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Sesavali 
 

 mocemuli saswavlo saxelmZRvanelo gankuTvnilia im maTematikuri 

modelebis Sesaswavlad, romelic gamoiyeneba menejmentSi.  

 Tanamedrove menejmentSi friad mniSvnelovania maTematikuri 

meTodebis gamoyeneba, vinaidan Tanamedrove sawarmoo-organizaciebi 

gamoirCeva struqturisa da marTvis sirTuliT. aRniSnuli meTodebi 

saSualebas gvaZlevs warmoebis procesSi warmoqmnili problemebi da 

marTvis amocanebi gavxadoT ufro struqturirebadi, da sxvadasxva 

meTodebis gamoyeneba saSualebas gvaZlevs miviRoT optimaluri 

gadawyvetilebebi.  

 saswavlo saxelmZRvanelo dayofilia eqvs ZiriTad nawilad.  

 pirvel nawilSi mokled daxasiaTebulia maTematikuri modelebis 

gamoyenebis sakiTxi da roli.  

 meore nawilSi warmodgenilia determinirebuli modelebi. 

moyvanilia grafebis Teoriis elementebi, wrfivi programorebis 

amocanebi, sawarmoSi maragebis marTvis modelebi da leontievis modeli. 

ganxilulia maTi amoxsnis xerxebi. 

 mesame nawilSi ganxilulia stoqastikuri modelebi, romlebic 

farTod gamoiyeneba maTematikur statistikasa da prognozirebaSi. 

daxasiaTebulia organizaciuli sistemebis marTvis da resursebis 

gamoyenebis amocana.  

 meoTxe nawilSi mocemulia TamaSTa Teoriis safuZvlebi. ganxilulia 

matriculi, bimatriculi da poziciuri TamaSebi.  

 mexuTe nawilSi ganxiulia finanxuri maTematikis sakiTxebi. kerZod, 

moyvanilia saprocento ganakveTis, diskonturi Rirebulebis, 

amortizaciis gaangariSebis meTodebi, Semotanilia anuitetisa da 

dafarvis fondis cneba da daxasiaTebulia investiciebis Sefasebis 

meTodi.  

 meeqvse nawili moicavs imitaciuri da dinamikuri programirebis 

meTodebs.  
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I nawili. Sesavali menejmentis maTematikur 
modelebSi 

 
maTematikuri modelebis arsis zogadi daxasiaTeba 

 
 maTematikuri meTodebi SeiZleba ganxilul iqnas rogorc arsebuli 

monacemebis  kompaqturi da struqturirebadi warmodgenis SedarebiT 

ufro efeqturi saSualeba. es gansakuTrebiT exeba iseT SemTxvevebs, 

rodesac monacemebi warmodgenilia ricxobrivi masivebis saxiT, 

grafikuli formiT da sxv. garda amisa, arsebobs mTeli rigi tipiuri 

mmarTvelobiTi situaciebisa, romlebic uSveben formalizacias, ris 

Sedegad swored maTematikuri meTodebi xdeba gadamwyveti instrumenti 

problemis gadasaWrelad. amocanis amoxsnis dones didad gansazRvravs 

misi amonaxsnis Zebnis meTodikac. arsebobs struqturirebadi, 

naklebstruqturirebadi da arastruqturirebadi amocanebi. maT Soris 

mkacri sazRvris gavleba SeuZlebelia. garda amisa, zogierTi 

naklebstruqturirebadi problema SemdgomSi SeiZleba struqturirebadi 

an sulac standartuli gaxdes, anu iseTi, romlis amoxsnisaTvis aris 

SemuSavebuli garkveuli sqemebi. 

  operaciis kvleva es aris mecnieruli meTodis gamoyeneba rTuli 

problemis gadasaWrelad. misi damaxasiaTebeli Tavisebureba aris 

sistemisaTvis Sesabamisi modelis ageba, romelic moicavs albaTobisa da 

riskis faqtorebs da romlis daxmarebiTac SesaZlebelia gansxvavebuli 

gadawyvetilebebis, strategiebis da marTvis meTodebis gamoyeneba da 

Sedegebis Sedareba. sxva sityvebiT rom vTqvaT, operaciebis kvleva es 

aris gadawyvetilebis miRebis problemisadmi mecnieruli midgoma, xolo 

problema es ama Tu im sistemaSi sasurvel da arsebul mdgomareobas 

Soris arsebuli wyvetaa. 
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menejmentSi maTematikuri modelebis gamoyeneba  
gadawyvetilebaTa miRebaSi  

 

  imisaTvis rom ganvsazRvroT, Tu ra adgils ikavebs maTematika 

operaciebis kvlevaSi, ganvixiloT gadawyvetilebis miRebis etapebi: 

 

1. problemis gansazRvra (sur.1) : 
 
 

 
  
                 faqtebi verbaluri  
                                                        modeli 
 

sur.1. problemis gansazRvra 
 
 

2. modelis arCeva (sur.2): 
 
 
 

 
 
 
 
 
 
 
    verbaluri modeli                              SerCeuli modeli 
 

 
sur.2. modelis arCeva 

 
 

 arsebobs Zalian bevri mravalferovani maTematikuri modeli, 

romlebic sakmaod kargad aRweren gadawyvetilebis miRebasTan 

dakavSirebul sxvadasxva situacias. maT Soris gamoiyofa sami ZiriTadi 

klasi: determinirebuli, stoqastikuri da saTamaSo modelebi. 

determinirebuli modelis gamoyenebis dros is ZiriTadi faqtorebi, 

romlebic axasiaTeben situacias winaswar gansazRvrulia. am SemTxvevaSi, 

rogorc wesi, ismeva garkveuli maTematikuri sididis optimizaciis 

amocana (magaliTad: danaxarjebis minimizacia da sxva). stoqastikuri 

modelebis gamoyenebis dros ki zogierTi faqtori SemTxveviTi 

problemis 
gansazRvra 

modelebis 
banki 

modelis 
arCeva
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xasiaTisaa da, bolos, konkurentebis an mokavSireebis arsebobis 

SemTxvevaSi gamoiyeneba Teoriul–saTamaSo modeli; 

 

3. gadawyvetilebis miReba, romlis drosac xdeba konkretuli 

monacemebis gardaqmna, raTa isini SesabamisobaSi iqnas moyvanili 

arCeul modelTan (sur.3). 

 
 

sur.3. gadawyvetilebis miReba 
 
 

4. gadawyvetilebis testireba _ miRebuli gadawyvetileba unda 

Semowmdes Sesabamisi testebis meSveobiT, Tu miRebuli Sedegi 

damakmayofilebeli ar aris, maSin modeli sakmarisad ar asaxavs 

problemis arss. aseT SemTxvevaSi unda moxdes misi srulyofa an 

sxva, ufro realuri modelis SemuSaveba (sur.4). 

 

 
 

sur.4. gadawyvetilebis testireba 
 
 

5. konrolis organizeba _ Tuki gadawyvetileba misaRebia, unda 

moxdes kontrolis meqanizmis Seqmna modelis swori gamoyenebis 

uzrunvelsayofad (sur. 5). 

SemoTavazebuli 
gadawyvetileba

SerCeuli 
modeli

monacemebis 
momzadeba 

gadawyvetilebis 
miReba

miRebuli 
gadawyvetileba

SerCeuli 
modeli

gadawyvetilebis 
testireba 

misaRebi 
gadawyvetileba 
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sur.5. kontrolis organizeba 

 
 

6. Sesaferisi garemos Seqmna _ es xSirad gadawyvetilebis miRebis 

yvelaze rTuli etapia, radganac novaciebis danergva umeteswilad 

ejaxeba arasakmaris dainteresebas da zogjer winaaRmdegobasac ki 

(sur.6). 

 
 

sur.6. Sesaferisi garemos Seqmna  
 

 
 
 
 
 
 
 
 
 
 
 

SesaZlo 
cvlilebebi 

kontrolis 
organizeba

misaRebi 
gadawyvetileba 

gadawyvetilebis 
miRebis teqnika

swavleba, 
reklama da a.S. 

sasurveli garemos 
Seqmna

gadawyvetilebaTa 
miRebis teqnika 

gamoyenebuli  
meTodika
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nawili II. determinirebuli meTodebi 
 

Tavi 1. grafebis Teoriis elementebi 
 

1.1.  grafebi 

   
 figuras, romelic Sedgeba wertilebis (wveroebis) da maTi 

SemaerTebeli monakveTebisagan (wiboebisagan) ewodeba grafi. marSruti 

anu gza, romelic aerTianebs grafis or wveros, ewodeba misi wiboebis 

iseT Tanmimdevrobas, romelSic TiToeul or wibos aqvs saerTo 

damasrulebeli wvero da, amasTanave, pirveli wibo gamodis I wverodan, 

xolo bolo Sedis meore wveroSi (sur.7). 

 

    
 
 

sur.7. grafis marSruti 
 

  

 grafi dakavSirebulia, Tuki misi wveroebis nebismieri wyvili 

erTmaneTs ukavSirdeba. marSruts ewodeba jaWvi, Tuki misi TiToeuli 

wibo masSi monawileobs mxolod erTxel. jaWvs, romlis sawyisi da 

saboloo wvero erTmanTs emTxveva, ewodeba cikli. grafis wveros 

ewodeba luwi, Tuki masSi Semavali wiboebis ricxvi luwia. wiboebis 

ricxvi, romlebic grafis wveroSi erTiandeba aris am wveros xarisxi da, 

bolos, grafi sasrulia, Tu misi wiboebis ricxvi sasrulia. 

B 

A 
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 eileris Teorema _ nebismier sasrul dakavSirebul grafSi, 

romlis wveroebi luwia, arsebobs cikli, romelSic grafis TiToeuli 

wibo monawileobs mxolod erTxel. aseT cikls ewodeba eileris cikli, 

xolo grafs, romlis yvela wvero luwia, ewodeba eileris grafi. 

 

  magaliTi: samxatvro gamofenis mowyobisas daTvalierebis organizeba 

unda moxdes ise, rom TiToeuli damTvalierebeli calkeul suraTTan 

moxdes mxolod erTxel. Tuki Sesasvleli da gasasvleli erTmaneTs 

emTxveva, maSin eqsponatebi unda ganlagdes ise, rom eqspoziciis sqema 

warmoadgendes eileris grafs, xolo Tu Sesasvleli da gasasvleli 

sxvadasxvaa, maSin eqsponatebis ganlagebis sqema iqneba grafi, romlis 

mxolod ori wvero (anu Sesasvleli da gasasvleli) aris kenti. 

 cikls ewodeba hamiltonis cikli, Tuki is gadis grafis TiToeul 

wveroze mxolod erTxel, Tumca dReisaTvis  ar arsebobs raime 

kriteriumi an algoriTmi misi povnisa.  

  grafis mniSvnelovan nairsaxeobas warmoadgens xe. dakavSirebul 

grafs ewodeba xe, Tuki masSi ar arsebobs cikli da misi wveroebis 

ricxvi erTiT metia wiboebis ricxvze. 

 specialur literaturaSi grafs ewodeba qseli, xolo mis wveroebs 

ki kvanZebi. 

1.2. qselebi 

   

  mniSvnelovani gadawyvetilebis miRebisas, arsebuli variantebidan 

saukeTesos arCevis mizniT gamoiyeneba e.w. gadawyvetilebaTa xe, romelic 

warmoadgens gadawyvetilebis miRebis sqematur aRweras. 

 

 magaliTi: skolis kursdamTavrebuli agrZelebs swavlas 

universitetSi. mas arCeuli aqvs moRvaweobis ori savaraudo sfero: 

biznesi da inJineria. swavlis gagrZeleba SesaZlebelia or 

universitetSi: iorkis da Statis. warmatebis albaToba damokidebulia 

rogorc universitetis arCevaze, ise momaval specialobaze: 
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1. Statis univers. + biznesi = 0.60 (warmatebiT damTavrebis 

albaToba), 

2. Statis univers. + inJ = 0.70, 

3. iorkis univers. + biznesi = 0.90, 

4. iorkis univers. + inJ = 0.95, 

5. wliuri saSualo Semosavali + Stat. univ. + bizn. = 35 000 $, 

6. wliuri saSualo Semosavali + Stat. univ. + inJ. = 30 000 $, 

7. wliuri saSualo Semosavali + iork. univ. + bizn. = 24 000 $, 

8. wliuri saSualo Semosavali + iork. univ. + inJ. = 25 000 $, 

9. swavlis Sewyvetis SemTxvevaSi Semosavali = 18 000 $. 

 gadawyvetilebis miRebis erTaderTi kriteriumi aris mosalodneli 

Semosavali. avagoT gadawyvetilebaTa miRebis xe (sur.8). 

 

                  

sur.8. gadawyvetilebis miRebis xe 

 
miRebul xeze gamoyenebulia Semdegi aRniSvnebi: 

d1 –  Statis un. arCeva, 

d2  – iorkis un. arCeva, 

d3  –  bisnesis arCeva, 

d4  – inJineriis  arCeva, 

d1 

1 

2 

3 

4

5

6

7

s1 

s2 

s3 

s4 

s5 

s6 

s7 

s8 

d1 

d2 

d3 

d4 

d3 

d4  
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s1 –  bisnesi + Statis un. + warmatebiT damTavreba, 

s2 – bisnesi + Statis un. + swavlis mitoveba, 

s3  –  inJ + Statis un. + warmatebiT damTavreba, 

s4 – inJ + Statis un. + swavlis mitoveba, 

s5 –  bisnesi + iorkis un. + warmatebiT damTavreba, 

s6 – bisnesi + iorkis un. + swavlis mitoveba, 

s7 –  inJ + iorkis un. + warmatebiT damTavreba, 

s8 – inJ + iorkis un. + swavlis mitoveba. 

 suraTze ovaliT mocemulia gadawyvetilebebi, romelTa 

gakontroleba SeuZlebelia: 

N7 = 0.95 * 25 000 + 0.05 * 18 000 = 24 650, 

N6 = 0.90 * 24 000 + 0.10 * 18 000 = 23 400, 

N5 = 0.70 * 30 000 + 0.30 * 18 000 = 26 400, 

N4 = 0.60 * 35 000 + 0.40 * 18 000 = 28 200. 

N3 –is mniSvnelobis gamoTvla xdeba analizis safuZvelze: 

N7 > N6, Sesabamisad , N3 = N7 da d4  jobia d3–s. amitom N3 = 24 650 $. 

imave meTodiT gamoiTvleba N2 –is da N1 –is mniSvnelobebi. 

N2 = 28 200 $,     N1 = 28 200 $ (sur.9). 

      

                 
sur.9. gadawyvetilebis miRebis xe Sesabamisi mniSvnelobebiT 

d1 

28200

24650 
24650 

28200

282001 

2 

3 

4

5

6

7

35000 

18000 

30000 

18000 

24000 

18000 

25000 

18000 

d1 

d2 

d3 

d4 

d3 

d4 
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1.3. maqsimaluri nakadi 

 

   mocemulia qseli, romlis TiToeul wibos aqvs SezRuduli 

gamtarunarianoba. unda ganisazRvros maqsimaluri SesaZlo nakadi erTi 

qveqselidan meoreSi. 

 

   magaliTi: davuSvaT, rom sawyisi da saboloo punqtebi (A,B) 

mdebareoben mdinaris sxvadasxva napirebze. xidebis simravle warmoqmnis 

e.w. gamyof xazs. gasagebia, rom qselis gamtarunarianoba emTxveva 

xidebisas, anu maqsimaluri SesaZlo nakadi ar unda aRematebodes am 

xidebis gamtarunarianobas cal-calke. 

  ganvixiloT qseli, romelic mocemulia Semdeg suraTze (sur.10). 

unda vipovoT maqsimaluri nakadi pirveli kvanZidan meSvideSi. 

 

sur.10. qselis gamtarunarianobis sqema 
 
 

gamovTvaloT sakvanZo kveTebis gamtarunarianoba: 
 

(1,2), (1,3) = 4, 
                                            (2,4), (3,5) = 4, 

(1,3), (2,3), (6,7) = 5, 
(5,7), (6,7) = 2. 

 
aqedan vxvdebiT, rom maqsimaluri nakadi ar unda aRematebodes 2–s. 

 
 

1 

3 

2 

5 7 9 

8 64
1 

3 
2 1 1 

3 

4 2 

1 

 

1 
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Tavi 2. wrfivi programireba 
 

2.1. zogadi daxasiaTeba 

 
wrfivi modeli  erT-erTi yvelaze gavrcelebuli, SedarebiT 

advili, kargad damuSavebuli da sakmaod efeqturi maTematikuri 

modelia.  

   wrfivi programirebis  meTodi erT – erTi yvelaze cnobili da 

xSirad gamoyenebadia menejmentSi. es aris amocanis amoxsnis 

maTematikuri meTodi, romelic optimalurad anawilebs arsebul 

resursebs da aRwevs dasaxul mizans (maqsimaluri Semosavali an 

minimaluri danaxarji). 

    ganvmarToT, Tu ras niSnavs wrfivi programireba. sityvaSi 

«programireba» igulisxmeba dagegmva, xolo wrfivi gulisxmobs wrfivi 

SezRudvebis dros wrfivi miznobrivi funqciis eqstremumis povnas. 

Sesabamisad, wrfiv programirebas araviTari kavSiri ara aqvs 

programirebasTan, romelic gamoiyeneba kompiuterul mecnierebaSi. 

   arsebobs ramdenime standartuli situacia, romelSic wrfivi 

programireba xSirad da sakmaod efeqturad gamoiyeneba: 

 

• Semadgenlobis amocana – misi mizania yvelaze ekonomiuri 

ingredientebis nakrebis arCeva arsebuli SezRudvebis 

gaTvaliswinebiT; 

• warmoebis amocana; 

• ganawilebis amocana – xSirad mas satransporto amocanis saxe aqvs; 

• kombinirebuli amocana. 

 

wrfivi programirebis amocanebis amoxsnis yvelaze gavrcelebuli 

meTodia simpleqs-meTodi, xolo yvelaze efeqturi – elipsoidebis 

meTodi. umartives SemTxvevaSi gamoiyeneba grafikuli meTodi. 
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2.2. Semadgenlobis amocana 

 

   gaxdomis msurvelebs urCeven racionalur kvebas, romelic Sedgeba 

ori produqtisagan P da Q. kvebis dRiuri norma unda Seicavdes 

araumetes 14 erTeuli cximisa da aranakleb 300 kaloriisa. P produqtSi 

aris 15 erTeuli cximi da 150 kaloria, xolo Q–Si – 4 erTeuli cximi 

da 200 kaloria. 1kilogramis P produqtis fasi aris 15, xolo 

1kilogramis Q–s fasi ki – 25. ra proporciebSi unda miviRoT P da Q 
produqtebi, imisaTvis, rom davicvaT dietis pirobebi da davxarjoT rac 

SeiZleba naklebi Tanxa? 

  aRvniSnoT x–iT P produqtis raodenoba, y–iT ki  Q-si. Semdeg: 

   cximebis odenoba     _  15x +4y ≤ 14, 

kaloriebis odenoba  _  150x +200 y ≥ 300, 

                                                         sadac, x ≥ 0,  y ≥ 0, 

    fuladi danaxarji    _  z = 15x + 25y → min. 
SesaZlo amonaxsenTa simravle mdebareobs koordinatTa sibrtyis 

pirvel meoTxedSi. avagoT TiToeuli utolobis Sesabamisi wrfe (sur.11). 

 

 
  

 
sur.11. amonaxsenTa simravle 

 
 
sur.11-ze BDE samkuTxedi warmoadgens SesaZlo amonaxsenTa 

siravles. 

B 

D 
C

A

E
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sur.12. amonaxsenTa simravle sivrceSi 

 
gamovTvaloT Z-is mniSvnelobebi samkuTxedis samive wveroSi: 

 

ZD = 37.5,    ZB = 87.5,    ZE = 35. 
 

E wveroSi Z-is mniSvneloba yvelaze mcirea (sur.12), Sesabamisad X= 

2/3 y= 1, xolo proporcia aseTia - 2/3. 

2.3. warmoebis amocana 

 

firma uSvebs ori saxis produqcias: Cveulebrivs da 

gaumjobesebuls. warmoebis procesSi ZiriTadad sruldeba ori operacia: 

dapresva da damuSaveba. ra raodenobis produqcia unda vawarmooT 

imisaTvis, rom miviRoT maqsimaluri mogeba arsebuli SezRudvebis 

pirobebSi (cxrili 1)? 

 
cxrili 1. produqciis gamoSvebis arsebuli SezRudvebi 

 

danaxarji Cveulebrivi gaumjobesebuli
arsebuli 
resursebi 

masala 20 40 4000 
dro dapresvisaTvis 4 6 900 

dro 
damuSavebisaTvis 

4 4 600 

fuladi saxsrebi 30 50 6000 
 

D B

E
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Cveulebrivi produqciis mogeba erTeulze aris 80$, 

gaumjobesebulis 100$. 

x–iT aRvniSnoT Cveulebrivi partiis moculoba, y–iT 

gaumjobesebulis: 

z = 80x + 100 y → max, 
20x + 40 y ≤ 4000, 

4x + 6 y ≤ 900, 
4x + 4 y ≤ 600, 

30x + 50 y ≤ 6000, 
x ≥ 0  da   y ≥ 0. 

 
  avagoT TiToeuli utolobis Sesabamisi wrfe da davitanoT erT 

koordinatTa sibrtyeze (sur.13). 

