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        wrfivi daprogrameba ekonomikasa da biznesSi 

               realizacia MS Excel – Si 
 

 

 wignSi ganxilulia maTematikuri daprogramebis erT-erTi ganStoebis, wrfivi 

daprogramebis iseTi Teoriuli da praqtikuli sakiTxebi, romlebsac didi gamoyeneba aqvs 

ekonomikasa da biznesSi. aRwerilia wrfivi daprogramebis amocanebis warmodgenis sxvadasxva 

konstruqciebi da maTi amoxsnebisa da erTmaneTSi gadayvanis meTodebi. garkveviT da martivad 

aris gadmocemuli sakmaod rTuli debulebebi, romlebic dakavSirebulia maTematikuri 

daprogramirebis gansakuTrebiT mniSvnelovan sakiTxebTan – oradulobis koncepciasTan. 

gamaxvilebulia yuradReba amonaxsnebis mdgradobis sakiTxebze. pratikuli amocanebis 

amoxsnis gamartivebis mizniT, moyvanilia instruqciebi saoptimizacio instrumentaluri 

programa Solver–idan, romelic CarTulia eleqtronuli cxrilebis programaSi  MS Excel. 

naSromi, rogorc damxmare saxelmZRvanelo, gankuTvnilia maTematikuri, sainJinro, 

ekonomikisa da biznesis fakultetebis bakalavriatisa da magistraturis studentebisaTvis. 

is saintereso iqneba, agreTve, doqtorantebisTvis, mecnier-TanamSromlebisTvis da 

praqtikosebisaTvisac, visac Tavisi saqmianobidan gamomdinare, uwevs optimaluri 

gadawyvetilebebis miReba dagegmvisa Tu marTvis sferoSi.   
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w i n a s i t y v a o b a 

 

  

 maTematikuri modelireba, maTematikuri modeli. realuri obieqti, 

rogorc wesi, sakmaod rTulia, amitom misi Seswavlis mizniT qmnian 

models – gamosakvlevi realuri obieqtis maTematikur analogs, 

romelic, erTis mxriv, unda iyos martivi da gasagebi, meores mxriv, ki -

misi gamokvlevis Sedegebi unda gavrceldes mocemuli klasis sxva rTul 

obieqtebzec, Sesabamisad, maTematikuri modeli naTlad unda asaxavdes 

gamosakvlevi realuri obieqtis arsebiTad damaxasiaTebel Tvisebebsa da 

zemoqmed faqtorebs.  

oraduli xasiaTis gamo, adekvaturi modelebis ageba-Sedgena 

warmoadgens sakmaod rTul amocanas. rac ufro kargad iqneba SerCeuli, 

agebuli modeli, rac ufro zustad gamoixateba masSi realuri obieqtis 

damaxasiaTebeli Tvisebebi, miT ufro warmatebuli da sasargeblo iqneba 

Sesabamisi gamokvlevebi da am gamokvlevebidan gamomdinare Sedegebi da 

rekomendaciebi.  

mecnierul kvlevebSi gamoiyeneba sxvadasxva saxis modelebi. maT 

Soris gamorCeulia maTematikuri modelebi, romelTa Semadgeneli 

elementebi cvladebi, funqciebi, sxvadasxva tipis damokidebulebebi da 

a.S. asaxaven Sesaswavli realuri obieqtebis ZiriTad, maxasiaTebel 

faqtorebs da maT kavSirebs. maTematikuri modelebis Sedgena-ageba 

warmoadgens maTematikuri modelirebis sagans. maTematikuri modelebi 

xels uwyoben mecnierebis sxvadassxva dargebSi maTematikis gamoyenebas 

da amiT, rogorc am mecnierebis, aseve maTematikis ganviTarebas.  

SemoTavazebul naSromSi ganxilulia dagegmvis (daprogramebis) 

amocanebi ekonomikaSi. kerZod, iseTi maTematikur modelebi, romlebic 

warmoadgenen wrfiv gantolebaTa an utolobaTa sistemebs, xolo 
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efeqturobis maCvenebeli (miznis funqcia) - wrfivi formaa. wrfivi 

daprogramireba aris maTematikis dargi, romlis Seiswavlis ZiriTad 

mizans warmoadgens wrfivi mravalganzomilebiani eqstremaluri 

amocanebis analizisa da amoxsnis meTodebis Seqmna da gamokvleva. didi 

praqtikuli gamoyenebis gamo, maTematikuri daprogrameba da kerZod, 

wrfivi  daprogrameba Setanilia umaRlesi saswavleblebis rogorc 

sabakalavro, aseve samagistro saganmanaTleblo programebSi.  

am wignis gamoyeneba SeuZliaT, rogorc damxmare saxelmZRvanelo, 

zust da sabunebismetyvelo mecnierebaTa, teqnikuri da ekonomikuri 

fakultetis studentebsa da agreTve, maT visac Tavisi saqmianobidan 

gamomdinare, Sexeba aqvT iseT procesebTan, sadac optimaluri 

gadawyvetilebebia misaRebi.   

 wignis ZiriTadi nawili Sedgeba aTi paragrafisagan. pirveli 

paragrafi SeiZleba CaiTvalos rogorc Sesavali. masSi ganxilulia 

wrfivi daprogramebis amocanebis nimuSebi. meore paragrafi eZRvneba 

wrfivi daprogramebis amocanebis sxvadasxva formebs da maTi gardaqmnis 

meTodebs. mesame paragrafi eZRvneba wrfivi daprogramirebis Teorias 

sibrtyeze. meoTxe, mexuTe da meeqvse paragrafebSi gadmocemulia wrfivi 

daprogramebis amocanebis amoxsnis simpleqsuri, rogorc algebruli, ise 

cxriluri, meTodebi. meSvide paragrafi eZRvneba oradulobis Teorias 

wrfiv daprogramebaSi. merve paragrafSi ganxilulia wrfivi 

daprogramebis oradulobis Teoriis koncefcia dagegmvis ekonomikur 

amocanebSi. mecxre paragrafi eZRvneba wrfivi daprogramebis amocanebis 

amoxsnis kompiuterul meTodebs. moyvanilia instruqciebi saoptimizacio 

programa “Solver” – dan, romelic CarTulia eleqtronuli cxrilebis 

programa  “MS Excel”-Si. aseTi midgoma Zalian amartivebs amocanis 

amoxsnas, amave dros izogeba dro da saxsrebi. meaTe paragrafi mTlianad 



6 
 

eZRvneba satransporto amocanas. am modelis calke paragrafad gamoyofa  

imiTaa ganpirobebuli, rom misi amoxsnis meTodebi specifikuria da mis 

oradul amocanas aqvs konkretuli ekonomikuri Sinaarsi.       

wignSi Teoriuli masala gamyarebulia Sesabamisi amocanebis 

amoxsniT. amasTan, yovel paragrafs darTuli aqvs praqtikuli amocanebi, 

romelTa amoxsna xels Seuwyobs sagnis Rrma da Segnebul aTvisebas.    

 avtorebs eZlevaT saSualeba madlierebis grZnoba gamoxaton wignis 

redaqtoris, profesor j. rogavasa da recenzentebis,  e. baraTaSvilisa 

da r.kakubavas mimarT, romelTa rCevebis gaTvaliswinebam udaod 

gaamdidra wignis Sinaarsobrivi mxare.  
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$ 1. wrfivi daprogramebis amocanaTa nimuSebi 

 
 

 maTematikuri daprogramebis meTodebiT praqtikuli amocanebis 

amoxsnis procesi moicavs or ZiriTad etaps:  

 amocanis maTematikuri modelis ageba (amocanis maTematikuri 

aRwera);  

 eqstremaluri (optimaluri) amonaxsnis povna. 

 maTematikuri modelis agebis dros cvladebiT aRiniSneba dasmuli 

amocanis ganmsazRvreli faqtorebi. amocanis pirobidan gamomdinare unda 

ganisazRvros am cvladebs Soris damokidebuleba, SeirCes miznis 

funqciis saxe da es funqcia gamoisaxos Semotanili cvladebis 

saSualebiT. amocanis maTematikuri modelis agebis Semdeg unda moiZebnos 

optimaluri amonaxsni Sesabamisi maTematikuri meTodebiT. 

 ganvixiloT ramdenime praqtikuli amocanis maTematikuri modelis 

agebis magaliTi. 

 

1. warmoebis dagegmvis amocana. 

sami sxvadasxva saxis P1, P2, P3 produqciis dasamzadeblad sawarmoSi 

gamoiyeneba S1 da S2 saxis nedleuli. nedleulis xarjvis normebi, 

Semosavali da maTi maragebi mocemulia cxrilSi (cxr. 1.1.). saWiroa  

daigegmos produqciis iseTi warmoeba (e.i. Pi (i=1,2,3) saxis ramdeni 

produqcia unda daamzados sawarmom), romelic uzrunvelyofs 

maqsimalur Semosavals. iP  svetisa da jS  striqonis gadakveTaze mdebare 

ricxvi gviCvenebs, Tu jS  nedleulis ramdeni erTeulia saWiro iP  

produqciis erTi erTeulis dasamzadeblad ( 2,1j;3,2,1i  ). 
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 cxrili 1.1. 
 

 

 produqcia 
                         

           

 
P1 

 
P2 

 
P3 

 
maragi 

S1 
5 1 12 1500 

S2 
2 3 1 1000 

erTeuli produqciis  

gasayidi fasi 
12 5 10  

 
aRvniSnoT xi cvladiT Pi produqciis raodenoba (i=1,2,3), romelic 

unda daamzados sawarmom. amisaTvis saWiro iqneba S1 saxis nedleulis 

5x1+x2+12x3 erTeuli. vinaidan S1 saxis nedleulis maragi 1500 

erTeulia, amitom unda Sesruldes utoloba 5x1+x2+12x3≤1500. 

SevniSnoT, rom SesaZloa sawarmom miiRos maqsimaluri Semosavali 

maSinac, rodesac S1 saxis nedleuli mTlianad ar iqneba daxarjuli, 

rasac iTvaliswinebs dawerili utoloba. 

 analogiuri msjelobiT S2 saxis nedleulis mimarT miviRebT 

Semdeg utolobas: 2x1+3x2+x3≤1000. am pirobebSi sawarmos Semosavali F 

Seadgens  F=12x1+5x2+10x3 fulad erTeuls. 

 amrigad, Cven SevqmeniT dasmuli amocanis maTematikuri modeli da 

SegviZlia es amocana maTematikurad ase CamovayaliboT: 

 mocemulia ori wrfivi utolobisagan Semdgari sistema 

                      








100032
1500125

321

321

xxx
xxx                                             (1.1) 

da wrfivi funqcia 

                    F=12x1+5x2+10x3.                          (1.2) 

 vipovoT xj (j=1,2,3) cvladebis iseTi arauaryofiTi mniSvnelobebi, 

romlebic daakmayofileben (1.1) utolobaTa sistemas da F funqcias 

mianiWeben udides (maqsimalur) mniSvnelobas. 

nedleuli 
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dagegmvis amocanas zogad SemTxvevaSi, rodesac gamosaSvebi 

sxvadasxva produqciis raodenoba n-is tolia, xolo sxvadasxva 

nedleulis (resursis) raodenoba – m. amasTan xj  (j=1,2,…,n) 

aRniSnulia Pj     produqciis gamosaSvebi raodenoba; bi    (i=1,2,…,m)    - Si 

nedleulis (resursis) maragi; aij (e.w. teqnologiuri koeficienti), Si  

nedleulis (resursis) raodenoba, romelic daixarjeba Pj produqciis 

erTi erTeulis sawarmoeblad; cj ,   Pj    produqciis erTi erTeulis 

realizaciiT miRebuli Semosavali, eqneba Semdegi saxe: 

vipovoT      



n

j
jjn xcxxxF

1
21 ,),...,(  funqciis maqsimumi, Tu  

                                                       



n

j
ijij mibxa

1
,,1,                       (1.1*) 

 

2.  racionis (narevis, Senadnobis, dietis) amocana. 

pirutyvis kvebis dRiuri racioni unda Seicavdes aranakleb 200 

gr. A nivTierebas, 120 gr. B nivTierebas da 40 gr. C nivTierebas. 

pirutyvis gamosakvebad fermaSi gamoiyeneba P, Q, R saxis produqtebi. 

cxrilSi (cxr.1.2) mocemulia produqtebis erT kilogramSi nivTierebe-

bis Semcveloba da am produqtebis fasi (fuladi erTeuli/kg). 

unda ganisazRvros kvebis iseTi racioni, romelic Secavs yvela 

nivTierebas saWiro raodenobiT da amave dros, misi Rirebuleba iqneba 

minimaluri.                                         

                                             cxrili 1.2. 
 
      nivTiereba       

 
produqti 

AA 
A 

B 
B 

 
C 

 
Rirebuleba 

P 5 6 2 3 

Q 2 4 1 2 

R 18 3 1 5 
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aRvniSnoT x1, x2, x3-iT Sesabamisad P, Q, R produqtebis raodenoba, 

romelic unda Sediodes pirutyvis kvebis racionSi. am SemTxvevaSi A 

nivTierebis maragi, romelsac miiRebs pirutyvi yvela produqtisagan, 

gamoiTvleba 5x1+2x2+18x3  formuliT. pirobis Tanaxmad is ar unda iyos  

200 gr-ze naklebi. Tu analogiurad vimsjelebT B da C nivTierebebis 

mimarT, sabolood miviRebT utolobaTa Semdeg sistemas: 

                              





















0,0,0x

 18x2x5x

321

321

321

321

xx
xxx

xxx                             (1.3) 

 
amasTan racionis Rirebuleba F toli iqneba: 

                                            F =3x1+2x2+5x3 .                                                        (1.4) 

amrigad, miviReT Semdegi maTematikuri amocana: mocemulia 

utolobaTa (1.3) sistema da miznis funqcia (1.4). (1.3) sistemis 

amonaxsnebs Soris unda vipovoT iseTi amonaxsni, romelic mianiWebs F 

funqcias minimalur mniSvnelobas. am amocanas zogad SemTxvevaSi aqvs 

Semdegi saxe: 

vipovoT      



n

j
jjn xcxxxF

1
21 ,),...,(  funqciis minimumi, Tu  

                                                       



n

j
ijij mibxa

1
,,1,                       (1.3*) 

sadac n gansxvavebul Pj (j=1,2,…,n) produqtTa raodenobaa; m – 

gansxvavebul Si (i=1,2,…,m) nivTierebaTa  raodenoba; bi aris Si  nivTierebis 

aucilebeli minimumi, romelic gaTvaliswinebulia racionSi; aij aris Si 

nivTierebis raodenoba Pj   produqtis erT erTeulSi; cj  aris  Pj   

produqtis erTi erTeulis fasi. 
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3.  satransporto amocana. 

 A1 da A2 qarxana awarmoebs betons B1, B2, da B3 samSeneblo 

ubnebisaTvis. qarxnebis warmadoba da samSeneblo ubnebis moTxovnileba 

betonze pirobiT erTeulebSi mocemulia cxrilSi (cxr.1.3). cxrilSi, 

agreTve, mocemulia betonis erTi erTeulis gadazidvis fasi qarxnebidan 

samSeneblo ubnebze. 

                                                         cxrili 1.3. 

    samSeneblo 
             ubani    
qarxana 

AA 
B1 

 
BB2 

 
B3 

qarxnis 
warmadoba 

A1 
1 1.1 1.8 400 

A2 
1.7 2.3 1.5 300 

MmoTxovna 300 250 150 700=700 

 
SevadginoT qarxnebidan samSeneblo ubnebze betonis gadazidvis 

iseTi gegma, romlis Sedegad yvela samSeneblo ubnis moTxovna 

dakmayofildeba betonis saWiro raodenobiT, xolo gadazidvebis saerTo 

danaxarji iqneba minimaluri. 

 aRvniSnoT xij–iT betonis raodenoba, romelic unda gadaizidos Ai 

qarxnidan Bj samSeneblo ubanze (i=1,2; j=1,2,3). maSin betonis raodenoba, 

romelic gadaizideba A1 da A2 qarxnebidan B1 ubanze toli iqneba  x11+x21. 

magram B1 ubanze moixmareba betonis 300 erTeuli, Sesabamisad, 

aucilebelia Sesruldes Semdegi toloba: 

x11+x21=300. 

analogiurad miviRebT Semdeg tolobebs: 

x12+x22=250,     x13+x23=150. 

meores mxriv, betonis mTeli raodenoba, romelic A1 qarxnidan 

iqneba gadaziduli, gamoiTvleba formuliT: x11+x12+x13, romelic cxadia 

toli unda iyos A1 qarxnis warmadobis: x11+x12+x13=400. analogiuri 
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msjelobiT A2 qarxnisTvis miviRebT Ax21+x22+x23=300. amocanis pirobidan 

gamomdinare, gadazidvebis saerTo Rirebuleba F toli iqneba:                                                                                                                                                     

                                            F=x11+1.7x21+1.1x12 +2.3x22+1,8x13+1.5x23.                                         (1.5) 

maSasadame, satransporto amocanas eqneba Semdegi maTematikuri 

formulireba: 

mocemulia gantolebaTa sistema  

                 




























3,2,1;2.1,0
300
400

150
250
300

232221

131211

2313

2212

2111

jix
xxx
xxx

xx
xx
xx

ij

                       (1.6) 

da (1.5)-iT gansazRvruli miznis funqcia. 

vipovoT (1.6) gantolebaTa sistemis iseTi amonaxsni, romelic 

(1.5)-iT gansazRvrul miznis funqcias mianiWebs minimalur mniSvnelobas. 

satransporto amocanis ganzogadoebuli saxe da misi amoxsnis 

meTodebi mocemulia calke paragrafSi (ix. $10).  
 

4. gamoWris amocana. 

xis dammuSavebelma saamqrom damkveTisaTvis unda daamzados nakrebi 

sxvadasxva zomis ficrebisagan. yovel nakrebSi unda Sediodes sami 30 

sm, ori 75 sm da erTi 125 sm sigrZis ficari. saamqros gaaCnia ficrebis 

ori saxeoba: 1. 150 sm sigrZis 100 cali ficari; 2. 140 sm sigrZis  

200 cali ficari.  

ismis kiTxva. rogor unda daiWras TiToeuli ficari (Camoyalibdes 

Targi), rom damkveTma miiRos nakrebebis maqsimaluri raodenoba? 

 pirveli da meore saxeobis ficrebis daWris yvela SesaZlo 

varianti, romlis Sedegadac miiReba nakrebisaTvis gaTvaliswinebuli 

zomebis ficrebi, mocemulia Sesabamis cxrilebSi (cxr. 1.4, a,b).          
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xi (i =1,2,3,4) cvladiT aRniSnulia pirveli saxeobidan i -uri wesiT daWrili 

ficrebis raodenoba, xolo )3,2,1( jy j  ki - meore saxeobidan j -uri wesiT 

daWrili ficrebis raodenoba. cxadia, rom  

x 1+x2+ x3+x4=100, 
y1+y2+y3=200. 

  
             cxrili 1.4 a 

# 30 75 125  
1 5 _ _ x 1 
2 2 1 _ x2 
3 _ 2 _ x3 
4 _ _ 1 x4 

 
davTvaloT pirveli saxeobis ficrebis daWris Sedegad miRebuli 

saWiro zomis ficrebis raodenoba, miviRebT:  

30 sm: 5x1+2x2;       75 sm:  x2+2x3;      125 sm: x4. 

meore saxeobis ficrebidan ki - gveqneba: 

30sm: 4y1+ 2y2;      75sm:  y2 ;      125sm:  y3. 

 vinaidan nakrebis awyobisas ara aqvs mniSvneloba, Tu romeli 

saxeobis ficrebia gamoyenebuli, amitom jamSi gveqneba: 

30sm: 5x1+2x2+4y1+ 2y2;   75sm:  x2+2x3 +y2;    125 sm: x4 + y3. 

 amocanis pirobidan gamomdinare, samarTliania gantolebebi: 

34
2322121

2
2

3
2425

yx
yxxyyxx







 

Tu  F-iT aRvniSnoT kompleqtebis saerTo raodenobas, maSin cxadia, 

rom 

                          .34 yxF                                        (1.7) 

amrigad, gveqneba Semdegi maTematikuri amocana: vipovoT (1.7)-iT 

mocemuli F wrfivi funqciis maqsimumi, Tu gvaqvs SezRudvaTa Semdegi 

pirobebi: 

                cxrili 1.4 b 

# 30 75 125  
1 4 _ _ y1 
2 2 1 _ y2 
3 _ _ 1 y3 
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





























3,2,1;4,1,0,0

200
100

2
2

3
2425

321

4321

34
232

34
2121

jiyx

yyy
xxxx

yx
yxx

yx
yyxx

ji

                        (1.8) 

 bunebrivia, rom zemoT ganxiluli amocanebi ar amowuraven 

praqtikuli amocanebis yvela tipebs, romelTa amoxsnac SesaZlebelia 

maTematikuri daprogramebis meTodebiT, magram isini mainc iZlevian 

zogad warmodgenas aseTi amocanebis  Sesaxeb. miuxedavad am amocanebis 

gansxvavebisa (gansakuTrebiT SinaarsiT), naTlad Cans maTi Sesabamisi 

maTematikuri modelebis msgavseba. kerZod, yvela SemTxvevaSi 

damokidebuleba SemoRebul cvladebs Soris wrfivia, iseve rogorc 

saoptimizacio (miznis) funqcia aris wrfivi.    

 wrfivi daprogramebis amocanebis amoxsnis ZiriTad principebSi 

ukeT garkvevisaTvis ganvixiloT erTi martivi amocana.  

 ganvixiloT me-4 amocanis msgavsi amocana.  

