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TamaSebis Teoriis gamoyeneba mikroprocesoruli

marTvis reJimebis regulirebis dros

konstantine kamkamiZe, Tamar gabaSvili, Nnatalia gabaSvili

saqarTvelos teqnikuri universiteti

reziume

ganxilulia TamaSebis Teoriis gamoyenebiT avtomaturi marTvis sistemis ori

algoriTmi. pirvel algoriTmSi variantebi aris danomrili. iZebneba pirveli mxaris
optimaluri strategia. asaxulia avtomaturi marTvis sistemis muSaoba Sablonuri

amonaxsnebis mimdevrobiT. naCvenebia, rom am dros aucilebelia TamaSebis sistemebi iyos

sakmaod moqnili da rom aq optimaluri amonaxseni SeiZleba iyos miRebuli dinamiuri
programirebis saSualebiT. aRwerilia TamaSebis sistemis amonaxsnis avtomaturi Ziebis

funqcionaluri sqema, naCvenebia procesis dinamikis umniSvnelovanesi maCveneblebi.

aRniSnulia, rom sistemis amonaxsnis avtomaturi Ziebis gamoyenebas aqvs farTo
perspeqtiva da agreTve aRwerilia Ziebis SesaZlo ekonomikuri meTodebi.

sakvanZo sityvebi: algoriTmi. avtomaturi marTva. optimaluri amonaxsni. dinamiuri

programireba. Sablonuri amonaxsni.

1. Sesavali

TamaSebis Aavtomaturi marTvis sistemebis Tvisobriv gansakuTrebulobas

warmoadgens SesaZlo arCevanisa da amonaxsenis Sedarebisas marTvis brZanebebis formireba.
Sedarebis kriteriums warmoadgens mogebis funqcia anu misi maTematikuri molodini.

TamaSebis avtomaturi marTvis sistemebis ZiriTad algoriTms warmoadgens mogebis

funqciis yvela SesaZlo mniSvnelobebis gadarCeva.  arsebobs TamaSebis avtomaturi
marTvis sistemebis sxvadasxva  algoriTmi. statiaSi ganxilulia ori erTmaneTisagan

principialurad gansxvavebuli algoriTmi.

2. ZiriTadi nawili

Gganxiluli algoriTmebidan PerTs ewodeba   Sablonuri amonaxsnebis sistema. Aam
tipis sistemebs aseve SegviZlia vuwodoT amomwuravi algoriTmis sistemebi.  Eam tipis

algoriTmi Zalian martivia. is mdgomareobs SemdegSi: I mxaris yvela SesaZlo moqmedebebi,

romlebic  marTvadia am sistemis  mier da II mxaris, romelic igive  sistemis mier
aramarTvadia dayofilia sasruli raodenobis garkveul variantebad. Ees variantebi

danomrilia. SeiZleba iTqvas, rom moqmedebis qveS aq igulisxmeba ara erTi svla aramed

svlaTa mimdevroba TamaSis ganmavlobaSi. (TamaSis anu raime operaciis Catarebisas). Semdeg
xdeba winaswari Teoriuli anu eqsperimentaluri gamokvleva I da II mxaris moqmedebaTa

racionaluri Sesabamisobis Sesaxeb. Ees kvleva  miznad isaxavs aCvenos iseTi Sesabamisoba

mxareebis SesaZlo moqmedebaTa simravlis elementebs Soris, romlis drosac
garantirebuli iqneba I mxaris mogebis funqciis maqsimaluri mniSvneloba. Ees niSnavs,

rom veZebT I moTamaSis optimalur strategias. Yyovelive es xdeba TamaSis Catarebamde.

miRebuli optimaluri strategia Aam algoriTmis realizaciisas warmoadgens
mikroprocesoris dammaxsovrebeli mowyobilobis Sesabamisi moqmedebebiT ganxiluli tipis

sistemis algoriTms. Aam algoriTmis realizaciisaTvis mmarTveli mikroprocesoris

damamaxsovrebel mowyobilobaSi unda CavweroT  I da II mxareebis arCeuli Sesabamisi
danomrili  moqmedebebi. magaliTad:

