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laboratoriuli samuSao #1 

wrfivi programirebis amocanis  

geometriuli warmodgena 

 

Mmocemulobis miRebis Semdeg studenti adgens wrfivi 

programirebis amocanis SezRudvebis sistemas da miznobriv 

funqcias. wrfivi programirebis amocanis geometriuli 

warmodgena da misi amoxsna SesaZlebelia im SemTxvevaSi, 

rodesac SezRudvebis sistema da miznobrivi funqcia 

Seicaven mxolod or ucnobs. ganvixiloT Semdegi magaliTi: 

`saamqroSi ori saxis A da B nawarmis dasamzadeblad 

gamoiyeneba saxarato, safrezo da saxexi Carxebi. saxarato 

Carxze orive saxis erTeuli nawarmis damuSavebis dro 

Sesabamisad tolia 10 da 8 saaTi, safrezo Carxze – 5 da 

10 saaTi, saxex Carxze – 6 da 12 saaTi. Carxebis muSaobis 

drois fondi Semdegia: saxaratosaTvis – 168 saaTi, 

safrezosaTvis – 180 saaTi, saxexisaTvis – 144 saaTi. 

erTeuli nawarmis realizaciis Sedegad miRebuli mogeba 

Seadgens: A nawarmisaTvis – 14 lars, B nawarmisaTvis – 18 

lars. gansazRvreT nawarmis damzadebis optimaluri gegma~. 

     SevadginoT amocanis maTematikuri modeli. SemoviRoT 

Semdegi saxis aRniSvnebi: 

x1 – A saxis nawarmis gamosaSvebi raodenoba (cali), 

x2 – B saxis nawarmis gamosaSvebi raodenoba (cali). 



 6

SezRudvebis sistemas eqneba Semdegi saxe: 

⎪⎩

⎪
⎨
⎧

≤+
≤+
≤+

144126
180105
168810

21

21

21

xx
xx
xx

        (1) 

miznobrivi funqcia: 

max1814 21 →+= xxF     (2) 

e.i. (1) SezRudvebis sistemis SemTxvevaSi saWiroa 

moiZebnos (2) miznobrivi funqciis maqsimaluri mniSvneloba. 

programuli paketis `POM for Windows“-is gaSvebis 

Semdeg ekranze gamoCdeba `Module“-is meniu (nax.1), romelSic 

virCevT wrfivi programirebis moduls `Linear Programming“. 

 

nax.1 
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Semdeg ZiriTadi menius striqonSi virCevT `File~-s 

meniudan ` New~-s (nax.2). 

 

nax.2 

ekranze gamodis Semdegi dialoguri forma (nax.3). 

 

nax.3 
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Ppirvel striqonSi (Title) vwerT amocanis dasaxelebas. 

meore striqonSi (Number of Constants) miuTiTebT 

SezRudvebis sistemaSi arsebuli utolobebis raodenobas 

(mocemul magaliTSi _ 3-s). mesame striqonSi (Number of 

Variables) uTiTebT cvladebis raodenobas (mocemul 

magaliTSi _ 2-s). meoTxe striqonSi (Objective) virCevT, Tu 

saiT miiswrafis miznobrivi funqcia (mocemul magaliTSi - 

Maximize). mexuTe striqonSi (Row name options) virCevT 

striqonis dasaxelebis tips (magaliTSi arCeulia ricxviTi 

dasaxelebebi 1,2, … ). 

parametrebis dayenebis Semdeg vaWerT Rilaks `OK“-s 

da gamodis dialoguri forma (nax.4), sadac unda SevitanoT 

maTematikuri modelis sawyisi mniSvnelobebi. 

 

 

 

nax.4 

 



 9

pirvel striqonSi (Maximize) Segvaqvs miznobrivi 

funqciis ricxviTi koeficientebi, xolo danarCen samSi 

utolobebis koeficientebi da Tavisufali wevrebi (nax.5). 

 

 

nax.5 

monacemebis Setanis Semdeg vaWerT Rilaks `Solve “ da 

gamodis amocanis amoxsnis Sedegi (nax.6). 

 

nax.6 
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miRebuli Sedegidan Cans Semdegi: imisaTvis rom 

saamqrom miiRos maqsimaluri mogeba, unda daamzados A saxis 

nawarmi 12 calis odenobiT, xolo B saxis – 6 cali. Aam 

SemTxvevaSi maqsimaluri mogeba Seadgens 276 lars. cxrilis 

bolo sveti (Dual) warmoadgens TiToeuli SezRudvisaTvis 

oradul Sefasebas. sidide 0,8333 gviCvenebs, rom Tu 

saxarato Carxis muSaobis drois fonds gavzrdiT 1 saaTiT, 

mogeba gaizrdeba 0,8333 lariT. analogiurad SesaZlebelia 

oraduli Sefasebebis 0-sa da 0,9444-s gageba safrezo da 

saxexi CarxebisaTvis. 

rogorc avRniSneT, radganac amocana Seicavs or 

ucnobs, SesaZlebelia misi warmodgena geometriulad. 

amisaTvis meniuSi, romelic axlavs amoxsnis cxrils (nax.7), 

virCevTMme-6 striqons `Graph“-s da vRebulobT amocanis 

geometriul warmodgenas (nax.8). 

 

 

nax.7 



 11

wyvetil wrewirSi moTavsebulia amonaxsnis 

mravalkudxedis kidura wertili da misi koordinatebi 

(12,6), romelSic miznobrivi funqcia aRwevs maqsimalur 

mniSvnelobas. 

 

 

 

nax.8 
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laboratoriuli samuSao #2 

warmoebis optimaluri dagegmvis amocana 
 

ganvixiloT Semdegi magaliTi: `saqsovi fabrika 

awarmoebs oTxi saxeobis qsovils: A, B, C da D. amisaTvis 

fabrika gamoiyenebs sami saxis nedleuls: matyls, 

sintetikur Zafs da saRebavs. Qqsovilis TiToeuli metris 

dasamzadeblad saxeebis mixedviT saWiroa: A-Tvis – matyli 

1.2kg, sintetikuri Zafi _ 1kg, saRebavi _ 1kg; B-Tvis 

Sesabamisad – 0.45kg, 0.5kg, 0.8 kg; C-Tvis – 0.8kg, 1kg, 0.6kg; 

D-Tvis – 3kg, 0kg, 1.2kg. fabrikas gaaCnia resursebis Semdegi 

maragi: matyli – 300kg, sintetikuri Zafi – 200kg, saRebavi 

– 250kg. qsovilis TiToeul metrs saxeobebis mixedviT 

fabrikisaTvisMmoaqvs Semdegi saxis Semosavali: A-s – 2 

lari;  B-s – 1.5 lari;  C-s – 2 lari daDD-s – 4 lari. 

gansazRvreT qsovilebis warmoebis optimaluri gegma.~ 

SevadginoT amocanis maTematikuri modeli. SemoviRoT 

Semdegi saxis aRniSvnebi: 

x1 – A saxis qsovilis dasamzadebeli raodenoba 

metrebSi, x2 - B saxis, x3 - C saxis da x4 – D saxis. 

SezRudvebis sistemas eqneba Semdegi saxe: 

⎪⎩

⎪
⎨
⎧

≤+++
≤+++

≤+++

2502.16.08.01
200015.01

30038.045.02,1

4321

4321

4321

xxxx
xxxx

xxxx
        (1) 
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miznobrivi funqcia: 

max425.12 4321 →+++= xxxxF     (2) 

e.i. (1) SezRudvebis sistemis SemTxvevaSi saWiroa 

moiZebnos (2) miznobrivi funqciis maqsimaluri mniSvneloba. 

programuli paketis `POM for Windows“-is gaSvebis 

Semdeg `Module“ meniuSi virCevT wrfivi programirebis 

moduls `Linear Programming“ da `File“ menius striqonSi 

New~-s miTiTebis Semdeg, rogorc wina magaliTSi, gamodis 

dialoguri forma (nax.1), romelSic Segvaqvs amocanis 

dasaxeleba, SezRudvebisa da cvladebis raodenoba, vuTiTebT 

miznobrivi funqciis miswrafebas (Maximize) da striqonis 

dasaxelebis tips. 

 

 

nax.1 
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`OK“ Rilakis daWeris Semdeg gamodis dialoguri 

fanjara (nax.2), romelSic Segvaqvs SezRudvebis sistemis (1) 

da miznobrivi funqciis (2) ricxviTi koeficientebi. 

 
nax.2 

monacemebis Setanis Semdeg iseve, rogorc wina 

amocanaSi, virCevT brZanebas `Solve~ da gamodis saboloo 

Sedegi (nax.3). 

 

nax.3 

 

saboloo Sedegidan Cans: imisaTvis rom fabrikam 

miiRos maqsimaluri mogeba, man unda daamzados A saxis 

qsovili _ 0 metri, B saxis – 154.1667 metri, C saxis – 
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122.9167 metri da D saxis – 44.0972 metri. am SemTxvevaSi 

mogeba Seadgens 653.472 lars. oraduli Sefasebidan Cans, 

rom Tu matylis raodenobas gavzrdiT 1 kg-iT, mogeba 

gaizrdeba 0.9722 lariT, Sesabamisad sintetikuri Zafis 1 

kg – 0.6806 lariT da saRebavis 1 kg – 0.9028 lariT. 
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laboratoriuli samuSao #3 

optimaluri Serevis amocana 

 

ganvixiloT Semdegi magaliTi: `navTobgadamamuSavel 

qarxanas gaaCnia sami saxis navTobproduqtebi: alkilbenzini 

5000 tona,Ppirobenzoli 3000 tona da tolouli 1500 

tona. alkilbenzinis oqtanuri ricxvi udris 60, 

pirobenzolis – 95 da toloulis – 100. 

navTobproduqtebis Serevis Sedegad Rebuloben oriMmarkis 

benzins: A da B, romelTa oqtanuri ricxvi unda iyos 

Sesabamisad 70 da 90. benzinis oqtanuri ricxvi 

ganisazRvreba rogorc Semadgeneli komponentebis saSualo 

woniTi oqtanuri ricxvebi. erTi tona alkilbenzini Rirs 

50 lari, pirobenzoli – 70 lari, tolouli – 80 lari. 

erTi tona A markis benzinis fasia 80 lari, xolo B markis 

– 90 lari.  

gansazRvreT navTobproduqtebis Serevis optimaluri 

gegma, romelic moutans qarxanas maqsimalur mogebas im 

pirobis gaTvaliswinebiT, rom B markis benzini gamoSvebuli 

iqnas aranakleb 1800 tonisa~. 

SevadginoT amocanis maTematikuri modeli. SemoviRoT 

Semdegi saxis aRniSvnebi: 

x11 – alkilbenzinis raodenoba tonebSi A markis 

benzinSi; 
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x12 – alkilbenzinis raodenoba tonebSi B markis 

benzinSi; 

x21 – pirobenzolis raodenoba tonebSi A markis 

benzinSi; 

x22 – pirobenzolis raodenoba tonebSi B markis 

benzinSi; 

x31 – toloulis raodenoba tonebSi A markis 

benzinSi; 

x32 – toloulis raodenoba tonebSi B markis benzinSi. 

