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leqciaTa kursis “sistemebis modelireba da simulacia”-mizania studentebs 

misces yovelmxrivi warmodgena simulaciuri modelirebiT bunebaSi da sazogadoebaSi 

mimdinare rTuli sistemebisa da procesebis evoluciis Seswavlis yvela 

mniSvnelovan aspeqtze. maT Soris kompiuteruli modelirebis programul 

uzrunvelyofaze, modelebis adeqvaturobasa da saimedoobaze, Semavali monacemebis 

modelirebaze, SemTxveviTi ricxvebis generatorebze, modelirebadi eqsperimentebis 

statistikur dagegmarebasa da analizze, gamomavali monacemebis analizsa da modelis 

mdgradobaze, simulaciuri modelebis verifikaciasa da validurobaze, agreTve 

modelirebisa da simulaciis gamoyenebis ZiriTadi sferoebis gaSuqebaze, nawilobriv 

ki sawarmoo, rigebisa da sxva sistemebis kompiuteruli modelirebis 

SesaZleblobebze.  

leqciaTa kursSi SexvdebiT mraval magaliTs da amocanas, agreTve im avtorTa 

Sedegebs (TariRebis miTiTebiT), romelTa didi Rvawlia kompiuteruli simulaciebis 

ganviTareba. 

leqciaTa kursis swavlebis amocanaa: 

a) kompiuterul-simulaciuri modelirebis funqcionaluri cnebis ganxilva-

msjeloba; 

b) kompiuterul-simulaciuri modelirebis Sefaseba; 

g) SemTxveviTi ricxvebis generatorebis Sedareba; 

d) simulaciuri modelebis proeqtis saxiT Seqmna; 

e) kompiuteruli programebis, romlebic warmoadgenen leqciaTa kursSi Camo-

yalibebuli da warmodgenili modelirebis meTodebisa da algoriTmebis ilus-

traciebs, daproeqtebis, daprogramebis, testirebisa da gamarTvis Catareba. 

leqciaTa kursi “sistemebis modelireba da simulacia” Seesabameba msoflioSi 

aRiarebuli kompiuteruli sazogadoebebis ACM-isa da IEEE-is Computing-is 

(informatika zogadad) meTodologias saganSi: “modelireba da simulacia”. leqciaTa 

kursi efuZneba sagnis msoflioSi aRiarebul saxelmZRvaneloebs [1-6]. 

leqciaTa kursi gankuTvnilia Computing-is (informatikis) yvela specialobe-

bisTvis, maT Soris “kompiuteruli mecniereba”; agreTve maTematikis, gansakuTrebiT 

gamoyenebiTi maTematikis, fizikis, biologiis, sociologiis, biznesis, warmoebis 

teqnologiebis swavlebis studentebisTvis, Tu isini Seasruleben sagnis Seswavlis 

winapirobebs: 

1. diskretuli albaTobisa da statistikis safuZvlebi; 

2. gamoTvliTi teqnikis garkveuli codna (informatikis safuZvlebi); 
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3. universaluri daprogramebis ena C-s codna; 

4. wrfivi algebrisa da matriculi aRricxvebis zogierTi sakiTxebi. 

leqciaTa kursis “sistemebis modelireba da simulacia” gavlis Semdeg 

students SeeZleba sistemebis, maT Soris rTuli sistemebis simulaciuri 

modelirebiT sruli da efeqturi Seswavla-analizi. aseve mzad iqneba Seiswavlos 

aRniSnuli kursis ufro rTuli kursi magistraturasa da SesaZloa 

doqtoranturaSic. 

leqciaTa kursi “sistemebis modelireba da simulacia” kurssTan “operaciaTa 

kvleva” SeiZleba CaiTvalos Computing-is specialobebis fundamentur samuSao da 

kvleviT instrumentad. 

leqciaTa kursis “sistemebis modelireba da simulacia” Seswavlisas ZiriTadi 

da damxmare masalebis sargeblobisaTvis (didi raodenoba amocanebis amoxsnebi, 

leqciaTa slaidebi da amocanebisa da algoriTmebis programuli kodebi) studentebma 

SeiZleba Caixedon el. gverdze www.mhhe.com/lawkelton. masalasTan wvdomis 

rekvizitebis misaRebad daukavSirdiT gamomcemloba McGraw-Hill-is warmomadgenels 

el. misamarTze: mhcom@mcgraw-hill.com an zemoT moyvanili el. gverdis saSualebiT.   

 

 

”O dear Ophelia” 

”I am ill at these numbers: 

”I have not art to reckon my goans.” 

Seqspiri: “hamleti” (II moqmedeba, II scena)  

(o, Zvirfaso ofelia! me avad var am ricxvebiT:  

me ar SemiZlia daviTvalo Cemi sunTqva) 
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“mrgvali ricxvebi yovelTvis yalbia”  

semiuel jonsoni (1750) 
 

 

Tavi 1. modelirebisa da simulaciis Sesaxeb 

 
Sesavali 

 

saswavlo kursSi ganixileba kompiuteruli teqnologiebis gamoyeneba sxvadasxva 

sistemebisa Tu procesebis an mowyobilobebis operaciebis simuliciisTvis (anu xe-

lovnuri modelirebisTvis). mowyobiloba Tu procesi Cveulebriv iwodeba sistemad. 
sistemebis Seswavlisa Tu funqcionirebis (evoluciis) dasadgenad Cven vakeTebT 

garkveul daSvebebs, romelic exeba sistemis funqcionirebas.  

rogorc yovelTvis es daSvebebi Caiwereba maTematikur-logikur mimarTebebSi, 
romlebic yalibdeba garkveul struqturaSi – modelSi, romlis daxmarebiT 

SeiZleba miviRoT warmodgena Sesabamisi sistemis qcevaze. 

Tu mimarTebebi, romlebSic yalibdeba sistemis modeli, sakmaod martivia 

CvenTvis saWiro informaciis misaRebad sistemis funqcionirebaze, maSin miznis misaR-

wevad sakmarisia maTematikur-analizuri meTodebiT sargebloba. aseT modelebs anali-
zuri modelebi ewodebaT. Tumca umravlesoba sistemebisa rTulia, da maTTvis SeuZ-

lebelia iseTi realuri modelis Seqmna, romlis realizacia, amoxsna Caiwereba, war-

moidgineba analizurad. aseTi sistemebi da maTTvis Seqmnili modelebi rogorc yo-

velTvis Seiswavleba modelirebiT. sistemis modelirebisas aucileblad gamoiyeneba 

kompiuteri, misiT modelis ricxviTi SefasebisTvis. xolo miRebuli monacemebiT ki 

ukve gaiTvleba sistemis realuri maxasiaTeblebi, romlis mixedviTac ukve winaswar 
keTdeba daskvnebi sistemis qcevis, misi evoluciis an funqcionirebis Sesaxeb. 

moviyvanoT magaliTi: 
modelireba SeiZleba gamoyenebuli iyos magaliTad sawarmoo kompaniisTvis, raTa 

Sefasdes SesaZlebloba misi erT-erTi qarxnisTvis damatebiTi didi simZlavreebisa 

da Senobebis asaSeneblad. Tumca xelmZRvaneloba-administraciuli korpusi araa 

darwmunebuli, rom warmoebis potenciurma zrdam SeiZleba gaamarTlos mSeneblo-

bebze gaweul danaxarjebTan mimarTebaSi. SeuZlebelia jer aaSeno, Seqmna simZlav-

reebi, Senoba-nagebobani, xolo Semdeg ki ara rentabelobis gamo aviRoT da “davan-

grioT” isini. am dros ki mimdinare momentSi qarxnis muSaobis modelireba “TiTqos 

da” Seqmnili damatebiTi simZlavreebiT (xelovnurad, simulaciiT warmoqmnili sim-

ZlavreebiT) exmareba administracias am problemis gadawyvetaSi. 

modelireba da simulacia gamoyenebuli SeiZleba iyos adamianis saqmianobis 

sxvadasxva sferoebSi. igi gansakuTrebiT efeqturia Semdegi problemebis gadawyvetaSi: 

a) warmoebis da biznes sistemebis proeqtireba da analizi; 

b) samxedro SeiaraRebis sxvadasxva sistemebis Sefaseba da moTxovnebis dagegmva 

maTi materialur-teqnikuri uzrunvelyofisaTvis; 

g) kavSiris qselebis protokolebisa da mowyobilobebisTvis moTxovnis gansa-

zRvra; 

d) sxvadasxva kompiuteruli sistemebis programuli uzrunvelyofisa da mowyo-

bilobebze moTxovnis gansazRvra; 

e) satransporto sistemebis proeqtireba da muSaobis analizi. magaliTad: aero-

portebi, avtomagistralebi, qalaqis sakomunikacio-saavtomobilo sistemebi, 

metropoliteni da sxv. 
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v) sxvadasxva masobrivi momsaxureobis organizaciebis Seqmnis proeqtebis Sefa-

seba. magaliTad: SekveTebis damuSavebis centri, swrafi kvebis sistema, 

saavadmyofoebis, hospitalebis qseli, sxvadasxva momsaxureobis, Tu kavSiris 

qselebi, provaiderebi da sxv. 

z) saqmian sferoSo sxvadasxva procesebis modelireba; 

T) resursebis marTvis sistemebSi politikis gansazRvra;  

i) finansuri da ekonomikuri sistemebis winaswari analizi; 

k) eko-sistemebi da globaluri daTbobis procesebis simulaciuri modelireba 

da sxv.  

bolos SevniSnoT, rom rac dro gadis sistemebi ufro da ufro rTuldeba da 

analizuri modelebi praqtikulad gamouyenebeli xdeba. bolo periodSi simulaciuri 

modelirebis gamoyeneba da gavrceleba ukavSirdeba ramdenime faqtori-problemis faq-

tiur daZlevas: 

a) modelebisTvis, romlebic bolo periodSi rTul sistemebsa da procesebs 

ikvleven, garTulebulia kompiuteruli programebis dawera, Tumca ukanas-

knel wlebSi es problema ixsneba Zlieri programuli produqtebis gamoCe-

nasTan erTad; 

b) rTuli sistemebis modelireba xSirad iTxovs did manqanur dros. Tumca uka-

naskneli Zlieri kompiuterebis swrafqmedebis zrdiTa da TviTRirebulebis 

SemcirebiT es problemac TandaTanobiT ixsneba; 

g) kompiuterul modelirebaze xSirad iqmneba araswori STabeWdileba, rogorc 

daprogramebis savarjiSoze [1], Tundac rogori rTulic ar unda iyos igi. am 

Sexedulebis safuZvelze kvlevebi sistemebze modelirebiT sruldeba, ro-

gorc evristikuli modelis daprogrameba, misi Semdgomi erTjeradi “gaSve-

biT” programaze “pasuxebis” misaRebad. aseTi midgoma azrs kargavs sistemebis 

sirTulis zrdasTan erTad, rasac TviTon daprogramebis msoflios wamyvani 

jgufebic adastureben [1-3].  

 

 

$1.1. sistema, modeli da simulaciuri modelireba 
 

sistema warmoadgens obieqtebis, magaliTad adamianebis an meqanizmebis erTob-

liobas, romlebic funqcionireben da erTmaneTTan urTierTqmedeben garkveuli miznis 

misaRwevad (Schmidt and Taylor, 1976). praqatikaSi sistemis cneba damokidebulia 

konkretuli kvlevebis amocanebze. magaliTad, obieqtebis erToblioba, romlebic 

qmnian sistemas erTi kvlevisTvis, SeiZleba warmoadgendnen mxolod qvesimravles 

meore sistemaSi, sadac kvlevis amocana ukve sxvaa da SeiZleba ufro globaluric.   

sistemis mdgomareoba ganisazRvreba, rogorc drois gansazRvrul momentSi 

sistemis aRwerisaTvis aucilebeli cvladebis mniSvnelobaTa erToblioba, romelic 

Seesabameba kvlevis amocanebs. magaliTad bankis kvlevisTvis mdgomareobis cvladebad 

SeiZleba CaiTvalos: dakavebuli molareebis raodenoba, bankSi klientTa raodenoba 

da maTi bankSi misvlis dro da sxva. 

arsebobs ori tipis sistema: diskretuli da uwyveti. diskretuli sistemaSi 

drois gansxvavebul periodSi sistemis mdgomareobis cvladebi icvlebian myisierad. 

banki SeiZleba CaiTvalos diskretul sistemad, misi parametrebis bunebis gamo. 

uwyvet sistemebSi cvladebi droSi icvlebian uwyvetad. magaliTad, TviTmfrinavi, 

rogorc sistema, romelic moZraobs haerSi, uwyveti sistemis magaliTia, radgan 

mdgomareobis cvladebi (TviTmfrinavis mdebareoba-koordinatebi, siCqare da sxv.) 

icvlebian uwyvetad drois cvlilebasTan erTad. praqtikaSi sistema iSviaTadaa 
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sruliad diskretuli an uwyveti, Tumca ZiriTadad sistemaSi dominireben erTi an 

meore tipis cvladebi da imis mixedviT sistemas miakuTvneben diskretuls an 

uwyvets. Cveni kursis ganxilvis sagania diskretuli sistemebi da maTi modelireba.  

umravlesoba sistemebisTvis funqcionirebis gansazRvrul momentebSi, aucile-

belia kvlevis Catareba misi komponentebis urTierTqmedebisa da eqspluataciis axal 

pirobebSi warmodgenebis miRebis mizniT. naxaz 1.1-ze gamosaxulia sistemis kvlevis 

sxvadasxva saSualebebi: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 1.1 

 

ganvixiloT naxazis TiToeuli obieqti: 

1. eqsperimenti realuri sistemiT Tu eqsperimenti sistemis modeliT? rodesac 
arsebobs SesaZlebloba fizikurad Seicvalos sistema (Tu igi rentabeluria) da igi 

axal pirobebSi moviyvanoT moqmedebaSi. es saukeTeso SesaZleblobaa da asec unda 

moviqceT, radgan sakiTxi miRebuli rezultatebis adeqvaturobaze Tavis Tavad 

moxsnilia. Tumca aseTi midgoma xSirad ganuxoricielebelia misi Sesrulebis didi 

danaxarjebis gamo an TviTon sistemaze damangreveli zemoqmedebis gamo. magaliTad: 

bankSi eZeben gzebs danaxarjebis Sesamcireblad. am mizniT sTavazoben molareebis 

ricxvis Semcirebas. Tu gamovcdiT axal sisitemas, romelSic molareTa ricxvi 

Semcirebulia, SeiZleba miviRoT klientTa grZeli rigebi da dagvianeba momsaxureoba-

ze da amiT ki bankis mier klientebis dakargva; ufro metic, sistema SeiZleba sinam-

dvileSi arc arsebobdes, magram saWiro iyos misi sxvadasxva konfiguraciebis Seswav-

la, imisTvis rom avurCioT Sesrulebis yvelaze efeqturi saSualeba. aseTi sisteme-

bis magaliTebia kavSiris qselebi an birTvuli SeiaraRebis strategiuli sistemebi. 

amitom aucilebelia sistemis modelebis Seqmna, raTa gamovikvlioT igi, rogorc re-
aluri sistemis Semcvleli. realuri sistemis sanacvlod misi modeliT sargeblo-

bisas yovelTvis warmoiqmneba SekiTva: namdvilad ki modeli iseTi xarisxiT asaxavs 

realur sistemas, rom miviRoT gadawyvetileba, romelic daefuZneba modelur 

kvlevebs (modelis variabelobisa da validurobis sakiTxs mogvianebiT ganvixilavT).  

2. fizikuri modeli Tu maTematikuri modeli? sityva “modeli” umravlesobas 

Cvens Soris gonebaSi warmoudgens, magaliTad, kabinebs, romlebic damontaJebulia 

savarjiSo moednebze, vTqvaT mfrinavebis swavlebisTvis; miniaturul tankerebs, rom-

lebic moZraoben baseinSi da sxva. yovelive es fizikuri modelebis magaliTebia. 

isini iSviaTad gamoiyeneba sistemebis analizisa da operaciebis kvlevaSi. Tumca 

eqsperimenti sistemis 

modeliT 
eqsperimenti “realuri”  

sistemiT 

maTematikuri modeli fizikuri modeli 

analizuri  

amonaxsni 

simulaciuri  
modelireba 

sistema 
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zogierTi teqnikuri an marTvis sistemebis kvlevisas sakmaod efeturia swored 

fizikuri modelebis Seqmna. Tumca umravlesoba konstruirebuli modelebisa warmo-

adgens maTematikur models. isini warmodgebian, rogorc sistema logikuri da rao-

denobrivi mimarTebebisa, romlebic SemdgomSi eqvemdebareba damuSavebasa da cvlile-

bebs, raTa ganisazRvros Tu sistema rogor reagirebs cvlilebebze, ufro zustad ki 

rogori iqneba sistemis reagireba, Tu is marTla iaresebebda realobaSi! albaT maTe-

matikuri modelis yvelaze elementarul magaliTs warmoadgens wrfivi Tanabari moZ-

raobis damokidebuleba: tvs  , sadac s -manZilia, v -siCqare, xolo t -gadaadgi-

lebis droa: xandaxan aseTi modeli SeiZleba adeqvaturic iyos (sxva planetisken mi-

marTuli kosmosuri zondis SemTxveva), magram sxva situaciebSi igi realobas ar 

Seesabameba (qalaqis gadatvirTul quCebSi (pikis saaTSi) satransporto 

gadaadgileba). 

3. analizuri amonaxsni Tu simulaciuri modelireba? roca saubaria sistemaze, 
romelsac warmoadgens maTematikuri modeli unda dadgindes Tu rogor aigeba es 

modeli. rodesac modeli sakmaod martivia, maSin SesaZlebelia miviRoT an gamovTva-

loT mimarTebebi da parametrebi da aqedan ki miviRoT zusti analizuri amonaxsni! 

Tu magaliTSi, formuliT tvs  , cnobilia manZili da siCqare, maSin dro, romelic 

saWiroa am manZilis dasafarad gamoiTvleba TanafardobiT vst / . es martivi zusti 

analizuri amonaxsnia. zogjer analizuri amonaxsni sakmaod rTulia da iTxovs kom-

piuteris did resursebs. mraval magaliTSi zusti amonaxsni Caiwereba gamosaxu-

lebiT, romelic Seicavs didi ganzomilebis mqone matricis Sebrunebuls. magram rom 

miviRoT Sebrunebis kargi ricxviTi Sefaseba amocana arc ise martivia. Tu maTemati-

kuri modeliT SesaZlebelia sistemis zusti analizuri amonaxsnis miReba da misi ga-

moTvlebi efeqturia, maSin ukeTesia sistema gamovikvlioT analizuri gziT, vidre 

gamoviyenoT simulacia da modelireba. Tumca mravali sistemebi Zalian rTulia. 

isini praqtikulad sruliad gamoricxaven analizuri amonaxsnis arsebobis SesaZ-

leblobas. aseT SemTxvevaSi sistemis modelis Seswavla unda ganxorciledes simu-
laciuri modelirebiT. rac gulisxmobs modelis (maTematikuri modelis) mravalje-
rad eqspementis Catarebas saWiro Semavali monacemebiT, raTa ganisazRvros maTi gav-

lena sistemis muSaobis Sefasebis gamomaval kriteriumebze.  

simulaciuri modelireba mkvlevaris mier aRiqmeba, rogorc “ukanaskneli imedis 

meTodi” (an xumrobiT (avt.) “ukanaskneli cremlis sadguri”) da amaSi aris 

WeSmariteba. Tumca realobaSi Zalian male mivdivarT im azrze rom simulacia da 

modelireba xSirad erTaderTi instrumentia rTuli sistemis Seswavlisa da 

kvlevisTvis.  

davuSvaT, rom Cven gvaqvs maTematikuri modeli, romelic Seswavlili unda 

iqnas modelirebiT (momavalSi simulaciuri modelireba xSirad Seicvleba sityva-

modelirebiT). upirveles yovlisa CvenTvis aucilebelia misi kvlevis saSualebis 

gansazRvra. amasTan dakavSirebiT saWiroa simulaciuri modelebis klasifikacia sami 
aspeqtis mixedviT: 

1.  statikuri Tu dinamikuri? statikuri simulaciuri modeli – es sistemaa 

drois gansazRvrul momentSi, an kidev iseTi sistema, romelSic dro ar TamaSobs 

araviTar rols. statikuri simulaciuri modelis magaliTia modeli, romelic 

iqmneba monte-karlos meTodiT [6] gansazRvruli jeradi integralebis miaxloebiTi 

gamoTvlisTvis da a.S. dinamikuri simulaciuri modeli warmoadgens sistemas, 

romelic icvleba droSi, rodesac sistemis mdgomareoba evolucias ganicdis droSi. 

magaliTad konveiruli sistema qarxanaSi. gaxsovdeT! rom avagoT rTuli sistemis 

maTematikuri modeli, unda gadavwyvitoT, Tu rogor unda gamoviyenoT igi, rom 

miviRoT monacemebi sistemaze, romelic Sefasebisa da kvlevisaTvis aucilebelia.  
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2. deterministuli Tu stoqasturi (albaTur-statistikuri)? Tu simulaciuri 

modeli ar Seicavs albaTur-statistikur (SemTxveviT) komponentebs, mas determinis-
tuli ewodeba. aseTi modelis magaliTia rTuli (da analizurad rTulad gamoTvla-

di) diferencialur-sxvaobiani gantolebaTa sistema, romelic aRwers magaliTad qi-

miur reaqcias-sistemas. deterministul modelSi Sedegi SeiZleba miviRoT, rodesac 
misTvis mocemulia yvela Semavali cvladebi da damokidebulebani, maSinac ki, rode-

sac moiTxoveba kompiuteruli drois didi raodenoba. magram Zalian bevri sistema 

modelirdeba ramodenime SemTxveviTi Semavali komponentebis monacemebiT. Sedegad 

iqmneba stoqasturi simulaciuri modeli. masobrivi momsaxureobisa da resursebis 
marTvis umravlesoba sistemebisa warmodgeba stoqasturi simulaciuri modelebiT 

(ssm). ssm Sedegad gvaZlevs SemTxveviTi sidideebis realizaciebs, romlebiTac sta-

tistikuri Sefasebis meTodebiT SeiZleba miviRoT modelis realuri maxasiaTeblebis 

Sefasebebi.  

3.  uwyvetia Tu diskretulia? zogadad SeiZleba iTqvas, rom diskretuli da 

uwyveti modelebi iseve ganimarteba, rogorc adre warmodgenili diskretuli da 

uwyveti sistemebi. aq SevniSnoT, rom diskretuli modeli yovelTvis ar gamoiyeneba 

distretuli sistemebis modelirebisaTvis da piriqiT. yvelaferi dakavSirebulia 

sistemis kvlevis amocanaze. magaliTad: avtomagistralze satransporto nakadis mo-

deli iqneba diskretuli Tu modelSi aucilebelia gaviTvaliswinoT yoveli moZravi 

manqanis maxasiaTeblebi da gadaadgileba. xolo Tu manqanebs ganvixilavT erToblio-

baSi, maSin satransporto nakadi SeiZleba aRiweros uwyveti modelis diferencialu-

ri gantolebiT.  

simulaciuri modelebi, romelTac Cven SemdgomSi ganvixilavT, iqneba 

diskretuli-xdomilebiTi dinamikuri da stoqasturi, rac ganpirobebuli Computing-

is specialobebis swavlebaSi saganis “modelireba da simulacia” aprobirebuli meTo-

dologiiT (ACM da IEEE-s meTodologia). 

 

 

$1.2. diskretul-xdomilebiTi modelireba        
 

diskretul-xdomilebiTi modelireba gamoiyeneba iseTi modelebis asagebad, ro-

melic asaxavs sistemis droSo evolucias, ganviTarebas, rodesac cvladebis mdgoma-

reoba icvleba myisierad drois konkretul momentebSi (sistema mdgomareobas icvlis 

mxolod sasrul an Tvlad raodenoba drois momentebSi). aseT momentebSi xdeba 

(dadgeba) xdomileba myisierad, romelsac SeuZlia Secvalos sistemis mdgomareoba. 

Teoriulad SesaZlebelia diskretuli-xdomilebiTi modelirebis Sesruleba “xelis” 

gamoTvlebiT, Tu miRebul monacemebs warmovadgenT moxerxebuli CanawerebiT (ix. sa-

varjiSoebi), Tumca realuri rTuli sistemebis modelireba iTxovs kompiuteris ga-

moyenebas.  
magaliTi 1.1. ganvixiloT sistema momsaxureobis erTi kvanZiT (mowyobilobiT, arxiT), 

romelic aRwers sistemis ganviTarebas droSi.  magaliTad saparikmaxero an cnobaTa 

biuro aeroportSi mxolod erTi operatoriT da a.S. Cveni amocanaa miaxloebiT gamov-

TvaloT rigSi moTxovnis dakavebis mosalodneli mniSvneloba. amasTan rigSi moTxovnis 
dakaveba tolia im drois, romelmac gaiara sistemaSi misi moTxovnis gamoCenidan momsa-

xureobis dawyebamde. imisTvis, rom davTvaloT rigSi moTxovnis saSualo dakaveba dis-

kretul-xdomilebiT simulaciur modelebSi, aucilebelia mdgomareobis iseTi cvla-

debis gansazRvra, rogoricaa momsaxureobis kvanZis mdgomareoba (momsaxureobiT 

dakavebulia Tu Tavisufalia), rigSi moTxovnaTa ricxvi (Tu ra Tqma unda rigi 

arsebobs) da yoveli moTxovnis dadgomis dro. moTxovnis dadgomisas aucileblad unda 

ganisazRvros kvanZis mdgomareoba: kvanZi moTxovnas moemsaxureba moTxovnisTanave Tu 
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moTxovna CavayenoT rigis boloSi? moTxovnaze momsaxureobis dasrulebisas, 

gamomdinare iqidan Tu ramdeni moTxovnaa rigSi, unda ganisazRvros kvanZi Tavisufalia 

momsaxureobaze Tu is moemsaxureba rigSi pirvel moTxovnas? rom gamovTvaloT rigSi 

moTxovnis dakavba, aucilebelia davadginoT misi moTxovnis momenti, radgan dakaveba 

tolia moTxovnis momsaxureobis drois momentisa da misi dadgomis momentis sxvaobis. 

sistemaSi aris ori tipis xdomileba: moTxovnis dadgoma da moTxovnaze momsaxureobis 

dasruleba. moTxovnis dadgoma xdomilebaa, radgan is iwvevs momsaxureobis kvanZis 

mdgomareobis Seclas: Tavisufali mdgomareobidan dakavebul mdgomareobaze gadasvlas 

an rigSi moTxovnebis ricxvis 1-iT gazrdas.  amave dros moTxovnis wasvla (gasvla 

sistemidan) aseve xdomilebaa, radgan is iwvevs cvlilebas kvanZis dakavebuli 

mdgomreobidan Tavisufal mdgomareobaze gadasvlas an rigSi moTxovnebis ricxvis 1-iT 

Semcirebas. me-4-e TavSi Cven avagebT am magaliTSi warmodgenili-momsaxureobis 

sistemis diskretul-xdomilebiTi simulaciur models. 

 

$1.2.1. drois mimdinareobis meqanizmi simulaciur modelirebaSi 

diskretul-xdomilebiTi simulaciuri modelebis dinamikuri buneba iTxovs, rom 

Tvalyuri vadevnoT simulaciuri drois mimdinare mniSvnelobebs modelis funqcioni-

rebis gaswvriv. aseve aucilebelia simulaciuri drois (erTi mniSvnelobidan meore 

mniSvnelobaSi gadasvlis) mimdinareobis meqanizmis arseboba. simulaciur modelSi 

cvladi, romelic uzrunvelyofs modeluri drois mimdinare mniSvnelobas, modeluri 
drois saaTi ewodeba. modelebis daprogramebis iseT universalur enebze Sedgenisas, 

rogoricaa C, modeluri drois saaTis drois erTeuli, cxadad arasdros ar mieTi-

Teba. igulisxmeba, rom is miuTiTebs imave erTeulebSi, rogorc Semavali parametrebi. 

amave dros modeluri dro da dro, romelic aucilebelia kompiuterze simulaciuri 

modelis gasatareblad, rogorc wesi SeuZlebelia raime TanafardobaSi iyos. 

arsebobs modeluri drois mimdinareobis ori midgoma: a) xdomilebidan xdo-
milebamde drois mimdinareoba da b) drois mimdinareoba mudmivi bijiT. radgan pirve-
li midgoma gamoiyeneba TiTqmis yvela ZiriTad daprogramebis produqtebSi, romlebic 

gamoiyeneba simulaciur modelirebaSi, Cven ganvixilavT mxolod a) tipis mimdina-

reobas. am SemTxvevaSi modelirebis sawyis momentSi modeluri drois saaTi yendeba 

0-van mniSvnelobaze da xdeba Semdegi xdomilebis moxdenis (warmoqmnis) drois gansa-

zRvra. amis Semdgom modeluri drois saaTi (mds) gadadis uaxloesi xdomilebis 

warmoqmnis droze.  

mds-is am Cvenebaze xdeba sistemis mdgomareobis ganaxleba. amis Semdeg mds-is 

drois Cveneba gadadis Semdegi (axali) uaxloesi xdomilebis warmoqmnis droze. sis-

temis mdgomareoba Sesabamisad ganaxldeba da a.S. mds-s drois mimdinareoba wydeba im 

momentisTvis, rodesac Sesruldeba raime wina piroba sistemis evoluciaze.  

radgan aq warmodgenil modelSi sistemis mdgomaroebaTa cvlilebebi xdeba mxo-
lod xdomilebaTa warmoqmnis dros, amitom sistemis umoqmedobis periodebi ubra-
lod gamoitoveba da saaTi gadaiyvaneba erTi xdomilebis warmoqmnis droidan meore 

xdomilebis warmoqmnis droze.  
magaliTi 1.1 (gagrZeleba). am magaliTSi detalurad ganixileba xdomilebidan xdomile-

bamde drois mimdinareobis meqanizmi masobrivi momsaxureobis sistemaSi erTi kvanZiT 

(mowyobilobiT), romelic wina magaliTSi ukve ganixileboda. Cven dagvWirdeba Semdegi 

aRniSvnebi:  

it - i -uri moTxovnis dadgomis dro )0( 0 t ; 

1 iii ttA - )1( i  da i -uri moTxovnebis dadgomebs Soris dro; 

is -dro, romelic kvanZis mier ixarjeba i -uri moTxovnis momsaxureobaze (rigSi 

moTxovnis dakavebis drois gaTvaliswinebis gareSe); 
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iD -rigSi i -uri moTxovnis dakavebis dro; 

iiii SDtc  - i -uri moTxovnis momsaxureobaze dasrulebis dro; 

ie -nebismieri tipis i -uri xdomilebis warmoqmnis dro (romelsac Rebulobs mds, 

00 e  mniSvnelobis gareSe). 

yoveli gansazRvruli parametri rogorc yovelTvis SemTxveviTi sididea. davuSvaT, 

rom CvenTvis cnobilia momdevno moTxovnaTa dadgomebs Soris ,,, 21 AA  droebis al-

baTuri ganawileba; aseve momsaxureobis droebis ,,, 21 SS  ganawileba. maTi ganawi-

lebaTa funqciebi aRvniSnoT Sesabamisad AF  da SF -iT. AF  da SF  ganawilebaTa da-

sadgenad gamoiyeneba CvenTvis cnobili statistikuri meTodebi (ZiriTadad ndobis in-

tervalebisa da hipoTezaTa Semowmebis meTodebi) sistemaze winaswari monacemebis ga-

TvaliswinebiT. 00 e  momentSi kvanZi imyofeba aradakavebul mdgomareobaSi. pirveli 

moTxovnis dro ganisazRvreba AF  ganawilebidan 1A  mniSvnelobis gaTamaSebiT, generi-

rebiT (generirebis meTodebi ix. Tavi 3-Si) da mis 0-Tan mimatebiT. amis Semdeg mds ga-

dadis Semdegi (aq pirveli) xdomilebis warmoqmnis droze 11 te   (nax. 1.2-ze amozne-

qili isrebi warmoadgenen mds-s mimdinareobas). radgan 1t  momentamde sistema imyofeba 

ara dakavebul mdgomareobaSi, igi myisierad iwyebs momsaxureobas rigSi moTxovnebze 

01 D  dakavebiT. misi mdgomareoba icvleba dakavebuliT. mosul moTxovnaze momsaxu-

reobis dasrulebis 1c  dro ganisazRvreba momsaxureobis 1S  drois ( SF - ganawilebi-

dan generirebiT) da misi 1t -ze mimatebiT ( 1111 SDtc  ). meore moTxovnis 2t  dro 

gamoiTvleba 212 Att   formuliT, sadac 2A  generirdeba F AF -dan. Tu 12 ct   (ro-

gorc es nax. 1.2-zea naCvenebi), maSin mds-s Cveneba gadadis 1e -dan 22 te  -Semdegi xdo-

milebis droze (Tu 12 ct  , maSin mds-s Cveneba gadavidoda 1e -dan 1c -ze: 12 ce  ). 

radgan 2t  momentSi mosuli moTxovna aRmoaCens, rom kvanZi ukve dakavebulia, maSin 

rigSi myof moTxovnaTa ricxvi izrdeba 0-dan 1-mde, xolo moTovnis dadgomis 2t -dro 

daimaxsovreba, oRond am SemTxvevaSi ar generirdeba 2S -momsaxureobis dro. mesame mo-

Txovnis dro gamoiTvleba 323 Att   formuliT, sadac 3A  xdomileba kvlav gene-

rirdeba AF -dan. Tu 13 ct   (rogorc es naxazzea naCvenebi), maSin mds-s Cveneba 2e -dan 

gadadis 13 ce   Cvenebaze. maSin moTxovna, romelzec momsaxureoba dasrulebulia, ga-

dis sistemidan da iwyeba rigSi mdgomi pirveli moTxovnis momsaxureoba (misi moTxov-

nis droa 2t ). gamoiTvleba misi rigSi dakavebis dro 212 tcD  . xolo misi gasvlis 

droa  212 Scc   ( 2S  generirdeba SF -dan), xolo rigSi myof moTxovnaTa ricxvi 1-

dan 0-mde mcirdeba. Tu 23 ct   maSin mds-s Cveneba 3e -dan gadadis 34 te  -Semdegi 

xdomilebis warmoqmnis droze da a.S. ase grZeldeba modelireba. modelireba SeiZleba 

Sewydes (magaliTad), rodesac rigSi dakavebul moTxovnaTa ricxvi miaRwevs winaswar 

gansazRvrul sidides an sxva mizeziTac.  

 

nax.1.2. mds-s mimdinareobis meqanizmi 
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$1.2.2. diskretul-xdomilebiTi simulaciuri modelis komponentebi da misi 

organizacia  

Tumca  modelireba gamoiyeneba sxvadasxva realuri sistemebis analizisTvis, 

amasTan yvela diskretul-xdomilebiTi simulaciur modelebs gaaCniaT saerTo 
komponentebi. am komponentTa logikuri organizacia uzrunvelyofs modelirebis 
procesis daprogramebas, mis gamarTvas da programis Semdgom SesaZlo cvlilebebs. 
diskretul-xdomilebiTi simulaciuri modeli, romelic iyenebs xdomilebidan gada-

svlis mds-meqanizms da dawerilia romelime universalur daprogramebis enaze, Sei-

cavs Semdeg komponentebs: 

 sistemis mdgomareoba – mdgomareobaTa cvladebis erToblioba, aucilebeli 

sistemis aRwerisaTvis drois gansazRvrul momentSi; 

 modeluri drois saaTi – cvladi, romelic uCvenebs modeluri drois mimdi-

nare moments; 

 xdomilebaTa sia – sia, romelic Seicavs yoveli Semdegi gansxvavebuli 

tipis xdomilebis dadgomis dros;  

 statistikuri mTvlelebi – cvladebi, romlebSic inaxeba sistemis maxasia-

Teblebze statistikuri informacia; 

 inicializaciis programa – qveprograma, romelsac simulaciuri modeli 

moyavs sawyis, nulovan mdgomareobaSi; 

 sinqronizaciis programa – qveprograma, romelic xdomilebaTa siaSi eZebs 

Semdeg xdomilebas da mds-s Cveneba gadayavs axali xdomilebis dadgomis 

droze.  

 xdomilebaTa damuSavebis programa – qveprograma, romelic anaxlebs siste-

mis mdgomareobas, rodesac dgeba gansazRvruli tipis xdomileba (yoveli 

tipis xdomilebisTvis arsebobs xdomilebis damuSavebis calke qveprograma); 

 biblioTekuri programa – qveprogramaTa krebuli, romelic gamoiyeneba Sem-

TxveviTi dakvirvebaTa generaciisaTvis (romlebic gamoiyenebian simulaciur 

modelSi). 

 angariSebis generatori – qveprograma, romelic iTvlis satatistikuri 

mTvlelebidan sistemis muSaobis kriteriumebis Sefasebebs da iZleva 

modelirebis dasrulebis angariSs. 

 ZiriTadi programa – qveprograma, romelic iZaxebs sinqronizaciis programas, 

raTa ganisazRvros Semdegi xdomileba. Semdeg marTvas gadascems Sesabamisi 

xdomilebis damuSavebis programas, raTa moxdes sistemis mdgomareobis ganax-

leba. ZiriTad programas aseve SeuZlia Seasrulos modelirebis Sewyvetis 

kontroli da gamoiZaxos modelirebis dasrulebis angariSis generatoric.  

zemoT CamoTvlil komponentebs Soris logikuri mimarTebebi naCvenebia nax. 1.3-

ze. modelireba iwyeba 0-momentSi. ZiriTadi programa gamoiZaxebs inicializaciis 

programas, romelic mds-is Cvenebas daayenebs 0-van momentisTvis. Semdeg sistemas 

daayenebs sawyis mdgomareobaSi, statistikur mTvlelebs moiyvans sawyis mdgomare-

obaSi da inicializacias gaukeTebs xdomilebaTa sias. marTvis ZiriTad programaze 

dabrunebis Semdeg gamoiZaxeba sinqronizaciis programa, raTa ganisazRvros uaxloesi 

xdomilebis tipi. Tu is aris i -tipi, maSin simulaciis drois saaTi gadadis i -uri 

tipis xdomilebis dadgomis droze da marTva ubrundeba ZiriTad programas. ZiriTadi 

programa aaqtiurebs i -uri tipis xdomilebis damuSavebis programas, am dros xdeba 

sami tipis moqmedeba: pirveli – i -uri tipis xdomilebis dadgomasTan dakavSirebiT 
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i 

xdeba sistemis mdgomareobis ganaxleba; meore – statistikuri mTvlelebis ganaxle-

 

 ara 

 

ki 

 

 

 

 

 

bis gziT grovdeba informacia sistemis muSaobis Sefasebis kriteriumebze; mesame-

generirdeba momavali xdomilebebis warmoqmnis dro da informacia amis Sesaxeb 

Caemateba xdomilebaTa sias. xSirad, momavali xdomilebaTa warmoqmnis drois gansa-

zRvrisas, warmoiqmneba SemTxveviTi simulaciis, gaTamaSebis anu generirebis aucileb-

loba. aseT SemTxveviT dakvirvebas SemTxveviTi sidide ewodeba. i -uri xdomilebis 

damuSavebis programis damTavrebis Semdeg ZiriTad programaSi sruldeba Semowmeba im 

mizniT, rom gairkves – Sewydes modelireba Tu ara? Tu modelireba wydeba, maSin 

ZiriTadi programidan gamoiZaxeba angariSebis generatori, raTa gamoiTvalos 

sistemis muSaobis Sefasebis kriteriumebi da Seiqmnas angariSi. Tu modelirebis 

nax. 1.3 

inicializaciis 

programa 

ZiriTadi  

programa 

sinqronizaciis 

programa 

0 

1. mds-is dayeneba 

0-ze. 

2. sistemis daye-

neba sawyis 

mdgomareobaSi 

da statistiku-

ri mTvlelebis 

ganuleba. 

3. xdomilebaTa 

siis iniciali-

zacia 

1. Semdegi 

tipis 

xdomilebis 

gansazRvra; 

magaliTad i  

2. modeluri 

drois  

saaTis  

gadayvana 

0. inicializaciis programis 

gamoZaxeba 

1. sinqronizaciis  

programis  

gamoZaxeba 

2. i -uri obieqtis  

damuSavebis  

programis  

gamoZaxeba 

meordeba  

mravaljer 

1 

i -uri xdomilebis  

damuSavebis  

programa 

dasawyisi 

1. sistemis mdgomareobis ganaxleba  

2. sistemis mTvlelebis ganaxleba 

3. statistikuri mTvlelebis drois generireba  

da maTi xdomilebaTa siaSi damateba 

SemTxveviTi  

sidideebis  

generireba 

biblioTekuri  

programebi 

simulacia dasrulebulia? 

angariSebis  

generatori 

1. moTxovnili SefasebaTa gamoTvla 

2. angariSebis Seqmna 

gaCereba 
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dasrulebis dro jer ar damdgara, maSin marTva kvlav gadaecema ZiriTad programas 

da cikli “ZiriTadi programa  sinqronizaciis programa  ZiriTadi programa 

 xdomilebaTa damuSavebis programa  simulaciis dasrulebis pirobis Semowmeba” 

meordeba manam, sanam ar Sesruldeba gaCerebis piroba. 

cota ram sistemis mdgomareobebze. rogorc ukve adre iTqva sistema aris 

garkveuli obieqtebis erToblioba. obieqtebi aRiwerebian mniSvnelobebiT, romelTac 

atributebi ewodebaT. diskretul-xdomilebiTi simulaciur modelSi es atributebi 

warmoadgens sistemis mdgomareobis nawils. obieqtebi, romelTac gaaCniaT saerTo 

Tvisebebi erTiandebian siebSi (failebSi, nakrebebSi). yoveli obieqtisTvis arsebobs 

Canaweri siaSi, romelic obieqtis atributebisgan Sedgeba. obieqtebis siaSi ganlage-

bis sakiTxs wyvets garkveuli wesi (ganlagebis efeqturi wesebi cnobilia monacemTa 

struqturebSi). zemoT aRwerili sistemisTvis obieqtebs warmoadgens momsaxureobis 

kvanZi da moTxovnebi SekveTebze. aq obiqti-kvanZs gaaCnia atributi “dakavebulia Tu 

Tavisfalia”. moTxovnebs, romlebic Cayenebulia rigSi, gaaCniaT atributi-“dadgomis 

dro”. (rigSi dakavebul moTxovnaTa ricxvi aseve SeiZleba CaiTvalos obieqt-kvanZis 

atributad). rogorc me-4-e TavSi gamoCndeba moTxovnebi erTiandebian siebSi. 

diskretul xdomilebiTi modelebis programebis organizacia da funqcionireba, 

romelSic gamoiyeneba xdomilebidan xdomilebaze gadasvlis meqanizmi, sakmaod 

tipiuria, Tu programa dawerilia C universalur enaze. simulaciaze aseT midgomas 

xdomilebis dagegmva ewodeba, radganac momavali xdomilebis dro modelSi cxadad 

mieTiTeba da igegmeba modelis momavalSi.  

 

 

$ 1.3. uwyveti modelirebis Sesaxeb 
 

uwyveti modelireba – sistemis droSi modelirebaa, romlis warmodgenaSi 

mdgomareobis cvladebi icvlebian uwyvetad drosTan mimarTebaSi. rogorc yovelTvis 

uwyvet simulaciur modelebSi (usm) gamoiyeneba diferencialuri gantolebebi, 
romlebic adgenen mimarTebebs droSi sistemis cvladebis cvlilebis siCqareebisTvis. 

