia principi, 

rom sistemaze marTvis da SeSfoTebis erTdrouli 

zemoqmedebiT gamowveuli gardamavali procesis amsax-

veli funqcia igive xasiaTisaa, rogoric miiReba sis-
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temaze calkeul zemoqmedebaTa Sedegad gamowveuli ga-

rdamavali procesebis mrudebis Sejamebisas. am princips 

uwodeben superpoziciis princips. misi gamoyeneba araw-

rfiv elementiani  marTvis sistemebisaTvis miuRebelia. 
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IV Tavi. sixSiruli gadamcemi funqciebi. 

struqturuli sqemebis gardaqmnis wesebi 

 

$4.1 sixSiruli gadamcemi funqciebi da 

maxasiaTeblebi 

 

    vTqvaT wrfivi marTvis sistema aRiwereba Semdegi di-

ferencialuri gantolebiT 

        ,...... 01

1

10 gb
dt

gdgbxa
dt

xda
dt

xda kk

k

nn

n

n

n

++=+++ −

−

  (38) 

  maSin mocemuli sistemis Sesavalze tGtg axm ωsin)( =      

harmoniuli signalis miwodebis Semdeg, mis gamosavalze 

damyarebul reJimSi miviRebT aseve harmoniul signals 

)sin()( ϕω += tXtx axm

)( axmX

-s gansxvavebuli amplitudiTa 

 da fazuri ZvriT (ϕ  ). 

     eileris formulebis Tanaxmad  da  harmo-

niuli signalebi sxvanairad ase Caiwereba^: 

)(tg )(tx

         )()()(
2

)( ///max tgtgee
G

tg tjtj +=+= − ωω
        (39) 

         )()()(
2

)( ///)()(max txtxee
x

tx tjtj +=+= +−+ ϕωϕω
   (40) 

    superpoziciis principis Tanaxmad dasaSvebia    

da  mdgenelebis calcalke ganxilva, amasTan,      

gamoiwvevs s, xolo gamoiwvevs  signa-

)(/ tg

)(/ tg)(// tg

−)(/ tx )(// tg )(// tx
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ls. amitom dasaSvebia visargebloT Semdegi simboluri 

aRniSvnebiT:      

             ;        .  (41) 
tj

axm eGtg ω=)( )()( ϕω += tj
axm eXtx

     romelime dinamikuri rgolis sixSiruli gadamcemi 

funqciis martivad gansazRvris mizniT unda visargeb-

loT misi operatorul saxeSi Cawerili gadamcemi fun-

qciiT, romelSidac (41)-is SetaniT advilad vipoviT rgo-

lis sixSirul gadamcem funqcias.  

     rgolis sixSiruli gadamcemi funqciaDkidev ufro 

advilad SeiZleba vipovoT, Tu operatorul saxeSi Ca-

weril gadamcem funqciaSi p –operators uSualod Sev-

cvliT ωj -iT, sadac j = 1− - warmosaxviTi erTeulia. 

magaliTisaTvis ganvixiloT Semdegi gadamcemi funqcia: 

               
1

)(
1

2
2

2
21

++
+

=
pTpT
pKKpW  ,              (42) 

saidanac martivi gardaqmnebis gziT miviRebT ganxiluli 

rgolis sixSirul gadamcem funqcias 

1
)(

1
2

2
2

21

++−
+

=
ωω
ω

ω
jTT

jKKjW .          (43) 

   (43)-e warmoadgens kompleqsur funqcias.  

 sixSiruli gadamcemi funqcia, rogorc kompleqsuri 

funqcia zogadad Semdegnairad gamoisaxeba:  

                 (44) ),()()()( )( ωωωω ωϕ jVUeAjW j +==

sadacA )(ωA -aris sixSiruli gadamcemi funqciis moduli, 

is warmoadgens romlis moduli tolia rgolis gamo-
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mavali da Semavali signalebis modulebis Sefardebas; 

xolo )(ωϕ  -argumenti warmoadgens gamomavali signa-

lis fazur Zvras Semavali signalis mimarT; )(ωU  da 

)(ωV

)(

 - sixSiruli gadamcemi funqciis namdvili da war-

mosaxviTi nawilebia. 

literaturaSi iyeneben sxvagvar aRniSvnebsac, kerZod: 

U );(Re ωω jW )(Im)( ωω jWV = ; = == )()(mod ωω jWjW            

 );(ωA=        (arg ).() ωϕωjW =                    (45)                  

- xuleba (45)-is Se  e gamosa sabamisad mogvcems:    (43)

22
1

222
2

2
11

22

                2

)1( ωω TT +−
       

    

1 )1()( ωω
ω

TKTKU +−
= ;       (46)   

22
1

222
2

11
22

22

)1(
)1()(

ωω
ωωω

ω
TT

TKTKV
+−
−−

=            ;        (47) 

     
22

1
222

2

2
2

2
1

)1(

)(
)(

ωω

ω
ω

TT

KK
A

+−

+
=              ;         (48)  

      22
2

1

1

2

1
)(

ω
ωω

ωϕ
T
Tarctg

K
Karctg

−
−=            .    (49)  

li (46)-(49) gamosaxulebebis Sesabam

li maxasiaTeblebi aigeba 

     zemoT miRebu isad 

ganixilaven sixSiruli maxasiaTeblebis nairsaxeobebs. 

ganvixiloT isini cal-calke. 

udur-fazur sixSiru    amplit

sixSiruli gadamcemi funqciis namdvili (46)-e da war-

mosaxviTi (47)-e gamosaxulebebiT ω -s cvlilebebisas 0-
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dan  ∞ -mde da kompleqsur sibrtye e avagebT mruds ise, 

rogor  es naCvenebia 20-e suraTze.              

z

       

c

 

                          sur.20 

  dgens )( ωjW   miRebuli hodografi warmoa -s Sesabamis 

s. veq

  ili (arsi) da warmosaxviTi (viTarsi) sixSiruli 

veqtorTa boloebis geometriul adgil toris sigr-

Zes, romelic akavSirebs koordinatTa saTaves hodog-

rafis hodografis nebismier wertilTan, uwodeben modu-

ls, xolo kuTxes abscisTa RerZis dadebiT mimarTu-

lebasa da veqtoris mimarTulebas Soris uwodeben argu-

ments. 

   namdv

maxasiaTeblebi aigeba Sesabamis gamosaxulebebSi ω -s 

cvlilebebisas 0-dan  ∞ -mde. aseTi maxasiaTeblebis erT-            

sur.21 
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  a

   amplitudur-sixSiruli maxasiaTeblebi aigeba sixSi-

ruli gadamcemi funqciis modulis gamosaxulebis mixed-

viT. aseTi maxasiaTebeli (sur.22) gviCvenebs, Tu rogor 

atarebs rgoli signals sxvadasxva sixSireze. 

erTi varianti naCvenebi  21-e suraTze. 

 

 

             sur.22                     sur.23 

   fazur-sixSiruli maxasiaTebeli (sur.23) aigeba sixSi-

ruli gadamcemi funqciis argumentis gamosaxulebiT da 

igi gviCvenebs rgolis gamomavali signalis fazur Zvras 

Semaval signalTan SedarebiT. 

