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ganawilebis funqciaTa aproqsimacia operaciaTa  

kvlevisa da marTvis amocanebSi 
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saqarTvelos teqnikuri universiteti 

rezume 

ganxilulia SemTxveviTi sididis zogadi ganawilebis funqciis aproqsimaciis 

sakiTxebi. სaxeldobr, realuri ganawilebis funqcia Canacvlebulia SedarebiT martivi 

saxis (eqsponencialuri erlangis, koqsis da sxv.) ganawilebis funqciiT ise, rom maTi 
ZiriTadi ricxviTi maxasiaTeblebi _ maTematikuri molodini da dispersia _ erTmaneTs 
emTxveodes. Catarebulia aseTi aproqsimaciis praqtikuli gamoyenebis SesaZleblobaTa 
analizi. 

sakvanZo sityvebi: SemTxveviTi sidide. ganawilebis funqcia. laplasis gardaqmna. 
aproqsimacia. 

1. Sesavali 

teqnikuri sistemebis funqcionireba, rogorc wesi, mimdinareobs „mizezobriv 
impulsTa“ erTi an ramdenime nakadis zemoqmedebis pirobebSi, amasTan sistemis 
mdgomareobebi icvleba naxtomiseburad (myisierad) Sesabamisi nakadidan sistemaSi 

mizezobrivi impulsebis Semosvlis SemTxveviT momentebSi. mizezobrivi impulsebis nakadi 
SeiZleba warmoadgendes: teqnikuri da funqcionaluri daniSnulebis calkeuli 
elementebis mtyunebaTa nakads (uecari, TandaTanobiTi); kontrolis, diagnostikis da 

marTvis organoebidan CarevaTa nakads; aRdgenebis da sakontrolo profilaqtikebis 
nakads; teqnologiuri procesebis gadamwodebidan sainformacio signalebis nakads da a.S. 
[1-3]. 

mizezobriv impulsTa nakadebi SeiZleba davaxasiToT Semosvlis Tanmimdevrul 
momentTa Soris drois xangrZlivobiT. yvelaze martiv nakads warmoadgens puasonis 
nakadi, romlisTvisac drois es xangrZlivobebi eqsponencialurad aris ganawilebuli. 

puasonis nakads aqvs ramdenime SesaniSnavi Tviseba, maT Soris, mermeqmedebis uqonloba, 
rac arsebiTad amartivebs sistemebis maTematikur modelirebas. kerZod, Tu sistemaSi 
mxolod puasonis nakadebi moqmedebs, maSin misi maTematikuri aRwera SesaZlebelia 

markovis SemTxveviTi procsebis CarCoebSi diskretuli mdgomareobiT da uwyveti droiT 
(markovis jaWvebi), rac saSualebas iZleva miviRoT martivi gamosaxulebebi ZiriTadi 
albaTobebisaTvis, maT Soris saimedoobis maxasiaTeblebisaTvis. 

amis gamo puasonis da eqsponencialuri ganawileba friad mimzidvelia 
mkvlevarebisaTvis. amis garda, aseTi midgoma garkveulwilad tradiciulad iTvleba, 
Tumca samwuxarod, Zalze xSirad puasonis models Rebuloben sakmarisi Teoriuli da 
eqsperimentuli dasabuTebis gareSe, rac arsebiT Secdomebs iwvevs. 

naxevarmarkovul procesebze gadasvla saSualebas iZleva uari vTqvaT puasonis 
modelze sistemaSi mimdinare yvela nakadebisaTvis. principSi, SeiZleba iTqvas, zogierTi 
sistemebi „emorCileba“ efeqtian naxevarmarkovul aRweras im SemxTvevaSi, Tu drois 

yvela momentSi masSi moqmedebs ramdenime damoukidebeli SemTvxeviTi nakadi mizezobrivi 
impulsebisa, romelic iwvevs sistemis mdgomareobis Secvlas. amasTan, yvela nakadi, erTis 
garda, puasonis nakadebia (markovis SemTxvevac dasaSvebia, rodesac es nakadic warmoadgens 

puasonis nakads). unda aRiniSnos, rom impulsebis Semosvlis momentebSi puasonis 
nakadebSi SeiZleba xdebodes mxolod am nakadebis gadarTva (am momentebSi SeiZleba 
icvlebodes nakadTa raodenoba da maTi maxasiaTeblebi da xdebodes „warsulis“ mTlianad 

daviwyeba), xolo impulsebis Semosvlis momentSi arapuasonis nakadSi sistemaSi xdeba 
yvela nakadis gadarTva [3-5]. 
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2. ZiriTadi nawili 

aRniSnuli sakiTxi avxsnaT SemTvxeviTi sidideebis da maTi ganawilebis terminebSi. 
Cven aRvniSneT, rom mizezobrivi impulsebis nakadebi SeiZleba davaxasiaToT momdevno 
impulsebs Soris drois SemTxvevivi xangrZlivobis ganawilebiT. magaliTad, elementis an 
mowyobilobaTa umtyuno muSaobis dro warmoadgens swored aseT SemxTveviT sidides. 