Tu diferencialuri gantolebani Zalian martivia, isini SeiZleba amoixsnas anali-

zurad, raTa warmodges mdgomareobis cvladebis mniSvnelobani damokidebuli droze 

0-momentidan. “didi” uwyveti modelebisTvis analizuri amonaxsnebi ar arsebobs, Ca-

werili cxadi saxiT, romelTa gamoTvlaa SesaZlebeli, magram arsebobs maTematikuri 

aparati: diferencialuri gantolebaTa ricxviTi integrireba-ricxviTi analizis na-

wili, romlis gamoyenebiT umetes wilad SesaZlebelia gantolebaTa miaxloebiTi ri-
cxviTi amonaxsnis miReba. da romlis gamoyeneba misaRebia simulaciuri uwyveti mode-

lirebis amocanebSi.  

simulaciuri modelirebis ramdenime programuli uzrunvelyofa (SIMULINK, 

Dymola, Arena, AweSim, Extend da sxva) akeTebs usm-s maRal samomxmareblo doneze 

(uwyveti simulaciuri modelirebis ukeT gacnobis mizniT mimarTeT Jurnals 

saxelwodebiT Simulation). 
magaliTi 1.2. ganvixiloT uwyveti modeli, romelic aRwers or populacias Soris 

metoqeobas. am tipis biologiuri modelebi gamoirCevian “mtacebeli-msxverpli”-s 

modelis saxelwodebiT (pirvelad ganixileboda, Braun, 1975 da Gordon, 1978-

avtorebis mier). 

garemo warmodgenilia ori populaciiT: mtaceblebi da msxverpli, romlebic 

urTierTqmedeben erTmaneTTan. msxverpli pasiuria, xolo mtaceblebi damokidebulia 

msxverplis populaciaze, radgan igi warmoadgens mtaceblis erTaderT sakvebs (mag. 
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mtaceblebi SeiZleba iyos zvigenebi, xolo msxverpli Tevzebi, romliTac ikvebeba 

zvigeni). 

vTqvaT )(tx  da )(ty  aRniSnavs Sesabamisad msxverplis da mtacebelTa populaciebis 

raodenobebs t -drois momentSi. davuSvaT, rom msxverplis populacias aqvs kvebis 

SeuzRudavi maragi da mtacebelTa ar arsebobis SemTvevaSi misi zrdis tempi Seadgens 

)(txr  sidides, raime 0r  ricxvisTvis ( r -aris sxvaoba benebrivad dabadebisa da bu-

nebrivad daRupvis doneebs Soris). msxverpls da mtacebels Soris urTierTdamokide-

bulebis arseboba gvaZlevs safuZvels davuSvaT, rom msxverplis daRupvis tempi 

pirdapirproporciulia orive populaciaTa raodenobebis )()( tytx   namravlis. amitom 

dt

dx
-msxverplis populaciis cvlilebis saerTo tempi SeiZleba warmovidginoT rogorc 

sxvaoba:  

),()()( tytaxtrx
dt

dx
      (1.1) 

sadac 0a -proporciis koeficientia. radgan TviT mtacebelTa arseboba 

damokidebulia msxverplis populaciaze, amitom msxverplis mopovebis gareSe 

mtacebelTa populaciis Semcirebis tempi Seadgens )(tsy -s, raime 0s  ricxvisTvis. 

garda amisa ori populaciis urTierTqmedeba iwvevs mtacebelTa populaciis zrdas, 

romlis tempi pirdapirproporciulia )()( tytx -namravlis. 
dt

dy
-mtacebelTa populaciis 

cvlilebis saerTo tempi Seadgens: 

),()()( tytbxtsy
dt

dy
     (1.2) 

 

sadac 0b  proporciulobis koeficientia. populaciaTa sastarto mniSvnelobebia: 

0)0(0  xx  da 0)0(0  yy . 0t mniSvnelobebisTvis (1.1)-(1.2) gantolebaTa 

sistemas gaaCnia erTaderTi amonaxsni (Braun, 1975), Tanac 0)( tx  da 0)( ty . 

maSasadame urTierTqmedebaSi arcerTi populacia ar gawydeba. amasTan   0)();( ttytx -

amonaxsni periodulia raime 0T  umciresi dadebiTi periodiT: )()( txnTtx  , 

)()( tynTty  , Zn . es Sedegi araa moulodneli, radgan mtacebelTa populaciis 

zrdiT mcirdeba msxverplis populacia. es SemdegSi msxverplis populaciis Semcirebas 

iwvevs. xolo es TavisTavad iwvevs mtacebelTa populaciis Semcirebas da a.S. 

periodulad. 01.0r ; 
6102 a ; 01.0s ; 

610b ; 12000)0( x ; 

600)0( y Semavali monacemebisaTvis miRebulia (1.1), (1.2) amocanis ricxviTi amonaxsni. 

gamoyenebulia ricxviTi analizis paketi (nax. 1.4). 

 

nax. 1.4 
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moyvanili magaliTi deterministulia da modeli ar Seicavs SemTxveviT 

komponentebs. Tumca parametrebi r , a  , s da b -SeiZleba iyvnen droze damokidebuli 

da Tanac SemTxveviTic. aseTi uwyveti, Tundac martivad gasagebi modelebi Zalian 

rTuldeba da moiTxovs stoqasturi simulaciuri modelirebis maRal dones.          
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“nebismieri, vinc eWvis TvaliT uyurebs  
SemTxveviTi ricxvebis miRebis ariTmetikul  
meTodebs, scodavs yovelgvari eWvis gareSe” 

jon fon neimani (1951)  

 

Tavi 2. SemTxveviTi ricxvebis generatorebi 

 
Sesavali  
 

nebismieri sistemis an procesis simulaciuri modelireba, romelic Seicavs 

SemTxveviT komponentebs, iTvaliswinebs SemTxveviTi ricxvebis generirebis (simu-

laciis, gaTamaSebis) meTodebis gamoyenebas. magaliTad: masobrivi momsaxureobis sis-

temebis modelebisTvis moiTxoveba momdevno SekveTebs Soris drois intervalis, 

momsaxureobis drois intervalis da a.S. parametrTa mniSvnelobebi. maT misaRebad 

gamoiyeneboda konkretuli ganawilebani (mag., eqsponencialuri).  

am da Semdeg TavSi Cven gavecnobiT, Tu rogor SeiZleba saWiro albaTuri 

ganawilebidan miviRoT SemTxveviTi mniSvnelobaTa simulacia (generireba, gaTamaSeba), 

raTa es mniSvnelobebi gamoyenebuli iqnas simulaciur modelirebaSi. aq simulacia, 

generireba, gaTamaSeba – sinonimebia. isini gulisxmoben xelovnurad, analizuri 

meTodebiTa Tu algoriTmebiT, cxrilebiT da a.S. miviRoT ricxviTi mimdevrobebi, 

romelTac iseTive Tvisebebi eqnebaT, rogorc SemTxveviT ricxvTa mimdevrobebs (amis 

Sesaxeb ufro vrclad qvemoT visaubrebT). 

realurad, es Tavi daeTmoba [0,1]-ze Tanabrad ganawilebuli  SemTxveviTi 

sididis generirebis, simulaciis meTodebs. am sidides SemTxveviTi ricxvi ewodeba, 

aseTi sidide )1,0(U simboloTi aRiniSneba. rogorc cnobilia (Tavi 3), )1,0(U  kano-

niT generirebuli SemTxveviTi, damoukidebeli ricxviTi mimdevrobidan SeiZleba miRe-

buli iqnas (generirdes) nebismieri sxva ganawilebis mqone SemTxveviTi sidideebi da 

procesebi. amitom maRali xarisxis SemTxveviTi ricxvebis generatorebis ageba da 

analizi mniSvnelovani amocanaa modelirebasa da simulaciebSi.  

SemTxveviTi ricxvebis generirebis meTodologias gaaCnia xangrZlivi da sainte-

reso istoria. yvelaze adreuli generirebis meTodebi iyenebdnen fizikur 

xelsawyoebs da SemTxveviTi ricxvebi xeliT miiReboda. mag.: saTamaSo kamaTlis 

agdeba, banqos darigeba an kidev winaswar danomrili burTulebis amoReba yuTidan da 

a.S. dRes-dReobiT mravali saTamaSo latarea analogiurad funqcionirebs. XX 

saukunis dasawyisSi ukve yuradReba mieqca ufro swrafi generatorebis 

konstruqciebs. 1930-ian wlebSi statistikosebma kendalma da babinqton-smitma 

gamoiyenes swrafad mbrunavi diski 100 000 SemTxveviTi cifris misaRebad. ukve 

mogvianebiT Seiqmna eleqtronuli sqemebi, romlebic SemTxveviTi ricxvebis 

generirebisaTvis iyenebdnen pulsaciur eleqtronul “lampebs”, romlebic 1 wm-Si 

iZleodnen daaxloebiT 50 SemTxveviTi ricxvs. erT-erTi aseTi mowyobiloba iyo – 

Electronic Random Number Indicator Equipment (ERNIE) [1], romelic 1960-ian wlebSi 

britaneTis safosto uwyebis mier gamoyenebuli iqna latareaSi gamarjvebulTa 

gamosavlenad. 

kompiuteris ganviTarebisa da gavrcelebis Sedegad sul ufro meti yuradReba 

eTmoboda iseTi generatorebis Seqmnas, romlebic SesabamisobaSi iyo kompiuteris 

monacemebTan da mis muSaobasTan. erT-erTi aseTi saSualeba iyo ERNIE-s tipis 

generatorebis pirdapiri mierTeba kompiuterebTan, rogorc gare mowyobiloba. aseTi 
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generatorebis uaryofiTi mxareebia: a) generirebuli mimdevrobis praqtikulad game-

orebis SeuZlebloba, b) generirebuli SemTxveviTi ricxvebis kompiuterul progra-

mebTan interfeisSi gadacemis sakmaod dabali siCqare. am meTodebis alternatiul 

meTods warmoadgens didi moculobis mqone winaswar momzadebuli SemTxveviTi 

ricxvebis (romlebic akumulirebulia mexsierebis gare matareblebze) masivebis gamo-

yeneba kompiuteruli programebisaTvis (SemTxveviTi ricxvebis cxrilebi). cxrilebis 

uaryofiTi mxareebi iyo SedarebiT neli procesi – ricxvebis mexsierebis gare mata-

reblebidan operaciul mexsierebaSi gadagzavna (Tumca dRes-dReobiT modelirebis 

proeqtebSi gamoiyeneba daaxloebiT araumetes 106 SemTxveviTi ricxvi da maTi gamoye-

nebis efeqturoba mexsierebis gare matareblebidan sakmaod maRalia). es probleba 

iyo swored is, rom 1940–1950-ian wlebSi mkvlevarebi CaerTvnen e.w. ricxviTi, 
ariTmetikuli SemTxveviTi ricxvebis generatorebis konstruirebaSi. es meTodebi 

warmoadgens mimdevrobiT  (ufro xSirad rekurentul) algoriTmebs, sadac yoveli 

axali ricxvi ganisazRvreba wina erTi an ramodenime SemTxveviTi ricxviT, gansazR-

vruli wesiT warmodgenil formulaSi maTi CasmiT an algoriTmSi SetaniT.  

pirveli aseTi ariTmetikuli generatori f. neimanisa da v. metropolisis mier 

(1940-iani wlebi) iqna agebuli “Suas kvadratis” meTodis saxelwodebiT. gTavazobT 

am meTodis gamoyenebis magaliTs: 0z  – oTxniSna mTeli ricxvi aviyvanoT kvadratSi. 

miviRebT rvaniSna mTel ricxvs (Tu saWiro Seiqmna marcxniv davumatebT imden nuls, 

rom kvadrati SevavsoT 8 niSnamde). 1z  – SemTxveviTi oTxniSna mTeli ricxvis 

rolSi aviRoT miRebuli kvadratis – 8 niSna ricxvis – Sua 4 cifrisagan 

Sedgenili ricxvi, romelsac marcxena cifris win daewereba mZime da mis win ki 0. 

ase miiReba 1  – pirveli SemTxveviTi ricxvi. es procesi rekurentulad gagrZel-

deba. miviRebT ,, 21   SemTxveviT ricxvTa mimdevrobas.  

 

SemTxveviTi ricxvebis cxrili, generirebuli “Suas kvadratis” meTodiT 

)7182( 0 z  

i  iz  i  2
iz  

0 7182 – 51 581 124 

1 5811 0,5811 33 767 721 

2 7677 0,7677 58 936 329 

3 9363 0,9363 87 665 769 

4 6657 0,6657 44 315 649 

5 3156 0,3156 09 960 336 

    
 

SeiZleba gveCvenos, rom “Suas kvadratis” meTodi uzrunvelyofs kargi SemTxve-

viTi ricxvebis mimdevrobis miRebas, magram es ase ar aris. erT-erTi uaryofiTi 

Tviseba is aris, rom generators gaaCnia myari Tviseba mogvces ricxvebi, romlebic 

0-sken iswrafvian, rac Tanabar ganawilebas arRvevs.  

es meTodi sulac araa SemTxveviTi, anu winaswar amoucnobi. sinamdvileSi, Tu 

Cven viciT sawyisi 0z ricxvi, maSin   1ii  generirebuli mimdevroba winaswar gansa-

zRvrulia. es SeniSvna exeba nebismier ariTmetikul generators. ase Cven SeiZleba  

mivideT mistikur msjelobamde namdvili SemTxveviTi ricxvebis bunebasTan mimarTe-

baSi (xSirad ariTmetikul generatorebs ewodebaT fsevdoSemTxveviTi da maTi saSu-
alebiT miRebul ricxvebs ki fsevdoSemTxveviTi ricxvebi [6], ra Tqma unda es gan-
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marteba ufro Seesabameba realobas, Tumca Cven mas momavalSi ar gamoviyenebT, magram 

vigulisxmebT).  

xSirad citirebas ukeTeben f. neimanis Semdeg SeniSvnas [2]: 

“... nebismieri, romelic ganixilavs SemTxveviTi ricxvebis miRebis ariTmetikul 

meTodebs, codvebSi vardeba. radganac ukve mravaljer iTqva, rom ar arsebobs Sem-

TxveviTi ricxvi, magram arseboben SemTxveviTi ricxvebis miRebis meTodebi da mkacri 

ariTmetikuli procedura, ra Tqma unda, aseT meTodebs ar ganekuTvneba... aq Cven 

saqme gvaqvs SemTxveviTi cifrebis miRebis Cveulebriv “kulinariul receptebTan ...”. 

Tumca sakmaod iSviaTad, magram mainc aRniSnaven igive f. neimanis naTqvams, rom 

es e.w. “kulinariuli receptebi” “... albaT ar SeiZleba iqnas gamarTlebuli, Tumca 

ubralod aucileblad unda iqnes Sefasebuli maTi rezultatebi. aRniSnuli recep-

tebiT generirebuli cifrebis statistikuri gamokvleva unda sruldebodes, xolo 

yovelmxrivi, safuZvliani kvleva am SemTxvevaSi usargebloa. Tu generirebuli 

cifrebi kargad gamoiyenebian erTi amocanisaTvis, maSin isini rogorc wesi aseve 

warmatebiT gamoiyeneba igive tipis sxva amocanebis amoxsnebSic ...” [1]. 

Cven veTanxmebiT umravlesoba avtorebs imaSi, rom ariTmetikul generatorebs, 

romlebic saTanadod konstruirebulia, SeuZliaT iseTi ricxvebis generireba, rom-

lebic warmoadgenen )1,0(U  kanoniT ganawilebis damoukidebel SerCevebs, radgan ase-

Ti generatorebi gadian mTel Semowmebis rig statistikur Tu Teoriul testebs. 

SemTxveviTi ricxvebis karg ariTmetikul generators unda gaaCndes Semdegi 

Tvisebebi [2]: 

1. miRebuli ricxvebi Tanabrad unda iyvnen ganawilebuli [0,1]-Si da erTmaneTSi 

ar unda hqondeT korelacia; 

2. generatori unda gamoirCeodes swrafqmedebiT da ar unda iTxovdes 

mexsierebis did resursebs; 

3. generators unda gaaCndes unari damoukidebeli generirebuli nakadebis 

(igive seriebis) simulirebisa, raTa Sesruldes maRali xarisxis modelireba; 

4. generators unda gaaCndes momdevno nakadis miRebis saSualeba, dawyebuli 

wina nakadis bolo elementidan. umravlesoba Tanamedrove generatorebSi ga-

Tvaliswinebulia maRali swrafqmedeba da 2 an meti paraleluri 

damoukidebeli nakadis generireba; 

5. generatorebi unda uzrunvelyofdnen generirebuli SerCevebis damoukideb-

lobas da Tanabrad ganawilebas (asruleben Sesabamis statistikur hipo-

Tezebs maRali sandoobiT). 

SevniSnoT, rom SemTxveviTi ricxvebis generatorebis konstruirebis Tema sak-

maod rTulia. is moicavs iseT disciplinebs, rogoricaa abstraqtuli algebra da 

ricxvTa Teoria, erTis mxriv, da meores mxriv, sistemuri daprogrameba da 

kompiuteris arqiteqtura. 

 

 

2.1. wrfivi kongruentuli generatorebi 
 

modelirebasa da simulaciaSi dRes xSirad gamoiyeneba wrfivi kongruentuli 

generatorebi (wkg), romlis avtoria lemeri (Lehmer, 1951). masSi ,, 21 zz  – mTeli 

ricxvebis mimdevroba ganisazRvreba 

,,2,1),)(mod( 1   imcazz ii    (2.1) 

rekurentuli formuliT, sadac m  (moduli), c  (wanacvleba), a  (mamravli) da 0z  

(sawyisi ricxvi an mniSvneloba) parametrebi arauaryofiTi mTeli ricxvebia. (2.1) 
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formulis Tanaxmad cazi 1  unda gaiyos m -ze da iz -s mieniWos ganayofiT miRebuli 

naSTi. amitom 10  mzi . imisaTvis, rom miviRoT )1,0(U  kanoniT ganawilebuli i  

SemTxveviTi ricxvi, saWiroa iz -s normireba m -iT: 

.,2,1,  imzii     (2.2) 

(2.1) formulaSi mTavari koncentracia ra Tqma unda iz -is gamoTvlas daeTmoba, Tum-

ca mxedvelobaSi unda miviRoT (2.2) formuliT gayofis operaciis zusti xasiaTi, 

radgan gansxvavebul kompiutersa da ricxvebis kompiliatorebs gaaCniaT gansxvavebu-

li saSualebebi. parametrebis damatebiTi SezRudvebia 

.,,,0 0zmcmamm     (2.3) 

maTematikuri induqciiT SeiZleba vaCvenoT, rom 

),1(,2,1),(mod
1

)1(
0 
















 aim

a

ac
zaz

i
i

i    (2.4) 

anu iz -is yoveli mniSvneloba srulad ganisazRvreba cam ,,  da 0z  parametrebiT, 

rac kidev erTxel miuTiTebs (2.1)–(2.3) wrfivi kongruentuli generatoris araSem-

TxveviTobaze da mis deterministul xasiaTze. Tumca aRniSnuli parametrebis saTa-

nadod SerCeviT momavalSi SevecdebiT miviRoT iz  mimdevrobis iseTi gansazRvreba, 

rodesac Sesabamisi i  sidideebi warmodgebian rogorc damoukidebeli da Tanabrad 

ganawilebuli SemTxveviTi sidideebi, ganawilebuli )1,0(U  kanoniT. am dros es 

sidideebi mowmdebian mTeli rigi testebiT (ix. $2.5). 

SevniSnoT, rom wkg-is gamoyenebiT i  sidideebi Rebuloben mxolod Semdeg 

racionalur mniSvnelobebs: 

.
1

,,
2

,
1

,0
m

m

mm


      (2.5) 

ase rom Cven mogviwevs m  modulis mniSvnelobad rac SeiZleba didi mTeli ricxvis 

aReba; mag. 109 da meti, rom (2.5)-is tipis ricxvebi rac SeiZleba meti mkvrivi iyos 

(0,1) SualedSi. 910m  modulisTvis arsebobs sul mcire 1 miliardi SesaZlo mniS-

vneloba. didi m -is aRebiT Cven uzrunvelvyofT SedarebiT karg miaxloebas )1,0(U  

realur uwyvet ganawilebasTan. rogorc monahani (Monahan, 1985) aRniSnavs, diskre-

tuli wiladebiT gamoTvlili i  mniSvnelobaTa raodenobis SezRudvam SeiZleba ga-

moiwvios sistemebis modelirebis mniSvnelovani cdomilebani.  

ganvixiloT magaliTi wkg-s agebaze: 

7),16)(mod35( 01   zzz ii  

i  iz  i  i  iz  i  i  iz  i  i  iz  i  

0 7 – 5 10 0.625 10 9 0.563 15 4 0.250 

1 6 0.375 6 5 0.313 11 0 0.000 16 7 0.438 

2 1 0.063 7 12 0.750 12 3 0.188 17 6 0.375 

3 8 0.500 8 15 0.938 13 2 0.125 18 1 0.063 

4 11 0.688 9 14 0.875 14 13 0.813 19 8 0.500 

 

cxrilSi warmodgenilia iz  da i -is mniSvnelobebi (mZimis Semdeg 3 Tanrigis 

sizustiT) 19,2,1 i -sTvis. SevniSnoT, rom 218117 , zzzz  da a.S. anu 

32,,18,17 i  indeqsebisTvis vRebulobT igive mniSvnelobebs, romlebic miRebuli 
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iyo 16,2,1 i  indeqsebisTvis igive wesiT. gasagebia, rom praqtikaSi am generatoris 

gamoyeneba ar SeiZleba, radgan m  sakmaod mcirea. 

aRniSnul generatorSi cikluroba gardauvalia. da saerTod (2.1)–(2.3) tipis 

generatorebSi rogorc ki iz  miiRebs iseT mniSvnelobas, romelic ukve iyo generi-

rebuli, Semdeg ukve generirdeba igive mimdevroba. es cikli meordeba usasrulod. 

ciklis sigrZes generatoris periodi ewodeba. radgan 10  mzi  da iz  damokide-

bulia 1iz -ze, cxadia, periodis sigrZe ar aRemateba m  sidides. 

Tu periodis sigrZe emTxveva m  moduls, maSin ityvian, rom wkg-s aqvs sruli 
periodi (rogorc es warmodgenil magaliTSia). 

Tu generators gaaCnia sruli periodi, maSin cxadia, rom rogoric ar unda 

aviRoT sawyisi 0z  mniSvneloba,  1,,1,0 m  mimdevroba gadalagdeba garkveul 

inversiaSi, romelic warmoadgens cikls. zemoT moyvanili magaliTis ciklia: 7, 6, 1, 

8, 11, 10, 5, 12, 15, 14, 9, 0, 3, 2, 13, 4. Tu generatoris periodi naklebia srulze, 

maSin ciklis sigrZe damokidebuli iqneba 0z  sawyisi mniSvnelobis arCevaze. 

simulaciuri modelirebis farTomasStabian proeqtebSi SeiZleba gamoyenebuli 

iyos aseuli raodenobis SemTxveviTi ricxvebi. cxadia, amisTvis saWiroa didi 

periodis mqone generatorebi. ufro metic, ukeTesia sruli periodis mqone 

generatoris gamoyeneba, radgan 0-dan 1m -mde ricxvebi generirebisas mxolod 

erTxel gamoiTvleba ciklSi. es ki iz  ricxvebis Tanabari ganawilebis aucilebeli 

pirobaa. ase rom mniSvnelovania am,  da c  parametrebs Soris iseTi damokidebuleba, 

romelic (2.1)–(2.3) generatorSi uzrunvelyofs srul periods. 

Teorema 2.1 (Hull and Dobell, 1962). (2.1)–(2.3) tipis generators gaaCnia sruli 
periodi maSin da mxolod maSin, roca  

a) c  da m  parametrebi urTierT martivia (maTi udidesi saerTo gamyofia 1); 
b) Tu m -s gaaCnia martivi gamyofi q , maSin 1a  iyofa q -ze; 

g) Tu m  iyofa 4-ze, maSin 1a  iyofa 4-ze. 
 

zemoT moyvanili magaliTi akmayofilebs am moTxovnebs: 

a) 3c  da 16m  urTierT martivia; 

b) 4216 m -s gaaCnia martivi gamyofi 2q ,  maSin 4151 a -ic iyofa 

q -ze; 

g) piroba ra Tqma unda sruldeba. 

generatorSi sruli periodis an didi sigrZis periodis miRweva erT-erTi 

mniSvnelovani amocanaa. rogorc adre aRvniSneT, saWiroa kidev iseTi Tvisebebis qona, 
rogoricaaL damoukidebloba da Tanabari ganawileba; gamoTvlebis efeqturoba da mo-
nacemTa Senaxva; nakadebis didi raodenoba da maTi damoukidebloba; kvlav generireba-
gameoreba. 

kvlav-generireba da gameoreba (2.1)–(2.3) tipis generatorebSi advilad 

misaRwevia. amisaTvis sakmarisia 0z -is damaxsovreba da SemdgomSi generatoris 

aqtivizacia damaxsovrebuli mniSvnelobiT, raTa miviRoT  
1ii  – igive mimdevroba. 

SeiZleba ciklis garkveuli nawilis gameorebac, Tu damaxsovrebuli iqneba Sesabamisi 

iz  mniSvneloba.  

rogorc yovelTvis, (2.1)–(2.3) tipis generatorebiT nakadebis generireba 

garantirebulia, Tu damaxsovrebuli iqneba maTi sawyisi mniSvnelobebi. magaliTad, 

Tu Cven gvWirdeba 100 000 ricxvi sigrZis mqone nakadebi, maSin 0z  pirveli nakadis 
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sawyisi mniSvnelobaa, 000100z  ki iqneba meore nakadis sawyisi mniSvneloba, 000200z  – 

mesame nakadis sawyisi mniSvneloba da a.S. analogiurad avagebT sxvadasxva moculobis 

nakadebsac. 

am Tavis Semdeg paragrafebSi ganimarteba, Tu rogor unda airCes wkg-is 

parametrebi, raTa miRebuli iqnas “kargi” generatori. agreTve ganxiluli iqneba 

ukiduresad “cudi” generatorebi, romlebic gansakuTrebul SemTxvevebSi mainc 

SeiZleba gamoyenebul iqnas simulaciebsa da modelirebaSi. 

 

 

$2.2. wanacvlebuli generatorebi 
 

ganixileba SemTxveva, roca (2.1)–(2.3) modelSi 0c . Teorema 2.1-is a) pirobis 

Sesrulebis Sedegad miRweuli iqneba sruli periodi. jer SevarCioT m  moduli. 

rom miviRoT grZeli periodi da i  – generirebuli ricxvebis maRali Tanabari sim-

kvrive [0,1] intervalSi, aucilebelia m  modulma miiRos didi mTeli mniSvneloba. 

garda amisa (2.1)–(2.3) generatorSi m -ze gayofa da naSTis miReba sakmaod grZeli 

ariTmetikuli operaciaa. amitom sasurvelia moveridoT aseTi gayofis pirdapir Ses-

rulebas [1],[2]. cxadia, m -is arCevani unda gavakeToT 2-is xarisxebze: bm 2  saxiT, 

sadac b  kompiuteris sityvis bitebis raodenobaa (sityvis, romelSic SesaZlebelia 

monacemTa Senaxva). nawilobriv, bevr kompiutersa da kompilatorSi gamoiyeneba 32-

bitiani sityva, amasTan sasazRvro marcxena biti gamoiyeneba niSnisaTvis. maSasadame 

31b  da 312m . garda amisa, Tu 31b  da bm 2  (mag., 632b ), maSin namdvilad 

gverds vuvliT m -ze pirdapir gayofas umetes raodenoba kompiuterebisTvis, radga-

nac b2 -ze gayofisas SesaZlebelia mTeli ricxvebis gadavsebis gamoyeneba. udidesi 

mTeli ricxvi, romelic SeiZleba warmovadginoT, aris 12 b . nebismieri mcdeloba 

udidesi mTeli N  ricxvis Senaxvisa sityvaSi, romelsac aqvs bh   orobiTi niSnebi, 

dasaSveb b  normas scildeba, damTavrdeba marcxena bh  orobiTi niSnebis dakargviT. 

sityvaSi Cawerili ricxvi iqneba )2(mod bN . Semdeg magaliTSi naCvenebia moduliT 

gayofa, rodesac gamoyenebulia sityvis gadavseba bm 2  warmodgenisTvis.  

davuSvaT, rom wkg wina magaliTisTvis sruldeba warmosaxviT kompiuterze, 

romlis sityvaSi bitebis ricxvia 4b . Sesabamisad bm 216  . rogor gamoviyenoT 

sityvis gadavseba, rom miviRoT 127 z  56 z -sgan? 

am SemTxvevaSi 2835 6 z  ricxvis orobiTi warmodgenaa 11100. radgan 4-bitian 

kompiuteris sityvaSi SesaZlebelia mxolod 4 orobiTi niSnis Senaxva, maSin 11100-s 

marcxena erTi sasazRvro cifri 1 Camocildeba da darCeba orobiTi ricxvi 1100, 

romelic warmoadgens 127 z  aTobiTi ricxvis orobiT warmodgenas. 

Cven vafrTxilebT mkiTxvels, rom im kompiuterze, romelzec Sesruldeba 

generatorisTvis Cawerili programa, aucilebelia Semowmdes mTeli ricxvebis gadav-
sebis damuSavebis saSualeba. magaliTad, ricxvis niSnis biti SeiZleba CavrToT ope-

raciaSi, rac gamoiwvevs koreqtirebas, romelic SeiZleba damokidebuli iyos kompiu-

teris arqiteqturaze, mTeli ricxvis warmodgenis formatze da daprogramebis enaze. 

ase rom bm 2  warmoadgens modulis karg arCevans. aseT SemTxvevaSi Teorema 

2.1-is gaTvaliswinebiT Cven miviRebT srul periods, Tu c  dadebiTi kenti ricxvi 

iqneba da 1a  gaiyofa 4-ze. SevniSnoT, rom 0z  SeiZleba airCes nebisnierad 0-dan 

1m -mde da es arCevani gavlenas ver moaxdens generatoris periodze. 
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axla ganvixiloT a -s arCevis sakiTxi. wkg-is konstruirebis adreul 

naSromebSi aqcenti keTdeboda a  da 1iz  ricxvebis namravlis efeqturobaze, rode-

sac a  mamravli warmodgeba formiT [2]: 

12  ea ,      (2.6) 

raime e  mTeli ricxvisTvis. Sesabamisad 

.2 111   ii
e

i zzaz  

es niSnavs, rom 1iaz  SeiZleba miviRoT 1iz  mTeli ricxvis sityvaSi orobiTi war-

modgenis marcxniv e  bitze “wanacvlebiT” da Semdeg masze 1iz -is mimatebiT. e.i. pir-

dapiri gadamravlebis operacia icvleba wanacvlebisa da Sekrebis operaciebiT. Tumca 
mogvianebiT gairkva (Knuth, 1998), rom (2.6) tipis mamravlebis gamoyeneba wkg-s al-

goriTmebSi miuRebelia, radgan generirebuli SemTxveviTi ricxvebi gamoirCevian cudi 
statistikuri TvisebebiT (mezoblebis maRali korelacia da a.S.). 

mainc rogor avirCioT a  da c -s wanacvlebul )0( c  wrfiv kongruentul ge-

neratorSi, roca bm 2 ? sakuTari gamocdilebidan viciT, rom es martivi amocana 

araa da saerTod SeiZleba iTqvas uari wanacvlebul )0( c  generatorze. ufro 

martivi da gasagebia multiplikatiuri wkg, romelic ukeT moqmedebs da ufro 

xSirad gamoiyeneba.  

 

 

$2.3. multiplikatiuri generatorebi 
 

multiplikatiuri wkg-is gamoyeneba xelsayrelia, radgan saWiro araa c  para-

metris gansazRvra )0( c , magram mas ar gaaCniaT sruli periodi, radgan Teo-

rema 2.1-is a) piroba ar sruldeba (rameTu 0m  moduli da 0c  iyofian m -ze, 

e.i. isini urTierTmartivebi araa). Tumca SesaZlebelia periodi 1m  aRmoCndes (amas 

momavalSi vnaxavT), Tu saTanadod avarCevT m  da a -s. multiplikatiur wkg-s 

iyenebdnen ufro adre, vidre wanacvlebul wkg-s. Tanac amJamad gamoyenebuli umrav-

lesoba wkg-ebisa swored rom multiplikatiuria. rac Seexeba wanacvlebul wkg-is 

upiratesobas, igi dRemde araa damtkicebuli [1]. 
rogorc damtkicda (Knuth, 1998), multiplikatiur generatorebSi, romlebSic 

moduli bm 2 , periodi ar aRemateba 22 b -s. e.i. modulis meoTxeds (Tu 0z  kentia 

da a -s gaaCnia 38 k  an 58 k  gamosaxuleba ,2,1,0k  raime mTeli mniSvnelobis-

Tvis). e.i.  1,,1,0 m  mniSvnelobebidan mxolod meoTxedi raodenoba SeiZleba mivi-

RoT iz -is mniSvnelobebad, Tanac cnobili araa es 
4
m  raodenoba ricxvebi rogoraa 

ganawilebuli (0,1)-ze. SeiZleba romelime or maTgans Soris didi manZilic iyos, 

amitom SemuSavda sxva meTodebi m -is asagebad. 
bm 2 -s nacvlad m -is rolSi iReben iseT udides martiv ricxvs, romelic 

naklebia b2 -ze [1, 2]. magaliTad: Tu 31b , maSin udidesi martivi mTeli ricxvi, 

romelic naklebia b2 -ze, Sesabamisad aris 64778314721231 m . periodi iqneba 

1m . aseT generatorebs ewodebaT multiplikatiuri wkg martivi moduliT. a  ise 

unda airCes, rom 11 ma  unaSTod iyofodes m -ze (aq 1231m )! multiplika-

tiuri generatoris gamoyenebasTan warmoiSoba problema: sityvaSi gadavsebis meqa-
nizmi ver gamoiyeneba pirdapiri gadamravlebis operaciis nacvlad mmod -is gayofi-

sas, radgan aq ukve aRar virCevT bm 2 ! 
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am problemis dasaZlevad SemoTavazebulia (Morse and Roberts, 1983, da sxv.) 

meTodebi, romlebic iyeneben e.w. “simulaciur gayofas”, romelic gverds uvlis 

pirdapir gayofas. aseT generatorebSi martivi m  modulis rolSi iyeneben 

qb 2        (2.7) 

tipis gamosaxulebebs ( 0q  mTeli ricxvia), rac saSualebas gvaZlevs gayofa daviy-

vanoT gadavsebis meqanizmze: rom miviRoT )2)(mod( 1 qazz b
ii    gardaqmna 1iz -dan, 

davuSvaT, rom )2)(mod(' 1
b

ii azz   SeiZleba gamoiTvalos gadavsebis meqanizmiT pir-

dapiri gayofis gareSe. Tu k  udidesi mTeli ricxvia, romelic naklebia an toli 
b

iaz 21  gamosaxulebaze (es ukanaskneli ki marjvniv Zvris operaciiT Seicvleba), 

maSin  












.2',)2('

,2','

qkqzqkqz

qkqzkqz
z

b
i

b
i

b
ii

i
Tu

Tu
   (2.8) 

marsesa da robertsis generatorSi (romlis C-programul kods gTavazobT 

$2.6-Si) gamoyenebulia simulaciuri gayofa. paragrafis boloSi gTavazobT 

parametrebis sarekomendacio mniSvnelobebs multiplikatiur wkg-Si: 

1. 80716,1231  am  an 016360630a . 

2. orobiTi Tanrigiani kompiuterisaTvis 0,4,2 zbm b   da m  urTierTmar-

tivia da )8(mod3a  an )8(mod5a , maSin dasaSveb a  parametrTa me-

oTxedi iZleva srul periods. 

3. aTobiTi Tanrigiani kompiuterisaTvis 0,5,10 zbm b   araa jeradi 2-is an 

5-is. maSin periodia 2105  b , Tu )200(moda  Rebulobs erT-erT Semdeg 

mniSvnelobas: 3, 11, 13, 19, 21, 27, 29, 37, 53, 59, 61, 67, 69, 83, 91, 109, 

117, 123, 131, 139, 141, 147, 163, 171, 173, 179, 181, 187, 189, 197. 

 

 

$2.4. sxva tipis generatorebi 
 

wina paragrafebSi ganxiluli iyo praqtikaSi farTod gamoyenebuli wkg. Tumca 

maT alternatiulad arsebobs mravali sxva tipis generatori. ganvixilavT mxolod 

ZiriTad alternatiul generatorebs.  

 

$2.4.1. zogadi tipis kongruentuli generatorebi 

zogadi tipis kongruentuli generatorebis ganmsazRvreli formulaa 

),(mod),,( 21 mzzgz iii       (2.9) 

sadac g  warmoadgebs 21,  ii zz  da a.S. wina generirebuli sidideebis deterministul 

funqcias. cxadia, rom (2.9) formuliT gansazRvruli iz  ricxvebi  1,,1,0 m  sim-

ravlidanaa da rom miviRoT )1,0(U  kanoniT ganawilebuli SerCeva, saWiroa maTi m -

iT normireba: 

.mzii        (2.10) 

(cxadia, rom wrfivi kongruentuli generatori ganekuTvneba zogadi tipis kongruen-

tul generatorebs, radgan g  wrfivi funqciaa: cazzg ii   11)( ). ganvixilavT zogi-

erT aseTi tipis generatorebs. 
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2.4.1.1. kvadratuli kongruentuli generatorebi moicema formuliT 

.')( 1
2

11 cazzazg iii        (2.11) 

gansakuTrebul yuradRebas imsaxurebs SemTxveva: 0,1'  caa  da bm 2 . maqsima-

luri periodi aqac m -ia.  

 

2.4.1.2. mravaljeradi rekursiuli generatori ganisazRvreba formuliT: 

,),,( 221121 qiqiiii zazazazzg       (2.12) 

sadac qaaa ,,, 21   mudmivebia, q  naturaluri ricxvia. arsebobs SesaZlebloba mivi-

RoT udidesi periodi 1qm , Tu Sesabamisad avirCevT parametrebs. aseTi tipis gene-

ratorebi Seswavlilia lekiueris da bluinis (L’Ecuyer and Blouin, 1988) mier. (2.12) 

tipis generatorebs miekuTvnebaT “Zveli” – fibonaCis generatori: 

.)(mod)( 21 mzzz iii        (2.13) 

m -is saTanadod SerCeviT fibonaCis generatoris periodi SeiZleba aRematebodes m -

s, Tumca mtkicdeba, rom statistikuri TvalsazrisiT igi sruliad gamouyenebelia. 
 

$2.4.2. rTuli generatorebi 

mkvlevarebma SeimuSaves meTodebi, romlebic iyeneben  erT an ramodenime Sem-

TxveviT ricxvTa generators. isini kombinireben saboloo SemTxveviTi ricxvebis mi-

saRebad. aseT generatorebs rTuli generatorebi uwodes. 
 

2.4.2.1. lekiueris generatori. lekiueris (L’Ecuyer, 1988) mier SemuSavda kombini-

rebuli generatori, romelic ori martivi generatoris gaerTianebas gulisxmobs: 

vTqvaT am generatorebiT miRebuli mTeli ricxvebis mimdevrobebia  iz1  da  iz2 . 

davuSvaT, rom  

)(mod)( 21 mzzz iii       (2.14) 

romelime mTeli m -sTvis. am generators aqvs erTi didi upiratesoba: mas SeiZleba 

aRmoaCndes sakmaod didi periodi (avtoris magaliTSi is 1018-s Seadgens), Tanac 

Semadgeneli ori generatoris mamravlebSi SeiZleba “patara” ricxvebi iyos. rogorc 

cdebma aCvena, generatori moqmedebs sakmaod swrafad da gaaCnia kargi statistikuri 

Tvisebebi.  

am meTodis ganzogadoeba kvlav lekiuers (1999) ekuTvnis: Tu gvaqvs 

     jiii zzz ,,, 21   raodenoba generatori, maSin saboloo SemTxveviTi mTeli ricxvi 

gamoiTvleba formuliT: 









.

,)(mod)(

1

12211

mz

mzzzz

ii

jijiii



 
   (2.15) 

lekiuerma Caatara farTo masStabuli kvleva (2.15) tipis generatorebisa da 

gamoavlina parametrTa is mniSvnelobebi, romlebic iZlevian did periods da statis-

tikurad vargisia. man aseve warmoadgina C-programa erT-erTi muSa generatorisTvis 

[1]. erT-erTi aseTi martivi modelia Semdegi generatori: 

























.)2092(

,))2092((mod)(

))228532((mod)1370589527612(

))2092((mod)7288105801403(

32

32

,2,1

32

3,21,2,2

32

3,12,1,1

ii

iii

iii

iii

z

zzz

zzz

zzz



   (2.16) 
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warmodgenil generators gaaCnia daaxloebiT 2191-is toli periodi (daaxlo-

ebiT 57101,3  ) da SesaniSnavi statistikuri Tvisebebi. misi sawyisi mniSvnelobebia: 

.,,,,, 222120121110 zzzzzz      (2.17) 

(2.16)-iT gansazRvruli pirveli SemTxveviTi ricxvia 3 ! (warmodgenili (2.16) algo-

riTmis kodi C-enaze ix. [1]-Si.) 

 

2.4.2.2. tausvortis generatori. ramodenime saintereso generatori iqna agebuli 

tausvortis (Tausworthe, 1965) Sromebis safuZvelze. es generatorebi, romlebic 

dakavSirebulia kriptografiul meTodebTan, uSualod moqmedeben bitebze SemTxveviTi 

ricxvebis misaRebad. 

avagoT ,, 21 bb  – binaruli niSnebis rekurentuli mimdevroba 

)2(mod)( 2211 qiqiii bcbcbcb        (2.18) 

formuliT, sadac qccc ,,, 21   mudmivebia 1 an 0 mniSvnelobebiT. tausvortis (2.18) 

algoriTmis generatorebi praqtikaSi ZiriTadad Semdegi saxiT gamoiyeneba: 

,)2(mod)( qirii bbb        (2.19) 

sadac r  da q  mTeli ricxvebia qr 0  pirobiT. (2.19) formulaSi Sekrebisa da 

2mod -is aRebis operacia sakmaod swrafia, radgan is eqvivalenturia bitebze “an 

operaciis gamoricxvis” operaciisa: 
















.,1

,,0

qiri

qiri

i
bb

bb
b

Tu

Tu
    (2.20) 

rom amuSavdes (2.19) algoriTmi, aucilebelia pirveli q  raodenoba qbbb ,,, 21   

bitebis inicializacia (gansazRvra). moviyvanoT magaliTi (Lewis and Payne, 1973). 

magaliTi. vTqvaT (2.19) modelSi 3r  da 5q , xolo sawyisi mniSvnelobebia 

1521  bbb  . Tu 6i , maSin  














.,1

,,0

53

53

ii

ii
i

bb

bb
b

Tu

Tu
 

pirveli 42 orobiTi niSani  
iib  mimdevrobisa aseTia 

.111100011001001001011001110101001111100011
   bitia31sigrZeperiodis

 

SevniSnoT, rom periodi bitebSi Seadgens 3112 q
-s.  

tausvortis tipis algoriTmebSi erTaderTi problemaa: rogor gardaiqmnan isini 

SemTxveviT ricxvebSi )1,0(U  ganawilebuli kanoniT? erTi yvelaze bunebrivi gzaa ib  

niSnebis gaerTianeba raime l  sigrZis bitur warmodgenebSi, raTa miviRoT mTeli 

ricxvebi 0-dan 12 l
-mde, romelTa 

l2 -ze gayofiT miviRebT   – Tanabrad 

ganawilebul SemTxveviT ricxvebs. mocemul magaliTSi Tu 4l , maSin miviRebT Semdeg 

SemTxveviT ricxvebs: 

.,
16

1
,

16

15
,

16

9
,

16

5
,

16

2
,

16

4
,

16

13
,

16

13
,

16

8
,

16

15
  

SevniSnoT, rom l -ma ar unda gadaaWarbos kompiuteris sityvis zomas. 

r  da q  parametrebis SerCevis sakiTxi Seswavlilia tausvortisa da sxvaTa 

mier [1].  

tausvortis generatorebs gaaCniaT mTeli rigi upiratesobani wrfiv kongru-

entul generatorebTan mimarTebaSi. tausvortis generatorebs gaaCniaT gacilebiT 
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meti sigrZis periodebi (mag.: 156521 1012   da meti). maT aseve gaaCniaT Teoriuli 

testirebi kargi safuZvlebi. cnobili mkvlevari jonsoni (Johnson, 1987) 

rekomendacias aZlevs tausvortis tipis generatorebis gamoyenebas, vidre wkg-isa 

mravalganzomilebiani modelirebis amocanebSi. magram statistikuri testebis mimarT 

isini naklebad mdgradia da amitomac praqtikaSi naklebi gamoyeneba hpoves, Tumca ki 

warmatebiT gamoiyenebian kriptografiis amocanebSi. 

 

2.4.2.3. blumebisa da Subas (Blum, Blum and Shub, 1986) generatori warmoadgens kidev 
erT rTul generators, romelic farTod gamoiyeneba kriptogtafiaSi: vTqvaT p  da 

q  didi martivi ricxvebia, romelTaTvisac 3p  da 3q  iyofian 4-ze. ganisa-

zRvreba pqm   moduli da kvadratuli kongruentuli generatori 

,)(mod2
1 mzz ii        (2.21) 

 iz  generirebuli mimdevrobidan ganisazRvreba  
iib  bitebis mimdevroba luwobaze 

kontrolis meTodiT: 1ib , Tu iz  luwia da 1ib , Tu iz  kentia.  

avtorebis mier naCvenebia rom aseTi algoriTmiT miRebuli  ,,,, 21 nbbb  

bitebis mimdevrobis dadgena praqtikulad SeuZlebelia, radgan masSi araSemTxvevi-

Tobis aRmoCeba Zalian Znelia, rac eqvivalenturia m  ricxvis pq  namravlad war-

modgenaSi, rac kompiuterisagan iTxovs Zalian did resursebs. aseTi Teoriuli uz-

runvelyofa kriptografiis kodebis daSifrvaSi ra Tqma unda Zalian mniSvnelovania. 

 

 

$2.5. SemTxveviTi ricxvebis generatorebis testireba 
 

rogorc wina paragrafebSi gairkva yvela SemTxveviT ricxvTa generatorebi, 

romelic kompiuterul modelirebaSi gamoiyeneba, sruliad deterministulia. Cven 

mxolod vimedovnebT, rom generirebuli  
1ii  mniSvnelobebi gamoiCenen iseT Tvi-

sebebs, TiTqos isini iyvnen damoukidebelni da Tanabrad ganawilebulni )1,0(U  

kanoniT. 

am paragrafSi Cven ganvixilavT ramodenime tests, romelic SeiZleba gamo-

yenebul iqnas generirebuli  
1ii  mniSvnelobebis Sesamowmeblad damoukideblobaze 

da Tanabrad ganawilebaze.  

kompiuterTa umravlesobis programul uzrunvelyofaSi Sedis “Cadgmuli” Sem-
TxveviT ricxvTa generatori. daJinebiT rekomendacias vuwevT, rom kompiuterul 

modelirebaSi maTi gamoyenebis win Sefasdes maTi moqmedebis sizuste da Tu ra 

generatoria is (CvenTvis ukve cnobili klasifikaciiT), rogoria misi ricxviTi 

parametrebi. TuY“Cadgmuli” generatori ar aRmoCndeba erT-erTi kargi generatori, 

romelic Cven ukve ganvixileT, an kidev igi ucnobi aRmoCndeba CvenTvis, maSin auci-

lebelia misi testireba empiriuli testebiT.  