    

$4.2. logariTmul-amplituduri da fazur sixSiru- 

ebebi 

itudur da fazur-sixSi-

i maxasiaTeblebi (MATLAB-Si isini cnobilia e.w. bodes 

dia

Uli maxasiaTeblebis agebis Tavisebur

 

  marTvis sistemebis dinamikuri mdgradobis kvlevisas 

da optimizaciis amocanebis gadawyvetisas moxerxebulia 

gamoviyenoT logariTmul-ampl

rul

gramebis saxelwodebiT). 
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   log ) age-

bisas sibrtyis ordinatTa RerZze gadazomaven gadamcemi 

ariTmul-amplituduri maxasiaTeblebis (lam

funqciis moduls Semdegi formulis mixedviT 

                 )(lg20)(lg20)( ωωω AjWL == .      ^(50) 

igi izomeba decibelebSi (db). beli aris logariTmuli 

amplitudis erTeuli, decibeli (db) ki belis meaTedi 

nawilia. 

  sibrtyis abscisTa RerZze ki gadazomaven ω sixSiris 

Zis erTeulad miRebulia dekada, rasac Seesabameba six-

li mniSvneloba. 

cisTa RerZze gamoiyeneba sixSiris igive masS-

veulebrivi mili-

sixSireTa logariTmul masS-

mniSvnelobebs logariTmul masStabSi. am RerZze sigr-

Siris gaaTkecebu

  fazur-sixSiruli maxasiaTeblis (fm) agebisas ordin-

atTa RerZze gadazomaven fazas (arguments) gradusebSi, 

xolo abs

tabi, rac lam-is agebisas. 

   logariTmul-sixSiruli maxasiaTeblebis asagebad Se-

iZleba gamoviyenoT rogorc specialuri naxevradlo-

gariTmul danayofebiani qaRaldi, ise C

metrebiani qaRaldi. am ukanasknelis gamoyenebisas reko-

mendebulia visargebloT Semdegi masStabebiT: 1 dekada-5 

sm, fazis 10 grad.-1 sm-ze, amplitudis 5db ki ordinatis 

1 sm-ze. abscisTa RerZze 

tabSi dasatanad unda visargebloT logariTmuli saxa-

zaviT. 

   Tu, gaviTvaliswinebT, rom sixSiris nuli abscisTa 

RerZze logariTmul masStabSi mdebareobs _∞  -Si, 

amitom ordinatTa RerZs daitanen ise, rom mis marjvniv 
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ganlagdes gamosakvlevi sistemis Sesabamisi sruli lam-

i. am mizniT aucilebelia ordinatTa RerZi gatardes 

sistemis yvelaze mcire SeuRlebis sixSiris maxlob-

lobaSi. 

   logariTmuli maxasiaTeblebis gamoyeneba gansakuT-

rebiT moxerxebulia maSin, roca sistemis gadamcemi fu-

nqcia miRebulia tipuri Tanamamravlebis ( p -s pirveli 

an meore rigis polinomebis) namravlis saxiT. aseT SemT-

xvevaSi gadamcem funqciaSi Semavali calkeuli Tanamam-

ravlisaTvis ageben asimptotur lam-s, romelTa SekrebiT 

miiReba jamuri lam-i. miRebuli lam-i warmodgenil iqne-

t

ba 20 db/dk sididis jeradi daxrilobis mqone wrfeTa 

erTobliobis saxiT. asimptotur lam-ze SesworebaTa da-

tanis Semdeg SeiZleba miviRoT sakvlevi sis emis zusti 

lam-ic. 

   lam-ebis agebis sailustraciod qvemoT naCvenebia isi-

ni ramdenime martivi rgolisaTvis. 

   uinercio rgoli, romlis gadamcemi funqciaa:   

                   1)(
)(

pg
px

.               (51) 

misi moduli )( kA

)( kpW ==

1=ω A da Sesabamisad lg20)( kL 1=ω . 

aseTi rgolis lam-i warmoadgens abscisTa RerZis para-

lelur wrfes (sur.24-ze, 1-li maxasiaTebeli). 

   Tu, rgoli maintegrebeli tipisaa da misi gadamcemi 

funqciaa  

 pkpW /)( 1=                        ,             (52) 
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maSin moduli ωω)(A = /1k    da ωω lg20lg20 1)( −k . 

e

=L
aseTi rgolis lam-i warmoadgens 20 db/dk daxris mqon

daRmaval wrfes, romelic gadis 1

 

=ω sixSireze abscis-

Ta RerZidan lg20 k -is toli monakveTis simaRleze (24-e 

suraTze me-

1

2 maxasiaTebeli). 

                 

                            sur.24 

  Tu, rgoli madiferencirebeli tipisaa, maSin misi gada-

mcemi funqcia iqneba  

                       pkpW 1)( = ,               (53) 

moduli ωω 1)( KA =   da ωω lg20lg20)( 1 += kL
ens 20 db/dk daxris mqone

. aseTi 

dg  aRma-rgolis lam-i warmoa

val wrfes, romelic ga-dis 1=ω  sixSireze aRmarTul 

Tebeli).  

 lam-i rgo gada-

iaa  

vertikalze lg20 k -is toli monakveTis daSorebiT 

(sur.24 -ze me-3 maxasia

1

   analogiurad aigeba lisaTvis, romlis 

mcemi funqc
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2)( ppW ,             (54) 1k=

maSin 2
1lg20)(

ω
ω

kL =     (sur.24, me-4 maxasiaTebeli). 

xSiruli maxasiaTeblebis ageba ganxi-

 

$4.3. tipuri d

sixSiruli maxasiaTeblebi 

 

   marTvis sistemaTa sxvadasxva elementi SeiZleba maTe-

matikurad aRiwerebodes erTi da igive diferencialuri 

gantolebiT, Sesabamisad  erTi da igive gadamcemi funq-

ciiT. amitom dinamikuri TvalsazrisiT miRebulia, rgo-

lebis klasifikacia Sesruldes gadamcem funqciaTa sa-

xeobis mixedviT. 

   rgols, romlis gadamcemi funqciis mricxvelis da 

mniSvnelis polinomi ar aRemateba –operatoris me-2 

rigs uwodeben tipiur dinamikur rgols. maTi raodenoba 

SezRudulia da cnobilia Semdegi saxelwodebebiT: ui-

nercio, aperioduli (I da II rigis), rxeviTi, maintegrebe-

li, madiferencirebeli da dagvianebiT moqmedi. Gganvixi-

loT isini cal-calke. 

   Uuinercio (maZlierebeli) rgolis gadamcem funqcias 

aqvs Semdegi saxe: 

   sxva saxis gadamcemi funqciebis mqone rgolebisaTvis 

logariTmuli si

luli iqneba Semdeg paragrafSi. 

inamikuri rgolebi da maTi 

p
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               1)(
)(

g
px)( k
p

pW ==                     (55) 

 reduqtori da operaciuli gamaZ-

 

        

   Mmisi magaliTebia: aqtiuri winaRobis mqone poten-

ciometri, kbilana

lierebeli (sur.25). 

 

                             sur.25 

aseTi rgolis amplitudur-fazur sixSirul maxasiaTe-

bels warmoadgens kompleqsur sibrtyeSi koordinatTa 

saTavidan abscisTa RerZze K-is toli monakveTiT da-

orizontaluri wrfea 

damavali funqcia naxtomisebr  xasiaTisaa :

                         

1k

i

Sorebuli wertili. misi lam-i h

(sur.24, 1-maxasiaTebeli), xolo faza nulis tolia. gar-

 

 ).(1)( 1 tkth ⋅=               (53) 

   I rigis aperioduli rgolis gadamcemi funqciaa: 

               ,)( 0

+
==

pTpg
pW           

1)(
)(

0

kpx
      (54)              

sadac  aris rgolis drois mudmiva, romelic gan-

sazRvravs mis inerciulobas. aseTi rgolis magaliTebia 

0T

cr −   elementebiani oTxpolusa (sur 26,a) an eleqtru-
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li Zrava, roca Ruzis gragnilis induqciuroba mcirea 

neben mxolod meqan

(sur.26,b).           

da iTvaliswi ikur inerciulobas 

 

                        sur.26 

 I rigis aperioduli rgolis gardamavali funqciaa 

               ),(1)1()( teKth Tt ⋅−= −
                 (55) 

romelic grafikulad warmodgenilia sur. 27-ze. 

            

                          sur.27 

   Teoriulad nebismier elementSi gardamavali proce-

sebi mimdinareobs ∞  -droSi, praqtikulad ki process, 

damyarebulad Tvlian 0)43( Tt ÷= - droSi.  