65 cali erT metriani ficrisagan dasamzadebelia nakrebebi, 

romelSic unda Sediodes 30 sm zomis ori da 50 sm zomis sami ficari. 

vipovoT SesaZlo nakrebebis maqsimaluri raodenoba, romelic SeiZleba 

aiwyos. 

 cxr. 1.5-Si mocemulia ficrebis daWris yvela SesaZlo varianti, 

romlis drosac miiReba saWiro zomis ficrebi. x1,  x2, x3-iT aRniSnulia 

Sesabamisi wesiT daWrili ficrebis raodenoba. 

                                  cxrili 1.5 
# 30 50  

1 3 _ x1 

2 1 1 x2 

3 _ 2 x3 
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zemoT moyvanili msjelobis analogiurad (me-4 amocana) da 

amocanis pirobis gaTvaliswinebiT miviRebT: 

                     






















0,0,0
65
3

2
2

3

321

321

3221

xxx
xxx

xxxx

                       (1.9) 

                     3221 3
2

3
1

2
1

2
3 xxxxF  .                   (1.10) 

 dasmuli amocanis amoxsna maTematikurad niSnavs Semdegs: vipovoT 

(1.9) sistemis iseTi amonaxsni, romelic F funqcias mianiWebs maqsimalur 

mniSvnelobas. 

(1.9) da (1.10)-dan martivad vRebulobT 

             








65
049

321

321

xxx
xxx

                            (1.11) 

               21 2
1

2
3 xxF  .                             (1.12) 

gantolebaTa (1.11) sistemaSi ori samcvladiani wrfivi gantolebaa. 

gantolebaTa koeficientebis mniSvnelobebi iseTia, rom nebismieri ori 

cvladi da miznis funqcia SesaZlebelia gamoisaxos me-3 cvladis 

saSualebiT. es gardaqmnebi sakmaod martivia. SesaZlebelia sami 

SemTxveva, kerZod: 

1) ;
5
126;

5
813;

5
1352 11312 xFxxxx   

2) ;
13
130;

13
845;

13
520 22321 xFxxxx   

3) ;
8
1

8
195;

8
13

8
585;

8
5

8
65

33231 xFxxxx   

ganvixiloT es SemTxvevebi cal-calke. 

        1)    F funqciis gamosaxulebidan Cans, rom x1 cvladis usasrulod 

zrda gamoiwvevs mis usasrulod zrdas, magram vinaidan )3,2,1(0  ixi , x2 -
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is Sesabamisi gantolebidan miviRebT: 201 x , amitom 3020
5
126max F , 

xolo .45;0 32  xx  

   2) pirdapir Cans, rom F miiRebs Tavis maqsimalur mniSvnelobas x2 

cvladis nulovani mniSvnelobisaTvis 30max F , xolo 45;20 31  xx .  

   3) am SemTxvevaSi analogiurad pirvelisa, gveqneba ,4513 3  x  da 

3045
8
1

8
195max F , rodesac ,453 x  xolo 0;20 21  xx .   

analizi gviCvenebs, rom F funqciis maqsimaluri mniSvneloba da 

321 ,, xxx  cvladebis mniSvnelobebi yvela SemTxvevaSi erTnairia. Tu 

pirvel da mesame SemTxvevebSi saWiro iyo damatebiTi gamokvlevis 

Catareba, me-2 SemTxvevaSi es mniSvnelobebi pirdapir miiReba F funqciis 

gamosaxulebidan. Cven SemdgomSi vnaxavT, rom Tu miznis funqcias gaaCnia 

maqsimaluri (minimaluri) mniSvneloba Sesabamis SezRudvaTa pirobebSi, 

maSin SesaZlebelia misi warmodgena uaryofiTi (dadebiTi) 

koeficientebiani garkveuli cvladebis saSualebiT. amitom miznis F 

funqcia miiRebs Tavis maqsimalur (minimalur) mniSvnelobas am 

cvladebis nulovani mniSvnelobebisaTvis. da Tu am dros danarCeni 

cvladebi miiReben arauaryofiT mniSvnelobebs, maSin es iqneba amocanis 

amonaxsnic.  

 nakrebebis maqsimaluri raodenoba, romelic SeiZleba aiwyos, 30-is 

tolia. amasTan pirveli wesiT unda daiWras 20 ficari, xolo danarCeni 

45 ficari ki mesame wesiT. meore wesiT ar unda daiWras arcerTi 

ficari. 

 Tu mocemul amocanaSi damatebiT moviTxovT, rom narCenebi iyos 

minimaluri, maSin Seicvleba mxolod miznis funqcia, SezRudvaTa (1.11) 

pirobebi igive darCeba. 
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 vipovoT am SemTxvevis Sesabamisi   miznis funqciis gamosaxuleba. 

cxr. 1.5-dan Cans, rom ficrebis daWris pirveli wesis gamoyenebisas 

yoveli ficridan darCeba 10 sm sigrZis narCeni, me-2 wesiT daWrisas -  

20 sm sigrZis narCeni, xolo me-3 wesiT daWra unarCenoa. maSasadame, 

miznis funqcias eqneba Semdegi saxe: 

                    21 2010 xx                               (1.13) 

 amrigad, axali pirobebis gaTvaliswinebiT gveqneba Semdegi 

maTematikuri amocana: vipovoT (1.11) gantolebaTa sistemis iseTi 

amonaxsni, romlisTvisac   funqcia miiRebs minimalur mniSvnelobas. 

 ganxiluli samive SemTxvevisaTvis miznis funqcias eqneba Semdegi 

saxe: 

            1) ;421040 1x 2) ;
13
210200 2x  3) ;

4
105

4
5525

3x  

 pirveli da mesame SemTxvevebidan Cans, rom  -is mniSvneloba 

Semcirdeba, Tu Sesabamisi cvladebi gaizrdeba, xolo meore SemTxvevaSi 

2x  cvladis zrda gamoiwvevs   funqciis gazrdas, amitom 200min  , 

rodesac 02 x . 

 maSasadame, miviReT, rom zemoT aRniSnuli wesebiT ficrebis daWris 

SemTxvevaSi aiwyoba ara marto nakrebebis maqsimaluri raodenoba, aramed 

narCenebic iqneba minimaluri 2 m (10 sm sigrZis ficris ficris 20 

naWeri). 

 am amocanis ganxilvisas Cven SevexeT wrfivi daprogramebis 

amocanebis amoxsnis simpleqs meTods, romelsac ufro Rrmad 

ganvixilavT SemdegSi. 

CamovayaliboT gamoWris amocana zogadi SemTxvevisaTvis.  

sawarmom damkveTisaTvis unda aawyos k sxvadasxva namzadebisagan 

nakrebebi mis gankargulebaSi arsebuli sxvadasxva saxis m masalisagan 

(masalebi gansxvavdebian fizikuri zomebiT, formiT da sxva). yoveli 
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masala SesaZlebelia daiWras n wesiT, amasTan i  wesiT daWrili j -uri 

masalisagan (i=1,2,…,n; j=1,2,…,m) miiReba k-uri saxis namzadis 

(k=1,2,…,l)  i j ka  raodenoba. sawarmos gaaCnia j -uri masalis maragi ja  

raodenobiT, yovel nakrebSi unda Sediodes kb  raodenobis k  saxis 

namzadi. Tu aRvniSnavT x -iT asawyob  nakrebTa raodenobas, xolo ijx -iT 

i-uri wesiT daWrili j -uri saxis masalebis raodenobas, maSin gamoWris 

amocanis maTematikur models eqneba Semdegi saxe: vipovoT xF   

funqciis maqsimumi, Tu 

                




















 



;,1,

;,1,

1 1

1

lkxbax

mjax

kijk

n

i

m

j
ij

j

n

i
ij

.                (1.8*) 

 

                             savarjiSoebi 

 

 SeadgineT maTematikuri modeli da CamoayalibeT maTematikuri arsi. 
 

1.1 ori A da B tipis produqciis sawarmoeblad qarxana iyenebs 1S , 

2S  da 3S  dasaxelebis nedleuls. sxva pirobebi mocemulia cxrilSi: 

  

nedleuli 

erTi erTeuli produqciisaTvis 
saWiro nedleulis r-ba, kg nedleulis 

raodenoba, kg           A B 

1S  12 4 300 

2S  4 4 120 

3S  3 12 252 

erTi erTeulis realizaciis 
Sedegad miRebuli Semosavali, 
lari  

3 4 
 

 
 
1.2 sami A, B da C tipis produqciis sawarmoeblad qarxana iyenebs 

1S , 2S  da 3S  dasaxelebis nedleuls. sxva pirobebi mocemulia cxrilSi: 
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nedleuli 

erTi erTeuli produqciisaTvis 
saWiro nedleulis r-ba, kg nedleulis 

raodenoba, kg           A B C 

1S  18 15 12 360 

2S  6 4 8 192 

3S  5 3 3 180 

erTi erTeulis realizaciis 
Sedegad miRebuli Semosavali, 
lari  

9 10 11 
 

 
 

1.3 sam punqtSi ganTavsebulia erTi dasaxelebis produqcia 450,  

350 da 400 tonis odenobiT. aRniSnuli tvirTi gadasazidia sam punqtSi 

Semdegi moTxovnis Sesabamisad – 260 t,  520 t. da 420 t. erTi tona 

tvirTis gadazidvis tarifebi mocemulia Semdegi matricis saxiT: 

                         


















796
857
342

)( ija  

SeadgineT gadazidvis optimaluri (minimaluri danaxarjebiT) gegma. 

 

1.4 Senobis gaTbobisaTvis gamoiyeneba oTxi agregati, romelTac 

SeuZliaT imuSaon xuTi saxeobis sawvavze. maTi maragi Seadgens 

Sesabamisad 90, 110, 70, 80 da 150 tonas. cnobilia TiToeuli agregatis 

muSaobisaTvis saWiro sawvavis raodenoba – 80,  120,  140 da 160 tona 

Sesabamisad. cnobilia, agreTve, j-uri agregatis mier i-uri sawvavis 

gamoyenebis Sedegad gamomuSavebuli siTbos raodenoba, romelic 

mocemulia Semdegi matricis saxiT:  

                    





















119789
785117
67856
811978

)( ija  

SeadgineT nedleulis optimaluri gamoyenebisa da maqsimaluri 

energiis (siTbos) misaRebi gegma.  
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$ 2. wrfivi daprogramebis amocanebis sxvadasxva forma  

 
 
 wina paragrafSi Cven ganvixileT ekonomikuri xasiaTis amocanebi 

sxvadasxva sferodan. yvela maTganSi moTxovnili iyo, mogveZebna 

optimaluri amonaxsni. 

 dagegmvis amocanaSi saWiro iyo iseTi asortimentis dagegmva, 

romelic sawarmos miscemda maqsimalur Semosavals. dietis amocanaSi 

saWiro iyo minimaluri danaxarjebiT saWiro racionis Sedgena da a.S. 

 miuxedavad am amocanebis gansxvavebuli Sinaarsisa, maTi 

maTematikuri modelebi msgavsi iyo. yvelgan SezRudvaTa pirobebi iyo 

wrfivi gantolebebi an utolobebi da efeqturobis maCvenebeli - miznis 

funqciac, agreTve, iyo wrfivi. 

 am amocanebis amoxsnis maTematikuri arsi ki mdgomareobs SemdegSi: 

mocemul SezRudvaTa pirobebSi unda vipovoT cvladTa iseTi 

mniSvnelobebi, romlebic miznis funqcias mianiWeben eqstremums. 

 aseTi saxis amocanebis amoxsnis meTodebis Seqmna da Seswavla 

warmoadgens wrfivi daprogramebis sagans. ufro zustad, wrfivi 

daprogrameba - es aris maTematikuri disciplina, romelic Seiswavlis 

iseT meTodebs, romelTa saSualebiTac SesaZlebeli xdeba moiZebnos 

mravali cvladis wrfivi funqciis eqstremaluri mniSvnelobebi im 

pirobiT, rom es cvladebi akmayofileben sasruli raodenobis wrfiv 

gantolebebs an utolobebs. cxadia, rom cvladTa da pirobaTa 

raodenobebi SeiZleba iyos nebismieri. praqtikul amocanebSi isini 

aRweven ramodenime aTeuls an aseuls. 

 wrfivi daprogramebis amocana (wda) yvelaze zogad SemTxvevaSi 

SeiZleba CamovayaliboT Semdegi saxiT: 
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     vipovoT namdvili ),...,( 21 nxxx  veqtoris iseTi mniSvnelobebi, 

romlebic daakmayofileben wrfiv gantolebaTa an utolobaTa Semdeg 

sistemas: 

             



n

j
iijij mibRxa

1
,,1,                         (2.1) 

da mianiWeben 

    



n

j
jjn xcxxxF

1
21 ,),...,(                        (2.2) 

wrfiv funqcias eqstremalur (maqsimalur an minimalur) mniSvnelobas, 

sadac jiij cba ,,  namdvili ricxvebia; iR  aris erT-erTi "","",""   niSani.  

 (2.1) sistemas SezRudvaTa sistema ewodeba, xolo (2.2)-iT 

gansazRvrul ),...,( 21 nxxxFF   funqcias – miznis funqcia. 

SezRudvaTa (2.1) sistemis iseT ),...,( 21 nxxx  amonaxsns, romelic 

(2.2)-iT gansazRvrul miznis funqcias mianiWebs eqstremalur 

mniSvnelobas, ewodeba optimaluri amonaxsni, miznis funqciis 

mniSvnelobas optimalur amonaxsnze ki – optimumi. Sesabamisad, wda-is 

amoxsna niSnavs, moiZebnos misi optimaluri amonaxsni da Sesabamisi 

optimumi. 

garkveuli gardaqmnebis Sedegad (2.1)-(2.2) wda SeiZleba daviyvanoT 

iseT wda-ze, romelSic yvela cvladi ( ),...,( 21 nxxx  veqtoris komponenti) 

miiRebs arauaryofiT mniSvnelobebs, xolo yvela iR  iqneba erTnairi. 

vaCvenoT am debulebaTa samarTlianoba. 

zogadobis SeuzRudavad, vTqvaT, 1x  cvlads SeuZlia miiRos 

rogorc dadebiTi, aseve uaryofiTi mniSvneloba. vinaidan nebismieri 

ricxvi yovelTvis SeiZleba warmovadginoT ori arauaryofiTi ricxvis 

sxvaobiT, amitom samarTliania Semdegi toloba: 

,1 zyx                             (2.3) 
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sadac .0,0  zy  Tu gaviTvaliswinebT (2.3)-s, (2.1)-(2.2)-dan miviRebT: 

        



n

j
iijijii mibRxazaya

2
11 ,,1,)(                    (2.4) 

                



n

j
jj xczcycF

2
11 .                           (2.5) 

 vTqvaT, veqtori  ),...,( 21 n  aris (2.1) sistemis amonaxsni, e.i.  

  



n

j
iijij mibRa

1
.,1,                        (2.6) 

Tu 1 -s SevcvliT ori arauaryofiTi   da   ricxvebis sxvaobiT: 

                          ,1                           (2.7)  

maSin veqtori ),...,,( 2 n iqneba (2.4) sistemis amonaxsni. marTlac, 

              



n

j
iijij

n

j
jij

n

j
ijijii mibRxaaaaaa

122
111 .,1,)(   

 analogiurad SegviZlia vaCvenoT, rom Tu veqtori ),...,,( 2 n , 

sadac 0,0   , aris  (2.4) sistemis amonaxsni, maSin, Tu SemovitanT 

1 -s (2.7)-is analogiurad, veqtori ),...,( 21 n  iqneba (2.1)-is amonaxsni. 

aseTive wesiT SegviZlia davamyaroT Sesabamisoba (2.1)-sa da  (2.4)-

is optimalur amonaxsnebs Soris. cxadia, aseTi gardaqmnebis Sedegad 

optimumi ar Seicvleba. 

Tu (2.3)-is Sesabamisad gardavqmniT yvela iseT cvlads, romelic 

Rebulobs uaryofiT mniSvnelobebs (2.1)-Si,  maSin wda  daiyvaneba iseT 

axal wda-ze, romelSic yvela cvladi arauaryofiTadaa gansazRvruli da 

optimaluri amonaxsnisa da optimumis TvalsazrisiT is ekvivalenturia 

(2.1)-(2.2) amocanis. 

vaCvenoT, rogor SeiZleba (2.1) SezRudvaTa sistema gardaiqmnas 

optimaluri amonaxsnis TvalsazrisiT iseT ekvivalentur sistemad, 

romelSic yvela iR  niSani iqneba erTnairi.  
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Tu (2.1.) sistemaSi saWiroa, rom yvela iR  iyos erTi da igive 

mimaTulebis utolobebi, magaliTad ""  saxis, am SemTxvevaSi yvela sxva 

mimarTulebis utolobebis orive mxares gavamravlebT (-1)-ze, xolo 

gantolebebi SeiZleba Seicvalos utolobaTa sistemebiT Semdegi wesiT: 

magaliTad, gantoleba 

                   



n

j
jj bxa

1

 

SeiZleba Seicvalos utolobaTa Semdegi sistemiT: 

              



n

j
jj bxa

1
,   




n

j
jj bxa

1
.  

cxadia, aseTi gardaqmniT optimaluri amonaxsni, Tu is arsebos, ar 

Seicvleba. 