 

$2.5.1. empiriuli testebi 

generatorebis empiriuli testirebis mizania ganisazRvros generirebuli  
1ii  

ricxvebi Tu ramdenad TanxvdenaSia da msgavsia damoukidebeli da (0,1)-ze Tanabrad 

ganawilebuli SemTxveviT sidideebTan.  

aq ganvixilavT 4 aseT mTavar tests (danarCeni testebis naxva SeiZleba knutis 

(Knuth, 1998) naSromSi. 
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I testi: Semowmeba Tanabrad ganawilebaze 

rogorc statistikis kursidanaa cnobili, raime n ,,, 21   SerCevis ganawi-

lebis dadgena xerxdeba “xi-kvadrat” kriteriumiT: 

[0,1] intervals vyofT k  raodenoba TanaukveTi toli sigrZis qveintervalTa 

gaerTianebad: generatoriT vaxdenT n ,,, 21   ricxvebis generirebas ( n  meti an 

toli unda iyos 100-ze, xolo kn  toli unda iyos sul mcire 5-is). davuSvaT, 

rom ),,2,1( kjf j   aris  
1ii  ricxvebis absoluturi sixSireebi j -ur 

qveintervalSi moxvedrisas. SevadginoT Semdegi gamosaxuleba: 














k

j

i k
k

n
f

n

k

1

2
2

2 .)1(~       (2.22) 

cnobilia, rom didi n -sTvis )100( n  2 -s aqvs daaxloebiT “xi-kvadrat” 

ganawileba )1( k  Tavisuflebis xarisxiT. 

CamovayaliboT 0H  – nulovani hipoTeza:  
1ii  warmoadgens damoukidebel da 

)1,0(U  kanoniT ganawilebul SerCevas raime   mniSvnelovnebis doniT (I gvaris 

Secdomis albaTobiT). maSin Cven vuaryofT am hipoTezas, Tu  

,2
,1

2
  k       (2.23) 

sadac 2
,1 k  warmoadgens )1( k  Tavisuflebis mqone 2  ganawilebis   donis zeda 

kritikul wertils. Tu (2.23) utoloba ar sruldeba, maSin ar arsebobs araviTari 

obieqturi winapiroba 0H  hipoTezis uaryofisa. k -s didi mniSvnelobisTvis 

dasaSvebia miaxloeba: 

,
)1(9

2

)1(9

2
1)1(
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
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
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



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k
z

k
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sadac z  normaluri ganawilebis   donis zeda kritikuli wertilia.  

magaliTi. Cven ganvixilavT  

)12(mod016360630 31
1  ii zz    (2.24) 

wkg-is Semowmebas Tanabar ganawilebaze (gamoiyeneT $2.6-is C-programa da aiReT nakadi 

1). amisTvis aviRoT 4096212 k  (Tanabar ganawilebaze SevamowmoT yvelaze 

mniSvnelovani pirveli Tormeti biti i  mniSvnelobebisa). n -is rolSi aviRoT: 

32768215 n . maSin gamoTvlebiT miviRebT (SeamowmeT!), rom 0,41412  . 1,0  

mniSvnelovnebis doniT 

.4,42112
1.0,4095   

Sesabamisad 1,0  mniSvnelovnebis doniT 0H  hipoTeza miRebulia )( 2
1.0,4095

2   . 

anu 215 realizacia  i  mniSvnelobebisa SeiZleba CaiTvalos Tanabari ganawilebis 

SerCevad. 

 

II testi: Semowmeba seriebis kriteriumiT 

faqtiurad es testi warmoadgens 2 -kriteriumis ganzogadoebas maRal ganzo-

milebebSi. kerZod, Tu  n
ii 1

  generirebuli mniSvnelobani marTla warmoadgens 

)1,0(U  kanoniT ganawilebul SerCevas, maSin raime d -ganzomilebiani korteJebi 

 ),,,('),,,(' 2212211 dddd     (2.25) 
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unda iyos d -ganzomilebian d]1,0[  erTeulovan hiperkubSi Tanabrad ganawilebuli 

SemTxveviTi veqtoris SerCeva. amis Sesamowmeblad SevadginoT testi: 

aviRoT d raodenoba [0,1] intervali da TiToeuli davyoT k  raodenoba toli 

sigrZis mqone TanaukveTi intervalebis gaerTianebad, movaxdinoT  

',,',' 21 n       (2.26) 

veqtoris SerCevis generireba (seriebad dawyoba). amisTvis saWiroa nd  raodenobis 

generirebis Sesruleba. vTqvaT 
djjjf ,,, 21   aris im veqtorebis ricxvi (2.25)-dan, 

romlis pirveli komponenti ekuTvnis pirveli intervalis 1j -ur qveintervals, meore 

komponenti ekuTvnis meore intervalis 2j -ur qveintervals da a.S. vTqvaT n  didia 

da davuSvaT, rom 

 
  











k

j

k

j

k

j
djjj

d

d

d k

n
f

n

k
d

1 1 1

2

,,,
2

1 2

21
)(     (2.27) 

ganawilebulia daaxloebiT 2 -kanoniT, romlis Tavisuflebis xarisxia 1dk  

(sasurvelia, rom 5
dk

n ). 

d -ganzomilebian Tanabar ganawilebaze Semowmeba Sesruldeba analogiurad I 

testisa. 

magaliTi. SevamowmoT nulovani hipoTeza imaze, rom generirebul SerCevaSi 

),(,),,(),,( 2124321 nn    

wyvilebi damoukideblebia da erTnairad ganawilebuli veqtorebia 2d  ganzomilebis 

erTeulovan kvadratSi Tanabari ganawilebiT. 

amisTvis gamoviyenoT wina magaliTis generatori, oRond nakadi 2-dan. aviRoT 

76832n  generirebuli ricxvi. vTqvaT 64k . aqac gvaqvs 40951642   

Tavisuflebis xarisxi. 1.0  mniSvnelovnebis donis kritikuli wertilia 

4,42112
1.0,4095  . gamoTvlebi gviCvenebs (C-ze dawereT kodi da SeamowmeT!), rom 

5,4016)2(2  , rac adasturebs nulovan hipoTezas; wyviluri SerCeva Tanabaria. 

analogiurad SeiZleba ganixiloT 4,3d  da a.S. SemTxvevebi (dawereT kodi C-ze da 

ganixileT!). 

maRal ganzomilebebSi Semowmeba Tanabar ganawilebaze Cven gvainteresebs Semdegi 

mosazrebebidan: Tu i  generirebuli sidideebi dakorelirebulia, maSin 'i  – d -gan-

zomilebiani SemTxveviTi veqtoris realizaciebi gadaxrili iqneba d -ganzomilebiani 

Tanabari ganawilebidan. Tanac d -ganzomilebian Tanabar ganawilebaze hipoTezis 

Semowmeba saSualebas iZleva iribad SevamowmoT calkeuli i  generirebuli sidi-

deebis Tanabari ganawilebac. magaliTad, Tu  1, ii   wyvilebis SemowmebaSi SeiniS-

neba dadebiTi korelacia, maSin isini damokidebulebic iqnebian, rac generatoris 

statistikuri testirebis uaryofiT Sedegs adasturebs. SevniSnoT, rom roca 3d , 

maSin testireba moiTxovs sakmaod did mexsierebas imisTvis, rom gamovTvaloT dk  

raodenoba 
djjjf ,,, 21   absoluturi sixSireebi.  

 

III testi: seriebis kriteriumiT Semowmeba damoukiudeblobaze  

am testiT ZiriTadSi mowmdeba generirebuli  n
ii 1

  sidideebis mxolod damou-

kidebloba (e.i. vamowmebT mxolod damoukideblobaze da ara Tanabar ganawilebaze). 

 n
ii 1

  mimdevroba davyoT e.w. zrdadi seriebis gaerTianebad, Tanac yovel seriaSi i  
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mniSvnelobebi mkacrad izrdebian. ase warmodgenil SerCevas zrdadi seriebis SerCeva 

ewodeba. magaliTad: vTqvaT  n ,,, 21   sidideebis magaliTia 

0.86,  0.11,  0.23,  0.03,  0.13,  0.06,  0.55,  0.64,  0.87,  0.10 . 

es SerCeva iwyeba 1-is toli sigrZis zrdadi seriiT (0.86). mas miyveba 2-is toli 

sigrZis zrdadi seria (0.11, 0.23), Semdeg kidev erTi seria 2-is toli sigrZiT (0.03, 

0.13), Semdeg seria 4-is toli sigrZiT (0.06, 0.55, 0.64, 0.8) da bolos 1-is toli 

sigrZis seria (0.10).  

ganvsazRvroT sixSireebi 1, 2, 3, 4, 5 da 6  sigrZis seriebisa: 










66

,5,4,3,2,1

i

ii
ri

Turicxvi,seriebissigrZistolianmetize-

Turicxvi,seriebissigrZistolis-
 

(aq warmodgenili SerCevisTvis gvaqvs 0,0,1,0,2,2 654321  rrrrrr ). sta-

tistikuri kriteriumi aseTia (Knuth, 1998) [2]: 

,))((
1 6

1

6

1


 


i j

jjiiij nbrnbra
n

R     (2.28) 

sadac ija  elementebis matrica aseTia: 

,

860172476139580111685837895589227

47613926211347090852672344561522

5801114709041472281541873809118

685838526728154721401392756813

78955234451873613927097180.0449

892276172209118568139.04494.5294



























 

xolo ib  sidideebi ganisazRvreba: 

.
840

1
,

5040

29
,

720

19
,

120

11
,

24

5
,

6

1
),,,,,( 654321 








bbbbbb  

rogorc knutis (Knuth) rekomendaciaa, 4000n . aseT SemTxvevaSi R  statistikuri 

kriteriumi daaxloebiT ganawilebuli iqneba 2 -kanoniT 6-is toli Tavisuflebis 

xarisxiT. 0H  nulovani hipoTeza gulisxmobs, rom n ,,, 21   mniSvnelobebi damou-

kidebelia da erTnairad ganawilebuli.  

magaliTi. ganvixiloT $2.6-is C kodidan miRebuli SerCeva, nakadi 4, 5000n . 

gamoTvlebiT vRebulobT (SeqmeniT kodi C-ze da SeamowmeT): 

  ,4,43,139,448,1026,808),,,,,( 654321 rrrrrr  

xolo kriteriumis mniSvnelobaa 3.9R . radgan 102
1.0;6  -s (10%-iani mniSvnelovne-

bis done) da 
2

1.0;6R , amitom vTvliT, rom 10%-iani mniSvnelovnebis doniT 5000 – 

generirebuli mimdevroba damoukidebelia. 

SevniSnoT, rom zrdadi seriebis kriteriumi SeiZleba Seicvalos klebadi 

seriebis kriteriumebiT, Tanac ija  da ib  koeficientebi ucvleli darCeba. rogorc 

knuti Tvlis, monotonuri seriebis kriteriumi mZlavri kriteriumia, radgan mravali 

generatori warmatebiT gadis I – 2 -kriteriums, magram modelirebaSi mainc da-

makmayofilebel gamoyenebas ver poulobs. amis erT-erTi  mizezi ki isaa, rom 

umravlesoba aseTi generatorebisa ver gadis III tests.  
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IV testi: korelaciis xarisxis Sefasebis testi  

am testis amocanaa Seafasos, gaaCnia Tu ara maRali korelacia generirebul 

 n
ii 1

  SerCevas. 

amisTvis viqceviT ase: raime l  naturaluri ricxvisTvis viTvliT lj ,,2,1   

intervalebiT SerCeviT korelaciebs. rogorc cnobilia, j  intervalis korelacia 

gamoiTvleba formuliT 

,0cc jj       (2.29) 

sadac 

)()()(),(cov jiijiijiijc    EEE  

koeficientebi ( i -indeqsze araa damokidebuli, radgan Cven vuSvrbT, rom generirebis 

procesi gvaZlevs erTnairad ganawilebul realizaciebs) afaseben mimdevrobiT j  

sigrZis intervalis kovariacias ))(( 0 iDc  . Tu davuSvebT, rom i -s Tanabari 

ganawileba aqvs (0,1)-ze testi III-is gavlis Semdeg, maSin 
2
1)()(   jii  EE , 

12
1

0)(D  ci , maSasadame kovariacia gamoiTvleba 
4
1)(   jiijc   formuliT da 

Sesabamisad korelaciis koeficienti ki  

3)(12   jiij        (2.30) 

formuliT. j -s SerCeviTi SefasebisTvis dagvWirdeba ,, 11 j  generirebuli 

sidideebi 

,3
1

12
ˆ

0

)1(11 


 




h

k

jkkjj
h

     (2.31) 

sadac   11  
j

nh  (  t  t -ze naklebi an toli udidesi mTeli ricxvia). 

Tu davuSvebT, rom i  sidideebi damoukidebelia. aRmoCndaa, rom (Banks, Garson 

and Nelson, 1996) 

.
)1(

713
)ˆ(

2




h

h
D j      (2.32) 

ganvixiloT 0H  nulovani hipoTeza: romelic uSvebs, rom 0j . cnobilia, 

rom 0)ˆ( j . SevTanxmdeT, rom n  sakmarisad didia. maSin 

713

)1(ˆ

)ˆ(

ˆˆ









h

h

D
A

j

j

jj

j





 E
     (2.33) 

statistikuri kriteriumi asimptoturad normaluradaa ganawilebuli 

))1,0(( NA
n

j  


. 

Tu alternatiuli hipoTezaa 0:1 jH  , maSin   mniSvnelovnebis doniT 

uarvyofT nulovan hipoTezas, Tu 2/1  zAj . SevniSnoT, rom es kriteriumi unda 

Semowmdes yoveli lj ,,3,2,1  -sTvis (sazogadod aucileblad 3l ). generatoris 

mier testi CaiTvleba dadebiTad gavlili, Tu nulovani hipoTeza samarTliania 

yoveli lj ,,3,2,1  -sTvis.  

magaliTi. Cven SevamowmeT IV testze wina magaliTebSi ganxiluli generatori, oRond 

5-10 nakadebisTvis, roca 5000n . CavTvaleT, rom 6l . anu me-5 nakadisaTvis 

SevamowmeT korelacia 1 intervaliT. me-6 nakadisTvis SevamowmeT korelacia 2 

intervaliT da a.S. )6,,2,1( jAj  kriteriumebis mniSvnelobebi Semdegia: 0.90, -1.03, 

-1.12, -1.32, 0.36, 0.76. arc erTi 0-sgan arsebiTad ar gansxvavdeba )1,0(N  
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ganawilebasTan mimarTebaSi. ase rom pirveli 5000 generirebuli mniSvneloba ar avlens 

avtokorelacias aRniSnul intervalebSi. 

SeniSvnis saxiT vityviT, rom j  intervalis SerCeviTi korelacia daviTvaleT 

,,, 2111 jj    da a.S. sidideebidan. aseve SegveZlo dagveTvala jj 2222 ,,   , da a.S. 

sidideebidanac.  

bolos magaliTis saxiT moviyvanT cnobil RANDU generators [1] 

)2(mod53965 31
1 ii zz  

wkg-is empiriuli testirebis oTxive testiT, roca 7894561230 z . miviReT Semdegi 

Sefasebebi: 

I testi: 2 -kriteriumi – 0.420202  . 

II testi: seriebis kriteriumi – 3.4202)2(2   

3.25216)3(2  . 

III testi: zrdadi seriebis kriteriumi – 3.6R . 

IV testi: korelaciis Semowmeba – yvela jA  iyo umniSvnelo. 

SevniSnoT, rom I, III da IV testebis Sedegebi damakmayofilebelia, rasac ver 

vityviT II kriteriumisTvis: sam ganzomilebiam hiperkubSi sameulebis Tanabari gana-

wileba darRveulia 3.25216)3(2  -kriteriumis didi mniSvnelobis gamo. am genera-

toriT sargebloba dauSvebelia.  

empiriuli generatorebis erT-erT potencialur naklad SeiZleba CaiTvalos is, 

rom maT gaaCniaT moqmedebis lokaluri xasiaTi, anu empiriuli testebi ikvleven 

generirebuli sidideebs mxolod im cikls, romelic gamoyenebuli iqna (iqneba) kom-

piuterul modelirebaSi. amitom is sakiTxi, Tu rogor muSaobs generatori ciklis 

gareT danarCen sidideebze, ucnobi rCeba. es faqti gabaTilebuli iqneba, Tu modeli-

rebisTvis winaswar Sefasdeba generirebisTvis aucilebel SemTxveviT ricxvTa 

raodenoba. 

 

$2.5.2. Teoriuli testebis Sesaxeb 

Teoriuli testebiT sargeblobas is upiratesoba aqvs, rom saWiro araa 

SemTxveviTi ricxvebis generireba, ise SeiZleba apriorulad ganisazRvros ramdenad 
kargad imuSavebs igi, Tu cnobili iqneba misi struqtura da parametrebis mniSvnelo-

bebi. radgan aseTi testebi Zalian rTulia da moiTxovs mraval da amave dros rTul 

maTematikur gamoTvlebs, amitom maT mxolod mokled davaxasiaTebT. aqve aRvniSnavT, 

rom empiriuli testebisgan gansxvavebiT isini globalurni arian da generatorebs 

ikvleven mTeli ciklis gaswvriv. Tumca sakiTxi, romeli testebi ufro unda 

gamoviyenoTL empiriuli Tu Teoriuli, sadavoa, radgan miuxedavad Teoriuli 

testebis globalurobisa, gaurkveveli rCeba skiTxi, Tu ramdenad damakmayofileblad 

imuSavebs ciklis is nawili, romelic “moxvdeba” modelirebis procesSi. Cveni 

rekomendaciiT studentebisTvis empiriuli testebiT sargebloba ufro 

xelmisawvdomia da misaRebia, radgan maTi efeqturi gamoyeneba sakmarisia generatoris 

SefasebisTvis.  

SevniSnoT, rom Teoriuli da empiriuli testebis simravlis gamo ar arsebobs 

erTiani xedva, Tu romeli nakrebi testebisa gamoviyenoT generatorebis testirebis-

Tvis. maSasadame ar arsebobs universaluri instrumenti generatorebis erTmaneTTan 

obieqturi Sedarebisa.  
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$2.6. erTi wkg-is C-programuli kodi 
 

vixilavT multiplikatiur wkg-s parametrebiT: 647483147212* 31  mm , 

0163606302  aa . am generatoris C-programuli kodi SeiZleba CamovtvirToT 

www.mhhe.com/engcs/industrial/lawkelron/student/code.mhtml el. gverdidan. 

programis algoriTmi  ekuTvnis marsesa da roberts (1983). 

gTavazobT C enaze (standarti ANSI) programis listings. 

listing 2.1-Si warmodgenilia multiplikatiuri wkg-s C-kodi. listing 2.2-Si 

warmodgenilia Tavfurceli faili (lcgrand.h), romelic gamomyenebelma programaSi 

unda CarTos #include-instruqciiT, raTa gacxaddes faili. am programiT Cven Sem-

dgomSi visargeblebT masobrivi momsaxureobis sistemebis simulaciisTvis.  

 
listingi 2.1 (kodi C-ze; multiplikatiuri wrfivi kongruentuli generatori martivi mo-

duliT: 016360630,1231  am ).  

/* multiplikatiuri wkg aq moyvanili parametrebiT Seqmnilia Marse da Roberts, 1983 

algoriTmis safuZvelze; xels uwyobs mravlobiT 100 nakads sawyisi mniSvnelobebiT, 

saerTo jamSi daaxloebiT 100 000 nakads mniSvnelobiT. yvelgan Sesavali argumentia 

streem, romelic gansazRvravs saWiro nakadis nomers. misi tipia int. dasaTaurebis 

faili lcgrand.h CarTuli unda iyos gamoZaxebul programaSi (#include “lcgrand.h”) 

Semdegi funqciebis sargeblobis win.  

gamoyeneba (3 varianti): 

1. rom miviRoT Semdegi SemTxveviTi ricxvi )1,0(U  ganawilebidan streem nakadidan 

SeasruleT: 

u = lcgrand(streem); 

sadac lcgrand float tipis funqciaa. cvladi u float tipisaa, Seicavs Semdeg 

SemTxveviT ricxvs. 

2. nakadi streem–s sawyis ricxvs rom mivaniWoT zset saWiro mniSvneloba, SeasruleT  

lcgrandst(zset, streem); 

sadac lcgrandst viod tipis funqciaa, xolo zset unda iyos long tipis cvladi, 

romelsac miniWebuli aqvs saWiro sawyisi mniSvneloba 1-dan 2 147 483 646 

(CaTvliT). gaCumebiT sawyisi ricxvebi 100-ve nakadisTvis miTiTebulia kodSi.  

3. rom gadavceT mimdinare mTeli ricxvi mimdevrobidan, romelic generirdeba streem 

nakadidan, zget cvladSi (long tipis), SeasruleT  

zget = lcgrandgt(streem); 

sadac lcgrandgt – long tipis funqciaa */ 

 

/* ganvsazRvravT mudmivebs */ 

#define MODLUS    2147483647 

#define MULT1       24112 

#define MULT2       26143 

 

/* yvela 100 nakadisTvis vayenebT sawyis ricxvebs */ 

static long zrng[ ]= 

{ 1, 
1973272912, 281629770,  20006270,1280689831,2096730329,1933576050, 

913566091, 246780520,1363774876, 604901985,1511192140,1259851944, 

824064364, 150493284, 242708531,  75253171,1964472944,1202299975, 

233217322,1911216000, 726370533, 403498145, 993232223,1103205531, 

762430696,1922803170,1385516923,  76271663, 413682397, 726466604, 

336157058,1432650381,1120463904, 595778810, 877722890,1046574445, 

68911991,2088367019, 748545416, 622401386,2122378830, 640690903, 

1774806513,2132545692,2079249579,  78130110, 852776735,1187867272, 

1351423507,1645973084,1997049139, 922510944,2045512870, 898585771, 
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243649545,1004818771, 773686062, 403188473, 372279877,1901633463, 

498067494,2087759558, 493157915, 597104727,1530940798,1814496276, 

536444882,1663153658, 855503735,  67784357,1432404475, 619691088, 

119025595, 880802310, 176192644,1116780070, 277854671,1366580350, 

1142483975,2026948561,1053920743, 786262391,1792203830,1494667770, 

1923011392,1433700034,1244184613,1147297105, 539712780,1545929719, 

190641742,1645390429, 264907697, 620389253,1502074852, 927711160, 

364849192,2049576050, 638580085, 547070247 }; 
 

/* vakeTebT Semdegi SemTxveviTi ricxvis generirebas */ 

float lcgrand(int stream) 

{ 

long zi, lowprd. hi31; 

zi  = zrng [stream]; 

lowprd  = (zi & 65535) * MULT1; 

hi 31 = (zi > >16) * MULT1 + (lowprd > >16); 

zi    = ((lowprd & 65535) - MODLUS) + 

    ((hi31 & 32767) << 16) + (hi 31 >> 15); 

if  (zi < 0)  zi + = MODLUS; 

lowprd  = (zi & 65535) * MULT2; 

hi 31 = (zi > >16) * MULT2 + (lowprd >> 16); 

zi  = ((lowprd & 65535) - MODLUS) + 

    ((hi31 & 32767) < <16) + (hi31 > >15); 

if (zi < 0) zi + = MODLUS; 

zrng [stream] = zi; 

return (zi >> (7/1)) / 16777216.0; 

} 

 

void lcgrandst (long zset, int stream) 

/* zset mniSvnelobas vaniWebT stream nakadisTvis 

 zrng – mimdinare mniSvnelobad */ 

{ 

zrng [stream] =zset; 

} 

 

long lcgrandgt (int stream) 

/* stream nakadisTvis zrng mniSvnelobis dabruneba */ 

{ 

return zrng [stream]; 

} 

 

listingi 2.2 (kodi C-ze; programis faili C -ze). 

 

/* Semdegi 3 gamocxadeba lcgrand – SemTxveviT ricxvTa generatorisTvis da masTan daka-

vSirebul lcgrandst da lcgrandgt funqciebisTvisac, romlebic marTaven sawyis mniSvne-

lobebs. es faili (lcgrand.h) CarTuli unda iyos yvela programaSi, sadac es fun-

qciebi gamoiyeneba “#include “lcgrand.h” instruqciiT, sanam funqcias gamovacxadebT */ 

float lcgrand(int streem); 

void lcgrandst(long zset, int streem); 

long lcgrandgt(int streem); 
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$2.7. amocanebi SemTxveviTi ricxvebis generatorebze 
 

2.7.1. 7),16(mod)35( 01   zzz ii  generatorisTvis “xeliT” gamoTvaleT 500z . 

2.7.2. gamoTvaleT yvela 1, izi  sidideebi, romlebic srulad faraven Semdegi mul-

tiplikatiuri wkg-s cikls: 

a) 1),16(mod)11( 01   zzz ii ; 

b) 2),16(mod)11( 01   zzz ii ; 

g) 1),13(mod)2( 01   zzz ii ; 

d) 1),13(mod)3( 01   zzz ii . 

SevniSnoT, rom a) da b) amocanebSi m -s aqvs b2  forma. g) amocanaSi gvaqvs 

multiplikatiuri wkg martivi moduliT, romlisTvisac 2a  

pirvelwarmoqmnili elementia moduliT 13. 

2.7.3. iz  mniSvnelobebis gamoTvlis gareSe daadgineT romel wkg-s gaaCnia sruli 

periodi? 

a) )16(mod)1313( 1  ii zz ; 

b) )16(mod)1312( 1  ii zz ; 

g) )16(mod)1213( 1  ii zz ; 

d) )16(mod)12( 1  ii zz . 

2.7.4. me-3 amocanis oTxive variantisTvis gamoTvaleT iz -s yvela mniSvneloba, 

romelic faravs srul cikls, Tu 10 z .  

2.7.5. marsesa da robertsis algoriTmis programuli kodis (ix. listingi 2.1) gamo-

yenebiT, modificirebiT SeasruleT (aamuSaveT) generatori 

)12(mod)016360630( 31
1  ii zz  

Tqvens kompiuterze. 

2.7.6.* me-5 amocanis Sesrulebis Semdeg SeadgineT C-programuli kodi oTxive 

empiriuli testisTvis da gaatareT generatori testirebaze. rogoria Tqveni 

daskvnebi generatoris vargisianobaze (mniSvnelovnebis donea 1.0 ). 

2.7.7. gTavazobT kfff ,,, 21   sidideebis gamoTvlis algoriTms 2 -kriteriumis 

testidan. SeamowmeT algoriTmi da SeadgineT swrafi C-programuli kodi.  

1. davniSnoT njf j ,,2,1,0  . 

2. ni ,,1  ciklisTvis  

vaxdenT i -s generirebas 

 
1



JJ

i

ff

kJ 
 

cikli 2-is dasasruli 

sadac  t  aRniSnavs umcires mTel ricxvs, romelic metia an toli t -si. 

2.7.8. aCveneT, rom Semdegi algoriTmi sworad iTvlis 621 ,,, rrr   sidideebs zrdadi 

seriebis kriterikumSi.  

1. davniSnoT 6,,2,1,0  jrj  

2. 1  generirebuli sididisTvis 1A  da 1J  
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3. ni ,,2  ciklisTvis  

vaxdenT i -s generirebas da iB   

Tu BA  , maSin  

1

1

)6,min(







J

rr

JJ

JJ  

Tu BA  , maSin  

1 JJ  

dasasruli Tu BA  

cikli 3-is dasasruli 

4. )6,min(JJ   

5. 1 JJ rr  

2.7.9.* SeamowmeT Tqvens kompiuterSi “Cadgmuli” SemTxveviT ricxvTa generatori 

(magaliTad C-enaze Cadgmuli) empiriul testebze. SeamowmeT 2 -kriteriumze; 

2 da 3 ganzomilebian seriebis kriteriumze, zrdadi seriebis kriteriumze da 

korelaciis testze 1, 2, 3, 4 da 5 intervalebisTvis. ;76832n  .3,2d  Tu 

2d , maSin 4k ; Tu 3d , maSin 3k ; 1.0 . 

2.7.10.* me-5 amocanis generatoriT moaxdineT generireba n ,,, 21   n -sruli 

cikliT. SeamowmeT, rom yvela i -ebis saSualo, aRebuli mxolod sruli 

ciklidan, Seadgens 

,
2

1

2

1

m
  

sadac m  modulia )12( 31m . 

2.7.11.* xSirad praqtikaSi iyeneben Semdeg wkg-s (Knuth, 1998):  

a) 35
0 2,8292817182,6535921413,0  mcaz ; 

b) 357
0 2,1,12,0  mcaz ; 

g) 110,0,23,11859447 8
0  mcaz ; 

d) 3518
0 2,0,12,2655591413  mcaz  

C-enaze daaprogrameT es generatorebi da SeamowmeT isini oTxive empiriul 

testze. gaakeTeT daskvnebi generatorebis gamoyenebaze ( 1.0 ).  
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Tavi 3. SemTxveviTi sidideebis modelireba 

 
Sesavali 
 

modelirebis procesSi xSirad gviwevs romelime SemTxveviTi faqtoris 

(faqtorebis) SerCevebis, simulaciebis (generirebuli mimdevrobis) Seqmna. es ki 

niSnavs garkveuli ganawilebis mqone SemTxveviTi sididis modelirebas (gaTamaSebas). 

“SemTxveviTi sidideebis simulacia, generireba”, gulisxmobs xelovnuri instru-

mentariiT (algoriTmebi, meTodebi da sxv.) mocemuli ganawilebis mqone SerCevis 

miRebas. 

es ganawilebebi SeiZleba iyos: diskretuli (Tanabari, bernulis, binomialuri, 

puasonis da sxv.), uwyveti (eqsponenciauluri, Tanabari, normaluri, gama-ganawileba, 

erlangis ganawileba da sxv.) da kombinirebuli (Sereuli) 

)()1()()( 21 xFxFxF       (3.1) 

ganawilebis funqciiT, sadac 10   da 1F -uwyveti, xolo 2F  diskretuli tipis 

ganawilebis funqciebia. am TavSi Cven vuSvebT, rom SemTxveviTi sididis, romlis 

modelirebaa Sesaqmneli, ganawilebis funqcia statistikuri meTodebiT ukve 

gansazRvrulia. magaliTad masobrivi movlenebis modelebisTvis moiTxoveba momdevno 

SekveTebs (moTxovnebs) Soris drois da momsaxureobis drois intervalis generireba 
(simulacia), raTa uzrunvelyofili iqnas modelis drois mimdinareoba. rac Seexeba 

resursebis marTvis sistemebs, aq aucilebelia moTxovnis moculobis simulireba 

misi warmoSobis momentSi. 

rogorc SemdgomSi aRmoCndeba nebismieri ganawilebis mqone SemTxveviTi sididis 

generirebis (simulaciis) wyaros warmoadgens )1,0(U  kanoniT ganawilebuli damouki-

debeli SemTxveviTi sidideebi. maSin cxadi xdeba, Tu ratom davuTmeT Cvens kursSi 
didi adgili SemTveviTi ricxvebis generatorebis Seswavlas. umravlesoba 

simulaciuri modelirebis programul paketebsa da programul uzrunvelyofaSi 

arsebobs mosaxerxebeli, maRali xarisxis SemTxveviT ricxvTa generatorebi, magram 

ramodenime maTgani (gansakuTrebiT Zveli versiebi) araadeqvaturia Tanamedrove 

moTxovnebis donisa. kargi generatoris ar arsebobis gareSe SeuZlebelia nebismieri 

ganawilebis mqone SemTxveviTi sididis swori generireba. momavalSi vigulisxmebT, 

rom Cvens xelTaa swored aseTi generatori.  

arsebobs ramodenime alternatiuli algoriTmi, romliTac SesaZlebelia Sem-

TxveviTi sididis generireba. maTi arCevisas saWiroa ramodenime faqtoris 

gaTvaliswineba. SevecdebiT gavaSuqoT ramodenime sakiTxi, romelic dakavSirebulia 

algoriTmis arCevis procedurasTan.  

pirveli aseTi sakiTxia sizuste. generirebis efeqturi da zusti algoriTmebi 

xelmisawvdomia yvela tipis ganawilebisTvis, rac sabolood uars gvaTqmevinebs gene-

rirebis iseT miaxloebiT algoriTmebze, romlebic dafuZnebulia zRvariT 

Teoremebze (aseTi meTodia magaliTad normaluri ganawilebis mqone SemTxveviTi 

sididis generireba 6-dan 12-mde SemTxveviTi ricxvis saSualoTi, romelic 

centralur zRvariT Teoremazea damyarebuli), specialistebi SeiZleba ar 

dagveTanxmon miaxloebiTi algoriTmebis uaris TqmaSi, magram yvelaferi 

damokidebulia moTxovnili sizustis miRwevaze da radgan arseboben zusti meTodebi, 
Cvenc upiratesobas zust meTodebs vaniWebT. 

meore aseTi sakiTxia efeqturoba. zusti algoriTmebidan ukve upiratesoba 

mieniWebaT ufro efeqtur algoriTmebs. e. i. iseT algoriTmebs, romelTac 

esaWiroebaT mexsierebis mcire resursebi da gamoirCevian swrafqmedebiT. zogierT 
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algoriTms esaWiroeba mniSvnelovani raodenoba mudmivebis damaxovreba an didi 

moculobis mqone cxrilis damaxsovreba, romelic SeiZleba ukve problematuri 

aRmoCndes SesrulebaSi. rac Seexeba algoriTmis Sesrulebis dros, aq ori faqtori 

arsebobs: jer erTi saWiroa yoveli SemTveviTi sididis generireba garkveuli mcire 

drois ganmavlobaSi. amas ewodeba zRvruli Sesrulebis dro; da meore: zogierT 
algoriTms esaWiroeba winaswari gamoTvlebi, raTa ganisazRvros garkveuli mudmivebi 

da cxrilebi. dros, romelic saWiroa winaswari gamoTvlebisTvis muSaobisTvis 
momzadebis dro ewodeba. radgan modelirebisas vRebulobT didi raodenoba 

generirebul sidideebs, amitom zRvruli Sesrulebis dros meti mniSvneloba eniWeba.  
mesame aseTi sakiTxia algoriTmis sirTule. unda ganisazRvros iqneba Tu ara 

sargebliani iseTi algoriTmis gamoyeneba, romlis struqtura rTulia da misi 

aRqmisa da realizaciisTvis moiTxoveba damatebiTi Zalisxmeva? 

meoTxe aseTi sakiTxia algoriTmis teqnikuri gadawyveta. upirveles yovlisa 

zogierTi algoriTmi emyareba generirebis iseT wyaros, romelic araa )1,0(U  kanoniT 

ganawilebuli. es ki araa sasurveli sxva algoriTmebTan mimarTebaSi. garda amisa 

zogierTi algoriTmi efeqturia misi parametrebis garkveuli mniSvnelobebisTvis, 

xolo garkveuli mniSvnelobebisTvis ki moiTxovs droisa da mexsierebis did 

danaxarjebs. ra sakvirevelia esec araa sasurveli sxva algoriTmebTan mimarTebaSi. 

Cven upiratesobas vaniWebT iseT algoriTmebs, romlebic efeqturia maTi 

parametrebis dasaSvebi nebismieri mniSvnelobebisTvis. am Tvisebas algoriTmis 

mdgradoba ewodeba.  
mexuTe aseTi sakiTxia dispersiis daweva gamoTvlebSi. rogorc statistikis 

kursidanaa cnobili, parametris Seafasebis xarisxi damokidebulia Semfaseblis 

dispersiaze. rac naklebia dispersia miT naklebia riski dabali sizustis miRebaze 

generirebis algoriTmebSi. cxadia is algoriTmia efeqturi, romlis Semfaseblebsac 

naklebi dispersia gaaCnia.  

SemTxveviTi sidideebis modelirebaze arsebobs uamravi literatura. ZiriTadi 

meTodebi da algoriTmebi ki dafarulia kursis literaturiT.  

 

 

$3.1. SemTxveviTi sidideebis generirebis zogadi midgoma 
 

$3.1.1 Sebrunebuli gardaqmna 
 

vTqvaT aucilebelia )(xF -uwyveti ganawilebis mqone X  SemTxveviTi sididis 

generireba. cnobilia, rom 1)(0  xF da davuSvaT rom is mkacrad zrdadia (e. i. Tu 

21 xx  , maSin 1)()(0 21  xFxF ). radgan F -uwyveti funqciaa, maSin arsebobs misi 

Sebrunebuli funqcia 1F . X  SemTxveviTi sididis generirebis algoriTmi miRebuli 

Sebrunebuli gardaqmnis meTodiT aseTia:  
1. simulaciiT, generirebiT miviRoT )1,0(~ U  SemTxveviTi ricxvi; 

2. davabrunoT )(: 1  FX . 

SevniSnoT, rom )(1 F  yovelTvis iarsebebs, radgan 10    da 1F -funqciis 

gansazRvris area ]1;0[ . 

nax. 3.1-ze grafikulad warmodgenilia Sebrunebuli gardaqmnis algoriTmi. 
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nax. 3.1 

SeniSvna. Tu SemTxveviT ricxvTa generatori gvaZlevs n ,,, 21  - SerCevas, 

maSin Sebrunebuli gardaqmnis meTodi mogvcems )(xF  ganawilebis funqciis mqone 

generirebuli n  ganzomilebian SerCevas. amisTvis unda vaCvenoT, rom )(1  FX  

gardaqmniT miRebul X  SemTxveviT sidides gaaCnia )(xF -ganawilebis funqcia: 

).())(())(()( 1 xFxFxFxX      

magaliTi 3.1. vTqvaT X  eqsponencialurad ganawilebuli SemTxveviTi sididea  -inten-

sivobis parametriT )0(  :  












.0,0

,0,1
)(

x

xe
xF

x

Tu

Tu

 

)(xF  )10(   gantolebis amoxsnisTvis ( F -is Sebrunebuli funqciis 

miRebisTvis) gvaqvs:  

   xe1 , 

saidanac )1ln(
1

)(1 


  Fx . maSasadame X -eqsponencialuri sididis generirebis-

Tvis jer generatoriT miviRebT   SemTxveviT ricxvs, xolo Semdeg 




ln
1

x  

formuliT ukve generirdeba X  sidide (aq 1  SevcvaleT  -Ti. radgan orive 

Tanabari ganawilebisaa )1,0( -ze). marTalia movigeT gamoklebis operaciaSi, magram 

darwmunebuli unda viyoT, rom es Secvla korelacias ar warmoSobs generirebaSi!  

 

Sebrunebuli gardaqmnis meTodi aseve gamoyenebuli SeiZleba iyos, Tu 

SemTxveviTi sidide diskretulia  














),(),(

,,

21

21

xpxp

xx
                  (3.2) 

ganawilebis kanoniT )()( ii xXxp   . am SemTxvevaSi ganawilebis funqcia ase 

Caiwereba: 





xx

i

i

xpxXxF )()()(  .     (3.3) 

Tu davuSvebT, rom  21 xx , maSin Sebrunebuli gardaqmnis meTodiT miRebuli 

algoriTmi ase Caiwereba:  

1. simulaciiT, generirebiT miviRoT )1,0(~ U  SemTxveviTi ricxvi; 

2. gavnsazRvroT dadebiTi umciresi mTeli ricxvi I , romlisTvisac )( IxF ; 

3. davabrunoT IxX : . 
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rom davrwmundeT Camoyalibebuli algoriTmis samarTlianobaSi, aucilebelia 

vaCvenoT, rom )()( II xpxX  , yvela ,2,1I , mniSvnelobebisTvis. 1I -Tvis maSin 

da mxolod maSin sruldeba 1xX   toloba, roca )()( 11 xpxF  , Tanac  Ix  

sidideebi dalagebulia zrdadobiT. radgan )1,0(~ U , amitom )()( 11 xpxX  . 

2I -Tvis algoriTmi adgens IxX   tolobas maSin da mxolod maSin, rodesac 

)()( 1 II xFxF   , radgan algoriTmis mier arCeuli I -dadebiTi mTeli ricxvia, 

romlisTvisac )( IxF .  amave dros )1,0(~ U  da 1)()(0 1   II xFxF . maSin  

)()()())()(()( 11 IIIIII xpxFxFxFxFxX     

r.d.g.  

nax. 3.2 gviCvenebs Sebrunebuli gardaqmnis algoriTmis moqmedebas diskretuli 

ganawilebisTvis.  
 

 

nax 3.2 

faqtiurad  1,0  segmenti iyofa TanaukveTi  
iixp )(  sigrZis toli intervalebis 

gaerTianebad: 

 

nax. 3.3 

Tu   “Cavardeba” I -ur intervalSi, maSin CaiTvleba, rom generirda IxX   sidide. 

algoriTmis efeqturoba damokidebulia imaze, Tu rogor veZebT im intervals, 

romelSic aRmoCndeba  . pirdapiri meTodia daviwyoT Sedarebis moqmedeba marcxena 

an marjvena bolodan da mimdevrobiT gavyveT, Tu romel intervalSi Cavardeba  . e. 

i. SedarebaTa ricxvi algoriTmSi damokidebulia  -sa da  ,2,1),( ixp i  ricxvebze. 

SemogTavazebT intervalis Ziebis gaumjobesebul meTods (Knuth 1998): jer va-

mowmebT aRmoCndeba Tu ara   udidesi sigrZis SualedSi (yvelaze albaTuri 

SemTxveva). Tu es ar moxda, maSin vamowmebT aRmoCndeba Tu ara   meore sididiT 

udidesi sigrZis SualedSi da a.S. formalurad es algoriTmi ase SeiZleba Caiweros. 

vTqvaT )()()(
21 niii xpxpxp   . maSin SedarebaTa saSualo mosalodneli 

mniSvneloba algoriTmisTvis ase Caiwereba (sasruli SemTxveviTi sididisTvis):  







1

1

)(
n

k

ik
xpk      (3.4) 

(SeniSvna: bolos n -uri Sedareba aRar tardeba!), romelic klebadobiT dalagebuli 

albaTobebisTvis umciresia.  
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nax. 3.4 

diskretuli da uwyveti ganawilebis generirebis Sebrunebuli gardaqmnis 

formulebi SeiZleba gaerTiandes Semdeg warmodgenaSi. Tu )1,0(~ U , maSin 

  )(/min: xFxX  .     (3.5) 

(3.5) formula samarTliania (3.1) tipis Sereuli ganawilebisTvisac. nax. 3.4 warmo-

adgens swored Sereuli ganawilebis generirebas Sebrunebuli gardaqmnis meTodiT. 

am meTods gaaCnia dadebiTi da uaryofiTi Tvisebebi. magram maT aq ar SevexebiT. 

Cveni interesia konkretuli ganawilebebis generirebis efeqturi algoriTmebis ageba.  
 

$3.1.2. kompoziciis  meTodi 
 

Tu X  SemTxveviTi sididis ganawilebis funqcia warmoidgeneba, rogorc amozne-

qili jami 





N

k

jj xpx
1

)()(        (3.6) 

sadac 10  jp , 



N

j

jp
1

1  da yoveli )(xj , Nj ,,2,1   funqcia ganawilebis 

funqciaa, romlidanac Sesabamisi SerCevis generireba martivia Sebrunebuli 

gardaqmnis meTodiT.  

aseTi ganawilebiT SerCevis generirebis zogadi algoriTmi aseTia: 

1. davabrunoT generirebiT J  mTeli ricxvi disretuli ganawilebidan  










Nppp

N





21

21
 

2. davabrunoT X  SemTxveviTi sididis mniSvneloba JF  ganawilebiT Sebrune-

buli gardaqmnis algoriTmiT. 

vaCvenoT, rom mocemuli algoriTmiT generirebul X SemTxveviT sidides gaaCnia 

)(x -ganawilebis funqcia: 

 
 


N

j

N

j

jj xpxjJjJxXxX
1 1

)()()()/()(  . 

magaliTi 3.2. miviRoT ormagi eqsponencialuri X  ganawilebis (laplasis ganawilebis) 

simulacia kompoziciis meTodiT. laplasis ganawilebis simkvrivea 

),(5,0)(5,05,0)( )0,(),0[

|| xIexIeexf xxx





   
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         Sadac I  simravlis indikatoria. 

maSin dttIedttIexXxF t
x

t
x

)(5,0)(5,0)()( ),0(]0,( 








   . e.i.  

),(
2

1
)(

2

1
)( 21 xFxFxF   

sadac   )(F1 x  da )(F2 x  eqsponencialuri ganawilebania: 










0,1

0,
)(1

x

xe
xF

x

, 









 0,1

0,0
)(2

xe

x
xF

x
. 

zemoT warmodgenili algoriTmSi 








2/12/1

21
 ganawilebiT generirdeba 1F  an 

2F  ganawilebani da Sesabamisad X -is generirebuli mniSvnelobac miRebuli iqneba 

(daaprogramireT C -enaze kompoziciis meTodi da magaliTisTvis aiReT laplasis 

ganawileba). 

 

3.1.3. naxvevis meTodi  
 

vTqvaT X  sidide, romlis simulaciaa Sesaqmneli, warmoadgens erTnairad 

ganawilebuli da damoukidebuli mYYY ,,, 21   SemTxveviTi sidideebis jams: 

mYYYX  21      (3.7) 

algoriTms, romelic jamuri sidideebis generirebas akeTebs, naxvevi ewodeba. vTqvaT 

X  sididis ganawilebis funqciaa )(xF , xolo jY -sididis ganawilebis funqcia ki 

)(xG . 