                    

   sur.13. amonaxsenTa simravle 
 

miRebuli naxevarsibrtyeebis gadakveTiT miiReba oTxkuTxedi. 

vipovoT M wertilis mniSvneloba (B da E vipoveT monakveTebis agebisas): 

 

20x + 40y = 4000, 
4x + 4y = 600, 

x= 100,      y = 50. 
 

  gamovTvaloT Z-is mniSvneloba samive wertilSi: 
 

      ZB = 10 000,   ZE = 12 000,    ZM = 13 000. 
      

pasuxi:   x= 100,   y = 50,  ZMAX = 13 000. 
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2.4. satransporto amocana 

 

kompanias aqvs 2 sawyobi da hyavs 3 sabiTumo myidveli. produqciis 

maragis saerTo moculoba aris 300 000 erTeuli da emTxveva moTxovnaTa 

saerTo moculobas (cxrili 2). 

 
cxrili 2. moTxovnaTa moculoba 

 
gadazidvis Rirebuleba 

 
 B1 B2 B3 

sawyobSi arsebuli 
produqciis 
odenoba 

A1 8 5 6 120 
sawyobebi 

A2 4 9 7 180 

moTxovna 70 140 90 300 

 
Xik–iT aRiniSneba saqonlis raodenoba, romelic miewodeba Ai  

sawyobidan  Bk myidvels. 

gadazidvebis Rirebulebis minimizaciis funqcia: 

Z = 8x11 + 5 x12 + 6 x13 + 4 x21 + 9 x22 + 7 x23 → min 
im pirobiT, rom 

x11 + x12 + x13 = 120, 
x21 + x22 + x23 = 180, 

x11 + x21 = 70, 
x12 + x 22 = 140, 
x13 + x23 = 90. 
   

miviReT wrfivi programirebis gantolebaTa sistema, romlis 

amoxsna xdeba zemod mocemuli amocanebis msgavsad. 

    

SeniSvna: Tuki wrfivi programirebis amocanaSi cvladebi 

Seesabameba manqanebis, dazgebis, adamianebis ricxvs, maSin saqme gvaqvs am 

sidideebis mTelricxva mniSvnelobebTan. 

2.5. wrfivi sistemebi 

 

ganvixiloT zogadi amocana. 

magaliTi: qarxanas hyavs oTxi momxmarebeli, romlebsac 

yoveldRiurad egzavnebaT mza produqcia. tvirTis miwodeba xdeba 
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satvirTo manqanebis saSualebiT, romlebic datvirTulia yuTebiT. yuTebi 

markirebulia maTSi moTavsebuli produqciis saxeobis Sesabamisad 

(cxrili 3). 

  ganvixiloT situacia, rodesac satvirTo manqanebma ukve datoves 

qarxnis teritoria da gairkva, rom tvirTis erT–erTi saxeoba gaigzavna 

SecdomiT da saWiroa misi dabruneba. amave dros, cnobili gaxda, rom 

momsaxure personalis Secdomis gamo ar darCa araviTari Canaweri 

saWiro yuTebis markirebis saxeobis Sesaxeb. 

 
                   cxrili 3. produqciis ganawilebis cxrili 

 
yuTebis raodenoba 

manqanis nomeri 
I tipi II tipi III tipi IV tipi saerTo wona

1 1 4 9 8 51 
2 2 9 8 3 45 
3 2 6 8 6 48 
4 3 5 7 8 51 

  
 

erTaderTi rac aris cnobili ari is, rom yuTi, romelic unda 

dabrunebul iqnas, sxvebze ufro mZimea. 

SesaZlebelia Tu ara tvirTis dabruneba yuTis gaxsnisa da 

damatebiTi awonvis gareSe?  

aRvniSnoT xk–Ti k–uri tipis tvirTis Semcvelobis mqone yuTis 

wona. maSin TiToeuli manqanis saerTo wona gamoisaxeba Semdegnairad: 

 

x1 + 4x2 + 9x3 + 8x4 = 51, 
2x1 + 9x2 + 8x3 + 3x4 = 45, 
2x1 + 6x2 + 8x3 + 6x4 = 48, 
3x1 + 5x2 + 7x3 + 8x4 = 51. 

 
  ase miiReba wrfivi gantolebebis sistema oTxi ucnobiT, romlis 

amonaxsnis povna xdeba ucnobis gamoricxvis meTodiT: 

 

x1 = 1,  x2 = 2,   x3 = 2,   x4 = 3. 
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aqedan gamomdinareobs, rom qarxanaSi unda dabrundes yuTebi oTxi 

tipis produqciiT, anu 8 + 3 + 6 + 8 = 25 yuTi. 

 

SeniSvna: nebismieri wrfivi sistemis amonaxsni ewodeba iseTi 

ricxvebis  nakrebs, romleTa meSveobiTac gantoleba gadaiqceva 

tolobad. sistemis kvlevis dros SeiZleba Segvxvdes sami varianti: 

• sistemas aqvs erTaderTi amonaxsni; 

• sistemas aqvs uamravi amonaxsni; 

• sistema araTavsebadia (amonaxsni ara aqvs). 
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Tavi 3. maragebis marTva 
 

3.1. amocanis zogadi daxasiaTeba 

 

  sawarmoebs Zalian xSirad gaaCniaT maragebi (naxevarfabrikatebi, 

nedleuli, mza produqcia da a.S.). maragis odenoba unda iyos sakmarisi. 

im SemTxvevaSi, Tu maragi aris didi moculobis, Cndeba dausabuTebeli 

Senaxvisa da amortizaciis danaxarjebi. maragebis ukmarisobis pirobebSi 

ki SeiZleba sawarmoo process safrTxe daemuqros. garda amisa, 

arasakmarisi maragi gulisxmobs mis xSir Sevsebas, rac, agreTve, 

dakavSirebulia danaxarjebTan. maragebis marTvis amocana mdgomareobs 

orive ukiduresobis Tavidan acilebaSi da imaSi, rom saerTo danaxarji 

rac SeiZleba metad Semcirdes. mecnierebis es nawili sakmaod 

ganviTarebulia, SemuSavebulia mravalricxovani meTodebi gansxvavebuli 

maTematikuri modelebis gamoyenebiT. qvemoT ganvixilavT maragebis 

marTvis ramdenime martiv determinirebul meTods. 

 

3.2. ZiriTadi modeli 

 
   maragebis marTvaSi mTavar rols asrulebs maragis cvlilebis 

funqcia. es aris kavSiri saqonlis erTeulebis raodenobasa (Q) da dros 

(t) Soris. Tuki saqonelze moTxovna arsebobs, maSin maragis cvlilebis 

funqcia Q= Q(t) klebulobs. CavTvaloT, rom sawyobSi aris erTi tipis 

saqoneli.  

  maragebTan dakavSirebuli danaxarjebi iyofa sam nawilad: 

1. saqonlis Rirebuleba; 

2. saorganizacio danaxarjebi (dakavSirebuli saqonlis 

gaformebasTan, mis mowidebasTan, gadatvirTvasTan da a.S.); 

3. danaxarjebi saqonlis Senaxvaze (sawyobis arenda, amortizacia, 

Senaxvis procesi da sxva). 

 ganvixiloT sidideebi, romlebic miRebulia ZiriTadi modelis 

CarCoebSi: 
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1. saqonlis erTeulis fasi – C, 

2. moTxovnis intensivoba – d erTeuli saqoneli weliwadSi, 

3. saorganizacio danaxarjebi – S lari saqonlis erT partiaze,  

4. Senaxvis danaxarji – h lari erTeul saqonelze weliwadSi, 

5. saqonlis erTi partiis zoma – q erTeuli. 

 maragis cvlilebis grafiki (sur.14) Sedgeba ganmeorebadi 

ciklebisagan or mezobel deficits Soris. vertikaluri xazi aRniSnavs 

maragebis wamier Sevsebas. 

 
sur.14. maragis cvlilebebis grafiki 

 

 maragebis marTvis amocana gulisxmobs q parametris iseTi odenobis 

gansazRvras, roca wliuri danaxarjebi minimaluria. amocanis 

amoxsnisaTvis, upirveles yovlisa, saWiroa danaxarjebis gamosaxva c, d, 

s, h parametrebis meSveobiT: 

 

1. saqonlis saerTo Rirebuleba weliwadSi – c * d; 

2. mowodebebis ricxvi udris d/q, swored amitom, wlis ganmavlobaSi 

saorganizacio danaxarji Seadgens - (d * s)/q; 

3. maragis saSualo done udris q/2, xolo maragebis Senaxvis wliuri 

saerTo danaxarji  - (q * h )/2. 

 Sesabamisad, saerTo C danaxarji gamoiTvleba formuliT: 

C = cd +sd/q + qh/2. 

q 

q/2 

Q 

t 
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sur.15. maragebis marTvis funqciis grafiki 

 
 rogorc ukve vTqviT, maragebis marTvis funqcia Tavis minimums 

miaRwevs q* wertilSi (sur.15). misi gansazRvrisaTvis saWiroa vipovoT 

funqciis warmoebuli: 

 
C' (q) = -sd/q2 + h/2, 

-sd/q2 + h/2 =0, 

q* = hsd /2 . 
   Sedegad miiReba optimaluri maragis anu harisis formula. 

 

3.3. sawarmoo momaragebis modeli 

 
 ZiriTad modelSi saqonlis momarageba xdeba wamierad, magram Tu 

saqonlis momarageba xdeba momuSave sawarmoo bazaze, aucilebeli xdeba 

ZiriTadi modelis modificireba. am SemTxvevaSi, c, d, s, h parametrebs 

ematebaT kidec erTi – sawarmoo xazis warmadoba p erTeuli weliwadSi. 

 am axal models ewodeba sawarmoo momaragebis modeli. TiToeuli 

ciklis dasawyisSi xdeba sawarmoo xazTan mierTeba, romelic grZeldeba 

q odenobis saqonlis dagrovebamde. amis Semdeg, maragebis Sevseba ar 

xdeba manam, sanam ar Seiqmneba deficiti (sur.16). 

q* q 

C 

sur. 16 
q 
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sur.16. maragebis Sevsebis sqema 

 

 saerTo danaxarjebi C(q) Sedgeba sami komponentisagan: 
 

1. saqonlis saerTo fasi weliwadSi - cd; 

2. saorganizacio danaxarji - sd/q; 
3. mowodebis dro -  r, am drois ganmavlobaSi xdeba rogorc Sevseba 

(p intensivobiT), ise daxarjva (d intensivobiT). maragis zrda xdeba 

p-d siCqariT, amitom maragis M done gamoiTvleba formuliT: 

                                                 M= (p-d)*r ,   
 sadac (M<q) da  pr = q  (r droSi p intensivobiT iwarmoeba q 

erTeuli).  

 bolo ori tolobidan gamomdinareobs, rom 

M = (p-d) * q / p. 
 maragis saSualo done aris M/2, amitom Senaxvis danaxarji 

iqneba: 
(p-d)qh / 2p. 

 
 sabolood, saerTo danaxarji gamoiTvleba formuliT: 

C = cd + sd/q + (p-d)qh/2p, 

C| (q) = -sd/q2 + (p-d)h/2p = 0, 

q* = hdppsd )/(2 − . 
 

t r 

Q 

M 

M/2 
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3.4. momaragebis modeli fasdaklebiT 

 

 ganvixiloT situacia, romelic Seesabameba ZiriTad models, oRond 

erTi gansxvavebiT, romelic gulisxmobs imas, rom saqonlis miwodeba 

xdeba fasdaklebiT, Tu partiis zoma sakmarisad didia. sxva sityvebiT, 

Tuki partiis zoma q ar aris q0 ricxvze naklebi, maSin saqonels awodeben 

c0 fasiT, sadac c0 < c. C(q) funqcia mocemulia Semdegnairad:  

 
  

 funqcia q= q0 wertilSi ganicdis wyvetas. orive funqcias  f(q) = 

cd+ sd/q +qh/2 da f0(q) = c0d +sd/q + qh/2   aqvs minimumi wertilSi, 

sadac : 

f ' (q) = f ' 0 (q) =0 
anu 

q- = 2sd/h    wertilSi. 

 
 optimaluri partiis odenobis gansasazRvravad unda Seedaros 

erTmaneTs C(q) funqciis mniSvneloba q- da q0 wertilebSi (sur. 17.1 da 

17.2). iq, sadac C(q)  funqcia miiRebs minimalur mniSvnelobas, iqneba 

partiis optimaluri odenoba q*, romelic fasdaklebas iTvaliswinebs. 

im SemTxvevaSi, Tu C(q-) = C(q0), maSin q* saxiT SeiZleba aviRoT q-
-sa da 

q0 –s Soris nebismieri. 

C (q) = 

 
cd + sd/q + qh/2, roca   q<q0, 

c0d + sd/q + qh/2, roca  q≥q0. {
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  sur.17.1  momaragebis modeli 1         sur.17. 2 momaragebis modeli 2      
 

 magaliTi: zomieri moTxovnis intensivoba udris 1000 erTeuls,  

      weliwadSi saorganizacio danaxarjebi – 10 erTeuli, 

     Senaxvis danaxarjebi – 4 erTeuli, 

     erTeulis fasi – 5, 

     Tu partiis zoma ≥ 500, maSin fasi mcirdeba 4-mde. 
 vipovoT partiis optimaluri zoma.  

 aRniSnuli pirobebisaTvis: 

       
 

f '(q) =  f0'(q)= -1000/q2 = 0; 
q- = √ 5000 ≈ 7. 

  radganac q- <500, maSin  
 

C(q-)= f(q-)= f(71)≈ 5000 + 10000/71 +2 * 71 ≈ 5283 
da 

C(q0) = f0(q0) = f0(500)≈ 4000 + 10000/500 + 2 * 500≈ 5020. 
 

   Sesabamisad, q* = 500. 

   C(q) = { f(q) = 5000 + 10000/q +2q, roca  q<500,  

f0(q) = 4000 + 10000/q + 2q, roca   q≥ 500. 

vipovoT lokaluri minimumis wertili:
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Tavi 4. leontievis modeli 

4.1. produqtiuli matricebi 

 
 leontievis modeli saSualebas iZleva ganisazRvros ekonomikuri 

sistemis warmoebis efeqturoba aucilebeli danaxarjis moculobis 

Sesaxeb arsebuli informaciis meSveobiT. 

 davuSvaT, rom arsebobs ekonomikuri sistema, romelic Sedgeba n  

dargisagan, romlebic uSveben n saxis produqcias (TiToeuli dargi 

uSvebs zustad erTi saxis produqcias). 

 garda amisa, davuSvaT, rom k dargis mier k–uri produqciis 

warmoebisaTvis saWiroa aik erTeuli i–uri produqcia, romelsac uSvebs 

i–uri dargi. danaxarjebis cxrils eqneba Semdegi saxe: 

 

 
 I produqc. ..................... K produqc. ........................ n produqc. 

1 dargi a11 ......................... a1k .......................... a1n 
....................... ........................ ....................... ...................... ....................... ......................... 

i-uri dargi ai1 ........................ aik .......................... ain 
........................ .......................... ...................... ....................... .......................... ............................. 

n-uri dargi an1 ....................... ank .......................... ann 
 

  
  igive cxrili matricis saxiT: 
 

 
 

miRebuli matrica aris materialuri danaxarjebis anu 

teqnologiuri matrica.  

 (
a11...a1k ........a1n 

........................

ai1....aik......ain 
.........................

an1...ank....ann 
)A = 
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A matrica gvawvdis informacias dargTaSorisi kavSiris 

struqturis Sesaxeb, arsebul sazogadoebrivi warmoebis teqnologiaze 

da gamoiyeneba mimdinare da xangrZliv vadian dagegmvaSi. 
 davuSvaT, rom teqnologia ucvlelia (stacionarulia) da warmoeba 

ki - wrfivi. ukanaskneli niSnavs, rom Tu k-uri produqciis erTeulis 

sawarmoeblad saWiroa  aik  erTeuli  i-uri produqti, maSin xk erTeuli  

k-uri produqtis sawarmoeblad saWiroa aik*xk erTeuli i-uri produqti. 

davuSvaT, rom drois raRac SualedSi uSveben  x1 erTeul erTi saxis 

produqcias,  x2 erTeul ori saxis produqcias da a.S. xn erTeul n saxis 
produqcias.  

 
 am sidideebisagan Sedgeba materialuri danaxarjebis sveti 

warmoebis sferoSi. 

 
es utoloba niSnavs, rom arsebobs muSaobis Tundac erTi reJimi 

mocemul ekonomikur sistemaSi, romlis drosac TiToeuli produqti 

iwarmoeba ufro meti, vidre ixarjeba mis warmoebaze. sxva sityvebiT rom 

vTqvaT, am reJimSi warmoebis sfero qmnis damatebiTi produqtis dadebiT 

svets, romelic Semdegnairad gamoisaxeba: 

 
X= 
 (

 

 

 xn 

..... )
am svets ewodeba warmoebis sveti anu sxva 

sityvebiT dargTa muSaobis reJimi. 

mocemuli svetis dros i-uri produqciis 

warmoebis danaxarjebi aris: 

                              n 

∑aikxk , sadac   i=1,....,n. 
                            k=1 

x1 
x2  

 
 
 Ax = ( .............

∑ ank xk 

∑ a1k xk )
  materialuri danaxarjebis 

matrica A≥0 produqtiulia, 

Tuki arsebobs iseTi warmoebis 

sveti x>0, romlisTvisac 

sruldeba utoloba: 

Ax<x. 
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x -  Ax > 0. 
 ganvixiloT Semdegi Teorema. 

 Teorema: nebismieri arauaryofiTi kvadratuli matricisaTvis A≥0 
arsebobs Semdegi pirobebi, romlebsac is akmayofilebs: 

1. matrica produqtiulia; 

2. nebismieri svetisaTvis c>0 arsebobs mxolod erTiwarmoebis sveti 

x>0 da masTan iseTi, rom x-Ax= c; 
3. warmoebis sveti x>0, romlis Seqmnis danaxarjebi akmayofilebs 

pirobas Ax≥x , ar arsebobs; 

4. A matricis udidesi sakuTari mniSvneloba akmayofilebs utolobas: 

λA= λmax <1. 
 zemoT naTqvami aRniSnavs, rom erT-erTi pirobis Sesrulebis 

SemTxvevaSi sruldeba danarCeni samic. λA<1 utolobis Sesruleba 

gulisxmobs, rom matrica produqtiulia. 

 

 magaliTi:  mocemulia matrica (cxrilis saxiT): 

 

1/3 1/2 A = 1/12 1/4 
 

 
     unda vupasuxoT Semdeg SekiTxvas: aris Tu ara matrica 

produqtiuli? 

 vipovoTYmatricis sakuTari mniSvneloba : 

 

(1/3 - λ)(1/4 - λ)=1/24, 
λ2 -7/12λ + 1/24 = 0, 
λ1=1/12   λ2=1/2. 

 
  λmax=1/2<1, anu matrica produqtiulia. 
 
 imave Teoremidan gamomdinareobs, rom Tuki materialuri 

damaxarjebis matrica produqtiulia, maSin damatebiTi produqtis 
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nebismieri sveti SeiZleba warmoebul iqnas dargebis muSaobis Sesabamisi 

reJimis dros: 

 
 vTqvaT, matrica A produqtiulia, xolo c aris saboloo produqtis 

sveti. am SemTxvevaSi rogor unda vipovoT muSaobis iseTi reJimi, 

romelic uzrunvelyofs am produqcias? amis gasagebad SevadginoT 

matriculi gantoleba: 

 

x – Ax = c,  

 
ga 
 
 gadamravlebis Sedegad miiReba gantolebaTa sistema: 
 

( 1- a11)x1 - a12x2 = c1, 
-a21x1 + (1 – a22)x2 = c2. 

 
 mocemul magaliTs aqvs amonaxsni nebismieri c1  da  c2-Tvis. 