1 278;
2 43;
3 5692;
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Ees Canaweri aRniSnavs, rom pirveli variantis moqmedebisas  II mxare irCevs I mxaris
moqmedebis 278-e variants. MSemdegi moqmedebisas II mxaris mier amoirCeva I mxaris

moqmedebis 43-e varianti  da a.S. dammaxsovrebel mowyobilobaSi, strategiis CawerasTan

erTad  ganxiluli sistemis realizaciisas Sablonuri amonaxsnebis simravlesTan erTad
saWiroa I mxaris moqmedebaTa numeraciis  gardaqmna Sesabamis brZanebebaTa mimdevrobis

saxiT da meore mxaris mier  miRebuli informaciis gardaqmna ufro Sesabamisi variantis

nomerSi. TamaSebisAavtomaturi marTvis sistemis muSaoba Sablonuri amonaxsnebis
mimdevrobiT asaxulia 1-el naxazze.

nax.1. TamaSebis sistemis funqcialuri sqema Sablonuri amonaxsnebis simravliT

meore mxaris moqmedebebze miRebuli informaciiT mikroprocesori gansazRvravs

meore mxaris Sesabamis N nomers, aRebuli nomrebidan. SerCeuli nomeri miewodeba
Sesabamis bloks, romelSic Cawerilia strategia Sesabamisobis saxiT N         M (I da II

mxareebis moqmedebebis variantebis nomrebi). M nomeri  aris I mxaris marTvadi sistemis
moqmedebis variantis nomeri,  romelic miewodeba brZanebebis formirebis bloks, sadac es

nomeri gardaiqmneba brZanebebis TanimdevrobaSi. brZanebebi  zemoqmedebas axdens marTvad

procesebze. brZanebis Sesrulebis kontroli SeiZleba Seadgendes informaciis gadacemis
damatebiT konturs, (ukukavSirs), romelic zemoqmedebs brZanebis formirebis blokze. F

funqcionaluri sqemisa da TamaSis sistemebis moqmedebis  principis Sablonuri

amonaxsnebis simravlis ganxilvisas vamCnevT, rom am tipis sistemebi TavisTavad ar
asruleben aranair logikur moqmedebebs. Aaq yvelaferi  daqvemdebarebulia winaswar

Sedgenil detalur  “instruqciaze”, romelic gaTvlilia II mxaris moqmedebebis

garkevul variantebze. Mmikroprocesori  asrulebs Zalian elementaruli variantebis
N         M nomrebis Sesabamisobis operacias. Sablonis mixedviT sistemebis moqmedeba

warmoadgens ganxiluli TamaSebis sistemis avtomaturi marTvis ZiriTad naklovan mxares.

praqtikulad TamaSebis sistemis marTvis SesaZlo variantebis raodenoba da II mxaris
moqmedebebi sakmaod didia anu SeuzRudavad didia.

amasTan II mxaris yoveli moqmedeba, romelic winaswar ar aris gaTvaliswinebuli,

sistemas muSaobisuunaro sistemad aqcevs. muSa informaciis raodenoba II mxaris
moqmedebebis Sesaxeb, rogorc wesi SemosazRvrulia, arasrulia. Aamitom bevr SemTxvevaSi

Zalian Znelia variantebis nomrebis amocanis sworad gadawyveta, romlebic Seesabameba II

mxaris faqtiur moqmedebas. B
blokis muSaoba Sesabamisi variantebis nomrebis gansazRvrisas garTulebulia

informaciis ukmarisobis gamo. NamasTan  erTad N        M nomris Sesabamisobis instruqciis

Seqmna anu optimaluri strategiis gansazRvra dafuZvnebulia  TamaSebis sakmaod
gansazRvrul wesebze.  praqtikuli gamoyenebisas xSirad SeuZlebelia mivuTiToT TamaSis

mkacrad gansazRvruli wesebi anu  SezRudvebi.  yvela es garemoeba, gansazRvruli

pirobebiT, romlebic edeba mxareebis moqmedebas da maT urTierTqmedebas, miuTiTebs imaze,

N M



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS - No 2(13), 2012

219

rom TamaSebis avtomaturi marTvis sistemebi Sablonuri amonaxsnebis simravliT, SeiZleba
iyos gamoyenebuli marto specialur umartives SemTxvevebSi, rodesac  mxareebis SesaZlo

moqmedebebis sxvadasxvaoba aris SezRuduli da saWiro samuSao informacia sakmaod

srulia. Yyvela sxva SemTxevebSi aucilebelia TamaSebis sistemebi iyos sakmaod
<<moqnili>> marTvisas.

aseT sistemebs ewodebaT amonasxnebis avtomaturi Ziebis TamaSebis sistemebi.