X  sididis generirebis algoriTmi aseTia: 

1. movaxdinoT m -cali erTnairad ganawilebuli damoukidebeli 

mYYY ,,, 21   sidideebis generireba )(xG  ganawilebidan; 

2. davabrunoT X  sididis mniSvneloba mYYYX  21: . 

algoriTmis samarTlianobis mtkicebuleba elementarulia. SevniSnoT, rom am 

meTodi-algoriTmiT sargebloba efeqturia, Tu martivad da sworad generirdeba iY -

sidide.  

magaliTi 3.3. 
2 -ganawilebis generireba. vTvaT mYYY ,,, 21  -damoukidebeli 

standartuli normaluri SemTxveiTi sidideebia ))1;0(~( NYi . rogorc cnobilia 

22
2

2
1 mYYYX    ganawilebulia 

2  kanoniT, m -Tavisuflebis xarisxiT. miviRoT 

)1,0(~,,, 21 NYYY m   generirebuli sidideebi (normaluri ganawilebis generatorze 

visaubrebT Semdeg paragrafSi). Semdeg ki X -is generireba moxdeba misi ganmartebis 

formuliT. 

magaliTi 3.4 t -stiudentis ganawilebis generireba. vTqvaT )1;0(~ NYi  da )(2 mX   

damoukidebeli SemTxveviTi sidideebia, maSin m
X

Y
t  -stiudentis ganawilebaa m -

Tavisuflebis xarisxiT. misi generirebisTvis aucilebelia Y -sa da X -is (magaliTi 

3.1-is mixedviT) generireba.  
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$3.2. konkretuli uwyveti SemTxveviTi sidideebis generireba 
 

am paragrafSi gavecnobiT ramodenime cnobili uwyveti ganawilebis generirebis 

efeqtur algoriTms. 

3.2.1. Tanabari ganawileba  
 

Tu );(~ baUX  raime );( ba   intervalze Tanabrad ganawilebuli SemTxveviTi 

sididea, maSin Sebrunebuli gardaqmnis gantolebaa: 

 )()(1 abaFx    .   (3.8) 

maSin generirebis algoriTmi aseTia:   

1. miviReT )1,0(~ U -s generireba; 

2. davabrunoT X -is mniSvneloba: )(: abaX  . 

 

3.2.2. eqsponencialuri ganawileba 
 

 eqsponencialuri ganwilebis generireba ukve ganvixileT $ 3.1-is 3.1 magaliTSi. 

 

3.2.3. erlangis m -rigis ganawileba  
 

erlangis m -rigis X  SemTxveviTi sidide ganimarteba jamiT  

,21 mYYYX  
 

sadac iY , mi ,,2,1   damoukidebeli da erTnairad eqsponencialuri kanoniT ganawi-

lebuli SemTxveviTi sidideebia  -parametriT. Sebrunebuli gardaqmnis meTodiT iY  

generirdeba formuliT iiY 


ln
1

 . xolo iY  sidideebidan naxvevis algoriTmiT ki 

vRebulobT X  sididis generirebas formuliT: 












 



m

i

i
m

X
1

ln
1




 .     (3.9) 

generirebis algorTmi ase warmoidgineba.  

1. movaxdinoT m  raodenoba m ,,, 21   SemTxveviTi ricxvebis generireba; 

2. davabrunoT X  sidide formuliT: 












 



m

i

i
m

X
1

ln
1




. 

es algoriTmi warmoadgens Sebrunebuli gardaqmnisa da kompoziciis algoriTmebis 

kombinacias. 

3.2.4. normaluri ganawileba 
  

winaswar SevniSnoT, rom Tu generirdeba )1,0(~ NX -standartuli normaluri 

SemTxveviTi sidide, maSin aqedan ukve generirdeba ),(~ 2NY  normaluri sidide 

formuliT   XY . amitom SemovisazRvrebiT mxolod standartuli normaluri 

SemTxveviTi sididis (snSs) generirebiT generirebis boksisa da miuleris (Box and 

Miuller, 1958) cnobili algoriTmi Zvelia, magram gamoyenebis mizniT sakmaod ara-

efeqturi:  

1. generirdes 1  da 2  damokidebuli SemTxveviTi ricxvebi;  
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2. )2cos(ln2: 211  X  da )2sin(ln2: 212  X  damoukidebeli snSs-

ebis realizaciebia.  

meTodis sisuste mdgomareobs imaSi, rom Semdegi generacia moiTxovs 

damoukidebel  -s mniSvnelobebs. es ki SemTxveviTi ricxvebis generirebis erT 

nakadSi ar arsebobs. 

praqtikulad aRniSnul algoriTms ar iyeneben, rameTu Semdegi algoriTmi 

gacilebiT efeqturia. marsalisa da breis (Marsaglia and Bray, 1964) polarul 
koordinatTa meTodi dafuZnebulia normaluri ganawilebis specialuri Tvisebaze:  

1.  generirdes 1  da 2  damoukidebeli SemTveviTi ricxvebi.  

2. davabrunoT 12  ii  , 2,1i  da 2
2

2
1   ;  

3.  Tu 1 , maSin davubrundeT 1 bijs, Tu ara da ;/)ln2(: Y  

4. davabrunoT YX 11 :   da YX 22 :  . maSin 1X  da 2X  damoukidebeli 

)1,0(N -snSs-ebis realizaciebia.  

am algoriTmis sikeTe isaa, rom aq aRaraa saWiro trigonometriuli funqciebis 

gamoTvla, romelsac didi dro miaqvs. misi efeqturoba garantiebulia. 

 

 

$3.3. konkretuli diskretuli SemTxveviTi sidideebis generireba  
 

am paragrafSi ganvixlavT sxvadasxva mniSvnelovani diskretuli ganawilebebis 

generirebis efeqtur algoriTmebs, romlebic warmatebiT gamoiyenebian simulaciur 

modelirebaSi.  

bevri meTodi, romelsac aq aRvwerT, warmoadgens Sebrunebuli gardaqmnis 

efeqtur algoriTmebs. am meTodis garda diskretuli ganawilebebis simulaciaSi 

gamoiyeneba Canacvlebis meTodi, romelic uolkers (Walker, 1977) ekuTvnis.  

 

3.3.1. bernulis ganawileba- )( pBe   
 

Sebrunebuli gardaqmnis meTodis bazaze warmogidgenT bernulis ganawilebis 

generirebis algorTms: 

1. generirebiT miviRoT  -SemTveviTi ricxvi; 

2. Tu p , maSin 1X , Tu ara da 0X .  

3.3.2. diskretuli Tanabari ganawileba  

Tu X -Tanabrad ganawilebulia ];[ nm -mTeli ricxvebis intervalSi, maSin 

warmogidgenT misi generirebis algoriTms:  

1. generirebiT miviRoT  -SemTxveviTi ricxvi;  

2. davabrunoT  )1(:  mnmX .  

SeniSvna. Zieba me-2 bijze saWiro araa, winaswar daimaxsovreba 1mn . 

 

3.3.3. binomialuri ganawileba- );,( pknBi  

vTqvaT );,(~ pknBiX -binomialuri ganawilebaa ( n -damoukidebeli cdebis 

raodenoba; k  “warmatebaTa” ricxvia, nk ,,1,0  ; p waratebis albaTobaa erT cdaSi, 

10  p ). 
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SevniSnoT, rom nYYYX  21 , sadac mYYY ,,, 21  - bernulis damoukidebeli 

SemTxveviTi sidideebia. generirebis algoriTmi ase gamoiyureba: 

1. miviRoT generirebiT mYYY ,,, 21   damoukidebeli bernulis ganawilebis 

SerCeva; 

2. davabrunoT nYYYX  21: . 

 

3.3.4. puasonis ganawileba- )(  
 














210

,2,1,0
~

ppp
X  (sadac ,1,0,

!




k
k

e
p

k

k


; 0 ) -puasonis ganawilebis 

generirebisTvis gTavazobT algoriTms:  

1. ganvmartoT  ea : , 1b  da 0i ;    

2. generirebiT miviRoT )1,0(~1 Ui -SemTxveviTi ricxvi da davabrunoT 

1:  ibb  ;  

3. Tu ab  , maSin davabrunoT iX : , Tu ara gadadi me-4 bijze;  

4. davabrunoT 1:  ii  da gadadi me-2 bijze. algoriTmi samarTliani iqneba 

maSin, roca 







1

11

1
i

j

j

i

j

j YYiX , 

sadac )(~ln
1




ExpY ii  -eqsponencialuri ganawilebaa, xolo iY  sidideebi 

damoukideblebia. anu 












 


i

j

jYiX
1

1:max .  

samwuxarod es algoriTmi iwyebs nela muSaobas 0  parametris gazrdiT, 

radgan  ea  sidide mcirdeba da algoriTmis me-2 bijze meti moqmedebebis 

Catareba gviwevs. SemuSavebulia ufro swrafi da efeqturi generatorebi (Devroye, 

1981; Schmeiser, 1981 da a. S.) erT-erTi aseTi algoriTmi efuZneba faqts, rom  













 



i

j

j eiX
1

:min   

sidide ganawilebulia puasonis kanoniT.  

moviyvanoT algoriTmi:  

1. ganvmartoT  ea : , 1:b , 1i ; 

2. generirebiT miviRoT i  davabrunoT ibb  . Tu ab  , maSin iX :  Tu ara 

da gadadi 3-ze; 

3. 1:  ii  da gadadi me-2-ze (aCveneT moyvanili algoriTmebis eqvivalentoba).  

 

3.3.5. puasonis procesis modelireba 
 

puasonis (stacionaluri) procesis ( 0  parametriT) modelireba tolfasia  

1 iii ttA -puasonis xdomilebis modelirebisa, sadac  1it  da it  momdevno xdomile-

bebis dadgomebs Soris drois momentebia: aqedan 

iii Att  1 . 

it -puasonis nakadis momentis simulaciis algoriTmi aseTia: 
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1. generirebiT miviRoT  -SemTxveviTi ricxvi; 

2. davabrunoT: 


ln
1

1:  ii tt . rekursia iwyeba 1t -is gamoTvliT )0( 0 t . 

 

 

$3.4. amocanebi da savarjiSoebi SemTxveviTi sidideebis modelirebaze 

(generirebaze) 
 

3.4.1. diskretuli SemTxveviTi sididis simulacia (gaTamaSeba) 
 

simulaciis wesi 1: vTqvaT mocemulia raime X  diskretuli SemTxveviTi sidide 

  

X  nxxx 21  

 nppp 21  

 

ganawilebis kanoniT. imisTvis, rom miviRoT X  SemTxveviTi sididis simulacia (gaTa-

maSeba) saWiroa  

a) davyoT )1,0(  intervali n  raodenoba TanaukveTi intervalebad: ];0( 11 p , 

]( 21;12 ppp  , , i 





































1

11

1

1

1;,,;
n

j

in

i

j

i

i

j

i ppp  . 

b) SemTxveviTi ricxvebis generatoriT virCevT  -SemTxveviT ricxvs. qvemoT 

amocanebSi generatoris rolSi aiReT SemTxveviTi ricxvebis cxrili (ix. 

danarTi) Tu   ekuTvnis raime i  intervals, maSin X  SemTxveviTi sididis 

gaTamaSebuli (simulirebuli) mniSvnelobaa- ix .  

g) simulacia tardeba vTqvaT N -jer da miiReba X  diskretuli SemTxveviTi 

sididis N -ganzomilebiani SerCeva: 
)()2()1( ,,, Nxxx  , 

sadac )(kx aris k -uri gaTamaSebiT miRebuli realizacia. 

3.4.1.1. gaaTamaSe X -diskretuli SemTxveviTi sididis eqvsi SesaZlo mniSvneloba, 

romlis ganawilebis kanonia (isargebleT SemTxveviTi ricxvebis cxriliT): 

  

X  181021  

 61,017,022,0  

  

3.4.1.2. gaaTamaSe X-diskretuli SemTxveviTi sididis 8 SesaZlo mniSvneloba, romlis 

ganawilebis kanonia (isargebleT SemTxveviTi ricxvebis cxriliT): 

  

X  231283  

 23,043,012,02,0  

  

3.4.1.3. gaaTamaSe 5 SesaZlo mniSvneloba bernulis sqemiT, Tu sqema Sedgeba 3 damou-

kidebeli cdisgan, romelTagan TiToeulSi warmatebis albaTobaa-0.4. 
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miTiTeba.  

a) Seadgine bernulis ganawileba 3n  damoukidebeli cdisTvis, rodesac 

warmateba albaTobaa 4,0p . 

b) moaxdineT ganawilebis simulacia 5-jer (isargebleT SemTxveviTi ricxvebis 

cxriliT). 

 

3.4.2. xdomilebaTa sruli sistemis gaTamaSeba 
 

gansazRvreba.  nAAA ,,, 21  -xdomilebaTa sistemas ewodeba sruli, Tu 
n

i

iA

1

  

da  ji AA , Tu ji  . 

simulaciis wesi 2. vTqvaT )( ii Ap  . cxadia 



n

i

ip
1

1 . davuSvaT ip  ricxvebi 

cnobilia. 

imisTvis, rom movaxdinoT nAAA ,,, 21   -xdomilebaTa sruli sistemis 

simulacia sakmarisia simulaciis wesi 1-is mixedviT movaxdinoT 

 

X  n21  

 nppp 21  

 

SemTxveviTi sididis simulireba. iX   mniSvnelobis gaTamaSeba niSnavs iA  xdomile-

bis gaTamaSebas.  

        Semdegi amocanebisTvis isargebleT SemTxveviTi ricxvebis cxriliT. 

3.4.2.1. xdomilebaTa 321 ,, AAA  sruli sistemisaTvis 22,01 p ; 31,02 p ; 47,03 p . 

gaaTamaSe sruli sistemis 5 SesaZlo xdomileba. 

3.4.2.2. A  da B  xdomilebebi Tavsebadi )( BA  da damoukidebelia  )(( BA  

))()(  BA  . 7,0)(  A , 4,0)(  B . gaaTamaSe oTxi cda, romlis sruli sis-

temis generatorebi A  da B  xdomilebebia. 

SeniSvna. SesaZlebelia sruli sistemis oTxi xdomileba: 

BAA 1  da 28,04,07,0)()()(1   BABAp  

BAA 2  da 42,06,07,0)()()(2   BABAp  

BAA 3  da 3p  

BAA 4  da 4p  

3.4.2.3. A , B  da C  xdomilebebi erTobliobaSi damoukidebeli da Tavsebadia. 

5,0)(  A , 2,0)( B , 4,0)( C . gaaTamaSe xuTi cda, romlis sruli 

sistemis generatorebia A , B  da C xdomilebebi. 

3.4.2.4. A  da B  xdomilebebi damokidebuli da Tavsebadia. 5,0)(  A , 6,0)( B , 

2,0)(   BA . gaaTamaSe xuTi cda, romlis sruli sistemis generatorebia 

A  da B  xdomilebebi. 

SeniSvna.  

BAA 1  da 2,0)(1  BAp   

BAA 2  da 3,02,05,0)()()(2   BAABAp  
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BAA 3  da 4,02,06,0)()()(3   BABBAp  

BAA 4  da 1,09,01)(1)( 3214  pppBAp  . 

 

3.4.3. uwyveti SemTxveviTi sididis simulacia (gaTamaSeba) 
 

simulaciis wesi 3. vTqvaT )(xF  raime X -uwyveti SemTxveviTi sididis 

ganawilebis funqciaa. 

a) imisTvis, rom gavaTamaSoT X -uwyveti SemTxveviTi sididis SesaZlo mniS-

vneloba: xX   )( x , sakmarisia amovxsnaT  

)(xF  

gantoleba, sadac  -SemTxveviTi ricxvia (am wess ewodeba gardaqmnis Sebru-

nebuli meTodi) 

b) Tu )(tf  X -uwyveti SemTxveviTi sididis ganawilebis simkvrivea, maSin 

gaTamaSebis wesi gulisxmobs 






x

dttf )(  

gantolebis amoxsnas. 

g) Tu simulacia tardeba N -jer, maSin N ,,, 21   SemTxveviTi ricxvebis, a) 

an b) gantolebaSi CasmiT da amoxsniT miviRebT X -uwyveti SemTveviTi 

sididis N -ganzomilebian SerCevas simulaciiT. 

3.4.3.1. ipove ),( ba -ze Tanabrad ganawilebuli X  SemTxveviTi sididis simulirebis 

formula. 

SeniSvna. ganawilebis funqciis analizuri saxea: 
ab

ax
xF




)( , ),( bax .  

3.4.3.2. gaaTamaSe (4;14)-ze Tanabrad ganawilebuli SemTxveviTi sididis 4 SesaZlo 

mniSvneloba (isargebleT SemTxveviTi ricxvebis cxriliT).  

3.4.3.3. ipoveT  -intensivobis mqone eqsponenciuri ganawilebis simulirebis 

formula.  

SeniSvna. ganawilebis funqciis analizuri saxea: xexF  1)( , 0x .  

3.4.3.4. a) gaaTamaSe xexf 1,01,0)(   )0( x simkvriviT mocemuli eqsponencialuri gana-

wilebuli SemTxveviTi sididis 5 SesaZlo mniSvneloba (isargebleT 

SemTxveviTi ricxvebis cxriliT).  

b) a) amocanisTvis Seadgne C-kodi  da simulacia Caatare 50 da 100-jer. 

grafikulad warmoadgine histograma 5 da 10 intervalisTvis.  

3.4.3.5. gaaTamaSe  













)2,0(,0

)2,0(,
2

1
)(

x

x
x

xf

Tu

Tu
 -simkvriviT mocemuli SemTxveviTi 

sididis 4 SesaZlo mniSvneloba (isargebleT SemTxveviTi ricxvebis 

cxriliT).  
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3.4.3.6. gaaTamaSe 













),0(,0

),0(,sin
2

1

)(





x

xx
xf

Tu

Tu
-simkvriviT mocemuli SemTxveviTi 

sididis 4 SesaZlo mniSvneloba (isargebleT SemTxveviTi ricxvebis 

cxriliT). 

 

3.4.4. normaluri ganawilebis simulaciis miaxloebiTi meTodi 

simulaciis wesi 4. a) )1,0(N -standartuli normaluri kanoniT ganawilebuli 

SemTxveviTi sididis simulirebis miaxloebiTi formulaa 





12

1

6
i

ix  , 

sadac 1221 ,,,   -SemTxveviTi ricxvebis generatoridan miRebuli mimdevrobaa. 

b) Nxxx ,,, 21  -normaluri SerCevis simulaciisTvis saWiroa simulirebis for-

mulis N -jer gamoyeneba SemTxveviTi ricxvebis generatoris mimdevrobiTi 

gamoyenebiT. (saWiroa N12 -SemTxveviTi ricxvi). 

g) ),( N -kanoniT ganawilebuli ricxvis gaTamaSeba ganxorcieldeba 

 N
iix

1
   

formuliT. 

3.4.4.1. gaaTamaSe a) 0 , 1 ; b) 10 , 2 ; parametrebis mqone normaluri 

SemTxveviTi sididis 5 SesaZlo mniSvneloba (isargebleT SemTxveviTi 

ricxvebis cxriliT). g), a) da b) amocanebisTvis Seadgine C-kodi da simu-

lacia Caatare 50 da 100-jer. TiToeul SemTxvevaSi grafikulad warmoadgine 

histograma 5 da 10 intervalisTvis (histograma SeiZleba gakeTdes EXCEL- 
Si).  

 

 

3.4.5. diskretuli organzomilebiani SemTxveviTi veqtoris simulacia 

simulaciis wesi 5. vTqvaT ),( yx  SemTxveviTi veqtoria X  da Y  diskretuli 

komponentebiT.  

a) Tu X  da Y  damoukideblebia, maSin maTi ganawilebis kanonidan isini 

gaTamaSdebian da wyvilebi iZleva gaTamaSebas.  

b) Tu X  da Y  damokideblebia, maSin moiZebneba erTis ganawilebis kanoni meo-

res pirobiTi ganawilebis kanoniT. aq simulireba emTxveva a) punqtis wess. 

3.4.5.1. X  da Y  damoukidebeli diskretuli SemTxveviTi sidideebis erToblivi gana-

wilebis kanonia: 

  

YX \  121101  

 

1 

2 

 

08,020,018,0  

08,020,012,0  

 

 

gaaTamaSe ),( YX  SemTxveviTi veqtoris 4 SesaZlo mniSvneloba (isargebleT 

SemTxveviTi ricxvebis cxriliT). 
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3.4.5.2. X  da Y  damokidebuli diskretuli SemTxveviTi sidideebis erToblivi 

ganawilebis kanonia 

 

YX \  121101  

 

1 

2 

3 

 

 

06,010,0  

18,030,0  

16,020,0  

 

gaaTamaSe ),( YX  SemTxveviTi veqtoris 5 SesaZlo mniSvneloba (isargeble 

SemTxveviTi ricxvebis cxriliT). 

SeniSvna. ipove X  sididis ganawilebis kanoni da miRebuli kanoniT gaaTamaSe 

X . ipove Y -is X -ze damokidebuli pirobiTi ganawileba 

)(

),(
)/(

j

ii
ji

xp

yxp
XXYYp   formuliT. am formuliT gaaTamaSe y  sidide. Seadgine 

gaTamaSebuli wyvili.  
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Tavi 4. masobrivi momsaxureobis sistemebis modelireba 

(momsaxureobis erTi kvanZis SemTxveva) 
 

Sesavali  
 

am TavSi ganvixilavT diskretul-xdomilebiTi simulaciuri modelirebis 

tipiur magaliTs: masobrivi momsaxureobis sistema momsaxureobis erTi kvanZiT 

(mmsmek) (Sesavali am sistemaze warmodgenili iyo Tavi 1-is mag. 1.1-Si). esaa 

saparikmaxero erTi TanamSromliT, banki erTi molariT, telefonebis dazianebis 

biuro momsaxureobis erTi kvanZiT da a.S. es sistema im rTul sistemebTan Sedare-

biT, romlebic realurad modelirdebian, Zalian martivia, Tumca sakmaod maxasiaTebe-

lia msgavsi, Tundac rTuli sistemebis analizisTvis. 

 

 

$4.1. amocanis dasma 
 

ganvixiloT mmsmek (nax. 4.1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 4.1 

 

am sistemaSi ,, 21 AA  – moTxovnaTa dadgomebs Soris drois intervalebi damo-

ukidebeli da erTnairad ganawilebuli SemTxveviTi sidideebia. rodesac moTxovna 

Semodis sistemaSi da momsaxureobis kvanZi Tavisufalia, momsaxureoba iwyeba 

myisierad. ,, 21 SS  – Semdgom moTxovnebze momsaxureobis droTa mimdevroba aseve 

damoukidebeli da erTnairad ganawilebuli SemTxveviTi sidideebia. 

Tu moTxovnis sistemaSi Semosvlisas kvanZi dakavebulia, maSin moTxovna Cadgeba 

rigSi. moTxovnaze momsaxureobis dasrulebis Semdeg kvanZi momsaxureobaze irCevs 

moTxovnas rigidan (Tu aseTi arsebobs) principiT: “pirveli moxvedi – pirvels mo-

gemsaxurebian” (FIFO – “First – In, First – Out”). aseve dasaSvebia momsaxureobis sxva 

principebic. modelireba iwyeba “carieli da aradakavebuli” mdgomareobidan, anu ro-

momsaxureobidan gamavali moTxovna 

 

 

momsaxureobis kvanZi 

 

momsaxureobaze dakavebuli moTxovna 

 

 

 

moTxovnebis rigi 

 

 

 

 

momsaxureobaze Semosuli moTxovna 
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desac sistemaSi araa Semosuli moTxovna, xolo momsaxureobis kvanZi Tavisufalia. 

0 drois momentidan Cven velodebiT pirveli moTxovnis dadgomas. ufro zustad ki 

es moxdeba 1A  drois intervalis dasasruls, da ara 0-van momentSi (Tumca es uka-

naskneli dasaSvebia garkveul modelebSi (ix. savarjiSoebi)). modelireba Sewydeba 

maSin, rodesac rigiT n -uri moTxovna iqneba momsaxurebuli. Sesabamisad modelire-

bis dasrulebis dro SemTxveviTia. igi damokidebulia im SemTxveviTi cvladebis dak-

virvebad mniSvnelobebze, romlebic aRweren moTxovnebs Soris drosa da momsaxure-

obis dros.  

imisTvis, rom ganvsazRvroT sistemis muSaobis Sefasebis kriteriumi (smSk), miv-
marTavT maxasiaTeblebis sam parametrs. upirveles yovlisa unda vipovoT yoveli n  

raodenoba moTxovnisTvis rigSi moTxovnis dakavebis mosalodneli saSualo dro, 
romelic )(nd -iT aRiniSneba. sityva “mosalodneli” )(nd -is ganmartebaSi niSnavs 

imas, rom mocemuli simulaciuri modelis gatarebisas (gavlisas), n  raodenoba mo-

Txovnis momsaxureobisas rigSi moTxovnis saSualo dakavebis dro damokidebulia im 

SemTxveviTi cvladebis dakvirvebad mniSvnelobebze, romlebic aRweren moTxovnebis 

dadgomis drosa da misi mosaxureobis dros Soris sidides. simulaciuri modelis 

meored gatarebisas )(nd -is realizebuli mniSvnelobac sxva iqneba, radgan 

realizaciebi ukve sxvaa, da a.S. Cven ki gvesaWiroeba yovel gatarebaze rigSi 

moTxovnis dakavebis saSualo mniSvneloba. igi SemTxveviTi sididea, xolo aseTi 

sidideebis maTematikuri lodini – rigSi moTxovnis dakavebis mosalodneli saSualo 

mniSvneloba ki ricxvia – )(nd . erTi gatarebis Semdeg fiqsirdeba nDDD ,,, 21   – 

rigSi moTxovnaTa dakavebaze drois mniSvnelobebi. )(nd -is Sefasebas erT gatarebaze 

viTvliT formuliT: 





n

i

i

n

D
nd

1

.)(ˆ      (4.1) 

unda SevniSnoT, rom rodesac vlaparakobT dakavebis droze, Cven ar gamovricxavT 

imis SesaZleblobas, rom is 0-is toli iqneba, rodesac sistema imyofeba aradakave-

bul mdgomareobaSi. erT-erTi mizezi imisa, rom dakavebis zomad viRebT nDDD ,,, 21   

sidideebis saSualos, aris is, rom maT ar gaaCniaT erTnairi ganawileba, xolo 

saSualo ariTmetikuli gamosaxavs rigSi yvela moTxovnis dakavebis erTian maxasiaTe-

bels. aqve aRvniSnavT, rom nDDD ,,, 21   sidideebi araa damoukidebeli SemTxveviTi 

sidideebi. aseve (4.1) formula )(nd -is mxolod Sefasebaa, rodesac gamoyenebulia 

simulaciuri modelirebis mxolod erTi gatareba.  
)(nd  – rigSi moTxovnis dakavebis mosalodneli saSualo dro informaciis ma-

tarebelia sistemis muSaobis kriteriumis Sefasebaze – moTxovnaTa uzrunvelyofis 
azriT. sistemis  marTvis azriT saWiro iqneba sxvanairi informacia. radgan Seqmnili 

umravlesoba simulaciuri modelebisa rTulia da maTi Tundac erTi gatarebisTvis 

arc Tu ise cota droa saWiro. rogorc wesi mimarTaven sistemis muSaobis kriteri-

umebis mraval gamosaval Sefasebebs. erT-erT aseT kriteriums Cvens martiv sistema-

Si warmoadgens rigSi moTxovnaTa mosalodneli saSualo mniSvneloba (momsaxureoba-
ze gasuli moTxovnis CauTvlelad). is )(nq -iT aRiniSneba, sadac n  miuTiTebs, rom 

saSualo iTvleba im drois ganmavlobaSi, romelic aucilebelia rigSi n -uri 

dakavebuli moTxovnis dasafiqsireblad da romelic aseve modelirebis Sewyvetis pi-

robasac warmoadgens. )(nq  gansxvavdeba )(nd -sgan, radgan )(nq  gamoiTvleba uwyveti 

drois gaswvriv, xolo )(nd  ki gamoiTvleba diskretul moTxovnaTa gaswvriv. ase 

rom saWiroa ganisazRvros rigSi dakavebul moTxovnaTa saSualo ricxvi drois 

mixedviT. am mizniT nebismieri )0( tt  drois momentisTvis Semosuli dakavebul 
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moTxovnaTa ricxvi aRiniSneba )(tQ -Ti, xolo dro, romelic aucilebelia rigSi n -

uri dakavebuli moTxovnis fiqsaciisTvis, ki –  )(nT -iT. maSin drois nebismieri 

)](;0[ nTt  mniSvnelobisTvis )(tQ  arauaryofiTi mTeli ricxvia. vTqvaT ip  -

modelirebis drois mosalodneli wilia (nawilia) imisa, rodesac 

)10()(  ipitQ . maSin )(nq -is raodenobrivi ganmartebaa formula –  

.)(
0







i

iipnq       (4.2) 

)(nq  aris rigSi )(tQ -s SesaZlo mniSvnelobebis Sewonili jami, amave dros woniTi 

koeficientebi warmoadgens im drois mosalodnel wils, romelic saWiroa daixar-

jos Sesabamisi sigrZis momsaxureobaze. 

)(nq -is SefasebisTvis (4.2)-Si ip  icvleba misi SefasebiT: 

.ˆ)(ˆ

0







i

ipinq       (4.3) 

sadac ip̂  diskretuli drois nawilia, romelic izomeba modelirebis procesSi, ro-

desac rigSi dakavebul moTxovnaTa mniSvneloba utoldeboda i -s. magram )(ˆ nq -is ga-

moTvlisTvis mosaxerxebelia movaxdinoT (4.3)-is iseTi gardaqmna, romelic gamoiye-

nebs usasrulo jamis geometriul interpretacias.  davuSvaT, rom iT  drois jamuri 

ricxvia, romelSic modelirebisas rigSi dakavebul SekveTaTa raodenoba rom 

utoldeboda i -s. maSin  

,)( 210  TTTnT      (4.4) 

.
)(

ˆ
nT

T
p i

i         (4.5) 

formula (4.3) SeiZleba ase CavweroT: 

.
)(

)(ˆ 0

nT

iT

nq i

i


      (4.6) 

 

nax. 4.2. )(tQ ; mmsmek-is realizaciaSi moTxovnis Semosvlisa da gasvlis droebi 
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nax. 4.2-ze naCvenebia drois SesaZlo mimdinareoba, anu )(tQ -s realizacia sis-

temaSi, roca 6n . davuSvaT, rom moTxovnebi dgeboda 0.4; 1.6; 2.1; 3.8; 4.0; 5.6; 5.8; 

7.2 drois momentebSi, xolo momsaxureobis dasruleba (sistemidan gasvla) xdeboda 

drois 2.4; 3.1; 3.3; 4.9; 8.6 momentebSi; drois 6.8)6( T  momentSi modelireba 

Sewyda. 

nax. 4.2-dan )(tQ  ar iTvaliswinebs moTxovnebs, romlebic imyofebian momsaxu-

reobaSi (Tu aseTi arsebobs). 0,4-dan 1,6 drois intervalSi rigi ar iqneba (Tu 

)6,1;4,0[t , maSin 0)( tQ ), Tumca am periodSi erTi moTxovna momsaxureobazea, igive 

xdeba (3,1;3,3), (3,8;4,0) da (4,9;5,6) drois intervalebSi, magram 3,1-dan 3,3 inter-

valSi moTxovna saerTod ar arsebobs da sistema imyofeba aradakavebul mdgomareoba-

Si, rogorc es iyo [0;0,4] periodSi.  

rom gamovTvaloT )(ˆ nq , Tavidan aucilebelia iT  mniSvnelobaTa gamoTvla. nax. 

4.2-is daxmarebiT is SeiZleba warmovidginoT, rogorc drois intervali, romlis 

ganmavlobaSi itQ )(  ( 2,1,0i  da a.S.): 

.40

;4,1)2,76,8(

;7,1)8,52,7()1,24,2(

;3,2)6,58,5()0,49,4()4,21,3()6,11,2(

;2,3)9,46,5()1,30,4()0,06,1(

3

2

1

0











iT

T

T

T

T

i Tu

 

formula (4.6)-Si mricxveli ase gamoiTvleba: 

.9,9)4,13()7,12()3,21()2,30(
0




i

iiT    (4.7) 

mocemuli modelis gatarebisas drois erTeulSi rigSi moTxovnaTa saSualo 

mniSvnelobis Sefasebaa: 

.115.16,89,9)6(ˆ q  

(4.7) formulaSi yovel aranulovan Sesakrebs nax. 4.2-ze Seesabameba marTkuTxedebi 

Sesabamisi farTobebiT: 3,21 -s Seesabameba farTobi, romelic diagonaluri xazebiTaa 

daStrixuli, 7,12  -s – farTobi, romelic gadamkveTi xazebiTaa daStrixuli, 

4,13 -s – farTobi, romelic Seferadebulia muqi feriT. mokled (4.7)-is jams 

Seesabameba nax. 4.2-ze )(tQ -s funqciis grafikiTa da x0  da y0  RerZebis 

SemosazRvriT miRebuli marTkuTxedebis farTobebis jami, rac rimanis gansazRvruli 

integralis ganmartebaa )(tQ -sTvis: 








T

i

i dttQiT

00

,)(  

xolo )(nq -is Sefaseba ki ase Caiwereba: 

.
)(

)(

)(ˆ 0

nT

dttQ

nq

T


       (4.8) 

SevniSnoT, rom (4.8) formuliT sargebloba ukeTesia, rameTu modelirebisas dagro-
vebuli farTobebis jamis Tvla rekurentuli gziT ufro martivia, vidre (4.5) 

formuliT sargebloba, sadac paralelurad saWiroa iT  sidideebis Tvla.  

mesame gamosavali kriteriumia kvanZis dakavebulobis maxasiaTebeli: kvanZiT 
mosalodneli sargeblobis koeficienti aris Sefardeba, romlis mricxvelia dro, 
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romlis ganmavlobaSic kvanZi iyo dakavebuli momsaxureobaze, xolo mniSvnelia mode-

lirebis dro – )(nT . maSasadame es koeficienti moTavsebulia 0-sa da 1-s Soris. 

aRiniSneba igi )(nu -iT. simulaciis erTi gatarebisTvis iTvlian )(nu -is Sefasebas – 

)(ˆ nu , romelic warmoadgens )(nu -is ganmartebis droTa SerCeviT SefasebaTa 

Sefardebas. )(ˆ nu -is ukeT ganmartebisTvis SemoviRoT Semdegi funqcia: )(tB  – kvanZis 

dakavebis funqcia: 








.,0

,1
)(

momentSiaTavisufalikvanZiTu

,momentSiadakavebulikvanZiTu

t

t
tB  

e.i. )(ˆ nu  koeficienti gamoxatavs im drois nawils, roca 1)( tB . nax. 4.3-ze 

gamosaxulia sistemis modelirebis gaswvriv )(tB -s grafiki, romelic nax. 4.2-dan 

miiReba: 

.9,0
6,8

7,7

6,8

)8,36,8()4,03,3(
)(ˆ 


nu     (4.9)  

 

 

 

nax. 4.3. )(tB ; mmsmek-is realizaciaSi moTxovnis Semosvlisa da gasvlis droebi 

 

gamoTvlebis Sedegi miuTiTebs, rom modelirebis drois 90%-Si kvanZi 

dakavebulia momsaxureobaze. magram mricxveli (4.9)-Si aseve SeiZleba Seicvalos 

farTobebis jamiT, anu )(tB -dan gansazRvruli integraliT:  

.
)(

)(

)(ˆ

)(

0

nT

dttB

nu

nT


      (4.10) 

aqac )(ˆ nu -is gamoTvla (igive mizeziT, rac adre )(ˆ nq -sTvis) integraluri formu-

liT ufro misaRebia simulaciis procesSi. 

modelirebis mraval SemTxvevaSi, rodesac sistemaSi gamoiyeneba sxvadasxva 

tipis momsaxureobis kvanZebi, kvanZiT sargeblobis Sefasebis koeficienti Seicavs 

sakmaris statistikas, raTa gadawydes problema resursebis deficitisa. Tu koefi-

cienti %100 -ia, es miuTiTebs kvanZis maRal dakavebulobas da moTxovnaTa grZel 

rigs. es gansakuTrebiT exeba SemTxvevebs, rodesac momsaxureobis kvanZebia iseTi 

ZviradRirebuli mowyobilobani, rogoricaa sawarmoo sistemebis robotebi an didi 

kompiuterebi (meinfreimebi), romlebic kavdebian monacemTa damuSavebis operaciebSi. 
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maSasadame sistemis muSaobis Sefasebis kriteriumebad ganvixileT: 

1) )(ˆ nd  – rigSi moTxovnis dakavebis saSualo dro; 

2) )(ˆ nq  – rigSi moTxovnaTa saSualo sidide; 

3) )(ˆ nu  – kvanZiT sargeblobis koeficienti. 

moTxovnis dakavebis saSualo dro diskretuli tipis statistikaa; rigSi 

moTxovnaTa saSualo sidide uwyveti tipis statistikaa; kvanZiT sargeblobis  koe-

ficienti aseve uwyveti tipis statistikaa. ukanaskneli oris gansazRvrebaSi monawi-

leobs )(tQ , )(tB  funqciebi. garda am statistikebisa, masobrivi momsaxureobis sis-

temebis muSaobis Sefasebis kriteriumad gamoiyeneba sxva statistikebic, rogoricaa: 

maqsimaluri dagvianeba rigSi; modelirebis drois wili, roca rigSi imyofeboda ara-

nakleb k  moTxovna )0( nk   da a.S. 

da bolos, mmsmek-is xdomilobebia: moTxovnis Semosvla da gasvla. )(nd , )(nq  

da )(nu  kriteriumTa SefasebisTvis aucilebeli cvladebia: kvanZis momsaxureobis 

mdgomareoba (dakavebulia – Tavisufalia); rigSi moTxovnaTa ricxvi; yoveli moTxov-

nis dadgomis momenti, romelic mimdinare momentSi rigSia (Cawerilia siaSi); ukanas-

kneli xdomilebis dadgomis dro. 

 

 

$4.2. mmsmek-is simulaciuri modelirebis intuiciuri warmodgena 
 

mmsmek-s modelirebis procesis axsnisTvis dasawyisSi ganvixiloT drois 

konkretuli mimdinareoba. davuSvaT simulaciuri modeli kompiuterSi warmoidgineba 

13210 ,,,,0 eeee   drois momentebSi, rodesac dgeba cameti mimdevrobiTi xdomileba. 

rigSi aucilebelia 6n  moTxovnaTa dakavebis dafiqsireba modelirebis procesis 

gaCerebisTvis. moxerxebulobis mizniT miviRoT, rom moTxovnebis dadgomebis Soris 

dro da moTxovnaze momsaxureobis drois mimdevrobaa:  





,7.0,7.3,1.1,2.0,7.0,0.2

,9.1,4.1,2.0,6.1

,2.0,7.1,5.0,2.1,4.0

654321

9876

54321







SSSSSS

AAAA

AAAAA

 

rogorc ukve aRvniSneT,  iA  da  iS  mniSvnelobebi generirdebian Sesabamisi alba-

Turi ganawilebidan. aq moyvanili maTi mniSvnelobebi isea SerCeuli, rom Catardes 

nax. 4.2 da nax. 4.3-ze drois mimdinarebis Sesabamisi mmsmek, romlis )(tQ  da )(tB  

funqciebi ganisazRvrebian sistemis simulaciis procesSi. nax. 4.4-ze naCvenebia sis-

temis sqemebi da misi kompiuteruli warmodgena yovel )13,,1,0( iei  momentebSi. 

sistemis sqemebSi kvadrati aRniSnavs momsaxureobis kvanZs, xolo wre – moTxovnas, 

wreSi Cawerili ricxvi – moTxovnis dadgomis dros. sistemis warmodgenis 

kompiuterul sqemebze naCvenebia cvladebis mniSvnelobebi, romlebic miRebulia 

xdomilebaTa monacemebis damuSavebis dasrulebis Semdeg. ganvixiloT, Tu rogor 

icvleba kompiuteruli warmodgena xdomilebaTa warmoqmnis (dadgomis) momentebSi: 
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nax. 4.4.a – inicializacia 

 

SeniSvna. nax. 4.4-is Semdeg warmodgenebSi gamoyenebulia gamonaTqvamTa Sesabamisi 

saidentifikacio cvladebi ),,,,,,,,,( JIHGFEDCBA . 

 

 

nax. 4.4.b – I xdomileba. I xdomilebis dadgoma 
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nax. 4.4.g – II xdomileba. II xdomilebis dadgoma 

 

 

nax. 4.4.d – III xdomileba. III xdomilebis dadgoma 

 

 

nax. 4.4.e – IV xdomileba. I moTxovnis gasvla 
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nax. 4.4.v – V xdomileba. II moTxovnis gasvla 

 

 

nax. 4.4.z – VI xdomileba. III moTxovnis gasvla 

 

 

nax. 4.4.T – VII xdomileba. IV moTxovnis dadgoma 
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nax. 4.4.i – VIII xdomileba 

 

 

nax. 4.4.k – IX xdomileba 

 

 

nax. 4.4.l – X xdomileba 
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nax. 4.4.m – XI xdomileba 

 

nax. 4.4.n – XII xdomileba 

 

nax. 4.4.o – XIII xdomileba 

inicializacia )0( t . modelireba iwyeba ZiriTadi programis mier inicializa-

ciis programis gamoZaxebiT. iwyeba ra modelireba, daSvebulia, rom sistemaSi dasa-

wyisisTvis ar imyofeba arc erTi moTxovna da momsaxureobis kvanZi Tavisufalia, 

rogorc es sqemis 4.4.a nawilSia. modelis mdgomareobis cvladebi dayenebulia 

sawyis poziciaSi; kvanZis mdgomareoba momsaxureobaze tolia 0-is da rigSi 

moTxovnaTa ricxvic tolia 0-is. sistemaSi Semosuli moTxovnis dadgomis drois 

mniSvnelobis Sesanaxad, romelic mocemul momentSi rigSi imyofeba, gamoiyeneba 

erTganzomilebiani masivi. es masivi Tavidan carielia, magram modelirebis procesSi 

misi zoma xan izrdeba, xan mcirdeba (bloki C). ukanaskneli xdomilebis dadgomis 
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dro yendeba 0–van mdgomareobaSi (bloki D). modeluri drois saaTic dayenebulia 

0-van mdgomareobaSi (bloki E). xdomilebaTa sia, romelic asaxavs yoveli tipis 

xdomilebis Semdegi warmoqmnis dros, inicializirdeba ase: pirveli moTxovnis 

dadgomis dro: 4.00 1  A  (bloki F-is zeda nawili). radgan am momentSi moTxovna 

momsaxureobaze ar aris, azri ar aqvs vilaparakoT Semdegi moTxovnis gasvlaze 

(bloki F, qveda nawili). modelirebis gagrZelebisTvis xdomilebaTa siidan irCeva 

umciresi mniSvneloba, romelic gansazRvravs Semdegi xdomilebis dadgomas. amis 

Semdeg oTxi statistikuri mTvleli dayendeba 0-van mdgomareobaSi. inicializaciis 

dasasruls marTva ubrundeba ZiriTad programas, romelic ukve iZaxebs 

sinqronizaciis programas, raTa man gansazRvros Semdegi xdomilebis dadgoma. 

Semdegi xdomileba iqneba moTxovnis dadgoma 0,4 momentSi, xolo sinqronizaciis 

programas mds gadayavs am droze. marTva kvlav ubrundeba ZiriTad programas im 

informaciiT, rom Semdegi xdomileba kvlav moTxovnis dadgoma iqneba.  

moTxovnis dadgoma ( 4,0t ). drois 0,4 momentSi ZiriTadi programa marTvas ga-

dascems xdomilebis damuSavebis programas. is iwyebs pirveli moTxovnis dadgomis 

damuSavebas. nax. 4.4b-ze naCvenebia sistema da misi kompiuteruli warmodgena yvela 
cvlilebis Setanis Semdeg, romelic gulisxmobs dadgomis damuSavebas. radgan am 

xdomilebis dadgomis momentSi kvanZi imyofeboda Tavisufal mdgomareobaSi (0-vani 

mniSvneloba), misi momsaxureoba iwyeba myisierad da rigSi dakaveba Seadgens 01 D  

(Tumca aseTi dro sinamdvileSi ganixileba rogorc dakaveba!). kvanZis momsaxureobis 

mdgomareoba yendeba 1 mniSvnelobaze, rac kvanZis dakavebas niSnavs, Tumca rigi kvlav 

carielia. rogorc aRvniSneT, mds dayenebulia 0,4-ze da xdomilebaTa sia ganaxldeba 

am moTxovnis dadgomis gaTvaliswinebiT. Semdegi dadgoma moxdeba 2,12 A  drois 

Semdeg mimdinare 0,4 momentidan, 6,12,14,0   drois momentSi, xolo morigi Semdegi 

gasvla sistemidan moxdeba 0,21 S  drois Semdeg mimdinare 0,4 momentidan, 

4,224,0   drois momentSi. rigSi dakavebul moTxovnaTa ricxvi 1-iT izrdeba 

(radgan 4,26,1   da meore Semosuli moTxovna rigSi aRmoCndeba). rodesac rigSi 

moTxovnaTa saerTo ricxvi miaRwevs 6n -s, maSin modelireba Sewydeba. da 01 D  

daemateba saerTo dagvianebis dros, romelic jer kidev 0-is tolia. nax. 4.2 da nax. 