Tu (2.1.) sistemaSi saWiroa, rom yvela iR  iyos "" , utolobebis 

gardasaqmnelad gamoviyenoT axali cvladebis Semotanis Semdegi meTodi: 

magaliTad, utoloba 

                    



n

j
jj bxa

1
,                          

rom gadavaqcioT gantolebad, SemovitanoT axali cvladi 1nx , Semdegi 

damokidebulebiT: 

             


 
n

j
jjn xabx

1
1 ,                        

saidanac 

                      


 
n

j
njj bxxa

1
1 .                         

cxadia, rom .01 nx  

 analogiurad, 



n

j
jj bxa

1
utolobis SemTxvevaSi, arauaryofiTi 1nx  

cvladi unda ganisazRvros Semdegi damokidebulebidan: 
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                       


 
n

j
jjn bxax

1
1 .                         

 zemoT moyvanili msjelobis safuZvelze SeiZleba davaskvnaT: 

SezRudvaTa (2.1) sistema yovelTvis SeiZleba daviyvanoT iseT formaze, 

sadac yvela SezRudvas eqneba erTi da igive saxe (gantolebebi an erTi 

niSnis utolobebi), xolo cvladebi miiReben mxolod arauaryofiT 

mniSvnelobebs. SemdgomSi Cveni kvlevis ZiriTadi sagani iqneba iseTi 

wrfivi daprogramebis amocanebi, romelSic SezRudvebs eqnebaT erTi da 

igive saxe, xolo cvladebi miiReben mxolod arauaryofiT mniSvnelobebs. 

amonaxsnTa iseT simravles, romelTa komponentebi akmayofileben 

arauaryofiTobis pirobas, ewodeba dasaSveb amonaxsnTa simravle (das). 

 vinaidan samarTliania Semdegi tolobebi 

),max(min
),min(max

FF
FF




 

amitom maqsimumis amocana yovelTvis SeiZleba SevcvaloT minimumis 

amocaniT da piriqiT. 

 wda-s ewodeba standartuli Tu SezRudvebi erTi da igive niSnis 

utolobebia (wdsa), amasTan Tu  SezRudvebi “ ” niSnis utolobebia, 

gveqneba maqsimumis amocana, sawinaaRmdego niSnis utolobebisaTvis ki –

minimumis amicana, xolo Tu Sezrudvebi gantolebebia _ wrfivi 

daprogaramebis kanonikuri (ZiriTadi) amocana (wdka an wdZa), amasTan 

SesaZlebelia am SemTxvevaSi gvqondes, rogor maqsimumis, ise minimumis 

amocana. sxva SemTxvevaSi gveqneba wrfivi daprogaramebis e.w. zogadi 

amocana (wdza). zemoT moyvanili meTodebiT wda-is nebismieri 

konstruqcia SesaZlebelia gardaiqmnas sxva nebismier konstruqciad ise, 

rom amonaxsnTa simravleebi iqnebian ekvivalenturi, xolo optimumebi ki 

_ toli, amitom nebismieri winadadeba, an msjeloba, romelic 
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samarTliani aris romelime konstruqciis wda-Tvis, samarTliani iqneba 

misi ekvivalenturisaTvisac.  

 daumtkiceblad moviyvanoT wrfivi daprogramebis ZiriTadi Teorema. 

    imisaTvis, rom wdka-s hqondes amonaxsni, aucilebeli da sakmarisia, 

rom misi das ar iyos carieli da miznis funqcia masze iyos 

SemosazRvruli Sesabamisi mxridan (minimumis amocanisaTvis _ qvemodan, 

xolo maqsimumis amocanisaTvis – zemodan). 

     yovel konkterul SemTxvevaSi wda-is is forma unda iyos 

SerCeuli, romelic gamoTvlebisaTvis da miRebuli Sedegis 

analizisaTvis ufro mosaxerxebeli iqneba. magaliTad, simpleqs meTodSi, 

romelic warmoadgens erT-erT yvelaze ufro gavrcelebul analizur 

meTods wda-s amoxsnisaTvis, gamoiyeneba gantolebaTa SezRudvebi. es 

SemTxveva ganvixiloT ufro detalurad.  

vTqvaT, mocemulia gantolebaTa sistema 

                     .,1,
1

mibxa i

n

j
jij 



                     (2.8) 

da miznis funqcia 

                        .
1




n

j
jj xcF                             (2.9) 

 sapovnelia F  funqciis maqsimumi.  

wrfivi algebris meTodebiT, Tu (2.8) sistema Tavsebadia, yovelTvis 

SeiZleba gamoiyos ),min( nmr   wrfivad damoukidebeli gantolebebi (e.i. 

gantolebaTa iseTi qvesistema, romelSiac arcerTi gantoleba ar iqneba 

danarCenebis wrfivi kombinacia), romlebic Seqmnian mocemuli (2.8) 

sistemis ekvivalentur sistemas. zogadobis SeuzRudavad, CavTvaloT, 

rom ,mr   e.i. .nm   Tu nm   da amonaxsni dasaSvebia, is iqneba 

optimaluri, xolo Tu amonaxsni ar aris dasaSvebi, maSin wda ar iqneba 

amoxsnadi. 
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amrigad, saintereso xdeba mxolod is SemTxveva, rodesac .nm  am 

SemTxvevaSi (2.8) gantolebaTa sistemas eqneba amonaxsnTa usasrulo 

simravle.  

wrfiv algebrul gantolebaTa Teoriidan cnobilia, rom (2.8) 

gantolebaTa sistemaSi arsebobs mr   bazisuri (ZiriTadi) cvladebi, 

romlebic wrfivad gamoisaxebian danarCeni kmn   Tavisufali 

(damxmare) cvladebis saSualebiT. 

cvladebi (2.8) sistemaSi yovelTvis SesaZlebelia ise gadainomros, 

rom bazisuri iyos pirveli m cvladi, xolo danarCeni ki _ 

Tavisufali. zemoTqmulidan gamomdinare, SegviZlia davweroT (2.8) 

sistemis ekvivalenturi sistema: 

                    ;,1,
1

mixqpx
n

mj
jijii  



          (2.10) 

Tu (2.10) sistemas gaviTvaliswinebT F  funqciis (2.9) 

warmodgenaSi, gveqneba: 

                    .
1

0 



n

mj
jj xqpF                         (2.11) 

amrigad, vaCveneT, rom (2.1)_(2.2) wda SeiZleba daviyvanoT mis 

ekvivalentur (2.8)_(2.9) wdka-ze. vinaidan ,0ix  (2.10) sistemidan 

SegviZlia miviRoT wda utoloba SezRudvebiT, anu wdsa: 

                      .,1,
1

mipxq i

n

mj
jij 



          (2.12) 

SevniSnoT, rom wdka SesaZlebelia Caiweros matriculi formiTac:  

                   max(min),CXF                      (2.13) 

                      ,0, XBRAX                         (2.14) 

sadac 
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 R  aris erTerTi  ,,  niSani.  

aq  R iT aRniSnuli niSani erTmaneTTan akavSirebs matricebis 

Sesabamis komponentebs. 0X  niSnavs, rom X  veqtoris yvela komponenti 

arauaryofiTia. 

                   

   

                       savarjiSoebi 

 

   CawereT kanonikuri saxiT Semdegi amocanebi. 

 

2.1 max6 21  xxF                  2.2 min2 21  xxF              
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$ 3. wrfivi daprogramebis amocanebis  

geometriuli arsi 

 
 
 wrfivi daprogramebis amocanis (wda) geometriuli TvalsaCinoebisa 

da Semdegi sakiTxebis gadmocemis simartivisaTvis detalurad 

ganvixiloT kerZo SemTxveva, rodesac (2.8) gantolebaTa sistemaSi m=n-2, 

e.i. rodesac Tavisufal cvladTa raodenoba oris tolia )2(  nmk . am 

SemTxvevaSi gamoviyenoT wrfivi daprogramebis standartuli amocanis 

(wdsa) forma minimumis sapovnelad: E 

                             mibxaxa iii ,1,2211                      (3.1) 

                                2211 xcxcF                              (3.2) 

 Tu 1x  da 2x  aRvniSnavT dekartis marTkuTxa koordinatTa sistemis 

sakoordinato RerZebs sibrtyeze, maSin cxadia, rom das iqneba raRac 

brtyeli simravle (figura), romelic moTavsebulia I meoTxedSi. 

 sibrtyis raime simravles ewodeba amozneqili, Tu misi nebismieri 

ori wertilis SemaerTebeli wrfis monakveTi mTlianad mdebareobs am 

simravleSi. 

 amozneqili simravlis magaliTebia: wertili, wrfe, wrfis 

monakveTi, sibrtye, naxevarsibrtye, wre, nebismieri amozneqili 

mravalkuTxedi da sxva. Tu CavTvliT, rom carieli simravlec 

amozneqilia, maSin samarTliania Semdegi  

Teorema. amozneqil simravleTa TanakveTa amozneqili simravlea.   

damtkiceba. vTqvaT, A da B amozneqili simravleebia. Tu 

BA carielia, maSin is amozneqilia SeTanxmebis gamo. aseve BA  

iqneba amozneqili, Tu is erTi wertilisagan Sedgeba. davuSvaT BA   

Seicavs or wertils mainc. vTqvaT, 21, MM  ori gansxvavebuli wertilia 

BA -dan  2,1i,BAMi  . maSin gadakveTis operaciis Sinaarsidan 

gamomdinare,  AMi   da 2,1i,BM i  . vinaidan A da B  amozneqili 
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simravleebia, amitom 21MM  monakveTi mdebareobs orive simravleSi: 

AMM 2i   da BMM 2i  . es ki niSnavs imas, rom BAMM 2i   ( 21MM  

monakveTi mdebareobs A da B  simravleebis TanakveTaSi). Sesabamisad, 

Teorema damtkicebulia. cxadia, rom Teorema iqneba samarTliani 

nebismieri sasruli raodenoba simravleTa TanakveTisaTvisac. 

 rogorc cnobilia, wrfis zogad gantolebas sibrtyeze aqvs 

Semdegi saxe )0(, 22
21  bacbxax . is sibrtyes yofs or nawilad. erT 

naxevar- sibrtyeSi wertilTa koordinatebi akmayofileben cbxax  21  

utolobas, xolo meoreSi ki cbxax  21  utolobas. imisaTvis, rom 

gamovarkvioT ro-mel naxevarsibrtyes qmnis cbxax  21  utolobis 

amonaxsnTa simravle, sakmarisia romelime wertilis koordinatebisaTvis 

gamovTvaloT 21 bxax   gamosaxulebis mniSvneloba. Tu es mniSvneloba 

naklebi iqneba c -ze, maSin amonaxsnTa simravle iqneba is naxevarsibrtye, 

romelSiac es wertili mdebareobs, xolo Tu is aRmoCndeba meti c -ze, 

maSin amonaxsnTa simravle iqneba wrfis meore mxares mdebare 

naxevarsibrtye, xolo Tu is c -s toli iqneba, maSin wertili am wrfeze 

mdebareobs. gamoTvlebis gamartivebis mizniT, Tu 0c  , sacdel 

wertilad umjobesia gamoviyenoT koordinatTa saTave. 

 zemoT Tqmulidan SeiZleba davaskvnaT, rom (3.1) SezRudvaTa 

Sesabamisi das aris brtyeli amozneqili simravle, romelic zogadad 

sasruli an usasrulo mravalkuTxedi iqneba. am mravalkuTxedis 

sazRvrebi (gverdebi) iqneba (3.1) sistemiT mocemuli zogierTi wrfis 

sasruli monakveTi an sxivi. magaliTad: 

 

a) 














;342
;323

;1

21

21

21

xx
xx
xx

         b) 














;632
;1

;12

21
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xx
xx

xx
     g) 












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utolobaTa sistemebis Sesabamisi das-ebi mocemulia nax. 3.1 a,b,g. 
 
 
 
 
 
 
 
 
 
 
           a.                             b.                    g. 
                                nax. 3.1. 

 

naxazebidan Cans, rom  

 a) utolobaTa sistemis Sesabamisi das aris carieli simravle; 

 b) utolobaTa sistemis Sesabamisi das aris OABCD  amozneqili 

xuTkuTxedi;  

g) utolobaTa sistemis Sesabamisi das aris usasrulo simravle.  

(3.2) formuliT mocemuli miznis funqcia nebismieri c  ricxviTi 

mniSvnelobisaTvis )( cF    warmoadgens wrfes, romelsac ewodeba F 

funqciis donis wrfe c -s Sesabamisi mniSvnelobiT 

                           cxcxc  2211                       (3.3) 

 analizuri geometriidan cnobilia, rom ),( 21 ccN


 veqtori aris 

(3.3.) gantolebiT gansazRvruli yvela wrfis marTobi da misi 

mimarTuleba emTxveva F  funqciis zrdis mimarTulebas (is aris F  

funqciis gradienti). 

 cxadia, rom das da (3.3) gantolebiT mocemuli donis wrfis 

saerTo nawilze funqcia inarCunebs mudmiv  c -s tol mniSvnelobas. 

samarTliania, agreTve, Sebrunebuli debulebac. 

x1 

x2 

O

O  

O 1 

1 

1,5 

1,5 

x1 

x2 
x
X2 

O 

A 

B 

C 

D 

das 

3 

2 

x2 

x1 

1 

1 
O 

das 
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 Teorema. Tu (3.1) utolobaTa sistemis Sesabamisi das-is 

gansxvavebul or wertilze miznis funqcias aqvs erTi da igive 

mniSvneloba, maSin am wertilebze gamavali wrfe iqneba F funqciis donis 

wrfe. 

 marTlac, vTqvaT ),(A 21   da ),(B 21   ori gansxvavebuli 

wertilia das-Si ( 11    an 22    CavTvaloT, rom 11   ) da 

cBFAF  )()(  anu 

                      








ccc
ccc

2211

2211




                        (3.4) 

(3.4) sistemis gantolebebidan martivad miviRebT, rom 

                     0222111   cc ,                                     

anu                  
11

22

2

1










c
c

.                       (3.5)  

A da B wertilebze gamavali wrfis gantolebas aqvs Semdegi saxe  

                     
11

22

11

22


















x
x

 .                    

(3.6) 

Tu (3.6) gantolebaSi gaviTvaliswinebT (3.5) gantolebas, miviRebT 

                    0222111   xcxc , 

anu 

               cccxcxc  22112211  .                  (3.7) 

(3.7) da (3.3) gantolebebis SedarebiT, vrwmundebiT, rom A da B 

wertilebze gamavali wrfe marTlac aris F  funqciis donis wrfe c 

mniSvnelobiT. 

 SeniSvna. (3.5) gantolebaSi igulisxmeboda, rom 02 c . Tu 02 c  

maSin 0, 111  cxcF  da Sesabamisi msjelobiT miviRebT igive Sedegs. 
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 yovelive zemoT Tqmulis gaTvaliswinebiT, cxadi xdeba, rom Tu 

donis wrfes gadavaadgilebT 


N  veqtoris mimarTulebiT, maSin F  miznis 

funqcia miiRebs Tavis umcires mniSvnelobas das-is im nawilSi, romelic 

pirvelad gadaikveTeba donis wrfesTan da es mniSvneloba toli iqneba c 

parametris Sesabamisi mniSvnelobis )(min cF  . 

 das-is struqturidan gamomdinare, misi es nawili iqneba sazRvarze 

ganlagebuli wertilebi (Tu amocanas gaaCnia amonaxsni). 

 nax. 3.2 a,b,g-ze Sesabamisad naCvenebia is SemTxvevebi, rodesac wdza 

aqvs erTaderTi amonaxsni (M  wertili), amoxsnaTa usasrulo simravle 

(AB monakveTi) da amonaxsni rom ar gaaCnia. 

 
 
 
 
 
 
 
 
 
 
                 a.                        b.                        g.                           
N 

nax. 3.2. 

 
 amozneqili simravlis wertils ewodeba kidura wertili, Tu is 

ar warmoadgens arc erTi wrfivi monakveTis Siga wertils, romelic 

mTlianad mdebareobs am simravleSi. magaliTad, calke aRebuli wertili 

TviTon kiduraa, wrfis monakveTisaTvis kidura iqnebian misi sawyisi da 

bolo wertilebi, nebismieri amozneqili mravalkuTxedisaTvis misi 

wveroebi iqnebian kidura wertilebi, wris kidura wertilebia misi 

SemomsazRvreli wrewiris wertilebi da sxva. cxadia, rom cariel 

simravles kidura wertilebi ar gaaCnia. 

O x1 

 x2 

MM

M 

O 

x1 

x2 

O 

OA 

OB 

Odas 

O 
x1 

x2 

 
M 

A 

B 

das 

das das 
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 Teorema. Tu wdsa-s aqvs amonaxsni, maSin is miiRweva das-is 

romelime kidura wertilSi 

 es Teorema davamtkicoT jer im SemTxvevisaTvis, rodesac amonaxsni 

erTaderTia. vTqvaT, ),(A 21   aris wdza-s erTaderTi amonaxsni. e.i. 

nebismieri  21 , xxM  wertilisaTvis, romelic gansxvavdeba A  

wertilisagan    MFAF  . vaCvenoT, rom A kidura wertilia. davuSvaT 

sawinaaRmdego, maSin das-Si arsebobs iseTi ori    212211 ,M,,M   

wertili, rom A wertili iqneba 21MM  monakveTis SigniT e.i. 

samarTliani Semdegi gantolebebi: 

                   .2,1i,1 iii                        

(3.8) 

sadac  1,0 . 

 gamovTvaloT F funqciis mniSvneloba A wertilze. (3.8) 

gantolebis gaTvaliswinebiT gveqneba: 

       

     

    

    )()(1)()(1)(
1

11)(

21

22112211

2221112211

AFAFAFMFMF
cccc

ccccAF













 

miviReT winaaRmdegoba, rom    AFAF  . es winaaRmdegoba ki amtkicebs 

Cvens Teoremas. 

 im SemTxvevaSi, Tu wdsa-s aqvs erTze meti amonaxsni, maSin isini 

das-is sazRvarze mdebare wrfis monakveTebze an sxivze mdebareoben, 

romelzedac miznis funqcias erTnairi mniSvnelobebi aqvs. magram 

monakveTsac da sxivsac gaaCnia kidura wertilebi da maSasadame, Teorema 

am SemTxvevaSic samarTliani iqneba. 

 wrfes, romelsac das-Tan aqvs erTi saerTo wertili mainc da das 

mTlianad am wrfis erT mxares mdebareobs, ewodeba das-is sayrdeni 

wrfe. 
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 cxadia, rom Tu wdsa aqvs amonaxsni, maSin is donis wrfe, romelic 

Seesabameba miznis funqciis minimalur mniSvnelobas, iqneba, agreTve, 

sayrdeni wrfe. 

 zemoT naTqvamis gaTvaliswinebiT, wdsa-s sibrtyeze SeiZleba mieces 

Semdegi formulireba: 

 F miznis funqciis donis wrfeebs Soris vipovoT is sayrdeni wrfe, 

romlis mimarT das mTlianad mdebareobs F funqciis did mniSvnelobaTa 

mxares. 

 Tu das SemosazRvrulia, maSin F funqciis donis wrfeebs Soris 

iqneba ori sayrdeni wrfe. erTi maT Soris iqneba F-is minimaluri 

mniSvnelobis Sesabamisi, meore ki - maqsimaluris. 

 zemoT moyvanili debulebebi faqtobrivad gvaZleven wess, Tu 

rogor vipovoT wdsa-s amonaxsni sibrtyeze. donis wrfeebs Soris unda 

vipivoT is sayrdeni wrfe, romelic mianiWebs F-s minimalur 

mniSvnelobas. Tu aseTi wrfe ar arsebobs, es niSnavs, rom mocemul 

wdsa-s amonaxsni ar gaaCnia. Cveni moqmedebis kontrolis mizniT 

SegviZlia das-is `saeWvo" kidura wertilebSi (mravalkuTxedis `saeWvo" 

wveroebi) gamovTvaloT    F-is mniSvnelobebi da amovarCioT umciresis 

Sesabamisi wertili. Tu Cven sworad vimoqmedebT, maSin aseTi wesiT 

napovni wertili unda daemTxves sayrdeni wrfiT napovn wertils. 

 amovxsnaT geometriuli meTodiT satransporto amocana ($ 1, me-3 

amocana). Tavidan SevniSnoT, rom (1.6) sistemaSi gantolebebi wrfivad 

damokidebulia. marTlac, Tu SevkribavT pirvel sam gantolebas da 

Semdeg mas gamovaklebT me-4 gantolebas, miviRebT am sistemis bolo 

gantolebas. maSasadame, (1.6) aris ekvivalenturi Semdegi gantolebaTa 

sistemis: 
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



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400
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xxx
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                     (3.9) 

(3.9) gantolebaTa sistemaSi eqvsi cvladia da oTxi gantoleba. 

maSasadame, gveqneba oTxi bazisuri da ori Tavisufali cvladi. 

Tavisufal cvladebad avirCioT 11x  da 12x  cvladebi, maSin bazisuri 

iqnebian 23132221 ,,, xxxx  cvladebi. (3.9)-dan martivad miviRebT mis 

ekvivalentur gantolebaTa sistemas 
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(3.10) 

Tavisufal cvladebSi (1.5) gansazRvruli F miznis funqcias eqneba 

Semdegi saxe: 

                         1211 5,11430 xxF  .                             (3.11) 

 vinaidan (3.10) gantolebaTa sistemaSi Semavali yvela cvladi 

arauaryofiTia, amitom vRebulobT utolobaTa Semdeg sistemas: 
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
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300
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1211
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11

xxV
xx

x
x

.                       (3.12) 

 amrigad, Cveni amocana SeiZens Semdeg Sinaarss: 

 vipovoT (3.12) sistemis iseTi arauaryofiTi amonaxsni, romelic 

(3.11) gansazRvrul F miznis funqcias mianiWebs minimalur mniSvnelobas. 

am amocanis amoxsna mocemulia nax. 3.3-ze. 
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                        nax. 3.3. 

 

naxazze I, II, III da IV aRniSnaven wrfeebs, romelTa gantolebebi 

miiRebian (3.12) sistemidan, rodesac Sesabamis utolobaSi ganixileba 

mxolod toloba. das warmoadgens ABCDE xuTkuTxeds. 


N  veqtori, 

romlis sawyisi wertili koordinatTa sistemis saTaves warmoadgens 

uCvenebs F funqciis zrdis mimarTulebas. 

 BT aris F funqciis donis wrfe, romelic amave dros warmoadgens 

das-is mimarT sayrden wrfes. maSasadame B wertilze F funqcia aRwevs 

Tavis minimalur mniSvnelobas. gamovTvaloT es mniSvneloba. amisaTvis 

vipovoT B wertilis koordinatebi. vinaidan B aris II da III wrfeebis 

gadakveTis wertili, amitom unda amovxsnaT sistema: 

                          








400
250

1211

12

xx
x

.                               (3.13) 

(3.13)-dan vRebulobT, rom B wertilis koordinatebia (150;250) amitom  

9053751501430)(min  BFF . 

 igive wesiT SegviZlia vipovoT ABCDE xuTkuTxedis yvela 

wertilis koordinatebi da maTze gamovTvaloT F funqciis 

mniSvnelobebi, Sesabamisad, miviRebT: 

            
.1180)(;1130)(;980)(;1055)(

);0,250();0,300();100,300();250,0(
 EFDFCFAF

EDCA
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 F funqciis am mniSvnelobebis Sedareba, gvarwmunebs imaSi, rom Cven 

sworad vipoveT amonaxsni. 