   I rigis aperioduli rgolis sixSiruli gadamcemi 

funqcia tolia 
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.      
111 2222 +++ ω

)( −==
ω

ωω T
KT

T
K

jT
K

      (56)      

misi modulis gamosaxu             

ω jjW          

lebaa:                             

,
1

)(
22

0

0

+
=

ω
ω

T

k
A                         (57) 

argumentis gamosaxuleba 

                     

xolo 

.)( 0ωωϕ arktgT−=       (58)                   

   zemoT moyvanili (56)-(58) gamosaxulebebis Sesabamisi 

sixSiruli maxasiaT ,b,g,d sura-

Tebze. 

eblebi warmodgenilia 28,a

 

 

 

                        sur.28 
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                        sur.29 

 I rigis aperioduli rgolis lam-is asagebad unda vi-

          

    

 

  

sargebloT Semdegi gamosaxulebiT: 

L ).1lg(20
2
1ω +⋅−= lg20)( 22

00 ωTkL          (59)              

simartivis mizniT Tavdapirvelad ageben asimptotur 

lam-s, romelic SeuRlebis sixSiremde 
0

1

ugu ofen), xolo SeuRlebis sixSiris Semdeg ( 

S

T
=< Sωω  aige-

ba   mdgeneliT (meore mdgenels simciris gamo 0lg20 k

lebely

ωω >  ) lam-i Rebulobs 20 db/dk daxrilobas (59)-is 

mdgenelis gamo, amasTan unda gaviTvaliswinoT 

rom .122
0 >>ωT   

   Dd , r

meore 

adgenilia om rgolis zusti lam-i asimptotu-

risagan yvelaze metad gansxvavdeba SeuRlebis sixSireze 

da am gansxvavebis sidide ase ganisazRvreba: 
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      (LΔ Sω )= 32lg201lg20 22
0 −=−=+− SωT db.  (60)              

   asimptotur lam-ze Sesworebis damateba xdeba Seu-

Rlebis sixSiridan orive mxareze naxevar-naxevari de-

kadis manZilze, ise rogorc es naCvenebia wyvetili wi-

rebiT suraTi 30-ze. sabolood miviRebT zust lam-s         

 

                          sur.30 

   I rigis aperioduli rgolis fazur-sixSiruli maxa-

siaTebeli simartivis gamo aigeba literaturaSi cno-

bili Targis mixedviT ise, rom SeuRlebis sixSireze un-

da moTavsdes 45 gradusis Sesabamisi wertili (sur.30). 

   rxeviTi rgolisaTvis damaxasiaTebelia energiis ori 

damgrovebeli elementi, romelTa Sorisac warmoebs ene-

rgiaTa gacvla, da mesame elementi, romelic energiis 

garkveul nawils STanTqavs. aseTi rgolis magaliTebia 

R-L-C  elementebisgan Sedgenili oTxpolusa da mudmivi 

denis damoukidebel agznebiani Zrava (sur.31, a,b). 
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                           sur.31 

 

   rxeviTi rgolis diferencialuri gantoleba normire-

bul saxeSi ase gamoisaxeba: 

              ,2 002

2
2

0 gkx
dt
dxT

dt
xdT =++ ξ          (61)                  

sadac: ξ - aris rxeviTi rgolis dempferirebis (rxevebis 

milevis) koeficienti. 

   (61)-is Sesabamisi gadamcemi funqcia Semdegnairad ga-

moisaxeba:  

             ,
12

)(
0

22
0

0

++
=

pTpT
k

pW
ξ

            (62) 

   rxeviTi rgolis maxasiaTebeli gantolebaa 

              ,                   (63) 012 0
22

0 =++ pTpT ξ

romlis fesvebi tolia 

               0
2

2,1 /)1( Tpp −±−= ξξ              (64) 

Tu 1<ξ , maSin (64)-dan miiReba kompleqsuri fesvebi da 

rgoli iqneba rxeviTi xasiaTis. Tu 1≥ξ  , maSin fesvebi 
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iqneba namdvili da rgoli warmodgeba me-2 rigis aperi-

oduli funqciis saxiT 

                
)1)(1(

)(
21

0

++
=

pTpT
k

pW               (65) 

sadac: )1( 2
02,1 −±= ξξTT .                       (66)                  

rxeviTi rgolis gardamaval funqcias aqvs Semdegi saxe 

             ),(1)sin(cos1)( 0 tttekth t ⋅⎥⎦
⎤

⎢⎣
⎡ +−= − γ

λ
γλγ

    (67) 

sadac:       ;
0T
ξγ =   

0

21
T
ξ

λ
−

=                      (68) 

   (67)-is Sesabamisi gardamavali funqciebi warmodgeni-

lia 32,a suraTze. xolo II rigis aperioduli rgolis 

gardamavali funqcia naCvenebia 32,b-e suraTze.   

 

                           sur.32 

 rxeviTi rgolis sixSirul gamosaxulebebs aqvs Semde- 

gi saxe: 
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−
+−

−
=

+−
=

2
0

22
0

22
00

0
22

0

0

)2()1(
)1(

2)1(
)(

ωξω
ω

ωξω
ω

TT
Tk

jTT
k

jW
       

;
)2()1(

2
2

0
22

0

00

ωξω
ξω

TT
Tk

j
+−

−
                     (69) 

              ;
)2()1(

)(
2

0
222

0

0

ωξω
ω

TT

k
A

+−
=       (70) 

                  
22

0

0

1
2

)(
ω
ωξ

ωϕ
T
T

arctg
−

−= .             (71) 

   rxeviTi rgolis asimptoturi lam-i unda avagoT (70)-

is safuZvelze miRebuli Semdegi gamosaxulebiT: 

      [ ].)2()1(lg
2
120lg20)( 2

0
222

00 ωξωω TTkL +−⋅−=   (72) 

  (71) da (72)-is Sesabamisi sixSiruli maxasiaTeblebi 

moyvanilia 33-e suraTze. 
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                         ur.33 

 

   rxeviTi rgolis zusti lam-is misaRebad asimptoturs 

daamateben literaturaSi mocemuli nomogramebidan ξ  

koeficientis mixedviT SerCeul Sesworebas. Sesworebis 

pikis simaRle tolia:  

                       .
2
1lg20
ξ

=H                 (73) 

   34,a da b suraTebze mocemulia rxeviTi rgolis lam-

is SesworebaTa da fazuri maxasiaTeblebis Targebi. 
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                    sur.34 

 

   maintegrebeli rgolisaTvis damaxasiaTebelia Semdegi 

gadamcemi funqcia 

                 .
)(
)()( 0

p
k

pg
pxpW ==              (74) 

   aseTi rgolis magaliTebia maintegrebeli tipis ope-

raciuli maZlierebeli (sur.35,a) da mcire simZlavris 

uinercia eleqtroZrava ( 0=RT  da 0=meqT ), romlis ga-

momavali signalia Zravas RerZis mobrunebis kuTxe, 

xolo Semavali -Ruzaze mowodebuli Zabva (sur.35,,b  

 sur.35 
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(74)-is Sesabamis gardamaval funqcias aqvs Semdegi saxe 

(sur.36,a): 

                 ).(1)( 0 ttkth ⋅⋅=                     (75)       

 

 

                         sur.36 

 

   aseTi rgolis sixSiruli maxasiaTeblebis gamosaxu-

lebebia: 

             
ωω

ω 00)(
k

j
j
k

jW −== ;           (76) 

              ωω 0)( kA = ;                 (77) 

              
2

)( πωϕ −= ;                   (78)  
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Sesabamisi sixSiruli maxasiaTeblebi agebulia sur.36,b,g 

-ze.         

               ωω lg20lg20)( 0 −= kL .           (79) 

Sesabamisi logariTmul sixSiruli maxasiaTeblebi age-

bulia sur.36,d -ze. 

   SenelebiT moqmedi maintegrebeli rgoli xasiaTdeba 

Semdegi gadamcemi funqciiT 

               
)1(

)(
0

0

+
=

Tp
k

pW .               (80) 

aseTi rgolis magaliTia eleqtroZrava, roca 0=RT  da  

, romlis gamomavali signalia -RerZis mobrune-

bis kuTxiT. am rgolis gardamavali funqcia analizurad 

gamoisaxeba Semdegnairad 

0≠meqT

               [ ] ).(1)1()( 0
00 teTtkth Tt ⋅−−= −

       (81) 

   (81)-e grafikulad mocemulia 37-e suraTze. 

           sur.37 

   (80)-is Sesabamisi sixSiruli gamosaxulebebia: 

         
)1(1)1(

)(
22

0

0
22

0

00

0

0

+
−

+
−

=
+

=
ωωωωω

ω
T

kj
T

Tk
jTj
kjW ;   (82) 
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1

)(
22

0

0

+
=

ωω
ω

T

k
A ;                        (83) 

                  ωπωϕ 02
)( arktgT−−= .                     (84) 

   SenelebiT moqmedi maintegrebeli rgolis lam-i aige-

ba Semdegi formuliT: 

      ).1lg(20
2
1lg20lg20)( 22

00 ωωω TkL +−−=     (85)     

 

       $4.4. struqturuli sqemebis gardaqmnis wesebi 

 

   dinamikuri sistemis maTematikur models, rogorc we-

si, warmoadgenen detalizebuli struqturuli sqemis sa-

xiT. misi saSualebiT ufro advilad aris SesaZlebeli  

sistemebis yovelmxrivi Seswavla da optimizeba sxvada-

sxva meTodebiT (lam-ebiTa da kompiuterze MATLAB -Si).   