 

SezRudvebis sistemas eqneba Semdegi saxe: 

⎪
⎪
⎪
⎪
⎪
⎪

⎩

⎪⎪
⎪
⎪
⎪
⎪

⎨

⎧

≥++

=
++
++

=
++
++

≤+
≤+
≤+

1800

901009560

701009560
1500
3000
5000

322212

322212

322212

312111

312111

3231

2221

1211

xxx
xxx

xxx
xxx

xxx
xx
xx
xx

        (1) 

miznobrivi funqcia: 

max)](80)(70)(50[
)](90)(80[

323122211211

322212312111

→+++++−
−+++++=

xxxxxx
xxxxxxF

    (2) 
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monacemebis kompiuterSi Setanamde unda Sevasrulod 

SezRudvebis sistemaSi (1) meoTxe da mexuTe tolobebisa da 

miznobrivi funqciis (2) gardaqmna Semdegnairad: 

312111312111 7070701009560 xxxxxx ++=++  

322212322212 9090901009560 xxxxxx ++=++  

max808070705050
909090808080

323122211211

322212312111

→−−−−−−
−+++++=

xxxxxx
xxxxxxF

       

  sabolood amocanis SezRudvebs da miznobriv 

funqcias eqneba Semdegi saxe: 

⎪
⎪
⎪
⎪

⎩

⎪
⎪
⎪
⎪

⎨

⎧

≥++
=++−
=++−

≤+
≤+
≤+

1800
010530
0302510

1500
3000
5000

322212

322212

312111

3231

2221

1211

xxx
xxx
xxx

xx
xx
xx

        (3) 

max10020104030 323122211211 →+++++= xxxxxxF        (4) 

programuli paketis `POM for Windows“-is gaSvebis 

Semdeg, iseve rogorc wina amocanebSi virCevT moduls 

`Linear Programming~ da Semdeg monacemebi Segvaqs dialogur 

formebSi (nax.1), (nax.2): 
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nax.1 

 

nax.2 

Semdeg vaWerT Rilaks `Solve~ da vRebulobT saboloo 

Sedegs (nax.3). 

 

nax.3 



 20

Sedegidan Cans, rom qarxnis maqsimaluri mogeba 

Seadgens 215000 lars. amisaTvis qarxanam A markis benzinis 

misaRebad unda Seazavos alkilbenzini 4285,714 tona, 

pirobenzoli 1714,286 tona da tolouli 0 tona da 

miiRebs A markis benzins 4285,714 + 1714,286 + 0 = 6000 

tonis raodenobiT. B markis benzinis misaRebad unda 

Sezavdes alkilbenzini – 714,2857 tona, pirobenzoli – 

1285,714 tona da tolouli – 1500 tona. sul B markis 

benzins miviRebT 714,2857 + 1285,714 + 1500 = 3500 tonas. 

benzinSi Semavali ingradientebi sruliad arian 

gamoyenebuli: alkilbenzini – 4285,714 + 714,2857 = 5000 

tona; pirobenzoli – 1714,286 + 1285,714 = 3000 tona; 

tolouli – 0 + 1500 = 1500 tona. 

oraduli Sefasebidan Cans, rom Tu gavzrdiT 

alkilbenzinis raodenobas 1000 toniT, maSin oraduli 

Sefasebis 25 gaTvaliswinebiT mogeba gaizrdeba 

25*1000=25000 lariT. analogiurad pirobenzolis 

raodenobis gazrda 1000 toniT iZleva damatebiT mogebas 

22,5*1000=22500 lars, xolo toloulis gazrda 1000 

toniT – 15*1000=15000 lars. 
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laboratoriuli samuSao #4 

optimaluri Wris amocana 

 

ganvixiloT Semdegi magaliTi: “saamqrom miiRo 

davaleba daamzados rkinis RerZebi 120sm sigrZis 470 calis 

raodenobiT da 80sm sigrZis 450 calis raodenobiT. 

amisaTvis saamqros gaaCnia rkinis RerZebi sigrZiT 250sm da 

190sm. 

gansazRvreT, ra raodenobis 250sm da 190sm RerZebi 

unda daiWras, rom narCenebis raodenoba iyos minimaluri~. 

Ppirvel rigSi ganvsazRvroT RerZebis racionaluri 

Wris yvela xerxi (varianti): 

 

 

250 sm 190 sm 

xerxi 1 xerxi 2 xerxi 3 xerxi 4 xerxi 5 

120 sm 2 1 0 1 0 

80 sm 0 1 3 0 2 

narCenebi 10 50 10 70 30 

 

SevadginoT amocanis maTematikuri modeli. SemoviRoT 

Semdegi saxis aRniSvnebi: 

x1 _ 250 sm sigrZis RerZebis saWiro raodenoba Wris 1 

xerxis gamoyenebis dros; 

x2 _ 250 sm sigrZis RerZebis saWiro raodenoba Wris 

2 xerxis gamoyenebis dros; 
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x3 _ 250 sm sigrZis RerZebis saWiro raodenoba Wris 

3 xerxis gamoyenebis dros; 

x4 _ 190 sm sigrZis RerZebis saWiro raodenoba Wris 

4 xerxis gamoyenebis dros; 

x5 _ 190 sm sigrZis RerZebis saWiro raodenoba Wris 

5 xerxis gamoyenebis dros; 

SezRudvebs eqneba Semdegi saxe: 

⎩
⎨
⎧

=++++
=++++

4502030
470002

54321

54321

xxxxx
xxxxx

        (1) 

miznobrivi funqcia: 

min3070105010 54321 →++++= xxxxxF     (2) 

programuli paketis `POM for Windows~-is gaSvebis 

Semdeg virCevT moduls `Linear Programming~ da Segvaqvs 

dialogur formaSi (nax.1) amocanis maTematikuri modelis 

parametrebi (amocanis dasaxeleba, SezRudvebis da cvladebis 

raodenoba, ra mniSvneloba unda miiRosMmiznobrivma funqciam 

da striqonebis dasaxelebis tipi). 

 

nax.1 
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`OK~ Rilakis daWeris Semdeg ekranze gamodis 

dialoguri forma (nax.2), romelSic unda SevitanoT 

sistemis (1) da miznobrivi funqciis (2) ricxviTi 

koeficientebi. 

 

 

nax.2 

Setanis Semdeg vaWerT Rilaks “Solve” da ekranze 

gamodis amocanis amoxsnis saboloo Sedegi (nax.3). 

 

 

 

nax.3 
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 Sedegidan Cans, rom Wris xuTi variantidan ori aris 

optimaluri: pirveli da mesame. amasTan dasaWrelia mxolod 

250sm sigrZis RerZebi. Wris pirveli variantis dros iWreba 

235 cali (TiTo ReZidan gamodis 2 cali 120 sm sigrZis 

RerZi). Wris mesame variantis dros iWreba 150 cali (TiTo 

RerZidan gamodis 3 cali 80sm sigrZis RerZi). jamSi 

mTlianad iWreba 235 + 150 = 385 cali 250sm sigrZis 

RerZebi. Wris Sedegad miRebuli narCenebis minimaluri 

jamuri sigrZe Seadgens 3850 sm. 
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laboratoriuli samuSao #5 

mTelricxviTi programirebis amocana 

 

a) mTelricxva cvladebiT: 

`avtoqarxana awarmoebs msubuqi avtomobilebis sam 

models: A, B da C-s, romlebic mzaddeba 3 saamqroSi. 

saamqroebis simZlavreebi Sesabamisad Seadgenen 300, 250 da 

200 adamian/dRes dekadaSi. pirvel saamqroSi A modelis 

damzadebisaTvis saWiroa 6 adamian/dRe, B modelis – 4 da C 

modelis – 2 adamian/dRe dekadaSi. meore saamqroSi 

simZlavreebi modelebis mixedviT Seadgenen 3, 4 da 5 

adamian/dRes, xolo mesame – 3 adamian/dRe yovel modelze. 

mogeba, romelsac Rebulobs qarxana erTi avtomobilis 

gayidvisagan modelis mixedviT Sesabamisad Seadgens 10, 13 da 

10 aTas dolars. gansazRvreT avtomobilebis warmoebis 

optimaluri gegma~. 

SevadginoT amocanis maTematikuri modeli. SemoviRoT 

Semdegi aRniSvnebi: 

x1 _ A modelis avtomanqanis gamosaSvebi raodenoba; 

x2 – B modelis avtomanqanis gamosaSvebi raodenoba; 

x3 – C modelis avtomanqanis gamosaSvebi raodenoba. 

SezRudvebis sistemas eqneba Semdegi saxe: 
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⎪
⎩

⎪
⎨

⎧

≤++
≤++
≤++

200333
250543
300246

321

321

321

xxx
xxx
xxx

        (1) 

SezRudvebis sistemaSi unda gaviTvaliswinoT kidev 

erTi piroba: yvela ucnobi x1, x2 da x3 warmoadgenen mTel 

ricxvebs.  

miznobrivi funqcia: 

max101310 321 →++= xxxF     (2) 

programuli paketis `POM for Windows~-is gaSvebis 

Semdeg virCevT moduls `Integer & Mixed Integer Programming~ 

da ZiriTad menius striqonSi `File~-s meniudan virCevT 

striqons `New~-s. ekranze gamodis dialoguri forma 

(nax.1). 

 

nax.1 
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pirvel striqonSi (Title) vwerT amocanis dasaxelebas. 

meore striqonSi (Number of Constants) vuTiTebT SezRudvebis 

sistemaSi (1) arsebul utolobebis raodenobas (amocanaSi _ 

3). Mesame striqonSi (Number of Variables) vuTiTebT 

cvladebis raodenobas (amocanaSi _ 3). meoTxe striqonSi 

(Objective) virCevT miznobrivi funqciis maqsimums Tu 

minimums veZebT (amocanaSi _ Maximaze). mexuTe striqonSi 

(Row name options) virCevT SezRudvebSi striqonebis 

dasaxelebis tips (magaliTSi arCeulia ricxviTi 

dasaxelebebi 1,2,...). 

parametrebis miTiTebis Semdeg vaWerT Rilaks `OK~ da 

ekranze gamodis dialoguri forma (nax.2), sadac Segvaqvs 

amocanis maTematikuri modelis sawyisi mniSvnelobebi. 

pirvel striqonSi (Maximaze) Segvaqvs miznobrivi funqciis 

ricxviTi koeficientebi, xolo danarCen samSi utolobebis 

koeficientebi da Tavisufali wevrebi (sveti RHS).Bbolo 

striqonSi (Variable tipe) unda mivuTiToT, rom cvladebi x1, 

x2 da  x3 mTeli ricxvebia – Integer. 

 
nax.2 
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monacemebis Setanis Semdeg vaWerT Rilaks `Solve~ da 

ekranze gamodis amocanis amoxsnis Sedegi (nax.3). 

 

nax.3 

amonaxsnidan Cans, rom maqsimaluri mogebis misaRebad 

avtoqarxanam unda daamzados A modelis avtomobili 14 

calis raodenobiT, B modelis – 52 cali, C modelis – 

arUunda gamouSvas. am SemTxvevaSi misi mogeba Seadgens 

maqsimums – 816 aTas dolars. 