(3.10) gantolebaTa sistemidan SegviZlia gamovTvaloT bazisuri 

cvladebis mniSvnelobebi: 

             150;0;0;150 23132221  xxxx .                     (3.14) 

Tu gavixsenebT am cvladebis Tavdapirvel Sinaarss, SegviZlia 

davaskvnaT: imisaTvis rom betonis gadazidvebze gaweuli xarji iyos 

minimaluri, aucilebelia A1 qarxnidan betonis 150 erTeuli gadaizidos 

B1 samSeneblo ubnebze, xolo darCenili 250 erTeuli B2 ubanze. A2 

qarxnidan B1 ubans unda miewodos misTvis kidev saWiro 150 erTeuli, 

xolo darCenili betonis 150 erTeuli unda gadaizidos B3 ubanze. 

gadazidvebis am grafikSi nebismieri cvlilebebis Setana Sesabamisad 

gamoiwvevs saerTo xarjis gazrdas. 

yvelaze `uaresi" gadazidvebis gegma Seesabameba )0,250(E  wertils. 

am SemTxvevaSi gadazidvebis saerTo xarji maqsimaluria 1180max F . 

mkiTxvels ar gauWirdeba Seadginos gadazidvebis Sesabamisi gegma. 

 
 

savarjiSoebi 

 
amoxseniT geometriuli meTodiT Semdegi amocanebi: 
 

3.1. max(min)62 21  xxF          3.2. max(min)2 21  xxF              
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3.3. min)max(21  xxF            3.4.  min)max(32 21  xxF  
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3.5. min)max(21  xxF            3.6. min)max(2 21  xxF  
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3.7. (min)max,21  xxF            3.8. min)(max,21  xxF  
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$ 4. simpleqs meTodis algebra 

 
 
wina paragrafSi Cven gavecaniT wda amoxsnis geometriul meTods 

sibrtyeze. principSi, aseTive meTodiT SesaZlebelia amoixsnas wda  

sivrceSic. am SemTxvevaSi (2.8) SezRudvaTa sistemaSi 3 nm  da das 

iqneba sivrciTi sxeuli (mravalwaxnaga). vinaidan brtyel naxazze 

sakmaod rTulia aisaxos mravalwaxnaga are sakoordinato RerZebis 

mimarT da rTulia, agreTve, donis sibrtyeebisa da das 

urTierTganlagebis detalebSi garkveva, amitom wda-s amoxsnis 

geometriuli meTodi samganzomilebian sivrceSi, rogorc wesi, ar 

gamouyeneba rogorc amoxsnis ZiriTadi meTodi. ukeTes SemTxvevaSi, is 

SeiZleba gamoviyenoT rogorc damxmare saSualeba. 

kidev ufro rTuladaa saqme, rodesac Tavisufal cvladTa raodenoba 

samze metia. vinaidan am SemTxvevaSi yovelgvari agebebi kargaven 

TvalsaCinoebas. 

wdka SezRudvaTa (2.8) sistemis iseT dasaSveb amonaxsns, romelic 

Seesabameba Tavisufali cvladebis nulovan mniSvnelobebs, ewodeba 

bazisuri (sayrdeni) amonaxsni. 

 am paragrafSi Cven SevexebiT wdka amoxsnis erT-erT analizur 

meTods - simpleqs meTods, romlis idea mdgomareobs imaSi, rom erTi 

romelime bazisuri amonaxsnidan garkveuli gardaqmnebiT gadadian axal 

bazisur amonaxsnze ise, rom axali amonaxsnis Sesabamisi miznis funqciis 

mniSvneloba ar aRemateba wina amonaxsnis Sesabamisi miznis funqciis 

mniSvnelobas. rogorc qvemoT vnaxavT, bazisur amonaxsnTa simravle 

sasrulia, amitom aseT iteraciaTa raodenobac iqneba sasruli da Tu 

wdka amoxsnadia, maSin sasruli raodenoba gardaqmnebis Semdeg miiReba 

optimaluri amonaxsni.  
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moviyvanoT daumtkiceblad Semdegi Teorema:  

Tu wdka amoxsnadia, maSin arsebobs erTi mainc optimaluri bazisuri 

(sayrdeni) amonaxsni. 

am Teoremidan gamomdinareobs, rom Tu wdka-s aqvs erTaderTi amonaxsni, 

maSin is aucileblad bazisuri amonaxsni iqneba. 

rogorc vnaxeT, wdka-is SezRudvaTa pirobebi da miznis funqcia 

SeiZleba gamoisaxos Tavisufali cvladebiT: 

                  ;,1
1

, mixqpx
n

mj
jijii  



                 (4.1)                                                        

                   



n

mj
jj xqpF

1
0                                 (4.2) 

sadac mxxx ,...,, 21 _ bazisuri cvladebia, xolo nmm xxx ,...,, 21 
 - Tavisufali. 

Tu (4.1) gantolebaTa sistemaSi Tavisufal cvladebs mivaniWebT nulovan 

mniSvnelobebs, maSin samarTliani iqneba Semdegi tolobebi: 











;),1(,0
;,1,
nmjx

mipx

j

ii                               (4.3) 

cxadia, rom Tu (4.3) sistemaSi ),1(0 mipi  , maSin (4.3) iqneba 

bazisuri amonaxsni. 

Semdeg Cven gavecnobiT meTods, romelic mogvcems saSualebas vipovoT 

(2.1) sistemis bazisuri amonaxsni (Tu is arsebobs). axla ki CavTvaloT, 

rom (4.3) sistema aris (4.1) gantolebaTa sistemis bazisuri amonaxsni. 

vinaidan bazisur amonaxsnSi Tavisufali cvladebi yovelTvis Rebuloben 

nulovan mniSvnelobebs, amitom SemdegSi Cven bazisuri amonaxsni SeiZleba 

CavweroT mxolod bazisuri cvladebis mniSvnelobebiT. 

gamovikvlioT bazisuri cvladebisa da F  funqciis yofaqceva 

Tavisufali cvladebisagan damokideblad. 

Tu (4.1) sistemis marjvena mxareSi nulisagan gansxvavebulia mxolod k -

uri cvladi 0kx , maSin 



41 
 

mixqpx kkiii ,1,,                               (4.4) 

(4.4) gantolebebidan Cans, rom Tu yvela ),1(0, miq ki  , maSin kx  

cvlads SeuZlia miiRos nebismieri dadebiTi mniSvneloba, amitom das 

iqneba SemousazRvravi. magram, Tu romelime ),1(0, miq ki  , maSin kx  

cvladis cvlilebis are zemodan SemosazRvruli iqneba, vinaidan 

winaaRmdeg SemTxvevaSi kx -s sakmaod didi dadebiTi mniSvenolobebisaTvis 

(4.4) sistemis im ix  cvladebma, romelTaTvisac 0, kiq , SeiZleba miiRon 

uaryofiTi mniSvnelobebi, rac ewinaaRmdegeba cvladebis arauaryofi-

Tobis pirobas. Tu romelime 0, kiq , maSin saTanado cvladi inarCunebs 

Sesabamis ip  mniSvnelobas kx -s  cvlilebis miuxedavad. 

Tu (4.2) gantolebiT gansazRvrul F funqciaSi romelime 0kq , maSin 

Sesabamisi kx  cvladis zrda das-Si gamoiwvevs F  funqciis gazrdas, 

xolo Tu 0kq , maSin kx  cvladi araviTar gavlenas ar moaxdens F  

funqciaze. aqedan gamomdinareobs, rom Tu yvela 0kq , maSin (4.3) 

bazisuri amonaxsni iqneba, agreTve, optimaluric da 0min PF  . 

 Tu F funqciis (4.2) gamosaxulebaSi romelime 0kq , maSin gveqneba 

ori gansxvavebuli SemTxveva: 

I.  (4.1) gantolebaTa sistemaSi ),1(0, miq ki  . 

II. (4.1) gantolebaTa sistemaSi erTi mainc ),1(0, miq ki  . 

I. SemTxvevaSi  kx  cvladis cvlilebis are zemodan 

SemousazRvra-   

via, amitom mas SeuZlia F funqcias mianiWos nebismierad didi absolu-

turi sididiT uaryofiTi mniSvneloba Fmin . am SemTxvevaSi wdka -s 

amonaxsni ar gaaCnia. 

 II. SemTxvevaSi kx -s cvlilebas das-Si SeuZlia F funqciis 

mniSvneloba Seamciros. ganvixiloT es ufro detalurad. 
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 rogorc zemoT aRvniSneT, am SemTxvevaSi kx  cvladi zemodan 

SemosazRvrulia. misi zeda sazRvari aRvniSnoT kx , e.i kk xx  ;  advili 

misaxvedria, rom kx  unda ganisazRvros Semdegi pirobidan 

                             
ki

i

mi
k

q
p

x
,

1
min


 ,                             (4.5) 

sadac 0, kiq . 

 vTqvaT, (4.4.) sistemaSi   aris im gantolebebidan erT-erTis 

nomeri, romlisTvisac sruldeba (4.5) piroba. 

                      
ki

i

mi
k

k
q
p

q
p

x
,

1
,

min





 ,                        (4.6) 

 kq ,  koeficients vuwodoT wamyvani elementi. 

(4.4) gantolebaTa sistemidan Cans, rom rodesac kk xx  , maSin x  

bazisuri cvladi miiRebs nulovan mniSvnelobas, xolo danarCeni 

bazisuri cvladebi - arauaryofiT mniSvnelobebs. 

 kx  Tavisufali cvladi SevitanoT bazisur cvladTa simravleSi, 

xolo x  cvladi ki - Tavisufal cvladTa simravleSi. 

amis Sedegad mk xxxxxx ,...,,,,...,, 1121    iqnebian bazisuri cvladebi, xolo 

nkkm xxxxx ,...,,,,..., 111    Tavisufali cvladebi. 

 axali bazisuri cvladebi da F funqcia gamovsaxoT axali 

Tavisufali cvladebis saSualebiT. 

(4.1) gantolebaTa sistemis  -uri gantolebidan ganvsazRvroT kx  

cvladi : 

  ,......1
,11,11,

,
nnkkmm

k
k xqxxqxqp

q
x 



         (4.7) 

(4.7) gantoleba gaviTvaliswinoT gantolebaTa (4.1) sistemaSi: 
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 (4.8) 
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 (4.7), (4.8) gantolebaTa sistemis Sesabamisi bazisuri amonaxsni 

iqneba:  
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xolo F funqciis mniSvneloba ki - 





p
q
qpF

k

k

,
0                             (4.11) 

vaCvenoT, rom (4.10) warmoadgens, agreTve, bazisur amonaxsns. vinaidan 

0q k,   da 0p , amitom .0/ ,  kk qPx   Tu 0, kiq , maSin 0
,

,




p
q
q

k

ki  da 

vinaidan yvela 0ip , amitom am SemTxvevaSi  0
,

,
 



p
q
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px
k

ki
ii . xolo, Tu  

0ikq  maSin 0
,,

, 

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kki

i
kii q

P
q
P

qx


  wamyvani kq ,  elementis SerCevis (4.6) 

pirobis gamo. 

 (4.11) tolobidan gamomdinareobs, rom 0
,

0 pp
q
qpF

k

k  



. e.i. axal 

bazisur amonaxsnze gadasvlis dros F funqciis mniSvneloba ar gaizarda. 

 Catarebuli msjelobidan SegviZlia gavakeToT Semdegi daskvna: 
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1)  wamyvani elementis SerCevis (4.6) piroba uzrunvelyofs imas, rom 

axali amonaxsni, agreTve, bazisuri amonaxsni iqneba; 

2) kq  koeficientis dadebiToba ganapirobebs imis, rom F funqcia ar 

gaizrdeba axal bazisur amonaxsnze gadasvlis dros. Tu ki 0qk  , 

maSin SesaZlebelia, rom F funqcia gaizardos da bolos, Tu 0kq , 

maSin axal bazisur amonaxsnze gadasvla ar gamoiwvevs funqciis 

cvlilebas; 

3)  Tu 0p , maSin F ar Seicvlis Tavis mniSvnelobas, rogoric ar 

unda iyos koeficienti kq . 

 simpleqs meTodiT pirveli iteraciis Semdeg gamoTvlebis procesi 

SeiZleba Sewydes mxolod or SemTxvevaSi: 1) Tu dadginda, rom (4.10) 

aris optimaluri amonaxsni, e.i. mocemuli wdka-s amonaxsni. maSin F  

miznis funqciis mniSvneloba gamoiTvleba (4.11) formuliT. 2) Tu 

dadginda, rom mocemul wdka-s ar gaaCnia amonaxsni. 

 sxva SemTxvevaSi simpleqs meTodiT iteracia unda gagrZeldes. 

vaCvenoT, rom iteraciaTa mimdevroba sasrulia. 

 iB -Ti aRvniSnoT bazisur cvladTa simravle i-uri iteraciis dros, 

xolo  Fi-Ti - F miznis funqciis mniSvneloba, romelic Seesabameba iB  

bazisur amonaxsns. 

 Tu simpleqs meTodiT iteraciis procesi usasrulod gagrZelda, 

e.i. gvaqvs ,..., 21 BB . simravleTa usasrulo mimdevroba, maSin gveqneba 

arazrdadi ricxviTi  mimdevroba. 

                 ...21  FF                           (4.12) 

 magram vinaidan bazisur cvladTa simravleTa raodenoba sasrulia 

(is ar aRemateba 
)!(!

!
mnm

nC m
n


 ), amitom bazisur cvladTa simravleTa 

mimdevrobaSi aucileblad gamneordeba zogierTi wevri, e.i. iarsebebs 
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 kkk BBB ,..., 1 .                           (4.13) 

bazisur cvladTa simravleTa iseTi (4.13) mimdevroba, romelSic sawyisi 

da bolo bazisuri simravleebi erTmaneTs emTxveva (  kk BB ). amitom 

(4.12)-is gaTvaliswinebiT vRebulobT, rom 

   kkk FFF 1 . 

bazisur cvladTa (4.13) saxis mimdevrobas cikli ewodeba. amrigad, 

simpleqs meTodiT iteraciis procesi gagrZeldeba usasrulod, Tu masSi 

warmoiqmneba cikli. 

 axal bazisur cvladebze gadasvlisas miznis funqcia, rogorc 

(4.11) formulidan Cans, ar Seicvlis Tavis mniSvnelobas mxolod im 

SemTxvevaSi, Tu 0kq  an 0p .  magram, simpleqs meTodis idea 

mdgomareobs imaSi, rom SevarCioT iseTi kx  cvladi, romelsac F  miznis 

funqciis (4.2) warmodgenaSi dadebiTi kq  koeficienti aqvs, amitom 

ciklis warmoSobis ZiriTadi mizezi iqneba 0p .  aseT SemTxvevas 

gadagvarebuli ewodeba. maSasadame, Tu gadagvarebuli SemTxvevebi 

erTmaneTs mosdevs, es gamoiwvevs ciklur process. 

 rogorc praqtika gviCvenebs, Tu amocana koreqtuladaa dasmuli, 

ciklis warmoSoba TiTqmis gamoricxulia, is ufro Teoriuli gaazrebis 

Sedegia. 

 ciklis Tavidan acilebis mizniT sakmarisia misi warmoqmnisas 

SevcvaloT wamyvani elementi. is amovarCioT sxva svetidan, 

romlisTvisac es SesaZlebelia. 

 bolos daumtkiceblad moviyvanoT mniSvnelovani Teorema:  

  Tu wdka gaaCnia amonaxsni, maSin is SeiZleba vipovoT simpleqs 

meTodiT, amasTan mniSvneloba ara aqvs romeli bazisuri amonaxsniT 

daiwyeba iteraciis procesi. 
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 am Teoremas xSirad uwodeben simpleqs meTodis sasrulobis 

Teoremas. masSi mtkicdeba, rom Tu wda amoxsnadia, maSin nebismieri 

sawyisi bazisuri amonaxsniT da wamyvani elementebis saTanadod SerCeviT, 

yovelTvis iteraciaTa sasruli mimdevrobis Semdeg, yovelTvis miiRweva 

optimaluri amonaxsni. 

 ganxiluli simpleqs meTodiT amovxsnaT warmoebis dagegmvis 

amocana, romelic $1-Si iyo moyvanili. 

 upirveles yovlisa (1.1) gantolebaTa sistemis da (1.2) 

gansazRvruli miznis funqcias mivceT wdka saxe. amisaTvis SemoviRoT 

axali 4x  da 5x  cvladebi da axali miznis funqcia F1 Semdegi 

gantolebebiT: 









100032
1500125

5321

4321

xxxx
xxxx

                        (4.14) 

)10512( 3211 xxxFF                         (4.15) 

gvaqvs Semdegi amocana: vipovoT (4.14) gantolebaTa sistemis iseTi 

arauaryofiTi amonaxsni, romlisTvisac F1 funqcia miiRebs minimalur 

mniSvnelobas (cxadia, rom 1minmax FF  ). 

(4.14) Cans, rom Tu bazisur cvladebad amovarCevT 4x  da 5x , maSin 

Sesabamisi amonaxsni bazisuri amonaxsnic iqneba. CavweroT (4.14) sistema 

(4.1) sistemis saxiT, vinaidan F1-is gamosaxulebas aqvs (4.2) saxe, amitom 

mas ucvlelad vitovebT: 









)32(1000
)125(1500

3215

3214

xxxx
xxxx

                       (4.16) 

 (4.15)-dan da (4.16) sistemidan wamyvani elementis sapovnelad 

SegviZlia amovarCioT nebismieri Tavisufali 321 ,, xxx  cvladi, vinaidan 

maT yvelgan dadebiTi koeficientebi aqvT. SevCerdeT 1x  cvladze.  

(4.16)-is analizi gviCvenebs, rom wamyvani elementi unda iyos 5 (pirvel 
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gantolebaSi  1x -is koeficienti). 4x  cvladis Sesabamisi gantolebidan 

ganvsazRvroT 1x  da misi mniSvneloba CavsvaT 5x -isa da F1-is Sesabamis 

gamosaxulebebSi, gveqneba: 
































4325

4321

5
2

5
19

5
13400

5
1

5
12

5
1300

xxxx

xxxx
                        (4.17) 









 4321 5

12
5

94
5

133600 xxxF                        (4.18) 

(4.17) sistemidan 400;0;0;0;300 54321  xxxxx  aris bazisuri 

amonaxsni. F1-is mniSvneloba ki am dros – 3600 tolia. maSasadame axal 

( 1x , 5x ) bazisze gadasvlisas SevinarCuneT is, rom bazisuri amonaxsni 

darCa isev bazisur amonaxsnad da F1 miznis funqcia 0-dan -3600 

Semcirda. 

(4.18) -dan Cans, rom dadebiTi koeficienti aqvs mxolod 2x  

cvlads, e.i. mxolod mis zrdas SeuZlia gamoiwvios F1-is Semdgomi 

Semcireba. (4.17) sistemidan gamomdinareobs, rom wamyvani elementi iqneba 

5
13

( 5x -is Sesabamis gantolebaSi 2x -is koeficienti). analogiuri 

gardaqmnebiT miviRebT: 
































5432

5431

13
5

13
2

13
19

13
2000

13
1

13
3

13
35

13
3500

xxxx

xxxx
                    (4.19) 

    5431 2154000 xxxF                            (4.20) 

 (4.20) gviCvenebs, rom F1 funqciis Semdgomi Semcireba SeuZlebelia. 

vinaidan yvela Tavisufal cvladTan mdgari koeficienti uaryofiTia, 

4000min 1 F . 

 (4.19) sistemidan vRebulobT, rom optimaluri amonaxsni iqneba: 
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0;0;0;
13

2000;
13

3500
54321  xxxxx . 

 Tu gavixsenebT am maTematikuri modelis Sesabamis sawyis amocanas, 

SegviZlia davaskvnaT, rom sawarmo miiRebs maqsimalur Semosavals 

4000max F  fulad erTeuls Tu is 1P  da 2P  produqciis Sesabamisad 

13
3500

 da 
13

2000
 erTeulis damzadebas dagegmavs,  xolo 3P  saxis 

produqcias saerTod ar daamzadebs. 

 davTvaloT nedleulis xarjis raodenoba aseTi gegmiT muSaobis 

SemTxvevaSi: 

1S  _ saxis nedleulisaTvis: 1500
13

20001
13

3500
  erTeuli. 

2S  _ saxis nedleulisaTvis: 1000
13

20003
13

35002   erTeuls. 

 gamoTvlebi gviCvenebs, rom aseTi gegmiT muSaobis SemTxvevaSi 

sawarmo miiRebs ara marto maqsimalur mogebas, aramed nedleuls 

gamoiyenebs srulad, ar eqneba nedleulis danakargebi. 

 

 
 savarjiSoebi 

 

 simpleqs meTodiT ipoveT 4.1 – 4.4 amocanebis amonaxsnebi. 

