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mdgomareobis sivrcis meTodi cifruli moqmedebis

marTvis sistemebSi

nodar narimanaSvili, daviT narimanaSvili, vladimer wverava

saqarTvelos teqnikuri universiteti

reziume

cifruli moqmedebis marTvis sistemebis analizisaTvis gamoyenebulia mdgomareobis

sivrcis meTodi. SemoTavazebulia mdgomareobis gantolebis amoxsnis ramdenime alternatiuli

meTodi, romlebic advilad realizdeba Tanamedrove kompiuteruli programebis gamoyenebiT.

sakvanZo sityvebi: marTvis cifruli sistemebi. mdgomareobis gantolebebi. mdgomareobis

matrica. z-gardasaxva.
1. Sesavali

marTvis Tanamedrove mravalganzomilebiani sistemebis analizisa da sinTezis

amocanebSi tradiciul operatorul da sixSirul meTodebTan erTad farTod gamoiyeneba

mdgomareobis sivrcis meTodi. Tu marTvis sistema n-ganzomilebiania, maSin mdgomareobis

sivrces uwodeben n-gamzomilebiani marTkuTxa sakoordinato sistemas, romlis RerZebzec

sistemis mdgomareobis koordinatebia gadadebuli da romlis yovel wertils sistemis

sruliad garkveuli mdgomareoba Seesabameba. es meTodi saSualebas iZleva sawyisi ( )
mdgomareobisa da Semavali ( ) cvladebis saSualebiT ganisazRvros sistemis mdgomareoba

t≥t0 momentSi. am meTodis erT-erTi ZiriTadi upiratesoba sxva meTodebTan SedarebiT isaa,

rom igi moxerxebulad jdeba Tanamedrove kompiuterul programebSi, rasac xels uwyobs

mdgomareobis gantolebebis Caweris kompaqturi matriculi forma. garda amisa, meTodi

warmatebiT gamoiyeneba sakmaod farTo klasis arawrfivi da arastacionaluri marTvis

sistemebis analizSi.

uwyveti dinamikuri sistemebis kvleva droiT areSi, romelic mdgomareobis sivrcis

meTods emyareba, ukve kargadaa aprobirebuli praqtikaSi da Tanamedrove kompiuteruli

teqnologiebis gamoyenebiT efeqturad wyvets mravalganzomilebiani sistemebis marTvis iseT

problematur amocanebs, rogoricaa mdgradobis analizi, gardamavali procesis xarisxobrivi

Sefaseba, sistemis marTvadoba, dakvirvebadoba da sxva [1,2].

amavdroulad, dRidan dRemde aqtualuri xdeba marTvis mravalganzomilebiani

sistemebis kvlevis amocanebi, rac ganpirobebulia im elementaruli WeSmaritebiT, rom yvela

Tanamedrove sistema Seicavs cifrul elementebs da amitom mTlianobaSi isini miekuTvnebian

cifruli (diskretuli) moqmedebis sistemebs. mdgomareobis sivrcis meTodis gamoyeneba

cifrul sistemebSi saSualebas iZleva gadavwyvitoT aseTi sistemebis kvlevis sxvadasxva

amocana signalebis dakvantvis gansxvavebuli formebisaTvis.

2. ZiriTadi nawili

meTodis gamoyenebis sailustraciod CavweroT mdgomareobis sivrcis gantolebebi

mravalganzomilebiani wrfivi diskretuli sistemisaTvis, romelSic xdeba signalebis

dakvantva mudmivi taqtiT misi Semdgomi fiqsaciiT. maSin Ria sistemis gamartivebuli sqema

miiRebs Semdeg saxes:
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nax.1

sadac x1(t), x2(t),...xn(t) – sistemis mdgomareobis koordinatebia, y1(t), y2(t),...ym(t) – sistemis

gamosasvleli sidideebi, u1(t), u2(t),...uk(t) – sistemis uwyveti Semavali zemoqmedebebi, uk
* -

mudmivi bijiT dakvantvis Sedegia, xolo gi(t) ganisazRvreba Semdegi gantolebebiT:gi(t)=gi(KT)=ui(KT), KT≤t<(K+1)T= 1,2,3, … ; = 0,1,2, … ; (1)

T dakvantvis bijia da simartivisaTvis SeiZleba miviRoT T=1. maSin rogorc cnobilia

diskretuli sistemis veqtoruli sxvaobiTi gantoleba Caiwereba Semdegi saxiT [3, 4]:

X(K+1) = AX(K) + BG(K) (2)
sadac A sistemis matricaa da misi ganzomileba (nxn), xolo B marTvis gadacemis

matricaa ganzomilebi (nxm).
sistemis gamosasvleli analogiurad SeiZleba Semdegi veqtoruli gantolebiT

warmovadginoT:

Y(K) = CTX(K) + DG(K) (3)
sadac C da D ricxviTi matricebia.

sistemis wrfivi uwyveti nawilis veqtoruli gantolebebi Semdegi saxisaa [1;2]:= ( ) + ( )( ) = ( ) + ( ) (4)

am sistemis pirveli gantolebis amonaxsni X(0) sawyisi pirobebisaTvis Semdegnairad

Caiwereba [1;2;3]: ( ) = Φ(t)X(0) + ∫ Φ( − ) ( ) ( ) (5)

sadac (t) sistemis gardamavali matrica ganisazRvreba formuliT:Φ( ) = = ∑ ( )! (6)

(5) amonaxsnis analogiurad cifruli sistemis mdgomareobis (2) gantolebis

amonaxsni (1)-is gaTvaliswinebiT SeiZleba Semdegnairad CavweroT:( + 1) = Φ( ) ( ) + ( ) ∫ Φ( + 1, ) ( ) (7)

am gantolebaSi (K) sistemis gardamavali matricis mniSvnelobaa diskretizaciis K
momentSi, rodesac A da B ricxviTi matricebia.