 

4.2. SezRudva resursebze 

 
 realur situaciaSi saWiroa mxedvelobaSi miviRoT warmoebis iseTi 

SezRuduli faqtorebi, rogorc TiToeuli dargis simZlavre 

(materialuri resursebi) da samuSao Zalis saerTo raodenoba sistemaSi 

(SromiTi resursebi): 

 L - aris muSaTa saerTo ricxvi, 

 
 
  A = ( a11     a12 

  a21    a22 )  
C =  ( ) c1 

c2 

 
, 

x1 

x2 
-

a11   a12 

a21   a22 

x1 

x2 

x1 

x2 
= 

c1 

c2 
.( ) ( () ) ( ) ( ) ( () ) ( ) ( ) ( () ) ( ) ( ) ( () ) ( ) ( ) ( () ) ( ) ( ) ( () ) ( ) ( ) ( () ) ( ) ( ) ( () ) ( ) ( ) ( () ) ( ) ( ) ( () ) ( ) ( ) 
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 l = (l1  l2  ....  ln)  - aris samuSao Zalis danaxarjebis striqonuli 

matrica. TiToeuli misi elementi lk>0 gviCvenebs muSaTa raodenobas, 

romelic aucilebelia k-uri erTeuli produqciis sawarmoeblad. 

 
 
                                                              n 

  lx = (l1  l2  ....  ln)                           =  ∑lk xk .                                                              k=1 
 
 
 
 es toloba gviCvenebs samuSao Zalis raodenobas, romelic 

aucilebelia warmoebis sferoSi X samuSao reJimis dros. ra Tqma unda, 

is ar unda aRematebodes muSebis saerTo ricxvs 

lx ≤ L. 

 
 
 

struqtura uzrunvelyos, e.i. Tanafardoba I da II dargis damatebiTi 

produqciis raodenobas Soris. 

  

 Teorema: mocemulia produqtiuli matrica AA>0 , svetebi C>0 da 

m>0, striqoni l>0 da ricxvi L>0, maSin utolobaTa sistemas aqvs 

amonaxsni da masTan mxolod erTi. 

 

)
m1 
m2 
..... 

mn 
(  

m  = 

 

{
x – Ax ≤ α c, 
lx ≤ L, 

x ≤ m, 

x ≥ 0,           α → max rodesac 

( 
X1 

X2 
  ......... 

Xn 
)

dargebis simZlavris SezRudva aRiwereba 

svetiT m, amasTan is warmoebis svets ar unda 

aRematebodes – x≤ m. SezRuduli resursebis 

dros c>0 saboloo moTxovna ukve aRar aris 

nebismieri, Tumca produqtiul sistemas 

SeuZlia damatebiTi produqtis nebismieri  
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 magaliTi:   mocemulia 
 

C 4
 5
 

          l= (4 ;4)   da       L = 40. 
 
 amovxsnaT sistema: 

x – Ax = α c, 

 
 Sesabamisi ariTmetikuli moqmedebebis Semdeg viRebT: 
 

2/3 x1 – 1/2 x2 = 4 α, 
- 1/12 x1 + 3/4 x2 = 5 α, 

x1 = 12 α,   x2 = 8α. 

 
 
 

α ≤ 1/2, 

α ≤ 1/3, 

α ≤ 3/8. 

 
 

sur.18. matricis udidesi sakuTari mniSvneloba 
 

4m 3
1/3 ½ A 1/12 ¼ 

_ ( x1 

x2 ) 4 4 ( 1/3    1/2 

1/12    1/4 ) (x1 

x2 ) = α ( )5 

4 _ ( x1 

x2 ) ( 1/3    1/2 

1/12    1/4 ) (x1 

x2 ) = α ( )5 

4 

 
x = ( 12 α 

 
8 α )  

 

α 

    0                         1/3     3/8    1/2 
 

   miRebuli sveti unda akmayofilebdes 

pirobas: 

lx ≤ L , x ≤ m. 
Sesabamisi operaciis Catarebis Semdeg 

miiReba utolobaTa sistema: 
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 α–s udidesi mniSvneloba, romelic akmayofilebs samive pirobas 

aris 1/3 (sur.18). 

 α max = 1/3 , warmoebis svets ki eqneba Semdegi saxe: 
 

4 x = 8/3
 
 saboloo produqti: 

 
 

 
 

 

4.3. momgebiani matrica 

 
 exla davuSvaT, rom dargebi yiduloben sistemis Sida bazarze (anu 

erTmaneTisagan) masalebs, romelic esaWiroebaT rogorc warmoebis 

saSualebebi. pi >0 aris i–uri produqciis erTeulis fasi: 

 p = (p1  p2  ..... pn) – Ffasebis striqonuli matrica, romlis 

TiToeuli elementi aris Sesabamisi produqciis erTeulis fasi. 

 davuSvaT, rom A = (aik) aris materialuri danaxarjebis matrica, 

maSin k-uri produqciis erTeulis warmoebis fuladi danaxarji 

Seadgens: 

                                                                   n 

∑pi aik ,      k= 1, ..., n. 
                                                                  i=1 
  
 am sidideebisagan ewyoba warmoebis danaxarjebis pA striqonuli 

matrica: 

                                 n                           n 

pA = (∑ pi ai1 ....... ∑pi ain). 
                                                       i=1                        i=1 
 

 kvadratuli matrica A ≥ 0 momgebiania, Tu arsebobs iseTi 

striqoni p>0, roca pA<p. es niSnavs, rom arsebobs fasebis Tundac 

iseTi sistema p, romlis drosac TiToeuli produqtis fasi metia misi 

4/3α max c =  
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warmoebis danaxarjebze da, Sesabamisad, yvela dargSi uzrunvelyofilia 

dadebiTi mogeba, romelic gamoixateba sxvaobiT: 

 

p – pA. 
 

 matricis momgebianobis da produqtiulobis pirobebi tolfasia: 
 

p (x - Ax) = (p - pA) x, 
 
rac niSnavs, rom mogeba aris damatebiTi produqciis fuladi 

gamoxatuleba, xolo damatebiTi produqti aris mogebis materialuri 

gamoxatuleba. 
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Tavi 5.  mravalkriterialuri amocanebi 

5.1. paretos simravle 

 
 praqtikuli amocanebis gadawyvetisas xSirad gvaqvs saqme iseT 

SemTxvevasTan, rodesac saWiroa erTdroulad ramdenime pirobis 

Sesruleba da, TiTqmis yovelTvis, es pirobebi urTierTgamomricxavia. 

 ganvixiloT (U,V) sibrtyeze simravle Ω (sur.19). 

    
       sur.19 simravle Ω 
 

  

1. wertilebi, romlebic SeiZleba ise gadavaadgiloT, rom 

erTdroulad gavzardoT orive koordinatis mniSvneloba da Tan 

wertilebi davtovoT simravleSi; 

2. wertilebi, romelTa gadaadgilebiT izrdeba erTi koordinata da 

meore rCeba ucvleli; 

3. wertilebi, romelTa gadaadgilebiT mcirdeba erTi koordinata 

mainc. 

 mesame klasis wertilebis simravles ewodeba mocemuli simravlis 

paretos sazRvari. 

5.2. amocanis dasma 

 

  mocemulia ω simravle (x, y) sibrtyeze (sur.20). 
 

Ω 

U 

V    

 

am simravlis TiToeul wertils 

axasiaTebs Semdegi ram: an masTan 

siaxloveSi myofi yvela wertili 

ekuTvnis simravles (mas ewodeba 

simravlis Sida wertili), an ar 

ekuTvnis. SemdegSi Cven ganvixilavT 

mxolod iseT SemTxvevebs, rodesac 

sazRvrispira wertili simravles 

ekuTvnis. sazRvrispira wertilebis 

simravles ewodeba sazRvari. Ω 
simravlis wertilebi iyofa  sam klasad: 
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      sur.20. simravle ω                   sur.21. simravle Ω 
 
 
  
 am simravlis TiToeul wertilSi gansazRvrulia ori uwyveti 

funqcia: 

 
U = Φ (x, y)    da V = Ψ (x, y). 

 
 vipovoT ω simravleze wertili (x0, y0

), romelSic  
 

Φ (x0, y0
) = max   da  Ψ (x0, y0

) = max. 
 

 mcireodeni analizis Semdeg naTeli xdeba, rom mocemul amocanas 

amonaxsni ara aqvs.  gamovsaxoT (U,V) sibrtyeze yvela wertili, romelTa 

koordinatebi gamoiTvleba formuliT: 

 

U = Φ (x, y),    V = Ψ (x, y), sadac    (x, y) є ω. 

 
  miRebuli simravle aRvniSnoT Ω–iT (sur.21). suraTze naTlad Cans, 

rom U da V-s maqsimaluri mniSvneloba miiRweva wertilSi, romelic 

moTavsebulia simravlis gareT. ase rom, orive moTxovnis erTdrouli 

Sesruleba SeuZlebelia, Sesabamisad, saWiroa kompromisuli 

gadawyvetilebis miReba. amis gakeTeba SesaZlebelia ori arsebuli 

meTodiT: 

 

ω 

X

Y

 
 U 

Ω

V Vmax 

Umax 
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1. daTmobis meTodi – mdgomareobs imaSi, rom gadawyvetilebis mimRebi 

piri aanalizebs paretos sazRvrispira wertilebs da, bolos da 

bolos, Tavis arCevans aCerebs erT–erT maTganze; 

2. idealuri wertilis meTodi – am dros pouloben wertils, 

romelic yvelaze axlos mdebareobs utopiis wertilTan (am 

wertilis miRweva ver xerxdeba mimdinare SezRudvebis pirobebSi). 

 

5.3. idealuri wertilis meTodi 

 
 mocemulia ω simravle (x, y) sibrtyeze, romelic ganisazRvreba 

utolobaTa sistemiT (sur.22): 

 
                                                                                                     sur.22. simravle ω 
 

 ω simravle warmoadgens xuTkuTxeds, romlis wveroebsac aqvT 

Semdegi koordinatebi: 

 

A(0,0);    B(0,2);     C (2,2);   D (4,1);     E (4,0). 

  

 U da V kriteriumebis wrfivobis gaTvaliswinebiT ABCDE 

xuTkuTxedi gadadis A*B*C*D*E* xuTkuTxedSi (5.1) formulis mixedviT 

(sur.23): 

A*(2,6);    B*(4,4);    C* (6,6);    D* (7,9);   E* (6,10). 
 
 

X 

Y 

E 

D 

C 

B 

 
0 ≤ x ≤ 4; 

0 ≤ y ≤ 2; 

x + 2y ≤ 6. 

garda amisa, mocemulia ori 

wrfivi funqcia: 

U = x + y +2, 

 V = x – y + 6.       

vipovoT  U → max da V→max.  

ω 

(5.1)
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     sur.23. utopiis wertili 
 

α U + β V = γ. 
 

 α, β, γ parametrebis mosaZebnad CavsvaT tolobaSi orive wertilis 

koordinatebi: 

6α + 10β = γ, 

7α + 9β = γ. 
 gamovaklebT ra pirvel tolobas meores miviRebT: 

-α + β = 0. 

 davuSvaT, rom α = β = 1, maSin γ = 16 da 

U + V = 16 
aris monakveTis toloba.  

 rogorc cnobilia, or wertils Soris manZili gamoiTvleba 

formuliT (hipotenuza): 

2
21

2
21 )V - (V  ) U- (U + .  

 CavsvaT Cveni utopiis wertilis koordinatebi mocemul formulaSi: 

Z = (U - 7)2 + (V - 10)2 → min. 

 radganac U = 16 – V, es SeiZleba ase Caiweros: 

Z = (9 - V)2 + (V - 10)2 → min. 
 kvadratSi ayvaniT viRebT: 

 

U 

V M* 

D* 

C* 

B* 

A* 

E* 

 

mocemul suraTze paretos 

sazRvari aris D*E* monakveTi. 

utopiis wertili mocemulia da 

mdebareobs M* (7,10) wertilSi. 

Cveni mizania iseTi wertilis 

povna, romelic yvelaze axlos 

mdebareobs M* wertilTan.  

gavataroT D*E* monakveTze wrfe, 

 romlis toloba ase gamoixateba: 
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Z = 2V2 – 38V + 181. 

 

 miRebuli toloba aRwers parabolas, romlis wveroa V0 = 19/2, 

Z0= 1/2 (wveros koordinatebs vpoulobT Z funqciis gawarmoebiT), maSin 

U0 = 16-19/2=13/2. idealuri wertilia M0(13/2, 19/2). xolo X da Y 

mniSvnelobebs vpoulobT wrfivi tolobebidan: 

X + Y + 2 = 13/2, 

X – Y + 6 = 1/2, 

X = 4,   Y = 1/2. 
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Tavi 6. ierarqiebi da prioritetebi 

6.1. ganzomileba da SeTanxmebuloba 

 
 davuSvaT, gvaqvs raRac sagnebi (magaliTad: qvebi) S1, ..., Sn , maTi 

wona Zalian umniSvneloa da saWiroa maTi wonis Sefaseba asawoni 

saSuaelebebis gareSe. arsebobs am problemis gadaWris bevri meTodi. 

ganvixiloT ori maTgani: 

1. sagnebidan yvelaze msubuqi gamovacxadoT etalonad, SevadaroT mas 

yvela danarCeni sagani da gavyoT TiToeulis miaxloebiTi wona Si  

n  sagnebis wonebis jamze da vipovoT misi SedarebiTi wona. 

amisaTvis dagvWirdeba (n-1) Sedareba; 
2. meore meTodi mdgomareobs saganTa wyvilebis SedarebaSi. jer 

vadarebT S1 sagans S2, ...., Sn sagnebs cal-calke, Sendeg S2 –s S3 ,..., Sn–s 

da a.S. manam, sanam ar Segveqmneba azri TiToeuli wyvili sagnis 

SedarebiT wonaze. cdebis raodenoba iqneba: 

 

n (n-1)/2. 
 

 am dros TiToeuli sagani meTodurad edareba yvela danarCens. ra 

Tqma unda, meore meTodi ufro met dros moiTxovs, magram is ufro 

zustia. 

 nebismier ganzomilebas axasiaTebs Secdomebi, yvelaze mZime Sedegi 

amisa SeiZleba iyos daskvnebis araSeTanxmebuloba. 

 Sedarebis problema iqmneba yvelgan – fizikuri sidideebis 

gazomvisa da Cadenili saqcielis Sefasebis dros. Sedarebisas kargi 

Sedegis misaRebaT saWiroa: 

 

1. Sesaferis SedarebaTa ricxobrivi skalis povna, 

2. SeuTanxmeblobis xarisxis gansazRvra. 
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6.2. idealuri ganzomileba 

 

 davuSvaT, rom saWiroa erTmaneTs SevadaroT S1, ... , Sn qvebis wona. 

CvenTvis cnobilia maTi idealurad zusti wona.  

 Tanafardoba 

aik = wi / wk , sadac    i, k = 1, ..., n, 
gviCvenebs, ramdenad metia i-uri qvis wona k-uri qvis wonaze.  
 CavweroT Tanafardobebi kvadratuli matricis saxiT: 

 

 
 

 gavaanalizoT am idealuri SedarebiTi matricis zogierTi 

maxasiaTebeli: 

1. nebismieri i-sTvis WeSmaritia toloba aii = 1, 

2. nebismieri i da k-Tvis WeSmaritia toloba aki = 1/ aik, 

3. nebismieri i, k da l-Tvis WeSmaritia toloba aik * akl = ail, 
4. sveti:   

 

w1 
w2 
...... w 

wn 
 
 

aris matricis sakuTari sveti sakuTari mniSvnelobiT λ = n. 
 

6.3. ukusimetriuli da SeTanxmebuli matricebi 

 
 ganvixiloT n rigis dadebiTi kvadratuli matrica: 
 

w1/w1 w1/w2 ....... w1/wn
w2/w1 w2/w2 ....... w2/wn
......... ......... ....... .........A 

wn/w1 wn/w2 ....... wn/wn
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a11 ... a1k ... a1n
... ... ... ... ... 
ai1 ... aik ... ain
... ... ... ... ... 

A 

an1 ... ank ... ann
 

 A matricas ewodeba ukusimetriuli, Tu nebismieri i da k-Tvis 

sruldeba Tanafardoba: 

aki = 1/ aik . 

 

 aqedan gamomdinareobs, rom aii = 1.  
 matricas ewodeba SeTanxmebuli, Tu nebismieri i, k da l–Tvis 

sruldeba toloba: 

aik * akl = ail.   

 Sesabamisad, Sedarebis idealuri matrica ukusimetriuli da 

SeTanxmebulia. 

  

 Teorema: dadebiTi, ukusimetriuli matrica SeTanxmebulia 

mxolod maSin, rodesac misi rigi da udidesi sakuTari mniSvneloba 

erTmaneTs emTxveva anu λ max = n. 

 

6.4. SeTanxmebulobis indeqsi 

 
 ukusimetriuli SeTanxmebuli matricis umniSvnelod SecvliT misi 

maqsimaluri sakuTari mniSvnelobac umniSvnelod Seicvleba. Tu A aris 

Secvlili dadebiTi ukusimetriuli matrica, λmax aris misi udidesi 

sakuTari mniSvneloba da, amasTan erTad, λmax = n, maSin A matrica 

SeTanxmebulia. 

   Tu λmax ≠ n, maSin gadaxris xarisxad SeiZleba aviRoT 

Tanafardoba: 

(λ max  - n)/ (n - 1). 
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 mas ewodeba matricis SeTanxmebulobis indeqsi. Tu 

SeTanxmebulobis indeqsi ar aRemateba 0.1–s, maSin amboben, rom arsebobs 

SeTanxmeba. 

 

6.5. ukusimetriuli matricis sakuTari maxasiaTeblis gamoTvla 

 
 dadebiTi ukusimetriuli matricis udidesi sakuTari 

mniSvnelobis sapovnelad saWiroa miaxloebiTi sakuTari svetis 

gansazRvra. amisaTvis arsebobs oTxi gza. ganvixiloT maTgan yvelaze 

martivi: 

1. davajamoT TiToeuli striqonis elementebi da Sedegebi CavweroT 

svetis saxiT, 

2. gavyoT am svetis TiToeuli elementi miRebul jamze. 

 Sedegad miRebuli X sveti aris matricis sakuTari sveti. misi 

meSveobiT SesaZlebelia matricis Sesabamisi sakuTari mniSvnelobis 

povna. amisaTvis saWiroa: 

1. gavamravloT A matrica x svetze 

Ax = y; 

2. gavyoT miRebuli y svetis elementebi X svetis  Sesabamis 

elementebze 

y1 / x1, ...., yn / xn, 
da Tu  

y1 / x1 = .... = yn / xn, 

maSin es Tanafardoba aris A matricis sakuTari mniSvneloba, romelic 

Seesabameba Sesabamis X svets. 

 Cvens SemTxvevaSi, sakuTari mniSvnelobis saxiT viRebT mis 

saSualo ariTmetikuls: 

                  n 

λ  max = 1/n ∑ yi / xi. 
                                                                        i=1 
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6.6. skalireba 

 
 amocanis amoxsnisas udidesi mniSvneloba aqvs skalis arCevas.  

 

 magaliTi: davuSvaT, rom A, B, C, D obieqtebis Sefasebisas miviReT 

SedarebiTi cxrili (cxrili 4), romelsac mivyavarT ukusimetriul 

matricamde. 

 
 

   cxrili 4. SedarebiTi cxrili  
 

 A B C D
A 1 5 6 7
B 1/5 1 4 6
C 1/6 1/4 1 4
D 1/7 1/6 ¼ 1

  
 gamoTvlebis Semdeg viRebT mis sakuTar svets, sakuTar 

mniSvnelobas da Sedarebis indeqss: 

 

 

0.68
0.16
0.09
0.06

 
pλ  max = 4.05, 

indeqsi = (4.05 -4) / (4-1) = 0.017. 
 

 am svetis elementebis jami udris 1-s, xolo TviT svets uwodeben 

prioritetebis svets, romlis mniSvnelobebia: 

 

A = 68% ,    B= 16% ,     C= 9% ,    D= 6%. 
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6.7. ierarqia 

 
 analizis gakeTebisas elementebis da maTi urTierTqmedebis 

ricxvi imdenad didia, rom sistema iyofa qvesistemebad anu xdeba dayofa 

ierarqiebad. 

 ierarqia aris sistemis gansazRvruli saxe, romelic efuZneba 

azrs, rom misi elementebi SeiZleba dajgufdes aradakavSirebul 

simravleebad. iTvleba, rom ierarqiis TiToeul jgufSiU elementebi 

damoukidebelia. 

 pirveli moTxovna funqcionaluri sistemis analizisas aris 

ierarqiis ageba, amisaTvis jer unda ganisazRvros yvela elementi, 

romelic exeba ierarqias. Semdeg isini iyofa jgufebad. ase iqmneba 

ierarqiis doneebi, ganisazRvreba miznebi, romlisTvisac xdeba amocanis 

Seswavla da igeba ierarqia.  amis Semdeg xdeba elementebis wyvil-

wyvilad Sedareba da dgeba Sesabamisi matricebi, xolo Sedgenis 

kriteriumi aris elementis donis maCvenebeli.  