 

(4.1).  .min2151618 4321  xxxxF      (4.2) max6132 321  xxxF          

      
















).4,1(,0

33
232

321

421

jx

xxx
xxx

j

                     
















).3,1(,0

12
13

321

321

jx

xxx
xxx

j

 

(4.3) max212154 4321  xxxxF         (4.4) max25 4321  xxxxF  

      
















).4,1(,0

03
132

4321

432

jx

xxxx
xxx

j

                   
















).4,1(,0

142
322

4321

432

jx

xxxx
xxx

j
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$ 5. simpleqs cxrili 

 
 am paragrafSi Cven gavecnobiT wdka amoxsnis simpleqs cxrilebis 

meTods. am meTodiT muSaobisas sagrZnoblad mcirdeba algebrul 

gardaqmnaTa is grZeli mimdevroba, romelic damaxasiaTebelia algebruli 

simpleqs meTodisaTvis. garda amisa es meTodi xasiaTdeba 

TvalsaCinoebiT, rac aadvilebs miRebuli Sedegebis aRqmasa da analizs, 

rac Tavis mxriv iZleva Semdgomi moqmedebis iseTi strategiis 

gamomuSavebas, romelsac sakmaod Cqara mivyevarT dasmuli amocanis 

amonaxsnTan. 

 pirvel yovlisa unda SevadginoT simpleqs-cxrili (cxr. 5.1).  

                                                        cxrili 5.1. 
 P  xm+1 … xj … xk … xn 

x1 P1 

Pq k,1  1m,1q   

  1m,k,1 qq    

… 
j,1q  

   j,k,1 qq   

… 
k,1q  

      k,1q  

… 
k,1q  

n,k,1 qq   

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

xi Pi  

Pq k,i  1m,iq   

  1m,k,i qq    

… 
j,iq  

   j,k,i qq   

… 
k,iq  

      k,iq  

… 
n,iq  

n,k,i qq   

...  
        . . . 
 

 
          . . .  

 
 

 
      . . .  

 
 

 
       . . .  

 
 

 
        . . . 

xe  
Pe 
 

       P  

1m,q   

 

       1m,q   

 
… j,q  

          

         j,q  

 
… 



kq ,  

kq ,

1


  

 
… n,q  

        

       n,q  

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

xm Pm  
 

Pq k,m  
1m,mq   

 

1m,k,m qq  
 

… 
j,mq  

 
  j,k,m qq   

 

… 
k,mq  

 
     k,mq  

… 
n,mq  

 

n,k,m qq 
 

F P0  

Pq k  1mq    

1m,kqq    

… 
jq  

    j,kqq   

… 
kq  

        kq  

… 
nq  

  n,kqq   

  

cxrilis yvela striqonSi (pirveli da bolo striqonebis garda) 

Cawerilia (4.1) gantolebaTa sistemis koeficientebi Tavisi niSnebiT, 
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igulisxmeba, rom yvela mipi ,1(0  ),  e.i. (4.3) bazisuri amonaxsnia. 

bolo striqonSi Cawerilia (4.2) gansazRvruli F miznis funqciis 

koeficientebi Tavisi niSnebiT. kidev erTxel aRvniSnoT, rom simpleqs-

cxrilebiT muSaoba da saerTod simpleqs meTodi gulisxmobs  

SezRudvaTa pirobebisa da miznis funqciis (4.1) da (4.2) saxiT Caweras. 

pirvel striqonSi Cawerilia Tavisufali cvladebis aRniSvnebi. 

cxrilidan naTelia misi svetebis daniSnuleba. yvela ricxviTi 

koeficienti unda iyos Cawerili Sesabamisi ujredis zeda nawilSi. 

SevniSnoT, rom bolo striqoni SeiZleba ganTavsdes me-2 striqonSi da 

cxrilis danarCeni nawilebi erTi striqoniT Camoiwevian qveviT, xolo 

cxrilis Sevsebis wesi igive rCeba. 

 mas Semdeg rodesac movamzadebT cxrils, unda vimoqmedoT Semdegi 

wesebiT: 

1.   CavataroT miznis funqciis Sesabamisi striqonis (bolo 

striqonis) analizi. Tu yvela 0jq , maSin bazisuri amonaxsni 

optimaluria da is mocemulia P -s Sesabamis svetSi 0min pF  . xolo Tu 

j -is romelime k -uri mniSvnelobisaTvis 0kq  da k  svetSi yvela 

0ikq , maSin wda ar gaaCnia amonaxsni da gamoTvlebi unda Sewydes. 

2. Tu bolo striqonSi j -s romelime kj   mniSvnelobisaTvis 0kq   da 

k -ur svetSi arseboben 0, kiq  koeficientebi, maSin P   svetis yvela is 

elementi, romelic moTavsebulia dadebiTi kiq , -s Sesabamis striqonSi 

unda gavyoT kiq ,  elementze (bolo striqonis garda). am ganayofebs 

Soris SevarCioT umciresi. Tu aseTi ramdenimea, maSin momdevno svetis 

Sesabamisi elementebi gavyoT Sesabamis kiq , -ze da SevarCioT is striqoni, 

romelSiac es ganayofi iqneba umciresi. Tu aqac ramdenime iqneba 

erTnairi, maSin igive wesiT unda SevarCioT momdevno svetidan da a.S. 
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sanam ar SevarCevT saWiro striqons. aseTi SerCeva rekomendebulia 

cikluri procesis asacileblad. vTqvaT, SerCeuli striqonis nomeria  . 

kq ,  elementi aris wamyvani elementi da is raime wesiT gamovyoT sxva 

elementisagan, Cvens cxrilSi is aRniSnulia qvemodan gasmuli xaziT.  -

ur striqonsa da k -ur svets, Sesabamisad, wamyvani sveti da striqoni 

ewodebaT. sxva striqonebisa da svetebisagan isinic gamovyoT raime 

wesiT. Cvens cxrilSi isini gamuqebuli xazebiTaa gamoyofili. 

 3. wamyvani elementis ujredis qveda nawilSi CavweroT ricxvi 

kq ,

1


 . 

 4. wamyvani striqonis yvela elementi (garda kq , ) gavamravloT  -

ze da CavweroT Sesabamisi ujredis qveda nawilSi. 

5.  wamyvani svetis yvela elementi (garda kq , ) gavamravloT  -ze 

da CavweroT Sesabamisi ujredis qveda nawilSi. 

 6. i -uri striqonisa da j -uri svetis ( kji  , ) gadakveTaze 

mdebare ( i , j ) ujredis qveda nawilSi unda CavweroT wamyvani striqonis 

( , j ) ujredis zeda nawilSi mdebare ricxvisa da wamyvani svetis ( i , k ) 

ujredis qveda nawilSi mdebare ricxvebis namravli. e.i. j,k,i qq   ricxvi. 

7. SevadginoT axali cxrili (cxr. 5.2).  x  bazisuri cvladis magivrad, 

bazisur svetSi CavweroT kx  Tavisufali cvladi, xolo kx  Tavisufali 

cvladis magivrad Tavisufal cvladTa striqonSi CavweroT x  bazisuri 

cvladi (adgilebi SevucvaleT x  da kx  cvladebs). pirveli cxrilis 

(cxr. 5.1) wamyvani striqonisa da wamyvani svetis axali cxrilis (cxr. 

5.2) Sesabamisi striqonisa da svetis ujredis zeda nawilebSi CavweroT 

pirveli cxrilis (cxr. 5.1) Sesabamisi ujredebis qveda nawilebSi 

Cawerili ricxvebi. xolo danarCen ujredebis zeda nawilebSi _ pirveli 
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cxrilis (cxr. 5.1) Sesabamis ujredebSi Cawerili ricxvebis algebruli 

jami.                                            

cxrili 5.2. 

 P  xm+1 … xj … x  … xn 

x1 P1 - 

Pq k,1  
1m,1q  - 

  1m,k,1 qq    

… 
j,1q - 

   j,k,1 qq   

…  
   k,1q  

… k,1q - 

nk qq ,,1   

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

xi Pi - 

Pq k,i  1m,iq  - 

  1m,k,i qq    

… 
j,iq - 

  j,k,i qq   

…  
   k,iq  

… n,iq - 

n,k,i qq   

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

 
xk 

 

P  
 

1m,q   
…  

     j,q  
…  

  
…  

n,q  

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

xm Pm - 

Pq k,m  1m,mq  - 

1m,k,m qq  

 

… 
j,mq - 

j,k,m qq   

 

…  

k,mq  
… 

n,mq - 

n,k,m qq 

 

F P0 - 

Pq k  1mq  - 

  1m,kqq    

… 
jq - 

   j,kqq   

…  

kq  
… 

nq - 

  n,kqq   

 
 cxadia, rom cxrili 5.2. (4.8) sistemisa da (4.9) gantolebis 

mimarT iseTive mniSvnelobisaa, rogoric cxrili 5.1 (4.1) da (4.2)-is 

mimarT. amitom mis mimarTac iseTive msjeloba unda Catardes, rogorc 

cxrili 5.1-is mimarT Catarda (1-7 wesi). 

 Tu wdka amoxsnadia, maSin simpleqs cxrilebis sasruli raodenoba 

migviyvans optimalur amoxsnamde. 

 amovxsnaT racionis amocana, romelic moyvanili iyo pirvel 

paragrafSi. SemovitanoT damatebiTi cvladebi 654 ,, xxx  da davweroT 

wdka:   

                      














42
120346

2001825

6321

5321

4321

xxxx
xxxx
xxxx

                   (5.1) 

                       321 523 xxxF                          (5.2) 
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 Sesabamisi simpleqs cxrilis Sedgenamde (5.1)-(5.2) unda mivceT 

(4.1)-(4.2) saxe. 

 Tu 432 ,, xxx  CavTvliT bazisur cvladebad, xolo 651 ,, xxx  

Tavisufal cvladebad, maSin gantolebaTa (5.1)-(5.2)-is Sesabamisi 

ekvivalenturi  gamosaxuleba Caiwereba Semdegi saxiT: 

                          

 

 

 












6514

6513

652

661631520
4240

3

xxxx
xxxx

xxx
                     (5.3) 

                             651 1437200 xxxF                        (5.4) 

 SevadginoT simples cxrili (cxr 5.3). 

                                                cxrili 5.3 

 
 
  
 
 
 
 
 
 
 
 
 
  
      
cxrili (5.3)-is bolo striqonis analizi gviCvenebs, rom wamyvani 

elementi SeiZleba SevarCioT 1x  da 5x  cvladebis Sesabamis svetebSi (es 

cvladebi F-is striqonSi warmodgenili arian dadebiTi elementebiT). Tu 

avirCevT 1x -is Sesabamis svets, maSin wamyvani elementi iqneba ricxvi 31 

( 1x  _ svetisa da 4x  striqonis gadakveTaze). maSin 
31
1

 . SevavsoT es 

cxrili zemoT moyvanili wesebis dacviT. cxrili 5.3 Sevsebis Semdeg, 

miRebuli mniSvnelobebi SevitanoT momdevno cxrilSi (cxr. 5.4)  

                                                

 P  x1 x5 x6 

x2 0  

             0 
0 
                  0 

-1 
                0 

3 
               0 

x3 40 

   
31

1040
  

2 

             
31
2

  

1 

          
31
32

  

-4 

          
31

132
 

x4 520 

       
31

520
 

31 

                
31
1

 

16 

              
31
16

 

-66 

        
31
66

  

F 200 

  
31

3640
  

7 

             
31
7

  

3 

         
31

112
  

-14 

         
31

462
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                                            cxrili 5.4   

 P  x4 x5 x6 

x2 

0  
              
         0 

0 
                   
         0 

-1 

          
3
1

  

3 

           
3
1     

x3 
31

200  

                                 
         0 

31
2

  

                                     
         0 

31
1

  

        
93
8

  

31
8

  

         
93
8  

x1 
31

520  

              
         0 

31
1  

                    
         0 

31
16  

        
31
22

          

31
66

  

         
31
22  

F 31
2560  

              
         0 

31
7

  

                    
         0 

31
19

  

           
93
28  

31
28  

      
93
28

  

                                                     
                                             cxrili 5.5 
 

 P  x4 x5 x2 

x6 0 0 
3
1

  
3
1  

x3 31
200  

31
2

  
93
11

  
93
8  

x1 31
520  

31
1  

31
6

  
31
22  

F 
31

2560  
31
7

  
93
29

  
93
28

  

 
  

cxr. 5.4-is bolo striqonis analizis Semdeg wamyvan elementad  

SeiZleba SevarCioT mxolod 2x  striqonisa da 6x  svetis gadakveTaze 

mdgari ricxvi 3. 2x -is striqonSi Tavisufali wevri nulis tolia, 

amitom  2x  da 6x  cvladebis urTierTSenacvleba ar Secvlis F funqciis 

mniSvnelobas. gvaqvs gadagvarebuli SemTxveva. saboloo gamoTvlebi 

Setanilia cxrilSi (cxr. 5.5). am cxrilis bolo striqonis analizi 
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gviCvenebs, rom F funqciis mniSvnelobis Semdgomi Semcireba SeuZlebelia 

da 
31

2560min F  fuladi erTeulis. 

 bazisuri amonaxsni am SemTxvevaSi iqneba: 

.0;0;0;
31

200;0;
31

520
654321  xxxxxx            (5.5) 

 Tu gavixsenebT, rom cvladebi aRniSnaven sxvadasxva produqtebis 

raodenobas kvebis racionSi. miviRebT, rom pirutyvis kvebis racionSi 

unda Sediodes P  da R  produqtebi, xolo Q   produqti saerTod ar 

unda Sediodes. amasTan unda Sediodes P  produqtis 
31

520
 erTeuli, 

xolo R  produqtis _
31

200
 erTeuli, es mniSvnelobebi miRebulia kvebis 

racionis minimaluri Rirebulebis moTxovniT. 

 davTvaloT ramden saWiro nivTierebas miiRebs pirutyvi kvebis 

aseTi racionis dros. 

                         

.40
31

200
31

5202

;120
31

2003
31

5206

;200
31

20018
31

5205







C

B

A

 

  
gamoTvlebi gviCvenebs, rom aseTi racionis SemTxvevaSi pirutyvi saWiro 

nivTierebebs miiRebs normiT gaTvaliswinebuli raodenobiT. 
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savarjiSoebi 

 

 simpleqs meTodis (simpleqs cxrilis) gamoyenebiT ipoveT 5.1 – 5.6 

amocanebis amonaxsnebi. 
 

5.1. max623 631  xxxF           5.2. max32 421  xxxF             

  





















).6,1(,0

3643
24223

18632

6531

6431

6321

jx

xxxx
xxxx

xxxx

j

           





















).6,1(,0

2443
18323

1622

6421

4321

5421

jx

xxxx
xxxx

xxxx

j

             

 
 
5.3. max78 642  xxxF           5.4. max53 421  xxxF             

   





















).6,1(,0

2555
123443

12232

6542

6432

6421

jx

xxxx
xxxx

xxxx

j

           





















).6,1(,0

32824
30353

28242

6421

5421

4321

jx

xxxx
xxxx

xxxx

j

             

 
                         
5.5. max523 651  xxxF           5.6. max2 321  xxxF             

        





















).6,1(,0

24633
28424
34532

6541

6531

6521

jx

xxxx
xxxx
xxxx

j

           





















).3,1(,0

422
62

624

321

321

321

jx

xxx
xxx

xxx

j
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$ 6. bazisuri amonaxsnis moZebnis meTodi 

  
 

 wina paragrafebSi aRwerili simpleqs (algebruli da cxriluri) 

meTodiT wdka-s amoxsnis sqema sawyis etapze iTvaliswinebs, rom unda 

gvqondes bazisuri amonaxsni. 

 praqtikuli amocanebis amoxsnisas xSirad rTulia SevarCioT iseTi 

bazisuri cvladebi, romelTa Sesabamisi amonaxsni imave dros iqneba 

dasaSvebi amonaxsni. es sakiTxi gansakuTrebiT problemuria, rodesac 

gantolebaTa da cvladTa raodenoba samze metia. am paragrafSi 

gavecnobiT bazisuri amonaxsnis moZebnis sakmaod efeqtur wess, 

romelsac safuZvlad udevs simpleqs meTodi. 

 vigulisxmoT, rom (2.8) gantolebaTa sistemaSi  m,1i0bi  . Tu 

romelime gantolebaSi es piroba ar sruldeba, sakmarisia am gantolebis 

orive mxare gavamravloT (-1)-ze da es piroba Sesrulebuli aRmoCndeba.  

 gantolebaTa (2.8) sistema CavweroT Semdegi saxiT: 

              mixab
i

n

j
jiji ,1,0

1




                 (6.1) 

 am gantolebebidan simpleqs meTodiT, romelic aRwerili iyo wina 

TavebSi, is cvladebi unda gadavitanoT bazisur cvladTa simravleSi, 

romelTac gantolebaTa (6.1) sistemaSi dadebiTi koeficientebi aqvT, 

miuxedavad imisa Tu rogori koeficientebi aqvT maT F funqciis 

gamosaxulebaSi. 

 Tu am dros gamoviyenebT cxrilur meTods, maSin pirveli sveti, 

romelSiac unda Caiweros bazisuri cvladebi, unda iyos carieli, 

romelic nabij-nabij Seivseba. mizanSewonilia, rom F funqcia Caiweros 

bolo striqonSi, vinaidan bolos, rodesac SerCeuli iqneba bazisuri 

cvladebi, is aRmoCndeba warmodgenili Tavisufali cvladebis 

saSualebiT. kidev erTxel aRvniSnoT, rom am SemTxvevaSi wamyvani 
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elementis SerCevisas F-is gamosaxulebas gadamwyveti mniSvneloba ar 

eniWeba, is unda SeirCes mxolod   n,1j;m,1i0a ij   koeficientebs 

Soris. 

 Tu romelime cvladi pirvelad gadadis bazisur cvladTa siaSi, 

maSin is sveti, romlis TavSic is iyo Cawerili, uqmdeba, xolo sxva 

moqmedebebi iseTivea, romelic zemoT iyo aRwerili. Tu simpleqs 

procesis dros romelime striqonSi, romelic jer ar Seesabameba 

bazisur cvlads, Tavisufali wevri dadebiTi iqneba, xolo yvela 

danarCeni koeficienti uaryofiTi. es niSnavs, rom mocemul gantolebaTa 

sistemas ar gaaCnia dasaSvebi amonaxsni. Tu gantolebaTa sistemaSi 

zogierTi gantoleba warmoadgens danarCenebis wrfiv kombinacias, e.i. 

gvaqvs gantolebaTa wrfivad damokidebuli sistema, es gamoCndeba 

simpleqs procesis dros. saxeldobr, gveqneba iseTi striqonebi, 

romelSic yvela elementi nulis toli iqneba. cxadia aseTi striqoni 

Semdgomi gamoTvlebidan unda gamovricxoT. 

 am meTodis sailustraciod amovxsnaT pirvel paragrafSi dasmuli 

Targis amocana. mivceT (1.7) da (1.8) Sesabamisi saxe: 

 
 

 
  




















0200
0100
02230
03243250

321

4321

32432

321421

yyy
xxxx
yyxxx
yyyxxx

                  (6.1) 

  341 yxFF                               (6.2) 

 cxadia, rom Cvens aRniSvnebSi 1minmax FF   

 SevadginoT simpleqs cxrili (cxr. 6.1). cxrili 6.1-is analizi 

gviCvenebs, rom gvaqvs gadagvarebuli SemTxveva. mxolod 4x  da 3y  

cvladebis Sesabamis svetSi SeiZleba movZebnoT iseTi wamyvani elementi, 

rom Semdeg etapze miviRoT gadaugvarebeli SemTxveva an iseTi SemTxveva, 
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rodesac gantolebaTa ufro nakleb raodenobas eqneba nulovani 

Tavisufali wevri.    

                                                        cxrili 6.1                                       
                       P x1 x2 x3 x4 y1 y2 y3 

 0 
       600 

5 
           0 

2 
           0 

0 
           0 

-3 
           0 

4 
           3 

2 
           3 

-3 
           3 

 0 
       400 

0 
           0 

1 
          0 

2 
           0 

-2 
           0 

0 
           2 

1 
           2     

-2 
           2 

 100 
           0 

1 
           0 

1 
           0 

1 
           0 

1 
           0 

0 
           0 

0 
           0 

0 
           0 

 200 
       200 

0 
           0 

0 
           0 

0 
           0 

0 
           0 

1 
           1 

1 
           1 

1  

           1 

F1 
0 
     -200 

0 
           0 

0 
           0 

0 
           0 

1 
           0 

0 
         -1 

0 
         -1 

1 
         -1 

 

   SevCerdeT 3y  cvladze. maSin wamyvani elementi iqneba 1. cxrilis 

Sevseba xdeba im wesebis dacviT, romelic adre gvqonda Camoyalibebuli. 

am cxrilis Sedegebi SevitanoT momdevno cxrilSi (cxr. 6.2). am dros 

ukve 3y -is Sesabamisi sveti gauqmebulia da 3y  cvladi gadava bazisur 

cvladTa simravleSi. 