 

 

b) bulis cvladebiT: 

`qarxnis rekonstruqciisaTvis warmodgenilia 10 pro-

eqti, romelTaganac TiToeuli xasiaTdeba oTxi agregire-

buli maxasiaTeblebiT: Sromis, energiis, masalebis da 

fuladi saxsrebis danaxarjebiT da agreTve yovelwliuri 

mogebiT, Tu proeqti ganxorcieldeba. Sesabamisi monacemebi 

da arsebuli resursebis moculobebi moyvanilia cxrilSi: 
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proeqti 1 2 3 4 5 6 7 8 9 10 resursi 

Sroma, norma/saaTi 50 60 30 40 80 70 50 20 40 50 300 

energia, aTasi kvati 4 4 2 5 5 2 3 6 6 3 24 

masalebi, mln.lari 3 2 4 5 3 2 4 2 2 3 20 

fuladi xarjebi,  

mln.lari 
7 5 9 6 4 3 7 2 4 5 30 

mogeba, mln.lari 9 8 8.5 8.8 9 8 9 8.7 8.9 8   

 

proeqtis SerCevis dros gaTvaliswinebuli unda iyos 

Semdegi SezRudvebi: erTdroulad ar SeiZleba ganxor-

cieldes Svid proeqtze meti; proeqtebi 5 da 8 

gamoricxaven erTmaneTs. gansazRvreT proeqtebis SerCevis 

optimaluri varianti~. 

SevadginoT amocanis maTematikuri modeli. SemoviRoT 

Semdegi aRniSvnebi: 

x1 – pirveli proeqtis cvladi (x1=0 an x1=1); 

x2 – meore proeqtis cvladi (x2=0 an x2=1); 

x3 – mesame proeqtis cvladi (x3=0 an x3=1); 

x4 – meoTxe proeqtis cvladi (x4=0 an x4=1); 

x5 – mexuTe proeqtis cvladi (x5=0 an x5=1); 

x6 – meeqvse proeqtis cvladi (x6=0 an x6=1); 

x7 – meSvide proeqtis cvladi (x7=0 an x7=1); 

x8 – merve proeqtis cvladi (x8=0 an x8=1); 

x9 – mecxre proeqtis cvladi (x9=0 an x9=1); 

x10 – meaTe proeqtis cvladi (x10=0 an x10=1). 

SezRudvebis sistemas eqneba Semdegi saxe: 
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 (1) 

miznobrivi funqciaa: 

max89,87,89898,85,889 10987654321 →+++++++++= xxxxxxxxxxF  (2) 

programuli paketis `POM for Windows~-is gaSvebis 

Semdeg, rogorc wina amocanaSi, virCevT moduls “Integer & 

Mixed Integer Programming”, Semdeg `File~-s meniudan virCevT 

`New~-s da ekranze gamodis dialoguri fanjara (nax.1). 

 

 

nax.1 
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Sesatani parametrebis CamonaTvali da Semadgenloba 

igivea, rac wina amocanaSi. `OK~ Rilakis daWeris Semdeg 

ekranze gamodis dialoguri forma (nax.2) da Segvaqvs 

SezRudvebis sistemis (1) da miznobrivi funqciis (2) 

ricxviTi koeficientebi. wina amocanisagan gansxvavebiT, 

bolo striqonSi (Variable type) vuTiTebT, rom ucnobebi xi-bi 

warmoadgenen bulis cvladebs, anu Rebuloben 0-is an 1-is 

mniSvnelobebs. 

 

 

 

nax.2 

 

`Solve~ Rilakis daWeris Semdeg ekranze gamodis 

amocanis amoxsnis Sedegi (nax.3). Sedegidan Cans, rom 

maqsimaluri mogebis misaRwevaT, romelic Seadgens 51,6 

mln.lars, saWiroa ganxorcieldes aTidan eqvsi proeqti: 

1,6,7,8,9, da 10. 
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nax.3 
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laboratoriuli samuSao #6 

satransporto amocana 

 

vTqvaT mocemuli gvaqvs Semdegi magaliTi: `samSeneblo 

masalebis sawarmoebis B1, B2, B3 da B4 moTxovnileba dRe-

RameSi qviSaze Sesabamisad aris 30, 30, 20 da 20 tona.           

sawarmoebis qviSiT momarageba xdeba 4 karieridan A1, A2, A3 

da A4, romelTa qviSis mopovebisMmaragi dRe-RameSi Sesaba-

misad aris 20, 40, 10 da 30 tona. sawarmoebSi qviSis 

Sezidva xdeba avtomanqanebiT. qviSis gadazidvis danaxarjebi 

moyvanilia matricaSi (cxrili 1). 

gadazidvebis matrica ar saWiroebs `Crdilo-dasavleT~ 

kuTxis meTodisa da ganawilebis an potencialTa meTodis 

gamoyenebas, rogorc amas moiTxovs xeliT amoxsna. misi 

algoriTmebis bijebi Cadebulia programul paketSi. 

                         cxrili 1 
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e.i. unda ganvsazRvroT ucnobebis iseTi arauaryofiTi 

mniSvnelobebi, romlebic daakmayofileben satransporto 

amocanis SezRudvebs da romlisTvisac miznobrivi funqcia 

iRebs minimalur mniSvnelobas.  

programuli paketis `POM for Windows~-is gaSvebis 

Semdeg `Module~ meniuSi unda avirCioT `Transportation~. 

Semdeg ZiriTad menius striqonSi `File~-s meniudan virCevT 

striqons `New~-s (nax.1).                            

 

nax.1 

pirvel seqciaSi (Title) vwerT amocanis dasaxelebas. 

meore seqciaSi (Number of Sources) virCevT gagzavnis 

punqtebis raodenobas. mesame seqciaSi (Number of Destinations) 

virCevT moTxovnis punqtebis raodenobas. meoTxe seqciaSi 

(Objective) virCevT, Tu saiT miiswrafvis miznobrivi 
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funqcia. mexuTe seqciaSi (Row name options) virCevT 

striqonis dasaxelebis tips.  

parametrebis dayenebis Semdeg vawvebiT klaviSs `OK~ 

da gamodis Semdegi dialoguri forma, sadac saSualeba 

gveZleva SevitanoT sawyisi mniSvnelobebi (nax.2). 

 

nax.2 

monacemebis Setanis Semdeg vawvebiT klaviSs `Solve~ da 

gamodis saboloo Sedegi (nax.3). 

 

nax.3 

 

e.i. optimaluri amonaxsni iqneba: x12=20; x 21=30; x32=10; 

x33=0; x24=10; x43=20; x44=10. Sesabamisad miznobrivi funqciis 

minimaluri mniSvneloba Seadgens _ 170-s. 
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laboratoriuli samuSao #7 

daniSvnis amocana 

 

ganvixiloT Semdegi magaliTi: xuT muSas M1, M2, M3, 

M4 da M5 SeuZlia Seasrulos 5 saxeobis samSeneblo samuSao 

S1, S2, S3, S4 da S5. Yyvela saxeobis samuSaos Sesrulebis dro 

TiToeuli muSis mixedviT cnobilia da moyvanilia matricis 

saxiT (cxrili 1). 

                                     cxrili 1 

  S1 S2 S3 S4 S5 

M1 16 21 10 12 6 

M2 11 5 6 7 15 

M3 6 9 7 8 6 

M4 3 5 7 5 10 

M5 8 9 12 4 9 
 

amocana mdgomareobs imaSi, rom Semsruleblebi ise 

unda gavanawiloT samuSaoebis mixedviT, rom mTeli 

samuSaoebis Sesasruleblad saWiro drois danaxarjebis jami 

iyos minimaluri. 

programuli paketis `POM for Windows~-is gaSvebis 

Semdeg `Module~ meniuSi unda avirCioT `Assignment~. Semdeg 

ZiriTad menius striqonSi `File~-s meniudan virCevT 

striqons `New~-s (nax.1). 
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nax.1 

 

pirvel seqciaSi (Title) vwerT amocanis dasaxelebas. 

meore seqciaSi (Number of Jobs) virCevT Sesasrulebeli 

samuSaoebis raodenobas. mesame seqciaSi (Number of Machines) 

virCevT samuSaoebis Semsruleblebis raodenobas. meoTxe 

seqciaSi (Objective) virCevT, Tu saiT miiswrafvis 

miznobrivi funqcia. mexuTe seqciaSi (Row name options) 

virCevT striqonis dasaxelebis tips. 

parametrebis dayenebis Semdeg vawvebiT klaviSs `OK~ 

da gamodis Semdegi dialoguri forma, sadac saSualeba 

gveZleva SevitanoT sawyisi mniSvnelobebi (nax.2). 
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nax.2 

monacemebis Setanis Semdeg vawvebiT klaviSs `Solve~ da 

gamodis saboloo Sedegi (nax.3). 

 

nax.3 

e.i. optimaluri amonaxsni iqneba: x15=1; x22=1; x33=1; 

x41=1; x54=1. Sesabamisad miznobrivi funqciis minimaluri 

mniSvneloba Seadgens _ 25-s.   
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laboratoriuli samuSao #8 

ori Carxis amocana 

 

vTqvaT mocemuli gvaqvs ori Carxi, romlebzedac unda 

damuSavdes detalebi da TiToeuli detalis TiToeul 

Carxze damuSavebis dro (cxrili 1). 

               cxrili 1 

 
 

amocana mdgomareobs SemdegSi: unda ganisazRvros 

detalebis damuSavebis iseTi mimdevroba orive Carxze, rom 

maTi damuSavebis jamuri dro iyos minimaluri. 
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programuli paketis `POM for Windows~-is gaSvebis 

Semdeg `Module~ meniuSi unda avirCioT `Job Shop Scheduling~. 

Semdeg ZiriTad menius striqonSi `File~-s meniudan virCevT 

striqons `New~-s (nax.1). 

 

nax.1 

pirvel seqciaSi (Title) vwerT amocanis dasaxelebas. 

meore seqciaSi (Number of Jobs) virCevT Carxebze 

dasamuSavebeli detalebis raodenobas. mesame seqciaSi 

(Number of Machines) virCevT Carxebis raodenobas. mexuTe 

seqciaSi (Row name options) virCevT striqonis dasaxelebis 

tips. 

parametrebis dayenebis Semdeg vawvebiT klaviSs `OK~ 

da gamodis Semdegi dialoguri forma, sadac saSualeba 

gveZleva SevitanoT sawyisi mniSvnelobebi (nax.2). 
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nax.2 

 

monacemebis Setanis Semdeg vawvebiT klaviSs `Solve~ da 

gamodis saboloo Sedegi. detalebis damuSavebis miRebuli 

optimaluri mimdevroba agreTve warmodgenilia gant-ruqis 

saSualebiT (nax.3). 
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nax.3 

 

e.i. detalebis damuSavebis optimaluri gegma iqneba: 

{3, 4, 6, 2, 5, 1}. 