   Tanamedrove marTvis sistemebi rTulia da SeiZleba 

Sedgebodes mravali konturisagan,MmaT Soris zeddebuli 

konturebisagan da jvaredina kavSirebisagan. mravalkav-

Siriani da konturebiani rTuli ams-is optimizebis amo-

canis gadasawyvetad sixSiruli maxasiaTeblebis meTo-

diT saWiroa sawyisi struqturuli sqema gardavqmnaT da 

gamartivebiT daviyvanoT erTkonturian sqemamde. amissaT-
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vis gamoiyeneba gardaqmnis Semdegi ZiriTadi wesebi: 

 

                             sur. 38 

  ramdenime mimdevrobiT SeerTebuli rgolis (sur.38,a) 

SemTxvevaSi saerTo gadamcemi funqcia ganisazRvreba, ro-

gorc calkeuli rgolebis gadamcem funqciaTa namravli, 

marTlac:         

).(...)(
)(

)(...
)(
)(

)(
)(

)(
)()( 1

11

21 pWpW
px

px
px
px

pg
px

pg
pxpW n

n

⋅⋅=⋅⋅⋅==
−

            

(86)                                        

   rac Seexeba paralelurad SeerTebuli ramdenime rgo-

lis (sur.38,b) saerTo gadamcemi funqcia ki ganisazR-

vreba, rogorc calkeuli rgolebis gadamcem funqciaTa 

jami, marTlac: 

    

)86)((...)()(
)(
)(...)(

21

21

pWpWpW
pg
px

g
x

g
x

g
x

g
xpW

n

nn

++=

===+++=
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   im SemTxvevaSi, roca mocemuli gvaqvs ukukavSiriani 

konturi (sur.38,g), sqemis saerTo gadamcemi funqcia gain-

sazRvreba Semdegi gantolebebiT: 

                );(11 ygWWx −== ε              (88)                    

                 .2 xWy ⋅=                        (89)             

   (89)-is CasmiT (88)-Si da martivi gardaqmnebiT sabolo-

od miviRebT ukukavSiriani konturis saerTo gadamcem 

funqcias: 

         .
)()(1

)(
)(
)()(

21

1

pWpW
pW

pg
pxpW

±
==            (90)                 

   Tu konturi erTeulovani ukukavSiriTaa Semofarglu-

li, maSin (90)-e miiRebs Semdeg saxes: 

            
)(1

)(
)(

2

1

pW
pW

pW
±

=                         (91)                

   yvela zemoT ganxiluli wesis gamoyenebiT SeiZleba 

gardavqmnaT nebismieri sirTulis mravalkonturiani 

struqturuli sqema da ganvsazRvroT saerTo gadamcemi 

funqcia. 
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V Tavi. wrfiv sistemaTa mdgradobis analizi. 

mdgradobis kriteriumebi      

 

$ 5.1. wrfiv sistemaTa mdgradobis zogadi 

Aanalizi 

 

   dinamikur sistemaze muSaobis procesSi marTvis sig-

nalis garda zemoqmedebs sxvadasxva SeSfoTebis signa-

lebi, romlebic iwveven misi moZraobis mocemuli kanoni-

dan gadaxras. Tu sistema SeSfoTebis zemoqmedebis gamo 

gamovida wonasworobidan da SeSfoTebis moxsnis Semdeg 

kvlav daubrunda sawyis mdgomareobas, maSin sistemis mu-

Saobas Tvlian mdgradad. Tu sistema SeSfoTebis moxsnis 

Semdeg ar ubrundeba sawyis mdgomareobas da droTa gan-

mavlobaSi sistemis moZraobis daSoreba sawyisi werti-

lidan sul ufro izrdeba, maSin sistemis muSaobas Tvl-

ian aramdgradad. qvemoT gansazRvrulia sistemis mdgra-

di muSaobis zogadi pirobebi. 

   davuSvaT, rom wrfivi sistema aRiwereba Semdegi dife-

rencialuri gantolebiT 

     )(.... 01

1

10 tgkxa
dt

xda
dt

xd
a nn

n

n
n =+++ −

−

          (92)                   

   maTematikis kursidan cnobilia,rom (92)-e gantolebis 

saerTo amonaxsni tolia kerZo da Tavisufali amonaxsne-

bis jamisa: 

                 )()()( txtxtx kT +=                 (93)                  
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   amonaxsnis Tavisufali mdgeneli axasiaTebs sistemis 

gardamaval process, xolo kerZo  axasiaTebs sistemis 

stacionalur process (statikas). amitom misi mdgradi 

muSaobis ganmsazRvrelia  mdgeneli. roca sistema 

mdgradia droTa ganmavlobaSi , xolo aramdg-

radobis SemTxvevaSi 

)(txT

x 0)( →tT

∞→)(txT .                                       

   cnobilia, rom diferencialuri gantolebis amonaxs-

nis Tavisufal mdgenels zogadad aqvs Semdegi saxe:  

                           (94)                 ,...)( 1
1

tp
n

tp necectx ++=T

sadac:   -aris sistemis maxasiaTebeli gantole-

bis fesvebi;   integrebis mudmivebia, romlebic 

ganisazRvrebian amocanis sawyisi pirobebiT. 

npp ,....,1

c ,....,1 nc

  vinaidan sistemis mdgradi muSaobis gageba gulisxmobs 

mxolod gardamavali procesis milevis faqtis arsebob-

as, amitom es sakiTxi SeiZleba gadawydes mxolod maxas-

iaTebeli gantolebis fesvebis codniT. amasTan, aucile-

beli ar aris vipovoT TviT fesvebis mniSvnelobebi, ara-

med sakmarisia fesvTa Tvisebis codna, romlis drosac 

sistema iqneba mdgradi. 

   davadginoT, Tu ra Tvisebebia saWiro fesvebisaTvis, 

rom sistemam uzrunvelyos mdgradi muSaoba. cnobilia, 

rom maxasiaTebel gantolebas SeiZleba hqondes samgvari 

fesvebi: namdvili, kompleqsuri (an wminda warmosaxviTi) 

da nulovani. ganvixiloT es SemTxvevebi cal-calke. 
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   Tu fesvi namdvilia da uaryofiTi 11 α−=p
tec 1

1
α−

1

, maSin mi-

si Sesabamisi amonaxsnis mdgeneli iqneba . am gamo-

saxulebis Sesabamisi gardamavali funqcia droTa 

ganmavlobaSi iqneba milevadi xasiaTis (ix. 1-li mrudi 

sur.36,a). Tu fesvi dadebiTia e.i. 1 α+=p , maSin gardama-

vali procesi iqneba ganSladi xasiaTis (ix. me-2 mrudi 

39,a nax-ze). 

 

                      sur.39 

   Tu, fesvebi kompleqsuria e.i. βα jp ±−=21 , , maSin 

maTi Sesabamisi gardamavali funqcia iqneba Semdegi 

saxis 

      (95)                  
)sin(

)( 21
)(

2
)(

1

ϕβα

ββαβαβα

+⋅=

=+=+
−

−−−−+−

tAe

ececeecec
t

tjtjttjtj

sadac A da ϕ  -aris axali integrebis mudmivebi. am Se-

mTxvevaSi miiReba milevadi rxeviTi procesi, rxevis β  

sixSiriTa da  milevadobis α  koeficientiT (sur.39,b). 
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   Tu fesvebi βα jp ±=21 ,  , maSin miviRebT gardamaval 

funqcias ganSladi procesiT.  