 

 magaliTi : energiis gadanawileba 

 

 davuSvaT, rom qveyanaSi unda Catardes energiis ganawileba 

momxmareblebs, transportsa da mrewvelobas Soris (sur.24). CamoTvlili 

elementebi warmoadgenen ierarqiis udables dones. miznebi, romliTac 

fasdeba es doneebi, aris wvlili ekonomikis ganviTarebaSi (E), wvlili 

garemos pirobebis gaumjobesebaSi (N) da wvlili nacionalur 

uSiSroebaSi (D). es miznebi ierarqiis meore donea. saerTo mizani aris 

Sesaferisi socialuri da politikuri mdgomareoba (C). es ierarqiis 

pirveli donea. 
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sur.24. ierarqiis doneebi 
 

 SevadginoT sami miznis wyvili Sedarebis matrica: 
 
 

C E N D 
E 1 5 3 
N 1/5 1 3/5
D 1/3 5/3 1 

 
λmax = 3, 

index = 0.0 
 

  proiritetebis svets eqneba Semdegi saxe: 
 
 

0.65
0.13w
0.22

  
 exla movaxdinoT analizi TiToeuli obieqtis TvalTaxedvidan: 
 
 1. ekonomikis ganviTarebis TvalTaxedvidan - 
 

E cust tra ind
cust 1 3 5 
tra 1/3 1 2 
ind 1/5 1/2 1 

 

0.65 
0.23 w 
0.12 

C 

E N D 

Ind Tra Cust 
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λmax = 3, 
index = 0.0; 

 
 2. garemos pirobebis TvalTaxedvidan - 

 
N cust tra ind

cust 1 2 7 
tra 1/2 1 5 
ind 1/7 1/2 1 

 
λmax = 3.01, 

index = 0.01; 
  
 3. nacionaluri uSiSroebis TvalTaxedvidan - 

 
D cust tra ind

cust 1 2 3 
tra ½ 1 2 
ind 1/3 1/2 1 

 
λmax = 3.0, 

index = 0.01. 
 

 CavweroT miRebuli svetebi cxrilis saxiT: 
 

0.65 0.59 0.54
0.23 0.33 0.30
0.12 0.08 0.16

   
 gavamravlebT ra am matricas W svetze, vipoviT ierarqiis mesame 

donis prioritetebis svets: 

0.62
0.26
0.12

 
  gamoTvlebis safuZvelze vRebulobT, rom momxmareblebze unda 

gamoiyos energiis 62%, transportze - 26% da mrewvelobaze - 12% (sur.25). 

0.59 
0.33 w 
0.08 

0.54 
0.30 w 
0.16 
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sur.25. resursebis gadanawileba 

0.13 

0.65 
0.22 

C 

E 

cu tr in

0.65 0.12

0.23 

N 

cu tr in 

0.59

0.33

0.08 

D 

cu tr in 

0.54 

0.30 

0.16 
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nawili III. stoqastikuri meTodebi 
 

Tavi 7. maTematikuri statistika 
 

nebismieri raodenobrivi analizis pirveli etapi mdgomareobs 

saWiro informaciis mopovebaSi. monacemTa SegrovebisaTvis ki arsebobs 

mravali meTodi: arsebuli masalebis gamoyeneba, gamokiTxva, dakvirveba. 

miRebuli Sedegebi SeiZleba warmodgenil iqnas cxrilebis meSveobiT, 

grafikulad (histogramebis, sveturi diagramebis, wrfivi grafikebis, 

seqtoruli diagramebis saxiT). miRebuli monacemebis damuSaveba xdeba 

sxvadasxva saxis statistikuri maCveneblebis meSveobiT. ganvixiloT 

zogierTi maTgani. 

7.1. saSualo ariTmetikuli, moda, mediana 

 

  saSualo maCvenebeli aris erT-erTi yvelaze mniSvnelovani 

statistikuri maCvenebeli, romelic warmodgenas iZleva raime cvladis 

centraluri, tipuri mniSvnelobis Sesaxeb (magaliTad: saSualo xelfasi, 

warmoebis saSualo moculoba da a.S.). 

yvelaze farTod gavrcelebuli saSualo statistikuri maCvenebeli 

aris saSualo ariTmetikuli, romelic miiReba cvladis yvela 

mniSvnelobis jamis gayofiT maT raodenobaze (Tumca misi simartivis 

gamo amjerad masze ar SevCerdebiT): 

 

∑= nXX /
__

. 

 

kidev erTi maCvenebeli aris moda, romelic SeiZleba ganisazRvros 

rogorc mniSvneloba, romelic yvelaze xSirad gvxvdeba monacemTa 

nakrebSi. mocemul mniSvneloba ufro warmomadgenlobiTad da saimedod 

miCneulia, vidre saSualo ariTmetikuli. 

 

magaliTi 1: cxrilSi (cxrili 5) mocemulia organizaciaSi 

momuSaveTa pirTa gacdenaTa raodenoba sami kviris ganmavlobaSi. 
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cxrili 5. organizaciaSi gacdenaTa raodenobebi 
 

muSaTa odenoba, 
romlebic ar gamocxaddnen samuSaoze

0 1 2 3 4 

gacdeniliDdReebis raodenoba 2 8 6 3 2 
 

sixSireTa cxrilidan Cans, rom yvelaze xSirad samuSaoze ar 

cxaddeba TiTo muSa. Sesabamisad moda 1-is tolia. mocemul SemTxvevaSi 

cxrili sakmaod martivia da modis povnac sirTules ar warmoadgens, 

magram rogor moviqceT iseT SemTvevaSi, rodesac cxrili Seicavs 

dajgufebis intervalebs? 

 

magaliTi 2: ganvixiloT 40 muSakisgan Semdgari jgufebis kviris 

Semosavali (cxrili 6): 

                                           cxrili 6. yovelkvireuli Semosavlebi 
 

kviris 
Semosavali 

300-  400  –   500    –  600     -   700    -  800  -    900 

muSakebis 
raodenoba 

A2 AA   5AAA  AAA9AAA AA12AA AA8AA    A4AA 

 

cxrili 6-dan Cans, rom yvelaze xSirad meordeba intervali 600 - 

700. aqedan SeiZleba gamoviTvaloT modis saSualo mniSvneloba, romelic 

iqneba 650-is toli, Tumca es mniSvneloba ar iqneba zusti. ufro saimedo 

mniSvnelobis misaRebad gamoiyeneba e.w. histogramebi (sur.26)  

 

 
 

sur.26. modis mniSvneloba 
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rogorc sur.26-dan Cans, modis zusti mniSvneloba aris daaxloebiT 

643. rac Seexeba medianas, es aris saSualo maCvenebeli, romelic miiReba 

klebadobis an zrdadobis mixedviT dalagebuli monacemebidan 

centraluris amorCeviT. imisaTvis, rom gavigoT rigiT meramdene 

monacemia mediana, gamoiyeneba martivi formula: 

 

(n + 1) / 2. 

 

Sesabamisad, Tu monacemTa CamonaTvali Sedgeba xuTi elementisagan, 

maSin mediana aris elementi nomeri (5+1)/2=3. 

axla ki davubrundeT pirvel magaliTs da gamovTvaloT misi 

mediana. cxrilis mixedviT, dReebis saerTo raodenoba aris 21–is toli, 

aqedan mediana aris (21 + 1) / 2 = 11. ganvsazRvroT, romeli maCvenebeli 

Seesabameba 11-s. Cven viciT, rom 100%-iani daswreba samuSao adgilze iyo 

ori dRis ganmavlobaSi, xolo 8 dRis ganmavlobaSi koleqtivs aklda 

TiTo muSaki, Sesabamisad 11-s Seesabameba 2-is toli maCvenebeli anu 

mediana udris 2 muSaks. 

CamoTvlili sami saSualo maCveneblidan TiToeuls gaaCnia Tavisi 

upiratesobebi da naklovanebebi. 

7.2. variacia 

 

variacia es aris maCvenebeli, romlis meSveobiTac SeiZleba 

ganisazRvros monacemTa gafantulobis done, anu es aris sxvaoba 

monacemTa ganawilebis yvelaze udides da umcires mniSvnelobebs Soris. 

 

magaliTi 1: mocemulia sawarmos yovelkvireuli Semosavali 10 

kviris ganmavlobaSi: 12, 20, 15, 8, 5, 14, 22, 13, 10, 17. variaciis gasarkvevad 

viRebT maqsimalur (22) da minimalur (5) mniSvnelobebs da vigebT maT 

Soris sxvaobas 22 - 5 = 17. 

 

magaliTi 2: cxrilSi (cxrili 7) moyvanilia 15 sxvadasxva aqcia, 

romlis kotireba xdeba londonis safondo birJaze: 
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cxrili 7 aqciebis kotirebebis cxrili 
 

2.20 1.50 3.00 5.55 4.42
3.17 0.96 7.83 1.65 2.58
2.10 0.58 1.75 1.20 3.74

 
davalagoT es maCveneblebi zrdadobis mixedviT: 

 
0.58, 0.96, 1.20, 1.50, 1.65, 1.75, 2.10, 2.20, 2.58, 3.00, 3.17, 3.74, 4.42, 5.55, 7.83. 

 
mocemul SemTxvevaSi ufro mizanSewonili iqneba gamoviyenoT 

variaciis erT-erTi saxeoba - “Sua kvartili”, anu sxvaoba udides da 

umcires kvartilebs Soris (kvartili aris monacemTa simravlis erTi 

meoTxedi nawili). mocemuli mniSvneloba gviCvenebs variacias monacemTa 

centraluri 50%-isaTvis: 

qveda kvartili Q1= (n+1)/4 = (15+1)/4=4 elementi, 

zeda kvartili Q2= 3/4 (n+1)= 3/4 (15+1)= 12 elementi, 

anu 

Q1=1.50, 

Q2=3.74, 

Q1 - Q2 =3.74 – 1.50 = 2.24. 

7.3. saSualo kvadratuli gadaxra 

 

saSualo kvadratuli gadaxra aris variaciis saxe, romelic 

miiReba saSualo ariTmetikulsa da TiToeul mniSvnelobas Soris 

arsebuli gadaxris kvadratebis saSualo mniSvnelobis jamis 

kvadratuli xarisxis fesvidan amoRebiT: 

σ = 
n

xx∑
−

− 2)(
, 

 

 

xolo mniSvnelobaTa ganmeorebis sixSireTa cxrilis arsebobis 

SemTxvevaSi: 

 

2
22

)(
)( −

−

−=
−

=
∑
∑

∑
∑ x

f
fx

f
xxf

σ . 
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magaliTi: monacemebi warmodgenilia cxrilis saxiT (cxrili 8). 
 
 

                           cxrili 8 sasaqonlo maragebi 
 

sasaqonlo maragebis erTeulebi 3 4 5 6 7 8 9 10 
dReebis raodenoba 4 12 22 20 16 12 8 6 

 

 

mocemuli cxrilis (cxrili 8) meSveobiT vipovoT saSualo 

kvadratuli gadaxra: 

 

x   f fx fx2 
3 4 12 36 
4 12 48 192 
5 22 110 550 
6 20 120 720 
7 16 112 784 
8 12 96 768 
9 8 72 648 
10 6 60 600 

sul 100 630 4298 
 

saidanac 
 

3.6
100
630

===
∑
∑−

f
fx

x , 

81.1)3.6(
100
4298 2 =−=σ . 

 

7.4. dispersia, variaciis koeficienti, asimetriis maCvenebeli 

 

dispersia es aris variaciis saxe, romelic miiReba saSualo 

kvadratuli gadaxris maCveneblis kvadratSi ayvaniT. 

variaciis koeficienti  aris variaciis gansakuTrebuli maCvenebeli, 

romelic miiReba saSualo kvadratuli gadaxris da saSualo 

ariTmetikulis SefardebiT da gamoixateba procentebSi. 

cnobilia, rom saSualo maCveneblebis mniSvnelobebi icvleba 

ganawilebis formis mixedviT. magaliTad, Tu monacemebi simetriulia, 

maSin saSualo ariTmetikulis, modisa da medianis mniSvnelobebi 

erTmaneTs emTxveva. Tu ganawileba dadebiTad simetriulia, maSin 
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saSualo ariTmetikuli aris udidesi mniSvneloba, xolo moda umciresi. 

asimetriis gansazRvra Semdegnairad aris SesaZlebeli: 

 

asimetria = (saSualo ariTmetikuli - moda)/ saS.kvadratuli gadaxra 

an 

asimetria = 3*(saSualo ariTmetikuli - mediana)/saS.kvadratuli gadaxra. 

 

Tu mniSvneloba nulis tolia, maSin ganawileba simetriulia. 

dadebiTi mniSvnelobis dros adgili aqvs dadebiT asimetrias, uayofiTis 

SemTxvevaSi – uaryofiT asimetrias.  
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Tavi 8. prognozirebis meTodebi 

8.1. zogadi daxasiaTeba 

 
 prognozireba Tavisi xasiaTiT dakavSirebulia drosTan _ misi 

meSveobiT Cven vcdilobT ganvsazRvroT momavali awmyoSi. aseTi 

,,gansazRvris” meTodebi Zalian mravalferovania _ intuiciidan da 

istoriuli analogiebidan dawyebuli da eqspertuli SefasebebiT da 

rTuli ekonometrikuli modelebiT damTavrebuli. amitom ama Tu im  

situaciis ganviTarebis prognozirebis aucilebloba qmnis problemas, 

romelic dakavSirebulia prognozirebis konkretuli meTodis arCevasTan. 

es arCevani damokidebulia mraval faqtorze: monacemebis arseboba 

(warsuli gamocdilebis ricxobrivi gamoxatuleba), Sesrulebis 

dasagegmi momenti da prognozis sasurveli sizuste, garda amisa, droiTi 

da RirebulebiTi danaxarjebi mis Sedgenaze. 

 swored amitom, imis mixedviT, Tu ra drois periodze dgeba 

prognozi, arsebobs: 

• moklevadiani prognozi (erTi kvartlidan erT wlamde); 

• saSualovadiani prognozi (erTi wlidan sam wlamde); 

• grZelvadiani prognozi (sami weli da meti). 

 bunebrivia, rom rac ufro mcirea drois Sualedi arsebul da 

prognozirebad mdgomareobas Soris, miT ufro realuri iqneba 

monacemebi. arsebobs prognozebis Sedgenis meTodebis ori jgufi: 

raodenobrivi da xarisxobrivi (sur.27). 

 xarisxobrivi anu eqspertuli meTodebi (Qualitative Methods) dgeba 

specialistebis Sexedulebebis mixedviT. 

 raodenobrivi meTodebi (Quantative Methods) efuZneba monacemTa 

masivebis damuSavebas da, Tavis mxriv, iyofa kauzalur anu mizez _ 

Sedegobriv (Causal) da droiTi rigebis analizis (Time Series Methods) 

meTodebad.  

 im daSvebiT, rom warsulSi momxdari faqti gvaZlevs momavlis 

Sefasebis SesaZleblobas, droiTi rigebis analizi warmoadgens 

warsulis tendenciebis gamovlenis da maTi momavalSi gagrZelebis 

saSualebas. 
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sur.27. prognozirebis meTodebi 
   

 kauzaluri meTodebi gamoiyeneba im SemTxvevaSi, rodesac mosaZebni 

mdgomareoba damokidebulia ara marto droze, aramed sxvadasxva 

cvladze.  maTematikuri kavSirebis moZebna am cvladebs Soris 

warmoadgens prognozirebis kauzaluri meTodis arss. 

8.2. droiTi rigebis analizi 

 
 droiTi (qronologiuri, dinamikuri) rigi ewodeba garkveuli 

maCveneblis mniSvnelobebis Tanmimdevrobas droSi (magaliTad, gayidvebis 

moculoba). ganasxvaveben droiTi rigis or tips: momentaluri, rodesac 

maCveneblis mniSvneloba ekuTvnis drois garkveul periods, da 

intervaluri, rodesac miTiTebulia Sesabamisi droiTi intervalebi. 

 droiTi rigebi, rogorc wesi, mocemulia cxrilebis saxiT an 

grafikulad. prognozirebis amocanebSi maTi gamoyeneba xdeba realuri 

monacemebis arsebobisas da im pirobiT, rom warsulSi arsebuli 

tendencia SedarebiT stabiluria. droiTi rigi saSualebas iZleva 

ganisazRvros ra moxdeba gare Carevis gareSe da, Sesabamisad, ar SeuZlia 

iwinaswarmetyvelos tendenciis cvlileba. amitomac, am meTods iyeneben 

moklevadiani prognozis Sedgenisas. 

prognozirebis  
meTodebi 

xarisxobrivi 
meTodebi 

 

raodenobrivi 
meTodebi 

kauzaluri 
meTodebi 

droiTi rigebis 
analizi 
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 procesebis ganviTareba dgeba garkveuli mdgradi tendenciebisagan 

(trendis) da zogierTi SemTxveviTi Semadgenelisagan, romelic 

gamoxatavs maCveneblis gadaxras trendidan. trendis wrfe maCveneblis 

safuZlvelze gamoyofs saerTo tendencias. umravles SemTxvevaSi, 

dinamikuri rigi, garda trendisa da SemTxveviTi gadaxrebisa, xasiaTdeba 

sezonuri anu cikluri SemadgenelebiT. cikluri Semadgenelebi  

gansxvavdebian sezonurisagan xangrZlivobiT da amplitudis 

aramdgradobiT. sezonuri komponentis xangrZlivoba izomeba dReebiT, 

kvireebiT, TveebiT, xolo cikluri _ wlobiT an aTwleulobiT. 

SemdgomSi gaTvaliswinebuli ar iqneba cikluri Semadgeneli da 

simartivisaTvis SemoRebuli iqneba daSveba, rom trendi wrfivia. 

ganvixiloT droiTi rigebis analizis sami meTodi (sur.28). 

 

 
 

sur.28 droiTi rigebi 

 

8.2.1. mcocavi saSualos meTodi 

 
 martivi mcocavi saSualos (Simple Moving Average) meTodi 

mdgomareobs imaSi, rom prognozirebadi droisaTvis mniSvnelobis 

gamoTvla xdeba maCveneblis ukve arsebuli monacemebis gasaSualoebis 

xarjze. 

 

 magaliTi: davuSvaT, rom saqonlis gayidvaTa moculoba aRwerilia 

droiTi rigis meSveobiT (cxrili 9): 

 
droiTi rigebis 

analizi 

mcocavi 
saSualo

eqsponencialuri 
gasworeba 

trendis 
proecireba
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                                  cxrili 9. gayiduli saqonlis moculoba 
 

kviris 
dRe 

orSab. samSab. oTxSab. xuTSab. parask. SabaTi kvira 

gayiduli 
produqciis 
raodenoba 

10 6 5 11 9 8 7 

  

  

 xuTSabaTis dRisaTvis prognozis gasakeTeblad, unda aviRoT wina 

sami dRis faqtobrivi monacemebi da vipovoT saSualo ariTmetikuli: 

 

f4 = (10 + 6 + 5) / 3 = 7. 
 

 Sesabamisad, momdevno dReebis prognozi ase gamoiyureba: 
 

f5 = 7.33, 

f6 = 8.33, 

f7 = 9.33, 

                                                    f8 = 8. 

 
 gamosaTvlel formulas ki eqneba Semdegi saxe: 

 

fk = (Xk-N + Xk-N+1 + ... + Xk-1) / N, 
an ufro mokled: 

                 N 

                                   fk = 1/N * ∑ Xk-i ,                                   (8.1) 
                  i = 1 

  sadac  Xk-i   aris realuri maCvenebeli tk-i droisaTvis; 

         N – gamoTvlebisas gamoyenebuli winamorbedi dReebis ricxvi; 

         fk  - prognozi drois tk momentisaTvis. 

 gansxvaveba realur da prognozirebul monacemebs Soris 

mocemulia grafikze. Savi monakveTiT aRniSnulia faqtobrivi monacemebi, 

TeTriT _ prognozirebuli (sur.29): 
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sur.29. mcocavi saSualo 
 

 gawonasworebuli mcocavi saSualos (Weighted Moving Average) 

meTodiT prognozis gakeTebisas mxedvelobaSi miiReba TiToeuli 

maCveneblis wona anu gavlena movlenebis ganviTarebaze. es meTodi 

maTematikurad ase gamoisaxeba: 

                                                   N                                    N 

           fk =  ∑ Wk-i * Xk-i  /  ∑ Wk-i ,                         
                                                  i = 1                               i = 1 

  sadac Xk-i   - aris realuri maCvenebeli tk-i droisaTvis; 

         N – gamoTvlebisas gamoyenebuli winamorbedi dReebis ricxvi; 

         fk  - prognozi drois tk momentisaTvis; 

         Wk-i  - wona, romelTanac erTad gamoTvlebisas  gamoiyeneba Xk-i   

maCvenebeli. 