SeiZleba iTqvas, rom drois nebismier momentSi sistemaSi sruldeba erTi an 
ramdenime realuri an fiqtiuri operacia. realuri operaciebi namdvilad sruldeba da 
moiTxovs Sromis garkveul danaxarjebs. aseT operacias warmoadgens, magaliTad, 

mtyunebuli mowyobilobis aRdgena. fiqtiuri operaciebi sinamdvileSi ar asrebobs da 
isini SemoaqvT sistemis maTematikur modelSi, raTa ufro moxerxebuli iyos misi ageba 
da gamokvleva. 

faqtiuri operaciebis erT-erT magaliTs warmoadgens „mowyobilobis mtyunebis 
molodinis operacia“, romlis dasruleba niSnavs mowyobilobis mtyunebas (sistemaSi 
mtyunebis impulsis Semosvlas). SemdegSi Cven mas vuwodebT mtyunebis operacias. 

mtyunebaTa operaciebis xangrZlivobebis ganawileba iZleva mtyunebaTa nakadebis aRweras. 
igive SeiZleba iTqvas sxva nakadebzec. Tu operaciaTa xangrZlivobas, rogorc SemxTveviT 
sidides, aqvs eqsponencialuri ganawileba, Cven vuwodebT mas eqsponencialur operacias. 

analogiurad, sxva operaciebs vuwodebT am operaciis xangrZlivobis ganawilebis kanonis 
saxels, magaliTad, erlangis operacia, normaluri (gausis) operacia, determinirebuli 
operacia da sxv. 

axla teqnikuri sistemis naxevarmarkovuli aRweris Sesaxeb Semotanili cnebebis 
daxmarebiT, SeiZleba ase vilaparakoT: sistema „emorCileba“ efeqtian naxevarmarkovis 
aRweras, Tu masSi erTdroulad sruldeba ara umetes erTi araeqsponencialuri 

operaciisa (realuri an fiqtiuri). 
amasTan erTad, Znelia warmatebas mivaRwioT, Tu vecdebiT teqnikuri sistemebis 

naxevarmarkovuli aRweris CarCoebidan gamosvlas maTi analizis da daproeqtebis mizniT. 

amitomac im SemxTvevaSi, rodesac sistemaSi erTdroulad sruldeba ori an orze meti 
araeqsponencialuri operacia, upirveles yovlisa, cdiloben moaxdinon nebismieri 
ganawilebis aproqsimacia ufro martivi ganawilebiT sistemis naxevarmarkovuli aRweris 

SesaZleblobis SenarCunebis mizniT. sxva sityvebiT rom vTqvaT, es niSnavs, rom raime 
SemTvxeviTi sididis (operaciis xangrZlivobis) nebismieri ganawilebis magivrad 
ganxiluli iqnas sxva ganawileba, garkveuli TvalsazrisiT, sawyis ganawilebasTan 

miaxloebuli. 
ZiriTadi analizuri Sedegebi teqnikuri sistemebis naxevarmarkovuli aRwerisas 

SeiZleba miviRoT nebismieri operaciebis xangrZlivobebis ganawilebis aseTi funqciebiT 

aproqsimaciis SemTvxevaSi, romlebsac aqvT laplasis (an laplas-stilistiesis) gardaqmna 
racionaluri funqciebis saxiT. 

 
sadac E(s) da B(s), Sesabamisad m da n (n≥m) xarisxebis polinomia. 

laplasis racionaluri gardaqmnis mqone ganawilebis funqciaTa klasi sakmaod 

farToa da Seicavs eqsponencialur ganawilebas, erlangis ganawilebas, 

hipereqponencialur ganawilebas, koqsis ganawilebas da sxv. 

k rigis erlangis  ganawileba warmoadgens eqsponenecialuri ganawilebis k-jerad 
naxvevs, amitomac SesaZlebelia misi interpretireba, rogorc iseTi operaciis ganawileba, 
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romelic Sedgeba eqsponencialurad ganawilebul mimdevrobiT SeerTebul 

qveoperaciebisagan. 

analogiurad hiperesqponencialuri ganawileba SeiZleba warmoavadginoT paraleluri 

operaciebis daxmarebiT. aseTi warmoadgenis safuZvelze realizebulia sistemebis zusti 

da miaxloebiTi analizis erT-erTi yvelaze cnobili meTodi – etapebis meTodi. 

eqsponencialuri ganawilebis mermeqmedebis uqonlobis gamo etapebis meTodiT 

aRwerili stoqasturi procesi warmoadgens markovis tipis process. ase, rom SeiZleba 

gamoviyenoT analizis kargad cnobili meTodebi. etapebis meTodis gamoyeneba saSualebas 

iZleva miviRoT laplasis racionaluri gardaqmnis mqone  ganawilebis funqciaTa farTo 

klasi. 