dinamiuri programirebis meTodi  gvaZlevs optimaluri amocanis etapobriv amoxsnas.
optimaluri procesebis  gamoTvlis meTodi warmoadgens, aseve marTvis  bunebriv

meTods. marTlac,  Tu ganvixilavT adamianis mier rTuli procesis marTvas, SeiZleba

davrwmundeT, rom es marTva xSirad Sedgeba etapobrivi gadawyvetilebebis miRebisagan,
romlebic dafuZvnebulia etapobrivi mdgomareobis Sefasebaze da amave dros  wina etapze

miRebuli amonaxsnis Sedegebze. ganxiluli TamaSebis avtomaturi marTvis sistemebSi

optimaluri arCevanis Zieba yovel etapze (bijze) sruldeba mikroprocesoriT. F
Sedegis avtomaturi amonaxsnis funqcionaluri sqema avtomaturi Ziebisas

mocemulia me-2 naxazze.

nax.2 TamaSebis sistemis amonaxsnis avtomaturi Ziebis funqcialuri sqema

TvalsaCinoebisaTvis, vTqvaT, rom marTvis sistemaSi calkeuli operaciebi
xorcieldeba calkeuli blokebiT. mxareebis mdgomareobisa da  moqmedebis Sesaxeb

informacia miewodeba SesaZlo arCevanis bloks. Eyovel etapze  I da II mxaris sawyis da

muSa informaciaze dayrdnobiT, es bloki gansazRvravs  yvela SesaZlo arCevanis
simravles. I mxaris Sesaxeb sawyis informacias warmoadgens cnobebis, maxasiaTeblebisa da

maTi Semadgenlobis marTvadi saSualebebis erToblioba. A

TamaSebis sistemaSi amonaxsnis avtomaturi Ziebisas, meore mxaris aucilebeli
sawyisi informacia  unda iyos sakmaod minimaluri. amasTan erTad mocemuli unda iyos

cnobebi II mxaris moqmedebebis SezRudvebis Sesaxeb. amis gareSe SeuZlebelia amoixsnas is

amocana, romelic gansazRvravs SesaZlo variantebis simravleebs.
muSa informacia miewodeba  marTvad bloks, romelic gansazRvravs drois mixedviT

diskretulad marTvis operaciis etapebis an bijebis mixedviT SesaZlo arCevanis
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gansazRvras. Mmas ganxilul sqemaze ar Seesabameba specialuri aRniSvna, magram sqemis
ganxilvisas is mxedveleebaSi unda viqonioT.

gansazRvris bloki gansazRvravs SesaZlo arCevanis muSa informaciis rigiT

`porcias” da winaswar Seyvanil sawyis informacas da winaswar Seyvanili sawyisi
informaciiT gansazRvravs yvela SesaZlo arCevans anu mimdinare operaciis etapisaTvis

amonaxsens. Semdeg, saWiroa gamoTvlil iqnes Vy maTematikuri molodini, vy mogebis

funqciis winaswar mocemuli mniSvnelobaa TiToeuli SesaZlo arCevanisaTvis. winaswar
mocemuli mniSvnelobis qveS igulisxmeba mimdinare operaciis etapis bolos arsebuli

mniSvneloba.

Semdeg modis im arCevanis Zieba, romelsac Seesabameba vy udidesi mniSvneloba anu
mocemuli operaciis etapis optimaluri arCevanis Zieba. optimaluri arCevanis Ziebis

organizacia SeiZleba iyos gansxvavebuli. Tu vy mogebis funqciis struqtura am

arCevanis simravleSi saerTod ucnobia, maSin unda miviRoT <<brma>> Zieba anu gadarCeva
yvela SesaZlo arCevanis da maTi Sesabamisi vy-is mniSvnelobebis. xolo, Tu vy funqciis

struqtura umetesi arCevanis simravleSi rogorRac winaswar cnobilia, maSin
SesaZlebelia ufro ekonomiuri Ziebis meTodebis gamoyeneba. A

amasTan erTad, SeiZleba  Semcirdes vy-is SesaZlo arCevanisa da mniSvnelobebis

gamoTvlis moculoba. mimdinare etapze  operaciis optimaluri  arCevis  Semdeg
formirdeba marTvis brZanebebi, romlebic gaTvaliswinebulia am arCevanis

realizaciisaTvis. es brZanebebi zemoqmedebs marTvis procesze operaciis mimdinare etapis

ganmavlobaSi. mocemuli etapis dasrulebisas mTeli marTvis cikli meordeba, isev
miewodeba muSa informacia marTvad mowyobilobas,  isev ganisazRvreba SesaZlo arCevani

da misi Sesabamisi vy-s mniSvnelobebi, xorciledeba marTvis axali brZanebebi da a.S.