Sesabamisad optimaluri variantis dros detalebis 

damuSavebis dro Seadgens _ 29-s.   
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laboratoriuli samuSao #9 

proeqtis qseluri analizis amocana. CPM meTodi 

 

ganvixilod Semdegi amocana: `qalaqis meriam gadawyvita 

savaWro centris mSenebloba. samuSaoebi, romlebic unda 

Catardes proeqtis realizaciisaTvis, maTi urTierTkavSirebi 

da Sesrulebis dro moyvanilis (cxrili 1)-Si. 

cxrili 1 

samuSao samuSaos Sinaarsi 
winmdebare 

samuSao 

Sesrulebis dro 

(kvira) 

A 
arqiteqturuli 

proeqtis momzadeba 
_ 5 

B momavali meijareebis 

gansazRvra 
_ 6 

C meijareebisaTvis 

prospeqtis momzadeba 
A 
 

4 

 

D 
 

Semsruleblis 

amorCeva 
A 3 

E 
 

mSeneblobaze nebarT- 

vis sabuTebis momzad. 
A 1 

F mSeneblobaze  

nebarTvis aReba 
E 4 

G mSeneblobis  

ganxorcieleba 
D, F 14 

H meijareebTan xelSek- 

rulebebis dadeba 
B, C 12 

I meijareebisaTvis far- 

Tebis ganawileba 
G, H 2 

 

gansazRvreT, ramdeni samuSaoa Sesasrulebeli 

kritikul gzaze? ra sigrZis aris kritikuli gza? ramdeni 

kviriT SeiZleba gadavitanoT E samuSaos dawyeba, rom aman 
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gavlena ar iqonios proeqtis Sesrulebis vadaze? ramdeni 

kviriT SeiZleba gadavitanoT B samuSaos dawyebis dro, rom 

man gavlena ar iqonios proeqtis Sesrulebis vadaze (drois 

sruli rezervi)? ramdeni kviriT SeiZleba gadavitanoT C 

samuSaos dawyebis dro, rom man ar Secvalos Semdgomi 

movlenis dawyebis yvelaze naadrevi vada (drois Tavisufali 

rezervi)? amocanis sawyisi monacemebis Setana SesaZlebelia 

ori xerxiT. pirveli xerxis Tanaxmad programuli paketis 

`POM for Windows~-is gaSvebis Semdeg virCevT moduls 

`Project Management (PERT/CPM)~. ZiriTadi menius striqonSi 

`File~-s meniudan virCevT striqons `New~-s da am striqonis 

gafarToebidan virCevT `Single time estimate~-s. ekranze 

gamodis dialoguri fanjara (nax.1). 

 

nax.1 



 45

pirvel striqonSi `Title~ Segvaqvs amocanis dasaxeleba. 

meore striqonSi “Number of Activites~ Segvaqvs samuSaoebis 

raodenoba (magaliTSi _ 9). mesame striqonSi vuTiTebT 

cxrilis struqturas, anu amocanis amoxsna xdeba pirveli 

xerxiT (amocanaSi Immediate predecessor list). meoTxe 

striqonSi `Row names~ virCevT striqonis dasaxelebis tips 

(amocanaSi A,B,C,E….). `OK~ Rilakis daWeris Semdeg, ekranze 

gamodis dialoguri forma (nax.2). 

 

nax.2 

pirvel svetSi `Activity~ CamoTvlilia samuSaoebis 

dasaxelebebi. meore svetSi `Activity time~ Segvaqvs 

samuSaoebis Sesrulebis dro. Mmesame da meoTxe svetebSi 

`Predecessor1~ da `Predecessor2~ Segvaqvs striqonebSi 
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miTiTebul samuSaoebis winamdebare samuSaoebi. Rilaki 

`Solve~ daWeris Semdeg ekranze gamodis amocanis amoxsnis 

Sedegi (nax.3). 

            

 

nax.3 

amonaxsnidan Cans, rom kritikul gzaze aris xuTi 

samuSao A,E,F,G da I (am samuSaoebis mniSvnelobebi bolo 

svetSi `Slack~-Si Sesabamisad 0-is tolia. kritikuli gzis 

sigrZe, e.i. proeqtis Sesrulebis minimaluri dro udris 26 

kviras (`Project~ striqonis mniSvneloba udris 26). E 

samuSaos dawyebis dros gadatana SeuZlebelia (`Slack~ 

svetSi E mniSvneloba udris 0-s). B samuSaos dawyebis dro 
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SeiZleba gadatanili iqnas 6 kviriT, xolo C-Si _ 3 kviriT.      

garda amisa, samuSaoebis xangrZlivoba, maTi dawyebisa da 

damTavrebis vadebi, aseve samuSaoebi, romlebic ganlagebuli 

arian kritikul gzaze SesaZlebelia vnaxoT gant-ruqis 

saSualebiT. amisaTvis meniuSi, romelic Tan axlavs 

amonaxsnaTa cxrils, virCevT striqons `Charts~  da ekranze 

gamodis amocanis gant-ruqa (nax.4). 

 

 

nax.4 

amocanis amoxsna meore xerxiT gulisxmobs, rom 

sawyisi monacemebis Sesatanad gamoiyeneba proeqtis 

samuSaoebis warmodgena  grafis saxiT (nax.5). 
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nax.5 

am grafis Sesabamisi aRwera moyvanilia (cxril 2)-Si: 

cxrili 2 

samuSao mwvervali-

dasawyisi 

mwvervali-

daboloeba 
Sesrulebis dro 

A 1 2 5 

B 1 3 6 

C 2 3 4 

D 2 5 3 

E 2 4 1 

F 4 5 4 

G 5 6 14 

H 3 6 12 

I 6 7 2 

rogorc pirveli xerxis amoxsnisas, am SemTxvevaSic 

vtvirTavT programul pakets `POM for Windows~, virCevT 

moduls `Project Management (PERT/CPM)~.  ZiriTad menius 

striqonSi `File~-s meniudan virCevT striqons `New~-s da am 

striqonis gafarTovebidan – `Single time estimate~-s, ekranze 

gamodis dialoguri forma (nax.6). 

2

4

5

63

1 7 
A 

B 

D

E
D

H

G

I
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nax.6 

yvela striqonSi Segvaqvs igive informacia, rac wina 

amocanisTvis. Ggansxvavebulia mxolod cxrilis struqturis 

striqoni, romelisaTvis virCevT `Start/end node numbers~. 

`OK~ Rilakis daWeris Semdeg ekranze gamodis cxrili 

(nax.7), romelic Seesameba (cxril 2)-s. 

 

nax.7 
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Segvaqvs ricxviTi monacemebi meore, mesame da meoTxe 

svetebSi. meore svetSi `Start node~-Si Segvaqvs samuSaos 

sawyisi mwvervalis nomeri, mesameSi `End node~ _ samuSaos 

daboloebis wertili, meoTxeSi `Activite time~ _ samuSaos 

Sesrulebis dro. `Solve~ Rilakis daWeris Semdeg vRebu-

lobT amocanis amoxsnis Sedegs (nax.8) da gant-ruqas (nax.9), 

romlebic identuria pirveli xerxiT amoxsnili Sedegebisa.            

 

nax.8 

 

 
nax.9 
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laboratoriuli samuSao #10 

proeqtis qseluri analizis amocana. PERT meTodi 
 

ganvixiloT Semdegi magaliTi: `meqanikurma qarxanam 

daamuSava axali xelsawyo. qarxnis xelmZRvanelobam 

gadawyvita Seiswavlos axali xelsawyos realizaciis 

SesaZleblobebi. Aam gamokvlevis saboloo Sedegi aris im 

samuSaoebis CamonaTvali siaxlis warmoebisaTvis da 

gasaRebisaTvis. samuSaoebis CamonaTvali da Sesrulebis 

vadebi (kviraSi) moyvanilia (cxril 1)-Si. 

cxrili 1 

samuSao 
samuSaos 

Sinaarsi 

uSualod 

winamdebare 

samuSao 

Ooptimisturi 

dro 

Yyvelaze 

sava- 

raudo 

dro 

 

pesimis-

turi 

dro 

1 2 3 4 5 6 

A sakonstr.proeqtis  

momzadeba 
_ 4 5 12 

B samarketingo 

gegmis damuSaveba 
_ 1 1,5 5 

C samarSruto  

ruqis momzadeba 
A 2 3 4 

D sacdeli nimuSis 

Seqmna 
A 3 4 11 

E sareklamo  

bukletis Seqmna 
A 2 3 4 

F Ddanaxarjebis 

angariSi 
C 1,5 2 2,5 

G testirebis 

Catareba 
D 1,5 3 4,5 

H bazris Seswavla B,E 2,5 2,5 7,5 

I Ffasebze angari- 

Sis momzadeba 
H 1,5 2 2,5 

J saboloo moxse- 

nebis momzadeba 
F,G,I 1 2 3 
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gansazRvreT proeqtis kritikuli gza. ras udris 

proeqtis Sesrulebis savaraudo dro? ras udris imis 

albaToba, rom proeqti Sesruldeba 20 kviraSi? Oori 

kviriT adre? 15-dan 19 kviramde? 

amocanis amoxsna SesaZlebelia ori xerxiT. Ppirvel 

SemTxvevaSi programuli paketis `POM for Windows~-is 

CatvirTvis Semdeg virCevT moduls `Project Management 

(PERT/CPM)~. ZiriTadi menius striqonSi `File~-s meniudan 

virCevT striqons `New~-s da am striqonis gafarToebidan 

`Triple time estimate~-s. ekranze gamodis dialoguri forma 

(nax.1). 

 

nax.1 

      
pirvel striqonSi `Title~-Si Segvaqvs amocanis 

dasaxeleba. Mmeore striqonSi “Number of Activites~-Si 

Segvaqvs proeqtSi Semavali samuSaoebis raodenoba 

(magaliTSi _ 10). Mmesame striqonSi vuTiTebT cxrilis 
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struqturas (amocanisaTvis _ `Immediate predecessor list~). 

meoTxe striqonSi `Row names~ virCevT striqonis 

dasaxelebis tips (amocanaSi _ A,B,C,D,E….). `OK~ Rilakis 

daWeris Semdeg ekranze gamodis dialoguri forma (nax.2). 

 

nax.2 

       
pirvel svetSi `Activity~-Si CamoTvlilia samuSaoebis 

dasaxelebebi. Mmeore svetSi `Optimistic time~-Si Segvaqvs 

Sesabamisi samuSaos Sesrulebis optimaluri dro. Mmesame 

svetSi `Most Likely time~-Si Segvaqvs Sesabamisi samuSaos 

Sesrulebis savaraudo dro. meoTxe svetSi `Pessimistic time~ 

Segvaqvs Sesabamisi samuSaos Sesrulebis pesimisturi dro. 

mexuTe, meeqvse da a.S. svetebSi `Predecessor 1~, “Predecessor 

2~,… Segvaqvs striqonSi miTiTebuli samuSaos winamdebare 

samuSaoebi. Rilaki `Solve~-s daWeris Semdeg ekranze gamodis 

amocanis amoxsnis Sedegi (nax.3). 
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nax.3 

 

rogorc amonaxsnidan Cans, proeqtis kritikuli gza 

Seicavs xuT samuSaos A, E, H, I da J-s (boloswina svetSi 

`Slack~-Si Sesabamisi samuSaoebis mniSvnelobebi 0-s tolia). 

kritikuli gzis sigrZe, e.i. proeqtis Sesrulebis 

minimaluri dro udris 17 kviras (`Project~ striqonis svet 

`Activity~-is mniSvneloba udris 17-s). cxrilis bolo sveti 

Seicavs mTlianad proeqtis da calkeuli samuSaoebis 

Sesrulebis vadis Suakvadratuli gadaxris mniSvnelobebs  

σ(T)-s. es gvaZlevs saSualebas vupasuxoT zemoT dasmul 

kiTxvebze. 
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albaTobis Teoriis Tanaxmad, SemTxveviTi sidides 

)(
)(0

T
TETZ

σ
−

=  aqvs normaluri ganawileba da albaToba imisa, 

rom proeqti Sesruldeba 20 kviraSi, udris: 

)82.1()
65.1

1720()20( 0 ≤=
−

≤=≤ ZPZPTP  

normaluri ganawilebis cxrilis Tanaxmad, albaToba 

imisa, rom proeqti Sesruldeba 20 kviraSi, rodesac 

Sesrulebis savaraudo vada 17 kviraa, udris: 

95.0)20( 0 =≤TP  

vipovoT albaToba imisa, rom proeqti Sesruldeba ori 

kviriT adre, anu 15 kviraSi: 

11.0)21.1()
65.1
1715()15( 0 =−≤=

−
≤=≤ ZPZPTP  

vipovoT albaToba imisa, rom proeqti Sesruldeba 15-

dan 19 kviramde: 

77.011.088.0

)21.1()21.1()
65.1
1715()

65.1
1719()1915( 0

=−=

−≤−≤=
−

≤−
−

≤=≤≤ ZPZPZPZPTP

   

iseve, rogorc CPM meTodSi, PERT-Sic SesaZlebelia 

proeqtis da masSi Semavali samuSaoebis dawyebisa da 

damTavrebis vadebis naxva gant-ruqiT. amisaTvis meniuSi, 
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romelic axlavs amonaxsnTa cxrils, virCevT striqons 

`Chart~-s da ekranze gamodis amocanis gant-ruqa (nax.4). 