(2)-e veqtoruli sxvaobiTi gantolebis amoxnis alternatiuli gzaa Semdegi

rekurentuli damokidebulebebis gamoyeneba:
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(1) = (0) + (0)(2) = (1) + (1) = (0) + (0) + (1)… … …( ) = ( − 1) + ( − 1) = (0) + ∑ ( − ) (8)

sistemis gamosasvleli y(k) signalebi ganisazRvreba (3)-e gantolebaSi k-s
Tanmimdevruli CasmiT.

cnobilia, rom cifruli sistemis aRweris erT-erTi gavrcelebuli forma Z-
gardasaxvas emyareba. amitom SesaZlebelia G(K) veqtori mocemuli iyos Z-formiTac. aseT
SemTxvevaSi mdgomareobis (2) gantolebis amosaxsnelad SeiZleba visargebloT Z-gardasaxvis
meTodiT. amisaTvis mdgomareobis veqtori CavweroT Z-marcxena Zvris formaSi:

ZX(K+1) = Z[X(Z)-X(0)] (9)
maSin cifruli sistemis mdgomareobis gantoleba Z-formaSi miiRebs saxes:

X(Z) = (ZI-A)-1ZX(0) + [ZI-A]-1Bg(Z) (10)
xolo gamosasvleli veqtorisaTvis gveqneba:

Y(Z) = CT(ZI-A)-1ZX(0) + (CT[ZI-A]-1B+D)g(Z) (11)
(7)-e da (10)-e gamosaxulebebis SedarebiT miviRebT:

A(K)=Z-1[ZI-A]-1Z (12)
(10)-(12) gamosaxulebebSi I – erTeulovani matricaa, xolo Z-1 aris Z-ukugardasaxvis
simbolo.

nulovani sawyisi pirobebisaTvis, roca X(0)=0, cifruli sistemis gadacemis funqcia

Z-formaSi Semdegnairad Caiwereba:

W(Z) = ( )( ) = CT(ZI-A)-1B+D (13)

xolo sistemis maxasiaTebeli gantoleba miiRebs saxes:

det[ZI-A] = 0 (14)
amrigad Z-pirdapiri da ukugardasaxvebis gamoyenebiTac SesaZlebelia cifruli

sistemis mdgomareobis gantolebis amoxsna, rac aseTi sistemebis kvlevis erT-erTi ZiriTadi

amocanaa.

am meTodis sailustraciod ganvixiloT magaliTi, rodesac wrfivi sistemis uwyveti

nawilis dinamika mocemulia Semdegi gantolebebiT:= 0 1−2 −3 ( )( ) + 01 ( )( ) = ( ) (14)

laplasis operatorul formaSi gveqneba:[ − ] = 00 − 0 1−2 −3 = −12 − 3 = + 3 1−2 (15)

saidanac ukugardasaxviT vRebulobT:Φ( ) = [( − ) ] = 2 − −−2 + 2 − + 2 (16)

maSin (7)-e gamosaxulebis marjvena mxareSi integralis mniSvneloba dakvantvis T
periodsaTvis Semdegnairad Caiwereba:∫ Φ( − ) = ∫ ( ) − ( )− ( ) + 2 ( ) = 0,5 − + 0,5− (17)
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Tu (17)-e mniSvnelobas SevitanT mdgomareobis (7)-e gantolebaSi, miviRebT:[( + 1)[( + 1) = 2 − −−2 + 2 − + 2 ( )( ) ++ 0,5 − + 0,5− ( ) (18)

T=1 mniSvnelobisaTvis (18) gantoleba miiRebs gamartivebul saxes:[( + 1)[( + 1) = 0,6 0,23−0,47 −0,1 ( )( ) + 0,20,3 ( ) (19)

rogorc ukve aRvniSneT, aseTi meTodebi warmatebiT realizdeba Tanamedrove

kompiuteruli programebis gamoyenebiT. erT-erTi aseTia programuli paketi MATLAB-i
Simulink instrumentiT.

3. daskvna

cifruli moqmedebis sistemebis Seswavlis mizniT mizanSewonilia gamoviyenoT

mdgomareobis sivrcis meTodi. arsebobs mdgomareobis gantolebebis amoxsnis ramdenime

alternatiuli meTodi, romlebic warmatebiT realizdeba Tanamedrove programuli paketebis

gamoyenebiT.
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METHOD OF STATE SPACE IN THE DIGITAL CONTROL SYSTEM
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Summary

Method of state space is used for the analysis of digital control systems. In the represented paper
there are recommended methods to solve the equation of state of digital systems. These methods are easily
realized by means of modern computer software.

МЕТОД ПРОСТРАНСТВА СОСТОЯНИЯ В ЦИФРОВЫХ
СИСТЕМАХ УПРАВЛЕНИЯ

Нариманашвили Н., Нариманашвили Д., Цверава В.
Грузинский Технический Университет

Резюме
С целью анализа цифровых систем управления применен метод пространства состояния.

Рекомендованы методы решения уравнения состояния цифровых систем, которые хорошо
реализуются с применением современных компьютерных программ.