wina etapze Sesrulebuli brZanebis Sedegi momdevno etapze warmoadgens saWiro
brZanebis formirebisa da damuSavebis dasawyiss. Caketili marTvis procesis dinamikis

sruli aRwera TamaSebis sistemaSi damokidebulia am procesis yvela koordinatis droSi

cvlilebaze.
Tumca TamaSebis sistemaSi procesebis marTvis dinamikis umniSvnelovanesi

maCveneblebi  SeiZleba iyos gansazRvruli ori ZiriTadi maxasiaTeblis ganxilviT: mogebis

funqciis maTematikuri molodinis droSi cvlilebiT da mogebis funqciis gabneviT, rac
xasiaTdeba am funqciis entropiiT. mogebis funqciis Vy-is  maTematikuri molodinis

mniSvnelobaTa  mimdevroba mimdinare  operaciis etapze axasiaTebs marTvis mosalodnel
ZiriTad mniSvnelovan efeqts da mis droSi cvlilebas. E

diskretuli drois funqcia (nax.3) gansazRvravs mogebis maTematikur molodins

marTvadi operaciis n raodenobis etapis dasrulebisas (n=1.2…), Tumca mxolod
maTematikuri molodinis codna ar aris

sakmarisi. rogorc muSa, aseve sawyisi informacia
TamaSebis sistemaSi arasodes aris sruli, im

azriT rom mxareebis realuri da  namdvili

Tvisebebi  gansxvavdeba im moqmedebebiT da
TvisebebiT, romlebic warmoadgenen  informaciis

wyaros. Aamitom marTvis procesi TamaSebis

sistemaSi yovelTvis SemTxveviTi procesia.
Sesabamisad, mogebis funqciac warmoadgens drois

diskretul SemTxveviT funqcias.

nax.3. mogebis funqciis maTematikuri

molodinis cvlileba drois mixedviT
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TamaSebis sistemis marTvis procesis  dinamikis meore maxasiaTebels warmoadgens
mogebis funqciis gabneva droSi. es cvlileba pirobiTad mocemulia me-4 naxazze

daStrixuli midamos saxiT.

funqciis gabneva martivad xasiaTdeba am
funqciis entropiiT an dispersiiT. aseTi saxiT

entropiisa da dispersiis mogebis funqciis iribi

cvlileba droSi warmoadgens TamaSebis sistemis
marTvis dinamikis procesis meore ZiriTad

maxasiaTebels. maTematikuri molodinisa da mogebis

funqciis dispersiis droSi cvlileba ufro
mniSvnelovani maCvenebelia TamaSebis sistemaSi

marTvis procesis dinamikisaTvis. avtomaturi

marTvis TamaSebis sistemebs amosxnis avtomaturi
ZiebiT aqvs gamoyenebis TvalsazrisiT farTo

perspeqtiva. A
nax.4. mogebis funqciis gabnevis

cvlileba drois mixedviT

arsebobs am sistemis ganviTarebisa da gaumjobesebis ori gza. pireveli gza

mdgomareobs imaSi, rom TamaSebis sistemebs mieniWos gamocdilebis dagrovebis sistemebis
Tvisebebi. Mmeore gza mdgomareobs imaSi, rom gaumjobesdes optimaluri arCevanis Ziebis

meTodebi. gamocdilebis dagrovebis sistemebs uwodeben sistemebs, romlebsac SeuZlia

Secvalos maxasiaTeblebi da moqmedebis algoriTmi wina samuSaos gamocdilebis
Sesabamisad.

TamaSebis sistemaSi es exeba umetesad mogebis funqcias gamocdilebis dagrovebis

koreqtirebisas. marTlac, TamaSebis sistemis samuSaos principidan gamomdinareobs, rom
mogebis funqcias  marTvis procesisaTvis fundamentaluri mniSvneloba aqvs. amasTan

arasruli aprioruli informaciisas, romelsac adgili aqvs  TamaSebis sistemebSi

pirveladi mogebis funqcia yovelTvis aigeba  metnaklebad gamarTlebul  hipoTezebze. es
exeba ara marto mogebis funqciis struqturas, aramed parametrebis ricxobriv

mniSvnelobebs, romlebic Sedian am funqciaSi.