  Tu fesvebi wminda warmosaxviTia  βjp ±=21 ,  , maSin 

gardamavali procesi iqneba avtorxeviTi xasiaTis, rom-

lis funqciaa: 

                          (96)              )sin(21 ϕβββ +=+ − tAecec tjtj

  Aamrigad, avtomaturi marTvis sistemis muSaoba iqneba 

mdgradi (gardamavali procesi iqneba milevadi), Tu maxa-

siaTebel gantolebas fesvebi eqneba uaryofiTi namdvili 

an kompleqsuri uaryofiTi namdvili nawiliT. Tu fesv-

Tagan Tundac erTi gamoereva dadebiTi namdvili nawi-

liT, maSin sistema mTlianobaSi mainc iqneba aramdgradi. 

F maxasiaTebeli gantolebis fesvebs, rogorc wesi, war-

moadgenen fesvTa kompleqsur sibrtyeze (sur.40). 

 

          

                        sur.40 
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  Catarebuli analizis Tanaxmad, sistemis mdgradi mu-

Saobis aucilebeli da sakmarisi pirobaa is, rom siste-

mis maxasiaTebeli gantolebis yvela fesvi unda ganlage-

bul iyos fesvTa marcxena naxevarsibrtyeSi. am sibrtyis 

ordinatTa RerZi warmoadgens mdgradi muSaobis sazRva-

rs. Tu erT-erTi fesvi nulovania, maSin sistemas uwode-

ben neitralurad mdgrads, xolo Tu fesvebi wminda war-

mosaxviTia (isini Tavsdebian ordinatTa RerZze), maSin 

sistema imyofeba mdgradobis e.w. rxeviT zRvarze. 

 

$5.2. liapunovis Teoremebi gawrfivebuli    

sistemebisaTvis 

 

   vinaidan praqtikaSi wminda saxis wrfivi sistema ar 

arsebobs, aramed SesaZlebelia zogierTi sistemis wr-

fivi saxiT ganxilva, amitom ams-is gawrfivebis safuZv-

lianobas adasturebs qvemoT damtkicebis gareSe moyva-

nili liapunovis Semdegi Teoremebi: 

   Teorema 1. Tu gawrfivebuli ams-is yvela fesvi uar-

yofiTia da  namdvili, maSin realuri ams-i mdgradia da 

mcire arawrfiv mdgenelebs (romlebic ugulebelyofi-

lia gawrfivebis procesSi) ar SeuZliaT daarRvion sis-

temis mdgradi muSaoba. 

   Teorema 2. Tu gawrfivebul sistemas gaaCnia Tundac 

erTi fesvi dadebiTi namdvili nawiliT, maSin realuri 

sistema iqneba aramdgradi da mcire arawrfiv mdgene-
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lebs, romlebic ugulebelyofili gvqonda gawrfivebi-

sas, ar SeswevT unari daabrunon sistema mdgradobaSi. 

   Teorema 3. Tu gawrfivebuli sistemis maxasiaTebeli 

gantolebis fesvebs Soris iarsebebs Tundac erTi nu-

lovani, anda wminda warmosaxviTi fesvebi, maSin realu-

ri sistemis mdgradobis sakiTxi gaurkvevelia. aseT Sem-

TxvevaSi gawrfivebis procesSi ugulebelyofilma wevre-

bma SesaZloa sistema gadaiyvanos mdgrad an aramdgrad 

mdgomareobaSi. 

  

$5.3. wrfiv sistemaTa mdgradobis aucilebeli 

Ppirobebi 

 

   rogorc avRniSneT, avtomaturi marTvis sistemis mdg-

radobis dasadgenad aucilebeli ar aris maxasiaTebeli 

gantolebis fesvebis gansazRvra.  

   maTematikosebma daamuSaves meTodebi -e.w. mdgradobis 

kriteriumebi, romlebic saSualebas iZlevian maxasiaTe-

beli gantolebis amoxsnis gareSe davadginoT sistemis 

dinamikuri mdgradoba. 

   sanam ganvixilavdeT mdgradobis kriteriumebs, davad-

ginoT mdgradobis aucilebeli (da arasakmarisi) piroba. 

   davuSvaT, rom maxasiaTebeli gantolebis fesvebi nam-

dvili da uaryofiTia, maSin maxasiaTebeli gantoleba 

asec SeiZleba CavweroT: 

     0))...()(( 210 =+++ napapapa                (97)                
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   advili misaxvedria, rom miRebul gamosaxulebaSi fr-

Cxilebis gaxsnis Semdeg Pp-s yvela rigis koeficienti 

iqneba dadebiTi. Aaqedan davaskvniT, rom mdgradobis au-

cilebeli pirobaa maxasiaTebeli gantolebis yvela wev-

ris koeficientebis erTnairniSnianoba. Tu aRniSnuli 

piroba ar sruldeba, sistema aucileblad iqneba aramdg-

radi, xolo Tu piroba sruldeba, SesaZloa sistema iyos 

mdgradi an aramdgradi. 

   aRsaniSnavia, rom mdgradobis aucilebeli piroba I da 

II rigis maxasiaTebeli gantolebis mqone sistemebisaTvis 

mdgradobis sakmarisobis pirobasac warmoadgens. 

 

 $5.4. mdgradobis raus-hurvicis kriteriumi 

 

   mdgradobis raus-hurvicis kriteriumi iTvleba al-

gebraul kriteriumad,ramdenadac igi emyareba Sekruli 

sistemis maxasiaTebeli gantolebis koeficientebiT da 

specialuri wesiT Sedgenili determinantis amoxsnas. 

raus-hurvicis determinantis Sedgenis wesi mdgomareobs 

SemdegSi: determinantis diagonalze ganalageben maxasi-

aTebeli gantolebis koeficientebs, dawyebuls meore 

wevris koeficientiT. calkeuli svetebis Sevseba ki dia-

gonalis qvemodan xdeba klebad indeqsiani wevrebis koe-

ficientebiT, xolo zemodan zrdad indeqsiani wevrebis 

koeficientebiT. iq, sadac determinantSi wevrebi ar gva-

qvs, CavwerT nulebs. sistemis mdgradobisaTvis ki sakma-

risia aRniSnuli determinantis amonaxsni iyos dadebiTi. 
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   mag., ganvixiloT me-4 rigis maxasiaTebeli gantoleba 

                 (98) 043
2

2
3

1
4

0 =++++ apapapapa

   (104)-is Sesabamisi determinanti Caiwereba Semdegnai-

rad:     

 

              

420

31

420

31

4

0
00
0
00

aaa
aa
aaa

aa

=Δ  .                 (99) 

  dadgenilia, rom n-uri rigis maxasiaTebeli gantole-

bis mqone sistemis mdgradobisaTvis sakmarisia amovxsnaT  

n-1 rigis determinanti da Sesruldes piroba 01 >Δ −n  

  raus-Hhurvicis kriteriumiT sistemis mdgradobis rxe-

viT zRvarze arsebobis piroba Caiwereba Semdegnairad: 

                        01 =Δ −n                      (100) 

   (100)-e saSualebas iZleva ganvsazRvroT sistemis kri-

tikuli gaZlierebis koeficienti da mis safuZvelze Se-

fasdes regulatoris optimaluri gaZlierebis koefici-

entis mniSvneloba. Sesabamisad uzrunvelyofil iqneba 

sistemis dinamikuri maxasiaTeblebi praqtikisaTvis misa-

Rebi regulirebis xarisxis maCveneblebiT. 
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$5.5. mdgradobis naikvistis kriteriumi. mdgradobis ana- 

lizi logariTmul-sixSiruli maxasiaTeblebis  

mixedviT 

     

    naikvistis kriteriumic miekuTvneba sixSirul kriteri- 

umTa ricxvs da eyrdnoba gaxsnili sistemis amplitudur 

-fazur sixSiruli maxasiaTeblis Tvisebas. 

    davuSvaT, rom ukukavSiriani sistemis gaxsnili kontu-

ris sixSirul gadamcem funqcias aqvs Semdegi saxe: 

        .)()()(
)(
)()( )(ωϕωωω

ω
ωω jeAjVU

jQ
jRjW =+==     (101) 

    ganvsazRvroT pirobebi, romlebsac unda akmayofileb-

des sistemis gaxsnili konturis Sesabamisi amplitudur 

–fazur sixSiruli maxasiaTebeli imisaTvis, rom Sekru-

li sistema iyos mdgradi. 

    ganvixiloT SemTxveva, roca gaxsnili sistema mdgra-

dia, e.i. )( ωjQ   polinomis yvela fesvi moTavsebulia 

fesvTa sibrtyis marcxena naxevarsibrtyeSi. M41-e suraT-

ze naCvenebia gaxsnili sistemis amplitudur-fazur six-

Siruli maxasiaTebeli. 

               sur. 41 
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   ganxilvaSi SemovitanoT Semdegi damxmare gadamcemi 

funqcia 

    
)(
)(

)(
)()()(1)(

ω
ω

ω
ωωωωψ

jQ
jD

jQ
jRjQjWj =

+
=+=  ,     (102)    

sadac )( ωjD   -aris Sekruli sistemis maxasiaTebeli po-

linomi. 