 

nax.4 

 

meore xerxiT amoxsnis dros proeqti mocemulia 

grafis saxiT (nax.5). 

 

 
nax.5 

 

 

am grafis da sawyisi monacemebis mixedviT, romlebic 

moyvanilia (cxril 1)-Si, vadgenT damxmare (cxrils 2)-s: 
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cxrili 2 

samuSao 
sawyisi 

mwvervali 

saboloo 

mwvervali 

Ooptimisturi 

dro 

Yyvelaze 

sava- 

raudo 

dro 

Ppesimis-

turi 

dro 

A 1 2 4 5 12 

B 1 3 1 1,5 5 

C 2 5 2 3 4 

D 2 4 3 4 11 

E 2 3 2 3 4 

F 5 7 1,5 2 2,5 

G 4 7 1,5 3 4,5 

H 3 6 2,5 3,5 7,5 

I 6 7 1,5 2 2,5 

J 7 8 1 2 3 

 

 

rogorc pirveli xerxiT amoxsnisas, vtvirTavT 

programul pakets `POM for Windows~-s, virCevT moduls 

`Project Management (PERT/CPM)~-s. ZiriTadi menius 

striqonSi `File~-s meniudan virCevT striqons `New~-s da am 

striqonis gafarTovebidan `Triple time estimate~-s. ekranze 

gamodis dialoguri forma (nax.6). 

 
nax.6 
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yvela striqonSi Segvaqvs igive informacia, rogorc 

wina amocanaSi, garda striqonisa `Table Struckture~, 

romelSic vuTiTebT cxrilis struqturas `Start/end node 

numbers~. Eekranze gamodis dialoguri forma (nax.7). 

 

 

nax.7 

 

(cxril 2)-is daxmarebiT Segvaqvs informacia proeqtSi 

Semaval samuSaoebis Sesaxeb. `Solve~ Rilakis daWeris Semdeg 

vRebulobT amocanis amoxsnis Sedegs (nax.8) da gant-ruqas 

(nax.9), romlebic identuria pirveli xerxiT amoxsnili 

Sedegebisa. 
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nax.8 

 

 

nax.9 
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laboratoriuli samuSao #11 

erTarxiani masobrivi momsaxurebis sistema 

SeuzRudavi rigiT (lodiniT) – M/M/1 
 

masobrivi momsaxurebis sistemebis (mms) muSaoba 

SeiZleba Sefasebuli iqnas, rogorc raodenobrivi maCveneb-

lebiT, aseve fuladi danaxarjebis TvalsazrisiT. 

ganvixiloT erTarxiani mms-is Semdegi magaliTi: 

`manqanebis samrecxaoSi erTi mrecxavia, romelsac SeuZlia 

garecxos 3 avtomanqana saaTSi. momsaxurebis dro 

ganawilebulia eqsponencialuri kanoniT. samrecxaoSi saaTSi 

saSualod Semodis 2 avtomanqana puasonis ganawilebis 

kanonis TanaxmaT. klientebis momsaxureba xdeba rigis 

mixedviT da maTi ricxvi ar aris SezRuduli. gansazRvreT 

momsaxurebis sistemis ZiriTadi maxasiaTeblebi~.        

a) ganvsazRvroT avtosamrecxaos muSaobis efeqturoba. 

sawyisi monacemebia: λ=2 manqana/sT, μ=3 manqana/sT, n=1. 

programuli paketis `POM for Windows~‐is gaSvebis 

Semdeg ekranze gamoCdeba `Module~‐is meniu (nax.1), romelSic 

miuTiTebT mms-is moduls “Waiting Lines~. 

 

 

 

 

nax.1 
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modulis arCevis Semdeg gamodis dialoguri forma 

(nax.2), romlis ZiriTadi menius striqonSi `File~-s meniudan 

virCevT striqons `New~-s da am striqonis gafarTovebidan 

pirvel striqons `1 M/M/1 (exponential service times)~. 

 

nax.2 

 

ekranze gamodis dialoguri forma (nax.3). 

 

nax.3 
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pirvel striqonSi `Title~ Segvaqvs amocanis dasaxeleba. 

meore striqonSi `Cost analysis~ virCevT reJims `No Costs~. es 

niSnavs imas, rom SemdgomSi sruldeba mms-s mxolod 

raodenobrivi maxasiaTeblebis angariSi. `OK~ Rilakis 

daWeris Semdeg ekranze gamodis cxrili (nax.4). 

 

nax.4 

 

striqonSi `Time Unit (arrival, service rate)~ unda 

mieTiTos λ-s da μ-s drois drois ganzomileba (wuTi, 

saaTi, dReRame da a.S.). modulis `Waiting Lines~ arCevisas 

ganzomileba avtoma- turad miTiTebulia saTebSi _ `hours~, 

rac emTxveva moyvanili amocanis pirobebs, amitom mas ar 

vcvliT. cxrilis striqonSi `Arrival rate (lambda)~ Segvaqvs 

λ-s mniSvneloba _ 2, striqonSi `Servise rate(mu)~ _ μ-s 

mniSvneloba _ 3. vinaidan laboratoriul samuSaoSi 

ganixileba erTarxiani mms-si, striqonSi `Number of servers~  

avtomaturad dafiqsirebulia _ 1. 
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`Solve~ Rilakis daWeris Semdeg ekranze gamodis 

amocanis amoxsnis Sedegi, romelsac Tan axlavs ekranze 

gamosatani sasurveli parametrebis CamonaTvali meniuSi 

`Cascade~ (mms-is maxasiaTeblebi, albaTobebis mniSvnelobebi, 

albaTobebis grafikuli gamosaxuleba) (nax.5). 

 

nax.5 

amocanis amoxsnis Sedegebidan Cans: 

1. albaToba imisa, rom avtomanqana miiRebs uars momsaxu-

rebaze (mrecxavi dakavebulia): Pu.T.=0,67. 

2. rigSi mdgomi manqanebis saSualo raodenoba: Lq=1,33. 

3. samrecxaoSi myofi manqanebis saSualo raodenoba: Ls=2  

manqana. 

4. rigSi lodinis saSualo dro: Wq=0,67 saaTi =40 wuTi. 

5. samrecxaoSi lodinis saSualo dro: Ws=1 saaTi. 

albaTobebi imisa, rom samrecxaoSi imyofeba K 

raodenobis avtomanqana (nax.6) SesaZlebelia gavigoT meniu 

`Cascade~-Si meore striqonis `2 Table of Probabilities~  

miTiTebiT. 
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nax.6 

cxrilidan Cans, albaToba imisa, rom samrecxao 

Tavisufalia (K=0): 

P0=0,33 

xolo albaTobebi imisa, rom samrecxaoSi aris 

1,2,3,...,11 manqana: 

P1=0,22,  P2=0,15, P3=0,1,…,P11=0. 

es albaTobebi grafikis saxiT moyvanilia (nax.7)-ze. 

amisaTvis meniu `Cascade~-Si vuTiTebT mesame striqons `3 

Graphs of Probabilities~. 

 
nax.7 
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b) SevafasoT samrecxaos muSaobis efeqturoba ekono-

mikuri analizis gamoyenebiT. 

vTqvaT, rom samrecxaoSi momsaxureba pirobiTaT Rirs 

2,5 lari/saaTSi, xolo avtomanqanis mflobelisaTvis erTi 

saaTiT mocdena ujdeba 5 lari. 

ZiriTadi menius `New~ striqonis gafarTovebidan 

`M/M/1~-s amorCevis Sedegad ekranze gamosul dialogur 

formis meore striqonSi `Cost analisys~-Si virCevT “Use 

Costs~ reJims (nax.8). 

 

nax.8 

`OK~ Rilakis daWeris Semdeg ekranze gamodis 

dialoguri forma (nax.9). 

 

nax.9 
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pirvel or striqonSi Segvaqvs amocanis ricxviTi 

parametrebi (λ, μ), xolo meoTxeDda mexuTeSi striqonebSi 

`Server cost $/time~-Si da `Waiting cost $/time~-Si Sesabamisad 

2,5 da 5 lari. `Solve~ Rilakis daWeris Semdeg ekranze 

gamodis analizis Sedegebi (nax.10). 

 

nax.10 

 

pirveli xuTi parametris Sinaarsi da  mniSvnelobebi 

igivea, rac a)-Si. ganxilul amocanisaTvis meeqvse parametri 

`Cost (Labor + # waiting*wait cost)~ warmoadgens rigSi 

mocdenis da samrecxaos momsaxurebis saaTobriv jamur 

xarjebs, romlebic Seadgenen 9,17 lars. meSvide parametric 

`Cost (Labor + # in sistem*wait cost)~ warmoadgens samrecxaoSi 

avtomanqanis momsaxurebaze gaweul da mocdenis saaTobriv 

xarjebs da isini Seadgenen 12,5 lars.                            
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laboratoriuli samuSao #12 

mravalarxianiarxiani masobrivi momsaxurebis sistema  

SeuzRudavi rigiT (lodiniT) – M/M/S 
 

ganvixiloT mravalarxianiarxiani masobrivi momsaxu-

rebis sistema (mms) SeuzRudavi rigiT: 

`mms-i warmoadgens avtogasamarT sadgurs sawvavis 5-

TiACamomxsmeli mowyobilobiT. sadgurSi Semosuli avtoman-

qanebis nakadi umartivesia da misi intensiurobaa 35 

manqana/saaTSi. sawvaviT avzis Sevseba xdeba saSualod 3 

wuTSi. rigSi SesaZlebelia avtomanqanebis nebismieri 

raodenobis dgoma. gansazRvreT gasamarTi avtosadguris 

muSaobis efeqturoba~.           

a) ganvsazRvroT gasamarTi sadguris raodenobrivi 

maxasiaTeblebi. sawyisi monacemebia: λ=35 manqana/sT, Tmoms.=3 

wuTi =3/60 saaTi =1/20 saaTi, n=5. 

momsaxurebuli avtomanqanebis (gamomavali nakadis) 

intensiuroba μ=1/Tmoms.=20 manqana/sT.                               

programuli paketis `POM for Windows~‐is gaSvebis 

Semdeg programuli modulebis CamonaTvalidan `Module~‐dan 

virCevT moduls `Waiting Lines~ da SemdgomSi ekranze 

gamodis dialoguri forma (nax.1).     
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nax.1 

 

`New~ striqonis gafarToebaSi virCevT mexuTe 

striqons `M/M/S~-s da gamodis dialoguri forma (nax.2). 