4.3-is kvlav ganxilviT )(tQ  da )(tB  mniSvnelobebi mds-s mimdinare Cvenebisas 0-is 

tolia. aq ukanaskneli xdomilebis dro (bloki D) utoldeba mds-is Cvenebas – 0,4 

da marTva kvlav ZiriTad programas gadaecema. is iZaxebs sinqronizaciis programas, 

romelic daaTvalierebs xdomilebaTa sias da umciresi mniSvnelobidan gansazRvravs, 

Tu romeli xdomileba dadgeba SemdegSi. es dro ki 1.6-is tolia, romelic meore 

moTxovnis Semosvlas niSnavs. programa ganaaxlebs mds-s mniSvnelobas (mds 6,1 ) da 

am mniSvnelobiT marTvas gadascems ZiriTad programas im informaciiT, rom Semdegi 

xdomileba iqneba moTxovnis dadgoma.  

meore moTxovnis dadgoma )6,1( t . kvlav gamoiZaxeba xdomilebaTa damuSavebis 

programa. nax. 4.4g-ze naCvenebia sistema da misi kompiuteruli warmodgena yvela 

cvlilebis Setanis Semdeg, romelic gulisxmobs xdomilebis dadgomis damuSavebas. 

radgan am moTxovnis dadgomisas momsaxureobis kvanZi imyofeba dakavebul mdgomareo-

baSi (mdgomareoba 1 ), is rigSi pirveli unda Cadges. misi Semosvlis dro inaxeba 

masivis pirvel ujredSi da rigSi dakavebul moTxovnaTa ricxvis cvladi 1-iT 

izrdeba. xdomilebaTa siaSi Semdegi xdomilebis dadgomis dro izrdeba 5,03 A  

droiT mimdinare momentidan (mds 6,1 ) da utoldeba 1,25,06,1  -s. Semdegi gas-

vlis dro ar icvleba, radgan is Seadgens 2,4-s da igi pirveli moTxovnis gasvlis 

droa, romelic jer kidev momsaxureobaSia (2,4 > mds). radgan programa ar elodeba 
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rigSi romelime dakavebis dasrulebas, amitom rigSi dakavebaTa ricxvi da saerTo 

dakavebis dro ar icvleba. )(tQ -Ti SemosaxRvruli farTobi izrdeba 0-iT, farTobi, 

SemosazRvruli )(tB -Ti, izrdeba 1-iT. bolo xdomilebis dadgomis drois ganaxlebis 

Semdeg, marTva kvlav gadaecema ZiriTad programas. is Tavis mxriv marTvas gadascems 

sinqronizaciis programas, romelic gansazRvravs, rom Semdegi xdomileba iqneba 

moTxovnis dadgoma 2,1 momentSi. 

mesame moTxovnis dadgoma )1,2( t . kvlav gamoiZaxeba xdomilebis damuSavebis 

programa (nax. 4.4.d). radgan 1,24,2  , momsaxureobis kvanZi dakavebulia da rigi 

izrdeba kidev erTi moTxovniT. misi dadgomis dro Seinaxeba marTvis meore ujredSi. 

Semdegi dadgomis dro ganaxldeba 8,37,11,244  AAt mds -iT. xolo Semdegi 

gasvlis dro jer kidev ucvlelia, radgan velodebiT pirvel moTxovnaze momsaxu-

reobis dasrulebas. dakavebis mTvlelebis mniSvnelobebi ucvlelia, radgan arc erTi 

dakaveba rigSi ar damTavrebula, xolo farTobebis mTvlelebis mniSvnelobebs erTi 

miematebaT. ukanaskneli xdomilebis dadgomis drois maCveneblis mimdinareTi Secvlis 

Semdeg marTva ubrundeba ZiriTad programas, is ki iZaxebs sinqronizaciis programas, 

romelic daaTvalierebs xdomilebaTa sias da gansazRvravs, rom Semdegi xdomileba 

iqneba moTxovnis gasvla 2,4 drois momentSi da mds-s ganaaxlebs am droze. 

pirveli moTxovnis gasvla )4,2( t . gamoiZaxeba xdomilebaTa damuSavebis prog-

rama da misi nawili – moTxovnis gasvla. kvanZi rCeba dakavebis mdgomareobaSi, rad-

gan moTxovna 2 rigSi pirveli adgilidan gadadis momsaxureobaze. rigi erTiT mcir-

deba, xolo xdomilebaTa dadgomis drois masivi gadaadgildeba erTi ujriT da amiT 

aCvenebs, rom moTxovna 3 axla pirvelia rigSi. moTxovna 2, romelic gadadis 

momsaxureobaze 7,02 S  droiT da Semdegi gasvlis dro xdomilebaTa siaSi izrdeba 

2S -iT mimdinare droidan da is 1,37,04,2  -s utoldeba. dakavebis statistika ga-

naxldeba, radgan am momentisTvis moTxovna 2 gadadis momsaxureobaze da asrulebs 

lodins rigSi. am SemTxvevaSi visargeblebT dadgomis drois masiviT da daviTvliT 

moTxovna 2-is rigSi dakavebis xangrZlivobas: 8,06,14,21 D  (1,6 mniSvneloba, me-

2 moTxovnis Semosvlis momenti, inaxeboda masivis I ujredSi, vidre moxdeboda 

masivis ganaxleba, amitom es gamoTvla unda Sesruldes masivis ganaxlebamde). )(tQ  

da )(tB  funqciebiT SemosazRvruli farTobebis ganaxleba aseTia: )(tQ -s daemateba 

)1,24,2(2  , xolo )(tB -s daemateba )1,24,2(1  . ukanaskneli xdomilebis dro 

ganaxldeba da marTva kvlav ubrundeba ZiriTad programas. Semdeg marTva gadaecema 

sinqronizaciis programas, romelic gansazRvravs, rom Semdegi xdomileba iqneba 

moTxovnis gasvla 1,3t  momentSi.  

meore moTxovnis gasvla )1,3( t . cvlilebebi analogiuria pirveli moTxovnis 

gasvlisa 4,2t  drois momentSi. mivaqcioT yuradReba imas, rom vakvirdebiT kidev 

erT dakavebas rigSi da am xdomilebis Semdeg rigi kvlav carieli xdeba, xolo 

kvanZi ki dakavebuli. 

mesame moTxovnis gasvla )3,3( t . cvlilebebi analogiuria, vidre pirvel da 

meore moTxovnebis gasvlebisa. Tumca am SemTxvevaSi iqneba arcTu umniSvnelo gamo-

naklisi – radgan rigi carielia, amitom kvanZi (mowyobiloba) xdomilebis Semdeg 

Tavisufalia. sistema iseve gamoiyureba, rogorc 0-van momentSi, xolo programa 

gadadis iqiTken, rom Semdegi xdomileba iqneba me-4 moTxovnis dadgoma.  

meoTxe moTxovnis dadgoma )8,3( t . radgan es moTxovna afiqsirebs kvanZs, 

rogorc Tavisufals, misi dakaveba rigSi 0-is tolia )0( 4 D . amitom cvlilebebi 

am SemTxvevaSi analogiuria imisa, rac iyo pirveli moTxovnis dadgomisas 4,0t  

momentSi. darCenili 6 xdomileba, romelic gamosaxulia nax. 4.4i-dan damTavrebuli 
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nax. 4.4o-mde, saWiroa analogiurad ganixiloT da TviTon daasruloT es dialogi-

sqema. darwmundiT, rom Cawerili Sesabamisi sidideebi Seesabameba realobas. 

modelirebis gatarebaSi dagexmarebaT nax. 4.2 da nax. 4.3-ze warmodgenili )(tQ  da 

)(tB  funqciaTa grafikebi. mexuTe moTxovnis gasvliT drois 6,8t  momentSi 

moTxovna 6 tovebs rigs da gadadis momsaxureobaSi. maSasadame dakavebul moTxovnaTa 

ricxvi rigSi aRwevs 6-s ( n -is winaswari mniSvneloba) da amiT modelireba 

mTavrdeba. am momentSi ZiriTadi programa iZaxebs angariSebis generators, raTa man 
gamoTvalos sistemis muSaobis Sefasebis gamosavali maxasiaTeblebi: 

95.06/7,5)6(ˆ d ; 15.16,8/9,9)6(ˆ q ; 90.06,8/7,7)6(ˆ u . 

magaliTi, romelmac warmogvidgina modelirebis logika, iTxovs komentarebs: 

 albaT, modelirebis dinamikis erT-erT mTavar sakvanZo elements warmoad-

gens mds-sa da xdomilebaTa siis urTierTqmedeba. saaTi gadaiyvaneba Semdegi 

xdomilebis droze, romelic ganisazRvreba yoveli xdomilebis damuSavebis 

boloSi xdomilebaTa siis skanirebiTa da masSi umciresi drois mqone xdo-

milebis povniT. ase xorcieldeba modelirebis mimdinareoba droSi.  

 xSirad warmoiqmneba gauTvaliswinebeli garemoebebi, romlebic programaSi 

mainc unda iyos gaTvaliswinebuli. magaliTad, ar daviviwyoT, rom moTxov-

nis gasvlis Semdeg rigi SeiZleba carieli Seiqnas. es ki gamoiwvevs kvanZis 

daukaveblobas momsaxureobaze. saidanac gamomdinareobs, rom moTxovnis 
gasvlis xdomilebis aRricxva aucileblad unda gadaidos. arsebobs 

modelirebis gaCerebis ufro rTuli pirobebic, vidre es erTi SexedviT 

SeiZleba gveCvenos! 

 zogierT simulaciur modelSi SeiZleba aRmoCndes, rom ori (an meti) 

elementi xdomilebaTa siidan damoukideblad da erTdroulad gansazRvravs 
Semdegi xdomilebis dadgomis dros, anu umcires dros (magaliTad, saubari 

SeiZleba iyos erTdroul xdomilebebze, romlebic wamoiqmneba erTi da igive 

modelur droSi). es SeiZleba iyos xdomileba, romelic aRwers moTxovnaze 

momsaxureobis dasrulebas da xdomileba, romelic aRwers axali moTxovnis 

dadgomas). aseTi droiTi kavSiris darRvevis Tavidan asacileblad CarTuli 

unda iyos gadamwyveti wesi, romelic konkretuli amocanebidan miiReba upi-
ratesobis ganmartebiT. gadamwyveti wesi rogorc yovelTvis zemoqmedebs 

modelirebis rezultatebze. 

zemoT moyvanili savarjiSo akeTebs demonstrirebas, Tu rogori cvlilebebi da 

monacemTa struqturebi moqmedeben diskretul-xdomilebiT simulaciur modelirebaSi 

xdomilebaTa dagegmvis TvalsazrisiT. masSi warmodgenilia yvelaze mniSvnelovani 

ideebi, romlebic aucilebelia gacilebiT rTuli sistemebis modelirebisas. 

moTxovnebs Soris dro da moTxovnis momsaxureobaze daxarjuli dro miRebulia 

SemTxveviTi ricxvebis cxrilidan. “xeliT” Catarebuli modelireba SeiZleba 

aRmoCndes ragind gagrZelebadi, rac kriteriumebis Sefasebebs gaamagrebda, magram is 

male aRmoCndeba damRleli da amitom mivmarTavT kompiuters ariTmetikuli 

operaciebis CatarebisTvis da sistemuri resursebis aRricxvisaTvis. gansakuTrebiT 

maSin, rodesac saWiroa rTuli sistemebis simulacia. 
 

$4.3. programis organizacia da logika 
 

am paragrafSi ganvsazRvravT komponentebs, romlebic aucilebelia mmsmek-is 

modelirebisTvis universalur ena C-ze. programis organizacia da logika, romelic 
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aq iqneba warmodgenili, exeba Semdeg paragrafSi warmodgenil programul kods 

(amartivebs kodis wakiTxvas). 

am etapze warmovadgenT ramodenime faqts, Tu ratom avirCieT daprogramebis ena 

C, imis sanacvlod, rom migvemarTa maRali donis ufro Zlieri programuli uzrun-

velyofisTvis [1]: 

 viswavliT ra modelirebas C universalur enaze, yoveli detali, romelsac 

esaWiroeba gansakuTrebuli yuradReba, SeiZleba ukeT gavigoT modelis moqme-

debaSi. maSasadame rCeba naklebi Sansi davuSvaT konceptualuri Secdomebi, Tu 

gadavalT maRali donis programul uzrunvelyofaze; 

 miuxedavad imisa, rom arsebobs simulaciuri modelirebis specialuri mZlavri 

programuli uzrunvelyofa (mimoxilva ix. $5.5), rTuli sistemebis modelire-

bisas xSirad mainc gviwevs daprogramebis nawili Sesruldes universalur 

enaze; 

 modelirebis universaluri enebi farTod xelmisawvdomia, masze dRes-dReobiT 

weren mniSvnelovan simulaciur modelebs; 

 aRniSnuli kursi dawerilia dabali kursis studentebisTvis (ufro III 

kursi). maT ki ena C -s codna moeTxovebaT samomxmareblo doneze. 

leqciaTa kursSi Cveni mizani araa dawvrilebiT ganvixiloT simulaciuri mode-

lirebis romelime konkretuli programuli uzrunvelyofa (Tumca garkveuli pake-

tebis mimoxilvas gavecnobiT mogvianebiT). codna, romelsac Tqven SeiZenT ganzogado-

ebuli midgomebisa da sistemebis modelirebis magaliTebis gacnobiT, dagexmarebaT 

iolad aiTvisoT modelirebis specializirebuli programuli uzrunvelyofebi. mmsmek, 

romlis modelirebasac ukve programulad gavakeTebT, gansxvavdeba wina paragrafSi 

ganxiluli magaliTisgan ori Semdegi faqtoriT: 

 modelireba dasruldeba maSin, rodesac rigSi dakavebul moTxovnaTa ricxvi 

miaRwevs 1000n  da ara 6n , rac daagrovebs srul statistikas sistemis 

muSaobis SefasebisTvis, rameTu icvlebian )(ˆ nd , )(ˆ nq  da )(ˆ nu  da isini 

mdgradi Sefasebebi xdeba n -is mimarT.  

 moTxovnebis dadgomebs Soris dro da momsaxureobis dro aq ukve 

generirdeba eqsponencialuri ganawilebidan, rogorc damoukidebeli 

SemTxveviTi sidideebi moTxovnebis dadgomebs Soris saSualo 1
1


A

 wT 

drois intervaliTa da momsaxureobis saSualo 5,0
1


D

 wT drois 

intervaliT.   intensivobis mqone (saSualo drois Sebrunebuli sidide) 

eqsponencialuri ganawileba, rogorc viciT uwyveti ganawilebaa: 
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moTxovnebis dadgomis Soris dro da momsaxureobis dro umeteswilad 

generirdeba eqsponencialuri ganawilebis generatoridan (ix. mag. 3.1), misi 

kompiuterze generirebis algoriTmi martivia. SevniSnoT, rom moTxovnebs 

Soris dro rogorc yovelTvis eqsponencialuri ganawilebaa, rasac ver 

vityviT momsaxureobis droze, romelic sxvadasxva magaliTebSi gansxvavebu-

lia. saWiro iqneba Sesabamisi generatoris Seqmna.  
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masobrivi momsaxureobis sistema, moTxovnaTa dadgomebs Soris droisa da momsa-

xureobis drois eqsponencialuri ganawilebiT, tradiciulad 1// MM  simboloTi 

aRiniSneba (masobrivi momsaxureobis sistemaTa klasifikacias gavecnobiT mogvianebiT). 

1// MM  modelis asagebad Cven gvWirdeba eqsponencialuri ganawilebis genera-

tori. Tu gvaqvs   SemTxveviTi ricxvis generatori )1,0(~ U , maSin )(XF  

gantolebis amoxsniT miviRebT eqsponencialur generators 


ln
1

X .  

 

 
 

 

 

 

 

nax. 4.5 

 

1// MM -is programa mosaxerxeblia SevkraT ramodenime qveprograma blokebad, 

funqciebad. es gvexmareba, raTa misi logika da komponentebis urTierTqmedeba gaxdes 

ufro gasagebi. ZiriTadi programis garda modelirebis programa iTvaliswinebs 

inicializaciis, sinqronizaciis, angariSebis generatoris, xdomilebaTa damuSavebisa 
da eqsponencialuri generatoris qveprogramaTa funqciebis CarTvas (ix. nax. 1.3). 

dadgomis dagegmva 

Semdegi dadgomis drois dagegmva 

kvanZi 

dakavebulia 

rigSi moTxovnaTa ricxvisTvis  

1-is damateba 

dakavebis dasayenebeli  

0-is tolia, raTa  

miiRos moTxovna da  

dagrovebis statistika 
Secdomaze  

Setyobinebis  

gamotana da  

modelirebis  

Sewyveta 

rigi 

Sevsebulia? rigSi dakavebaTa ricxvisTvis  

1-is damateba 

moTxovnis dadgomis  

drois Senaxva 

kvanZis gadayvana dakavebis  

mdgomareobaSi 

moTxovnis gasvlis drois  

dagegmva 

dabruneba 

ki 

ara 

ki ara 

dakavebis mTvleli  

0-is tolia, raTa  

miiRos moTxovna da  

dagrovebis statistika 
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uwyveti drois )(ˆ tQ  da )(ˆ tB  statistikebis ganaxlebisTvis modelirebis procesSi 

gacilebiT iolia calke funqciebis dawera. yvelaze mTavari moqmedeba xdeba 

xdomilebaTa damuSavebis funqciebSi, romelTac Semdegi numeracia aqvs: 

 

xdomileba xdomilebis tipi 

moTxovnis Semosvla sistemaSi 1 

mosaxureobis dasasruls moTxovnis gasvla sistemidan: 2 

 

radgan xdomilebis damuSavebis logika araa damokidebuli im enaze, romelic 

gamoiyeneba daprogramebisas, ganvixiloT igi am paragrafSi. nax. 4.5-ze warmodgenilia 

moTxovnis dadgomis bloksqema. 

pirvel rigSi generirdeba Semdegi dadgomis dro da igi Caiwereba xdomilebaTa 

siaSi. Semdeg mowmdeba kvanZis dakavebuloba. rodesac kvanSi dakavebulia, rigSi 

moTxovnaTa ricxvi izrdeba 1-iT, da Cven vamowmebT Sevsebulia Tu ara mexsiereba 

gamoyofili rigis Sesanaxad. Tu rigi Sevsebulia, maSin generirdeba Setyobineba 

Secdomaze da modelireba wydeba. Tu rigSi kidevaa adgili, maSin moTxovnis dad-

gomis dro moTavsdeba rigis boloSi (aseTi sruli Semowmeba rigis gadavsebaze 

SeiZleba moixsnas, Tu gamoviyenebT daprogramebis enaSi mexsierebis dinamikur ganawi-

lebas). Tu moTxovnis dadgomisas kvanZi Tavisufalia, maSin moTxovnis dagvianeba 

rigSi 0-is toli iqneba, magram mainc iTvleba dagvianebad da moTxovnaTa dagvianebis 

ricxvi 1-iT izrdeba! kvanZi gadadis dakavebul mdgomareobaSi, xolo xdomilebaTa 

siaSi igegmeba momsaxureobis dasrulebis Semdeg gasvlis dro. 

moTxovnis gasvlis programis logika warmodgenilia nax. 4.6-ze. rogorc 

gaxsovT es programa gamoiZaxeba moTxovnis momsaxureobis dasrulebisTanave. 

Tu moTxovnis gasvlis Semdeg rigi rCeba carieli, maSin kvanZi gadadis 

daukavebel mdgomareobaSi, xolo moTxovnis gasvlis aRricxva gadaideba, radgan 

Semdegi xdomileba unda iyos moTxovnis dadgoma. Tu moTxovnis gasvlis Semdeg 

rigSi rCeba erTi an ramodenime moTxovna, pirveli moTxovna rigidan tovebs rigs da 

gadadis momsaxureobaze. am dros rigis sigrZe 1-iT mcirdeba, xolo am moTxovnis 

dakavebis xangrZlivoba gamoiTvleba da daregistrirdeba Sesabamisi statistikuri 

mTvleliT. rigSi dakavebulTa ricxvi 1-iT izrdeba da igegmeba moTxovnis gasvlis 

dro, romelic gadavida momsaxureobaze. amis Semdeg rigSi darCenili moTxovnebi (Tu 

aseTi arsebobs) gadainacvleben erTi adgiliT win. am TavSi naCvenebi rigis siis 

realizaciis xerxi Zalian martivia, Tumca arc Tu efeqturia. arsebobs 

modelirebisas miRebuli siebis damuSavebis ufro efeqturi da mosaxerxebeli 

algoriTmebi [1]. 

Semdeg paragrafSi naCvenebia, Tu rogor unda gamoviyenoT aq warmodgenili 

sakiTxebi C enaze modelirebis programis dawerisas. Cawerili programuli kodebi[1] 

araa arc ise martivi, arc ise efeqturi. isini Seqmnilia da moyvanilia imisTvis, 

rom vaCvenoT samomavlod, Tu rogor SeiZleba SevqmnaT maRal-organizebuli kompiu-
teruli simulaciuri modelireba ufro rTuli sistemebisTvis. 
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nax. 4.6 

 

 

 

 

 

 

$4.4. mmsmek-is programa C-ze 
 

am paragrafSi warmodgenilia C-ze dawerili programa 1// MM  masobrivi 

momsaxureobis sistemis modelirebisTvis (yvela programuli kodi SeiZleba Tqvens 

kompiuterze CaitvirTos www.mhhe.com/lawkelton el-gverdidan (monacemebi 

warmodgenilia [1]-dan)). SevniSnoT, rom programis ricxviTi Sedegebi odnav SeiZleba 

gansxvavdebodes sxvadasxva kompiutersa da kompiliatorze. programebTan mierTebuli 

unda iyos C enis maTematikuri biblioTeka, rac moiTxovs kompiliatorze 

damokidebuli ofciebis dayenebas (UNIX sistemaSi es ofciaa – em kompilaciis 

operatorSi). 

listing 4.1-ze mocemulia gare ganmsazRvrelebi. dasaTaurebis faili lcgrand.h 

(ix. listingi 2.2) CarTulia SemTxveviTi ricxvebis generatoris funqciaTa ganacxad-

Si. Q_LIMIT simbolur konstantas mieniWeba mniSvneloba – 100, SesaZlo maqsimalu-

ri sigrZe rigSi. BUSY da IDLE simboluri mudmivebi ganisazRvreba server_status 

(kvanZis mdgomareoba) cvladis gamoyenebisTvis. imisTvis, rom kodi gaxdes ufro mar-

tivad wasakiTxi, gansazRvrulia failis maCveneblebi *infile da *outfile, romelic 

saSualebas mogvcems gavxsnaT Sesabamisad Sesavali da gamosavali failebi kodidan 

da ara sistemis funqcionirebis donidan. mivaqcioT yuradReba imas, rom xdomilebaTa 

sia, razec adre iyo saubari, Sesruldeba rogorc masivi time_next_event nulovani 

gasvlis xdomileba 

rigi 

Tavisufalia? 

kvanZis gadasvla 

daukavebel  

mdgomareobaSi 

rigSi moTxovnaTa ricxvis 1-iT Semcireba 

dakavebis xangrZlivobis gamoTvla da 

statistikis dagroveba 

gasvlis xdomilebis  

moxsna ganxilvidan 
kvanZSi dakavebul moTxovnaTa ricxvis 1-iT gazrda  

 

moTxovnis gasvlis drois dagegmva 

dabruneba 

ki ara 

rigSi yoveli moTxovnis gadaadgileba  

win erTi adgiliT (Tu rigi arsebobs) 
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ujredis ignonirebiT, raTa indeqsi Seesabamebodes xdomilebis tips. mds-s mniSvne-

loba inaxeba sim_time cvladSi. 

 
listingi 4.1 (kodi C-ze gare gansazRvrebebisTvis). 

/* M/M/1 modelis gare gansazRvrebani */ 

#include  <stdio.h> 

#include  <math.h> 
 

/* dasaTaurebis faili SemTxveviTi ricxvebis generatorisTvis */ 

#include “lcgrand.h” 

 

#define  Q_LIMIT 100   /* rigis sigrZis SezRudva */ 

#define  BUSY 1     /* kvanZis mdgomareobis mnemonikuri konstantebi */ 

#define  IDLE 0     /* misi dakavebis an Tavisuflebis ganzRvrisaTvis */ 

 

int next_event_type, num_cust_delayed, num_delays_required, num_events,  

num_in_q, server_status; 

float area_nam_in_q, area_server_status, mean_interarrival, mean_service, sim_time,  

time_arrival [Q_LIMIT+1], time_last_event, time_next_event [3], total_of_delays; 

FILE   *infile, *outfile; 

void   initialize (void); 

void    timing (void); 

void    arrive (void); 

void    depart (void); 
void    report (void); 
void    update_time_arg_stats (void); 
float    expon (float mean); 

 

ZiriTadi funqciis kodi naCvenebia listing 4.2-ze. masSi ixsneba Semavali da 

gamosavali failebi. sistemis modelirebisas xdomilebaTa tipebis ricxvi yendeba 2-
ze. Semdeg Semavali parametrebi ikiTxeba mm1.in failidan, romelic Seicavs erT 

striqons, probeliT gamoyofil sam ricxvs: 1,0; 0,5 da 1000. rom Semowmdes swora-

daa Tu ara Cawerili es sidideebi failSi, gamoiZaxeba inicializaciis funqcia. cik-

li while modelirebas asrulebs manam, sanam ar daregistrirdeba me-1000 dakaveba 

rigSi (gaCerebis wesi). cikl while-Si Tavidan gamoiZaxeba sinqronizaciis funqcia, 

romelic gansazRvravs Semdegi xdomilebis tips da mds gadayavs xdomilebis dadgo-

mis droze. mocemuli xdomilebis damuSavebis win gamoiZaxeba funqcia, romelic gana-

axlebs )(tQ  da )(tB  wirebis qvemoT farTobebs. anu Cven avtomaturad ganvaaxlebT 

am farTobebs yoveli xdomilebis damuSavebis win. Semdeg switch operatori, romelic 

iyenebs next_event_type (tolia 1-is, roca moTxovna Semodis; 2-is, roca moTxovna 

gadis) cvlads da marTvas gadascems Sesabamisi xdomilebis damuSavebis funqcias. 

while ciklis Sesrulebis Semdeg gamoiZaxeba report funqcia (angariSebis funqcia), 

Semavali da gamomavali failebi ixureba da modelireba sruldeba.  

 

listingi 4.2 (kodi C-ze ZiriTadi funqciisTvis). 

main (  ) /* ZiriTadi funqcia */ 

{ 

/* vxsniT Sesaval da gamosaval failebs */ 

infile = fopen  (“mm1.in”, “r”); 

outfile = fopen  (“mm1.out”, “w”); 
/* sinqronizaciis funqciisTvis mivuTiTebT xdomilebaTa ricxvs */ 

num_event = 2; 
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/* vkiTxulobT Semaval parametrebs */ 

fscan f (infile, “%f %f %d”, &mean_interarrival, 

& mean_service, &num_delays_required); 

/* mivuTiTebT angariSis saTaurs da Semaval parametrebs */ 

fprintf  (outfile, “masobrivi momsaxureobis sistema erTi kvanZiT \n\n”); 

fprintf  (outfile, “dadgomebs Soris saSualo dro %11.3 f wT \n\n”, mean_interattival); 

fprintf  (outfile, “momsaxureobis saSualo dro %16.3 f wT \n\n”, mean_service); 

fprintf  (outfile, “moTxovnaTa ricxvi %14 d\n\n”, num_delays_required); 

/* modelirebis inicializacia */ 

initialize (  ); 
/* vasrulebT modelirebas, sanam ar daregistrirdeba */ 

/* rigSi moTxovnaTa dakavebis saWiro raodenoba */ 

while (num_custs_delayed <num_delays_required) { 
/* ganvsazRvravT Semdeg xdomilebas */ 

timing (  ); 
/* ganvaaxlebT saSualo statistikur damgroveblebs */ 

update_time_avg_stats (  ); 
/* viZaxebT Sesabamisi xdomilebis damuSavebis funqcias */ 

switch (next_event_type) { 

 case 1: 

arrive (  ); 

break; 

 case 2: 

depart (  ); 

break 

} 

} 

/* viZaxebT angariSebis generators da vasrulebT modelirebas */ 

report (  ); 

fclose (infile); 

fclose (outfile); 

return 0; 

} 

 

inicializaciis funqciis kodi warmodgenilia listing 4.3-ze. misi yoveli 

operatori Seesabameba kompiuterul warmodgenas nax. 4.4a-dan. SevniSnoT, rom pirve-

li dadgomis dro time_next_event[1] ganisazRvreba eqsponencialurad ganawilebuli 

SemTxveviTi sididisTvis dadgomebs Soris saSualo mniSvnelobis mean_interarrival mi-

matebiT. anu eqsponencialur ganawilebas iTvlis funqcia expon (mean_interarrival) da 

mas miumatebs mds-is, sim_time-is mniSvnelobas. radgan drois momentSi, rodesac 

sim_time = 0, sistemaSi araa moTxovna, Semdegi gasvlis dro time_next_event[2] 

yendeba 1.0e+30-ze (C enaze 1030 ase aRiniSneba) da esaa garanti imisa, rom Semdegi 

xdomileba iqneba moTxovnis dadgoma. 

 
listingi 4.3 (kodi C-ze, inicializaciis funqcia). 

Void initialize (void)   /* inicializaciis funqcia */ 

{ 

/* mds-s vayenebT sawyis mdgomareobaSi */ 

sime_time = 0.0; 

server  status     = IDLE; 

num_in_q          = 0; 

time_last_event = 0.0; 

/* statistikur mTvlelebs vayenebT sawyis mdgomareobaSi */ 

num_cust_delayed  = 0; 
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total_of_delays        = 0; 

area_num_in_q        = 0.0; 

 

/* xdomilebaTa siis inicializacia. gasvlis aRricxvis moxsna */ 

/* (momsaxureobis dasruleba), radgan sistemaSi araa moTxovna */ 

time_next_event[1] = sim_time + expon (mean_interarrival); 

time_next_event[2] = 1.0e + 30; 
} 

 

sinqronizaciis funqcia (listingi 4.4) gamoiyeneba imisTvis, rom SevadaroT 

xdomilebaTa warmoqmnis droebi time_next_event[1], time_next_event[2],..., time_next_ 

event [num_events] (cvladi num_events gansazRvruli iyo ZiriTad funqciaSi) da da-

vadginoT Semdegi tipis xdomileba – num_events, romelsac gaaCnia warmoqmnis 

(dadgomis) umciresi dro. droiTi kavSiris warmoSobis SemTxvevaSi airCeva im tipis 
xdomileba, romelsac gaaCnia naklebi nomeri. amis Semdeg modeluri drois saaTi 

gadaiyvaneba min_time_next_event – arCeuli tipis xdomilebis warmoSobis droze. 

programas ramdenadme arTulebs Semowmebis aucilebloba – xom araa xdomilebaTa sia 

carieli? amasTan erTad Cven gamovdivarT iqidan, rom yvela xdomileba unda dadges 

1030 momentamde. Tu aseTi situacia warmoiSoba, romelzec miuTiTebs 

next_event_type = 0, generirdeba Setyobineba Secdomaze mimdinare drosTan erTad da 

modelireba wydeba. 

 
listingi 4.4 (kodi C-ze, sinqronizaciis funqcia). 

Void timing (void)    /* sinqronizaciis funqcia */ 

{ 

int i; 

float min_time_next_event =1.0 e + 29; 

next_event_type = 0; 

/* ganvsazRvravT Semdegi xdomilebis tips */ 

for (i = 1;  <i<=num_events; ++ i) 

if (time_nest_event[i] < min_time_nest_event) { 

min_time_next_event = time_next_event [i]; 

next_event_type =i; 

} 
/* vamowmebT, aris Tu ara xdomilebaTa sia carieli */ 

if (next_event_type = = 0) { 

/* xdomilebaTa sia carielia, vamTavrebT modelirebas */ 

fprint f (outfile, “\n xdomilebaTa sia carielia momentSi %f”, sim_time); 

exit(1); 

} 

/* xdomilebaTa sia araa carieli. mds gadagvyavs */ 

sim_time = min_time_next_event; 

} 

 

xdomilebaTa damuSavebis funqciis kodi arrive (listingi 4.5) agebulia blok-

sqemis (nax. 4.5) mixedviT. mivaqcioT yuradReba imas, rom sim_time – es droa, 

rodesac xdomileba dadgeba (warmoiqmneba) mocemul momentSi da rom sruldeba 

Semowmeba rigis gadavsebaze. amasTan erTad vkiTxulobT, iqneba Tu ara num_in_q-s 

mniSvneloba meti Q_LIMIT cvladis mniSvnelobaze, romelic gansazRvravs 

time_arrival masivis sigrZes. 
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listingi 4.5 (kodi C-ze, funqcia arrive) 

void arrive (void)   /* xdomilebiTi funqcia moTxovnis dadgomaze */ 

{ 

float delay; 

/* vgegmavT Semdeg dadgomas */ 

time_next_event[1] = sim_time + expon (mean_interarrival); 

/* vamowmebT, dakavebulia Tu ara momsaxureobis kvanZi */ 

+ + num_in_q; 

/* vamowmebT gadavsebis pirobas */ 

if (num_in_q > Q_LIMIT) { 

/* rigi gadavsebulia, modelireba wydeba */ 

fprintf (outfile, “\n  masivis gadavseba – time_arrival”); 

fprintf (outfile, “% f – drois momentSi,” sim_time); 

exit (2); 

} 

/* rigSi kidev rCeba adgili, vinaxavT */ 

/* moTxovnis dadgomis drois time_arrival masivis boloSi */ 

time_arrival [num_in_q] = sim_time; 

} 

else { 
/* kvanZi Tavisufalia, rigSi Semosuli moTxovnis dakaveba nulis tolia */ 

/* (Semdegi ori operatori ar moqmedebs modelirebis Sedegebze) */ 

delay = 0.0 

total_of_delays + = delay; 

/* moTxovnaTa dakavebis ricxvs vzrdiTY da kvanZi gadagvyavs */ 

/* dakavebis mdgomareobaSi */ 

+ + num_cust_delayed; 

server_status = BUSY; 

/* vgegmavT moTxovnis gasvlas (vamTavrebT momsaxureobas) */ 

time_next_event[2] = sim_time + expon (mean_setvice); 

} 

} 

 

xdomilebaTa funqcia depart (listingi 4.6) gamoiZaxeba maSin, rodesac xdeba 

moTxovnis momsaxureobis dasruleba (da misi Semdgomi gasvla sistemidan). am 

funqciis logika ganxiluli iyo wina paragrafSi da aisaxa blok-sqemaze (nax. 4.6). 

Tu operators time_next_event[2] = 1,0 e + 30  operatori else-s win movacilebT, maSin 

programa Seva usasrulo ciklSi. es moxdeba imitom, rom rigis darCenili nawilis 

win wanacvleba (Tu aseTi arsebobs) for ciklis saSualebiT garantias iZleva, rom 

moTxovnis dadgomis dro, romelic Semdeg Semova momsaxureobaze, yovelTvis 

Seinaxeba time_arrive[1] masivSi. Tu rigi Tavisufali iqneba, maSin num_in_q cvladi 

utoldeba 0-s, xolo cikli saerTod ar Sesruldeba, radgan ciklis i indeqsis 

sawyisi mniSvnelobaa i = 1, romelic scildeba mis bolo mniSvnelobas. ukanaskneli 

SeniSvna depart funqciasTan mimarTebaSi exeba time_arrival[1]-is gamoklebas sim_time 

saaTis Cvenebidan, raTa miviRoT rigSi dakavebis drois mniSvneloba. Tu modelireba 

mimdinareobs didi drois ganmavlobaSi, sim_time da time_arrival[1] Rebuloben did 

mniSvnelobebs maT sxvaobasTan SedarebiT. radgan isini daimaxsovrebian, rogorc 

ricxvebi mcocavi mZimiT (float), maTi sizuste SeiZleba ar aRmoCndes sakmarisi da 

SeiZleba warmoiSvas danakargebi gamoTvlebis Catarebisas. aqedan gamomdinare, Tu Cven 

gvinda, rom modelireba grZeldebodes didi droiT, unda mivaniWoT double tipi 

sim_time cvladisa da time_arrival masivisaTvis.  
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listingi 4.6 (kodi C-ze, funqcia depart) 

Void depart (void)   /* xdomilebiTi funqcia moTxovnis gasvlisTvis */ 

{ 

int i; 

float delay; 

/* vamowmebT, aris Tu ara rigSi moTxovna */ 

if (num_in_q = = 0)  { 

/* rigSi araa moTxovna; kvanZi gadagvyavs Tavisufal mdgomareobaSi */ 

/* da movxsniT gasvlis aRricxvas (momsaxureobis dasruleba). */ 

server_status           = IDLE; 

time_next_event[2] = 1.0e + 30; 

} 

else  { 
/* rigSi aris moTxovna. vamcirebT rigSi moTxovnaTa ricxvs */ 

- - num_in_q; 

/* viTvliT dakavebas moTxovnaTa rigSi, romelTa momsaxureoba daiwyo,  

da ganvaaxlebT dakavebis saerTo damgroveblis mniSvnelobas */ 

delay                    = sim_time-time_arrival[1]; 

total_of_delays + = delay; 

/* vzrdiT moTxovnebis dakavebaTa ricxvs da vgegmavT gasvlis dros */ 

+ + num_cust_delayed; 

time_next_event[2] = sim_time + expon (mean service); 

/* gadagvyavs rigSi yoveli moTxovna erTi poziciiT win */ 

for  (i = 1; < <= num_in_q; ++i) 

time_arrival[i] = time_arrival[i+1] 

} 

} 

 

report funqciis kods viZaxebT cikli while-is Sesrulebis Semdeg ZiriTad prog-

ramaSi (listingi 4.7). saSualo dakavebas viTvliT saerTo drois SefardebiT 

moTxovnaTa ricxvze, romelTa dakaveba rigSi dafiqsirda. moTxovnaTa saSualo 
ricxvs, romelic imyofeba rigSi drois erTeul momentSi, vRebulobT )(tQ  wiriT 

qvemoT SemosazRvruli farTobis SefardebiT modelirebis dasrulebis momentis 

mniSvnelobaze. kvanZis dakavebulobis koeficienti gamoiTvleba )(tB  wiriT qvemoT 

SemosazRvruli farTobis SefardebiT modelirebis drois saboloo mniSvnelobaze. 

samive maxasiaTebeli Caiwereba angariSSi. garda amisa, Caiwereba modelirebis drois 
saboloo mniSvnelobac, rom gavigoT Tu ra dro Seiqmna saWiro rigSi 1000 

moTxovnis dakavebis fiqsaciisTvis! 

 
listingi 4.7 (kodi C-ze, funqcia report) 

Void report (void)     /* angariSebis generatoris funqcia */ 

{ 
/* viTvliT da vimaxsovrebT Sefasebis kriteriumebs */ 

fprintf (outfile, “\n\n  rigSi saSualo dakaveba % 11.3 f wT \n\n”, 

total_of_delays / num_custs_delayed); 

fprintf (outfile, “rigSi moTxovnaTa saSualo ricxvi % 10.3 f \n\n”,  

area_num_in_q / sim_time); 

fprintf (outfile, “momsaxureobis kvanZis dakavebis koeficienti % 15.3 f \n\n”, 

area_server_status / sim_time); 

fprint (outfile, “modelirebis dasrulebis dro % 12.3.f wT”, sim_time); 

}  
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funqcia update_time_avg_stats (listingi 4.8) gamoiZaxeba nebismieri tipis 

xdomilebis damuSavebis win. is ganaaxlebs farTobis mniSvnelobebs ori )(tQ  da 

)(tB  funqciaTa wirebis qvemoT, raTa miviRoT uwyveti tipis statistikebi sistemis 

muSaobis SefasebisTvis. es programa ar aris xdomilebis damuSavebis programa da 

gamoyofilia mxolod imisTvis, rom kodis dawera ufro mosaxerxebeli Seiqmnas. 

Tavidan gamoiTvleba dro, romelmac gaiara bolo xdomilebis dadgomis Semdeg. 

ukanaskneli xdomilebis dro Seicvleba mimdinare droiT am funqciaSi Semdegi 

Sesvlis mosamzadeblad. Semdeg )(tQ  funqciis qveviT wiriT SemosazRvruli farTobi, 

romelic iTvlis rigSi moTxovnaTa ricxvs, izrdeba im farTobiT )(tQ -s wiris 

qveviT, romelic gamoiTvleba time_since_last_event – bolo xdomilebis dadgomis 

drois Semdegi Sualedisa da num_in_q sididis namravliT. ar dagvaviwydes, rom es 

funqcia gamoiZaxeba xdomilebis damuSavebamde da iseTi cvladebi, rogoricaa 

num_in_q, inarCunebs Tavis Zvel mniSvnelobas. )(tB  funqciis wiris qveviT farTobi 

izrdeba marTkuTxedis farTobiT, romlis sigrZea time_since_last_event, xolo simaRlea 

server_status, romelic an 0-is an 1-is tolia. es funqcia, depart funqciis msgavsad 

axdens ori ricxvis gamoklebas mcocavi mZimiT (sim_time – time_last_event), romelmac 

xangrZlivi modelirebisas SeiZleba miaRwios did sidideebs. am situaciaSi SeiZleba 

saWiro Seiqmnas sim_time-is da time_last_event cvladebi gamovacxadoT, rogorc double. 

 
listingi 4.8 (kodi C-ze, funqcia update_time_avg_status) 

Void update_time_avg_status (void) /* saSualo drois statistikebis – farTobebis 

gamoTvlis damgrovebelis ganaxleba */ 

{ 

float time_since_last_event; 

/* viTvliT dros, romelmac gaiara bolo xdomilebis dadgomis Semdeg  

 da vanaaxlebT bolo xdomilebis markers */ 

time_since_last_event = sim_time – time_last_event; 

time_last_event           = sim_time; 

/* rigSi moTxovnaTa ricxvis gansazRvrisaTvis vanaaxlebT farTobs  

 funqciis wiris qveviT */ 

area_num_in_1        + = num_in_q * time_since_last_event; 

/* kvanZis dakavebulobis koeficientis gansazRvrisaTvis vanaxlebT  

 farTobs funqciis wiris qveviT */ 

area_server_status    + = server_status * time_since_last_event; 

} 

 

expon funqcia (listingi 4.9), romelic generirebas ukeTebs eqsponencialur 

ganawilebas 











1

mean  saSualo mniSvnelobiT, Seesabameba algoriTms, rome-

lic ganvixileT $3.1.2-Si. SemTxveviT ricxvTa generatori lcgrand, romelic iyenebs 

int arguments (int = 1) detaluradaa ganxiluli listing 2.1-ze. log funqcia C-ze ab-

runebs argumentis naturalur logariTms.  

 
listingi 4.9 (kodi C-ze, funqcia expon) 

float expon (float mean)      /* eqsponencialurad ganawilebuli SemTxveviTi  

     sididis generirebis funqcia */ 

{ 

/* vabrunebT eqsponencialur SemTxveviT sidides saSualoTi mean */ 

return-mean * log (lcgrand(1)); 

} 
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aRwerili kodi urTierTqmedebs lcgrand kodTan, generatorTan, romlis lis-

tingi 2.1 mocemuli Tav 2-Si. es rom uzrunvelvyoT, SeiZleba gavakeToT TiToeuli 
programis calke kompilacia. 