 

 SeniSvna: maCveneblis wona yovelTvis dadebiTi ricxvia. im 

SemTxvevaSi, Tu yvela wona erTnairia, gamoTvlebisas gamoiyeneba (8.1) 

formula. 

 

8.2.2. eqsponencialuri gasworebis meTodi 

(Exponential Smoothing) 
 

 am meTodiT prognozis gakeTebisas gaiTvaliswineba wina 

prognozis gadaxra realuri maCveneblidan (sur.30): 

 

           fk =  fk-1 +α (Xk-1 – fk-1), 
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 sadac Xk-1 aris maCveneblis realuri mniSvneloba drois tk-1 

momentisaTvis; 

           fk  - prognozi drois tk momentisaTvis; 

           α – gasworebis mudmiva. 
 

 SeniSvna: α–s mniSvneloba meryeobs 0<α<1 diapazonSi. igi 

gansazRvravs gasworebis xarisxs da, rogorc wesi, mas irCeven cdebisa 

da Secdomebis universaluri meTodiT. 

 

 ganvixiloT zemoT moyvanili magaliTi im daSvebiT, rom α = 0.2: 
 

f2 = 8 +0.2 (10 - 8) = 8.40, 
f3 = 8.4 +0.2 (6 – 8.4) ≈ 7.92, 

                    f4 = 7.92 +0.2 (5 – 7.92) ≈ 7.34           da a.S. 
 
 Sedegad miviReT cxrili 10. 

 
cxrili 10. prognozirebuli maCveneblebi 

t 1 2 3 4 5 6 7 8 

X 10 6 5 11 9 8 7 - 

f - 8.4 7.92 7.34 8.07 8.26 8.21 7.93 

 

Exponential Smoothing

0
2
4
6
8

10
12

1 2 3 4 5 6 7
 

 
sur.30. eqsponencialuri gasworeba 

 
 gansxvaveba realur da prognozirebul monacemebs Soris 

mocemulia grafikze. Savi monakveTiT aRniSnulia faqtobrivi monacemebi, 

TeTriT _ prognozirebuli (sur.30). 
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8.2.3. wrfivi trendis proecirebis meTodi 

(Trend Projection) 
 

 am meTodis arsi mdgomareobs wrfis agebaSi, romelic saSualod 

yvelaze naklebad gadaixreba wertilebis masividan, romelic mocemulia 

droiTi rigebis meSveobiT: 

                                    X= a*t + b,                                (8.2) 

sadac, a da b – mudmivebia. maT sapovnelad unda Sesruldes Semdegi 

moqmedebebi: 

  cvladi t-s TiToeuli mniSvnelobisaTvis (8.2) formulis 

gamoyenebiT gamoiTvleba X cvladis Sesabamisi mniSvneloba, Semdeg xdeba 

sxvaobis gansazRvra, misi kvadratSi ayvana da dajameba. miRebuli 

formuliT ganisazRvreba funqcia: 

                                     n 

φ (a,b) = ∑ (a * ti + b - Xi)2 → min. 
                                                                       i=1 

 funqcia minimalur mniSvnelobas iRebs im SemTxvevaSi, Tu a da b 
sidideebi akmayofileben Semdeg wrfiv sistemas, romelsac mxolod erTi 

amonaxsni aqvs: 

                                n                         n 

a ∑ ti + bn =∑ Xi, 
                                                                            i=1                      i=1 
                                                                
                                                                  n                      n             n 

a ∑ ti
2 + b ∑ ti = ∑ ti * xi.                                          i=1                  i=1          i=1 

 
 ganvixiloT magaliTi (cxrili 11). 
 

cxrili.11 damokidebuli da damoukidebeli cvladebis cxrili 

ti xi ti * xi ti
2 

1 10 10 1 
2 6 12 4 
3 5 15 9 
4 11 44 16 
5 9 45 25 
6 8 48 36 
7 7 49 49 

∑ti=28 ∑xi=56 ∑tixi=223 ∑ti
2=140 
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 Sesabamisi sistema miiRebs Semdeg saxes: 
 

28 * a  + 7 * b = 56, 
140 * a + 28 * b = 223, 
a ≈ - 0.04;      b ≈ 8.14; 

   
 saZiebo trendis gantoleba: 

 
X = - 0.04 * t + 8.14, 

t8 = - 0.04 * 8 + 8.14 = 7. 82. 
 

 SeniSvna: prognozis sizuste SeiZleba Semowmdes korelaciis 

koeficientis meSveobiT. 

8.3. prognozirebis kauzaluri meTodebi 

 
 Zalian didi monacemTa bazis arsebobis SemTxvevaSi gamoiyeneba 

kauzaluri anu mizez–Sedegobrivi modeli, romelSic prognozirebadi 

sidide aris cvladebis funqcia. magaliTad: gayidvebis moculoba 

SeiZleba damokidebuli iyos produqciis fasze, reklamis danaxarjebze, 

konkurentebis moqmedebaze, Semosavlis doneze da sxva damoukidebel 

cvladebze. Tuki SesaZlebelia am cvladebs Soris arsebuli kavSiris 

maTematikurad koreqtulad asaxva, maSin kauzaluri prognozirebis 

sizuste sakmaod maRali iqneba.  

 ganixilaven kauzaluri meTodis sxvadasxva saxeobebs. 

mravlobiT regresiuli meTodebi (Multiple Regression Models) _ 

regresiuli damokidebuleba sidideebs Soris dgindeba statistikuri 

monacemebis safuZvelze. es aris prognozirebis yvelaze gavrcelebuli 

raodenobrivi meTodi. regresiuli meTodebis meSveobiT xdeba trendis 

proecireba, romelSic dgindeba damokidebuleba prognozirebad 

maCvenebelsa da dros Soris. 

  ekonometrikuli modeli (Econometric Models) _ iZleva ekonomikur 

obieqtebsa da procesebs Soris kavSiris raodenobriv aRweras da 

gamoiyeneba ekonomikis dinamikis prognozirebisaTvis. 
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  kompiuteruli imitacia (Computer Simulation) – es modeli aris 

Suamavali rgoli realobasa da Cveulebriv maTematikur modelebs 

Soris. am meTodis gamoyeneba mdebareobs gamoTvliTi teqnikis da 

sistemuri programirebis zRvarze. 

 

 SeniSvna: yovelTvis arsebobs iseTi modelebi, romlebic ar 

eqvemdebarebian maTematikuri modeliT Sesawavlas. maT ganixilaven 

rogorc humanitarul meTodebs da swored imitaciur modelebze gadis 

moZravi zRvari realobis Semswavlel humanitarul meTodebsa da 

maTematikur modelebs Soris. 

8.4. prognozirebis xarisxobrivi meTodebi 

 

im SemTxvevaSi, Tuki raodenobrivi meTodebis gamoyeneba 

SeuZlebelia  an Zalian Zviri jdeba, gamoiyeneba xarisxobrivi meTodebi, 

romlebic dgeba eqspertuli Sefasebebis safuZvelze (sur.31). 

 

 
 

sur.31. xarisxobrivi meTodebi 
 

xarisxobrivi 
meTodebi 

delfis  
meTodi 

bazris  
kvleva 

konsensusis 
meTodi 

gamavrceleblebis 
azri 

istoriuli  
analogia 
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 delfis meTodi (Delphi Method) anu eqspertuli Sefasebis meTodi 

warmoadgens proceduras, romelic saSualebas iZleva SeTanxmeba iqnas 

miRweuli gansxvavebuli, magram urTierTdakavSirebuli sferoebis 

eqspertebs Soris. es ase xdeba: TiToeul eqsperts damoukideblad 

egzavneba kiTxvari Sesabamis Temaze, eqspertebis pasuxebi da maTi 

mosazrebebi safuZvlad edeba Semdgom kiTxvars, is kvlav egzavneba 

eqspertebs da a.S. manam, sanam isini ar mivlen saerTo SeTanxmebamde. 

 bazris kvleva (Market Research) anu momxmareblis molodinis meTodis 

dros prognozi dgeba momxmareblis gamokiTxvis da Semdgomi 

statistikuri damuSavebis safuZvelze. 

 konsensusis meTodi (Panel Consensus) – am SemTxvevaSi Jiuris 

mosazreba dgeba eqspertTa jgufis mosazrebebis gaerTianebis da 

gasaSualoebis xarjZe. 

 gamavrceleblebis mosazrebebi (Grass-roots forecasting) meTodi eyrdnoba 

savaWro agentebis azrs, romlebic uSualod urTierTqmedeben 

myidvelTan. 

 istoriuli analogia (Historical Analogy) gamoiyeneba maSin, rodesac 

keTdeba saqonlis gayidvis prognozi, romelic Tavisi maxasiaTeblebiT 

axloa adre gamoSvebulTan (magaliTad: produqciis modifikacia). 
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Tavi 9. organizaciuli sistemebis marTva da  
resursebis ganawileba 

9.1. organizaciuli sistemis daxasiaTeba 

 
organizaciuli sistema es aris sistema, romelic Seicavs teqnikas 

da xalxis koleqtivs, romelTa interesebi dakavSirebulia sistemis 

funqcionirebasTan. erTi mxriv, sistema arsebobs garkveuli miznis 

misaRwevad, meore mxriv, sistemis elementebs xSirad gaaCniaT sakuTari 

interesebi, romlebic ar emTxveva sistemis interesebs. amis mixedviT 

SeiZleba organizaciuli sistemis funqcionirebis aspeqtebis 

formalizacia TamaSTa Teoriis sazRvrebSi. 

  am TavSi ganixileba umartivesi ordoniani organizaciuli 

sistemis modeli, romelic Sedgeba centrisa da ramdenime elementisagan. 

elementebi (momxmareblebi) warudgenen centrs moTxovnebs raime 

resursis misaRebad, xolo centri am moTxovnebis gadaxedvis safuZvelze 

anawilebs mis mflobelobaSi myof resursebs. Tu yvela moTxovnis 

dakmayofileba SeuZlebelia, saqme gvaqvs deficitTan.  

 movaxdinoT amocanis formalizacia: CavTvaloT, rom arsebobs n 

raodenobis momxmarebeli, romelic centrisagan iTxovs Si raodenobis 

resurss da, SesaZloa, saWiro informacias am resursis Sesaxeb (rac 

sur.32-ze aRniSnulia punqtiriT). Semdeg centri, romelsac aqvs R 

resursi da damatebiTi informacia momxmareblis Sesaxeb, anawilebs Xi-

ur resurss i-ur momxmarebelze: 

 

Tu ∑
=

≤
n

i
i RS

1
 (deficitis ararseboba),  

maSin X1=S1 , X2=S2 , . . . , Xn=Sn. 

 

momxmareblebi adgenen sakuTar moTxovnas realuri ri 

moTxovnilebis safuZvelze, romlebic ucnobia centrisaTvis. SeiZleba 

iTqvas, rom Si aris momxmarebelTa, rogorc ierarqiuli TamaSis 

monawileTa strategiebi, Tavis mxriv, centris strategia aris Xn. 
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sur.32. organizaciuli sistema 

 

9.2. pirdapiri prioritetebis meqanizmi 

 
  aRniSnuli meqanizmi gulisxmobs TiToeuli momxmarebelisaTvis 

garkveuli prioritetis miniWebas (Ai), maSin resursebis ganawileba 

xorcieldeba Semdegnairad: 

},min{ iiii SASX γ= , 

sadac γ aris saerTo parametri yvela momxmarebelisaTvis.  

Tu  A1 = A2 =........= An =1, maSin: 

iiii SSSX  } ,min{ γγ ==  

(SemTxveva Xi=Si ar arsebobs, radganac maSin gamova, rom deficiti 

ar arsebobs). 

RX
n

i
i =∑

=1
 

anu 

RS
n

i
i =∑

=1
λ , 

saidanac 

momxmarebeli r1,r2......rn 

S1 S2 Sn 

centri R 

x1 x2 xn

momxmarebeli 



  68

∑
=

= n

i
iS

R

1

λ . 

 

magaliTi: xuTi momxmareblis moTxovna: 5, 8, 12, 7, 8. centris xelT 

arsebuli resursi R=32. rogor unda ganawildes resursi pirdapiri 

prioritetebis meqanizmis mixedviT, rodesac 

RS
i

i =>=++++=∑
=

3240871285
5

1
? 

 rogorc Cans pirobidan, saxezea deficiti, anu 

 

.4.68*8.0
,6.57*8.0
,6.912*8.0

,4.68*8.0
,45*8.0

,8.0
40
32

5

4

3

2

1

==
==
==
==
==

==

x
x
x
x
x

λ

 

  am meTods gaaCnia ori nakli: 

1. TiToeuli momxmarebeli iRebs imaze naklebs vidre sWirdeba; 

2. deficitis pirobebSi momxmarebeli iZulebulia xelovnurad 

gazardos Tavisi moTxovna. 

 

9.3 ukuprioritetebis meqanizmi 

 
 

es meqanizmi gulisxmobs, rom rac ufro naklebi resursi 

esaWiroeba momxmarebels, miT metia misi gamoyenebis efeqtianoba: 

},min{
i

i
ii S

A
Sx λ=
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.

,

,

,

1
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*

1

*

*
*

∑

∑∑∑∑

=

====

=

====

=

=

n

i
i

n

i
i

n

i
i

n

i
i

n

i
i

ii

i

i
i

A

R

AASXR

AS

S
A

S

λ

λ

λ

λ

 

  

 magaliTi: momxmareblebis prioritetebia: 8, 6, 12, 15, 11, resursi 

udris R=60. gansazRvroT momxmarebelTa strategia ukuprioritetebis 

meqanizmis mixedviT: 

.5.12  , 6.14  , 1.13  , 2.9   ,7.10

,77.3
11151268

60

*
5

*
4

*
3

*
2

*
1 ≈≈≈≈≈

≈
++++

=

SSSSS

λ
 

 am meqanizmis dadebiTi mxareebia: 

1. ar xdeba moTxovnebis xelovnuri gazrda; 

2. momxmarebeli iRebs imdens, ramdensac moiTxovs. 

 nakli ki SemdegSi mdgomareobs: 

*
iS , rogorc wesi, naklebia ri , amitom centri ver iRebs informacias 

realurad arsebuli deficitis Sesaxeb. 

 

Si 

Si *
iS
 

i

i

S
A

λ

 

sur.33. Xi funqciis grafiki 

 

 

 

 

sur.33-ze gamosaxulia Xi funqciis 

grafiki, sadac Cans, rom maqsimumi 

miiRweva *
iS  wertilSi, romelic 

warmoadgens tolobis amonaxsens: 
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9.4. sakonkurso meqanizmi 

 

 mas iyeneben, rodesac ar aris mizanSewonili moTxovnebis Sekveca. 

aseT dros centri atarebs konkurss. momxmareblebi atyobineben centrs 

Tavis Si moTxovnebs da Wi sidideebs, romlebic axasiaTeben efeqts, 

romelTa miRebasac imedovneben momxmareblebi. am monacemebis mixedviT 

dgeba momxmareblis efeqtianobis maCvenebeli: 

i

i
i S

W
e = . 

 amis Semdeg ganixileba momxmarebelTa yvelaze didi efeqtianoba. 

yvelaze didi maCveneblis mqones aZleven imden resurs, ramdensac 

moiTxovs, Semdeg sididiT meores da a.S., sanam resursi ar amoiwureba. 

 

 magaliTi: momxmarebelTa moTxovnebia: 14, 18, 10, 15, 8, 14. xolo 

efeqtianobis maCveneblebi ki aseTia: 36, 38, 25, 42, 28, 29. resursi R = 60. 

efeqtianobis maCvenebeli ki  e1 =2.57, e2 =2.11, e3 =2.5, e4 =2.8, e6 =3.5, e6 =2.07: 

e5  > e4 > e1 > e3 > e2 > e6 , 

  X5 =8    60-8=52, 

X4 =15   52-15=37, 

X1 = 14   37-14=23, 

X3 = 10   23-10=13, 

X2 = X6 = 0. 

 am meqanizmis ganxorcielebisas aucilebelia kontrolis moqmedi 

sistemis arseboba. 

9.5. Ria marTvis meqanizmi 

 

 yvela zemoTxsenebuli meqanizmis SemTxvevaSi momxmareblebs 

SeuZliaT informaciis damaxinjeba. swored amitom, Ria marTvis meqanizmi 

gulisxmobs stimulis arsebobas, raTa momxmarebelma centrs miawodos 

realuri informacia. am SemTxvevaSi resursebis danawileba iyofa 

ramodenime etapad: 
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1. resursi iyofa tol nawilebad: R/n, Tu Si ≤ R/n, maSin xdeba maTi 

dakmayofileba da momxmarebelTa ricxvi mcirdeba n1-mde da 

resursi ki R1-mde; 

2. am etapze xdeba resursi danawileba darCenil momxmareblebs Soris 

da a.S. resursis amowurvamde. 

 

 magaliTi: momxmarebelTa moTxovnebia: 12, 3, 6, 1, 5, 7, 10, 2. resursi 

R=40. maSin R/n=5. 

(X2 <5) = 3, 

(X4 <5) = 1, 

(X5 <5) = 5, 

(X8 <5) = 2, 

R1 = 40 – 3 – 1 – 5 – 2 = 29, 

n1 =4. 

 Semdeg etapze: 

4
17

1

1 =
n
R

, 

(X3 <
4
17 ) = 6, 

(X6 <
4
17 ) = 7, 

R2 = 29 – 6 – 7 = 16, 

n2 =2. 

 amis mere:  

,8
2

2 =
n
R

 

(X1 >8) = 12, 

(X7 >8) = 10, 

 amitom 

X1 = 8, 

X7 =8. 
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9.6. Ria marTva da eqspertTa gamokiTxva 

 

 rodesac saWiroa msxvili proeqtis finansirebis moculobis 

gansazRvra, tardeba eqspertTa gamokiTxva. TiToeuli eqsperti asaxelebs 

S ricxvs [d; D] Sualedidan. amis mere gamoiTvleba saboloo X ricxvi. 

 

magaliTi: eqspertebma gamoTqves sakuTari azri yovelgvari 

damaxinjebis gareSe: r1=10, r2=10, r3=40. 

aqedan: 

20
3

401010
=

++
=x . 

 magram Tu mesame eqsperti daamaxinjebs sakuTar azrs r3=100, maSin: 

40
3

1001010
=

++
=x , 

 
rac emTxveva mesame eqspertis mier pirvelad gamoTqmul azrs.  

 gadawyvetilebaTa koleqtiuri miRebis TeoriaSi am qmedebas 

uwodeben  manipulacias. 

 eqspertma, romelic cdilobs manipulirebas, unda gadaWras aseTi 

amocana: 

min|| →− irx , 

anu is cdilobs minimumamde daiyvanos sxvaoba Tavis azrsa da saSualo 

mniSvnelobas Soris. davuSvaT, rom eqspertTa mosazrebebi dalagebulia 

zrdadobis mixedviT: 

nSSS ≤≤≤ ....21 . 

 Semdeg xdeba damxmare ricxvebis gamoTvla: 

n
dDiDvi

−
−−= )1( , 

ris Semdegadac yoveli i–Tvis iReben or ricxvs (Si ,Vi) Soris umciress: 

min {Si; Vi}. 

 da bolos, am minimalur maCveneblebs Soris amoirCeva maqsimaluri: 

};min{max
1

*
iini

vSx
≤≤

= . 
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nawili IV. TamaSTa Teoria 
 

Tavi 10. TamaSTa Teoriis safuZvlebi  

10.1. TamaSTa Teoriis gamoyenebis sakiTxebi 

 
menejers xSirad uxdeba gadawyvetilebis miReba ganusazRvrelobis 

pirobebSi, rodesac operaciis Sesrulebis procesi ganusazRvrelia an 

operaciaSi monawileobs mowinaaRmdege. realur cxovrebaSi xSirad 

vxvdebiT iseT situaciebs, romelSic monawileobs gansxvavebuli 

interesebis mqone ori an meti mxare. msgavs movlenas uwodeben 

konfliqtur situacias an, ubralod, konfliqts. konfliqtebis 

Seswavlisa da analizis aucileblobam warmoSva specialuri 

maTematikuri aparati – TamaSTa Teoria, romelSic dainteresebul 

mxareebs ewodebaT moTamaSeebi. TamaSi aris realuri konfliqturi 

situaciis gamartivebuli, formalizebuli modeli. moTamaSeTa mier 

svlebis gakeTebis winaswar gansazRvruli gegma aris maTi strategia. 

konfliqtis pirobebSi TiToeuli moTamaSe irCevs Tavis strategias, ris 

Sedegadac iqmneba strategiaTa nakrebi – situacia.  

arsebobs mTeli rigi amocanebi, romlebic moiTxoven TamaSTa 

Teoriis gamoyenebas maTi amoxsnis procesSi: 

 konfliqturi situaciebis analizi samxedro da ekonomikur 

sferoebSi, 

 savaWro da gacvliTi operaciebi, 

 ekonomikuri meqanizmebisa da marTvis ierarqiuli struqturebis 

proeqtireba da analizi, 

 koaliciuri moqmedebis analizi, 

 pirveli svlis gakeTebis mizanSewonilobis analizi da sxva. 