   (102)-is Sesabamisi sixSiruli maxasiaTebeli agebulia 

42-e suraTze.                        

 

                     sur.42 

 

am maxasiaTeblidan Cans, rom veqtoris rezultiuri mob-

runebis kuTxe, sixSiris  diapazonSi, nulis tolia. es 

sxvagvarad imiTac aixsneba, rom polinomebi erTnairi 

rigisaa. vinaidan mdgradi sistemis SemTxvevaSi veqtorma 

ar unda Semouaros kompleqsuri sibrtyis koordinatTa 

saTaves, aqedan vaskvniT, rom mdgradobisaTvis sakmarisia  

)( ωjW -s Sesabamisma hodografma ar Semofarglos wer-

tili koordinatebiT (-1, j 0). 
     me-43,a suraTze warmodgenilia sistemis gaxsnili kon-

turis amplitudur-fazur sixSiruli maxasiaTebeli mdg-
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radi SemTxvevisaTvis; 43,b sur-ze naCvenebia amplitudur 

-fazur sixSiruli maxasiaTebeli SemTxvevisaTvis, roca 

sistema imyofeba mdgradobis rxeviT zRvarze.                

 

                            sur.43 

 

    ukukavSiriani sistemebisaTvis mdgradobis dadgena uf-

ro moxerxebulia sistemis gaxsnili konturis logariT-

mul-amplituduri da fazur-sixSiruli maxasiaTeblebiT. 

am SemTxvevaSi imisaTvis, rom davadginoT ukukavSiriani 

sistemis mdgradi muSaobis pirobebi, winaswar 44-e sura-

Tze mocemuli hodografiT ganvsazRvroT amplitudur-

fazur sixSiruli maxasiaTeblis zogierTi Tavisebure-

ba. SemovavloT sibrtyeze erTeulovani radiusis mqone 

wrewiri, romlis centri iqneba koordinatTa saTaveSi. 

maxasiaTeblis yvela im wertilisTvis, romlebic ganla-
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gebulia wrewris gareT, veqtoris moduli 1)( >ωjW ,            

 

                      sur.44 

 

  e.i. 0)( >ωL . maxasiaTeblis is wertilebi, ki romlebic 

wris SigniT mdebareoben, Seesabamebian pirobas 

1)( <ωjW  , e.i. 0)( <ωL  .  

     hodografis wrewirTan kveTis wertilSi 1)( =ωjW , 

e.i. 0)( =ωL . aRniSnuli kveTis wertilis Sesabamis six-

Sires kveTis sixSires uwodeben. 

     45-e suraTze moyvanilia (43-e suraTze mixedviT) mdg-

radi, aramdgradi da mdgradobis zRvarze yofnis SemT-

xvevebis Sesabamisi logariTmul-amplituduri da fazur-

sixSiruli maxasiaTeblebi. 
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                           sur.45 

     

    Aavtomaturi marTvis sistemis eqsploataciis pirobe-

bSi SeiZleba adgili hqondes sistemis zogierTi elemen-

tis  an k T  parametris mniSvnelobis Secvlas, amitom 

mdgradobis SesanarCuneblad saWiroa sistemas gaaCndes 

garkveuli maragi (mdgradobis sazRvridan daSoreba), 

romelic aRniSnuli parametrebis cvlilebis SemTxveva-

Si uzrunveluyofs sistemis mdgrad muSaobas. kargad 

momuSave sistemebisaTvis maragi ampli-tudis mixedviT 

unda Seadgendes =ΔL

)500÷

10-15 db-s, xolo maragi fazis mixe-

dviT  Δ .   300ϕ (=
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VI Tavi. regulirebis xarisxis gaumjobeseba 

makoreqtirebeli mowyobilobebiT 

 

       $6.1. regulirebis xarisxis ZiriTadi maCveneblebi 

 

   Eavtomaturi marTvis sistemebis regulatorebs davale-

bis signali, rogorc wesi, miewodebaT garedan winaswar 

SerCeuli sididis Zabvis saxiT. SeSfoTebis zemoqmedeba-

Ta signalebi ki iwveven sistemis sareguliro cvladis 

sasurveli sidididan gadaxras. 

    Ddinamikuri reJimebis kvlevisas sistemaze rogorc ma-

rTvis, ise SeSfoTebis zemoqmedebis signalad umTavre-

sad iyeneben naxtomisebri formis erTeulovan signals 

(sur.46). 

                         

                             sur.46 

 

     sistemis Sesavalze aseTi signalis miwodebis Sede-

gad akvirdebian sistemis reaqcias_sareguliro cvladis 

gardamaval process. 47-e suraTze warmodgenilia sis-

temis sareguliro cvladis gardamavali procesis mrudi 

(ganzogadebis mizniT procesi pirobiTad rxeviTi xasi-
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aTisaa), romelic gamowveulia Sesavalze miwodebuli 

nax-tomisebri signaliT. am mrudis mixedviT akeTeben sis-

temis dinamikaSi muSaobis xarisxobriv Sefasebas.            

 

                       sur.47 

 

    praqtikaSi iyeneben regulirebis xarisxis Sefasebis 

Semdeg ZiriTad maCveneblebs: mdgradobis marags, gar-

damavali procesis xangZlivobas, gadametregulirebas, 

swrafqmedebas da rxevaTa ricxvs. mdgradobis maragze 

saubari ukve gvqonda, amitom masze aq ar vimsjelebT. 

Tumc, masTan dakavSirebiT aRsaniSnavia erTi Tviseba, 

rom regulatoris gaZlierebis koeficientis SerCevisas 

ar unda dagvaviwydes, rom misi gazrda (aumjobesebs 

sizustes) erTdroulad sawinaaRmdego gavlenas axdens 

sistemis mdgradobis maragze. 

    ganvixiloT exla regulirebis xarisxis sxva maCveneb-

lebis gansazRvris wesebi: 
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    a) gadametregulireba aris sareguliro cvladis dam-

yarebuli sididisagan maqsimaluri fardobiTi gadaxra 

gardamaval procesSi. 

   47-e suraTis mixedviT gadametregulireba  

                   %100
damy

damymaqs

x
xx −

=σ                  (103) 

praqtikaSi dasaSvebia  σ  < 20%. 

   b) swrafqmedeba ( ) droa, rodesac sareguliro cv-

ladi gardamaval procesSi pirvelad aRwevs damyarebul 

mniSvnelobas (sur.47). 

swrt

   g) gardamavali procesis xangrZlivoba ( ) droa, rom-

lis ganmavlobaSic sareguliro cvladi SeaRwevs damya-

rebuli sididis 5%-ian zonaSi (sur.47), ris Semdegac 

procesi aRniSnuli zonidan gareT ar gamodis. 

gt

   d) gardamavali procesis rxevaTa ricxvi. rxevaTa 

ricxvi ar unda aRematebodes: 1; 2-s.  

    sistemaze harmoniuli signaliT zemoqmedebisas regu-

lirebis xarisxis Sefaseba SesaZlebelia e.w. rxevis  maC-

veneblis mixedviT (sur.48).                                            

sur.48 
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is ganisazRvreba sistemis Sekruli konturis amplitu-

dur-sixSiruli maxasiaTeblis maqsimaluri mniSvnelo-

biT. sistemebisaTvis, romlebic muSaoben damakmayofile-

beli dinamikuri maCveneblebiT,  M=1,1 - dan 1,2-mde . 