                                                        cxrili 6.2 

 P x1 x2 x3 x4 y1 y2 

 600 
    - 500 

5 
         -5 

2 
         -5 

0 
         -5    

-3 
         -5 

7 
          0 

5 
           0 

 400 
           0 

0 
           0 

1 
           0 

2 
           0 

-2 
           0 

2 
           0 

3 
           0     

 100 
       100 

1  

           1 

1 
           1 

1 
           1 

1 
           1 

0 
           0 

0 
           0 

y3 200 
           0 

0 
           0 

0 
           0 

0 
           0 

0 
           0 

1 
           0 

1 
           0 

F1 -200 
           0 

0 
           0 

0 
           0 

0 
           0 

1 
           0 

-1 
           0 

-1 
           0 

 

  

cxrili 6.2 mowmobs, rom 3y -is gadayvaniT bazisur cvladTa 

simravleSi Cven miviReT gadaugvarebeli SemTxveva. Semdgomi cxrilebis 

Sedgena sirTules ar warmoadgens.       
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                                                      cxrili 6.3  
 

 P x2 x3 x4 y1 y2 

 100 
         
         20 

-3 

      
5
3

  

-5 
          
         -1 

-8 

      
5
8

     

7 

        
5
7

 


5  

        
5
1

           

 400 
       -60 

1 

         
5
9

 

2 
            
           3 

-2 

       
5
24

 

2 

    
5
21

  

3 

      
5
3

      

 100 
           0 

1 
           0 

1 
           0 

1 
           0 

0 
           0 

0 
           0 

y3 200 
       -20 

0 

         
5
3

 

0 
            
           1 

0 

         
5
8

    

0 

      
5
7

  

1 

      
5
1

    

F1 -200 
         20 

0 

      
5
3

    

0 
   
         -1 

1 

      
5
8

    

-1 

         
5
7

     

-1 

         
5
1

     

                                                 
 
 
               cxrili 6.4  
 

 P x2 x3 x4 y1 

y2 

20 
         
         68 5

3
  

      
25
14

 

-1 
          

         
5
1

 
5
8

  

       
25
14

 

5
7

 

    
25
11

  

 

340 
        
         68 5

14
 

       
25
14

 


5  

            

         
5
1

   

5
14

 

       
25
14

 

5
11

  

    
25
11

   

x1 

100 
      -68 

1 

      -
25
14

 

1 

        -
5
1

   

1 

      -
25
14

 

0 

       
25
11

 

y3 

180 
        
       -68 5

3
 

      -
25
14

      

1 
         

        -
5
1

 
5
8

 

      -
25
14

 

-
5
2

 

      
25
11

 

F1 

-180 
          
 
         68 

5
3

  

       
25
14

 

-1 
   

         
5
1

    
5
3

  

       
25
14

 

5
2

 

    
25
11

  
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                                          cxrili 6.5 
 

 P x2 x4 y1 

y2 

88 

25
1

  
25
26

  
25
24

 

x3 

68 

25
14

 
25
14

 
25
11

  

x1 

32 

25
11

 
25
11

 
25
11

 

y3 

112 

25
1

 
25
26

 
25
1

 

F1 

-112 
-
25
1

 -
25
1

 -
25
1

 

  

     cxrili 6.5-is analizi gviCvenebs, rom Cven vipoveT ara marto 

bazisuri amonaxsni, aramed es amonaxsni aris, agreTve, optimaluric. amas 

mowmobs  F1-is striqonSi Cawerili uaryofiTi koeficientebi.     

   112min;112;88;0;0;68;0;32 13214321  Fyyyxxxx     (6.3) 

magram vinaidan Cven veZebdiT F miznis funqciis maqsimums, amitom 

                                112minmax 1  FF                        (6.5) 

 Tu gavixsenebT, rom F miznis funqcia aRniSnavda nakrebebis 

raodenobas, romelic unda aewyo saamqros, SegviZlia davaskvnaT: 

nakrebebis maqsimaluri raodenoba, romelic SeuZlia aawyos saamqrom, 

112-is tolia. amasTan, 150 sm. ficrebidan 32 ficari unda daiWras 

pirveli wesiT, xolo danarCeni 68 ficari ki me-3 wesiT, xolo daWris 

me-2 da me-4 wesiT arc erTi ficari ar unda daiWras. analogiuri 

msjeloba SeiZleba Catardes 140 sm. ficrebis mimarTac. 88 ficari unda 

daiWras meore wesiT, 112 ficari mesame wesiT, xolo pirveli wesiT ar 

unda daiWras arc erTi ficari. 
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savarjiSoebi 

 

 

ipoveT 6.1 – 6.6 amocanebis  bazisuri amonaxsnebi. 

 

  (6.1).  .min64 21  xxF                    (6.2)  max32 21  xxF          

         





















.0,
126
82
93

21

21

21

21

xx
xx
xx
xx

                          





















.0,
102

72
1232

21

21

21

21

xx
xx

xx
xx

 

 

 

   (6.3)  .min3 21  xxF                    (6.4)  max2 21  xxF          

         





















.0,
57
1023

32

21

21

21

21

xx
xx
xx

xx

                         





















.0,
83

53
114

21

21

21

21

xx
xx

xx
xx

 

   
   (6.5) max21  xxF                      (6.6) min21  xxF             

   





















.0,
1642
63

1224

21

21

21

21

xx
xx
xx
xx

                        





















.0,
04

03
044

21

21

21

21

xx
xx
xx
xx
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§7. oraduli amocanebi wrfiv daprogramebaSi 

 
 

ganvixiloT standartuli saxiT Cawerili wrfivi daprogramebis amocana 

(wda), romelsac pirdapiri an sawyisi wda vuwodoT: 

                       



n

j
ijij mibxa

1
,1,  ,                                                    (7.1) 

                                     



n

j
jj xccF

1
0 .                                                                     (7.2)                                                                                                                                                       

am amocanis mimarT oraduli (SeuRlebuli) ewodeba standartuli saxiT 

Caweril Semdeg wda-s:  

                 



m

i
jiij njcya

1
,1, ,                                                         (7.3) 

                                



m

i
ii ybc

1
0 .                                                                            (7.4) 

                                                         

sadac (7.1) sistemis i -ur utolobas Seesabameba iy  cvladi, amitom  

oradul amocanaSi imdeni cvladia, ramdeni SezRudvacaa sawyis amocanaSi. 

aRniSnuli amocanebis SedarebiT vrwmundebiT, rom SezRudvebi 

mopirdapire mimarTulebis utolobebia (igulisxmeba, rom Tavisufali 

cvladebi utolobaTa niSnis marjvena mxaresaa) da TviT amocanis 

moTxovnebi sawinaaRmdego azris: pirdapiri amocana aris minimumis 

amocana, xolo oraduli – maqsimumis. garda amisa, SezRudvebSi 

cvladebTan mdgari koeficientebisagan Sedgenili matricebi 

urTierTtransponirebulia; oraduli amocanis SezRudvebSi j -uri 

utolobis Tavisufali wevri tolia pirdapiri amocanis miznis 

funqciaSi jx  cvladTan mdgari koeficientis. oraduli amocanis miznis 

funqciis cvladebTan mdgari koeficientebi tolia pirdapiri amocanis 

SezRudvebis Sesabamisi utolobebis Tavisufali wevrebis; miznis 

funqciis Tavisufali wevrebi orive amocanaSi erTmaneTis tolia. 
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warmovadginoT (7.3)–(7.4) amocana misi ekvivalenturi saxiT:  

                  



m

i
jiij njcya

1
,1,                                             (7.3*) 

                         



m

i
ii ybc

1
0 .                                   (7.4*) 

Tu vigulisxmebT, rom (7.3*)–(7.4*) aris pirdapiri amocana, maSin misi 

oraduli amocana iqneba:  

                          



n

j
jjij mibza

1
,1, ,                                                       (7.1*) 

                            .
1

0 



n

j
jj zccf                                                                            (7.2*) 

Tu (7.1*) sistemis yvela utolobas da (7.2*) miznis funqciis orive 

mxares gavamravlebT (-1)-ze, miviRebT iseT wda-s, romelic (7.1)-(7.2) 

wda-gan mxolod cvladebisa da miznis funqciis aRniSvnebiT gansxvavdeba. 

es ki niSnavs, rom (7.1)–(7.2) amocana warmoadgens (7.3)–(7.4)  amocanis  

oradul amocanas. e. i. (7.1)–(7.2) da (7.3)–(7.4) amocanebi 

urTierToraduli wrfivi daprogramirebis amocanebia. maT wrfivi 

daprogramirebis simetriuli oraduli amocanebi ewodebaT. 

vnaxoT, rogori saxe aqvs oradul amocanas wdka-Tvis.  

vTqvaT, mocemulia wd maqsimumis kanonikuri saxiT Cawerili amocana: 

                   



n

j
jjij mibxa

1
,1,  ,                                                     (7.5) 

                                           



n

j
jj xccF

1
0 .                                                                   (7.6) 

Tu (7.5) sistemis yvela gantolebas SevcvliT ekvivalentur utolobaTa 

sistemebi:  
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























n

j
jjij

n

j
jjij

mibxa

mibxa

1

1

,1,

,1,
                        (7.5*) 

maSin (7.5)–(7.6) wdka-s oraduli iqneba minimumis Semdegi wda: 

                                            



m

i
jiiij njcyya

1

''' ,1,)( ,                                          (7.7) 

                      



m

i
iii yybc

1

'''
0 ).(                                                              (7.8) 

aq '
iy  cvladi Seesabameba (7.5*) sistemis pirvel utolobas, xolo ''

iy  ki 

– meores. Tu (7.7)–(7.8) wda-Si SemovitanT axal cvladebs Semdegi 

damokidebulebebidan: 

                       njyyy iii ,1,'''                          (7.8*) 

maSin (7.5)–(7.6) wdka-s oradul amocanas eqneba Semdegi saxe: 

                      ,,1,
1




m

i
jiij njcya                            (7.9)                       

                        



m

i
ii ybc

1
0 .                                                                    (7.10) 

cxadia, rom (7.8*) pirobiT Semotanili iy  cvladebi, zogadad, ver 

daakmayofileben arauaryofiTobis pirobas, amitom wd oraduli (7.9)–

(7.10) amocana ar aris standartuli formis. 

iseve rogorc zemoT, aqac SegviZlia vaCvenoT, rom (7.5)–(7.6) da (7.9)-

(7.10) urTierToradul wda-s warmoadgenen. aseT amocanebs wrfivi 

daprogramebis arasimetriuli oraduli amocanebi ewodebaT. 

arasimetriul oradul amocanebSic, iseve rogorc simetriul oradul 

amocanebSi, erTi aris maqsimumis, xolo meore – minimumis amocana. 

Tu wda mocemulia yvelaze zogadi (2.1)-(2.2) saxiT, maSin is unda 

daviyvanoT an standartul an kanonikur saxeze (ix. $2) da SevadginoT 
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miRebuli amocanis oraduli amocana. ase miRebul amocanas davarqvaT 

(2.1)–(2.2) wda-s oraduli amocana.  

gamovikvlioT, Tu rogor kavSirSi arian wd oraduli amocanebis 

optimaluri amonaxsnebi da maTi optimumebi. amisaTvis jer davamtkicoT 

Semdegi mniSvnelovani Teorema: wd oraduli amocanebis maqsimumis 

amocanis miznis funqciis mniSvneloba nebismier amonaxsnze ar aRemateba 

minimumis amocanis miznis funqciis mniSvnelobas nebismier amonaxsnze.   

e. i. samarTliania Semdegi utolobebi. kerZod: simetriuli oraduli 

amocanebisaTvis -       

                      )()( yxF                                     (7.11) 

sadac )(xF da  )(y  Sesabamisad minimumis da maqsimumis wda-s miznis 

funqciebia.  

da arasimetriuli oraduli amocanebisaTvis - 

                            ).()( yxF                                    (7.12) 

sadac )(xF da  )(y  Sesabamisad maqsimumis da minimumis wda-s  

amocanebis miznis funqciebia.  

aq ),...,,( 21 nxxxx   da ),...,,( 21 myyyy  Sesabamisi amocanebis amonaxsnebia. 

am utolobebidan davamtkicoT erT-erTi. magaliTad (7.11) utoloba, 

vinaidan (7.12) utolobac analogiurad damtkicdeba.  

(7.1)-(7.2) da (7.3)-(7.4)-is martivi gardaqmnebiT, vRebulobT                 

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

0
1 1 1

0    
    


m

i

n

j

m

i
iiijij

n

j

n

j
jiij

m

i
jj cyybyxaxyaxccxF         (7.13)         

anu .)()( 00 cycxF   

es utoloba ki tolfasia (7.11) utolobis. 

damtkicebuli Teoremidan gamomdinareobs ramdenime mniSvnelovani Sedegi, 

kerZod: 

_ imisaTvis, rom wda-s hqondes optimaluri amonaxsni, aucilebeli da 
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sakmarisia, rom am amocanisa da misi oraduli amocanis dasaSveb 

amonaxsnTa simravle ar iyos carieli. Amas ewodeba oradulobis mcire 

Teorema. (am debulebis samarTlianoba gamomdinareobs kanonikuri saxis 

wda-is optimaluri amonaxsnis arsebobis Teoremidan (ix. $2) da (7.11) an 

(7.12) utolobidan). 

_ Tu wd oraduli amocanebidan erT-erTis miznis funqcia ar aris 

SemosazRvruli Sesabamisi mxridan (maqsimumis amocanis SemTxvevaSi 

zemodan, xolo minimumis amocanis SemTxvevaSi – qvemodan), maSin meore 

amocanis das carielia. SevniSnoT, rom zogadad, Sebrunebuli debuleba 

ar aris samarTliani. SesaZlebelia pirdapiri amocanis das iyos carieli 

da amave dros misi oraduli amocanis das iyos, agreTve, carieli. 

(7.11) da (7.12) utolobebs oradulobis ZiriTad utolobebs uwodeben. 

kavSirs pirdapiri da misi oraduli amocanis optimumebs Soris amyarebs 

debuleba, romelic cnobilia, rogorc oradulobis pirveli ZiriTadi 

Teorema - Tu wd oraduli amocanebidan erT-erTs aqvs optimaluri 

amonaxsni, maSin meore amocanasac aqvs optimaluri amonaxsni da am 

amocanebis optimumebi erTmaneTis tolia. 

es Teorema davamtkicoT simetriuli oraduli amocanebisaTvis, vinaidan 

igive msjelobiT is damtkicdeba arasimetriuli oraduli 

amocanebisaTvisac. 

Teoremis dasamtkiceblad gamoviyenoT simpleqs meTodi. amisaTvis (7.1) 

da (7.3) SezRudvebs mivceT Sesabamisi saxe: 

                   ,,1,
1



 
n

j
iinjij mibxxa                  (7.14) 

                   .,1,
1



 
m

i
jjmiij njcyya                  (7.15) 

cxadia, rom  inx   da jmy   cvladebi arauaryofiTebia. CavTvaloT isini 

bazisur cvladebad da CavweroT Sesabamis simpleqs cxrilebSi $2-Si 
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aRwerili wesebiT (cxr. 7.1, cxr 7.2). cxr. 7.2-s ewodeba cxr 7.1-is 

Tanmxlebi. 

SevniSnoT, rom am SemTxvevaSi SerCeuli bazisebis Sesabamisi amonaxsnebi 

SesaZlebelia arc iyos dasaSvebi, magram es ar aris arsebiTi, Cveni 

mizania gamovikvlioT is cvlilebebi romelsac gamoiwvevs simpleqsuri 

gardaqmnebi (bazisebis Secvla) orive cxrilSi. 

 

 

                                              cxrili 7.1 

       b         1x  …       jx  …       nx  

F

 
0c  

 
         ijbc  

1c  
   
     1ij ac  

…  jc     
 
               jc  

… 
nc  

       
       inj ac  

1nx  1b  
          
        iijba  

11a  
   
     11 ij aa  

…  ja1     
 
         ja1  

… 
na1  

       
      inj aa1  

…
 

…
 

…
 

…
 

…
 

…
 

…
 

inx 
 ib  

          
                ib  

1la  
   
               1ia  

…  ija     

         
ija

1
  

… 
ina  

       
              ina  

…
 

…
 

…
 

…
 

…
 

…
 

…
 

mnx 

 

mb  
                           
       imjba  

1ma  
   
     1imj aa  

…  mja     
 
            mja  

… 
mna  

       
     inmj aa  

 

                                                   cxrili 7.2 
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cxrili 7.1-sa da cxrili 7.2-is SedarebiT (igulisxmeba, rom unda 

SevadaroT am cxrilebis ujredebis marcniv Cawerili gamosaxulebebi). 

vrwmund

ebiT, 

rom Tu 

cxrileb

s 

ganvixil

avT 

rogorc 

matrice

bs, maSin 

isini 

erTmaneT

is transponirebuli da niSniT gansxvavebuli matricebia. amitom F -is 

Sesabamisi striqonis elementebi mxolod niSniT gansxvavdebian cxrili 

     c         1y  …       iy  …       my  

  0c  
 
           ijbc  

1b  
   
     ijba1  

…  ib     
 
               ib  

… 
mb  

       
       imjba  

1my  1c  
          
        1ij ac  

11a  
   
     11 ij aa  

…  1ia     
 
            1ia  

… 
1ma  

       
      1imj aa  

…
 

…
 

…
 

…
 

…
 

…
 

…
 

jmy   jc  
          
                jc  

ja1  
   
               

ja1  

…  ija     

         

ija
1

   

… 
mja  

       
              mja  

…
 

…
 

…
 

…
 

…
 

…
 

…
 

nmy   nc  
                           
       inj ac  

na1  
   
     inj aa1  

…  ina     
 
            ina  

… 
mna  

       
     inmj aa  
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7.2-is Tavisufali wevrebis Sesabamisi svetis elementebisagan; analogiur 

Tanafardobas aqvs adgili  -is Sesabamisi striqonis elementebsa da 

cxrili 7.1-is Tavisufali wevrebis Sesabamisi svetis elementebs Soris; 

garda amisa, aseTive TanafardobaSi arian inx 
- bazisuri cvladis ( jx -

Tavisufali cvladis) Sesabamisi striqonis (svetis) da iy -Tavisufali 

cvladis ( jmy  - bazisuri cvladis) Sesabamisi svetis (striqonis) 

elementebi, .,1,,1 njmi   

zemoT aRwerili Tvisebebis gaTvalswinebiT davamyaroT Sesabamisoba 

oraduli amocanebis cvladebs Soris Semdegi wesiT: 

             .,1;,1;; njmiyxyx iinjmj                       (7.16) 

koeficienti, romelic aqvs jx -Tavisufal cvlads inx  -bazisuri cvladis 

Sesabamis striqonSi, mxolod niSniT gansxvavdeba im koeficientisagan, 

romelic aqvs iy -Tavisufal cvlads jmy  -bazisuri cvladis Sesabamis 

striqonSi. 

vTqvaT, .0ija  cxrili 7.1-Si  jx  Tavisufali cvladi gadavitanoT 

bazisur cvladTa simravleSi (am SemTxvevaSi inx   bazisuri cvladi 

gadava Tavisufal cvladTa simravleSi), xolo cxrili 7.2-Si ki jmy   

bazisur cvladsa da iy  Tavisufal cvladebs SevucvaloT adgilebi 

Sesabamis simravleebSi. e.i. (7.16)-is Sesabamisad movaxdinoT am 

cxrilebis simpleqsuri gardaqmnebi. cxrili 7.2-Si aseT gardaqmnas 

Tanmxlebi simpleqsuri gardaqmna ewodeba. 

simpleqsuri gardaqmnebi ganxorcielebulia $2-Si aRwerili wesebiT, 

xolo saboloo Sedegebi mocemulia Sesabamis axal cxrilebSi (cxr. 7.3 

da cxr. 7.4). 

kidev erTxel aRvniSnoT, rom am SemTxvevaSi simpleqs-gardaqmnebi 

tardeba ara optimaluri amonaxsnis mosaZebnad, aramed im cvlilebebis 
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gamosarkvevad, rasac gamoiwvevs es gardaqmnebi mocemul simpleqs 

cxrilebSi.  