 

 

$4.5. simulaciuri modelirebis gamosavali monacemebi da maTi 

statistikuri analizi 
 

gamosavali monacemebi mm1.out failidan naCvenebia listing 4.10-ze. rogorc ga-

moTvlebi gviCvenebs (aRniSnuli generatoris gamoyenebiT) modelirebis am gatarebaSi 

rigSi moTxovnis dakavebis saSualo dro Seadgina 0.430 wT, saSualod rigSi 

imyofeboda 0,418 moTxovna (wT-Si), kvanZis dakavebulobam Seadgina modelirebis 

drois 46%. imisTvis, rom rigSi daregistrirebuliyo 1000 moTxovna, saWiro 

Seiqmna 1027,915 wT (modelirebis dro). es konkretuli monacemebi miRebulia Sem-

TxveviTi ricxvebis generatoris gamoyenebiT. Tu gamoviyenebdiT generatoris sxva na-

kadebs an sxva generators, maSin ricxviTi Sedegebic sxva iqneboda da isini mxolod 

Teoriuli )(),( nqnd  da )(nu  mosalodneli mniSvnelobebis Sefasebebia; Tumca ki es 

parametrebi (gamosavali monacemebi) Seadgens Sesavali parametrebis funqcias. 

maSasadame sando Sefasebebis misaRebad saWiroa statistikis gamoyeneba. amisTvis ki 

unda Seiqmnas SefasebaTa SerCevebi: 

,

)(ˆ,),(ˆ),(ˆ

)(ˆ,),(ˆ),(ˆ

)(ˆ,),(ˆ),(ˆ

)()2()1(

)()2()1(

)()2()1(

nununu

nqnqnq

nNdndnd

N

N

N







    (4.12) 

romlis zeda indeqsi miuTiTebs simulaciuri modelirebis gatarebis nomers. yoveli 

simulaciuri gatarebisas unda gamoviyenoT SemTxveviT ricxvTa axali nakadi! 
statistikis kursidan CvenTvis cnobilia (4.12) tipis SerCevebis damuSavebis 

statistikuri meTodebi (wertilovani Sefaseba, ndobis intervalebi, statistikuri 

hipoTezebi, regresiuli analizi da sxv.), romelTa gamoyeneba aucilebelia kvalifi-

ciuri Sefasebebis Sesaqmnelad masobrivi momsaxureobis sistemis muSaobis Sefasebaze, 

aseve sxva modelirebadi rTuli sistemebisTvis. aqve SevniSnoT, rom Sefasebis 

sizuste aseve damokidebulia gaCerebis pirobaze – moTxovnaTa dakavebis rigze (aq 

1000 ). misi gansazRvris meTodebi warmodgenilia [1]-Si. 

listingi 4.10 (gamosavali monacemebis angariSi) 

moTxovnis dadgomebs Soris saSualo dro  1,000 wT 

kvanZis mier momsaxureobis saSualo dro 0,500 wT 

moTxovnaTa ricxvi 1000 

rigSi moTxovnis saSualo dakaveba 0,430 wT 

rigSi moTxovnaTa saSualo ricxvi (wT-Si) 0,418 

momsaxureobis kvanZis dakavebulobis koeficienti 0,460 

modelirebis periodis xangrZlivoba 1027,915 wT 

mmsmek-is M/M/1 modelisTvis misi simartivis gamo moxerxda (Ross, 1997) Teo-

riulad gamoTvlili yofiliyo sistemis 3 gamosavali parametri (Sesabamisi sawyisi 

Semavali informaciiT), romlebic yvela 0,5-is tolia. cxadia, rom modelirebiT 

miRebuli Sedegebi damakmayofilebelia. n -is gazrdiT da modelirebis gatarebaTa 

ricxvis SeqmniT )30( N  Sefasebebi sagrZnoblad dazustdeba. 
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SevniSnoT, rom sxvadasxva modelebisTvis icvleba rogorc sistemis muSaobis 

Sefasebis kriteriumebi, aseve modelirebis gaCerebis wesebi, Tumca maTi daprograme-

bis logika analogiuria da aq warmodgenili masalis gacnobis Semdeg novaciebze 

gadasvla gaiolebuli iqneba. 
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Tavi 5. simulaciuri modelebis Seqmnis teqnologiebi 
 

$5.1. simulaciuri modelebis Seqmnis alternatiuli midgomebi  
 

simulaciuri modelebis Semqmnelebi dRes-dReobiT qmnian komerciul programul 

uzrunvelyofebs, sadac iyeneben sistemebis modelirebis yvelaze srulyofil saSua-

lebebs da arsebul Tanamedrove kompiuteris artiteqturasa da programul uzrun-

velyofas. 

 

$5.1.1. paraleluri da ganawilebuli modelireba 
 

modeli-mmsmek da misi simulaciuri modelirebis programuli uzrunvelyofa da 

misi moqmedebis logika isea agebuli, rom parametrebis erTi gamoTvlebi sawindaria 

meore gamoTvlebisTvis. Tanac programas asrulebs erTi kompiuteri. aseT SemTxveva-

Si modelirebas uwodeben mimdevrobiTs.  
bolo wlebSi kompiuteruli teqnologia saSualebas iZleva ramodenime 

kompiuteris erT lokalur qselSi CarTvas da paraleluri gamoTvlebis Catarebas. 
es exeba daparalebul procesorebsac, roca programis nawilebi ganawilebulia 
optimalurad procesorebze Sesrulebis droisa da sxva manqanuri resursebis 

dazogvis mizniT.  

es midgoma aseve viTardeba dinamikur modelirebaSi. am mimarTulebiT siaxleebi 

SeiZleba naxoT maRali rangis saerTaSoriso mniSvnelobis JurnalSi: “ACM 

Transactions on Modeling and Computer Simulation” (TOMACS), aseve yovelwliur 

gamocemaSi: “Proceedings of the Winter Simulation Conference”. 

arsebobs modelirebadi dinamikuri sistemis dayofis bevri saSualeba, anu misi 

Sesruleba ganawildes paralelurad moqmedi sxvadasxva procesorebs Soris. yvelaze 

bunebrivi ganawilebaa-ganawileba sxvadasxva funqciebis mixedviT. magaliTad zemoT 

Camoyalibebuli funqciebi Sesruldes sxvadasxva procesorebze. ZiriTadi procesori 

Seasrulebs im samuSaos sxva procesorebTan paralelurad, rac ZiriTad programas 

unda Seesrulebina. 

aseve, simulaciuri modeli SeiZleba Catardes ramodenime paralelur 

kompiuterze qselis gamoyenebiT. aq mds-s nacvlad muSaobs procesorebs Soris 

Setyobinebis gadacemis sistema, rodesac yovel Setyobinebas aqvs “drois Wde”. 
internetisa da www-s garemoSo simulaciuri modelirebisas farTod gamoiye-

neba klient-sirveris meqanizmi. 

 

$5.1.2. modelirebiT sistemebis kvlevis etapebi 
 

Tu gadavxedavT gavlil masalas, davrwmundebiT, rom daprogrameba erT-erTi 

mniSvnelovani etapia rTuli sistemebis modelirebisa da misi Semdgomi analizisTvis. 

amasTan erTad didi yuradReba unda mieqces sxvadasxva sakiTxs: modelirebis 

gamosavali monacemebis statistikur analizsa da proeqtis menejments. nax. 5.1-ze 
naCvenebia etapebi, romelic Seadgens modelirebiT sistemebis kvlevis mimdinareobas 
(Law, 1999) [1]. etapis nomeri sqemidan gaSlilia qvemoT ufro dawvrilebiT. 

SevniSnoT, rom rTuli sistemis kvleva modelirebiT martivi mimdevrobiTi meTodi 

araa da xSirad gvixdeba ukana etapzec dabruneba. 
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nax. 5.1. modelirebiT sistemis kvlevis etapebi 

 

 

1. amocanis formulireba da sistemis kvlevis dagegmva 

1.1. xelmZRvanelis mier amocanis dasma. 

amocanis formulireba da 

sistemis kvlevis dagegmva 

monacemTa Segroveba da 

modelis gansazRvra  

kompiuteruli programis 

Seqmna da Semowmeba 

programis winaswari 

gatarebis Sesruleba 

eqsperimentebis dagegmva 

samuSao gatarebis Sesruleba 

gamosavali monacemebis analizi 

SedegTa dokumentaluri 

gaformeba da gamoyeneba kvlevaSi 

konceptualuri 

modeli misaRebia? 

programuli  

modeli misaRebia? 

ara 

ki 

ara 

ki 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
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1.2. sistemis Seswavlis mizniT mTeli rigi Sexvedrebis Catareba proeqtis xel-

mZRvanelsa, simulaciuri modelirebis analitikosebsa da Sesaswavli Temati-

kis eqspertebs Soris, sadac unda ganixilebodes Semdegi sakiTxebi: 

 kvlevis globaluri mizani; 

 specialuri sakiTxebi, romelzec unda upasuxos kvlevam; 

 samuSaos xarisxis kriteriumebi, gamoyenebuli momavalSi sistemis sxva-

dasxva konfiguraciebis efeqturobis Sesafaseblad; 

 modelis masStabi; 

 sistemis modelirebadi konfiguraciebi; 

 gamoyenebuli programuli uzrunvelyofa; 

 kvlevisTvis gamoyofili drois intervali da aucilebeli resursebi. 

 

2. monacemTa Segroveba da modelis gansazRvra 

2.1. sistemis konfiguraciaze da eqsploataciis saSualebebze informaciis Segro-

veba, romelsac mivyavarT ganmartebaze: 

 mocemul SemTxvevaSi erTi specialisti araa sakmarisi; 

 Sesaswavli Tematikis mixedviT saWiroa eqspertebis CarTva, romelTac 

gaaCniaT xarisxiani da sarwmuno codna da informacia; 

 eqsploataciis saSualebebis formalizeba ar SeiZleba; 

2.2. monacemTa Segroveba (Tu es SesaZlebelia) modelis parametrTa da albaTobaTa 

Sesavali ganawilebis SefasebisTvis. 

2.3. konceptualuri modelis monacemTa sqematuri warmodgena.  

2.4. monacemTa Segroveba arsebuli modelis samuSao maxasiaTeblebze. 

2.5. modelis detalurobis donis arCeva qvemoT CamoTvlili faqtorebis mixedviT: 

 proeqtis mizani; 

 muSaobis xarisxis kriteriumebi; 

 monacemTa wvdoma; 

 mniSvnelovnebis interesebi; 

 kompiuteruli SesaZleblobebi; 

 Sesaswavl Tematikaze eqspertTa azri; 

 SezRudvebi, dakavSirebuli drosTan da finansebTan; 

2.6. modelis yovel elementsa da sistemidan misi Sesabamis elements Soris urTi-

erTcalsaxa damokidebulebis dadgena. 

2.7. regularuli erTierTqmedebis Camoyalibeba proeqtis xelmZRvanelsa da proeq-

tis sxva wamyvan specialistebs Soris. 

 

3. konceptualuri modelis adeqvaturobis gansazRvra 

3.1. konceptualuri modelis struqturuli analizis Sesruleba im daSvebebis aR-

wers warmodgeniT, romelic gansaxilvelad gadaecema auditorias. auditoria 

Sedgeba xelmZRvanelis, analitikosebisa da Tematikis Semswavleli eqsperte-

bisgan. yuradsaRebia is, rom:  

 analizi gvexmareba davrwmundeT, rom daSvebebi, romelic misaRebia mode-

lisTvis, sworia da araferia gamotovebuli; 

 analizi uzrunvelyofs sakuTrebis uflebas modelze; 

 analizi sruldeba daprogramebis win, raTa ar davuSvaT modelis Sesa-

Zlo gadaprogrameba. 
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4. kompiuteruli programis Seqmna da misi Semowmeba 

4.1. modelis daprogrameba C-enaze an sxva enaze da modelirebis programuli 

uzrunvelyofis gamoyeneba (nawilobriv, Arena, AutoMod, Extend, ProModee, 

AWITNESS). daprogramebis enebis gamoyenebis upiratesoba programuli 

uzrunvelyofiT sargeblobasTan mdgomareobs imaSi, rom mas aqvs Sesyidvis 
dabali fasi da enaze Seqmnili modeli rogorc yovelTvis ufro swrafad 

sruldeba. Tumca programuli uzrunvelyofiT sargebloba amcirebs 

daprogramebaze daxarjul dros da jamSi gvaZlevs mTeli proeqtis nakleb 
Rirebulebas. 

4.2. modelirebis kompiuteruli programis Semowmeba da misi gamarTva. 

 
5. programis winaswari gatarebebis Sesruleba 

5.1.  winaswari gatarebebis Sesruleba me-6 etapze programuli modelis Semowme-

bis ganxorcilebis mizniT. 

 

6. programuli modelis Sesatyvisobis Semowmeba 

6.1.  Tu aris arsebuli, realuri sistema, maSin programuli modelis muSaobis 

xarisxisa da arsebuli sistemis muSaobis xarisxis kriteriumTa Sedareba. 

6.2.  realuri sistemis arsebobis SemTxvevaSi analitikosebisa da eqspertebis mi-

er damoukideblad winaswari gatarebebis daTvaliereba misi moqmedebis 

sisworis SefasebisaTvis. 

6.3.  mgrZnobelobis analizis gamoyeneba modelis faqtorebis dasadgenad, romel-

Tac gaaCniaT mniSvnelovani gavlena sistemis muSaobis xarisxze, rameTu maTi 

maRali sizustiT modelirebaa saWiro.  

 
7. eqsperimentis dagegmva 

7.1. detaluri warmodgena imisa, Tu ra aris mniSvnelovani yoveli sistemuri 

konfiguraciisTvis: 

 yoveli gatarebis xangrZlivoba; 

 Tu aucilebelia gadasasvleli periodis xangrZlivobis gansazRvra; 

 simulaciuri modelirebis damoukidebeli gatarebebi gansxvavebuli Sem-

TxveviTi ricxvebis gamoyenebiT, rac aucilebelia kvalificiuri statis-

tikuri Sefasebebis Sesaqmnelad. mag., maRali ndobiT intervalebis ageba 

kriteriumebis parametrebisTvis da a. S. 

 

8. samuSao gatarebaTa Sesruleba 

8.1. Sedegebis misaRebad, romelic aucilebelia me-9 etapis Sesasruleblad, 

samuSao gatarebaTa Sesruleba 

 
9. gamosavali monacemebis analizi 

9.1. gamosavali monacemebis damuSaveba Semdegi mizniT: 

 sistemis cnobili konfiguraciis absolituri maxasiaTeblebis gansaz-

Rvra-Sefaseba. 

 sistemis alternatiuli konfiguraciebis Sedareba. 
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10. Sedegebis dokumenturi warmodgena da sargebloba 

10.1. kompiuteruli programiT miRebuli Sedegebis (monacemebis) dokumenturi 

gaformeba. mimdinare proeqtis gamoyenebisa da momavali proeqtis 

konstruirebis mizniT miRebuli Sedegebis gamokvleva. 

10.2. kvlevis Sedegebis warmodgena: 

 xelmZRvanelobisTvis da maTTvis, romlebic miekuTvnebian auditorias da 

araa cnobili yvela Sedegi. modelis axsnisa da warmodgenisTvis  

sxvadasxva saSualebebis,  gansakuTrebiT ki animaciis gamoyeneba. 

 modelis Sesaqmnelad, daniSnulebisa da mniSvnelobisTvis ganxilvis pro-

cesis mowyoba, raTa gaizardos modelis sandooba momxmarebelze. 

10.3. gadawyvetilebis miRebis procesSi miRebuli Sedegebis gamoyeneba. 

 

 

$5.2. simulaciuri modelirebis upiratesoba, naklovanebani da Secdomebi 
 

warmogidgenT modelirebis upiratesobaTa da naklovanebebis CamonaTvals. aseve 

ganvixilavT im tipiur Secdomebs, romelic xSiria modelirebaSi da romelsac 

SeuZlia daarRvios modelirebis procesi da SeiZleba proeqti usargeblod 

gadaaqcios. 

rogorc iTqva, simulaciuri modelireba farTod gamoiyeneba rTuli sistemebis 

analizSi. rTuli sistemis magaliTia masobrivi momsaxureobis sistema, xolo masob-
rivi momsaxureobis sistemis konkretuli magaliTebia (nax. 5.2): 

 

Sistema momsaxureobis kvanZi moTxovnebi 

Banki salaroebi klientebi   

saavadmyofo eqimebi, sanitrebi,  

saavadmyofos sawolebi 

pacientebi 

kompiuteri centraluri procesori, Setana-gamotanis 

mowyobiloba 

Warmoeba danadgarebi, mosamsaxure-muSebi detalebi,  aucilebeli 

produqtis Sesaqmnelad 

aeroporti asafren-dasafreni bilikebi, 

mgzavrTa registraciis punqtebi 

TviTmfrinavebi, mgzavrebi 

kavSiris qseli kvanZebi, kavSiris xazebi Setyobinebebi, paketebi 

 

nax. 5.2 

sxvadasxva sferoSi rTuli sistemebis simulaciuri modelireba populuarulia 

misi upiratesobebiT: 

 stoqasturi elementebis mqone rTuli realuri sistemebis umravlesoba zus-
tad ar SeiZleba aRiweros maTamatikuri modelebiT, romlebic SeiZleba Se-

fasdes da gamokvleuli iyos analizurad. amitom simulaciuri modelireba 

xdeba erTaderT SesaZlo meTodad aseTi sistemebis kvlevisTvis. 

 eqsploataciis garkveul saproeqto pirobebSi modelireba saSualebas iZleva 

SevafasoT arsebuli sistemis saeqsploatacio maxasiaTeblebi. 
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 modelirebis gziT SesaZlebelia SevadaroT sistemis proeqtTa alternatiuli 

variantebi (an sistemisTvis eqsploataciis alternatiuli strategiebi), raTa 

ganisazRvros, romeli maTgani ufro Seesabameba warmodgenil moTxovnebs. 

 modelirebiT Cven SegviZlia uzrunvelyoT eqsperimentis pirobebis gacilebiT 

efeqturi kontroli. 

 modelireba saSualebas iZleva SeviswavloT sistemis (magaliTad komerciuli, 

ekonomikuri da sxv.) funqcionirebis xangrZlivi intervali mokle droSi 

(vadebSi) an piriqiT, dawvrilebiT SeviswavloT sistemis muSaoba drois 

gaSlil intervalSi. 

ra Tqma unda modelirebas gaaCnia Tavisi naklovanebebi: 

 stoqasturi simulaciuri modelis yoveli gatareba saSualebas gvaZlevs 

miviRoT modelis namdvili maxasiaTeblebis mxolod Sefasebani Sesavali 

parametrTa garkveuli erTobliobisTvis. aqedan gamomdinare Sesavali 

parametrTa yoveli erTobliobisTvis saWiro iqneba modelis ramodenime 

damoukidebeli gatareba. am mizeziT simulaciuri modelebi arc Tu mosaxerxe-

belia optimizaciisTvis. amitom Tu xelmisawvdomia an advilad kon-

struirebadia adeqvaturi sistemis analizuri modeli, ukeTesia visargebloT 

amiT da ara simulaciuri modelirebiT. 

 Cveulebriv simulaciuri modelebis damuSaveba Zviri Rirs da bevr dros 

moiTxovs. 

 monacemTa did raodenobas, romelic simulaciuri modelirebidan miiReba, 

mivyavarT iqamde, rom isini mkvlevarebSi ufro did ndobas moipoveben, vidre 

amarTleben realobaSi. 

 Tu simulaciuri modeli araa Seswavlili sistemis adeqvaturobaze, maSin 

modelirebis Sedegebi Seicavs naklebad sasargeblo informacias realur 

sitemaze. 

rodesac vRebulobT gadawyvetilebas gvawyobs Tu ara simulaciuri 

modelirebis gamoyeneba sistemis kvlevisTvis, unda gaviTvaliswinoT yvela upirate-

soba da naklovaneba, romelic SeiZleba Tan axldes modelirebas. 

mivaqcioT yuradReba imas, rom zogierTi sistemis kvlevisas SesaZlebelia 

visargebloT rogorc analizuri modeliT, aseve simulaciuri modelirebiT. kerZod, 

modelireba SeiZleba gamoviyenoT im Teoriuli daSvebaTa dafuZnebisaTvis (Semowmebis 

gziT), romelic aucilebelia analizuri modelis funqcionirebisTvis. 

davuSvaT, rom sistemis kvlevisTvis mainc arCeulia modelireba. CamovayaliboT 

yvela is garemoebani, romlebmac SeiZleba xeli SeuSalos simulaciuri modelirebiT 

kvlevis warmatebuli Sedegebis miRebas (Law and McComs, 1998): 

 modelirebiT sistemis kvlevis dasawyisSi amocanis aramkafio dasma; 

 modelis detalebis damuSavebis arasakmarisi done; 

 modelirebiT sistemis kvlevis procesSi xelmZRvanelTa SeTanxmebulobis 

arasakmarisoba; 

 xelmZRvanelobis mier modelirebis araswori gageba;  

 modelirebiT sistemis kvlevis midgoma, rogorc daprogramebaSi martivi 

savarjiSos gadawyveta; 

 gundSi, romelic muSaobs modelirebaze, im specialistebis aryofna an 

nakleboba, romlebmac ician simulaciuri modelirebis meTodologia; 

 sistemaze arasakmarisi monacemebis mogroveba; 

 modelirebis procesSi Seusabamo programuli uzrunvelyofiT sargebloba; 
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 modelirebisTvis programuli uzrunvelyofiT sargebloba cxadi saxiT. 

magaliTad, rTuli makrooperatorebi, romelTa sargebloba sarwmunod ver 

iqneba dokumentalurad dadasturebuli, radgan isini ver Seqmnian saWiro 

modelur logikas; 

 animaciis araswori sargebloba; 

 realur sistemaSi SemTxveviTi ricxvebis wyaroebis araswori ganmarteba; 

 modelirebaSi Semavali SemTxveviTi parametrebis nebismieri ganawilebiT sar-

gebloba; 

 simulaciuri modelis mxolod erTi gatarebiT miRebuli gamosavali paramet-

rebis statistikuri analizi; 

 alternatiuli proeqtebis Sedareba modelirebis erTi gatarebiT miRebuli 

monacemebis xarjze; 

 modelis muSaobis Sefasebis araswori kriteriumebiT sargebloba; 

 

 

$5.3. komponentebi da aRniSvnebi masobrivi momsaxureobis sistemebSi 
 

masobrivi momsaxureobis sistema Seicavs 3 ZiriTad komponents: moTxovnis 
dadgomis procesi, momsaxureobis meqanizmi da momsaxureobis disciplina. 

dadgomis procesi Sedgeba masobrivi momsaxureobis sistemaSi moTxovnis 

gamoCenis meqanizmis aRwerisgan, Tu iA - )1( i  da )(i  moTxovnaTa dadgomebs Soris 

droa, maSin ,, 21 AA  damoukidebeli, erTnairad ganawilebuli SemTxveviTi sidideTa 

mimdevrobaa, da dadgomebs Soris mosalodnel saSualo mniSvnelobas )(AE -Ti 

aRvniSnavT, maSin 
)(

11

AE



  iqneba moTxovnaTa dadgomis intensivoba. 

momsaxureobis meqanizmi ganisazRvreba Semdegi faqtorebiT: momsaxureobis 

kvanZebis raodenoba )(s ; TiToeuli kvanZisTvis calke rigis an saerTo rigis 

arseboba da kvanZis mier momsaxureobaze daxarjuli drois albaTuri ganawileba. 

vTqvaT i -ur damdgar moTxovnaze iS -momsaxureobis droa, maSin ,, 21 SS -damoukide-

beli da erTnairad ganawilebuli SemTxveviTi sidideebis mimdevrobaa, romlis momsa-

xureobis mosalodneli saSualo droa- )(SE . momsaxureobis siCqare gainsazRvreba 

)(/1 SE -formuliT. 

momsaxureobis disciplina ganisazRvreba wesiT, romelsac momsaxureobis kvanZi 

iyenebs rigidan Semdegi moTxovnis asarCevad. gamoiyeneba rigis Semdegi disciplinebi: 

 FIFO (First-In, First-Out): “pirveli moxvedi – pirvels mogemsaxurebian” principi; 

 LIFO (Last-In, First-Out): “bolo moxvedi – pirvels mogemsaxurebian” principiT; 

 prioriteti: moTxovnaze momsaxureobis rigis daweseba maTze moTxovnis, 

saWiroebis da mixedviT. 

Tu sistemaSi danergilia momsaxureobis FIFO principi da sistema Sedgeba 

momsaxureobis s  kvanZisgan zemoT CamoTvlili komponentebiT.  aseTi sistema GI/G/s-

simboloTi aRiniSneba, sadac G GI  (General Independent-nebismieri damoukidebeli) 

exeba  iA  sidideebis ganawilebas, G (General-nebismieri) exeba  iS  sidideTa gana-

wilebas, s -momsaxureobis kvanZebis raodenobaa. Tu iA  da iS  sidideebi moicema spe-

cialuri ganawilebebiT (es asea yoveli konkretuli modelirebisas), maSin GI  da 

G simboloebis nacvlad gamoiyeneba am ganawilebis aRniSvnebi. eqsponencialuri gana-
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wilebis SemTxvevaSi gamoiyeneba simbolo M. simbolo kE  gamoiyeneba erlangis k -

uri rigis ganawilebisTvis; D -simbolo gamoiyeneba deterministuli an mudmivi 

drois intervalebisTvis. mmsmek-sTvis FIFO discipliniT gamoiyeneba aRniSvna – 

1// MM .  

 

 
 

nax. 5.3. GI/G/s – sistema 

sGGI // -nebismieri sistemisTvis )/(  s  sidides gamoyenebis koeficienti 

ewodeba. s -sistemaSi momsaxureobis siCqarea, rodesac momsaxureobis yvela kvanZia 

dakavebuli.   miuTiTebs imaze, Tu ramdenadaa sistemis resursebi gamoyenebuli mo-

delirebaSi.  

 

 

$5.4.* masobrivi momsaxureobis sistemis muSaobis Sefasebis damatebiTi 

kriteriumebis Sesaxeb 
 

arsebobs sistemis muSaobis Sefasebis kriteriumebis simravle. am paragrafSi 

warmodgenilia mxolod is oTxi maxasiaTebeli, romelic Cveulebriv gamoiyeneba 

masobrivi momsaxureobis sistemebis kvlevisas. 

vTqvaT iD  – i -uri moTxovnis rigSi dakavebis droa; 

iii SDW   – i -uri moTxovnis sistemaSi yofnis droa; 

)(tQ  – drois t  momentisTvis rigSi moTxovnaTa ricxvia; 

)(tL  – drois t  momentisaTvis sistemaSi moTxovnaTa ricxvia ( )(tQ -s 

emateba moTxovnaTa ricxvi, romelic momsaxureobazea t  momen-

tSi);  

maSin maxasiaTeblebs 

nd
n

i

i
n 













 




1

lim


  – albaTobiT 1; 

da 

nWw
n

i

i
n 













 




1

lim


 – albaTobiT 1, 

Tu es zRvrebi arsebobs, Sesabamisad ewodebaT saSualo dagvianeba da molodinis 
saSualo dro. 
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maxasiaTeblebi 

TdttQQ

T

T 












 


0

)(lim  – albaTobiT 1; 

da 

TdttLL

T

T 












 


0

)(lim  – albaTobiT 1, 

Tu es zRvrebi arsebobs, Sesabamisad rigSi moTxovnaTa ricxvia gaTvlili 

erTeulovan droze da sistemaSi moTxovnaTa ricxvia gaTvlili erTeulovan droze. 

ganmartebebSi “albaTobiT 1” cneba ufro maTematikuri sizustisTvis weria da mas 

praqtikuli realizaciaSi araviTari mniSvneloba ar aqvs. SevniSnoT, rom 

1)/(   s  aucilebeli pirobaa d , w , Q  da L  parametrebis arsebobisTvis 

SGGI // -sistemaSi. parametrebs Soris arsebobs kavSiri Senaxvis gantolebis 
saxelwodebiT: 

dQ   da WL  . 

arsebobs kidev erTi mniSvnelovani gantoleba 

)(SEdW  . 

1// MM  sistemisTvis mtkicdeba, rom )1/(  L . 

 

 

$5.5. simulaciuri modelirebis programuli uzrunvelyofis Sesaxeb 
 

am TavSi warmodgenili sistemebis modelirebisas gavarkvieT, rom umravlesoba 

diskretul-xdomilebiTi modelebisTvis, aucilebelia programuli uzrunvelyofis 

Seqmna. aseTi modelebis saerTo funqcionaluri SesaZleblobaTa dadgenis mizniT 

daprogramebaSi mividnen iqamde, rom damuSavebuliyo simulaciuri modelirebis 

specialuri programuli paketebi. ufro metic, aseTi paketebiT sargeblobis 

simartivem da efeqturobam didi roli iTamaSa simulaciuri modelirebis 

popularobis zrdaze.  

mokled SevexoT simulaciuri modelirebis programebis klasifikacias. jer 

maTi garkveuli upiratesobaTa Sesaxeb.  

 umravlesoba simulaciuri modelirebis paketebisa avtomaturad floben 

funqcionalur SesaZleblobebs, raTa aigos modeli, rac arsebiTad amcirebs 

daprogramebisTvis gamoyofil dros da proeqtis saerTo Rirebulebas; 

 simulaciuri modelebi, romlebic Seqmnilia modelirebis paketebiT, rogorc 

wesi iolad modificirdeba da gamoiyeneba;  

 simulaciuri modelirebis paketebi uzrunvelyofen simulaciuri modelis 

SeqmnisaTvis bunebriv garemos; 

 simulaciuri modelirebis paketebi uzrunvelyofen modelSi Secdomebis 

aRmoCenis ufro srulyofil meqanizms, rameTu isini asruleben mravali tipis 

Secdomebis avtomatur Ziebas. amiT mcirdeba seriozuli Secdomebis daSvebis 

SesaZlebloba.  

miuxedavad zemoT CamoTvlili upiratesobebisa, zogierTi simulaciuri modeli 

(es gansakuTrebiT exeba samxedro-TavdacviT sferos) kvlav iqmneba modelirebis 

universalur enaze, romelsac aqvs garkveuli upiratesobani: 

 umravlesoba modelebis Semqmnelebisa flobs daprogramebis enebs, rasac ver 

vityviT simulaciuri modelirebis specialur programul paketebze; 
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 C an C  enebze dawerili simulaciuri modelis gatareba ufro swrafia, 

vidre im modelebisa, romlebic Seqmnilia paketebiT; 

 universalur enaze Seqmnili modelebi gamoirCevian didi moqnilobiT, vidre 

paketebi; 

 universalur enaze Seqmnili programuli uzrunvelyofa gacileba iafia 

(Tumca proeqtis saerTo Rirebuleba yovelTvis ara); 

 xSirad, rodesac modelireba iqmneba programuli paketebiT, aucilebeli xdeba 

programis garkveuli modulebi Seiqmnas universalur enaze. 

arsebobs simulaciuri modelis Seqmnis programuli paketebis ori tipi: univer-
saluri paketebi da saganze-orientirebuli paketebi. universaluri paketebi gamoiye-

neba garkveuli jgufi modelebis asagebad, xolo saganze orientirebuli ki specia-
luri amocanebis gadasawyvetad modelirebaSi.  

CamovTvaloT simulaciuri modelirebis programuli uzrunvelyofis ZiriTadi 

maxasiaTeblebi: moqniloba modelirebaSi, simartive gamoyenebaSi; modelis moqmedebis 
maRali siCqare; mosaxerxebeli “megobruli” interfeisi; samuSao versiis Seqmna, raTa 
gakeTdes monacemTa eqsporti da importi sxva sistemebidan; gaakeTos modelireba 
sxvadasxva scenarebiT, romlebic meordeba modelirebis parametrebis cvlilebebiT; 

sistemis inicializacia misi dakavebulobis mdgomareobaSi; modelis gatarebis 

boloSi modelis mdgomareobis Senaxva; simulaciuri modelis Rirebuleba 
(dRevandeli dRisTvis simulaciuri modelirebis programul uzrunvelyofaTa 

Rirebuleba icvleba 500-dan 50000 amerikul dolaramde. aq ar Sedis sxvadasxva 

xarjebi, rogoricaa danaxarjebi eqsploataciaze da momsaxureobaze, modernizaciaze 

da a.S.). 

simulaciuri modelirebis paketebis TiTqmis umetesoba personalur 

kompiuterebze muSaoben Windows sistemiT. Tu paketebi muSaoben sxvadasxva 
platformebze, maSin maT unda uzrunvelyofen erTmaneTTan Tavsebadoba. aseve unda 
gvaxsovdes operatiuli mexsierebis aucilebeli moculoba da is operaciuli 

sistema, romelic uzrunvelyofs paketis muSaobas. 

simulaciuri modelirebis paketebisadmi moTxovnebis zrda imiTacaa ganpirobebu-

li, rom simulaciuri procesis vizualizacia warmoidgineba animaciisa da grafikis 
maRali xarisxiT da SesrulebiT. mniSvnelovania Tanamedrove statistikuri SesaZ-

leblobebic, romelsac flobs paketebi. 

programuli uzrunvelyofis Semqmnelebi yovelTvis mzad arian miawodon 

informacia momxmareblebs maTi produqciis Sesaxeb, paralelurad programis ufaso 
testirebis CatarebiT! kargi iqneba Tu Seiqmneba “informaciuli biuletini” da 

Catardeba konferenciebi paketebis momxmareblebisa da Semqmnelebis monawilebiT. 

programuli produqciis mwarmoeblebi aseve unda zrunavdnen maTi programuli 

uzrunvelyofis SesaZlo modernizaciaze. 
sistemis muSaobis Sesafaseblad programaSi Cadebuli unda iyos standartuli 

angariSebis Seqmnis SesaZlebloba, sadac gamosavali monacemebi unda warmodgnen 

mocemul formatSi, magaliTad rogorc es xelmZRvanelobas surs. xSirad angariSis 

warmodgena aucilebeli xdeba programis gatarebis nebismier mocemul ubanzec. 

angariSebSi xSirad saWiroa maRali xarisxis grafikis Seqmna statistikuri 

monacemebis warmodgenisTvis (histograma, poligoni, funqciis droze damokidebuleba 

da a. S.). 

da bolos, aprobirebuli da msoflioSi aRiarebuli universaluri simulaciuri 

stoqasturi modelirebis programul paketebze: ZiriTadad ori paketia: ARENA da 

EXTEND. ARENA Seqmnilia Systems Modeling Corporation  (1999, pensilvania) mier, 
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xolo Extend Seqmnilia Imagine That, INC. (1997, kalifornia) mier. am paketebis da 

ara marto am paketebis Sesaxeb dawvrilebiT ix. [1]-Si. 

 

 

$5.6. amocanebi da savarjiSoebi 
 

5.6.1. aRwereT Tqveni azriT yvelaze efeqturi kvlevis saSualeba (nax. 1.2-is mi-

xedviT) Semdegi sistemebisTvis. axseniT Tqveni pasuxi: 

a) arsebuli fabrikis patara ubani; 

b) transportis avtostrada, romelic ganicdis seriozul gadatvirTvebs; 

g) arsebul saavadmyofoSi saswrafos punqti; 

d) picas adgilze mitanis procedura; 

e) saagentosTvis, romelic dakavebulia aeroportSi avtomobilebis gaqiravebiT, 

qalaqgareT avtobusis muSaobis marTva; 

v) raionSi saomari moqmedebebis kavSiris qseli. 
 

5.6.2. davuSvaT rom gadawyvetilia yvela im sistemis simulaciuri modelirebiT 

Seswavla, romelic CamoTvlilia wina magaliTSi. gaarkvieT, rogori unda iyos 

modelireba: statistikuri Tu dinamikuri, deterministuli Tu stoqasturi, 

uwyveti Tu diskretuli? 
 

5.6.3. gansazRvreT t  mometisTvis sistemaSi moTxovnaTa saerTo ricxvi )(tL  (rigSi 

moTxovnebi plus moTxovnebi momsaxureobaze, Tu ki aseTi arsebobs) mmsmek-

sTvis (wina Tavis @$4.1-Si Camoyalibebuli sistemisTvis). 

a) samarTliania Tu ara toloba 1)()(  tQtL . daafuZneT Tqveni pasuxi. 

b) sistemis realizaciisTvis, aRwerili “xeliT” modelirebisas aageT )(tL  

funqciis grafiki (analogiurad $4.2-is warmodgenebisa) 0-sa da )6(T  

drois momentebs Soris. 

g) grafikidan, romelic miiReba b) amocanis realizaciis Sedegad, gamoTvaleT 

)6(ê - drois erTeulSi moTxovnaTa saSualo raodenoba  )6(,0 T  intervalis 

ganmavlobaSi. 

d) daasruleT nax. 4.4, imisTvis, rom gavarkvioT Tu rogor gamoiTvleba )6(ê  

modelirebis procesSi. 
 

5.6.4. davuSvaT, rom mmsmek-s kvlevisas (aRwerili $4.1-Si), gadawyvetilia, rom ar 

Sefasdes rigSi mosalodneli, saSualo dakaveba. amasTan struqtura da 

parametrebi ucvleli rCeba. icvleba Tu ara am dros mdgomareobis cvladebi? 

Tu icvleba, maSin rogor? 
 

5.6.5. ganvixiloT mmsmek, romelic aRwerilia $4.1-Si. vTqvaT, iW  – i -uri moTxovnis 

sistemaSi yofnis saerTo droa, igi Seadgens rigSi yofnis dro plus misi 

momsaxureobis dro. sistemis realizaciisTvis, aRwerili “xeliT” modelire-

bisas, warmodgenili $4.2-Si, gamoTvaleT )(ˆ mW  – pirveli m  moTxovnis sis-

temaSi yofnis saerTo dro, sanam isini ar datoveben sistemas. 5m -Tvis 

SeavseT nax. 4.4. am SemTxvevaSi rogor Seicvleba mdgomareobis cvladebi? 
 

5.6.6. nax. 4.2-dan Cans, rom rigis maqsimaluri sigrZea 3. CawereT am parametris 

zogadi gamosaxuleba ( n –gaCerebis parametris gaTvaliswinebiT) da daasruleT 

nax. 4.4, raTa rigis sigrZe  avtomaturad gamoiTvlebodes modelirebis 

procesSi.  
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5.6.7.* SecvaleT masobrivi momsaxureobis sistemis C-programuli kodi, Cawerili 

$4.4-Si, raTa uzrunvelyoT gamoTvlebi da iseTi damatebiTi maxasiaTeblebis 

Cawera, rogoricaa: 

a) sistemaSi moTxovnaTa saSualo ricxvi gaTvlili drois erTeulze (amoca-

na 5.6.3); 

b) sistemaSi xdomilebis yofnis saerTo saSualo dro (amocana 5.6.5); 

g) rigSi maqsimaluri dagvianeba; 

d) maqsimaluri sigrZis rigi (amocana 5.6.6); 

e) sistemaSi moTxovnis yofnis maqsimaluri dro; 

v) moTxovnaTa nawili (wili), romelTa rigSi dakaveba aRemateba 1 wT-s. 

z) a)-v) amocanebisTvis SevqmnaT C -kodi da gavuSvaT es programa, roca gamo-

yenebulia SemTxveviTi ricxvebis igive generatori. 

      Semavali monacemebi ucvlelia. 
 

5.6.8.* $4.4-Si Cawerili masobrivi momsaxureobis sistemis C-programuli kodi 

gaatareT 10-jer. did ciklSi moaqcieT ZiriTadi programis upiratesi nawili, 

dawyebuli inicializaciidan dasrulebuli angariSebis generatoris gamoZaxe-

biT (gamoiyeneT SemTxveviTi ricxvebis generatoris nakadebi). imsjeleT 

Sedegebze (aseT qmedebas 10-jeradi damoukidebeli replikacia ewodeba). 

Semavali monacemebi ucvlelia. 
 

5.6.9.* warmovidginoT, rom mmsmek-Si, romelic aRwerilia $4.1-Si, momsaxureoba 

iwyeba dilis 009 -ze (drois 0-vani momenti) da mTavrdeba 0017 -ze. magram 

momsaxureobaze muSaoba sruldeba maSin, sanam ar moemsaxurebian ukanasknel 

SekveTas, romelic sistemaSia 0017 -Tvis. (rigSi an momsaxureobaze). SecvaleT 

programis kodi ise, rom aisaxos gaCerebis es principi da SeafaseT igive 

parametrebi. Semavali monacemebi ucvlelia. 
 

5.6.10.** warmovidgenoT, rom mmsmek-Si, romelic aRwerilia $4.2-Si, rigSi aris 

mxolod ori adgili moTxovnis dasakaveblad da moTxovna, romelic dadgeba, 

roca rigi Sevsebulia, tovebs sistemas (aseT situacias ewodeba rigidan 
amovardna). SeqmeniT aseTi sistemis simulaciuri modelis C-programuli kodi 
modelirebis gaCerebis axali wesiT. modelireba mimdinareobs 480 wT-i. 

SeafaseT igive maCveneblebi, romleTa ganmartebebi warmodgenilia $4.2-Si. aseve 

axali parametri: mosalodneli saSualo ricxvi im moTxovnebisa, romlebic ar 
SeuerTnen rigs. danarCeni Semavali monacemebi ucvlelia. 

 

5.6.11.*** ganvixiloT sistema s )1( s  momsaxureobis paraleluri kvanZiT. davuSvaT, 

rom moTxovnebis dadgomebs Soris drois intervalebi damoukidebeli erTnai-

rad ganawilebuli SemTxveviTi sidideebia )(AE -saSualo mniSvnelobiT, xolo 

erTi kvanZisgan damoukideblad meore kvanZis mier momsaxureobaze daxarjuli 

drois intervalebi aseve damoukidebeli da erTnairad ganawilebuli 

SemTveviTi sidideebia )(SE -saSualoTi. Tu dgeba moTxovna da erTi mainc 

momsaxureobis kvanZi Tavisufalia, maSin misi momsaxureoba daiwyeba myisierad, 

amasTan Tu Tavisufalia ramodenime kvanZi, momsaxureobaSi CaerTveba yvelaze 

marcxena (dabali nomris mqone) Tavisufali kvanZi, winaaRmdeg SemTxvevaSi 

moTxovna Cadgeba FIFO-s principis saerTo erTaderTi rigis boloSi. aseTi 

sistema aRiniSneba sMM // -simboloTi. dawereT am sistemis modelirebis 

zogadi C-kodi, romelSic Sefasdeba iseTi gamosavali parametrebi, rogoricaa: 

rigSi mosalodneli saSualo dakaveba; rigSi mosalodneli saSualo ricxvi 
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moTxovnebisa, gaTvlili erTeulovan droze; yoveli kvanZis mier momsaxureo-

baze gamoyenebis koeficienti (gaCerebis wesia n  dakaveba rigSi). s , )(AE , 

)(SE  da n  sidideebi modelirebis Semavali parametrebia. CaatareT 

simulaciis gatareba, roca  

a) 5s , 1)( AE ,  4)( SE  da 1000n ; 

b) 6s , 2/1)( AE ,  3)( SE  da 1000n ; 

g) 10s , 2/1)( AE ,  6)( SE  da 1000n . 
 

5.6.12.* ganmeorebiT Seasrule amocana 5.6.11, magram am SemTxvevaSi, rodesac dadgeba 

moTxovna momsaxureobaze da ramodenime kvanZi iqneba Tavisufali, maSin maT 

Soris arCevani gakeTdeba Tanabari albaTuri ganawilebidan. magaliTad, Tu 

Tavisufali iqneba 1, 3 da 5 kvanZebi, maSin TiToeulis dakavebuloba 

gaTamaSdeba 1/3 albaTobiT. 
 

5.6.13.* klienti Sedis bankSi, sadac muSaobs sami paraleluri salaro. 

a) Tu bankSi moqmedebs erTi saerTo rigi FIFO-s principiT, maSin rogori 

unda iyos am sistemis simulaciuri modelisTvis xdomilebaTa sia (anu siis 

sigrZe)? 

b) Tu TiToeul salarosTan warmoiqmneba Tavisi rigi FIFO-s principiT, 

amasTan klients SeuZlia erTi rigidan meore rigSi gadasvla (gadasvliT 

rigis boloSi), maSin rogori unda iyos am sistemis simulaciuri 

modelirebis xdomilebaTa sia? 
 

5.6.14.* dRe-Rame momuSave benzo-gasamarT sadgurs momsaxureobis erT kvanZiT 

(“kolonkiT”) hyavs ori tipis klienti. policiis manqanebi Sevsebaze midian 

yoveli 30 wT-is ganmavlobaSi. pirveli aseTi manqana midis muSaobis dawyebis 

drois momentidan 15 wT-Si. Cveulebrivi (ara policiis) manqanebis sadguraze 

SevsebisTvis dadgomebs Soris drois intervali eqsponencialuri 

ganawilebisaa 5,6 wT saSualo mniSvnelobiT. pirveli Cveulebrivi manqanis ko-

lonkaze dadgomis droa 0 wT. yoveli manqanis momsaxureobis dro eqsponencia-

luri ganawilebisaa 4,8 wT. saSualo mniSvnelobiT. manqana, misuli kolonkaze, 

Tu is Tavisufalia, maSinve dadgeba momsaxureobaze. Cveulebrivi manqana, 

romelic midis Sevsebaze, dadgeba rigis boloSi, Tu kolonka dakavebulia. 

policiis manqana, romelic midis Sevsebaze da kolonka dakavebulia, dgeba 

rigis TavSi nebismieri Cveulebrivi manqanis win, an Tundac wina policiis 

manqanis win! Tavidan sistema Tavisufalia. simulaciuri modelireba grZeldeba 

manam, sanam rigSi ar dakavdeba nebismieri tipis 500 manqana. dawereT C -

programuli kodi da SeafaseT rigSi dakavebis mosalodneli saSualo dro 

TiToeuli tipis manqanisTvis; rigSi moTxovnaTa saSualo mniSvneloba da 

“kolonkiT” mosalodneli sargeblobis koeficienti.  

E 
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Tavi 6. adeqvaturi da detaluri simulaciuri modelebis 

Seqmna 
 

 

$6.1. zogadi warmodgenebi 
 

erT-erTi yvelaze rTuli problema, romelsac simulaciuri modelirebis 

analitikosi awydeba, mdgomareobs gansazRvraSi, aris Tu ara agebuli simulaciuri 

modeli realuri sistemis zusti warmodgena? anu adeqvaturia Tu ara modeli rea-

luri sistemisTvis? 

daviwyoT yvelaze mniSvnelovani terminebis gansazRvriT, aseTebia: modelis ve-
rifikacia, validacia da modelis sandooba. 

verifikacia, anu Semowmeba modelis dasajerobaze, ganisazRvreba sworad 

gardaiqmna Tu ara konceptualuri simulaciuri modeli kompiuterul programaSi, 

anu rogor sruldeba modelirebis kompiuteruli programis gamarTva?! cneba 

verifikacia martivia, magram “didi” modelirebis programis gamarTva sakmaod rTuli 

amocanaa, rameTu masSi SeiZleba arsebobdes mravali logikuri gza. 

validacia – es procesia, romliTac vadgenT, aris Tu ara simulaciuri modeli 

(da ara kompiuteruli programa!) realuri sistemis zusti warmodgena kvlevis 

konkretuli miznebisTvis. 

simulaciuri modeli da misi rezultatebi dasajerebelia, sarwmunoa, sandoa, 
Tu proeqtis menejeri da sxva xelmZRvanelebi aRiareben maT siswores, WeSmaritebas 

da iyeneben mas gadawyvetilebis miRebaSi. SevniSnoT, rom adeqvaturi modeli araa 

aucilebeli iyos dasajerebeli, an piriqiT. modeli SeiZleba iyos dasajerebeli, 

amasTan ar gamoiyenon gadawyvetilebis miRebisas. qvemoT warmodgenilia is 

garemoebani, Tu rogor daadginon modelisadmi sandooba: 

 menejeris mier gagebuli unda iyos is daSvebebi, romelic miRebulia 

modelSi, da masTan SeTanxmebuli unda iyos; 

 modelis sisworeze da dasajerobaze Semowmebis demonstrireba; 

 ufleba sakuTrebaze da menejeris Tanamonawileoba proeqtSi; 

 modelis Semqmnelebis reputacia. 