 

$6.2^mimdevrobiTi makoreqtirebeli mowyobilobebi 

 

   Kkoreqciis fizikuri arsi mdgomareobs imaSi, rom sis-

temis dinamikuri Tvisebebi (xarisxis ZiriTadi maCveneb-

lebi) unda SevcvaloT specialuri damatebiTi mowyobi-

lobis CarTviT ise, rom miviRoT sasurveli gardamavali 

procesi. am mizniT qvemoT ganvixilavT sami saxis mako-

reqtirebel mowyobilobas kerZod, madiferencirebels, 

maintegrebels da madiferencirebel- maintegrebels. 

   Ppasiuri oTxpolusis bazaze Sedgenili madiferencire-

beli (sur.49,a) makoreqtirebeli mowyobilobis CarTviT 

sistemis pirdapir arxSi SeiZleba mivaRwioT rxevebis 

Semcirebas gardamaval procesSi.es niSnavs lam-ze kveTis 

sixSiris gazrdas fazuri maragis Semcirebis gareSe.           

 

                             sur.49 
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    madiferencirebeli rgolis gadamcemi funqciaa: 

                 
1

)1()(
2

1

+
+

=
pT
pTKpW ,                    (104)             

  sadac     ;
21

2

RR
RK
+

=   111 cRT = ;   .12 KTT =   

    49,b suraTze naCvenebia ganxiluli rgolis lam-i da 

fazur sixSiruli maxasiaTeblebi, romelzedac Cans, rom 

am tipis koreqcia xasiaTdeba winswrebuli faziT, ro-

melic maqsimums aRwevs sixSireze: 

                211 TT ⋅=ω                    (105) 

     aRsaniSnavia isic, rom madiferencirebeli koreqciis 

CarTva pirdapir arxSi iwvevs sistemis saerTo gaZ-

lierebis koeficientis Semcirebas, da Tu movaxdenT am 

Semcirebis kompensacias damatebiTi maZliereblis Car-

TviT, maSin SesaZlebelia gavzardoT sistemis kveTis 

sixSire, Ee.i. gavzardoT misi dinamikuri swrafqmedeba. 

    50-e nax-ze warmodgenilia gaukoreqtirebeli sistemis 

lam-i ( ) da fm (ukL ukϕ ). iqvea naCvenebi madiferencirebe-

li koreqciis lam-i (  ), romlis parametrebis swori 

SerCeviT advilad aris miRweuli sistemis kveTis sixSi-

ris gazrda. –warmoadgens gakoreqtirebuli siste-

mis lam-s (Semdgomi gaZlierebis gareSe). damatebiTi gaZ-

lierebis Sedegad miRebuli sabolood gakoreqtire-

buli sistemis logariTmul-amplituduri ( ) da fa- 

kL

gkL′

gkL
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                               sur.50 

zur (

 

gkϕ ) sixSiruli maxasiaTeblebi mocemulia imave 50-

  grebeli makoreqtirebeli mowyobilobis-oTxpo-

     

e nax-ze. Cans, rom sistemis fazuri maragi SenarCune-

bulia. 

  mainte

lusis (nax.51,a) pirdapir arxSi CarTviT saSualeba 

 

                       sur.51 
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 gveZleva gavzardoT sistemis saerTo gaZlierebis koefi-

  n-

                

cienti, rac Tavis mxriv saSualebas iZleva gavzardoT 

sistemis astatizmis rigi (dabali sixSireebis zonaSi) 

mdgradobis maragisa da kveTis sixSiris SenarCunebiT. 

  maintegrebeli makoreqtirebeli rgolis gadamcem fu

qcias aqvs saxe: 

1
1)(

2

1

+
+

=
pT
pTpW  ,                         (106)             

  sadac  ;   221 cRT =  .)( 2212 cRRT += s 

rebeli qciis Taviseburebaa is, rom igi iZ-

       

    mainteg kore

leva fazur CamorCenas, romelic maqsimums aRwevs six-

Sireze: 

           211 TT ⋅=ω                         (107) 

agebulia mai i     51,b suraTze ntegrebeli koreqciis lam-

( kL ) da fm  ( kϕ ) maxasiaTeblebi.  

 2-e suraTze ki naCvenebia Tanm   5 imdevroba, Tu rogor 

 

warmoebs sistemis dinamikuri maCveneblebis gaumjobeseba 

aRniSnuli makoreqtirebeli mowyobilobiT da misi lo-

gariTmuli maxasiaTeblebis gamoyenebiT. 
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                           sur.52 

 madiferencirebel-maintegrebeli makoreqtirebeli mow-

 

 M

yobilobis_oTxpolusas (sur. 53,a) sistemis pirdapir ar-

xSi CarTviT SesaZlebelia erTdroulad miRweul iqnas 

rogorc sistemis dinamikuri swrafqmedebis, aseve sta-

tikuri sizustis gazrda. 

 

                          sur.53 
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    madiferencirebel-maintegrebeli rgolis gadamcemi 

               

funqcia Semdegnairad gamoisaxeba: 

)1)(1(
)1)(1( 21 ++ pTpT)(

43 ++
=

pTpT
pW   ,            (108)                

 sadac:  ;   111 cRT =  222 cRT = ; 

        21
22121

4,3 )
2

(
2

TTaTTaTTT −
+

±
+

= ; 
2

21

R
RRa +

=  

reqciis lo

.    

50,b suraTze naCvenebia gansaxilveli ko ga-

riTmul-amplituduri ( kL  ) da fazuri ( kϕ )-sixSiruli 

maxasiaTeblebi. maTi agebisas gaTvaliswin ulia piro-

bebi: 21 TT >>  da 43 TT >> . 

eb

   

                    sur.54 

  54-e suraTze mocemulia Tanmimdevroba Tu, rogor war-

 

  

moebs sistemis dinamikuri maCveneblebis gaumjobeseba 

aRniSnuli madiferencirebel-maintegrebeli makoreqtire-
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beli mowyobilobiT da misi logariTmul-sixSiruli ma-

xasiaTeblebis gamoyenebiT. 

 

$6.3. koreqciebi ukukavSiris daxmarebiT 

   ams-is regulirebis proce  gaumjobeseba SeiZleba 

q-

 

sis

aramarto mimdevrobiTi koreqciis gamoyenebiT, aramed 

paraleluri -damatebiT ukukavSirebSi CarTuli makore

tirebeli mowyobilobebiT. ukukavSirebi SeiZleba Sesru-

ldes dadebiTi an uaryofiTi moqmedebis. Ggarda amisa, 

ganasxvaveben xist da rbil ukukavSirebs. xist ukukavSi-

rs uwodeben iseTs, romelic moqmedebs rogorc damyare-

bul, ise gardamaval reJimSi, xolo rbili ukukavSiri 

moqmedebs mxolod gardamaval reJimSi.    