Tu SevadarebT axal simpleqs cxrilebs (cxr. 7.3 da cxr 7.4) 

davrwmundebiT, rom yvela is Tanafardoba, romelic arsebobda sawyis 

simpleqs cxrilebs Soris (cxr. 7.1 da cxr. 7.2) SenarCunebulia am 

cxrilebSic. kerZod, koeficienti, romelic aqvs cxril 7.3-Si romelime 

Tavisufal cvlads nebismieri bazisuri cvladis striqonSi, mxolod 

niSniT gansxvavdeba cxril 7.4-Si (7.16) SesabamisobiT gansazRvruli 

Tavisufali cvladis koefcientisagan saTanado bazisuri cvladis 

striqonSi. 

    cxadia, rom Tu gavagrZelebT oraduli amocanebis Sesabamisi 

simpleqs cxrilebis aseT gardamqnebs, am cxrilebs Soris yovelTvis 

iqneba zemoT aRwerili Sesabamisoba.                                           

                                                    cxrili 7.3 

       b         1x  …       jx  …       nx  

 
F

 

        
)( 0 ijbcc 

 

   
   11 ij acc   

…  
      jc  

…     

injn acc   

1nx         

iijbab 1  
     
 1111 ij aaa   

…  
         ja1  

…      

injn aaa 11 

 

…
 

…
 

…
 

…
 

…
 

…
 

…
 

inx 
          ib          1ia  …             …        ina  

…
 

…
 

…
 

…
 

…
 

…
 

…
 

mnx 

 

                          
 imjm bab   

  
     11 imjm aaa   

…  
     mja  

…   

inmjmn aaa 

 
                                                                                                                             

 

cxrili 7.4 
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gamoviy

enoT oraduli amocanebis simpleqs cxrilebis es Tviseba da 

davamtkicoT zemoT moyanili oradulobis pirveli ZiriTadi Teorema. 

Tu (7.1)-(7.2) wd pirdapir amocanas aqvs optimaluri amonaxsni, maSin 

sasruli raodenoba simpleqs gardaqmenbis Semdeg miiReba saboloo 

simpleqs cxrili, romelSiac pirveli striqonis arc erTi elementi ar 

iqneba dadebiTi, garda, SesaZlebelia, Tavisufali wevrisa, xolo 

Tavisufal wevrTa svetSi ki – arc erTi uaryofiTi (garda, 

SesaZlebelia, F -is Sesabamisi Tavisufali wevri). am cxrils 

Seesabameba oraduli (7.3)-(7.4) amocanis iseTi cxrili, romelSiac 

oraduli amocanebis simpleqs cxrilebis zemoT aRwerili Tvisebebis 

Tanaxmad, Tavisufali wevrebis Sesabamis svetSi ar iqneba arc erTi 

uaryofiTi, xolo miznis funqciis Sesabamis striqonSi (pirveli 

striqoni) arc erTi dadebiTi elementi, garda, SesaZlebelia, 

Tavisufali wevrisa. es ki niSnavs, rom napovnia oraduli amocanis 

optimaluri amonaxsni (ix. $2). amasTan, F   miznis funqciis minimaluri 

mniSvneloba mxolod niSniT gansxvavdeba  funqciis minimaluri 

mniSvnelobisagan, amitom  min)min(max FF  da oradulobis pirveli 

ZiriTadi Teorema damtkicebulia. 

     c         1y  …       jmy   …       my  

  ijbcc 0  )( 11 ijbab   … ib  … imjm bab  (  

1my
 

  
)( 11 ij acc 

 

    
)( 1111 ij aaa 

 

 
… 

                
     1ia  

 
… 

      
   

)( 11 imjm aaa   

…
 

…
 

…
 

…
 

…
 

…
 

…
 

iy           jc             ja1  …        …               mja  

…
 

…
 

…
 

…
 

…
 

…
 

…
 

nmy 

 

       
)( injn acc 

 

   
)( 11 injn aaa 

 

 
… 

                  
     ina  

 
… 

       
     

)( inmjmn aaa   
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wd konkretuli oraduli amocanebis optimaluri amonaxsnebis povnisTvis 

xSirad sasargeblo xdeba Semdegi Teorema: imisaTvis, rom wd oraduli 

amocanebis SezRudvebis ),...,,( 21 nxxxx   da ),...,,( 21 myyyy   amonaxsnebi 

iyvnen optimaluri, aucilebeli da sakmarisia, rom Sesruldes Semdegi 

piroba: 

                              )()( yxF                                  (7.17) 

pirobis aucilebloba gamomdinareobs bolos damtkicebuli Teoremidan. 

xolo pirobis sakmarisobis dasamtkiceblad gamoviyenoT (7.11) an (7.12) 

piroba imis mixedviT, Tu rogori saxis oradul amocanebs ganvixilavT.  

vTqvaT, ),...,,( 21 nxxxx   (7.1) sistemis nebismieri amonaxsnia, maSin 

samarTliani iqneba Semdegi utoloba: 

                      ).()( xFxF   

es ki niSnavs, rom  ),...,,( 21 nxxxx   veqtori marTlac optimaluri 

amonaxsnia. igive msjelobiT mtkicdeba, rom  ),...,,( 21 myyyy   veqtori 

iqneba (7.3)-(7.4) wd oraduli amocanis optimaluri amonaxsni. 

msjeloba rom wagvemarTa arasimetriuli oraduli amocanebis mimarT, 

analogiurad davamtkicebdiT (7.17) pirobis sakmarisobasac. 

damtkicebuli Teoremebi da wd oraduli amocanebis simpleqs cxrilebs 

Soris zemoT aRwerili damokidebuleba saSualebas gvaZlevs amovxsnaT 

wda e. w. oraduli simpleqs meTodiT. es meTodi gulisxmobs mocemuli 

wda–s amoxnis dayvanas misi oraduli amocanis simpleqs meTodiT 

amoxsnaze. Tu mocemul wda–s aqvs optimaluri amonaxsni, maSin 

oraduli simpleqs meTodiT napovni optimumi toli iqneba mocemuli wda 

wda-s optimumis, xolo Tu mocemul amocanas ar aqvs optimaluri 

amonaxsni, maSin arc mis oradul amocanas eqneba amonaxsni, rasac 

oraduli simpleqs meTodiT gamovarkvevT. SevniSnoT, rom aseTi meTodiT 
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mizanSewonilia iseTi wda-s amoxsna, romelTa SezRudvebi gacilebiT 

metia cvladTa raodenobaze. 

gamoviyenoT oraduli simpleqs meTodi wda simetriuli oraduli 

amocanebis mimarT. CavTvaloT, rom (7.1)-(7.2) aris pirdapiri wda. 

vigulismoT, rom ib  da jc  arauaryofiTi ricxvebia, rac savsebiT 

bunebrivi moTxovnaa praqtikul amocanebSi, ),1;,1( njmi  . 

oraduli (7.3)-(7.4) wda amovxsnaT ara iseTi simpleqs meoTdiT, 

romelic sawyis etapze iTvaliwisnebs iseTi bazisis qonas, romlis 

Sesabamisi amoanaxsni aris dasaSvebi, xolo miznis funqciaSi Semavali 

koeficientebi, SesaZloa, ar akmayofilebdnen optimaluri amonaxsnis 

pirobas, aramed iseTi simpleqs meTodiT, rodesac sawyis etapze gvaqvs 

iseTi bazisi, romlis Sesabamisi amonaxsni, SesaZloa, ar aris dasaSvebi, 

magram miznis funqciis koeficientebi akmayofileben optimalurobis 

pirobas. yoveli simpleqsuri gardaqmna ise unda warimarTos, rom miznis 

funqciis optimalurobis piroba SenarCunebuli iyos, xolo bazisuri 

amonaxsni nabij-nabij gaxdes dasaSvebi.  

Tu (7.3) SezRudvebs mivcemT (7.15) sistemis saxes, maSin  ),1( njy jm   

cvladebi Seqmnian iseT baziss, romelzedac iyo saubari. aseTi saxiT 

Camoyalibebuli amocanis simpleqs cxrili Cven ukve avageT (ix. cxr 

7.2). Tu Cveulebriv simpleqs meTodSi wamyvani elementiT 

ganisazRvreboda wamyvani striqoni da wamyvani sveti, am SemTxvevaSi 

wamyvani elementi ganisazRvreba ukve gansazRvruli wamyvani striqoniT 

an wamyvani svetiT. 

imisaTvis, rom sipleqs gardaqmnis Semdeg miznis funqciis koeficientebma 

SeinarCunon optimalurobis piroba, wamyvani striqoni unda iyos iseTi 

bazisuri cvladis Sesabamisi, romlis Tavisufali wevri iqneba 

minimaluri yvela uaryofiT Tavisufal wevrebs Soris (miznis funqciis 
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Tavisufali wevris garda). vTqvaT, es cvladia jmy   (e.i. - jc  aris 

uaryofiT Tavisufal wevrebs Soris minimaluri). wamyvani sveti unda 

SevarCioT iseT svetebs Soris, romelTa elementebi wamyvan striqonSi 

uaryofiTia (igulisxmeba Tavisufali wevrebis svetis garda). vipovoT am 

svetebSi miznis funqciis koeficientebsa da wamyvani stqriqonis 

elementebis Sefardebebs Soris minimaluri. am minimaluri Sefardebis 

Sesabamisi sveti iqneba wamyvani sveti. vTqvaT, es aris i -uri sveti. 

maSasadame, miviReT, rom wamyvani elementi aris ija . Semdeg vimoqmedoT 

iseTive wesebiT, romelic Seesabameba Cveulebriv simpleqs meTods (ix. 

$2). 

aseTi simpleqs gardaqmnis Sedegad miviRebT axal cxrils (ix. cxr. 7.4). 

am cxrilis analiziT vrwmundebiT. rom axali bazisis Sesabamisi miznis 

funqciebis koeficientebi akmayofileben optimalurobis pirobas, xolo 

bazisur amonaxsnSi erTi wevri mainc gaxda dadebiTi ( iy -is Sesabamisi 

jc ). 

Tu mocemul wda-s aqvs optimaluri amonaxsni, maSin is miiRweva aseTi 

saxis sasruli raodenoba simpleqs gardaqmnebis Sedegad, xolo Tu ar 

aqvs optimaluri amonaxsni, es gamoCndeba simpleqs gardaqmnebis romelime 

etapze. 

im SemTxvevaSi Tu romelime etapze wamyvani striqonis an wamyvani svetis 

amosarCevad gveqneba ramdenime varianti, vimoqmedoT igive wesebiT, 

romlebic mocemulia simpleqs-meTodSi wamyvani elementis amosarCevad 

(ix. $2). 

oraduli simpleqs meTodiT amovxsnaT Semdegi wda: 

                          





















132
5
2432
3025

2

1

21

21

x
x
xx
xx

                                (7.18) 
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                           21 3355 xxF                                 (7.19) 

 

 

am amocanis Sesabamisi oraduli iqneba Semdegi wda: 

                         








33232
5525

421

321

yyy
yyy

                            (7.20) 

                      4321 1352430 yyyy  .                         (7.21) 

mivceT (7.18)-(7.19) da (7.20)-(7.21) oradul amocanebs Sesabamisi forma: 

                         





















26

15

214

213

213
5

)32(24
)25(30

xx
xx
xxx
xxx

                           (7.22) 

                         21 3355 xxF  ;                              (7.23) 

                        








4216

3215

232(33
)25(55

yyyy
yyyy

                      (7.24) 

                       4321 1352430( yyyy                       (7.25) 

da (7.34)-(7.35) wda CavweroT simpleqs cxrilSi (cxr. 7.5): 

                                                     cxrili 7.5 

             c     1y      2y     3y    4y      

   0 

      275 

-30 

        25  

-24 

        10 

-5 

        -5 

-13 

       0 

 5y  -55 

       55 

-5 

         5 

-2 

          2 

-1 

        -1 

0 

       0 

 6y  -33 

        0 

-2 

         0 

-3 

          0   

0 

         0 

-2 

       0 

  

cxrili 7.5-is analizi gviCvenebs, rom wamyvani striqoni unda iyos  5y -

is Sesabamisi striqoni, xolo wamyvani sveti ki – 3y -is Sesabamisi.  (e. 

i. wamyvani elementi iqneba –1). Semdegi moqmedebebi ki mimdinareobs 

simpleqs meTodis Sesabamisi wesebis mixedviT. 
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                                                        cxrili 7.6 

                                                         c     1y      2y     5y    4y      

   275 

     165/2 

-5 

       -5/2  

-14 

        15/2 

-5 

         0 

-13 

       5 

 3y  -55 

     -165/2   

-5 

        5/2  

2 

        -15/2 

-1 

         0 

0 

       -5 

 6y  -33 

       33/2 

-2 

       -1/2 

-3 

         3/2   

0 

         0 

-2 

       1 

  

                                                      cxrili 7.7 

    c     6y      2y     5y    4y      

   715/2 

       65/2 

-5/2 

      -65/22  

-5 

        13/11 

-5 

        -5 

-8 

      65/11 

 3y  -55/2 

         5 

5/2 

       -5/11 

-11/2 

        -2/11 

-1 

       2/11 

-5 

      10/11 

 1y  33/2 

       -15/2 

-1/2 

      15/22 

3/2 

        3/11   

0 

      -3/11 

1 

     -15/11  

  

                                                     cxrili 7.8 

    c     6y      3y     5y    4y      

  390 -60/11 -13/11 -42/11 -23/11 

2y  5 -5/11 -2/11 2/11 10/11 

1y  9 2/11 3/11 -3/11 -4/11 

  

cxrili 7.8-dan gamomdinareobs, rom oraduli amocanisaTvis (9;5;0;0) 

veqtori aris optimaluri amonaxsni, xolo = 390 ki – optimumi. 

cxadia, rom mocemuli (7.18)-(7.19) wda-s optimumi iqneba F =390, xolo 

optimaluri amonaxsni ki – (42/11;60/11) veqtori. es gamomdinareobs wd 

oraduli amocanebis simpleqs cxrilebs Soris damokidebulebebidan. wda 

rom iyos mocemuli (7.3)-(7.4) saxiT, maSin is SegviZlia CavTvaloT, 
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rogorc oraduli romeliRac sxva wda-s mimarT da amovxsnaT zemoT 

aRwerili oraduli simpleqs meTodiT. 

axla davamtkicoT wda oraduli amocanebis e. w. meore ZiriTadi 

Teorema. es Teorema amyarebs kavSirs oraduli amocanebis optimalur 

amonaxsnebs Soris. 

imisaTvis, rom wda oraduli amocanebis SezRudvebis ),...,,( 21 nxxxx   da 

),...,,( 21 myyyy   amonaxsnebi iyvnen optimaluri, aucilebeli da sakmarisia, 

rom simetriuli amocanebisaTvis Sesruldes Semdegi tolobebi: 

                         njcyax
m

i
jiijj ,1,0)(

1




                      (7.26) 

                         mjbxay
n

j
ijiji ,1,0)(

1




,                      (7.27) 

xolo arasimetriuli oraduli amocanebisaTvis ki mxolod (7.26) 

toloba (aseTi amocanebisaTvis (7.27) piroba yovelTvis sruldeba). 

jer davamtkicoT aucilebloba. vTqvaT, ),...,,( 21 nxxxx   da  

),...,,( 21 myyyy  veqtorebi warmoadgenen simetriuli oraduli amocanebis 

optimalur amonaxsnebs. zemoT damtkicebuli erT-erTi Teoremis 

Tanaxmad unda Sesruldes (7.17) piroba, saidanac 

                            .
11




m

i
ii

n

j
jj ybxc                          (7.28) 

Tu gaviTvaliswinebT (7.13) utolobebes, gveqneba: 

                    .
1111




m

i
ii

n

j
ijij

m

i

n

j
jj ybyxaxc              (7.29) 

saidanac miviRebT or tolobas: 

                         ,
111




n

j
ijij

m

i

n

j
jj yxaxc  

                         .
111




n

j
ijij

m

i

m

i
ii yxayb  

anu 
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                       ,0)(
11




j

m

i
iij

n

j
j cyax                              (7.30) 

                       .0)(
11




i

n

j
jij

m

i
i bxay                               (7.31) 

Tu miviRebT mxedvelobaSi, rom ),1,,1(,, minjyx ij  - arauaryofiTebia da 

(7.26) formulaSi frCxilebSi moTavsebuli gamosaxuleba arauaryofiTi, 

xolo (7.27) formulaSi ki – aradadebiTi, miviRebT (7.26) da (7.27) 

pirobebs. amiT damtkicda pirobis aucilebeloba. 

davamtkicoT pirobis sakmarisoba. SevkriboT (7.26) da (7.27) pirobebSi 

Semavali yvela toloba. martivi gardaqmnebis Sedegad miviRebT: 

                       ,
111




n

j
jj

n

j
ijij

m

i
xcyxa                              (7.32) 

                       .
111




m

i
ii

n

j
ijij

m

i
ybyxa                               (7.33) 

vinaidan (7.32) da (7.33) tolobebis marcxena mxareebi tolia, amitom 

toli unda iyos maTi marjvena mxareebic, e. i. ),...,,( 21 nxxxx   da 

),...,,( 21 myyyy   veqtorebze Sesabamis miznis funqciebs aqvT toli 

mniSvnelobebi, es ki niSnavs, rom es veqtorebi marTlac warmoadgenen 

oraduli amocanebis optimalur amonaxsnebs. amiT damtkicda pirobis 

sakmarisoba da mTlianad Teoremac.  

Tu gavimeorebT analogiur msjelobas arasimetriuli amocanebis mimarT, 

miviRebT igive Sedegs. 

damtkicebuli Teoremidan gamomdinareobs, rom Tu oraduli amocanebis 

erT-erTi amocanis optimalur amonaxsnSi romelime komponenti 

aranulovania, maSin misi Sesabamisi SezRudva meore amocanaSi optimalur 

amonaxsnze gadaiqceva mkacr tolobad;  xolo Tu romelime SezRudva 

optimalur amonaxsnze warmoadgens mkacr utolobas, maSin am SezRudvis 
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Sesabamisi komponenti meore amocanis optimalur amonaxsnSi nulis toli 

iqneba. 

SevniSnoT, rom sazogadod Sebrunebuli debuleba ar aris samarTliani. 

e. i. Tu erTi amocanis optimalur amonaxsnSi romelime komponenti 

nulis tolia, maSin oraduli amocanis Sesabamisi SezRudva  optimalur 

amonaxsnze SeiZleba gaxdes rogorc mkacri toloba, ise mkacri 

utolobac; an Tu erTi amocanis romelime SezRudva optimalur 

amonaxsnze warmoadgens mkacr tolobas, maSin misi Sesabamisi cvladis 

mniSvneloba meore amocanis optimalur amonaxsnSi SeiZleba iyos 

rogorc nulis toli, iseve nulisagan gansxvavebuli. amaSi advilad 

davrwmundebiT, Tu ganvixilavT Cvens mier amoxsnili amocanebis 

optimalur amonaxsnebs. 

wd oraduli amocanebis pirveli da meore ZiriTadi Teoremebidan 

gamomdinareobs optimaluri amonaxsnis gansazRvris kriteriumebi: 

imisaTvis rom wda-s SezRudvebis ),...,,( 21 nxxxx    amonaxsni iyos 

optimaluri, aucilebeli da sakmarisia, rom arsebobdes misi oraduli 

amocanis SezRudvebis iseTi ),...,,( 21 myyyy   amonaxsni, romlisTvisac 

sruldebodes )()( yxF   piroba an (7.26), (7.27) pirobebi. 
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savarjiSoebi 

 

 CamoayalibeT (7.1) – (7.4) amocanebis oraduli amocanebi: 
 

 

(7.1) .max52 321  xxxF               (7.2) .max433 321  xxxF  

    





















).3,2,1(,0

19635
2032
18422

321

321

321

jx

xxx
xxx

xxx

j

                    





















).3,2,1(,0

1423
1254

1832

321

31

321

jx

xxx
xx

xxx

j

 

 

     
(7.3) .min452 321  xxxF               (7.4) .min643 321  xxxF  

    





















).3,2,1(,0

1243
8523
9324

321

321

321

jx

xxx
xxx
xxx

j

                      





















).3,2,1(,0

745
10223

832

321

321

321

jx

xxx
xxx

xxx

j

 

 

 

oraduli simpleqs meTodiT amoxseniT (7.5)-(7.8) amocanebi. 