   TamaSTa TeoriaSi arsebobs sxvadasxva tipis TamaSi, romlebic 

gansxvavdebian sxvadasxva parametris mixedviT: 

moTamaSeTa ricxvi – Tu TamaSSi monawileobs ori mxare, maSin mas 

uwodeben 2 piris TamaSs, winaaRmdeg SemTxvevaSi – n piris TamaSs; 
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TamaSis strategiebis raodenoba – am kriteriumis mixedviT iqmneba 

sasruli da usasrulo TamaSebi. sasrul TamaSSi moTamaSes gaaCnia 

SesaZlo strategiebis sasruli ricxvi; 

mxareTa urTierTqmedeba – am kriteriumis mixedviT TamaSebi iyofa 

kooperaciul, koaliciur da arakoaliciur TamaSebad. Tu moTamaSeebs ar 

aqvT SeTanxmebebis, koaliciis Seqmnis ufleba, maSin TamaSi 

arakoaliciuria. kooperatiulia TamaSi, romelSic winaswar aris 

gansazRvruli koaliciebi; 

mogeba – arsebobs TamaSi nulovani da nulisagan gansxvavebuli 

jamiT. pirveli iTvaliswinebs imas, rom yvela moTamaSis mogebaTa jami 

TiToeul partiaSi nulis tolia. aseTi TamaSi antagonisturia; 

mxareTa informirebuloba – am kriterumis mixedviT ganasxvaveben 

TamaSebs sruli da arasruli informaciiT. Tu TiToeulma moTamaSem 

icis sxva moTamaSeebis mier wina svlebSi gamoyenebuli yvela strategia, 

maSin es aris TamaSi sruli informaciiT; 

informaciis sisrulis xarisxi – am kriteriumiT TamaSebi iyofa 

statistikur (nawilobrivi ganusazRvrelobis pirobebSi) da strategiul 

(sruli ganusazRvrelobis pirobebSi) TamaSebad. 

mogebaTa funqciebis mixedviT TamaSebi iyofa matricul, 

bimatricul, uwyvet, separabelur da sxv. TamaSebad. 

10.2. matriculi TamaSebi 

 
ganvixiloT TamaSi, romelSic monawileobs 2 moTamaSe (A da B), 

romelTac gaaCniaT sasruli odenobis strategiebi (A1, A2, ... Am  da B1, B2, 

... Bn). A moTamaSe irCevs Ai strategias, xolo B – Bk-s. moTamaSeTa mier 

strategiebis arCeva gansazRvravs TamaSis Sedegs – aik aris  A moTamaSis 

mogeba da bik ki -  B-s: 

 

bik  = - aik . 
 

TamaSis analizisas ganvixiloT mxolod erTi moTamaSis (A) mogeba. 

CavweroT Ai , Bk wyvili strategibis mniSvnelobebi matricis saxiT 

(sur.34).  
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mocemuli matrica aris moTamaSeTa m*n - zomis  sagadasaxado 

matrica. 

        

                                              
sur.34. sagadasaxado matrica 

 
matricul TamaSebSi mniSvnelovani adgili ukavia wonasworobis 

cnebas, am dros iqmneba iseTi situacia, romlis darRvevaSi arcerTi 

mxare ar aris dainteresebuli. aseT situaciaSi TiToeuli monawile 

iRebs udides mogebas, romelic masze aris damokidebuli. 

10.3. wonasworoba 

 
ori moTamaSis sagadasaxado matricas aqvs Semdegi saxe (sur. 35): 

 
pirvel SemTxvevaSi A moTamaSe iyenebs strategias max min, anu 

rodesac misi minimaluri mogeba maqsimaluria α = 1. meore SemTxvevaSi B 

anu rodesac A moTamaSis maqsimaluri mogeba minimaluria β = 1: 

 

max min = min max = 1 . 
                                                          A2 = Aopt     B3 = B opt 

B1          B2        .....       Bn 

A1 
 
 
A2 
 
 
... 
 
Am 

a11            a12      .....        a1n 
 
 

a21        a22      .....        a2n 
 

........................................... 
 

am1         am2       ......       amn 

 

)(
 
 -2               2               -1 
 
  2               1                1 
 
  3       -3                1 
 

       sur. 35 
ori moTamaSis 

sagadasaxado matrica 

 iTvleba, rom TamaSi araerTxel 

meordeba, amitom saWiroa TiToeuli 

moTamaSis optimaluri strategiis 

gansazRvra. A moTamaSis minimaluri 

mogeba TiToeul striqonSi aris -2, 1, -3, 

xolo  maqsimaluri mogeba TiToeul 

svetSi ki 3, 2, 1.  



  76

TamaSis ganmeorebisas arCeul strategiaze uaris Tqma amcirebs 

moTamaSis Sanss mogebaze, amitom situacia A2 , B3 aris wonasworuli. α 

aris TamaSis qveda fasi, xolo β – TamaSis zeda fasi anu A moTamaSes 

garantirebuli aqvs mogeba aranakleb α–s da araumetes β-si. α da β 

dakavSirebulia utolobiT: 

α ≤ β. 
 

Tu α = β anu max min aik = ai
0

k
0 = min max aik, maSin situacia {Ai0, Bk0} 

wonasworulia, α = β da mas ewodeba TamaSis fasi ( ν ). ai
0

k
0  elements 

ewodeba matricis wonasworobis wertili. Ai0 da Bk0 strategiebs ewodebaT 

optimaluri, xolo optimaluri situaciebisa da fasis erTobliobas 

uwodeben matricis amonaxsens wonasworuli wertiliT (aseTi wertili 

matricaSi SeiZleba ramdenime iyos, magram maTi mniSvnelobebi erTmaneTs 

yovelTvis emTxveva).  

10.4. Sereuli strategiebi 

 
wonasworuli situaciis ararsebobis SemTxvevaSi unda moxdes 

strategiis cnebis gafarToeba, raTa axali, ganzogadoebuli 

strategiebisagan Sedgenili situaciidan gamoinaxos wonasworuli. Tuki 

aseTi strategiebi arsebobs, isini warmoadgenen sawyisi strategiebis 

kombinaciebs. amasTan sawyis strategiebs uwodeben wmindas, xolo 

kombinirebuls -  Sereuls. 

aq warmoiSveba SekiTxva, roca α<β, rogor unda ganawildes 

moTamaSeebs Soris β-α sxvaoba? am sxvaobis kompromisuli ganawileba da 

TiToeuli moTamaSis mier Tavisi wilis miReba TamaSis mravaljeradi 

ganmeorebis Sedegad xdeba wminda strategiebis SemTxveviTi gamoyenebis 

gziT. moTamaSis Sereuli strategia mdgomareobs im albaTobebis 

miTiTebaSi, romliTac moxda misi sawyisi strategiis SerCeva. 

ganvixiloT m x n matrica. A moTamaSes gaaCnia m wminda strategia, 

xolo misi Sereuli strategia aRiwereba m arauaryofiTi ricxvebis 

nakrebiT: 

 

p1 ≥ 0  ,   p2 ≥ 0  , ...... , pm ≥ 0,   
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           m AAAAAAAAAA 
∑ pi = 1, 

        i = 1AAAAAAAA 
sadac  P = { p1, p2 , ......, pm}. 

 

B –s Sereuli strategia: 
 

q1 ≥ 0  ,   q2 ≥ 0  , ...... , qn ≥ 0,   
 

          n AAAAAAAAAA 
∑ qk = 1,  

        k = 1AAAAAAAA 
sadac Q = { q1, q2 , ......, qn).  

 

am pirobebSi TiToeuli Cveulebrivi situacia {Ai , Bk} aris 

SemTxveviTi movlena da sruldeba    pi * qk – i albaTobiT. Sedegad viRebT 

moTamaSis mogebis maTematikur lodins: 

                                                                              m   n 
E (A, P, Q) = ∑ ∑ a ik pi  qk . 

         i=1  k=1 
 

es aris Sereuli strategiebis dros miRebuli saSualo mogeba. P0  

da Q0  aris moTamaSis optimaluri Sereuli strategiebi: 

 
P0 = {p0

1, p0
2, ....., p0

m}, 

Q0 = {q0
1, q0

2, ....., q0
n}, 

 

Tuki sruldeba Semdegi piroba: 

 
E(A, P, Q0) ≤ E(A, P0, Q0)  ≤ E(A, P0, Q) 

anu 

max min E(A, P, Q) = E(A, P0, Q0) = min max E(A, P, Q). 
                                P        Q                                                Q       P 

sidide v = E(A, P0, Q0)  aris TamaSis fasi. nakrebi (v, P0, Q0), romelic 

Sedgeba A da B moTamaSeebis optimaluri Sereuli strategiebisagan da 

TamaSis fasisagan, aris matriculi TamaSis amonaxseni. 
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Teorema: P0 = {p0
1, p0

2, ....., p0
m}  da  Q0 = {q0

1, q0
2, ....., q0

n} aris optimaluri 

Sereuli strategiebi, xolo v - TamaSis fasi. A moTamaSis P0  optimaluri 

Sereuli strategia iqmneba Ai–s wminda strategiebis nakrebisagan, 

romelTaTvisac sruldeba piroba: 

                                                                     n 
∑  aik q0

k = v. 
                                                                   k=1 
 

analogiurad,  B moTamaSis Q0  optimaluri Sereuli strategia 

iqmneba Bi–s wminda strategiebis nakrebisagan, romelTaTvisac sruldeba 

piroba: 

                                                                     m 
∑  aik p0

i = v. 
                                                                    i=1 

 

aRniSnulis safuZvelze adgili aqvs moTamaSeTa mogebebis 

wonasworobas, romelic Semdegnairad gamoisaxeba: 

 
                                m                            m                            n                      n 

v = min ∑aik p0
i = max min ∑ aik pi = min max ∑ aik qk = max ∑ aik q0

k = v. 
                                i=1                        i=1                          k=1                 k=1 
 

 

10.5. matriculi TamaSebis amoxsnis meTodebi 

 
10.5.1. TamaSi 2 X n 

 
v = min (a1k p0 + a2k(1 – p0)) = max min (a1k  p + a2k(1 - p)). 

                                  1 ≤  k ≤ n                                 p    1 ≤ k ≤ n 
 
 
  tolobis marjvena mxares ganTavsebuli funqciis maqsimumis povna 

SesaZlebelia grafikis agebiT. davuSvaT, rom A moTamaSem airCia Sereuli 

)(
 
 a11              a12   ......  a1n 
 
  a21              a22  ...... a2n 
 
               
       sur.36. 

sagadasaxado 
matrica 

mocemulia (sur.36) sagadasaxado 

matrica 2 X n TamaSisaTvis. cnobilia, 

rom TamaSis fasis da P0 optimaluri 

mniSvnelobis povna igivea, rac 

gantolebis amonaxsnis povna: 
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strategia P = {p, 1-p}, xolo B–m k-uri wminda strategia (k = 1, 2, ... , n), 

maSin A moTamaSis saSualo mogeba situaciaSi P, k udris: 

 

(k) : w = a1k p + a2k (1-p). 
 

 sibrtye pw-ze B moTamaSis TiToeul wminda strategias Seesabameba 

wrfe. TiToeuli maTganis agebis Sedegad vizualurad xdeba yvelaze 

minimaluri mniSvnelobebis SerCeva. miRebuli texili aris funqciis 

grafiki da mas uwodeben qveda zRvars. am texilis maqsimaluri wertili 

gansazRvravs TamaSis fass da  moTamaSis optimaluri strategias. 

 

 
(1) : w = 6p - 2 (1 - p), 

(2) : w  = 4p – (1-p), 

(3) : w  = 3p + (1-p), 

(4) : w  = p, 

(5) : w = -p + 5 (1-p), 

(6) : w = 4 (1-p). 

 

3. avagoT qveda sazRvari (sur. 38.1 da 38.2) 
 

)(
 
6    4     3     1     -1      0  
  
-2  -1    1     0       5      4  
 

sur.37. 
TamaSis pirobebi 

1. ganvixiloT TamaSi, romlis 

monacemebic mocemulia sur.37-ze. aris 

Tu ara TamaSSi wonasworobis wertili? 

α =-1, β= 1, α ≠ β. 

 

2. gamovTvaloT moTamaSis saSualo 

mogeba: 

 6    4    3    1    -1    0 
 
-2   -1    1    0     5   4 

p 
 
1- p 
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  sur.38.1. moTamaSis strategiebi             sur.38.2. qveda sazRvari 

  

 4. unda gavigoT TamaSis fasi da moTamaSis optimaluri strategia. 

maqsimaluri wertili mdebareobs 4 da 5 wrfeebis gadakveTaze. amovxsnaT 

sistema: 

w = p, 

w = - p + 5 (1-p) , 

saidanac p0 = 5/7,   w0 = 5/7. 

 amiT Cven movaxdineT A-moTamaSis optimaluri strategiis povna. 

 exla ki ismeva SekiTxva: rogor vipovoT B–s optimaluri 

strategia? 

 qveda sazRvris mixedviT SeiZleba  ganvixiloT ramdenime SemTxveva: 

a) gvaqvs mxolod erTi eqstremumi 

1. p0 = 0  maSin moTamaSem unda gamoiyenos wminda strategia, 

romelic Seesabameba wrfes, romelic gadis (0, w0) wertilSi 

da gaaCnia yvelaze didi uaryofiTi daxriloba; 

2. p0 = 1 moTamaSis strategias Seesabameba wrfe, romelic gadis 

(1, w0)  wertilSi da aqvs yvelaze mcire dadebiTi daxriloba; 

3. 0 <p0<1 maSin qveda sazRvris umaRles wertilSi gadaikveTeba 

sul mcire 2 monakveTi, erT-erT maTgans aqvs dadebiTi daxra 

(k), xolo meores uaryofiTi: 

qk = q ,    ql = 1 – q, 
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sadac q aris tolobis amnaxseni da  

a1k q + a1l(1-q) = a2kq +a2l(1-q) ; 

 
b) qveda sazRvari Seicavs horizontalur monakveTs, romelc 

Seesabameba moTamaSis optimalur wminda strategias. 

 

 magaliTi:   CavTvaloT, rom B-moTamaSis wminda strategiebia Q0 = 

{q1 0, q2 0 , q3 0 , q4 0 , q5 0 , q6 0 }. vinaidan amonaxseni moipoveba me-4 da me-5 

wrfeebis gadakveTaze, aqedan gamomdinareobs, rom: 

                   q1 0 =0,    q2 0 =0,     q3 0 =0,      q4 0 =q,     q5 0 =1-q,    q6 0 =0 

anu 

 
Sedegad viRebT: 

q – (1-q) = 5/7, 

5 (1-q) = 5/7, 

q0 = 6/7 

anu 

QQ0 = {0, 0, 0, 6/7, 1/7, 0}. 

 
10.5..2. TamaSi n  X 2 

   

 

)).1((max
),1(:)(

21
  1

2 1 

qaqa
qaqqwi

ii
mi

ii

−+
−+=

≤≤

 

  M 

am SemTxvevaSi B–s aqvs ori wminda 

strategia (sur.39). 

vTqvaT, Q = {q, 1-q} aris B moTamaSis 

Sereuli strategia, Tu A irCevs i-ur wminda 

strategias, maSin B-s saSualo mogeba i, Q

situaciaSi iqneba: 

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

21

......................

22        21

12        11

     mm aa

aa
aa

 

sur.39. 

B–s wminda strategiebi 

0       0       0       q       1-q       0 

 6        4        3      1        -1         0 
-2       -1       1       0        5          4 

0       0       0       q       1-q       0 

 6        4        3      1        -1         0 
-2       -1       1       0        5          4 
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 miRebuli texilis qveda wertilis abscisa iqneba q0 mniSvneloba, 

romelic gansazRvravs moTamaSis optimalur Sereul strategias, xolo 

w0 TamaSis fass. 

 

 magaliTi: mocemulia Semdegi matrica da unda gavigoT: 
 

 

 
 3. vipovoT zeda zRvari. gantolebebis mixedviT es aris pirveli da 

meore wrfe; 

 

 4. vipovoT TamaSis fasi da B  moTamaSis optimaluri Sereuli 

mogeba: 

 

;10

,
2
10

),1(3
),1(3

=

=

−+−=
−−=

w

q

qqw
qqw

 

 5. vipovoT A moTamaSis optimaluri Sereuli strategia: 

 
0      1  
3      1
1    3  

 
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛
−

−

 

1. aqvs Tu ara TamaSs Tanasworobis 

wertili? 

gamoTvlebis safuZvelze viRebT: 

. 3 , 0 == βα  

 Sesabamisad, βα ≠  da matricas 

wonasworobis wertili ar gaaCnia; 

2. mocemuli matricis safuZvelze 

gamovTvaloT B-s saSualo mogeba: 

    q                   1-q 

3 -1 
-1                    3 
1                     0 

;:)3(
),1(3:)2(

),1(3:)1(

qw
qqw

qqw

=
−+−=

−−=
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,0
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=
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=
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2
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Q

p
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10.5.3. m x n TamaSebi 
 

 nebismieri matriculi TamaSis amoxsna SeiZleba daviyvanoT wrfivi 

programirebis standartuli amocanis amoxsnamde. amave dros, 

gamoTvlebis moculoba pirdapir aris damokidebuli moTamaSeTa wminda 

strategiebis ricxvze. amitom, TamaSis nebismieri winaswari analizi, 

romelic saSualebas iZleva SevamciroT an gavamartivoT matrica, Zalze 

mniSvnelovania. Semcireba/gamartiveba xdeba dominirebis safuZvelze. 

  

 dominireba: Tuki A matricis i-uri striqoni ar aris amave matricis 

j-ur striqonze ufro meti, maSin amboben, rom j dominirebs i-s, xolo Aj 

strategia dominirebs Ai-s, ris gamoc, SesaZlebeli xdeba Ai –is 

ugulebelyofa. 
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Tavi 11. poziciuri TamaSebi 
 

 bevr konfliqtur situaciaSi, gvaqvs ra informacia mis adrindel 

ganviTarebaze, monawile mxareebi Tavis arCevans akeTeben ara erTxel da 

samudamod, aramed drois mixedviT, nabij-nabij. amiT isini iyeneben 

strategias, romelic asaxavs rogorc konfliqtis dinamikas, ise 

sakuTari informirebulobis xarisxs. 

11.1. poziciuri TamaSis struqtura 

 

 TamaSTa erT-erTi klasi, romelic aRwers konfliqtebs, romelTa 

dinamika moTamaSeTa qmedebaze axdens gavlenas, aris poziciuri TamaSebi. 

 poziciuri TamaSi aris arakoaliciuri TamaSi, romelic 

modelirebas ukeTebs moTamaSeTa mier arasruli informaciis da drois 

cvlilebis pirobebSi gadawyvetilebaTa Tanmimdevruli miRebis process. 

TamaSis procesi mdgomareobs TamaSis erTi mdgomareobidan meoreSi 

Tanmimdevrul gadasvlaSi. TamaSis mdgomareobas ewodeba pozicia, xolo 

SesaZlo arCevans TiToeul poziciaSi – alternativa. 

 ganvixiloT iseTi poziciuri TamaSi, sadac TiToeul poziciaSi 

arsebobs ori alternativa(sur. 40). 

                              
sur.40. poziciuri TamaSis struqtura 

1 

 

1 2
A A A A 

B B 

A 

2  1 2  1 2  1 

2 1 1 2 

1 2 

1 
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TamaSi mdgomareobs sawyisi poziciidan saboloo boziciaSi 

gadasvlaSi. yoveli saboloo wvero gansazRvravs erTaderT jaWvs, 

romelic akavSirebs mas sawyis wverosTan. aseT jaWvs ewodeba partia. 

partiebis ricxvi TamaSSi tolia saboloo wveroebis ricxvis. arasruli 

informaciis dros moTamaSem icis romel simravleSi mdebareobs, magram 

ar icis romel poziciaSia. 