1-eli naxazi ilustrirebs fiqtiuri etapebis daxmarebiT koksis ganzogadebuli 

funqciis warmoadgenas. a0 albaTobiT sruldeba pirveli qveoperacia, xolo b0=1_a0 

albaTobiT etapis xangrZlivoba nuls udris, i-ur etapze (i=1,2,…, k-1) qveoperaciis 

dasrulebis Semdeg ai albaTobiT grZeldeba (i+1) qveoperacia da bi=1-a1 albaTobiT 

operacia mTavrdeba i-is etapze, koksis ganawilebis laplasis gardaqmnas aqvs Semdegi saxe: 
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nebismieri ganawilebis eqsponencialuri ganawilebis kombinaciebiT aproqsimaciis 

SesabZleblobis mkacr dasabuTebas iZleva Semdegi Teorema. 
T e o r e m a: vTqvaT, Q(x)-ganawilebis nebismieri funqciaa, romelic emorCileba 

pirobas Q(0)=0 da E -erlangis ganawilebaTa usasrulo narevebis klasi, maSin nebismieri 

a da ε>0 ricxvebisTvis moiZebneba iseTi ganawileba F(x)∈E, rom 

∫
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aRniSnuli Teorema marTebulia erlangis ganawilebaTa sasruli narevebis SemTvxevaSic 
[3]. 

operaciaTa kvlevisa da marTvis amocanebSi gansakuTrebuli mnivSneloba aqvs 
normaluri (gausis), aseve logariTmul - normaluri ganawilebis gamoyenebas. amasTan, 
radgan operaciis xangrZlivoba ar SeiZleba uaryofiTi iyos am drois Teoriuli 

ganawileba praqtikulad koncentrirebuli iqneba dadebiT naxevarRerZze, amitomac 
SeiZleba CavTvaloT, rom mocemuli Teoremis pirobebi sruldeba. igive SeiZleba 
vamtkicoT logariTmul-normaluri ganawilebis Sesaxeb. am pirobebSi normaluri da 

logariTmul-normaluri ganawilebis aproqsimaciis perspeqtivebi friad mimzidvelia [2-3]. 
praqtikul SemTxvevebSi, Cveulebriv, ganxilaven ganawilebis funqciaTa or ZiriTad 

maxasiaTebels: maTematikur molodins τ da dispersias D (an ω variaciis koeficients). 
ganawilebis funqciis aseTi mocema mtkicdeba imiT, rom mravali sisitemis maxasiaTeblebi 
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ganisazRvreba mimdinare operaciis xangrZlivobis ganawilebis funqciis pirveli ori 

momentiT. dasabuTebulia, rom τ da ω mocemuli mnivSnelobebiT ganawilebis funqciis 

aproqsimacia SeiZleba efeqtianad Catardes ganzogadebuli erlangis ganawilebiT Tu ω<1, 
da meore rigis hipereqsponencialuri ganawilebiT, Tu ω>1[1-2]. 

Tu ufro maRali sizustis misaRwevad saWiroa ara mxolod pirveli ori momentis, 
aramed sxva ricxviTi maxasiaTeblebis damTxveva, maSin saWiro iqneba ufro rTuli - 
hipererlangis ganawilebis gamoyeneba. magram es iwvevs agebuli SemxTveviTi procesis 

mdgmareobis sivrcis ganzomilebis gadidebas da maSasadame gamoangariSebebis did 
moculobas, rac praqtikuli miznebisaTvis arasasurvelia. 

3. daskvna 

Catarebuli analizis safuZvelze dasabuTebulia rom realur sistemaSi ganawilebis 
iseTi funqciebis gamoyenebis maRali efeqturoba, romlebsac aqvT laplasis (an laplas-
stiltiesis) gardaqmna racionaluri funqciebis saxiT. zogad SemTxvevaSi esenia erlangis 
ganawilebaTa sasruli an usasrulo narevebi. 
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APPROXIMATION FOR DISTRIBUTION FUNCTIONS IN THE PROBLEMS 
OF OPERATIONS RESEARCH AND CONTROL 

Kakubava Revaz, Chkoidze Georg, Sikharulidze Luiza 
Georgian Technical University 

Summary 
In this article the problem of approximation for arbitrary distribution functions is considered. 

Namely, the real distribution function is replaced by the function of more simple form (exponential, 
Erlang, Coks, etc.). For all that the main numerical characteristics – mathematical expectation and 
standard deviation coincide. The analysis for possibility of practical application of such approximation 
is carried out. 

АПРОКСИМАЦИЯ ФУНКЦИИ РАСПРЕДИЛЕНИЯ В ЗАДАЧАХ  
ИСЛЕДОВАНИЯ ОПЕРАЦИЙ И УПРАВЛЕНИЯ 

Какубава Р., Чкоидзе Г., Сихарулидзе Л. 
Грузинский Технический Университет 

Резюме 
Pасcматриваются вопросы aпроксимации произвольных функции распределения. В 

часности реалъная функция распределения заменяется функцией более простого вида 
(Экспоненциалное, Эрланга, Кокса и др.) таким образом, что основные числовые 
характеристики – математическое ожидание и дисперсия совпадают.  Проводится анализ 
возможности практического применения такой апроксимации. 