 

nax.2 

 

pirvel striqonSi `Title~ Segvaqvs amocanis dasaxeleba. 

meore striqonsi `Cost analysis~ virCevT reJims `No Costs~. 

`OK~ Rilakis daWeris Semdeg ekranze gamodis dialoguri 

forma (nax.3). 
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nax.3 

 

striqonSi `Time Unit [arrival, service rate]~ unda 

mieTiTos λ-s da μ-s drois ganzomileba (wuTi, saaTi, 

dReRame da a.S.). modulis `Waiting Lines~ arCevisas 

ganzomileba avtomaturad miTiTebulia saTebSi _ `hours~, 

rac emTxveva moyvanil amocanis pirobebs, amitom mas ar 

vcvliT. cxrilis striqonSi `Arrival rate (lambda)~ Segvaqvs   

λ-s mniSvneloba 35, striqonSi `Servise rate(mu)~ - μ-s 

mniSvneloba _ 20 da striqonSi `Number of servers~ – n-is 

mniSvneloba _ 5.                                                       

`Solve~  Rilakis daWeris Semdeg gamodis dialoguri 

forma (nax.4). 

 

nax.4 
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amocanis amoxsnis Sedegebidan Cans: 

1.  albaToba imisa, rom avtomanqana miiRebs uars 

momsaxurebaze (yvela Camosasxmeli mowyobiloba 

dakavebulia):  Pu.T.=0,35. 

2. rigSi mdgomi manqanebis saSualo raodenoba:  

Lq=0,02 manqana. 

3. gasamarT sadgurSi myofi manqanebis saSualo 

raodenoba: Ls=1,77  manqana. 

4. rigSi lodinis saSualo dro:  

Wq=0 saaTi =0,03 wuTi. 

5. gasamarT sadgurSi lodinis saSualo dro: 

Ws=0,05 saaTi=3,03 wuTi. 

albaTobebi imisa, rom gasamarT sadgurSi imyofeba K 

raodenobis avtomanqana SesaZlebelia gavigoT meniu 

`Cascade~-Si meore striqonis `2 Table of Probabilities~  

miTiTebiT (nax.5). 

 

nax.5 
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cxrilidan Cans, albaToba imisa rom gasamarT sadguris 

yvela Camosasxmeli mowyobiloba Tavisufalia (K=0): 

P0=0,17. 

xolo albaTobebi imisa, rom gasamarT sadgurSi 

imyofeba 1,2,3,… …,7 avtomanqana, tolia: 

P1=0,3;  P2=0,27;  P3=0,15;  P4=0,07;  P5=0,02;  P6=0,01;  P7=0. 

wina amocanasTan gansxvavebiT, am amocanis amonaxsnSi 

SesaZlebelia gavigoT Tioeuli Camosasxmeli mowyobilobis 

sxvadasxva maxasiaTeblebi. amisaTvis `Cascade~ meniuSi 

virCevT mesame striqons `3 Sensitivity to num servers~ da 

ekranze  gamodis cxrili (nax.6). 

 

nax.6 

 

cxrilidan Cans:  

1. albaTobebi imisa, rom 1,2,3,4 da me-5 sawvavis 

Camosasxmeli mowyobilobebi dakavebulia – striqoni 

`Average server utilization~,  tolebia: Pdak.1=0,88; Pdak.2=0,58; 

Pdak.3=0,44; Pdak.4=0,35; Pdak.5=0,29. 
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2. rigSi mdgomi manqanebis saSualo raodenoba 

Camosasxmeli mowyobilobebis mixedviT: Lq1=5,72 manq.; Lq2=0,47 

manq; Lq3=0,09 manq.; Lq4=0,02 manq.: Lq5=0 manq. 

3. gasamarT sadgurSi myofi avtomanqanebis 

saSualo raodenoba Camosasxmeli mowyobilobebis mixedviT: 

Ls1=7,47 manq.; Ls2=2,22 manq; Ls3=1,84 manq.; Ls4=1,77 manq.; Ls5=1,75 

manq. 

4. Camosasxmeli mowyobilobebis mixedviT rigSi 

lodinis saSualo dro: Wq1=0,16 sT.; Wq2=0,01 sT; Wq3=0 sT.; 

Wq4=0 sT.: Wq5=0 sT. 

5. Camosasxmeli mowyobilobebis mixedviT 

gasamarT sadgurSi lodinis saSualo dro: Ws1=0,21 sT.; 

Ws2=0,06 sT; Ws3=0,05 sT.; Ws4=0,05 sT.: Ws5=0,05 sT. 

albaTobebi grafikis saxiT moyvanilia (nax.7)-ze. 

amisaTvis meniu `Cascade~-Si vuTiTebT mesame striqons `4 

Graphs of Probabilities~. 

 
nax.7 
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b) SevafasoT avtogasamarTi sadguris muSaobis 

efeqturoba ekonomikuri analizis meSveobiT. vTqvaT, rom 

avtomanqanis momsaxureba Rirs pirobiTad _ 2 lari/saaTSi, 

xolo avtomanqanis mocdena mZRols ujdeba pirobiTad 5 

lari/saaTSi. 

ZiriTadi menius `New~ striqonis gafarTovebidan 

`M/M/S~-s amorCevis Sedegad ekranze gamosul dialogur 

formis meore striqonSi `Cost analisys~-Si virCevT `Use 

Costs~  reJims (nax.8). 

 
nax.8 

 

`OK~ Rilakis daWeris Semdeg ekranze gamodis 

dialoguri forna (nax.9). 

 

nax.9 
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pirvel sam striqonSi Segvaqvs amocanis ricxviTi 

parametrebi (λ, μ da n), xolo meoTxe da mexuTe 

striqonebSi `Server cost $/time~-Si da `Waiting cost $/time~- 

Sesabamisad 2 da 5 lari.  

`Solve~ Rilakis daWeris Semdeg ekranze gamodis 

analizis Sedegebi (nax.10). 

 

nax.10 

 

pirveli xuTi parametris Sinaarsi da mniSvnelobebi 

igivea, rac a)-Si. ganxilul amocanisaTvis meeqvse parametri 

`Cost (Labor  + # waiting*wait cost)~ warmoadgens rigSi 

mocdenis da sadguris momsaxurebis saaTobriv jamur 

xarjebs, romlebic Seadgenen 10,1 lars. meSvide parametri 

`Cost (Labor + # in sistem*wait cost)~ warmoadgens sadgurSi 

avtomanqanis momsaxurebaze gaweul da mocdenis saaTobriv 

xarjebs da isini Seadgenen 18,85 lars.                            
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laboratoriuli samuSao #13 

erTarxiani masobrivi momsaxurebis sistema  

SezRuduli rigiT (uaris TqmiT)  – MM 

M/M/1 with a Finite System Size 
 

masobrivi momsaxurebis sistemebis (mms) muSaoba 

SeiZleba Sefasebuli iqnas, rogorc raodenobrivi maCvene-

blebiT, aseve fuladi danaxarjebis TvalsazrisiT. 

ganvixiloT erTarxiani mms-s Semdegi magaliTi: 

`specializirebuli diagnostikuri punqti warmoadgens 

erTarxian mms-s. avtomanqanebisaTvis, romlebic elodebian 

diagnotikas, sadgomebis raodenoba SezRudulia da udris 3. 

Tu yvela sadgomi dakavebulia, diagnostikisaTvis Semosuli 

manqana rigSi ar dgeba da tovebs punqts. diagnostikaze 

Semosuli manqanebis nakads aqvs intensiuroba _ 0,85 

manqana/saaTSi. erTi manqanis diagnostika saSualod 

grZeldeba 1,05 saaTs. gansazRvreT diagnostikuri punqtis 

muSaobis maxasiaTeblebi~.  

a) ganvsazRvroT punqtis muSaobis raodenobrivi 

parametrebi. sawyisi monacemebia: λ = 0,85 manqana/sT, 

Tmoms.=1,05 sT, n = 1, m=3. 

ganvsazRvroT gamomavali nakadis (momsaxurebuli 

manqanebis) intensiuroba: μ=1/Tmoms.=1/1,05=0,952 manqana/sT. 
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programuli paketis `POM for Windows~‐is gaSvebis 

Semdeg ekranze gamoCdeba `Module~‐s meniu (nax.1), romelSic 

miuTiTebT mms-is moduls “Waiting Lines~. 

 

 

 

 

 

 

nax.1 

 

modulis arCevis Semdeg gamodis dialoguri forma 

(nax.2), romlis ZiriTad menius striqonSi `File~-s meniudan 

virCevT striqons `New~-s da am striqonis gafarToebidan 

pirvel meeqvse striqons `6 M/M/1 with a Finite System Size~. 

 
nax.2 
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ekranze gamodis dialoguri forma (nax.3). 

 

nax.3 

 

pirvel striqonSi `Title~ Segvaqvs amocanis dasaxeleba. 

meore striqonSi `Costanalysis~ virCevT reJims `No Costs~. es 

niSnavs, rom SemdgomSi sruldeba mms-s mxolod raodeno-

brivi maxasiaTeblebis angariSi. `OK~ Rilakis daWeris 

Semdeg ekranze gamodis cxrili (nax.4). 

 

 

nax.4 
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striqonSi `Time Unit [arrival, service rate]~ unda 

mieTiTos λ-s da μ-s drois ganzomileba (wuTi, saaTi, 

dReRame da a.S.). modulis `Waiting Lines~ arCevisas 

ganzomileba avtomaturad miTiTebulia saTebSi _ `hours~, 

rac emTxveva moyvanili amocanis pirobebs, amitom mas ar 

vcvliT. cxrilis striqonSi `Arrival rate (lambda)~ Segvaqvs   

λ-s mniSvneloba _ 0,85. striqonSi `Servise rate(mu)~ _ μ-s 

mniSvneloba _ 0,952. vinaidan laboratoriul samuSaoSi 

ganixileba erTarxiani mms, striqonSi `Number of servers~  

avtomaturad dafiqsirebulia 1. 

`Solve~ Rilakis daWeris Semdeg ekranze gamodis 

amocanis amoxsnis Sedegi, romelsac Tan axlavs ekranze 

gamosatani sasurveli parametrebis CamonaTvali meniu 

`Cascade~-Si (mms-s maxasiaTeblebi, albaTobebis mniSvne-

lobebi, albaTobebis grafikuli gamosaxuleba) (nax.5). 

 

 

nax.5 
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amocanis amoxsnis Sedegebidan Cans: 

1. albaToba imisa, rom avtomanqana miiRebs uars 

momsaxurebaze (mrecxavi dakavebulia): Pu.T.=0,157. 

2. albaToba imisa, rom diagnostikur punqtSi 

avtomanqanebis saSualo raodenoba metia 0-ze (Average server 

utilization):  Pn>0=0,752. 