 

11.2. poziciuri TamaSis normalizacia 

 

 

 moTamaSis svlebis winaswar gansazRvrul Tanmimdevrobas, romelic 

arCeulia sxva moTamaSis svlebis informaciis Sesabamisad, ewodeba am 

moTamaSis wminda strategia. poziciuri TamaSis dayvanas matricul 

TamaSamde ewodeba TamaSis normalizacia. 

 

 magaliTi 1: A moTamaSes gaaCnia ori wminda strategia: A1 - airCios 

X=1 da A2  - airCios X=2.  

 B–s strategia, rodesac man icis A–s arCevani pirvel svlaze, 

Caiwereba ase [y1 , y2]. aq y1 (y1=1,2) aris alternativa, romelsac irCevs B 

moTamaSe im pirobiT, rom A moTamaSem airCia pirveli alternativa X=1, 

xolo y2 (y2=1,2) aris alternativa, romelsac irCevs moTamaSe im pirobiT, 

rom A moTamaSem airCia meore alternativa X=2.  

 magaliTad B–s mier [2,1] strategiis arCeva niSnavs, rom Tu A–m 

pirvel svlaze airCia X=1, maSin B–m unda airCios Y=2, xolo Tu A-m 

airCia X=2, maSin B–m unda airCios Y=1. amis mixedviT B-s aqvs oTxi 

strategia: 

B1   –   [1,1],    y=1,     x – nebismieria, 

B2   –   [1,2],   y=x,     x – nebismieria, 

B3   –   [2,1],    y≠x,     x – nebismieria, 

B4   –   [2,2],    y=2,     x – nebismieria. 

 

 exla vnaxoT, rogor gamoiTvleba mogeba arCeuli strategiis 

mixedviT. 
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    sur.41. A da B moTamaSeebis strategiebi 
 

 

cxrili 12. A moTamaSis mogebebi 
 

B1  B2 B3 B4  
[1,1]   [1,2] [2,1] [2,2] 

A1 x=1 w(1,1) w(1,1) w(1,2) w(1,2)
A2 x=2 w(2,1) w(2,2) w(2,1) w(2,2)

 

 
an matricis saxiT: 

 
 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−−

−−
2     2   2   2
1   1   1    1   

 

 

 mocemul matricas aqvs wonasworobis wertili. moTamaSeTa 

optimaluri strategiebia A1 (1) da B3 [2,1], anu A irCevs X=1, xolo B - Y=2, 

v = -1. 
   

 magaliTi 2: A-s alternativebia – x = 1 an x = 2. B–sTvis A-s arCevani 

ucnobia, anu man ar icis SesaZlo ori poziciidan romelSi imyofeba, rac 

asaxulia Semdeg cxrilSi da matricaSi. 

 B  B 

 A     1 

    1 

1 
-1 

 2 

 2 

 2 1 

 2 

-2 vTqvaT, A-m airCia 

strategia A1(1), xolo B–m 

strategia B2[1,2] anu X=1 da 

Y=1, maSin (sur.41): 

 
1)1,1(),( == wyxw  

 

Sedegad, A-s mogebebi 

Caiwereba cxrilis saxiT 

(cxrili 12). 
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 mocemul matricas wonasworobis wertili ar gaaCnia, moTamaSeTa 

optimaluri Sereuli strategiebi ki aseTia: 

},
2
1,

2
1{

},
3
1,

3
2{

=

=

Q

p
 

 

0=v . 
  

 am or magaliTze naTlad Cans, rom poziciuri TamaSis dayvana 

matriculamde damokidebulia moTamaSeTa informirebulobis doneze. 

kerZod, B moTamaSis arainformirebulobis SemTxvevaSi, xdeba misi 

SesaZlo strategiebis raodenobis Semcireba. 

 

 magaliTi 3:  pirvel svlas akeTebs A moTamaSe: X={1,2}, 

 meore svlas akeTebs B moTamaSe, icis ra pirveli svlis 

mniSvneloba: y={1,2}, 

 mesame svlas akeTebs A moTamaSe. man ar icis B–s svla da daaviwyda 

sakuTari: Z={1,2}. 

 amis Semdeg A moTamaSe iRebs mogebas W (x , y , z ) odenobiT: 

.5)2,2,2(
,3)1,2,2(

,0)2,1,2(
,3)1,1,2(

,4)2,2,1(
,1)1,2,1(
,4)2,1,1(
,2)1,1,1(

=
−=

=
=
−=

=
=
−=

w
w
w
w
w
w
w
w

 

B1 B2  

y=1 y=2 

A1 x=1 w(1,1) w(1,2)

A2 x=2 w(2,1) w(2,2)

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

−
2     2  
  1   1     
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romelsac irCevs A pirvel svlaze da Z(Z=1,2) -  A-s mier arCeuli 

alternativaa.  

magaliTad: Tu A irCevs strategias (2,1), e.i. pirvel svlaze man 

airCia X=2 da mesameze Z=1. 

A-s aqvs oTxi strategia: A1=(1,1),  A2=(1,2),   A3=(2,1),   A4=(2,2).  

exla vnaxoT rogor gamoiTvleba A-s mogeba.  

vTqvaT, A-m airCia A2=(1,2) strategia, xolo B-m - B3[2,1],   maSin X=1, 

e.i y=2, mniSvneloba z=2 A-m airCia B-sgan damoukideblad: 

 

4)2,2,1(),,( −== wzyxw . 

 

msgavsi garCevis Sedegad miiReba Teqvsmeti mogeba (cxrili 13): 

 

         cxrili 13. moTamaSeTa mogebebi 
 

B1 B2 B3 B4  
[1,1] [1,2] [2,1] [2,2] 

A1 (1,1) w(1,1,1) w(1,1,1) w(1,2,1) w(1,2,1) 
A2 (1,2) w(1,1,2) w(1,1,2) w(1,2,2) w(1,2,2) 
A3 (2,1) w(2,1,1) w(2,2,1) w(2,1,1) w(2,2,1) 
A4 (2,2) w(2,1,2) w(2,2,2) w(2,1,2) w(2,2,2) 

 
 

anu 

1 2 1 2 1 2 1 21

1

A A A A

2

2

B B

A 
1

2

2

1

movaxdinoT TamaSis normalizacia. 

radganac B–m A-s svla icis, 

amitom mas aqvs 4 strategia: 

B1[1,1], 

B2[1,2], 

B3[2,1],  

B4[2,2].  

A–m mesame svlaze araferi icis, 

amitom TiToeuli misi strategia 

Sedgeba wyvili ricxvebisagan(X,Z), 

sadac X (X=1,2) alternativaa, sur.42. moTamaSeTa alternativebi 
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⎟⎟
⎟
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⎜⎜
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⎜
⎜

⎝

⎛

−−
−−

−−

5       0     5     0    
3    3    3   3    
4   4  4     4    
  1      1     2  2  

 

 
magaliTi:  
pirvel svlas akeTebs A-moTamaSe, romelic irCevs ricxvs  – X 

simravledan {1,2}, 
       meore svlas akeTebs B moTamaSe, romelmac araferi icis A–s wina 

svlaze da irCevs y-s simravlidan  {1,2}, 

       mesame svlas akeTebs A, romelmac araferi icis wina svlis Sesaxeb 

da irCevs – Z {1,2}. 

A-s strategiebia: 

A1 (1,1), A2 (1,2),  A3 (2,1),  A1 (2,2),  

B-s ori strategia aqvs: 

B1 (y = 1),  B2 (y = 2) 

Sesabamisad viRebT: 

 

B1 B2  
y=1 y=2 

A1 (1,1) w(1,1,1) w(1,2,1)
A2 (1,2) w(1,1,2) w(1,2,2)
A3 (2,1) w(2,1,1) w(2,2,1)
A4 (2,2) w(2,1,2) w(2,2,2)

 
anu 

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

−
−

−

5      0     
3    3     
4   4     
1       2  
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Tavi 12. bimatriculi TamaSebi 

12.1. Sesavali bimatricul TamaSebSi 

 

ganvixiloT konfliqturi situacia, romelSic TiToeul moTamaSes 

aqvs Tavisi qcevis xazi: 

A-s SeuZlia SearCios nebismieri strategia – A1, . . ., Am,  

B- s aseve SeuZlia airCios nebismieri  strategia - B1, . . . ,Bn . 

Tu A airCevs Ai strategias, xolo B - Bk-s, maSin A-s mogeba iqneba 

aik, xolo B - bik,, anu TiToeuli moTamaSe iRebs sakuTar mogebas, romelic 

gamoisaxeba ori matricis saxiT: 

 

 
roca moTamaSeTa interesebi gansxvavebulia (magram ar aris 

aucilebeli iyos antagonisturi), maSin viRebT or sagadasaxado 

matricas da, Sesabamisad, TamaSic bimatriculia. 

12.2. brZola bazrebisaTvis 

 

mcire firma (A) apirebs saqonlis gayიdvas ori bazridan erT-

erTze. orive maTgani kontrolirdeba didi firmis (B) mier. amisaTvis A-m 

unda moaxdinos romelime bazris winaswari gamokvleva, xolo didma 

firma unda xeli SeuSalos amas. B-s mxridan winaaRmdegobis SemTxvevaSi 

A marcxdeba. A firmisaTvis I bazari ufro mimzidvelia vidre II, magram 

moiTxovs ufro did saxsrebs. I bazarze gamarjveba moitans 2-jer ufro 

met Semosavals, vidre II-ze, magram damarcxebis SemTxvevaSi firmas 

emuqreba gakotreba. II bazarze gamarjveba mas moutans mcire mogebas, 

xolo damarcxeba ar gaakotrebs. e.i.  

aqedan A-s aqvs ori strategia: 

⎟
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A1 strategia - I bazarze gasvla, 

A2 strategia  - II bazarze gasvla. 

aseTive strategiebi aqvs B-s: 

B1 – gasvla I bazarze, 

B2 – gasvla II bazarze. 

sagadasaxado matricebs aqvT aseTi saxe: 

 

12.3. patimarTa dilema 

 
ganvixiloT magaliTi: ori patimari imyofeba winaswari dakavebis 

sakanSi. samxilis ararsebobis gamo maTi gasamarTleba damokidebulia 

imaze, ityvian Tu ara simarTles. Tuki orive gaCumdeba, maSin sasjeli 

orivesaTvis iqneba winaswari dakaveba, romelic matricaSi gamoisaxeba -1 

saxiT, Tu orive aRiarebs danaSauls, sasamarTlo gaiTvaliswinebs 

Semamsubuqebel garemoebas (-6), Tu pirveli patimari alaparakdeba da 

meore ara, maSin meores daiWeren (I-0, II-9) da piriqiT. es konfliqturi 

situacia aris bimatriculi TamaSi. 

12.4 Sereuli strategiebi 

 
 mocemul qveTavSi ganxilulia bimatriculi TamaSis amoxsnis 

meTodi.  

imis mixedviT, rom moTamaSeTa interesebi erTmaneTs ar emTxveva, 

unda Sedges iseTi kompromisuli gadawyvetileba, romelic erTnairad 

daakmayofilebs orive moTamaSes anu unda napovni iqnas iseTi 

wonasworuli situacia, romlidanac gadaxra amcirebs orive moTamaSis 

mogebas. bimatriculi TamaSebis Sereul strategiebSi, ra Tqma unda, 

iqneba saSualo mogebis cneba, romelic iTvleba iseTi wesebis mixedviT, 

sadac adgili aRar aqvs B moTamaSis diskriminacias: 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

−
=

1     1   
2     10

A  ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

−
=

1        1
2     5   

B

 

da 



  92

.

,

,

,

qpbH

qpaH

ki
ki

ikB

ki
ki

ikA

∑

∑

=

=

 

 

12.5. 2 X 2 bimatriculi TamaSi: 

wonasworobis situacia 

 

am SemTxvevaSi orive moTamaSes aqvs ori strategia m = n = 2: 
 

 
 qvemoT mocemulia moTamaSeTa strategiebis albaTobebis aRniSvnebi: 

 

.1

,

,1

,

2

1

2

1

q

q

p

p

q
q
P
P

−=

=

−=

=

  

    

saSualo mogeba gamoiTvleba formuliT: 

 

                             

),1)(1()1()1(),(

),1)(1()1()1(),(

22211211

22211211

qpqpqppqqp

qpqpqppqqp

bbbbH
aaaaH

B

A

−−+−+−+=

−−+−+−+=

 

sadac albaTobebi unda akmayofilebdes pirobebs: 
 

                              
.10 
,10 

≤≤
≤≤

q
p

 

optimaluri wyvili ricxvebi ( qp **
, ) gansazRvraven wonasworul 

situacias, Tu nebismieri p da q-Tvis, romlebic emorCilebian zemoT 

mocemul utolobebs, sruldeba: 

),,(),(

),,(),(
***

***

qpqp

qpqp

HH
HH

BB

AA

≤

≤
 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

22      21
12      11

aa
aa

A , ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

22      21
12      11

bb
bb

B . 
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rac niSnavs, rom situacia, romelic ganisazRvreba ),( ** qp  Sereuli 

strategiiT, aris wonasworuli, Tu erT-erTi moTamaSis mier gadaxra am 

strategiidan, im pirobiT, rom meore rCeba Tavis Zvel arCevanze, 

amcirebs pitvelis mogebas. 

 

ganvixiloT neSis Teorema: Tu (p,q) aris wonasworobis wertili, 

maSin 

,0)(
,0))(1(

,0)(
,0))(1(

≥−
≥−−

≥−
≥−−

β
β

α
α

Dpq
Dpq

Cqp
Cqp

 

 
sadac 

 

.
,

,
,

2122

22211211

1222

22211211

bb
bbbbD

aa
aaaaC

−=
+−−=

−=
+−+=

β

α
 

 

12.6.  brZola bazrisaTvis 

 
ganvixiloT magaliTi, romlis pirobac gamoisaxeba matricebis 

saxiT: 

 
amave dros gansazRvrulia Semdegi parametrebi: 

 

.211
,91125

,321
,1411210

=+=
=+++=

−=−−=
−=−−−−=

β

α
D

C

 

  neSis Teoremis safuZvelze viRebT Semdeg utolobebs: 
 

.0)29(
,0)29)(1(
,0))3(14(

,0))3(14)(1(

≥−
≥−−
≥−−−

≥−−−−

pq
pq

qp
qp

 

 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

−
=

1        1   
2        10

A  da ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

−
=

1           1
2        5   

B  
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pirveli ori utolobisaTvis ganvixiloT sami SemTxveva: 
 

 
a) 

     

;
14
3

,0314
,1

≤

≥+−
=

q

q
p

 

 
b) 

     

;
14
3

,0)314(
,0

≥

≥+−−
=

q

q
p

 

g) 

       

,0314
,0314

,10

≤+−
≥+−

<<

q
q
p

 

 
rac mxolod im SemTxvevaSia SesaZlebeli, Tu: 
 

 da   
.

14
3

0314

=

=+−

q

q
 

Catarebuli gamoTvlebis safuZvelze avagoT koordinatTa sistema 

(p,q) da gadavitanoT miRebuli Sedegebi naxazze (sur.42.1). 

 
                   sur.42.1. pirveli ori utolobis SesaZlo amonaxsnebi 
 
 
 mesame da meoTxe utolobebisaTvis gavimeoroT igive moqmedebebi da 

Sedegebi gamovsaxoT koordinatTa sibrtyeze (sur.42.2): 

q 

p 1

1

14
3  

p=1    q≤
14
3 , 

p=0     q≥
14
3 , 

0<p<1   q=
14
3 . 
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             sur.42.2 bolo ori utolobis SesaZlo amonaxsnebi 
 
 

 
      sur.43. gaerTianebuli amonaxsnebi  
          oTxive utolobisaTvis 

 
 
xolo saSualo mogeba ki aseTia: 

 

.
3
1)

14
3,

9
2(

,
7
4)

14
3,

9
2(

=

−=

B

A

H

H
 

 

 
 
 
 
 
 

p 

q 

1 

1
9
2  

q=1    p
9
2

≥ , 

q=0     p
9
2

≤ , 

0<q<1    p=
9
2 . 

q 

p 1 

1

14
3  

9
2  

 orive monacemebi gavaerTianoT 

erT sibrtyeze. am monakveTebis 

gadakveTis wertili aris 

wonasworobis wertili (sur.43). 

strategiebi ki aseTia: 

}.
14
11,

14
3{

},
9
7,

9
2{

=

=

Q

P
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nawili V. finansuri maTematikis meTodebi 
 

 finansuri informaciis gamoyenebas xSirad pirvelxarisxovani 

mniSvneloba aqvs gadawyvetilebebis miRebisas. es gadawyvetilebebi 

vrceldeba iseT sferoebze, rogoricaa: kapitaldabandebebi, sesxi, 

inflacia, sagadasaxado fasdakleba. mocemul nawilSi ganxiluli iqneba 

ZiriTadi meTodebi (wminda diskonturi Rirebuleba, anuiteti, dafarvis 

fondi, rentabelobis Sida norma da sxva), romlebic dakavSirebulia 

finansuri kapitaldabandebebis momgebianobis dinamikis gansazRvrasTan. 

 

Tavi 13. finansuri maTematikis ZiriTadi amocanebi 

I3.1.  saprocento ganakveTi wliuri daangariSebiT 

 
 saprocento ganakveTi wliuri daangariSebiT aris procenti, 

romelic unda gadaxdil an miRebul iqnas kreditis gamoyenebisas an 

investiciidan, romelSic gaTvaliswinebulia ramdenime droiTi periodis 

procentebis jami. umravles SemTxvevaSi Tanxa izrdeba yovelTviurad, 

Tumca Tavidan miTiTebulia mxolod wliuri saprocento ganakveTi. 

mravali qveynis kanonmdeblobis mixedviT finansur dokumentebSi 

aucilebelia wliuri daangariSebis saprocento ganakveTis Cveneba, raTa 

realurad SesaZlebeli iyos investiciebisa da kreditebis Sefaseba. 

 

 magaliTi: ganvixiloT Senatani 100 laris odenobiT 6% wliuri 

ganakveTiT procentebis yovelTviuri daricxviT. mocemuli 6%-iani 

maCvenebeli aris  procentis e.w. nominaluri ganakveTi da is realurad 

ar gamoxatavs Semosavals Tanxidan. 

 ZiriTadi Tanxa p = 100, r = 6%, daricxvebis raodenoba weliwadSi 

m=12. 

 erTi wlis periodisaTvis dagrovili Tanxa gamoiTvleba 

formuliT: 

17.106)005.1(100)
12*100

61(100)
100

1( 1212*1 ==+=+= nm

m
rpA . 

 Sesabamisad, saprocento ganakveTi wliuri daangariSebiT aris 

6.17%. 
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13.2. wminda diskonturi Rirebuleba 

 
 ganvixiloT investirebuli Tanxa, romelic aucilebelia 

dabandebis konkretuli moculobis dagrovebisaTvis momavlis garkveul 

drois periodSi.  

 magaliTad: Tuki ori wlis Semdeg Tqven dagWirdebaT 500 lari, 

maSin ra odenobis Tanxis investireba unda moaxdinoT exla, raTa miiRoT 

sasurveli Sedegi?  

 am Tanxas uwodeben momavali moTxovnilebis momdinare 

Rirebulebas: 

nr
AP

)
100

1(

1*
+

= , 

 

sadac P – mimdinare Rirebuleba, 

 A _ momavali Rirebuleba. 

finansur saxelmZRvaneloebSi xSirad gamoiyeneba wminda 

diskonturi Rirebulebis cneba: 

wminda diskonturi Rirebuleba = prA
n
−

+ )
100

1(

1* . 

 

 mimdinare Rirebulebis cneba dakavSirebulia gamoTvlebTan 

diskontis gamoyenebiT. diskontirebis procesSi fulis Rirebuleba 

ganixileba droSi ukumimarTulebiT moZraobaSi. 

 
 magaliTi: ganvixiloT kapitaldabandeba 1000 laris odenobiT, 

romelic oTx weliwadSi gaxdeba 2000 lari. diskontis 8% wliuri 

ganakveTis pirobiT gamoviTvaloT wminda diskonturi Rirebuleba (w.d.R.): 

w.d.R. = 05.470100005.14701000
)

100
81(

1*2000
4

=−=−
+

 



  98

13.3. amortizacia 

 

 sagnis amortizacia SeiZleba gansazRvrul iqnas rTuli procentis 

gamoTvlis msgavsi meTodiT. Tu aqtivis Rirebuleba mcirdeba 

fiqsirebuli saprocento ganakveTiT (r) raRac periodSi, maSin am aqtivis 

Rirebuleba n periodis mere gamoiTvleba Semdegi formuliT: 

n
n

rAA )
100

1(0 −= , 

sadacAA0 aris mimdinare Rirebuleba, xolo An  Rirebuleba n periodis 

mere.  

 r - aris amortizaciis norma, romlis gamoTvla SesaZlebelia wina 

formulis gardaqmniT: 

]1[100
0

n
n

A
A

r −= . 