 

                          sur.55 

 55,a suraTze naCvenebia, rom uinercio rgolis dade-

-

 

  

biTi ukukavSiriT Semofargvla saSualebas iZleva gav-

zardoT rgolis saerTo gaZlierebis koeficienti, marT

lac:  
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α1

1

1 k
kk
−

= .                    (109) 

   55,b suraTze naCvenebia, rom astatikuri rgolis uar-

yofiTi xisti ukukavSiriT Semofargvla iwvevs statiku-

ri xasiaTis rgolad gardaqmnas. marTlac, sqemis mixed-

viT saerTo gadamcemi funqcia toli iqneba: 

              
211

1

)1(
)(

kkpTp
kpW

++
=               (110) 

   Tu astatikur rgols SemovfarglavT rbili ukukavSi-

riT, maSin advili saCvenebelia, rom aRniSnuli rgoli 

ar dakargavs astatizmis Tvisebas. 

   xisti uaryofiTi ukukavSiris damatebiT SeiZleba mi-

vaRwioT dinamikuri rgolis drois mudmivas Semcirebas. 

marTlac, 55, g suraTze mocemuli sqemis Sesabamisi sa-

boloo gadamcemi funqcia toli iqneba: 

                     
)1(

)(
+

=
Tp

kpW  ,               (111) 

sadac  
1

1

1 k
kk
+

= ;  
1

1

1 k
TT
+

= anu  1TT < . 

   advili saCvenebelia agreTve isic, rom dadebiTi uku-

kavSiri zrdis rgolis drois mudmivas da gaZlierebis 

koeficients. 

   qvemoT 56-e suraTze naCvenebia sqema, romliTac SeiZ-

leba gavzardoT rxeviTi rgolis dempferirebis koefi-

cienti. 
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                           sur.56 

 

marTlac, sur.56-is mixedviT saboloo gadamcem funqcias 

eqneba saxe:: 

                
12

)(
0

'22
0

0

++
=

pTpT
k

pW
ξ

,      (112) 

sadac   
02T

kτξξ +=′ , e.i. ξ < . 'ξ

 

$6.4. mimdevrobiTi da paraleluri koreqciebis 

 Sedareba 

 

   Cven ganvixileT makoreqtirebeli rgolebi, romlebic 

daniSnulebisamebr SeiZleba CarTul iqnas sistemis ro-

gorc pirdapir arxSi, aseve damatebiT ukukavSirebSi.  

   mimdevrobiTi koreqciis erT-erT ZiriTad upirateso-

bad (paralelurTan SedarebiT) iTvleba TviT koreqciis 

sqemisa da parametrebis SerCevis simartive. marTlac, 

   

 

 91 
 



       

                            sur.57 

 

sur.57-is Tanaxmad vwerT, rom gaxsnili sistemis gadam-

cemi funqcia 

             )()()( pWpWpW obkgax ⋅=          (113) 

   Aanu       )()()( ωωω obkgax LLL += ,        (114) 

saidanac 

               )()()( ωωω obgaxk LLL += .        (115) 

   miRebul gamosaxulebaSi )(ωgaxL -maxasiaTebels, ro-

gorc wesi, ageben winaswar dasmuli teqnikuri moTxov-

nebis (davalebis) mixedviT, marTvis TeoriaSi cnobili 

e.w. sasurveli lam-is agebis wesisamebr (ix. Semdeg para-

grafSi).  

   paraleluri koreqciis (ukukavSirSi CasarTavi mako-

reqtirebeli) rgolis SerCeva warmoebs ase (sur.58): 
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   sur.58 

 

   saSualo sixSireTa diapazonSi (anu kveTis sixSiris 

zonaSi) unda dacul iqnas piroba 

             ,1)()(1 >>⋅ ωω jWjW k                  (116) 

rac niSnavs, rom )()(1 ωω jWjW k⋅ gamosaxulebis Sesaba-

misma lam-i unda ganTavsdes abscisaTa RerZis maRla. 

   am pirobis uzrunvelyofa saSualebas iZleva sqemis 

saerTo gamosaxuleba gavamartivoT 

             
)(
)(

)()(1
)()()( 2

1

21

pW
pW

pWpW
pWpWpW

kk

≈
⋅+

⋅
= .   (117) 

   miRebuli daSvebiT ,1)()(1 >>⋅ ωω jWjW k  gamovricxeT 

sistemis muSaobaze  rgolis parametrebis gavlena. 1W
   miuxedavad mimdevrobiTi koreqciis angariSis simarti-

visa, praqtikaSi ufro moxerxebulia da xSirad iyeneben 

paralelur kavSirebSi (ufro zustad, ukukavSirebSi) 

CarTul makoreqtirebel rgolebs. 
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$6.5. sasurveli logariTmul-amplituduri  

maxasiaTeblis ageba 

 

   A avtomaturi marTvis sistemis daproeqtebisas misi 

ZiriTadi elementebi SeirCeva teqnikuri davalebis uz-

runvelyofis Sesabamisad. xSir SemTxvevaSi sistemis 

dinamikuri maCveneblebis mimarT moTxovnebi Zalzed 

eqstremaluria. Tu maTi miReba mxolod sawyisi sqemis 

farglebSi SeuZlebelia, maSin saWiroa sqemis ZiriTad 

(ucvlel) nawils daematos specialuri makoreqtirebeli 

rgolebi (mowyobilobebi), romlebic CairTveba damatebiT 

ukukavSirebSi an sistemis pirdapir arxSi.  

   makoreqtirebeli mowyobilobis eleqtruli sqemis da 

optimaluri parametrebis SerCevis amocana marTvis Teo-

riaSi cnobilia rogorc koreqciis sinTezis amocana. 

mocemuli marTvis sistemisaTvis sinTezis amocanis 

gadasawyvetad winaswar, rogorc wesi, iZlevian reguli-

rebis xarisxis ZiriTadi maCveneblebis ( ,σ sda ) mniSv-

nelobebs. sinTezis amocanis gadawyveta ufro moxerxe-

bulia logariTmul-sixSiruli maxasiaTeblebis gamoye-

nebiT. 

gt

    zemoT vnaxeT, rom rogorc mimdevrobiTi, ise parale-

luri koreqciis sinTezirebisaTvis aucilebelia gvqon-

des sistemis e.w. sasurveli lam-i. misi ageba warmoebs 

swored winaswar mocemuli xarisxis maCveneblebis mixed-

viT.  
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    sasurveli lam-is agebas dayofen oTx etapad: 1. ageba 

dabali sixSireebis ubanSi; 2. ageba saSualo sixSiree-

bis diapazonSi; 3. maRali sixSireebis ubanSi da 4. sa-

surveli lam-is calkeuli ubnebis SeuRleba gaukoreq-

tirebeli sistemis lam-Tan. 

    sasurveli lam-is agebisas unda davicvaT Semdegi we-

sebi: dabali sixSireebis ubanSi lam-is daxras gansaz-

Rvraven sistemisaTvis sasurveli astatizmis rigiT da 

sistemis saerTo gaZlierebis koeficientis optimaluri 

mniSvnelobiT. am ubnis lam-i aigeba formuliT 

                 ωlg20lg20 −= KL x.sas.dab.si ,       (118) 

sadacν  –aris saboloo sistemis astatizmis rigis maCve-

nebeli. 

    saSualo sixSireTa diapazonSi (kveTis sixSiris farg-

lebSi) lam-i ganisazRvreba -Ti da gt σ  -Ti. Tavdapirve-

lad -s mixedviT vipoviT kveTis sixSires gt

                      
g

kv t
πω )32( ÷

= ,                 (119) 

  da am ubnis asimptotas gavatarebT  sixSireze  20 db/dk 

daxrilobiT (1 dekadis tol manZilze), rac avtomaturad 

uzrunvelyofs sistemis saWiro fazur maragsac.  
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                              sur.59 

 

    vinaidan maRal sixSireTa diapazonis Sesabamisi lam-i 

umniSvnelo gavlenas axdens sistemis dinamikaze, amitom 

am ubnis lam-s, rogorc wesi, daamTxveven gaukoreqtire-

beli sistemis lam-Tan. erT-erTi mTavari moTxovna am 

ubanze aris is, rom maRal sixSireTa zonaSi sasurveli 

lam-i ar unda gadiodes akrZalul zonaSi (ix. sur.59), 

amasTan daculi unda iyos  piroba (Tu M ,1,1=M maSin 

 db ). 6=Δ
    sasurveli lam-is calkeuli ubnebis SeuRleba ise un-

da moxdes, rom SeuRlebis asimptotebis daxriloba, rac 

SeiZleba iyos naklebi rigis  daxris jeradobisa. SeuR-

lebis asimptotebis rigis zrdasTan erTad rTuldeba 

koreqciis sqemac da Sesabamisi gadamcemi funqciac. 
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    avagebT ra sistemis sasurvel logariTmul -amplitu-

dur maxasiaTebels da misi daxmarebiT ganvsazRvravT 

koreqciis gadamcem funqcias,SevirCevT mis parametrebs, 

sabolood unda davrwmundeT SerCeuli koreqciis siswo-

reSi. am mizniT aucilebelia avagoT ams-is gardamavali 

procesis mrudi SerCeuli makoreqtirebeli mowyobilo-

bis gaTvaliswinebiT. 
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