3. avtomanqanebis rigis  saSualo sigrZe (Average 

number in the queue):  Lq=1,022 manqana. 

4. avtomanqanebis saSualo raodenoba diagnostikur 

punqtSi (Average number in the system): Ls=1,755 manqana. 

5. rigSi avtomanqanebis yofnis saSualo dro (Average 

time in the queue):  Wq  =0,67 

6. diagnostikur punqtSi manqanebis yofnis saSualo 

dro (Average time in the system): Ws=2,478 saaTi. 

diagnostikur punqtSi mdgomareobis albaTobebis naxva 

SesaZlebelia  meniu `Cascade~-Si meore striqonis `2 Table 

of Probabilities~ miTiTebiT. Eekranze gamodis albaTobebis 

cxrili (nax.6).  

 

nax.6 

 



 80

cxrilidan Cans, albaToba imisa, rom diagnostikuri 

punqti Tavisufalia (K=0):  

P0=0,248 

xolo albaTobebi imisa, rom punqtSi aris 1,2,3 da 4 

manqana: 

P1=0,221,  P2=0,197, P3=0,176, P4=Pu.T.=0,157. 

albaToba imisa, rom punqtSi mosul axal avtomanqanas 

mouwevs cda: 

Pn>0=0,752. 

am albaTobebis grafikuli saxe moyvanilia (nax.7)-ze. 

amisaTvis meniu `Cascade~-Si vuTiTebT mesame striqons `3 

Graphs of Probabilities~. 

 
nax.7 

 

b) SevafasoT diagnostikuri punqtis muSaobis efeq-

turoba ekonomikuri analizis gamoyenebiT. vTqvaT, rom 

punqtSi momsaxureba pirobiTaT Rirs 2,5 lari/saaTSi, xolo          

avtomanqanis mflobels erTi saaTiT mocdena ujdeba 10 
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lari. ZiriTadi menius `New~ striqonis gafarToebidan 

`M/M/1 with a Finite System Size~-s amorCevis Sedegad ekranze 

gamosuli dialogur formis meore striqonSi `Cost 

analisys~-Si virCevT `Use Costs~  reJims (nax.8). 

 

nax.8 

`OK~ Rilakis daWeris Semdeg ekranze gamodis 

dialoguri forma (nax.9). 

 

nax.9 

pirvel or striqonSi Segvaqvs amocanis ricxviTi 

parametrebi (λ, μ), xolo meoTxe da mexuTeSi striqonebSi 

`Server cost $/time~-Si da `Waiting cost $/time~-Si Sesabamisad 
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2,5 da 10 lari. `Solve~ Rilakis daWeris Semdeg ekranze 

gamodis analizis Sedegebi (nax.10). 

 

 

nax.10 

 

pirveli Svidi parametris Sinaarsi da mniSvnelobebi 

igivea, rac a)-Si ganxilul amocanisaTvis. merve parametri 

`Cost (Labor + # waiting*wait cost)~ warmoadgens rigSi 

mocdenis da punqtSi momsaxurebis saaTobriv jamur xarjebs, 

romlebic Seadgenen _ 12,723 lars. mecxe parametri `Cost 

(Labor + # in sistem*wait cost)~ warmoadgens diagnostikur 

punqtSi avtomanqanis momsaxurebaze gaweuli xarjebis 

raodenobas da mocdenis saaTobrivi xarjebis jams, romelic 

Seadgens _ 20,246 lars.       
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laboratoriuli samuSao #14 

mravalarxianiarxiani masobrivi momsaxurebis sistema 

SezRuduli rigiT (uaris TqmiT) – 

MM/M/S with a Finite System Size 
 

ganvixiloT mravalarxianiarxiani masobrivi momsaxure-

bis sistema (mms) SezRululi rigiT:  

`sabargo sadguri aRWurvilia 2 gadmosatvirTi 

baqaniT. vagonebis Semosvlis intensiuroba sadgurSi 

dasaclelad Seadgens 0,4 vagoni/dReRameSi. Ddaclis 

saSualo dro Seadgens 2 dReRames. im SemTxvevaSi, Tu 

dasaclelad rigSi dgas 3 vagoni, maSin Semosuli 

Semadgenloba eqvemdebareba gadamisamarTebas sxva sadgurSi. 

gansazRvreT: a) sabargo sadguris muSaobis raodenobrivi 

maxasiaTeblebi; b) sadguris muSaobis ekonomikuri 

maxasiaTeblebi~. 

a)ganvsazRvroT sadguris raodenobrivi maxasiaTeblebi. 

sawyisi monacemebia: λ=0,4 vagoni/dReRameSi; Tmoms.=2 dReRame; 

n=2; m=3. ganvsazRvroT gamomavali nakadis (daclili 

vagonebis) intensiuroba: μ=1/Tmoms=1/2=0,5 vagoni/dReRameSi. 

programuli paketis `POM for Windows~‐is gaSvebis 

Semdeg programuli modulebis CamonaTvalidan `Module~‐dan 

virCevT moduls `Waiting Lines~ ( nax.1). 
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nax.1 

modulis arCevis Semdeg gamodis dialoguri forma 

(nax.2), romlis ZiriTadi menius striqonSi `File~-s meniudan 

virCevT striqons `New~-s da am striqonis gafarTovebidan 

meSvide striqons `7M/M/S with a Finite System Size~. 

 

 

nax.2 

 

am striqonis amorCevis Sedegad, ekranze gamodis 

forma (nax.3). 

 



 85

 

nax.3 

pirvel striqonSi `Title~ Segvaqvs amocanis dasaxeleba. 

meore striqonsi `Cost analysis~ virCevT reJims `No Costs~. 

`OK~ Rilakis daWeris Semdeg ekranze gamodis dialoguri 

forma (nax.4). 

 

nax.4 

striqonSi `Time Unit [arrival, service rate]~ unda 

mieTiTos λ-s da μ-s drois ganzomileba (wuTi, saaTi, 

dReRame da a.S.). modulis `Waiting Lines~ arCevisas 

ganzomileba avtomaturad miTiTebulia saTebSi _ `hours”, 

xolo am amocanaSi ganzomileba aris dReRame, amitom 
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striqonis CamoSlaSi vuTiTebT `days”. cxrilis striqonSi 

`Arrival rate (lambda)~ Segvaqvs λ-s mniSvneloba _ 0,4. 

striqonSi `Servise rate(mu)~ - μ-s mniSvneloba _ 0,5. 

striqonSi `Number of servers~ n-is mniSvneloba _ 2 da 

striqonSi `Maximum system size~ n-is da m-is jami _ 5. 

`Solve~  Rilakis daWeris Semdeg gamodis dialoguri 

forma (nax.5). 

 
nax.5 

amocanis amoxsnis Sedegebidan Cans: 

1. lbaToba imisa, rom vagoni miiRebs uars daclaze 

(orive baqani dakavebulia)- striqoni `Probability system is 

full~:  Pu.T.=0,01. 

2. albaToba imisa, rom sadgurSi vagonebis saSualo 

raodenoba metia 0-ze striqoni _ `Average server utilization”:                     

Pn>0=0,4. 

3. vagonebis rigis saSualo sigrZe – striqoni 

“Average number in the queue~: Lq=0,13vagoni.                           
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4. vagonebis saSualo raodenoba sadgurSi _ striqoni 

`Average number in the system~: Ls=0,92 vagoni. 

5. vagonis rigSi yofnis saSualo dro _ striqoni 

`Average time in the queue~: Wq=0,32 dReRame.  

6. sadgurSi vagonebis yofnis saSualo dro: Ws=2,32 

dReRame. 

albaTobebi imisa, rom sadgurSi imyofeba K 

raodenobis vagoni, SesaZlebelia gavigoT meniu `Cascade~-Si 

(nax.5)-Si meore striqonis `2 Table of Probabilities~  

miTiTebiT. ekranze gamodis gamodis albaTobebis cxrili 

(nax.6). 

 

nax.6 

cxrilidan Cans, albaToba imisa, rom sadguri 

Tavisufalia (K=0): 

P0=0,43. 

xolo albaTobebi imisa, rom sadgurSi aris 1,2,3,4 da 

5 vagoni: 

P1=0,34;  P2=0,14;  P3=0,06;  P4=0,02;  P5=Pu.T.=0,1. 
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albaToba imisa, rom sadgurSi Semosul axal 

Semadgenlobas mouwevs cda: 

Pn>0=0,57. 

am albaTobebis grafikuli saxe moyvanilia (nax.7)-ze. 

amisaTvis meniu `Cascade~-Si vuTiTebT mesame striqons `3 

Graphs of Probabilities~. 

 
nax.7 

              

b) SevafasoT diagnostikuri punqtis muSaobis 

efeqturoba ekonomikuri analizis gamoyenebiT. vTqvaT, rom 

gadmosatvirTi baqanis mocdenasTan dakavSirebuli xarjebi 

Seadgenen 80 lari/dReRameSi, xolo vagonis mocdenasTan, 

roca is dgas rigSi – 105 lari.                         

analizisaTvis ZiriTadi menius `New~ striqonis 

gafarTovebidan `7 M/M/s with a Finite System Size~-s  

amorCevis Sedegad ekranze gamosul dialogur formis meore 
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striqonSi `Cost analisys~-Si virCevT `Use Costs~  reJims 

(nax.8). 

 

nax.8 

`OK~ Rilakis daWeris Semdeg ekranze gamodis 

dialoguri forma (nax.9). 

 

nax.9 

pirvel oTx striqonSi Segvaqvs amocanis ricxviTi 

parametrebi (λ, μ, n, m), xolo mexuTe da meeqvse 

striqonebSi `Server cost $/time~-Si da `Waiting cost $/time~-Si 
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Sesabamisad 80 da 105 lari. `Solve~ Rilakis daWeris Semdeg 

ekranze gamodis analizis Sedegebi (nax.10). 

 

nax.10 

 

pirveli Svidi parametris Sinaarsi da mniSvnelobebi 

igivea, rac a)-Si ganxilul amocanisaTvis. merve parametri 

`Cost (Labor + # waiting*wait cost)~ warmoadgens vagonis rigSi 

mocdenis da misi momsaxurebis jamur xarjebs. es xarjebi 

Seadgenen 173,21 lars. 

parametri `Cost (Labor + # in sistem*wait cost)~ 

warmoadgens sadgurSi vagonis daclaze gaweuli xarjis 

raodenobas, romelic tolia 256,47 laris.            
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laboratoriuli samuSao #15 

matriculi TamaSebis amoxsna 

 

a) ganvsazRvroT Semdegi matriculi TamaSis 

optimaluri strategiebi (cxrili 1).          

                                           cxrili 1             

 B1 B2 B3 B4 

A1 2 4 1 3 

A2 5 8 2 4 

A3 6 9 3 2 

A4 7 10 8 9 

 

programuli paketis `POM for Windows~‐is gaSvebis 

Semdeg programuli modulebis CamonaTvalidan `Module~‐dan 

virCevT moduls `Game Theory~ (nax.1).  

 

 

Nnax.1 
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modulis arCevis Semdeg ZiriTadi menius striqonSi 

meniu `File~-dan virCevT striqons `New~-s da ekranze 

gamodis dialoguri forma (nax.2). 