SeerTebuli Statebis Tavdacvis saministro xSirad sargeblobs simulaciuri 

modelirebiT [1], sadac bolo wlebSi interess iCenen verifikaciasa, validaciasa da 

iseT koncefciaze, rogoricaa modelis akreditacia (VV&A). akreditacia – oficia-

luri aRiarebaa (SesaZloa proeqtis sponsoris mier im faqtisa, rom simulaciuri 

modeli vargisia gansazRvruli miznebisTvis). amocanebi, romlebic ganixileba akredi-

taciis Catarebisas, gulisxmobs: 

 modelis verifikaciisa da validaciis Catarebas; 

 modelis Seqmnisa da gamoyenebis istorias (nawilobriv visi Seqmnilia mode-

li da a.S.); 

 xelmisawvdom monacemTa xarisxs; 

 dokumentaciis xarisxs; 

 simulaciur modelTan dakavSirebul cnobil problemebsa da SezRudvebs. 

nax. 6.1-ze naCvenebia verifikaciis, validaciisa da modelisadmi sandoobis dad-

genis koordinaciisa da urTierTkavSiris sqema. marTkuTxedi warmoadgens modelis 

mdgomareobas. muqi, horizontaluri isrebi Seesabameba moqmedebebs, aucilebels erTi 

mdgomareobidan meoreSi gadasvlisTvis. amozneqili, wyvetili isrebi aCvenebs, sadaa 
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ukeTesi gamoviyenoT 3 mTavari koncefcia (verifikacia, validacia, sandooba). 

cifrebi muqi isrebis qveS Seesabameba modelirebiT sistemis Seswavlis etapebs (ix. 

$1.2.2). 

validacias SeiZleba davupirispiroT gamosaval monacemTa analizi, romelic 

ufro statistikuri amocanaa. am dros Cven gvainteresebs simulaciuri modelis 

gatarebis xangrZlivoba, damoukidebel gatarebaTa ricxvi, romelTaTvisac gamoiyeneba 

gansxvavebuli SemTxveviTi ricxvebi. 

 

 

nax. 6.1 

Tu gvinda miviRoT sistemis raime maxasiaTeblis saSualos optimaluri Sefa-
seba, yuradReba unda mivaqcioT rogorc modelis validacias, aseve gamosavali ele-

mentis statiskur analizs.  

 

 

$6.2. modelis detalizaciis rekomendaciebi 
 

simulaciuri modelirebisas proeqtis Semsruleblebma unda gansazRvron, rTu-

li sistemis ra aspeqtebia saWiro aisaxos simulaciur modelSi, detalizaciis ro-

gori donea saWiro miRweuli iqnas; aseve ra aspeqtebi SeiZleba gamovtovoT. rTuli 

sistemis yvela aspeqtis modelireba xSirad ar moiTxoveba da, rogorc yovelTvis, 

is miuRwevelia drosTan, finansur SezRudvebTan da kompiuteris SesaZleblobebTan 

mimarTebaSi. 

gTavazobT rekomendaciebs, raTa ganisazRvros simulaciuri modelis detaliza-

ciis done (Law, 1991): 

 kvleviTi analizis dros guldasmiT gansazRvreT problemebi. agebuli mode-

lebi ar arsebobs universalurad adeqvaturni, isini muSavdeba konkretuli 

miznebisTvis. Tu kvlevis problemebi araa moxazuli, SeuZlebelia gainsazR-

vros modelis detalizaciis saWiro done. da bolos, saWiroa zustad vi-

codeT, ra unda menejers proeqtisagan. Zalian gamarTlebuli modelis gamo-

yenebac SeuZlebelia, Tu is Seqmnili araa saWiro amocanis realizaciisTvis; 

 yovelTvis saWiro araa detaluri modelireba gavukeToT sistemis mniSvne-

lovan komponentebs; 

 simulaciuri modelirebis damwyebi specialistebis xSiri Secdoma mdgomare-

obs imaSi, rom isini TavianT modelSi iTvaliswineben Zalian bevr detals. 

modelis adeqvaturobis dasadgenad models warudgenen specialistebs, xel-

mZRvanelobasa da menejers saboloo detalizaciis donis gansazRvrisTvis; 
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 praqtikulad yvela simulaciuri kvleva dakavSirebulia droisa da fuladi 

saxsrebis SezRudvebTan, romelic mTavari faqtoria proeqtis detaliza-

ciaSi. 

 

 

$6.3. modelirebis kompiuteruli programebis verifikacia 
 

gTavazobT meTodebs, romlebic SeiZleba gamoyenebuli iyos simulaciuri mode-

lirebis kompiuteruli programis gamarTvisTvis. 

 kompiuteruli programa umjobesia davweroT da gavmarToT modulebad an 

qveprogramebad, funqciebad. magaliTad: Tu simulaciuri modeli Seicavs 

10000 operators, Zneli araa mivxvdeT, rom azri ar aqvs davweroT erTiani 

programa. Tavidan, rogorc yovelTvis, weren da marTaven ZiriTad programas 

(funqcias), agreTve ramodenime sakvanZo qveprogramasac (funqciasac). Semdeg 

TandaTanobiT unda gaimarTos danarCeni qveprogramebic (funqciebic). jer 

sakmarisia Sesaswavli rTuli sistemis detalizaciis saSualo donis Seqmna, 
vidre maSinve SevudgeT srul, optimalur detalizacias. Semdeg, 

moTxovnisda mixedviT gavarTuloT detalizaciis done saWiro amocanebis 

realizaciisTvis. magaliTad: ramodenime salaros mqone bankis modelis 

agebisas, rodesac dasaSvebia klientis erTi rigidan meore rigSi gadasvla, 

sasurvelia davweroT da Semdeg gavmarToT programa, romelSic klienti ar 

gadadis rigidan rigSi. Semdegi detalizacia igulisxmebs ukve gadasvlas; 

 rodesac muSavdeba msxvili simulaciuri modelebi, sasurvelia, rom kompiu-

teruli programa gamarTvaze Seamowmos ramodenime adamianma, rameTu 

Semsruleblebi veRar amCneven daSvebul Secdomebs. aseT midgomas 

struqturuli garCeva ewodeba; 

 imisTvis, raTa davrwmundeT, rom miRebulia damakmayofilebeli Sedegebi, sak-

marisia simulaciuri modelis gatareba sxvadasxva Semavali parametrebisTvis; 

 erT-erTi Zlieri meTodia trasireba. am dros modelirebadi sistemis mdgo-

mareoba, anu xdomilebaTa siis Semcveloba, mdgomareobis cvladebi, zogierTi 

statistikuri mTvleli da sxva monacemebi gamoitaneba monitoris ekranze 

yoveli xdomilebis warmoqmnis Semdeg da xdeba gamoTvlebis Sedareba 

“xeliT” Catarebul rezultatebTan. trasirebis dros sasurvelia progra-

mis yoveli ganStoebis Semowmeba. umravlesoba simulaciuri modelebisa iZ-

levian trasirebis Catarebis saSualebas 

paketuli trasirebisas xSirad vRebulobT gamosavali monacenebis did 

moculobas, romelic unda Semowmdes Secdomebis aRmoCenisaTvis. amitom ukeTesia e.w. 

interaqtiuli gamarTvis Catareba. 
interaqtiuli gammarTveli analitikoss saSualebas aZlevs SeaCeros modelis 

gatareba winaswar arCeul momentSi, raTa SeviswavloT an SevcvaloT cvladebis 

mniSvnelobebi. 

magaliTi 6.1. nax. 6.2-ze naCvenebia mmsmek-is muSaobis trasireba misi intuiciuri 

axsnisTvis. pirveli striqoni aRwers sistemas, inicializaciis Semdeg 0t  momentSi, 

meore striqoni aRwers sistemas pirveli xdomilebis dadgomis Semdeg (moTxovnis 

dadgoma) da a.S. 

 



 

nax. 6.2. mmsmek-is nawilobrivi trasireba 

 

 

xdomileba saaTi 
kvanZis 

mdgomareoba 

rigSi 

moTxovnaTa 

ricxvi 

dadgomis 

dro 

xdomilebaTa 

sia 

Semosvla/gasvla 

rigSi 

dakavebul 

moTxovnaTa 

ricxvi 

saerTo 

dakaveba 

funqciis qveSa 

farTobi, rigSi 

moTxovnaTa 

ricxvis 

gansazRvrisaTvis 

funqciis qveSa 

farTobi, 

kvanZis 

dakavebulobis 

gansazRvrisaTvis 

inicializacia 0 0 0  0,4       0 0 0 0 

dadgoma 0,4 1 0  1,6   2,4 1 0 0 0 

dadgoma 1,6 1 1 1,6     2,1   2,4 1 0 0 1,2 

dadgoma 2,1 1 2 1,6;  2,1 3,8   2,4 1 0 0,5 1,7 

gasvla 2,4 1 1 2,1     3,8   3,1 2 0,8 1,1 2,0 

gasvla 3,1 1 0  3,8   3,3 3 1,8 1,8 2,7 

gasvla 3,3 0 0  3,8      3 1,8 1,8 2,9 
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 zogierTi simulaciuri modelis Seswavlisas sasargebloa modelirebis 

gamosavali monacenebis warmodgena animaciiT. 

 raTa vataroT naklebi daprogrameba, unda visargebloT simulaciuri mode-

lirebis komerciuli paketebiT, magram maTi gamoyeneba moiTxovs sifrTxiles, 

rameTu SeiZleba warmoiqmnas aracxadi Secdomebi. 
 

 

$6.4. validaciis awevis meTodebi 
 

am paragrafSi saubari iqneba validaciis awevasa da simulaciuri modelis dasa-
jerobaze. 

 

I. sistemaze maRal xarisxiani informaciis Segroveba  

simulaciuri modelirebisas proeqtis avtorebma unda isargeblon yvelanairi 

xelmisawvdomi informaciiT, romelic ki sistemaze SeiZleba miiRon sxvadasxva 

meTodebiT: 

a) konsultaciebi specialistebTan. saWiroa Zalian frTxilad airCes is speci-

alistebi, romlebisganac miiRebT informacias sakvlev sistemaze; 

b) dakvirveba sistemaze. Tu sakvlevi sistemis msgavsi sistema ukve arsebobs, 

maSin masze dakvirvebiT SeiZleba Segrovdes monacenebi, romelic Semdgom mo-

delirebaSi gamoiyeneba. radgan informacias viRebT im adamianebisgan, romle-

bic ar arian simulaciuri modelebis Semqmnelebi, mniSvnelovania 4 princi-

pis dacva: 

 modelis Semqmnelebi aucilebelia darwmundnen, rom moTxovnebi monace-

mebisTvis zustad gadaecaT im pirebs, romlebic unda warudginon maT; 

 modelis Semqmnelebma unda gaigon, rom sistemaze dakvirvebis dros mi-

Rebuli monacemebi aris procesi da ara ubralod maxasiaTeblebi, ro-

gorc abstraqtuli sidideebi; 

 modelirebis procesSi aucilebeli monacemebi SeiZleba moipovoT 

msgavsi sistemis muSaobidan Sedarebis mizniT; 

 proeqtis avtorebs xSirad uwevT sakuTari gamocdilebisa da intuiciis 

gamoyeneba, raTa aagon hipoTezebi, Tu rogor imuSeveben simulaciuri 

modelis calkeuli komponentebi. 

 

II. regularuli urTierTqmedeba menejerTan 

simulaciuri modelirebiT sistemis kvlevis procesSi Zalian mniSvnelovania, 

rom modelis proeqtis avtorebi urTierTmoqmedebdnen menejerebTan. raTa 

maqsimalurad gazardon albaToba imisa, rom maT mier agebuli modeli srulad iqneba 

gamoyenebuli gadawyvetilebis miRebis procesSi. aseve aRvniSnoT, rom menejerTan 

TanamSromloba menejers Seuqmnis interess proeqtis mimarT da misi proeqtSi 

Tanamonawileoba met pasuxismgeblobas warmoSobs modelis realur gamoyenebaze. 

modeli gaxdeba ufro dasajerebi da sarwmuno, Tu menejeri mxars uWers im 

daSvebebsa da detalizacias, romelic Caido modelis agebaSi. 
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III. detalizaciis daSvebaTa dokumenturi uzrunvelyofa da struqturizebuli 

kritikuli analizi 

sasargebloa gakeTdes yvela Canaweri detalizaciis daSvebebze, romelic saer-

To SeTanxmebiT miRebulia simulaciuri modelis agebisTvis. aseT angariSs daSvebaTa 
dokumenti ewodeba, meorenairad konceptualuri modeli. is ise unda Sedges, rom 
masTan muSaoba SeeZloT inJinrebs, menejers da a.S. masSi warmodgenili unda iyos: 

 momixilviTi nawili, romelSic formulirebuli iqneba proeqtis zogadi 

amocana; konkretuli problemebi, romlebic ganixileba sistemis Seswavlisas 

modelirebiT; muSa maxasiaTeblebi gamoTvlebisTvis; 

 yoveli qvesistemis sruli aRwera winaswar formatSi. am qvesistemebs Soris 
urTierTqmedeba; 

 ra gamartivebebi iqna gakeTebuli da ratom? 

 monacemTa mokle aRwera (iseTebis, rogoricaa SerCeviTi saSualo, monacemTa 

histograma, albaTuri ganawileba, romelic morgebuli iqneba mocemul mona-

cemebze); 

 mniSvnelovani da winaaRmdegobrivi informaciis wyaroebi; 

 angariSis Seqmnisas aucilebelia gvaxsovdes, rom angariSi SeTanxmebuli 

unda iyos menejerTan da is angariSSi kargad unda erkveodes. 

radgan informaciis wyaro sxvadasxva profesiis adamianebia da maT ara aqvT 

didi dro srulad warmoadginon maTi codna an monacemebi sakvlev sistemaze, cxadia 

maTgan miRebuli informacia arasrulia, arazustia da xSirad winaaRmdegobrivic. am 

problebis erT-erTi gadawyvetaa konceptualuri modelis struqturuli garCevis 
Catareba. Sedgeba Sexvedra da miRebuli iqneba dokumenti, romelSic warmodgenili 

iqneba detalizaciaze da ara marto masze daSvebaTa ganxilva Sesaswavli amocanebis 

specialistebisa da menejerebis TanxlebiT. informaciis gacvlas, romelic xdeba am 

Sexvedraze, aqvs Zalian didi mniSvneloba. daSvebebze dokumentis (angariSis) struq-

turizebul kritikul analizs konceptualuri modelis validacia ewodeba. gvaxsov-
des, rom es yvelaferi tardeba daprogramebis dawyebamde! 

Zalian mniSvnelovania simulaciuri modelis gamosavali monacenebis validacia. 
simulaciuri modelis adeqvaturobis Semowmeba dasruldeba im dasturiT, rom misi 
gamosavali monacenebi identuria im gamosavali monacenebisa, romelsac unda velo-

doT realuri, sakvlevi sistemidan. validaciis aseTi raodenobrivi meTodebi dawvri-

lebiT ganxilulia [1]-Si. 
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Tavi 7. sxvadasxva amocanebi simulaciasa da modelirebaze    

(jgufuri proeqtis amocanebi) 
 

 

wina Tavebis gacnobiT Cven SeviZineT garkveuli codna rTuli sistemebis simu-

laciuri modelirebis etapebis Sesrulebaze (simulaciuri modelis proeqtis 

Sesrulebis etapebi): 

 sakvlevi sistemis simulaciuri modelis proeqtis konstruireba; 

 simulaciuri modelis daprogrameba; 

 programis testireba; 

 programis gamarTva samuSao mdgomareobaze; 

 Sesrulebuli proeqtis prezentacia da angariSebis warmodgena. 

gTavazobT ramodenime saintereso amocanas simulaciur modelirebaze. TiTo-

euli amocanis realizacia SeasruleT jgufuri proeqtis saxiT (ramodenime, 3 an 4 
studentis erToblivi monawileobiT), sadac gaTvaliswinebuli iqneba aq 

warmodgenili oTxive etapi da simulaciuri modelirebis yvela Semdegi niuansi: 

  yoveli amocana faqtiurad warmoadgens sakvlevi sistemis detalizacias, 
Tumca misi dazusteba SesaZlebelia programis xelmZRvanelTan (sistemis 
simulaciuri modelis damkveTTan, romelic aseve sistemis eqspertic 
iqneba); 

  yovel jgufur proeqts eyoleba konsultanti-programisti; 

 yovel jgufs eyoleba lideri (simulaciis proeqtis konstruqtor-

menejeri, arCeuli jgufis wevrebis mier). igi xelmZRvanelobs 

simulaciis proeqtis agebas da jgufis monawileebze funqciaTa 

ganawilebas, Tumca ki jgufuri proeqtis warmatebaze Tanabari 

pasuxismgebloba akisria jgufis yovel wevrs. lideri warmarTavs 

dialogs damkveTan da konsultatTan, gegmavs da  maTTan Sexvedrebs 

atarebs individualurad da jgufTan erTad; xelmZRvnelobs 

saprezentacio moxsenebis momzadebas Sesrulebul proeqtze; 

  dasrulebuli proeqti prezentaciaze warmodgenili unda iyos proeqtis 

farglebSi SeTanxmebuli angariSebis formebiT; 

 prezentaciaze warmodgenili namuSevris validaciisa da verifikaciis 

xarisxs afasebs damkveTi, mowveuli eqsperti da konsultanti.  
  
 

$7.1. damTxvevis amocana da misi simulacia 
 

SemTxveviTad areuli TiToeuli N  raodenobis mqone banqos ori koloda 

erTmaneTs dardeba Semdegi wesiT. pirveli banqo – pirvels, meore banqo – meores, 

da a.S. N -uri banqo – N -urs. Tu banqoebi raime k –ur adgilze Tanxvdebian, maSin 

ityvian, rom adgili aqvs damTxvevas. vTqvaT kA  aRniSnavs k -ur adgilze damTxvevas. 

ganvixiloT xdomileba: 

NAAAA  21  

erTi mainc damTxveva banqos 2 kolodaSi. cnobilia, rom am xdomilebis albaToba 

gamoiTvleba formuliT [7]:  
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.
!

1

!3

1

!2

1
1)(

N
Ap            (7.1) 

gavixsenoT xe  -eqsponencialuri funqciis xarisxovan mwkrivad gaSla, roca 1x : 

.
!

1

!3

1

!2

1
111  

N
e  

maSasadame gvaqvs (7.1)-is miaxloebiTi Sefaseba: 

.1 1 ep       (7.2) 

formula (7.2) imdenad zustia, ramdenadac N  didia. amas adasturebs Semdegi 

cxrilic: 

 

N  3 4 5 6 7 
p  0.66667 0.62500 0.63333 0.63196 0.63214 

 

es amocana tolfasia praqtikaSi xSirad warmoqmnili saxumaro movlenebisa. 
magaliTad: warmodgenis periodSi Teatris sagarderoboSi TanamSromelTa oinbazma 

bavSvebma mayurebelTa qudebi “SemTxveviTi wesiT” Secvales. ra aris albaToba imisa, 

rom erTi mainc mayurebeli miiRebs Tavis kuTvnil quds warmodgenis Semdeg?  

es albaToba daaxloebiT (7.2) formuliT gamoiTvleba da yvelaze saintereso 

is aris, rom albaToba TiTqmis araa damokidebuli N -ze mis zrdasTan erTad da 

daaxloebiT 
3
2 -is tolia  

3
211  e ! 

 

simulacia damTxvevis amocanaSi 

SevadginoT C-programa da movaxdinoT  N,,2,1   simravlis !N  raodenoba 

Tanabari ganawilebis simulacia: 

1 biji: 1  SemTxveviTi ricxviT gaTamaSdeba 1n  nomeri – adgili  N,,2,1   

simravleSi; 

2 biji: 2  SemTxveviTi ricxviT gaTamaSdeba 2n  nomeri – adgili  N,,2,1  -Si, 

21 nn  ;  

da a.S.,  

1N  biji: 1N  SemTxveviTi ricxviT gaTamaSdeba 1Nn  nomeri – adgili 

 N,,2,1  -dan darCenil 2 adgilze; 

N  biji: Nn  nomers gaTamaSeba ar unda. is daikavebs bolo, darCenil adgils; 

miiReba  Nnnn ,,, 21   inversia. 

SeadareT  N,,2,1   da  Nnnn ,,, 21   inversiebi. Tu erTi komponenturi dam-

Txveva mainc iqneba, mTvleli S  gaizrdeba 1–iT (Tavidan is 0–is tolia). Tu simu-

lacia inversiebis Sedarebaze tardeba L -jer, maSin erTi mainc damTxvevis p  

albaToba Sefasdeba 
L

S
p ˆ  sixSiriT. 

SevadaroT 
L

S
 da 11  e  ricxvebi: 

simulaciis gamoyenebad SeiZleba CaiTvalos is, rom N -isa da L -is gazrdiT 

SegviZlia maRali sizustiTi gamovTvaloT neperis ricxvi:  
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.
SL

L
e


  

 

konkretuli amocanebi neperis ricxvis maRali sizustiT gamoTvlaze 

simulaciiT SeavseT cxrili da SeadareT e -s misi Sefasebebi 

 

am
o
c
an
is
 

no
me
r
i 

N  L  S  
SL

L
e


  

SefasebaSi 

ramdeni Tanrigia 

swori mZimis Semdeg? 

1 6 30    

2 6 50    

3 6 70    

4 10 30    

5 10 70    

6 10 70    

7 10 100    

 

$7.2. SemTxveviTi xetiali – gakotrebis amocana da misi simulacia  
 

amocana 7.2.1. vTqvaT TamaSSi monawileobs ori moTamaSe, romelTagan erTi (Cveni) 

moTamaSe igebs da agebs 1$-s Sesabamisad p  da q  albaTobebiT )1(  qp . vTqvaT 

misi sawyisi kapitalia $z . xolo misi mowinaaRmdegis sawyisi kapitali ki )$( za . 

maTi jamuri sawyisi kapitalia $a . TamaSi grZeldeba manam, sanam Cveni moTamaSis 

kapitali gaxdeba an 0 (gakotrdeba) an a  (moigebs). e.i. TamaSi grZeldeba erT-erTi 
moTamaSis gakotrebamde. 

gakotrebis klasikuri amocanaa: 

rogor gamoiTvleba Cveni moTamaSis gakotrebis albaToba zq ? 

pasuxi [7]: 

   
 
























.,1

,,

1

pq
a

z

pq

q
a

p

q

z

p

qa

p

q

z

Tu

Tu

     (7.3) 

 

es amocana SeiZleba formulirebuli iyos misi tolfasi Semdegi amocanis saxiT.  

 

amocana 7.2.2. vTqvaT moTamaSe z  sawyisi kapitaliT eTamaSeba “usasrulod” mdidar 

metoqes, romelic yovelTvis mzadaa gaagrZelos TamaSi, maSin rodesac Cven moTamaSes 

aqvs ufleba Sewyvitos TamaSi misi nebiT Semdegi strategiiT: igi TamaSobs manam, 

sanam misi kapitali gaxdeba an 0 (gakotrdeba) an a  ( za  sufTa mogebiT). maSin 

(7.3)-iT mocemulia misi gakotrebis albaToba, xolo zq1  ki misi mogebis 

albaTobaa. Cveni moTamaSis maxasiaTebeli mogeba-wagebis SemTxveviTi sididea: 

,
1

~ 












zz qq

zaz
G  
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saidanac Cveni moTamaSis mosalodneli mogebaa zqqzaG zz  )1)(()( . gamartivebiT  

.)1()( zqaG z       (7.4) 

cxadia, rom 0)( G  maSin da mxolod maSin, roca pq  , anu roca TamaSi orive 

mxarisTvis samarTliania.  
 

amocana 7.2.3. cxadia, rom TamaSis xangrZlivoba 7.2.1 da 7.2.2 amocanebSi SemTxveviTi 

sididea. aRvniSnoT misi maTematikuri lodini zD -iT. 

zD  – TamaSis xangrZlivobis mosalodneli mniSvnelobaa (izomeba TamaSebis 

raodenobiT) [7]: 

 
 



























.),(

,,

1

1

qpzaz

qp
pq

q

pq

z

D a

q

p

z

p

q

z

Tu

Tu
   (7.5) 

 

amocana 7.2.4. (gakotreba n -ur bijze): vTqvaT nzU ,  – albaTobaa imisa, rom Cveni mo-

TamaSisTvis TamaSi gakotrebiT dasruldeba TamaSis n -ur bijze. anu Cveni moTamaSe 

gakotrdeba n -ur TamaSze: miuxedavad uamravi gzebisa, Tu rogor amovxsnaT es amo-

cana, martivi gamosaTvleli formula ar arsebobs. magaliTadm [7]: 

 .)sin()sin()(cos2
1

1

11
.

22 








a

nn
nz aaaqpaU

znzn



   (7.6) 

 
gakotrebis klasikuri modelis simulacia: 

gaaTamaSeT gakotrebis modeli 7.2.1.-7.2.4 amocanebisTvis. SeadgineT C-programa. 

mTavari simulacia aseTia (xSirad am geometriuli interpretaciis gamo gakotrebis 

amocana formirdeba SemTxveviTi xetialis amocanebSi): 

 

 

nax. 1 

 

7.2.1, 7.2.2, 7.2.3 da 7.2.4 amocanebis albaTobebisa Tu  mosalodneli mniSvnelobebis 

Sefaseba simulaciis gziT martivia saTanado mTvlelebis saSualebiT. programis 

parametrebia: azqp ,,, ; n  – TamaSebis raodenoba; N  – simulaciaTa seriebis 

ricxvia. Sefasebebi SeadareT zust 7.3-7.6 formulebs. 

 

amocana 7.2.5. (ganzogadoebuli SemTxveviTi xetialis sqema) gansxvavebiT wina amoca-

nebisa, davuSvaT, rom erT TamaSSi SesaZlebelia Tanxis ara erTiT Semcireba an er-

TiT gazrda, aramed k  mTeli ricxviT. ganvixiloT gakotrebis amocanis Semdegi va-

rianti: moTamaSes aqvs z  kapitali. is sabolood kotrdeba an moigebs ( za  sufTa 

mogebiT). iTvleba, rom erTeulovan TamaSSi SesaZlebelia Zk  kapitalis SeZena. am 

amocanis formalizeba ase SeiZleba: n  TamaSis Semdeg Cveni moTamaSis kapitali 

iqneba: 
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,21 nXXXzx        (7.7) 

sadac nXXX ,,, 21   – erTnairad ganawilebul mTelmniSvnelobiani damoukidebeli 

SemTxveviTi sidideebia ))((  PXP i  . TamaSi sruldeba maSin, roca 

021  nXXXzx   (moTamaSe gakotrda) an   

aXXXz n  21  (moTamaSe mogebulia). 

amocana mdgomareobs zU  – gakotrebis albaTobis SefasebaSi.  

 pirvel TamaSze moTamaSis gakotrebis albaTobaa: 

  21 zzzz PPPr  

(es sidide SeiZleba iyos 0-is tolic). erTeulovan TamaSSi moTamaSis z -dan 

),0( ax  kapitalze gadasvlis albaTobaa zxP  , xolo x -dan gakotrebis albaTobaa 

xU . maSin zU  gakotrebis albaToba (sruli albaTobis formuliT) akmayofilebs 

Semdeg gantolebas: 






 
1

1

.
a

x

zzxxz rPUU      (7.8) 

 amocanis amoxsna niSnavs  zU  cvladebis mimarT )1,,2,1(  az   (7.8) wrfivi 

gantolebaTa sistemis amoxsnas, rac sakmaod rTuldeba a -s zrdasTan da  P  

ganawilebaSi dadebiTi mniSvnelobebis matebasTan erTad. cxadia erTaderTi 

gamosavali rCeba – simulacia. rac niSnavs iX  SemTxveviTi sidideebis mimdevrobis 

generirebas da saTanado mTvlelebiT  
zzU  -ganawilebis Sefasebas.  

    7.2.4 amocanis msgavsad SeadgineT C-kodi da SeafaseT gakotrebis albaToba da 

mosalodneli mniSvnelobebi. 

am amocanis konteqstSi ganvixiloT magaliTi, romlis albaTur models 

warmoadgens gakotrebis 7.2.5 amocana: 

 

amocana 7.2.6. amocanis dasma:  saqonlis (nawarmis) partiis xarisxis SemowmebisTvis 

gamoiyofa SemTxveviTi N  moculobis SerCevebi, romelzec keTdeba eqspertiza. 

davuSvaT, rom SerCevebi damoukidebelia da TiToeul SerCevaSi dawunebuli 

saqonlis raodenobas erTi da igive binomialuri ganawileba gaaCnia: iTvleba, rom 

Tavidan erTi dawunebuli saqoneli SerCevaSi yovelTvis iqneba )1( z . k -ur 

SerCevaSi, Tu kX  dawunebuli saqonlis ricxvia, maSin  

),()( ZjqpCjXP jNjj
Nkj       (7.9) 

sadac p  dawunebuli nawarmis (saqonlis) albaTobaa )1( pq  , iTvleba, rom 0jP , 

Tu )(1 Zjj  . 

 
xarisxis Semowmebis modelis proceduruli wesi aseTia:  

1. gakeTdeba I SerCeva. Tu SerCeva ar Seicavs arc erT dawunebul saqonels, 

CaiTvleba, rom partia misaRebia )0( 1 X ; 

2. Tu SerCevaSi wunis raodenoba aRemateba a -s, maSin mTeli partia dawunebulia  

)( 1 aX  ; 

3. Tu 11 Xx   dawunebuli saqonlis raodenoba ax 1  intervalSia, maSin:  
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1 bl. 2 bl. 

4. SerCevebis ricxvi izrdeba manamde, sanam dawunebuli saqonlis raodenoba 

aXXXx k  211  -anu partia dawunebuli iqna, an partia vargisia, 

Tu romeliRac 0kX ; 

5. SerCevebis seria dasrulebulia ( N -jeradi seriis gavlis Semdeg) gadawyveti-

lebiT: a) partia dawunebulia, b) partia vargisia. 

proceduruli wesi saSualebas gvaZlevs SevafasoT partiis xarisxi, magram am 

proceduram SeiZleba didi raodenoba droisa da finansebis resursebi moiTxovos. 
aseT SemTxvevaSi xarisxis winaswari Sefasebis meTodebi gamoiyenebaa. maT Soris 

gamorCeulia simulacia, romelic xarisxis Semowmebis “xelovnur” eqsperiments 

warmoadgens. 

erTerTi parametri, romelsac 














N
k

pppp

N
X

,,,,

,,2,1,0
~

210 


 ganawilebis simulacia 

iTxovs, p  parametria, romelic rogorc wesi saqonlis mwarmoebeli organizaciis 

standartia (igi winaswar Sefasebulia).  

 
ricxviTi magaliTebi: proceduruli wesis safuZvelze miiReT gadawyvetileba 

saqonlis xarisxze simulirebiT, Tu xarisxis Semowmebis parametrebi Cawerilia 

cxrilis saxiT (SeadgineT C-kodi da yoveli magaliTisTvis Seavse: 

 

i 
–
 
ma
ga
l
iT
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N
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l
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a 
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w
 
–
 
w
u
ni
a 
(d
ef
eq
t
i)
, 

v 
–
 
va
r
gi
si
a 
(k
ar
gi
a)
 

si
mu
l
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ii
s 
r
am
d
en
i 
se
r
ia
 

d
aW
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d
a 
ga
d
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et

il
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mi
R
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?
 

7.2.6.1 100 80 0.2    

7.2.6.2 500 460 0.2    

7.2.6.3 300 270 0.1    

7.2.6.4 50 450 0.1    

7.2.6.5 1000 920 0.08    

7.2.6.6 2000 1950 0.02    

 

 

$7.3. zogierTi sistemis muSaobis saimedobis Sefaseba simulaciiT 
 

7.3.1. vTqvaT sistema Sedgeba mimdevrobiT SeerTebuli  

 

 

 

ori blokisgan. sistema gamodis mwyobridan, Tu mwyobridan gamodis misi erTi bloki 

mainc. pirveli bloki Sedgeba ori A da B elemetebisgan, romlebic SeerTebulia 

paralelurad. igi gamodis mwyobridan, 
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A 

B 1 bloki 

C 

A 

B 

C 

 

 

 

 

 

rodesac mwyobridan gamodis orive elementi. meore bloki Sedgeba erTi C 

elementisgan.  

 

 

igi gamodis mwyobridan, roca mwyobridan gamodis C elementi. sistemis modelis 

warmodgena elementebSi aseTia. 

 

 

 

 

 

 

A – elementis saimedobis, uwyvetad muSaobis albaTobaa 8.0)( AP .  

B – elementis saimedobis, uwyvetad muSaobis albaTobaa 85.0)( BP .  

C – elementis saimedobis, uwyvetad muSaobis albaTobaa 6.0)( CP .  

a) Seadgine C-programa da simulaciiT Seafase sistemis *
NP  – saimedoba 

(
N

k
PN * , sadac N  simuliaciaTa ricxvia, k  – N  simulaciaSi saimedod 

muSaobis ricxvi), sistemis uwyvetad muSaobis albaTobis Sefaseba.  

b) ipove sistemis saimedobis zusti P  mniSvneloba da Seafase absoluturi 

cdomileba PPN * , 60,40,20N . 

 

simulaciis 

# 

blokis 

# 

sistemis elementebis 

muSaobis modelirebis 

SemTxveviTi ricxvebi 

daskvnebi sistemis saimedod 

muSaobaze 

elementebi 
blokebi sistema 

A B C A B C 

 1  1 

2 

0,10 0,09  

0,73 

+ +  

– 

+ 

– 
– 

2 1 

2 

0.25 0.33  

0,76 

+ +  

– 

+ 

– 
– 

3 1 

2 

0,52 0,01  

0,35 

+ +  

+ 

+ 

+ 
+ 

4 1 

2 

0,86 0,34  

0,67 

– +  

– 

+ 

– 
– 

SeniSvna: sistemis simulaciis Sedegebi cxrilis saxiT SeiZleba ase warmovad-

ginoT, rac dagexmarebaT programis Sedgenasa da saboloo amocanis gadawyvetaSi. 

cxrilSi 0.10, 0.09, 0.73, . . . , 0.86, 0.34, 0.67 – SemTxveviTi ricxvebis raime 

mimdevrobaa.  
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D|0,2 

E|0,4 

A|0,8 

B|0,6 

C|0,4 

3 2 1 4 

A C D 

F E 

B 

“wiTlebis” napiri 

“TeTrebis” napiri 

mdinare 

1 2 

Seadgine C-kodi, aseTi gaTamaSebiT ganaxorcieleT sistemis simulacia N = 20, 

40, 60-Tvis. 

 

7.3.2. vTqvaT sistema Sedgeba Semdegi 2 blokisgan da 5 elementisgan. 

 

 

 

 

 

 

 

a) Seadgine C-programa da simulaciiT Seafase *
NP  sistemis saimedoba )20( N ;  

b) gamoTvale sistemis zusti P –saimedoba da sizuste *
NPP  ; 

g) gazarde 40N -mde simulaciaTa ricxvi da kvlav Seafase sizuste. ra 

mouvida sizustes? 

d)* a) amocanisTvis II blokSi sul mcire ramdeni elementi unda CavumatoT 0.2 

albaTobiT, rom saimedoba 20%–iT gaizardos? )40( N . 

 

7.3.3. igive amocana, rac 7.3.2. 

 

 

 

 

 

 

 

 

7.3.4.  (mdinaris forsirebis amocana): 

 

 

 

 

 

 

 

 

 

 

 

 

 

naxazze mocemulia mdinareze konstruirebuli samxedro daniSnulebis tivebis  

(“barJebis”) F)E,D,C,B,(A,  konstruqcia-SeerTeba, romelic saomari teqnikis Tu 

samxedro Zalebis sakomunikacio-gadasasvlel gzas warmoadgens. “saomari moqmedebis” 

situacia aseTia. “wiTlebs” surT mdinaris forsireba da gadasvla “TeTrebis” 

napirze. “TeTrebi” cdiloben artileriiT sakomunikacio konstruqciis dazianebas 

(moqmedebis dro minimaluria). 

0,8 

0,4 

0,2 

0,6 

0,3 

0,5 

I bloki II bloki III bloki 



 102 

3 2 1 4 

1 2 

'2Ft  
'1Et  

DFt  
CFt  BEt  

CDt  BCt  
ABt  

Dt4  Ct3  Bt2  
At1  

AEt  EFt  

B C D A 

E F 

(0) done 

(1) done 

(2) done 

(3) done 

“TeTrebis” mier TiToeuli barJis dazianebis albaTobaa ½ . barJebs Soris 

daxrili monakveTis dazianebis albaTobaa 1/5, xolo vertikaluri monakveTebis 

dazianebis albaToba ki – 1/10 (saomari moqmedebis dro minimaluria). 

konstruqcia iTvleba dazianebulad, Tu ar iarsebebs gadasasvlelad gza erTi 

napiridan meore napirze (sistemas ar SeuZlia nakadis gatareba). 

a) Seadgine C-programa da simulaciiT Seafase *
NP  – konstruqciis saimedoba 

( 20N , 30N  SemTxvevaSi), romelic ganisazRvreba, rogorc 1-s minus 

konstruqciis dazianebis albaToba. 

b) davrwmundeT P  – zusti saimedobis daTvlis SromatevadobaSi da misi 

gamoTvlis arapraqtikulobaSi. 

 

7.3.5.* wina amocanis sakomunikacio konstruqciisTvis saomari moqmedebis periodSi 

“barJebis” uwyvetad funqcionirebis ganawileba eqsponencialuria parametrebiT: 

)/1(03,0 wT DCBA  , xolo )/1(02,0 wT FE  . 

daxrili monakveTebis muSaobis ganawilebac eqsponencialuria )/1(05.0/\ wT   da 

vertikaluri monakveTebis muSaobis intensivobaa )1(08.0| wT . 

a) SeadgineT C-programa da simulaciebiT SeafaseT gadasasvleli konstruqciis 

saimedoba )(** NPP   (1/4 sT-is ganmavlobaSi; 1/2 sT-is ganmavlobaSi, 1 sT-is 

ganmavlobaSi); 

b) gamoikvlieT da SeafaseT sistemis uwyvetad muSaobis (sistemas SeuZlia 

nakadis gatareba) saSualo dro (CaatareT ,150,100,50N  simulacia) 

)(** NTT  .  N –ze damokidebulebis monacemebi warmoadgineT grafikulad. 

 
SeniSvna: modelis Seqmnisa da simulaciis CatarebisTvis SevqmnaT konstruqcia-

proeqti (uwyvetad muSaobis sqema barJebisa da maTi SemaerTebeli monakveTebis 

mixedviT): 

 

 

 

 

 

 

 

 

 

 

 

 

sadac t  aRniSnavs mocemuli obieqtis uwyvetad muSaobis dros. t  aRniSnavs 

sistemis uwyvetad muSaobis dros.  

vTqvaT “+” – maqsimumia operaciia, ““ – minimumis operaciaa. 

sistemis saimedoba ewodeba t -s maTematikuri lodins – )(t -s. 

1. '2'14321 ,,,,,,,, FEDFCFBEDCBA ttttttttt  SemTxveviTi sidideebi ganawilebulia eq-

sponencialurad  
wT
108.0  intensivobiT. 

2. AEt  da DFt  ganawilebulia eqsponencialurad  
wT
105.0  intensivobiT. 
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3. DCBA tttt ,,,  – ganawilebulia eqsponencialurad  
wT
103.0 , xolo Et  da 

Ft  ki  
wT
102.0  intensivobiT. 

4. cxadia barJebis dazianebis intensivoba ufro maRalia, vidre maTi SemaerTe-

beli monakveTebis, radgan isini ufro intensiurad “daibombeba” mowinaaRmdegis 

mier.  
5. t -s ganawilebis gamoTvla da maSasadame sistemis saimedobisac praqtikulad 

SeuZlebelia, radgan t -s gamosaxuleba sakmaod rTulia:   

   ,)23()23()12()12()12()12()01(
FEDCBA tttttttt      (*) 

sadac )01(t  – 0-dan 1 doneze gadasvlis droa,  

DCBA ttttt 4321
)01(  ; 

)12(
At  – A  barJidan me-2 doneze gadasvlis droa,  

;)()(
)12(

FDFDCDCFCBCABAEBEBABAEAA tttttttttttttttt   

analogiurad 

.)()(

;)()(

;)()(

)12(

)12(

)12(

FDFDCDCFCBCBEAFAABBEBB

EAEAABBEBBCCFDFDCDCFCC

EAEAABBEBBCCCDDFCFCCDDFDD

ttttttttttttttt

ttttttttttttttt

ttttttttttttttttt







 

6. t -s gamosaxulebis modelireba simulaciiT gulisxmobs masSi Semavali yoveli 

komponentis – SemTxveviTi sididis gaTamaSebas eqsponencialuri kanonidan 

( )1ln(
1

,11 exp
expexp 








tee

tt
, 1 da   Tanabari ganawi-

lebisaa (0,1)-ze. amitom  ~1  da )1ln(
1

exp 


t ), maTi t -s gamosaxule-

baSi Casmas da t -s gamoTvlas. 

7. a) amocanaSi N  Catarebuli simulaciidan daiTvleba ramden SemTxvevaSi 
4

1
t  

sT-ze da farTobiTi sixSire iqneba )(* NP  – saimedobis Sefaseba. 

8. b) amocanaSi N  Catarebuli simulaciidan daiTvleba t -s maTematikuri 

lodinis Sefasebac. 

 

 

$7.4. zogierTi masobrivi momsaxureobis sistemis modelireba 

simulaciiT 
 

7.4.1. sam arxiani (kvanZiani) masobrivi momsaxureobis sistemaSi Semodis moTxovnebis 

(aq SekveTebi) puasonis martivi tipis nakadi. momdevno SekveTebs Soris dro ganawi-

lebulia eqsponencialurad 

)5(
0,0

,0,5
)(

5





















e
f  

ganawilebis simkvriviT. yoveli SekveTis momsaxureobis dro mudmivia da 5 wT-is 

tolia. Tu axali SekveTis miRebis momentSi samive momsaxureobis arxi dakavebulia, 

maSin SekveTaze uari keTdeba (rigi gamoricxulia). Seadgine C-programa da 
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simulaciiT Seafase masobrivi momsaxureobis sistemis mier 4 wT-is ganamvlobaSi 

momsaxureobaze miRebuli SekveTebis saSualo raodenoba.  

SeniSvna: gTavazobT sqema–simulacias, romelic dagexmarebaT programis Sedge-

nasa da amocanis gadawyvetaSi.  

vTqvaT 01 T  momenti pirveli SekveTis momentia. SekveTas miiRebs I arxi da 

moemsaxureba mas. I SekveTis momsaxureobis droa 5,05,005,01 T . momsaxure-

obaze miRebuli SekveTebis mTvleli 1-iT gaizrdeba (Tavidan igi 0-is toli iyo).  

Semdegi SekveTis miRebis momentebs daviTvliT 

iii TT  1  

formuliT, sadac i  aris )1( i -dan i -ur SekveTamde miRebis drois xangrZlivoba. 

mas miviRebT simulaciiT, romelic gaTamaSdeba formuliT 

,ln2,0ln
1

iii 


   

sadac  
1ii  SemTxveviTi ricxvebis mimdevrobaa, romelic qvemoT moyvanil cxrilSia 

mocemuli. 

aq warmodgenili masobrivi momsaxureobis sistemis muSaobis simulacia “xeliT” 

Catarebulia Semdegi sqema-cxrilis saxiT: 
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5,0iT  drois momenti 

– arxis mier SekveTaze 

momsaxureobis 

dasrulebis drois 

momenti 

mTvleli 

arxi 

1 

arxi 

2 

arxi 

3 

SekveTe-

bis 

miRebis 

SekveTe-

bis 

uaris 

1    0 0.500   1  

2 0.10 2.30 0.460 0.460  0.960  1  

3 0.09 2.41 0.482 0.942 1.442   1  

4 0.73 0.32 0.064 1.006  1.506  1  

5 0.25 1.39 0.278 1.284   1.784 1  

6 0.33 1.11 0.222 1.506 2.006   1  

7 0.76 0.27 0.054 1.560  2.060  1  

8 0.52 0.65 0.130 1.690     1 

9 0.01 4.60 0.920 2.610 3.110   1  

10 0.35 1.05 0.210 2.820  3.320  1  

11 0.86 0.15 0.030 2.850   3.350 1  

12 0.34 1.08 0.216 3.066     1 

13 0.67 0.40 0.080 3.146 3.646   1  

14 0.35 1.05 0.210 3.356  3.856  1  

15 0.48 0.73 0.146 3.502   4.002 1  

16 0.76 0.27 0.054 3.555     1 

17 0.80 0.22 0.044 3.600     1 

18 0.95 0.05 0.010 3.610     1 
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19 0.90 0.10 0.020 3.630    1  

20 0.91 0.09 0.018 3.648 4.148   1  

21 0.17 1.77 0.354 4.002 

>4 

gaCereba 

     

 
jami=15 5 

daskvna aseTia: 4 wT-Si mms-Si Semovida 20 SekveTa. aqedan 15 miRebulia momsa-

xureobaze, xolo 5-s uari eTqva. 

saWiroa aseTi simulaciis ramodenimejer seriebis Catareba da maTgan saSualos 

gamoTvla. Seadgine C-programa da saSualos grafiki warmoadgine, rogorc seriebis 

funqcia )60,40,20( N . 