gamocdilebis SezRuduli moculobis da am gamocdilebis Sedegebze SezRuduli
informaciisas, zusti albaTobis gansazRvra SeuZlebelia. Aamitom, imisaTvis, rom

Semcirdes SemTxveviTi Secdomebis gavlena, albaTobis gansasazRvrisas aucilebelia

miRebuli mniSvnelobebis TandaTanobiTi koreqtireba operaciebis winamdebare etapebze
Sedegebis gaTvaliswinebiT. es koreqtireba unda ganxorcieldes avtomaturad

mikroprocesorSi specialuri programiT. AaseTia zogadad TamaSebis avtomaturi marTvis

sistemebis  gaumjobesebis gza,Ggamocdilebis dagrovebis  mixedviT.
Tu mogebis funqciis struqtura bevr arCevanTa simravleSi cnobilia, maSin

SesaZlebelia gamoyenebul iqnas Ziebis sakmaod ekonomiuri meTodebi. ase, magaliTad, Tu

SesaZlo arCevani SesaZlebelia dainomros ise, rom TiToeul arCevans Seesabamebodes
Tavisi pirobiTi nomeri : , , … , ,
sadac , , … , – mTeli didebiTi ricxvebia, maSin kmayofildeba Semdegi utoloba:

α + α + … + α ≤ b ;= 1,2, … , ,
da mogebis funqcia aris X ricxvebis wrfivi  funqcia:= + + … + ,
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maSin vy-is udidesi mniSvnelobebis  ZiebisaTvis da Sesabamisi optimaluri
arCevanisaTvis, saWiroa gamoyenebul iqnas wrfivi programireba. Aam dros optimaluri

arCevani ganisazRvreba sakmaod swrafad. dasasruls ki unda iTqvas, rom TamaSebis

avtomaturi marTvis sistemebi miekuTvneba avtomaturi sistemebis farTo klass, romelsac
dRes  gamoyenebisa da ganviTarebis didi perspeqtiva gaaCnia.

3. daskvna

Mmikroprocesoruli marTvis reJimebis regulirebaSi naCvenebia TamaSebis Teoriis
strategiebis gamoyenebis SesaZleblobebi. AaRwerilia Sablonuri amonaxsnebis sistema,

funqcionaluri sqema calkeuli blokebis daniSnulebiT da sxvadasxva variantebis

gamoyenebis Taviseburebebi. Mmocemulia TamaSebis sistemis amonaxsenis avtomaturi Ziebis
funqcionaluri sqema da gasnazRvris procedura optimaluri arCevanis dasadgenad.

naCvenebia SemoTavazebuli avtomaturi Ziebis algoriTmSi wrfivi programirebis

gamoyenebis SesaZlebloba, romelic saSualebas iZleva optimaluri arCevani swrafad
dadgindes da am dros gamoyenebul iqnas ekonomiuri meTodi.
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USING THE THEORY OF GAMES  IN THE REGULATION OF
MICROPROCESSOR CONTROL REGIMES

Kamkamidze Konstantin,  Gabashvili Tamar, Gabashvili Natalia
Georgian Technical University

Summary
Two algorithms of automatic  control  are  considered using game theory.  The first side optimal

strategy  is searched. The work of automatic control system with a sequence of sample decisions is
reviewed.. It is shown that in this case the automatic system should be flexible and the optimum
solution can be obtained by using dynamic programming. The function chart of automatic search for
solution of game system is described. The most important indicators of the dynamic process are
shown. It is noticed the automatic search of the decision of the system has  a wide  prospect. Also
possible economic methods of search are described.

ПРИМЕНЕИЕ ТЕОРИИ ИГР ПРИ РЕГУЛИРОВАНИИ РЕЖИМОВ
МИКРОПРОЦЕССОРНОГО УПРАВЛЕНИЯ

Камкамидзе  К.,  Габашвили  Т.,   Габашвили Н.,
Грузинский  Технический  Университет

Резюме

Рассмотрены  два алгоритма автоматического управления с применением теории игр. В
первом варианте алгоритмы пронумерованы. Ищется оптимальная стратегия первой стороны.
Расмотрена работа автоматической  системы управления с последовательностью шаблонных
решений. Показано, что в этом случае автоматичесские системы должны быть гибкимиб что
оптимальное решение может быть получено с помощю динамического прораммирования.
Описана функциональная схема автоматического поиска решения игровой системы. Опинаны
важнейшие показатели динамического процесса. Показано, что у применения автоматического
поиска есть широкая перспектива. Описаны также возможные экономические методы поиска.