  

      

Nnax.2 

pirvel striqonSi `Title~  Segvaqvs amocanis 

dasaxeleba. Mmeore striqonSi `Number of Row strategies~ 

Segvaqvs cxrilis striqonebis raodenoba _ 4, mesame 

striqonSi “Number of Column strategies~ svetebis raodenoba _ 

4. meoTxe striqonSi (Row names) virCevT SezRudvebSi 

striqonebis dasaxelebis tips (magaliTSi arCeulia 

ricxviTi dasaxelebebi (Row star 1,…). `OK~ Rilakis 

daWeris Semdeg ekranze gamodis dialoguri forma (nax.3):             

 
Nnax.3 
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pirvel striqonSi Segvaqvs sagadasaxado matricis 

pirveli striqoni, meoreSi _ meore da a.S. `Solve~  Rilakis 

daWeris Semdeg gamodis amoxsnis Sedegebi (nax.4). 

 
Nnax.4 

Sedegidan Cans, rom optimaluri strategiebia A4 da 

B1. TamaSis qveda da zeda fasis naxva SesaZlebelia 

`Cascade~ meniuSi meoTxe striqonis _ `4 Maximin/Minimax~-

is miTiTebiT. ekranze gamodis cxrili (nax.5). 

 
Nnax.5 

cxrilidan Cans, rom TamaSs aqvs unagira wertili. 

TamaSis qveda da zeda fasi erTmaneTis tolia 7== βα . 

TamaSis strategiebis naxva SesaZlebelia meniu 

`Cascade~-Si mexuTe striqonis `Results in list form~-Si (nax.6). 
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Nnax.6 

b) Tu TamaSis romelime monawilis strategiebis 

raodenoba udris 2-s, maSin SesaZlebelia TamaSis amoxsna 

geometriulad. ganvixiloT TamaSi 2X4-ze (cxrili 2).                

     cxrili 2 

 B1 B2 B3 B4 

A1 1 3 5 4 

A2 3 2 0 3 

 

programuli paketis `POM for Windows~‐is gaSvebis 

Semdeg programuli modulebis CamonaTvali `Module~‐dan 

virCevT moduls `Game Theory~. modulis arCevis Semdeg  

ZiriTadi menius striqonSi meniu `File~-dan virCevT 

striqons `New~-s. ekranze gamosul dialogur formaSi 

Segvaqvs (ix.A(amocana a)) amocanis dasaxeleba, striqonebis 

da svetebis raodenoba _ 2 da 4, striqonebis tipebi. `OK~ 
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Rilakis daWeris Semdeg ekranze gamosul cxrilSi (nax.7) 

Segvaqvs sagadasaxado matricis (cxrili 1) monacemebi: 

 
Nnax.7 

`Solve~ Rilakis daWeris Semdeg, ekranze gamodis 

amocanis amoxsnis Sedegebi (nax.8). 

 
NNnax.8 

Sedegidan Cans, rom A moTamaSis optimaluri 

strategiebia _ A1 da A2, xolo B moTamaSis _ B1 da B3. 

TamaSis fasia _ 2, 14. TamaSis qveda da zeda fasebis naxva 

SesaZlebelia `Cascade~ meniuSi meoTxe striqonis “4 

Maximin/Minimax~-is miTiTebiT. ekranze gamodis cxrili 

(nax.9). 



 96

 
Nnax.9 

cxrilidan Cans, rom TamaSis qveda fasi α=1, xolo 

zeda β=3. optimaluri strategiebis Serevis sixSireebi 

SesaZlebelia meniu `Cascade~-Si mexuTe striqonis `5 

Results in list form~ (nax.10). 

 
nax.10 

cxrilidan Cans, rom moTamaSe A-m Tavis strategiebi 

A1 da A2 unda gamoiyenos Sesabamisad 0,43 da 0.57 sixSiriT, 

xolo B-m strategiebi B1 da B3 – Sesabamisad  0,71 da 0,29 

sixSiriT. amocanis geometriuli amoxsnis naxva SesaZle-

belia `Cascade~ meniuSi meeqvse striqonis `6 Game Graph~-is 

miTiTebiT (nax.11): 
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Nnax.11 

naxazze P RerZze naCvenebia A moTamaSis  A1  strategiis 

Serevis sixSire _ 0,43, xolo Value RerZze – TamaSis fasi 

v=2,14. 

g) ganvixiloT Semdegi magaliTi: `moTamaSe A 

furcelze wers ricxvebs 1 (strategia A1), an 2 (strategia 

A2), an 3 (strategia A3). moTamaSe B, Tavis mxriv, wers 

ricxvs 1 (strategia B1), an 2 (strategia B2), an 3 

(strategia  B3), an 4 (strategia B4). 

Tu A da  B-s mier dawerili orive ricxvi luwia an 

kentia, maSin A igebs Tanxas, romelic am ricxvebis jamis 

tolia. Tu erT-erTi ricxvi luwia, xolo meore kentia, 

maSin B igebs am ricxvebis jamis tol Tanxas. SeadgineT 

amocanis sagadasaxado matrica da amoxseniT. 

amoxsna. TamaSis sagadasaxado matrica moyvanilia 

(cxril 3)-Si. 
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cxrili 3 

 B1 B2 B3 B4 

A1 2 -3 4 -5 

A2 -3 4 -5 6 

A3 4 -5 6 -7 

 

programuli paketis `POM for Windows~‐is gaSvebis 

Semdeg programuli modulebis CamonaTvalidan `Module~‐dan 

virCevT moduls `Game Theory~ ( nax.12):  

 

Nnax.12 

 

modulis arCevis Semdeg ZiriTadi menius striqonSi 

meniu `File~-dan virCevT striqons `New~-s da ekranze 

gamodis dialoguri forma (nax.13). 
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nax.13 

pirvel striqonSi `Title~ Segvaqvs amocanis dasaxeleba. 

meore striqonSi `Number of Row strategies~ Segvaqvs cxrilis 

striqonebis raodenoba _ 3, mesame striqonSi `Number of 

Column strategies~ svetebis raodenoba _ 4. meoTxe striqonSi 

(Row names) virCevT SezRudvebSi striqonebis dasaxelebis 

tips (magaliTSi arCeulia ricxviTi dasaxelebebi Row star 

1,…). `OK~ Rilakis daWeris Semdeg ekranze gamodis 

dialoguri forma (nax.14).                    

           

Nnax.14 

pirvel striqonSi Segvaqvs sagadasaxado matricis 

pirveli striqoni, meoreSi meore da a.S. `Solve~  Rilakis 

daWeris Semdeg gamodis amoxsnis Sedegebi (nax.15). 
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Nnax.15 

rogorc Sedegebidan Cans, pirvelma moTamaSem A unda 

gamoiyenos Tavisi pirveli strategia sixSiriT _ 0,25; 

meore _ 0,5; mesame _ 0,25.Mmeore moTamaSem B unda 

gamoiyenos mxolod meore, mesame da meoTxe strategiebi 

sixSiriT 0,25, 0,5 da 0,25. TamaSis fasi udris 0-s. 

TamaSis qveda da zeda zRvrebis gageba SesaZlebelia 

gavigoT meniu `Cascade~-Si meoTxe striqonis “4 

Maximin/Minimax~-is miTiTebiT (nax.16). 

 

 
Nnax.16 
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rogorc (nax.16)-dan Cans, TamaSis qveda zRvari udris  

α=maxmin=-5, xolo zeda _ β=minmax=4. 

orive moTamaSis strategiebis gamoyenebis sixSireebis 

naxva SesaZlebelia meniu `Cascade~-Si maxuTe striqonis 

`Results in list form~ (nax.17). 

 
Nnax. 17 

moyvanili amocana SeiZleba daviyvanoT wrfivi 

programirebis amocanamde da amovxsnaT. amisaTvis unda 

gardavqmnaT amocanis sagadasaxado matrica - (cxrili 1) 

dadebiTi ricxvi d-s matricis yvela elementebTan mimatebiT. 

ricxvi 
ijji

d αmaxmax> , sadac 0≤ijα . moyvanil matricis 

elementebisaTvis aseTi ricxvia _ 8. miviRebT axal matricas 

(cxrili 4), romlis yvela elemeti 0-ze metia. 

                                cxrili 4 

 B1 B2 B3 B4 

A1 10 5 12 3 

A2 5 12 3 14 

A3 12 3 14 1 
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A moTamaSis optimaluri strategiis povna 

SesaZlebelia Semdegi wrfivi programirebisAamocanis 

amoxsniT: 

min321 →++= xxxF   (1) 

⎪
⎪
⎩

⎪
⎪
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⎧

≥++
≥++

≥++
≥++

11143
114312

13125
112510

321

321

321

321

xxx
xxx

xxx
xxx

  (2) 

.3,...,1,01 =≥ ix  

programuli paketis `POM for Windows“-is gaSvebis 

Semdeg (laboratoriuli samuSao #1), ekranze gamoCdeba 

`Module“-is meniu, romelSic virCevT wrfivi programirebis 

moduls `Linear Programming“ (nax.18). 

 

 
Nnax.18 
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       Mmiznobrivi funqciis (1) da SezRudvebis sistemis 

(2) ricxviTi koeficientebis Setanis Semdeg sawyis 

informacias eqneba Semdegi saxe (nax.19): 

 

Nnax.19 

`Solve“ Rilakis daWeris Semdeg vRebulobT amocanis 

amoxsnis Sedegebs (nax.20): 

 

nax.20 

amonaxsnis Sedegi (striqoni `Solution“)  gansazRvravs 

A moTamaSis optimalur strategias: 

x1=0,0313,  x2=0,0625,  x3=0,0313 

miznobrivi funqciis optimaluri mniSvnelobaa F=0,125. 

bolo svetSi oraduli amocanis amonaxsnebia.  

radgan TamaSis fasi v=1/(x1+x2+3)=1/0,125=8  da pi=xi*v, 

vRebulobT: 
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P1=0,25, p2=0,5, p3=0,25. 

es niSnavs imas, rom mravaljeradi TamaSisas A 

moTamaSem Tavisi pirveli da mesame strategiebi unda 

gamoiyenos sixSiriT 0,25, xolo meore strategia _ 0,5 

sixSiriT. 

analogiurad ganisazRvreba B moTamaSis optimaluri 

strategiebi oraduli amocanis amonaxsnebidan (sveti Dual): 

y1=0, y2=0,313, y3=0,0625, y4=0,0313. 

aqedan: 

q1=0,  q2=(0,0313*8)=0,25,  

q3=(0,0625*8)=0,5,  q4=(0,0313*8)=0,25. 

e.i. B moTamaSem pirveli strategia ar unda 

gamoiyenos, meore da meoTxe unda gamoiyenos sixSiriT _ 

0,25, xolo mesame _ sixSiriT 0,5. 

radgan sawyisi matrica gazrdili iyo 8-T, amitom 

sawyisi TamaSis fasi udris  v=8-8=0. 

Tu SevadarebT Sedegebs, romlebic miRebulia amocanis 

orive xerxiT amoxsnisas, Cans rom Sedegebi sruliad 

identurebia. 
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ibeWdeba avtorTa mier warmodgenili saxiT 

 
 
 

gadaeca warmoebas ---------------. xelmowerilia dasabeWdad 

-----------------. qaRaldis zoma 60X84 1/16. pirobiTi nabeWdi 

Tabaxi 1. tiraJi ??? egz.  
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