 

7.4.2. sam arxian masobrivi momsaxureobis sistemaSi Semodis SekveTebis puasonis 

martivi tipis nakadi. momdevno SekveTebs Soris dro ganawilebulia 

eqsponencialurad 














0,0

,0,4
)(

4






e
f  

simkvriviT. yoveli SekveTis momsaureobis dro mudmivia da 1 wT-is tolia. Tu 

axali SekveTis miRebis momentSi samive momsaxureobis arxi dakavebulia, maSin 

SekveTis miRebaze uari keTdeba. Seadgine C-programa da simulaciiT Seafase mms-is 

mier 5 wT-is ganmavlobaSi momsaxureobaze miRebuli SekveTebis saSualo raodenoba. 

amoxsnis pirobebi aiReT 7.4.1 amocanidan.  

 

7.4.3. erT arxiani masobrivi momsaxureobis sistemaSi Semodis SekveTebis puasonis 

martivi tipis nakadi momdevno SekveTebs Soris dro SemTxveviTia da ganawilebulia 

eqsponencialurad 










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

0,0

,0,8,0
)(

8,0






e
f  

simkvriviT. Tu axali SekveTis miRebis momentSi momsaxureobis arxi dakavebulia, 

maSin SekveTis miRebaze uari keTdeba. SekveTaze momsaxureobis droc SemTxveviTia da 

ganawilebulia eqsponencialurad 





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
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,0,5,1
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simkvriviT. Seadgine C-programa da simulaciiT 30 wT-is ganmavlobaSi ipove: 

a) momsaxureobaze miRebuli SekveTebis saSualo ricxvi; 

b) erTi SekveTis momsaxureobis saSualo dro; 

g) momsaxureobis albaToba; 

d) a), b) da g) amocanebisTvis grafikulad warmoadgine Sesafasebeli sidide-

ebis, rogorc seriebis ricxvis funqcia )40,30,20,10( N . 

miTiTeba:  gTavazobT erTi seriis sqema-simulacias, romelic dagexmarebaT 

programis Sedgenasa da amocanis gadawyvetaSi. 

momdevno SekveTebs Soris dro gaTamaSdeba formuliT 

.ln25.1)ln()8.0/1( iii    

i  SemTxveviTi ricxvebi aviRoT qvemoT moyvanili 7.4.3.a cxrilidan.  
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radgan SekveTaze momsaxureobis dro ganawilebulia eqsponencialurad, amitom 

is gaTamaSdeba formuliT 

.'ln67.0'ln)5.2/1( iiit    

'i  SemTxveviTi ricxvebi aviRoT qvemoT moyvanili 7.4.3.b cxrilidan. 

vTqvaT 01 T  pirveli SekveTis mosvlis momentia. 10.0'i  SemTxveviTi 

ricxviT gaTamaSdeba pirveli SekveTis momsaxureobis dro (wT-ebSi) 

.54.110.0ln67.01 t  

pirvel SekveTaze momsaxureobis dasrulebis momentia 

.54.1054.11 T  

SekveTebze momsaxureobis mTvleli erTiT gaizrdeba (Tavidan igi 0–is tolia). 

69.02   SemTxveviTi ricxviT gaTamaSdeba pirveli da meore SekveTebs Soris dro 

.46.0ln25.1 22    

pirveli SekveTa Semovida 01 T  momentSi. meore SekveTa Sesabamisad Semosulia 

46.046.00212  TTT  momentSi. am momentSi arxi dakavebulia SekveTaze 

momsaxureobiT )54.146.0(  . amitom meore SekveTam momsaxureobaze uari miiRo. 

SekveTebze uaris mTvleli erTiT gaizrdeba (Tavidan igi 0–is tolia). 

07.03   SemTxveviTi ricxviT gaTamaSdeba meore da mesame SekveTebs Soris 

dro 

.32.307.0ln25.13   

meore SekveTa Semovida 46.02 T  momentSi. maSin mesame SekveTa Semosula 

78.332.346.032.323 TT  momentSi. am momentSi arxi momsaxureobaze 

Tavisufalia )78.354.1(  . amitom is moemsaxureba mesame SekveTas. SekveTaze 

momsaxureobis mTvleli erTiT gaizrdeba. 

cxrili 7.4.3.a 

SekveTis 

nomeri i  

SemTxveviTi 

ricxvi i  
iln  momdevno SekveTebs 

Soris 

dro ii  ln25.1  

SekveTis miRebis 

momenti iii TT  1  

1    0 

2 0.67 0.37 0.46 0.46 

3 0.07 2.66 3.32 3.78 

4 0.49 0.71 0.89 4.67 

5 0.41 0.89 1.11 5.78 

6 0.38 0.97 1.21 6.99 

7 0.87 0.14 0.18 7.17 

8 0.63 0.46 0.58 7.75 

9 0.79 0.24 0.30 8.05 

10 0.19 1.66 2.08 10.13 

11 0.76 1.27 0.34 10.47 

12 0.35 1.05 1.31 11.78 

13 0.58 0.54 0.68 12.46 

14 0.40 0.92 1.15 13.61 

15 0.44 0.82 1.02 14.64 

16 0.01 4.60 5.75 20.38 

17 0.10 2.30 2.88 23.26 

18 0.51 0.67 0.84 24.10 
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19 0.82 0.20 0.25 24.35 

20 0.16 1.83 2.29 26.64 

21 0.15 1.90 2.38 29.02 

22 0.48 0.73 0.91 29.93 

23 0.32 1.14 1.42 31.35   gaCereba 

 

 

cxrili 7.4.3.b 
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ln i 

SekveTis 

momsaxureobis 

dro 

'ln67.0 iit   

momenti mTvleli 
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S
ek
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u
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1 0.10 2.30 1.54 0 0 1.54 1  

2    0.46    1 

3 0.09 2.41 1.61 3.78 3.78 5.39 1  

4    4.67    1 

5 0.73 0.32 0.21 5.78 5.78 5.99 1  

6 0.25 1.39 0.93 6.99 6.99 7.92 1  

7    7.17    1 

8    7.75    1 

9 0.33 1.11 0.74 8.05 8.05 8.79 1  

10 0.76 0.27 0.18 10.13 10.13 10.31 1  

11 0.52 0.65 0.44 10.47 10.47 10.91 1  

12 0.01 4.60 3.08 11.78 11.78 14.86 1  

13    12.46    1 

14    13.61    1 

15    14.63    1 

16 0.35 1.05 0.70 20.38 20.38 21.08 1  

17 0.86 0.15 0.10 23.26 23.26 23.36 1  

18 0.34 1.08 0.72 24.10 24.10 24.82 1  

19    24.35    1 

20 0.67 0.40 0.27 26.64 26.64 26.91 1  

21 0.35 1.05 0.70 29.02 29.02 29.72 1  

22 0.48 0.73 0.49 29.93 29.93  1  

    11.71    14 8 

 

“xeliT” Catarebuli simulaciiT miRebuli gamoTvlebi warmodgenilia 7.4.3.a da 

7.4.3.b cxrilebSi. simulacia dasruldeba maSin, rodesac i -uri SekveTis miRebis 

momenti 30iT . rogorc 7.4.3.a cxrilidan Cans 23–e SekveTa asrulebs eqsperiments 

– erT serias. 
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am seriaSi, 30 wT-is ganmavlobaSi miRebulia 14 SekveTa momsaxureobaze, xolo 8-s 

uari eTqva. sistemam momasxureobaze sul daxarja 11,71 wT. SekveTis miRebis 

albaTobis Sefasebaa 
11

7

22

14ˆ P , xolo uarisa ki 
11

4

22

8
 . saWiroa analogiurad 

simulaciebi Catardes N  seriaSi ),20,10( N  da daiTvalos Sesabamisi 

saSualoebi. 

moviyvanoT pirobiTi cxrili (cxrili 7.4.3.g), Tu simulaciaTa ricxvia 6N . 

am cxriliT SevafasebT im sidideebs, romelic warmodgenilia amocanaSi: 

a) 30wT-is ganmavlobaSi momsaxureobaze miRebuli SekveTebis saSualo ricxvi 

aris: 5,156/93  ; 

b) SekveTaze momsaxureobis saSualo droa: 748.06/49.4  ; 

g) SekveTaze momsaxureobis albaTobis Sefasebaa: 662.06/973,3  .    

daskvna: SekveTebis daaxloebiT 66% miiReba momsaxureobaze; 

d) es amocana azustebs wina amocanis Sefasebebs, roca seriaTa ricxvi izrdeba. 

cxrili 7.4.3.g 
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T
qm
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1 22 13 11.71 0.90 0.591 0.409 

2 25 17 8.80 0.52 0.680 0.320 

3 24 16 13/46 0.84 0.607 0.333 

4 22 15 12.19 0.81 0.682 0.318 

5 20 13 11.99 0.92 0.650 0.350 

6 27 19 3.57 0.50 0.704 0.296 

  140 93  4.49 3.973  

 

 

7.4.4. igive amocana, rac 7.4.3, oRond  
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  .  

sistemaze simulaciis Catarebis droa 20 wT. 

 

7.4.5. igive amocana, rac 7.4.3, oRond mms Sedgeba 3 damoukidebeli arxisgan. 

TiToeuli arxis SekveTaze momsaxureobis dro SemTxveviTia da ganawilebulia 

eqsponencialurad: 
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I arxi:       













;0,0

,0,2,1
)(

2,1

1
t

te
tf

t

 

II arxi:  
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III arxi:  
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momdevno SekveTebs Soris dro ganawilebulia eqsponencialurad 
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.0,0

,0,8.0
)(

8.0






e
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sistemis simulaciis dro Seadgens 30 wT–s.   

7.4.6.- 7.4.13. Tavi 5-is 5.6.7* da 5.6.14* amocanebi. 

 

$7.5. dazRvevis modeli da misi simulacia 

warmogidgenT sadazRvevo kompaniis models, sadac irkveva, rom sadazRvevo 

sistemis funqcionirebis analizurad winaswari Sefaseba praqtikulad SeuZlebelia 
da erTaderT gzad simulacia rCeba. 

modelis aRwera: vTqvaT t  dro Rebulobs mTel mniSnelobebs N,,3,2,1  , sa-

dac biji SeiZleba warmovidginoT, rogorc modelis drois erTeuli (saaTi, dRe an 

dRis raRac nawili, N  aseve SeiZleba iyos ½  weli, 3 Tve da a.S.). vTqvaT drois 

am erTeulSi SeiZleba ganxorcieldes zustad erTi moTxovna (sadazRvevo SemTxveva) 
mocemul polisze dazRvevis portfelidan raime 0p  albaTobiT. davuSvaT, rom sa-

dazRvevo portfeli Sedgeba M  polisisgan (Cven vuSvebT, rom dazRvevis drois er-

TeulSi erTze meti moTxovna ar ganxorcieldeba; cxadia drois biji ukuproporci-

uli M -is). polisis moTxovnis Tanxa  SemTxveviTia da misi ganawilebis funqcia 

aRvniSnoT F -iT (Tanxa raime erTeulebSi izomeba: lari, dolari, . . .). 

vTqvaT portfelis moqmedebis periodSi ( N  erT. dro) sadazRvevo kompania mi-

iRebs raime ̂  Semosavals, romelic warmoadgens dazRveul pirTa mier kompaniaSi 

Senatanebis akumulirebel jams N  drois ganmavlobaSi. vigulisxmoT, rom ̂ mudmi-

vi sididea. vTqvaT sadazRvevo kompaniis sarezervo fondia U , romelic aucilebelia 

portfelis Seqmnis dasawyisSi )0( t .  

amocana mdgomareobs SemdegSi: portfelis moqmedebis vadis bolosTvis ( N  erT. 

dro) Sevafasod (winaswar) sadazRvevo kompaniis gakotrebis albaToba.  
miTiTeba. vTqvaT T  aris portfelis moqmedebis periodSi dazRveulTa mier sa-

dazRvevo SemTxvevisaTvis kompaniidan miRebul TanxaTa jami (kompaniis mier poli-

sebze gadaxdili Tanxa). maSin Sesafasebeli albaTobaa 

)ˆ( TU  ;      (7.10) 

e.i. albaToba imisa, rom gadaxdili Tanxa aWarbebs sadazRvevo kompaniis finansur re-

sursebs (kompania gakotrebulia).  

gakotrebis albaTobis miaxloebiTi SefasebisTvis SeiZleba CavataroT Semdegi 

analizi: 

T  SeiZleba warmovadginoT, rogorc jami 
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(7.13) 

(7.14) 

,21 rcccT           (7.11) 

sadac r  moTxovnaTa ricxvia, ,21 cc  individualuri gadaxdili Tanxebia polisis 

moTxovnaze. davuSvaT, rom r  SemTxveviTi sidide ganawilebulia binomialuri kano-

niT 

NkPpCkr kNkk
N ,,1,0,)1()(      (7.12) 

( ic  moTxovnili Tanxaa, romlis ganawilebis kanonia F ; isini erTnairad ganawilebu-

li, damoukidebeli SemTxveviTi sidideebia). vTqvaT F  kanonidan gamoviTvaleT 

polisis moTxovnaze gadaxdis maTematikuri lodini mci   da dispersia 2iDc . 

SevniSnoT, rom sruli albaTobis formuliT (maTematikuri lodinisTvis) 

vRebulobT: 
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)(  , xolo r  – bernulis ganawilebis maTema-

tikuri lodinia Np . analogiurad gamovTvaloT: 
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radgan dispersiis ganmartebiT 
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da  
222 )()1()( NppNprrr   . 

maSin gamovTvliT T -s upirobo dispersias: 

 .)1()1(

)]1([)(

2222

222222222

pmNppNpmNp

pNmpNppNmNpTTT








 

centraluri zRvriTi Teoremis ZaliT, Tu N  didia )1( Np  da r  didia )1( r , 

T  asimptoturad normaluradaa ganawilebuli (Cvens SemTxvevaSi sadazRvevo SemTxve-

vebi “xSirad” xdeba), maSin gakotrebis albaTobis aproqsimacia aseTia:  

,
T

T-U
-Φ

)U(T-)U(T













 










ˆ
1

ˆ1ˆ)gakotrdeba (kompania

 

saidanac 
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,
pmNp

-NpmU
-Φ




















)1((

ˆ
1

22


 )gakotrdeba (kompania    (7.15) 

sadac   laplasis funqciaa (misi cxrilebi CvenTvis cnobilia statistikis kursi-

dan). 

 (7.15) formuliT sargebloba SeiZleba Tu m  da 2  CvenTvis cnobilia. maTi 

Sefaseba statistikuri meTodebiT SesaZlebelia gasuli portfelebis monacemebis sa-
SualebiT, Tuki N  didia da r  SemTxveviTi ricxvic didia. winaaRmdeg SemTxvevaSi 

am formuliT sargeblobis saimedoba dabalia [4]. 
aseT SemTxvevaSi da ufro rTuli sadazRvevo modelebiT sargeblobisas (roca 

elementarulad (7.15) formulis msgavsi Sefaseba ver keTdeba) mimarTaven simulacias. 

simulacia aseve erTaderTi meTodia, rodesac sadazRvevo kompania nergavs Tavis 
biznesSi axal modelebs da gasuli portfelebis monacemebiT sargebloba ukve SeuZ-

lebeli xdeba ( m  da 2 –is Sefaseba ver xerxdeba). aseT SemTxvevaSi pNUM ,,ˆ,,   

parametrebis  varirebiT, r -isa da ic -ebis simulirebiT iqmneba “sadazRvevo modelis 

scenarebi”, romelic ikvlevs kompaniis amocanebs axali tipis polisebis SedgenaSi. 

Semdeg ki irCeva garkveuli optimaluri scenari, romelic ukve Camoayalibebs sada-

zRvevo kompaniis portfelis struqturas. 

ganvixiloT konkretuli magaliTebi:  
simulaciiT SeafaseT gakotrebis albaToba da SeadareT igi (7.15) aproqsimaciis 

formuliT gamoTvlil albaTobas. 

SeniSvna: Seadgine C-programa, romlis Semavali parametrebi iqneba ,,,, 2mpN  

̂,U ; ic  – ganawilebuli iqneba normalurad 2,m  parametrebiT: ),(~ 2mNci .  

simulaciis wesi: jer gaTamaSdeba r , anu polisze moTxovnaTa ricxvebi 

,NkppCkrPP kNkk
Nk ,,1,0,)1()(    

kanoniT (0,1).  intervali daiyofa 1N  TanaukveT intervalebad:  N
kk 0

 , k -s 

sigrZea kp : )1,(,],;(],,0( 10100100  NN pppppp  . am intervalebis 

ageba advilia, Tu visargeblebT rekurentuli formuliT: 

,)1(;1,,1,0),( 01
N

kk ppNkkrpp    

sadac  

.
11

)( 1

p

p

k

kN

p

p
kr

k

k







   

Tu   SemTxveviTi ricxvi Cavarda j  intervalSi, maSin polisze moTxovnaTa 

ricxvia jr  . 

Semdeg gaTamaSdeba j  raodenoba damoukidebeli normaluri SemTxveviTi ricxvi 

m  da 2  parametrebiT: jccc ,,, 21  , rac mogvcems simulirebiT miRebul T  sidides: 

.21 jcccT    

Tu ̂UT , maSin kompania “gakotrebulia”,  

Tu ̂UT , maSin kompania “araa gakotrebuli”. 

es simulacia CaatareT L  raodenoba seriiT da LP  gakotrebis fardobiTi 

sixSire iqneba gakotrebis albaTobis Sefaseba. 

magaliTebi (SeavseT cxrili) 
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gakotrebis albaTobis aproqsimacia 

da misi Sedareba PL – gakotrebis 

albaTobis simulaciis gziT 

miRebul SefasebasTan 

L
 
se
r
ie
bi

 

PL aproq  
|

|

aproq

 L
 

|

|

2L

L

P

P 
 

7.5.1 10000 25000 0.4 20 4 364 20     

7.5.2 50000 75000 0.2 100 9 364 20     

7.5.3 106 3106 0.02 200 16 5364 100     

7.5.4 106 4106 0.01 500 64 5364 100     

7.5.5 106 3106 0.01 400 81 5364 100     

7.5.6 2106 4106 0.04 200 16 10364 100     

 

SeniSvna: yoveli magaliTis SemTxvevaSi CaatareT analizi gakotrebis albaTobis Se-

fasebidan. 

 

 

$7.6. Ziebis amocana da misi simulacia 
 

praqtikaSi xSiria SemTxveva, rodesac raime saZiebeli obieqti SeiZleba imyofe-

bodes winaswar cnobili N  raodenoba obieqtebidan erT-erTSi. saZiebo obieqtis op-

timalurad mokle droSi aRmoCenisTvis mniSvnelovania efeqturi algoriTmebis Sed-

gena, rodesac N  sakmarisad didia! Tu amocana deterministulia, maSin arsebobs op-

timaluri Ziebis uamravi algoriTmi, rodesac aprioruli informaciis SemTxvevaSi 

aposteriuli, axali informacia Ziebaze  miiReba deterministulad.  

Cven aq ganvixilavT stoqastur saZiebo models (aprioruli informacia SemTx-

veviTi faqtoria). 

modelis aRwera: amosacnobi obieqti moTavsebulia erT-erT obieqtSi nomrebiT 

N,,2,1  . rom aRmovaCinoT, Tu romel obieqtSi imyofeba saZiebeli obieqti, Cven 

ufleba gvaqvs davsvaT Semdegi tipis SekiTxva. imyofeba Tu ara saZiebeli obieqti 

erT-erT )1( l  raodenoba mezobel obieqtebSi nomrebiT: 

.,,2,1, baaa       (7.16) 

pasuxi, romelsac Cven miviRebT ar iqneba sando mTlianobaSi da samarTliani iqneba 

garkveul )(lW  albaTobiT )1,,1,0(  Nl  , abl  . Tu Cven vkiTxulobT mxolod 

erT obieqtSi Ziebaze, maSin )0(W  albaToba axlos unda iyos 1-Tan. l -is zrdasTan 

erTad )(lW  klebadi iqneba 0,5–ken, sadRac  
2
l  mTel nawilamde, Semdeg isev zrdadi 

gaxdeba, radgan 

1,,2,1,0),1()(  NllNWlW  .   (7.17) 

simetriis principi gasagebia, radgan SekiTxvebi l  da 1 lN  obieqtebSi amosacnobi 

obieqtis arsebobaze tolfas informacias iZlevian. 

daSvebulia, rom Ziebis dawyebis win Cven gagvaCnia garkveuli sawyisi, 

aprioruli ganuzRvreli informacia, Tu sad imyofeba amosacnobi obieqti. am 

informacias formalizebas vukeTebT garkveuli aprioruli 



 113 

(7.19) 

(7.21) 





N

i

iN ppppP
1

21 ,1),,,,(      (7.18) 

ganawilebis saxiT, sadac 0ip  aris albaToba imisa, rom amosacnobi obieqti 

imyofeba i -ur obieqtSi. 

davuSvaT, rom SekiTxvisTvis Cven avarCieT )( ablba   wyvili da 

vRebulobT erT-erT pasuxs )(lW  albaTobiT: 

   imyofeba  “pasuxi 1” 

ar imyofeba  “pasuxi 0” . 

TiToeuli pasuxi ra Tqma unda gadaafasebs informacias, apriorul ganawilebas, Tu 

ra albaTobiT imyofeba amosacnobi obieqti mocemul N,,2,1   obieqtebSi. baiesis 

formuliT viTvliT 





N

i

iN qqqqQ
1

21 ,1),,,,(       (7.20) 

aposteriul ganawilebas. magram gansaxilvelia 2 SemTxveva: 

1 SemTxveva – “pasuxi 1”. maSin vRebulobT: 

.

= 

)1" pasuxi("

obieqtSia) ur- obieqti saZiebeli  /1" pasuxi("

)1" pasuxi("

)1" pasuxi" da obieqtSia ur- aris obieqti (saZiebeli

)1" pasuxi"  /obieqtSi ur- aris obieqti (saZiebeli











ip

i

iq

i

i








 

Cven gvaqvs, Tu ];[ baj , maSin 

),(lWj  sworia) 1" pasuxi("obieqtSia) ur- obieqti saZ.  /1" pasuxi("    (7.22) 

da Tu ];[ baj , maSin  

),(1 lWj  mcdaria) 1" pasuxi("obieqtSia) ur- obieqti saZ.  /1" pasuxi("  (7.22´) 

maSin am formulebiT gamoviTvliT  (“pasuxi 1”) albaTobas sruli albaTobis 

formuliT: 

obieqtSia) ur- obieqti saZ.  /1" pasuxi(")1" pasuxi(" jp
n

j

j  
1

 

anu 

 ,))(1()()()(
];[];[

1

lWjlWjp
baba

n

j

j 


)1" pasuxi("  

sadac   simravlis maxasiaTebeli funqciaa. maSin vRebulobT: 

 

 

 
,,,2,1,

))(1()()()(

))(1()()()(

];[];[

1

];[];[
Ni

lWjlWjp

lWilWip
q

baba

n

j

j

babai

i 












  (7.23) 

ase, rom avageT ),,,( 21 NqqqQ   ganawileba, Tu miviRebdiT “pasuxi 1”–s.  

analogiurad “pasuxi 0”–is miRebis SemTxvevaSi gveqneba: 
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 

 
,,,2,1,

)()())(1)((

)()())(1()(

];[];[

1

];[];[
Ni

lWjlWjp

lWilWip
q

baba

n

j

j

babai

i 












  (7.24) 

Semdegi nabiji aseTia: Tu aRmoCnda, rom Q  ganawileba Tavmoyrilia vTqvaT 

ZiriTadad raime 0i  obieqtSi, maSin Cven SeiZleba CamovayaliboT gadawyvetileba: 

“saZiebeli obieqti 0i  obieqtSia”. Tu aRmoCnda, rom aposteriuli ganawileba 

Tavmoyrilia ZiriTadad or raime 1i  da 2i  obieqtSi, maSinac SegviZlia 

CamovayaliboT gadawyvetileba: “saZiebeli obieqti an 1i  an 2i  obieqtia” da a.S. 

ras gvinda mivaRwioT? Cveni mizania SekiTxvaze pasuxis miRebis Semdeg 

gavakeToT ramdenadac SesaZlebelia zusti ganmarteba: “saZiebeli obieqti imyofeba 

rac SeiZleba mcire raodenoba elementebis },,{ 22 ii  simravleSi”. meore mxriv es 

niSnavs, rom a  da b -s xelaxali arCeviT (esec amocanaa, Tu rogor avirCioT a  da 

b ) aposteruli ganawileba CavTvaloT ukve apriorulad da baiesis formulis 

xelaxali gamoyenebiT gadavaTamaSoT aposteriuli ganawileba, rameTu Q  ganawileba 

ufro nakleb raodenoba obieqtebSi iqneba Tavmoyrili (koncentrirebuli). 

ganawilebis koncentraciis zomad aviRoT:  

,
1

2




N

i

iqCRIT      (7.25) 

an 

.ln
1





N

i

ii qqENTRO     (7.26) 

davakonkretoT: SevqmnaT C-programa, sadac a  da b  ricxvebis SerCevis 

SesaZlebloba iqneba. gansxvavebuli );( ba  wyvilebisTvis davTvaloT an (7.25) an 

(7.26)-iT arCeuli kriteriumebi da avirCioT iseTi );( ba , romlisTvisac 

kriteriumis mniSvneloba udidesi iqneba. miviRoT gadawyvetileba Ziebaze. a  da b –s 

arCevani dialogSia gasakeTebeli da is damokidebulia apriorul  

),,,( 21 nppp   

ganawilebaze. unda avirCioT iseTi a  da b , rom ];[ ba -Si ufro Tavmoyrili iyos Q  

ganawileba. 

Ziebis amocanis simulaciis wesi: cxadia aposteruli ),,,( 21 NqqqQ   

ganawileba baiesis procesiT modelirebis yovel bijze ( a  da b -s arCeva, pasuxis 

miReba da Q  ganawilebis gamoTvla) saWiroa visargebloT an (7.23) an (7.24) 

formuliT. amisTvis saWiroa SekiTxvaze miRebuli pasuxis simulacia. anu  










 )(1)(

 

lWlW

0” “pasuxi1” “pasuxi
 

ganawilebis gaTamaSeba. 

Tu   SemTxveviTi ricxvia da )(0 lW  , maSin gvaqvs “pasuxi 1”;  

Tu 1)(  lW , maSin  gvaqvs “pasuxi 0”; 

 

amocanebi: 

dinamiurad warmoadgine N  da maSasadame NPPP ,,, 21   ganawileba da )(lW , 

1,,1,0  Nl  , albaTobaTa veqtori (7.17) pirobebiT. zemoT moyvanili modelis 

simulaciis sqema daaprogramire a  da b  parametrebis dialogur reJimSi arCevis 
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saxiT. programa Cerdeba dialogur reJimSi da irCeva 00 , ba  (maSasadame l ) da aqedan 

gamomdinare iseTi aposteriuli ),,,( 21 NqqqQ   ganawileba, romlis kriteriumis 

mniSvneloba udidesia. kriteriumis arCevac dialogSi (2–dan erTi) SeirCeva. 

 
amoxseniT ricxviTi magaliTi: 

5N  obieqti 

obieqtebi 1 2 3 4 5 

ap/gan:  0,1 0,15 0,35 0,2 0,2 

  

l 0 1 2 3 4 

)(lW  0,9 0,7 0,6 0,7 0,9 

 

kriteriumi iyos 



s

i

iqCRIT
1

2 . “xeliT” Ziebis simulacia da dialoguri mode-

lireba warmodgenilia cxrilSi: 

 

 

cxrili: modelirebis sqema 
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komentari dialogisTvis 

1 0.21 a=3 

b=4 

l 

=1 

“3.1” 

 
1q 

2q 

3q 

4q 

5q  C
R

IT
=

0
.0

1
2
6
5
 

ga
gr

Ze
l
eb
a 

– a) airCa a=3 da b=4. imitom rom 

me-3 da me-4 obieqtebs yvelaze 

maRali albaTobebi aqvT 

b) aposteruli ganawileba Tav-

moyrilia me-3 da me-4 obieqtebze 

im
yo
f
eb
a 
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2 0.75 a=3 

b=5 

l 

=2 
“3.0” 

Aar 

imyofeba 

1q 

2q 

3q 

4q 

5q 

C
R

IT
=

0
.0

2
9

5
4

3
 

ga
gr

Ze
l
eb
a 

– a) aprioruli ganawileba axla 

aris 1 bijis aposteruli: 

,115.0,269.0

,471.0,087.0058.0

54

321 ,





PP

PPP
 

b) me-3 da me-4 albaTobebi kvlav 

gaizarda. gaizarda kriteriumic. 

sruli safuZvelia miviRoT 

gadawyvetileba maT sasargeblod. 

magram kidev gavagrZeloT 

simulacia 

 

3 0.46 a=2 

b=4 

l 

=2 

“3.1” 1q 

2q 

3q 

4q 

5q 
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a) aprioruli ganawileba axla 

aris me-2 bijis aposteruli: 

,1057.0,2474.0

,4331.0,1138.008.0

54

321 ,





PP

PPP
 

b) me-3 da me-4 albaTobebi sta-

bilurad kvlav aRemateba danar-

Cenebs. kriteriumi dagrZnoblad 

gaizarda. gvafiqrebinebs, rom 

SevwyvitoT modelireba me-3 an 

me-4 obieqtis sasargeblod 

im
yo
f
eb
a 
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danarTi 
 

1. standartuli normaluri ganawilebis funqciis mniSvnelobebis cxrili 
 







x
t

dtex 2

2

2

1
)(  

 
 

 

 

x (x) x (x) x (x) x (x) x (x) x (x) 

0.00 0.500 0.33 0.629 0.66 0.745 0.99 0.838 1.32 0.906 1.65 0.950 

0.01 0.503 0.34 0.633 0.67 0.748 1.00 0.841 1.33 0.908 1.66 0.951 

0.02 0.507 0.35 0.636 0.68 0.751 1.01 0.843 1.34 0.909 1.67 0.952 

0.03 0.511 0.36 0.640 0.69 0.754 1.02 0.846 1.35 0.911 1.68 0.953 

0.04 0.515 0.37 0.644 0.70 0.758 1.03 0.848 1.36 0.913 1.69 0.954 

0.05 0.519 0.38 0.648 0.71 0.761 1.04 0.850 1.37 0.914 1.70 0.955 

0.06 0.523 0.39 0.651 0.72 0.764 1.05 0.853 1.38 0.916 1.71 0.956 

0.07 0.527 0.40 0.655 0.73 0.767 1.06 0.855 1.39 0.917 1.72 0.957 

0.08 0.531 0.41 0.659 0.74 0.770 1.07 0.857 1.40 0.919 1.73 0.958 

0.09 0.535 0.42 0.662 0.75 0.773 1.08 0.859 1.41 0.920 1.74 0.959 

0.10 0.539 0.43 0.666 0.76 0.776 1.09 0.862 1.42 0.922 1.75 0.959 

0.11 0.543 0.44 0.670 0.77 0.779 1.10 0.864 1.43 0.923 1.76 0.960 

0.12 0.547 0.45 0.673 0.78 0.782 1.11 0.866 1.44 0.925 1.77 0.961 

0.13 0.551 0.46 0.677 0.79 0.785 1.12 0.868 1.45 0.926 1.78 0.962 

0.14 0.555 0.47 0.680 0.80 0.788 1.13 0.870 1.46 0.927 1.79 0.963 

0.15 0.559 0.48 0.684 0.81 0.791 1.14 0.872 1.47 0.929 1.80 0.964 

0.16 0.563 0.49 0.687 0.82 0.793 1.15 0.874 1.48 0.930 1.81 0.964 

0.17 0.567 0.50 0.691 0.83 0.796 1.16 0.876 1.49 0.931 1.82 0.965 

0.18 0.571 0.51 0.694 0.84 0.799 1.17 0.879 1.50 0.933 1.83 0.966 

0.19 0.575 0.52 0.698 0.85 0.802 1.18 0.881 1.51 0.934 1.84 0.967 

0.20 0.579 0.53 0.701 0.86 0.805 1.19 0.882 1.52 0.935 1.85 0.967 

0.21 0.583 0.54 0.705 0.87 0.807 1.20 0.884 1.53 0.936 1.86 0.968 

0.22 0.587 0.55 0.708 0.88 0.810 1.21 0.886 1.54 0.938 1.87 0.969 

0.23 0.590 0.56 0.712 0.89 0.813 1.22 0.888 1.55 0.939 1.88 0.969 

0.24 0.594 0.57 0.715 0.90 0.815 1.23 0.890 1.56 0.940 1.89 0.970 

0.25 0.598 0.58 0.719 0.91 0.818 1.24 0.892 1.57 0.941 1.90 0.971 

0.26 0.602 0.59 0.722 0.92 0.821 1.25 0.894 1.58 0.942 1.91 0.971 

0.27 0.606 0.60 0.725 0.93 0.823 1.26 0.896 1.59 0.944 1.92 0.972 

0.28 0.610 0.61 0.729 0.94 0.826 1.27 0.897 1.60 0.945 1.93 0.973 

0.29 0.614 0.62 0.732 0.95 0.828 1.28 0.899 1.61 0.946 1.94 0.973 

0.30 0.617 0.63 0.735 0.96 0.831 1.29 0.901 1.62 0.947 1.95 0.974 

0.31 0.621 0.64 0.738 0.97 0.833 1.30 0.903 1.63 0.948 1.96 0.975 

0.32 0.625 0.65 0.742 0.98 0.836 1.31 0.904 1.64 0.949 1.97 0.975 
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gagrZeleba 

 

x (x) x (x) x (x) x (x) x (x) 

1.98 0.976 2.26 0.988 2.54 0.994 2.82 0.997 3.10 0.999 

1.99 0.976 2.27 0.988 2.55 0.994 2.83 0.997 3.11 0.999 

2.00 0.977 2.28 0.988 2.56 0.994 2.84 0.997 3.12 0.999 

2.01 0.977 2.29 0.988 2.57 0.994 2.85 0.997 3.13 0.999 

2.02 0.978 2.30 0.989 2.58 0.995 2.86 0.997 3.14 0.999 

2.03 0.978 2.31 0.989 2.59 0.995 2.87 0.997 3.15 0.999 

2.04 0.979 2.32 0.989 2.60 0.995 2.88 0.998 3.16 0.999 

2.05 0.979 2.33 0.990 2.61 0.995 2.89 0.998 3.17 0.999 

2.06 0.980 2.34 0.990 2.62 0.995 2.90 0.998 3.18 0.999 

2.07 0.980 2.35 0.990 2.63 0.995 2.91 0.998 3.19 0.999 

2.08 0.981 2.36 0.990 2.64 0.995 2.92 0.998 3.20 0.999 

2.09 0.981 2.37 0.991 2.65 0.995 2.93 0.998 3.21 0.999 

2.10 0.982 2.38 0.991 2.66 0.996 2.94 0.998 3.22 0.999 

2.11 0.982 2.39 0.991 2.67 0.996 2.95 0.998 3.23 0.999 

2.12 0.983 2.40 0.991 2.68 0.996 2.96 0.998 3.24 0.999 

2.13 0.983 2.41 0.992 2.69 0.996 2.97 0.998 3.25 0.999 

2.14 0.983 2.42 0.992 2.70 0.996 2.98 0.998 3.26 0.999 

2.15 0.984 2.43 0.992 2.71 0.996 2.99 0.998 3.27 0.999 

2.16 0.984 2.44 0.992 2.72 0.996 3.00 0.998 3.28 0.999 

2.17 0.985 2.45 0.992 2.73 0.996 3.01 0.998 3.29 0.999 

2.18 0.985 2.46 0.993 2.74 0.996 3.02 0.998 3.30 0.999 

2.19 0.985 2.47 0.993 2.75 0.997 3.03 0.998 3.31 0.999 

2.20 0.986 2.48 0.993 2.76 0.997 3.04 0.998 3.32 0.999 

2.21 0.986 2.49 0.993 2.77 0.997 3.05 0.998 3.33 0.999 

2.22 0.986 2.50 0.993 2.78 0.997 3.06 0.998 3.34 0.999 

2.23 0.987 2.51 0.993 2.79 0.997 3.07 0.998 3.35 0.999 

2.24 0.987 2.52 0.994 2.80 0.997 3.08 0.998 3.36 0.999 

2.25 0.987 2.53 0.994 2.81 0.997 3.09 0.999 3.37 0.999 

 

 

 

2. standartuli normaluri ganawilebis zeda -kritikuli wertilebis 

mniSvnelobebis cxrili 

 
 

 
 

 

 

 0.1 0.05 0.025 0.125 0.01 0.005 0.002

5 

0.001 

z 1.28 1.64 1.96 2.24 2.33 2.57 2.81 3.08 
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3.  
2
  -ganawilebis zeda -kritikuli wertilebis mniSvnelobebis cxrili 

 
 

 
 

 

 

 

n 0.99 0.975 0.95 0.9 0.1 0.05 0.025 0.01 

1 0.0002 0.0010 0.0039 0.0158 2.7055 3.8415 5.0239 6.6349 

2 0.0201 0.0506 0.1026 0.2107 4.6052 5.9915 7.3778 9.2104 

3 0.1148 0.2158 0.3518 0.5844 6.2514 7.8147 9.3484 
11.344

9 

4 0.2971 0.4844 0.7107 1.0636 7.7794 9.4877 
11.143

3 

13.276

7 

5 0.5543 0.8312 1.1455 1.6103 9.2363 
11.070

5 

12.832

5 

15.086

3 

6 0.8721 1.2373 1.6354 2.2041 
10.644

6 

12.591

6 

14.449

4 

16.811

9 

7 1.2390 1.6899 2.1673 2.8331 
12.017

0 

14.067

1 

16.012

8 

18.475

3 

8 1.6465 2.1797 2.7326 3.4895 
13.361

6 

15.507

3 

17.534

5 

20.090

2 

9 2.0879 2.7004 3.3251 4.1682 
14.683

7 

16.919

0 

19.022

8 

21.666

0 

10 2.5582 3.2470 3.9403 4.8652 
15.987

2 

18.307

0 

20.483

2 

23.209

3 

11 3.0535 3.8157 4.5748 5.5778 
17.275

0 

19.675

2 

21.920

0 

24.725

0 

12 3.5706 4.4038 5.2260 6.3038 
18.549

3 

21.026

1 

23.336

7 

26.217

0 

13 4.1069 5.0087 5.8919 7.0415 
19.811

9 

22.362

0 

24.735

6 

27.688

2 

14 4.6604 5.6287 6.5706 7.7895 
21.064

1 

23.684

8 

26.118

9 

29.141

2 

15 5.2294 6.2621 7.2609 8.5468 
22.307

1 

24.995

8 

27.488

4 

30.578

0 

16 5.8122 6.9077 7.9616 9.3122 
23.541

8 

26.296

2 

28.845

3 

31.999

9 

17 6.4077 7.5642 8.6718 
10.085

2 

24.769

0 

27.587

1 

30.191

0 

33.408

7 

18 7.0149 8.2307 9.3904 
10.864

9 

25.989

4 

28.869

3 

31.526

4 

34.805

2 

19 7.6327 8.9065 
10.117

0 

11.650

9 

27.203

6 

30.143

5 

32.852

3 

36.190

8 

20 8.2604 9.5908 10.850 12.442 28.412 31.410 34.169 37.566
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8 6 0 4 6 3 

21 8.8972 
10.282

9 

11.591

3 

13.239

6 

29.615

1 

32.670

6 

35.478

9 

38.932

2 

22 9.5425 
10.982

3 

12.338

0 

14.041

5 

30.813

3 

33.924

5 

36.780

7 

40.289

4 

23 
10.195

7 

11.688

5 

13.090

5 

14.848

0 

32.006

9 

35.172

5 

38.075

6 

41.638

3 

24 
10.856

3 

12.401

1 

13.848

4 

15.658

7 

33.196

2 

36.415

0 

39.364

1 

42.979

8 

25 
11.524

0 

13.119

7 

14.611

4 

16.473

4 

34.381

6 

37.652

5 

40.646

5 

44.314

0 

26 
12.198

2 

13.843

9 

15.379

2 

17.291

9 

35.563

2 

38.885

1 

41.923

1 

45.641

6 

27 
12.878

5 

14.573

4 

16.151

4 

18.113

9 

36.741

2 

40.113

3 

43.194

5 

46.962

8 

28 
13.564

7 

15.307

9 

16.927

9 

18.939

2 

37.915

9 

41.337

2 

44.460

8 

48.278

2 

29 
14.256

4 

16.047

1 

17.708

4 

19.767

7 

39.087

5 

42.556

9 

45.722

3 

49.587

8 

30 
14.953

5 

16.790

8 

18.492

7 

20.599

2 

40.256

0 

43.773

0 

46.979

2 

50.892

2 

 

 

4.  t - ganawilebis zeda -kritikuli wertilebis mniSvnelobebis cxrili 
 

 
 
 

 

n 0.1 0.05 0.025 0.01 0.005 0.0025 0.001 

1 3.078 6.314 12.70

6 

31.82

1 

63.65

6 

127.321 318.289 

2 1.886 2.920 4.303 6.965 9.925 14.089 22.328 

3 1.638 2.353 3.182 4.541 5.841 7.453 10.214 

4 1.533 2.132 2.776 3.747 4.604 5.598 7.173 

5 1.476 2.015 2.571 3.365 4.032 4.773 5.894 

6 1.440 1.943 2.447 3.143 3.707 4.317 5.208 

7 1.415 1.895 2.365 2.998 3.499 4.029 4.785 

8 1.397 1.860 2.306 2.896 3.355 3.833 4.501 

9 1.383 1.833 2.262 2.821 3.250 3.690 4.297 

10 1.372 1.812 2.228 2.764 3.169 3.581 4.144 

11 1.363 1.796 2.201 2.718 3.106 3.497 4.025 

12 1.356 1.782 2.179 2.681 3.055 3.428 3.930 

13 1.350 1.771 2.160 2.650 3.012 3.372 3.852 

14 1.345 1.761 2.145 2.624 2.977 3.326 3.787 

15 1.341 1.753 2.131 2.602 2.947 3.286 3.733 
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16 1.337 1.746 2.120 2.583 2.921 3.252 3.686 

17 1.333 1.740 2.110 2.567 2.898 3.222 3.646 

18 1.330 1.734 2.101 2.552 2.878 3.197 3.610 

19 1.328 1.729 2.093 2.539 2.861 3.174 3.579 

20 1.325 1.725 2.086 2.528 2.845 3.153 3.552 

21 1.323 1.721 2.080 2.518 2.831 3.135 3.527 

22 1.321 1.717 2.074 2.508 2.819 3.119 3.505 

23 1.319 1.714 2.069 2.500 2.807 3.104 3.485 

24 1.318 1.711 2.064 2.492 2.797 3.091 3.467 

25 1.316 1.708 2.060 2.485 2.787 3.078 3.450 

26 1.315 1.706 2.056 2.479 2.779 3.067 3.435 

27 1.314 1.703 2.052 2.473 2.771 3.057 3.421 

28 1.313 1.701 2.048 2.467 2.763 3.047 3.408 

29 1.311 1.699 2.045 2.462 2.756 3.038 3.396 

30 1.310 1.697 2.042 2.457 2.750 3.030 3.385 

 

6. SemTxveviTi ricxvebis cxrilebi 

 
6. a. 400 SemTxveviTi cifri 

        

86515 90795 66155 66434 56558 12332 94377 57802 

69186 3393 42502 99224 88955 53758 91641 18867 

41686 42163 85181 38967 33181 72664 53807 00607 

86522 47171 88059 89342 67248 9082 12311 90316 

72587 93000 89688 78416 27589 99528 14480 50961 

52452 42499 33346 83935 79130 90410 45420 77757 

76773 97526 27256 66447 25731 37525 16287 66181 

04825 82134 80317 75120 45904 75601 70492 10274 

87113 84778 45863 24520 19976 04925 7824 76044 

84754 57616 38132 64294 15218 49286 89571 42903 

         

         

6. b. 88 normaluri SemTxveviTi ricxvi 
         

0,2005 1,1922 -0,007 0,0348 1,0423 -1,8149 1,1803 0,0033 

1,1609 -0,6690 -,5893 0,5816 1,8818 0,7390 -0,2736 1,0828 

0,5864 -0,9245 0,0904 1,5068 -1,1147 0,2776 0,1012 -1,3566 

0,1425 -0,2863 1,2809 0,4043 0,6379 -0,4428 -2,3006 -0,6446 

0,9516 -1,7708 2,8854 0,4686 1,4664 1,6852 -0,9690 -0,0831 

-0,5863 0,8574 -0,5557 0,8115 -0,2676 -1,2496 -1,2125 1,3846 

1,1572 0,9990 -0,1032 0,5405 -6022 0,0093 0,2119 -1,4647 

-0,4428 -0,5564 -0,5098 -1,1929 -0,0572 -0,5061 -0,1557 -1,2384 

-0,3924 1,7981 0,6141 -1,3596 1,4943 -0,4406 -0,2033 -0,1316 

0,8319 0,4270 -0,8888 0,4167 -0,8513 1,1054 1,2237 -0,7003 

0,9780 -0,7679 0,8960 0,5154 -0,7165 0,8563 -1,1630 1,8800 
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