 

 magaliTi: agregati, romelic SeZenil iqna ori wlis win 2000 

larad, amJamad Rirs 1200lari. gansazRvreT amortizaciis norma. 

 amortizaciis norma udris: 

5.22]
2000
12001[100 2 =−=r . 

 

13.4. anuiteti da dafarvis fondi 

 
 anuiteti aris SeTanxmeba, romlis mixedviTac xdeba fiqsirebuli 

erTjeradi Tanxis Setana, romlis sanacvlod, SeTanxmebuli drois 

periodis ganmavlobaSi an misi gasvlis Semdeg Tanxis Semtani 

periodulad an erTjeradi saxiT iRebs garkveul Tanxas. 

 dafarvis fondi aris anuitetis alternatiuli varianti, rodesac 

xdeba fiqsirebuli fuladi Tanxis perioduli Setana drois garkveul 

periodSi konkretuli miznis misaRwevad. 

 ganvixiloT erTjeradi Tanxa A, Setanili drois sawyis periodSi. 

Tuki I aris Tanxa, romelic emateba an akldeba gakeTebul Senatans 

yoveli wlis bolos, maSin n wlis mere dagrovili Tanxa gamoiTvleba 

formuliT: 
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100

)
100

1(
)

100
1(

r

IrIrAS

n

n
−+

++= . 

 gamosaxulebis pirveli nawili gamoxatavs Tanxas, romelic 

dagrovda sawyisi Senatanidan, xolo meore nawili gamoxatavs Tanxas, 

romelic miiReba perioduli danaricxebiT, da romlis yovelwliuri 

mniSvnelobis gamoTvla SesaZlebelia Semdegi formuliT: 

1)
100

1(

])
100

1([
100

−+

+−
=

n

n

rA

rASr

I . 

 

 
 magaliTi: sawyisi Senatani Seadgens 10 000 lars, xolo wliuri 

saprocento ganakveTi 6-s. yovelwliurad angariSidan 1500 laris moxsnis 

SemTxvevaSi ra Tanxa darCeba 5 wlis Semdeg? 

 gamoviTvaloT: 

 

55.492675.845530.11382
100/6

)1500()100/61(1500)100/61(10000
5

5 =−=
−−+−

++=S . 

  

 Sesabamisad 5 wliani periodis gasvlis Semdeg angariSze darCeba 

4926.55 lari. 13382.30 lari aris Tanxa, romelic SeiZleboda yofiliyo 

angariSze, xolo 8455.75 lari - aris Tanxa, romliTac angariSze 

arsebuli danazogi Tanxis yovelwliuri gamotanisa da miuRebeli 

procentebis gamo Semcirda. 

13.5. investiciebis Sefaseba 

 
 procentebis Sekrebis, amortizaciisa da mimdinare Rirebulebis 

meTodebi SeiZleba gamoyenebul iqnas investiciebis Sefasebisas. garda 

amisa, investiciebis Sefasebisas xdeba rentabelobis Sida normis cnebis 

SemoReba. es aris Semosavali investirebuli Tanxidan, gamoxatuli 

procentulad, romelic gamoiTvleba wminda diskonturi RirebulebiT. 

ufro konkretulad ki es aris proeqtis diskontis ganakveTi, romelic 

iZleva nulis tol wminda diskontur Rirebulebas. 



  100

 

 magaliTi: ganvixiloT 1000 laris odenobis investicia danadgarSi, 

romelmac unda moitanos 1600 laris mogeba ori wlis mere: 

.5.26
)100/1(

16001000 2

=
+

=

r
r  

 Sesabamisad, mocemuli kapitaldabandebis rentabelobis Sida norma 

aris 26.5%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

da 
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nawili VI. imitaciuri da dinamikuri modelireba 
 

  Tavi 14. modelebis zogadi daxasiaTeba 
 

 modelireba – aris S sistemis {Ms} Tvisebebis simravlis asaxva 

sxva M sistemis {Mm} Tvisebebis simravleze, romelic warmoadgens 

pirvelis models. Tavad modelebi, anu M sistemebi warmoadgenen 

sxvadasxva fizikur da logikur arss. 

 zogadad modelireba aris samecniero Seswavlis meTodi, romlis 

drosac kvlevis obieqti icvleba sxva, ufro martivi obieqtiT, romelsac 

uwideben models. dRevandel dRes cnobilia da farTod gamoiyeneba 

modelirebis mravalricxovani meTodebi da xerxebi. magram modelirebis 

procesis ZiriTad nairsaxeobad SegviZlia CavTvaloT: maTematikuri da 

fizikuri.   

 fizikuri modelirebis dros kvlevis sistema icvleba sxva 

materialuri sistemiT, xelsawyoTi an mowyobilobiT, romlis 

saSualebiT  SesaZlebelia Sesaswavli sistemis (obieqtis) Tvisebebis 

asaxva maTi fizikuri bunebis SenarCunebiT. 

 fizikur models uwodeben sistemis gadidebul an Semcirebul 

aRweras. misi damaxasiaTebeli aris is, rom fizikuri modeli gamoiyureba 

rogorc modelirebadi erTianoba (magaliTad, TviTmfrinavis kopio 

masStabiT 1:50). 

 unda aRiniSnos, rom fizikuri modelirebis SesaZleblobebi 

SezRudulia.  

   maTematikur modelirebaSi gulisxmoben sxvadasxva procesebis 

Seswavlis meTods, romlebic aRiwereba ama Tu im maTematikuri 

gamosaxulebiT. misi gamoyenebis dros igeba maTematikuri aRwera an 

maTematikuri modeli.   

 maTematikuri modeli aris modeli, romelic obieqtis 

maxasiaTeblebis an movlenebis aRwerisaTvis iyenebs maTematikur 

simboloebsa da meTodebs. nebismieri maTematikuri formula warmoadgens 

maTematikuri modelis agebis garkveul etaps. gamocdileba gviCvenebs, 
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rom maTematikuri modelis ageba sakmaod martivia, magram, amave dros, 

rTulia aRwerili movlenis dedaazris gadmocema. 

 modelirebadi procesebisa da sistemebis xasiaTidan gamomdinare 

SeirCeva Sesabamisi maTematikuri aparati, romelic gansazRvravs im 

cnebebis, procedurebisa da sawyisi Sefardebebis gardaqmnis formaluri 

wesebis simravles, romlebic iTvaliswineben obieqtis arsebiT 

Taviseburebebs.  

 ase magaliTad, SeiZleba iyos gamoyofili determinirebuli da 

stoqasturi (SemTxveviTi cvladebiT, parametrebiT da funqciebiT) 

modelebis klasebi, romlebic Tavis mxris SeiZleba iyos dayofili or 

saxeobaT – analoguri da diskretuli.  

 analoguri modeli aris iseTi modeli, romelic warmoadgens 

obieqts rogorc analogs, romelic iqceva rogorc realuri obieqti, 

magram garegnulad mas ar hgavs (magaliTad: grafiki, romelic aCvenebs 

damokidebulebas or maCvenebels Soris aris analoguri modeli). 

 gamoTvliTi teqnikis ganviTarebasTan erTad Camoayalibda axali 

mimarTuleba rTuli procsebis da sistemebis SeswavlaSi – imitaciuri 

modelireba. aseTi saxis modelireba saSualebas iZleva Seswavlil iqnas 

rogorc determinirebuli, aseve SemTxveviTi procesebi da sistemebi.  
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Tavi 15. imitaciuri modelebis damuSaveba 
 

   imitaciuri modelireba – aris ricxobrivi meTodebis erToblioba, 

romelTa saSualebiT tardeba eqsperimentebi maTematikur modelebze 

kompiuteris gamoyenebiT.  

imitaciuri modelirebis procesi (sur.44) gulisxmobs Sesabamisi 

modelebis SemuSavebasa da Semowmebas. 

 

 
sur.44. imitaciuri modelirebis procesi 

 
 gadawyvetilebis miRebis procesSi SeiZleba gamoyenebul iqnas 

modelirebis sxvadasxva xerxebi, maT Soris iseTi ZiriTadi midgomebi, 

romlebic iyeneben empiriul da albaTur monacemebs. am dros gamoiyeneba 

SemTxveviTi ricxvebi.  

 imitaciuri modelebis SemuSavebisa da modelirebis procesis 

zogadi Tanmimdevroba SeiZleba iyos warmodgenili Semdegnairad. 

 Tavdapirvelad xorcieldeba problemis formulireba da yalibdeba 

is amocanebi, romlebic dakavSirebulia kvlevasTan.  

 Semdeg mimdinareobs kvlevis amocanebis formalizebuli dasma. am 

dros farTod gamoiyeneben cnobil maTematikur modelebs da 

Sefardebebs.  

 Semdeg etapze warmoebs apriori sawyisi monacemebis gansazRvra da 

maTi dasabuTeba.  

amocanis gansazRvra

informaciis dagroveba

imitaciuri modelis ageba

modelis Semowmeba

gadawyvetileba
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 imis Semdeg, rac sawyisi modeli da SerCeuli parametrebi 

aprobirebulia maTi varirebis dros da gakeTebulia daskvnebi modelis 

vargisianobis Sesaxeb, iwyeben programis Sedgenas kompiuterze imitaciis 

mizniT.  

 unda aRiniSnos, rom imitaciuri modelirebis dros sirTuleebi 

warmoiSveba sawyisi formalizebuli aRweris Sedgenis, maTematikuri 

uzrunvelyofis SerCveisa da propgramirebis  etapebze. aq sirTuleebis 

gadasaWrelad efeqturi SeiZleba aRmoCndes modelirebis moduluri 

principis gamoyeneba.  
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Tavi 16. dinamikuri modelirebis magaliTebi 

16.1. mosaxleobis modeli 

 
   warmovidginoT Semdegi suraTi. XVIII saukunis centraluri evropa, 

eklesia savsea mezobeli soflebidan Camosuli mrevliT. mRvdeli amCnevs, 

rom eklesia patara aris imisaTvis, rom daitios yvela msurveli. Tu 

mosaxleobis ricxvi kvlav gaizrdeba, saWiro iqneba axali eklesiis 

aSeneba. dro, romlis ganmavlobaSic unda aSendes taZari, damokidebulia 

imaze, Tu ra siCqariT gaizrdeba mosaxleobis ricxvi. 

 avRniSnoT: 

  Xn – mrevlis ricxvi n–uri wlis bolos; 

  Xn+1 – mrevlis raodenoba 1 wlis Semdeg. 

 aqedan: 

nnn XXX −=Δ +1 . 

   mosaxleobis ricxvi damokidebulia dabadebulTa da 

gardacvlilTa raodenobaze (migraciaze saubari ar aris): 

  b1,.....,bk  - axladdabadebulebi, 

  d1,.....,dk – gardacvlilebi, 

  X1,.......,Xk  - mrevlis saerTo ricxvi. 

 qvemoT mocemuli Tanafardobebi wlebis manZilze didad ar 

icvleba: 

...........

,..........

1

1

1

1

k

k

k

k

x
d

x
d

x
b

x
b

 

   simartivisaTvis davuSvaT, rom es fardobebi mudmivia da, 

Sesabamisad, udris α–s da β-s. aqedan gamomdinareobs, rom n weliwadSi 

daibada nxα  da gardaicvala nxβ adamiani: 

nnn xxx βα −=Δ  

anu 

nnnn xxxx βα −+=+1 . 

 davuSvaT, rom γ = 1 +α – β, maSin  
nn xx γ=+1 , 

amiT mosaxleobis demografiuli modeli agebulia.  
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 gamovyoT Semdegi sami SemTxveva: 

1. γ > 1 (mosaxleoba izrdeba), 

2. γ =1 (cvlileba ar aris), 

3. γ < 1 (mosaxleoba klebulobs). 

 ganvixiloT pirveli SemTxveva: 1829 wels ekonomistma malTusma 

gamoaqveyna naSromi, romlis mixedviT adamianebi mravldebian 

geometriuli progresiiT: 

1
,1

>
=+

γ
γ nn xx

 

   

 maSin, rodesac arsebobis wyaroebi izrdeba mxolod ariTmetikuli 

progresiiT: 

0
,1

>
+=+

d
dyy nn

 

 

 Tumca mogvianebiT damtkicda, rom msgavsi gaTvlebi moqmedebs 

mxolod 3-4 weliwads da maTze grZelvadiani prognozebis gakeTeba ar 

SeiZleba. 

 

 SeniSvna: modelis agebisas aucileblad unda miTiTebul iqnas 

drois periodi, romelSic SeiZleba misi gamoyeneba, raTa modelis 

momxmarebelma ar dauSvas Secdoma. 

16.2. mobilizaciis modeli 

 
   politikuri an socialuri mobilizacia gulisxmobs xalxis 

mozidvas partiaSi an mis momxreTa rigebSi, raime moZraobaSi da a.S. am 

dros saWiroa drois faqtoris gaTvaliswineba anu mobilizaciis 

mocemuli modeli unda iyos dinamikuri.  

  gamovsaxoT raime regionSi mobilizaciis donis cvlilebebis 

logika erTi Tvis ganmavlobaSi. erTeulad aviRoT mosaxleobis is 

nawili, romlisTvisac am tipis mobilizacias azri aqvs: 

      Mn  - aris drois tn  momentisaTvis mobilizebuli xalxis wili, 

sadac 

sadac 
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   1-Mn  – aramobilizebuli xalxis wili, 

 erT TveSi mobilizaciis done SeiZleba Seicvalos ori mizezis 

gamo: 

1. moxda mosaxleobis nawilis mozidva: 

)1( nM−α , sadac 

α > 0 - aris agitaciis koeficienti; 

2. mosaxleobam datova moZraobis rigebi: 

nMβ , sadac 

β > 0 aris gasvlis mudmivi koeficienti. 

   es ori parametri gamosaxavs mosaxleobis interesebis, 

Sexedulebebisa da gegmebis proporciul cvlilebas : 

nnn MMM −=Δ +1 , 

nnnn MMMM βα −−=−+ )1(1 . 

  rac niSnavs, rom drois garkveul periodSi mobilizaciis donis 

cvlileba udris sxvaobas mozidul mosaxleobis wilsa da gasul 

mosaxleobis wils Soris. es aris mobilizaciis procesis gantoleba, 

romelic sxvanairad SeiZleba ase Caiweros : 

nn MM γα +=+1  

sadac 

γ = 1- α – β. 

16.3. SeiaraRebis modeli 

 

   ganvixiloT konfliqturi situacia, romelSic CarTulia ori (x, y) 

mezobeli qveyana. X qveynis samilitarizacio danaxarjebia X=x(t), xolo 

meore qveynis – Y=y(t).  

 ganvixilo modelis agebis Tanmimdevroba: 

1. X qveyana iZens iaraRs, radgan eSinia y-Tan potenciuri omis. 

amasTan, Y-ma icis ra X-is militarizaciis Sesaxeb, isic zrdis 

samxedro danaxarjebs. aqedan gamomdinare, TiToeuli qveyana zrdis 

an amcirebs samxedro danaxarjebs meoris proporciulad: 
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⎪⎩

⎪
⎨
⎧

=

=

.
,

1

1

xy
yx
β

α
 

  Tumca, aseT SemTxvevaSi, modelis nakli aris SeiaraRebis 

limitis ararseboba; 

2. rac ufro metia qveynis samxedro danaxarjebi, miT naklebia misi 

ekonomikuri zrdis siCqare: 

⎪⎩

⎪
⎨
⎧

−=

−=

;
,

1

1

yxy
xyx
δβ

γα
 

3. TiToeuli qveyana zrdis Tavis SeiaraRebas sakuTari mtruli 

ganwyobis moxedviT, Tundac meore qveyana misTvis safrTxes ar 

warmoadgendes. avRniSnoT mocemuli pretenziebi a da b–Ti. Tu es 

koeficientebi uaryofiTia, maSin CavTvaloT isini keTili nebis 

koeficientebad: 

.
,

1

1

byxy
axyx

+−=

+−=

δβ

γα
 

  

 amiT SeiaraRebis modeli agebulia.  
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daskvna 
 

 rogorc Cans winamdebare saxelmZRvanelodan, gadawyvetilebis 

miRebis, misi analizis da prognozirebis Teoriuli safuZveli da 

praqtikuli instrumentebi ekonomikasa da biznesSi aris ekonomikur–

maTematikuri modelebi da maT safuZvelze gakeTebuli gaTvlebi da 

ZiriTadi sirTule mdgomareobs ara gaTvlebis warmoebaSi, aramed 

realuri garemos adeqvaturi modelebis agebaSi. 

 modelis ageba eyrdnoba Sesaswavli situaciis mniSvnelovan 

gamartivebas da, Sesabamisad, mis safuZvelze miRebul Sedegebs unda 

sakmaod frTxilad mivudgeT – models yvela problemis gadawyveta ar 

SeuZlia. amave dros, erTi SexedviT yvelaze uxeSi idealizaciac ki 

saSualebas iZleva ufro Rrmad CavwvdeT problemis arss. modelis 

parametrebze gavlenis moxdenis mcdelobisas Cven viRebT SesaZleblobas 

movaxdinoT xarisxobrivi analizi Sesaswavli movlenisa da saerTo 

xasiaTis daskvnebi gavakeToT. 

 maTematikuri modelebis gamoyeneba saxifaToa manam, sanam situacia 

bolomde ar aris Seswavlili. xSirad saWiro xdeba modelTan dabruneba 

da masSi cvlilebebis Setana mas Semdeg, rac gaTvlebis pirveli etapi 

ukve Catarebulia. garda amisa, xSirad sasargebloa e.w. “modelebis 

kamaTi” – rodesac erTi da igive movlena aRwerilia ara erTi, aramed 

ramdenime modeliT. riskis da gaurkvevlobis pirobebSi gadawyvetilebis 

miRebis maTematikuri saSualebebis saxiT gamoiyeneba: statistikuri 

analizi, imitaciuri modelireba, strategiuli TamaSebis Teoria, 

maTematikuri programireba, dinamikuri programireba, masobrivi 

momsaxurebis Teoria da sxva.  

 

 

 

 

 

 



  110

gamoyenebuli literatura 
 

1. Акулич И.Л. «Математическое програмирование». Москва, Изд. «Высшая Школа», 

1986 

2. Аллен Р.Коэн. «MBA по Менеджменту». Москва, «Альпина Бизнес Букс», 2004  

3. Ашманов С.А. «Линейное Программирование». Москва, «Наука», 1981 

4. Б.Банди «Основы Линейного Программирования». Москва, «Радио и Связь», 1984 

5. Вильям Дж. Стивенсон. «Управление Производством». Москва, «Бином». 2002  

6. Дубров А.М., Лагоша Б.А., Хрусталев Е.Ю., Барановская Т.П.. Моделирование 

рисковых ситуаций в экономике и бизнесе. Москва, «Финансы и статистика», 2003. 

7. Майкл Мескон, Майкл Альберт, Франклин Хедоури. «Основы Менеджмента». 

Москва, «Дело», 2004.  

8. Маманов С.А. «Линейное програмирование». Москва, Изд. «Наука», 1981 

9. Новиков Г.И., Пермякова Э.И., Яковлев В.Б. «Сборник Задач по Вычислительной 

Технике и Программированию». Москва, «Финансы и Статистика», 1991 

10. Пол Милгром, Джон Pобертс. «Экономика, Организация и Менеджмент». Санкт-

Петербург, «Экономическая Школа», 2004  

11. Ричард Томас. «Количественный анализ хозяйственных операций и 

управленческих решений». Москва, Изд. «Дело и Сервис», 2003г. 

12. Роджер Элкон. «Основы Менеджмента». Москва, «Финпресс», 1999  

13. Трояновский В.М.  «Математическое моделирование в менеджменте». Москва, 

      Изд. «РДЛ», 2003г. 

14. Шикин Е.В., Чхартишвили А.Г.  «Математические методы и модели в 

управлении».  Москва, Изд. «Дело», 2002г.  

15. Эльстер К.Х. «Введение в Нелинейное Программирование», Москва, «Наука», 1985  

16. Brian D. Bunday. “Basic Linear Programming”. “Edward Arnold”, 1989 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

ibeWdeba avtoris mier warmodgenili saxiT 

 

 

 

 

 

gadaeca warmoebas 26.02.2009. xelmowerilia dasabeWdad 16.06.2009. qaRaldis 

zoma 60X84 1/8. pirobiTi nabeWdi Tabaxi 6. tiraJi 100 egz.  

 

 

 

 

 

 

 

sagamomcemlo saxli `teqnikuri universiteti~, Tbilisi, kostavas 77 

 

i.m. `goCa dalaqiSvili~, 

q. Tbilisi, varkeTili 3, korp. 333, bina 38 