 

(7.5)  .max21  xxF                    (7.6)  min310 32  xxF          

     





















).2,1(,0

63
132

2

21

21

21

jx

xx
xx

xx

j

                    





















.0,0
102

32
12

21

21

321

321

xx
xx

xxx
xxx

 

 

(7.7) .max5874 4321  xxxxF      (7.8) .min65 4321  xxxxF  

    
















).4,3,2,1(,0

622
42

321

421

jx

xxx
xxx

j

                
















).4,3,2,1(,0

24423
1835,1

431

4321

jx

xxx
xxxx

j
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§ 8. wrfivi daprogramebis oraduli amocanebis 

ekonomikuri arsi 

 

nebismieri sawarmoo procesi SeiZleba ganvixiloT, rogorc garkveuli 

saxis resursebis xarjva da raime produqciis Seqmna. resursebi, rogorc 

wesi, limitirebulia, xolo maTi gamoyenebis efeqturoba sxvadasxva 

procesebSi gansxvavebuli. amitom aucilebeli xdeba dagegmvis iseTi 

meTodebis Seqmna, romlebic ganapirobeben resursebis optimalur 

ganawilebas da amasTan erTad gaiTvaliswineben maT realur Rirebulebas. 

aseTi meTodebisaTvis safuZvels xSirad warmoadgens wd oradulobis 

Teoriis ZiriTadi principebi. amis sailustraciod moviyvanoT warmoebis 

dagegmvis amocana. 

sawarmos ZiriTadi saqmianobis Sedegad rCeba sxvadasxva saxis nedleuli. 

sawarmos aqvs ori SesaZlebloba: narCeni nedleulisagan aawyos axali 

produqciis warmoeba an gayidos es nedleuli. 

am amocanis gadasaWrelad sawarmom unda SeimuSaos moqmedebis iseTi 

strategia, romelic uzrunvelyofs narCeni nedleulis yvelaze ufro 

efeqtur gamoyenebas. 

vTqvaT, sawarmos aqvs m sxvadasxva saxis narCeni nedleuli. i -uri saxis 

nedleulis maragi iyos ib -is ),1( mi   toli (gazomili Sesabamis 

erTeulebSi). sawarmos gansazRvruli aqvs aawyos n sxvadasxva saxis 

produqciis gamoSveba. ija  iyos i -uri saxis nedleulis raodenoba, 

romelic saWiroa j -uri saxis produqciis erTi erTeulis 

warmoebisaTvis ( ija -aris xarjvis norma), xolo jc -ki savaraudo 

Semosavali, romelsac miiRebs sawarmo j uri saxis produqciis erTi 

erTeulis realizaciidan. sawarmos mizania ise dagegmos warmoeba (ra 

raodenobis unda gamouSvas ama Tu im saxis produqcia), rom miiRos 

maqsimaluri Semosavali. 
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aRvniSnoT jx -iT ),1( nj  j uri saxis produqciis raodenoba, romelic 

unda gamouSvas sawarmom. maSin i -uri saxis nedleulis mTliani 

danaxarji toli iqneba ,
1



n

j
jij xa  ),1( mi  . vinaidan sawarmos gaaCnia i -uri  

saxis nedleulis mxolod  ib  maragi, amitom samarTliania Semdegi 

utoloba: 

                          .,1,
1

mibxa i

n

j
jij 



                             (8.1) 

aq utolobas (da ara tolobas) imitom aqvs adgili, rom sawarmom 

SesaZloa miiRos maqsimaluri Semosavli maSinac, rodesac nedleuli 

srulad ar iqneba gamoyenebuli. 

sawarmos mTliani savaraudo Semosavali F  yvela produqciis 

realizaciidan gamoiTvleba Semdegi formuliT: 

                       .
1




n

j
jj xcF                               (8.2) 

amocanis Sinaarsidan cxadia, rom jiijj cbax ,,,  - arauaryofiTi sidideebia. 

amrigad, Cvens mier dasmuli amocanis maTematikuri modeli (8.1) –(8.2) 

warmoadgens standartuli  saxiT Caweril wda-s. 

SemdgomSi (8.1) sistemis amonaxsns,  ),...,,( 21 nxxxx   - veqtors, vuwodebT 

warmoebis gegmas. 

im SemTxvevaSi Tu sawarmo daapirebs mis sakuTrebaSi arsebuli 

nedleulebis realizacias (gayidvas), maSin man is unda Seafasos. amasTan 

fasSi ar igulisxmeba nedleulis is Rirebuleba, romelic sawarmom 

gadaixada misi SeZenis dros (es Rirebuleba unda igulisxmebodes mza 

produqciis RirebulebaSi), aramed es unda iyos pirobiTi fasi – iseTi 

Rirebuleba, romelsac miscems nedleuli, rodesac misgan gadamuSavebiT 

miiReba mza produqcia. garda amisa, fasis pirobiTobas ganapirobebs 
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nedleulis SezRuduli maragi. rogorc Semdeg vnaxavT, nedleulis 

SesaZlo Rirebuleba mWidrodaa dakavSirebuli mis maragTan. 

aRvniSnoT iy -iT ),1( mi   i uri saxis nedleulis erTi erTeulis fasi 

(Rirebuleba). maSin iij ya  iqneba j -uri saxis produqciis erT erTeulze 

daxarjuli i uri saxis nedleulis Rirebuleba ),1( nj  , xolo ,
1



m

i
iij ya - 

iqneba j -uri saxis produqciis erT erTeulze daxarjuli yvela 

nedleulis mTliani Rirebuleba. 

sawarmosaTvis nedleulebis pirdapiri realizacia maSin iqneba 

mizanSewonili, Tu j -uri saxis mza produqciis erT erTeulze 

daxarjul nedleulTa mTliani Rirebuleba ar iqneba naklebi mza 

produqciis erTi erTeulis realizaciis Sedegad miRebul Semosavalze 

e. i. unda Sesruldes Semdegi utlobebi: 

                        .,1,
1

njcya j

m

i
iij 



                       (8.3) 

cxadia, rom Tu sawarmo Zvirad Seafasebs mis sakuTrebaSi arsebul 

nedleuls, e. i. iy  ),1( mi   iqneba sakmaod didi, maSin (8.3) utolobebi 

aRmoCndeba Sesrulebuli, magram am SemTxvevSai myidvelisaTvis ar iqneba 

mizanSewonili am nedleulis Sesyidva. kompromisi miiRewva im 

SemTxvevaSi Tu nedleulis Sefaseba iqneba iseTi, rom mTliani 

nedleulis jamuri Rirebuleba iqneba minimaluri e. i. unda vipovoT: 

                            



m

i
ii yb

1
                                 (8.4) 

miznis funqciis minimumi. 

gamodis, rom (8.3)-(8.4) wda aris (8.1)-(8.2) wda-s oraduli. 

maSasadame, Cven miviReT, rom warmoebis dagegmvis amocana da 

nedleulebis Sefasebis amocana urTierToraduli amocanebi yofila. 
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vnaxoT ra Sinaarsi aqvT Cvens mier damtkicebul Teoremebs am 

amocanebTan mimarTebaSi. 

(7.11) utolobidan gamomdinareobs, rom warmoebis nebismieri 

),...,,( 21 nxxxx   gegmisaTvis da nedleulTa Rirebulebis yoveli 

),...,,( 21 myyyy   veqtorisaTvis mTeli warmoebuli produqciis 

realizaciidan savaraudo Semosavali ar aRemateba nedleulebis mTlian 

Rirebulebas. amasTan Tu es ori sidide erTmaneTs daemTxva romelime 

),...,,( 21 nxxxx   da ),...,,( 21 myyyy   veqtorebisaTvis, maSin es veqtorebi 

iqnebian Sesabamisi amocanebis optimaluri amonaxsnebi. 

wda oraduli amocanebis pirveli ZiriTadi Teoremidan gvaqvs, rom Tu 

warmoebis dagegmvis amocanas aqvs optimaluri amonaxsni (gegma), maSin 

arsebobs nedleulTa Rirebulebis optimaluri gegmac (amonaxsni). 

amasTan, mTlianad gamoSvebuli produqciidan miRebuli Semosavali unda 

daemTxves nedleulis mTlian Rirebulebas. ufro metic, rogorc $7-Si 

vnaxeT, es aris sakmarisi piroba, rom es amonaxsnebi warmoadgendnen 

Sesabamisi amocanebis optimalur amonaxsnebs. es niSnavs, rom warmoebis 

gegma da nedleulebis RirebulebaTa veqtori maSin da mxolod maSin 

iqneba optimaluri, rodesac mTlianad gamoSvebuli produqciidan 

misaRebi Semosavali da nedleulebis mTliani Rirebuleba erTmaneTs 

daemTxveva. SeiZleba iTqvas, rom nedleulebis Rirebuleba SeiZleba 

ganvixiloT, rogorc gamawonasworebeli faqtori nedleulis 

danaxarjebsa da Sedegebs Soris (igulisxmeba warmoebuli produqciidan 

miRebuli Semosavali). 

gamovarkvioT ra ekonomikur Sinaarss atarebs wda oraduli amocanebis 

meore ZiriTadi Teorema. 
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Tu warmoebis dagegmvis amocanaSi romelime optimalur ),...,,( 21 nxxxx   

gegmaSi i -uri saxis nedleuli ar aris mTlianad daxarjuli, e. i. 

samarTliania utoloba: 

                      ,
1

i

n

j
jij bxa 



 

maSin nedleulis RirebulebaTa amocanaSi nebismieri optimaluri 

),...,,( 21 myyyy   gegmiT i -uri saxis nedleulis Rirebuleba nulis toli 

iqneba (es Sedegi kidev erTxel metyvelebs, rom nedleulis Rirebuleba 

ar aris nedleulis realuri fasi, aramed misi pirobiTi (fiqtiuri) 

fasia), xolo Tu nedleulis Rirebulebis romelime optimalur gegmaSi 

i -uri komponenti 0iy , maSin warmoebis dagegmvis yovel optimalur 

gegmaSi am nedleulis danaxarji misi margis toli iqneba ( es nedleuli 

mTlianad daixarjeba). maSasadame, nedleulis RirebulebaTa nebismieri 

optimaluri veqtoris yoveli komponenti SegviZlia warmovidginoT, 

rogorc Sesabamisi nedleulis deficiturobis maCvenebeli. deficitur 

nedleuls (nedleuli, romelic mTlianad ixarjeba warmoebis romelime 

optimaluri gegmis SemTxvevaSi), aqvs dadebiTi fasi, xolo im 

nedleulis Rirebulebas, romelic ixarjeba nawilobriv (aradeficituri 

nedleuli) aqvs nulovani fasi. 

Semdeg, Tu nedleulTa Rirebulebis optmialur gegmaSi j -uri  

produqciaze daxarjuli nedleulebis mTliani Rirebuleba metia j -uri  

produqciis erTi erTeulisagan misaReb Semosavalze,  ,
1

j

m

i
iij cya 



 maSin 

0jx . rac niSnavs imas, rom warmoebis nebismier optimalur gegmaSi j -

uri saxis produqciis warmoeba ar aris navaraudevi. magram Tu 

warmoebis romelime optimalur gegmaSi j -uri saxis produqciis 

warmoeba navaraudevia, 0jx , maSin am produqciis erT erTeulze 
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daxarjuli yvela nedleulis Rirebuleba toli iqneba am produqciis 

erTi erTeulis realizaciidan miRebuli Semosavalis ,
1

j

m

i
iij cya 



es ki 

niSnavs, rom nedleulTa Rirebulebis Sefasebis optimaluri veqtoris 

yoveli komponenti SeiZleba warmovidginoT, rogorc Sesabamisi saxis 

nedleulis gamoyenebis efeqtianobis maCvenebeli. Tu warmoebis 

optimalur gegmaSi navaraudevia j -uri saxis produqciis gamoSveba 

( 0jx ), maSin Semosavali, romelic navaraudevia misi erTi erTeulis 

realizaciidan, toli unda iyos mis erT erTeulze daxarjuli yvela 

nedleulis mTliani Rirebulebis. 

Tu Cvens mier amoxsnil oradul (7.18)-(7.19) da (7.20)-(7.21) amocanebSi 

ricxviTi maCveneblebisa da cvladebis qveS vigulisxmebT (8.1)-(8.2) da 

(8.3)-(8.4) oraduli amocanebis Sesabamis maCveneblebsa da cvladebis 

Sinaarss, maSin zemoT aRwerili Tanafardobebi miiReben konkretul 

mniSvnelobebs.  aRvniSnoT, rom (7.22)-Si Semotanli 6543 ,,, xxxx  cvladebi 

warmoadgenen Sesabmisad pirveli, meore, mesame da meoTxe saxis 

nedleulis gamouyenebel raodenobas (rezervs) warmoebis ),( 21 xx gegmis 

mixedviT. 

warmoebis (42/11;60/11) gegma aris optimaluri da is uzrunvelyofs 

sawarmosaTvis maqsimalur Semosavals 390 fuladi erTeulis odenobiT. 

amasTan, pirveli da meore saxis nedleuli daixarjeba srulad 

043  xx , xolo mesame da meoTxe saxis nedleuli - ara, maTgan kidev 

darCeba Sesabamisad  5x =52/11 da 6x =46/11 erTeuli. 

nedleulis RirebulebaTa optimaluri veqtori (9;5;0;0) gviCvenebs, rom 

im nedleulis Rirebuleba, romelic srulad daixarja warmoebis 

optimaluri gegmis SemTxvevaSi, warmoadgens dadebiT ricxvebs 
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( 5;9 21  yy ), xolo nawilobriv daxarjuli nedleulis Rirebuleba ki 

– nulis tolia ( 043  yy ). 

garda amisa, vinaidan warmoebis optimaluri gegmis SemTxvevaSi orive 

saxis produqciaa sawarmoebuli ( 0;0 21  xx ), amitom (7.20) SezRudvaTa 

sistemaSi gvaqvs mkacri tolobebi. es, rogorc zemoT vnaxeT niSnavs, 

rom orive saxis produqciis erT erTeulze daxarjuli yvela 

nedleulis jamuri Rirebuleba unda daemTxves orive produqciis TiTo 

erTeulidan misaReb Semosavals. 

davubrundeT isev zogad SemTxvevas. oradulobis pirveli ZiriTadi 

Teoremidan, rogorc vnaxeT, gamomdinareobs toloba: 

                           ,
11




m

i
ii

n

j
jj ybxc                                (8.5) 

sadac ),...,,( 21 nxxxx   da ),...,,( 21 myyyy   Sesabamisi amocanebis nebismieri 

optimaluri amonaxsnebia. 

Tu (8.5)-Si vigulisxmebT, rom  yvela mibi ,1,   uwyveti cvladebia, maSin 

advilad miviRebT Semdeg mniSvnelovan tolobebs:  

                          miy
b

F
i

i

,1,)(max





                          (8.6) 

simetriuli oraduli da  

                          miy
b

F
i

i

,1,)(min





.                          (8.7) 

arasimetriuli oraduli amocanebisaTvis. 

(8.6) da (8.7) tolobebi gviCveneben, rom oraduli amocanis optimaluri 

fasebis veqtoris komponentebi warmoadgenen nedleulis maragebis 

zemoqmedebis Sefasebis kriteriumebs pirdapiri amocanis nebismier 

optimalur gegmaSi. 

vTqvaT, mocemulia wd oraduli arasimetriuli amocanebi (7.5)–(7.6) da 

(7.9)-(7.10)  da vTqvaT 
mjjj xxx ,...,,

2
1

 aris  (7.5) sistemis bazisuri 
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cvladebi (igulisxmeba, rom (7.5) sistemis rangi m -is tolia), maSin 

rogorc wrfiv gantolebaTa Teoriidan cnobilia, adgili aqvs Semdeg 

sistemas: 

                        ,,1,
1

mibkfx l

m

l
ljij ii

 


                         (8.8) 

sadac if  warmoadgens Tavisufali cvladebis wrfiv formas; xolo 

llj bk 
2

 - Tavisufali wevrebisagan damoukidebel koeficientebs. 

vTqvaT  

                          ,,1,0
1

mibk l

m

l
lji




                           (8.9) 

maSin Tu gaviTvaliswinebT, rom Tavisufali cvladebis nulovani 

mniSvnelobebisaTvis 0if , (8.8) sistemiT gansazRvruli bazisuri 

amonaxsni iqneba dasaSvebi. es amonaxsni aRvniSnoT (
mjjj xxx ,...,,

21
) 

veqtoriT, sadac 

                      .,1,
1

mibkx l

m

l
ljj

ii 


                             (8.10) 

CavTvaloT, rom (8.10) formulebiT gansazRvruli dasaSvebi amonaxsni 

optimaluria. Tu am formulebSi CavsvamT axal '
lb  Tavisufal wevrebs, 

miviRebT axal bazisur amonaxsns  ),...,,( '''
21 mjjj xxx , sadac 

                     .,1,'
1

' mibkx l

m

l
ljj ii




                               (8.11) 

(8.10) da (8.11) formulebidan martivad miviRebT utolobaTa Semdeg 

sistemas: 

                      .,1,
1

'' mibbkxx
m

l
llljjj

iii  


                     (8.12) 

vTqvaT, ),...,,( ''
2

'
1 mbbb  veqtori ekuTvnis ),...,,( 21 mbbb  veqtoris iseT midamos, 

romelSic sruldeba Semdegi utolobebi: 

                       ,,1,,1,' mlmi
km

bb
lj

ll

i




                     (8.13) 
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sadac    nebismieri dadebiTi ricxvia. Sesabamisad, (8.12) utolobebidan 

miviRebT: 

                           .,1,' mixx
ii jj                           (8.14) 

Tu (8.10) formulebiT gansazRvruli optimaluri amonaxsni 

aragadagvarebulia, maSin (8.14)-Si   yovelTvis iseTi SegviZlia 

SevarCioT, rom ),...,,( '''
21 mjjj xxx   veqtoric iqneba dasaSvebi amonaxsni. 

oraduli amocanis optimaluri amonaxsni aRvniSnoT ),...,,( 21 myyyy   

veqtoriT. oradulobis meore ZiriTadi Teoremidan, vinaidan 0
ij

x , 

gveqneba: 

                         .,1,
1

micya
ii jl

m

l
lj 



                          (8.15) 

danarCen SemTxvevaSi ki _ 

                    .,1,,,1,
1

mijjnjcya ijl

m

l
lji




               (8.16) 

rogorc vxedavT, (8.15) da (8.16) pirobebi ar aris damokidebuli   

),...,,( 21 mbbb  veqtorze. amitom isev meore ZiriTadi Teoremidan 

gamodminareobs, rom ),...,,( '''
21 mjjj xxx  veqtori iqneba ''

2
'
1 ,...,, mbbb  - Tavisufali 

wevrebis Sesabamisi optimaluri amonaxsni, xolo ),...,,( 21 myyyy  kvlav 

oraduli amocanis optimaluri amonaxsni. e.i. oraduli amocanis 

optimaluri amonaxsni aris mdgradi pirdapiri amocanis Tavisufali 

wevrebis garkveul sazRvrebSi cvlilebis miuxedavad. 

SevniSnoT, rom gadagvarebul SemTxvevaSi, e. i. rodesac romelime 0ijx , 

maSin axali Tavisufali wevrebis Sesabamisi amonaxsnebic SesaZlebelia 

iyos gadagvarebuli; im bazisurma cvladebma, romlebsac hqondaT 

nulovani mniSvnelobebi, Zvel optimalur amonaxsnSi, SesaZlebelia 

SeinarCunon TavianTi nulovani mniSvnelobebi axal optimalur 

amonaxsnSic. magram miuxedavad amisa, pirdapiri amocanis axali 
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optimaluri amonaxsni mainc iqneba gansxvavebuli Zveli optimaluri 

amonaxsnisagan erTi da igive bazisuri cvladebis SemadgenlobisaTvis. 

Tu ( ''
2

'
1 ,...,, mbbb ) veqtori ekuTvnis ),...,,( 21 mbbb  veqtoris iseT midamos, rom 

Sesabamisi pirdapiri amocanebis optimaluri amonaxsnebi ganisazRvrebian 

erTi da igive bazisuri cvladebiT, maSin adgili aqvs Semdeg 

damokidebulebas: 

             



m

j
jjjmm ybbbbbFbbbF

1

'
21

''
2

'
1 .)(),...,,(min),...,,(min               (8.17) 

formula (8.17) gamomdinareobs zemoT damtkicebuli (8.5) da (8.7) 

damokidebulebebidan. is gvaZlevs saSualebas avicdinoT yvela gamoTvla, 

romelic dakaSvirebulia wda-s  amoxsnasTan, mTavaria axali Tavisufali 

wevrebi ekuTvnodnen Zveli Tavisufali wevrebis iseT midamos, rom 

oraduli amocanis optimaluri amonaxsni iyos mdgradi. 

SevniSnoT, rom Cvens mier Catarebuli msjeloba samarTliani iqneba, 

agreTve, wd simetriuli oraduli amocanebisaTvis. magaliTad, pirdapir 

amocanad rom gangvexila (7.1)-(7.2) wda, maSin axali inx 
 cvladebis 

SemotaniT (8.1) SezRudvaTa pirobebi miiRebdnen gantolebaTa Semdeg 

saxes: 

                      


 
n

j
iinjij mibxxa

1
,,1,                           (8.18) 

sadac inx 
 damatebiT cvlads i -uri saxis nedleulis rezervis 

ekonomikuri Sinaarsi aqvs. cxadia, rom analogiuri msjelobiT miviRebT 

Sesabamis Sedegebs. (8.17) formulas simetriuli amocanebisaTvis eqneba 

Semdegi saxe: 

               



m

j
jjjmm ybbbbbFbbbF

1

'
21

''
2

'
1 .)(),...,,(max),...,,(max      (8.19) 

davubrundeT isev (7.18)–(7.19) amocanas. rogorc vnaxeT gegmis 

(42/11;60/11) veqtorisaTvis sawarmo miiRebs maqsimalur Semosavals 



92 
 

(vinaidan es gegma aris optimaluri) 390 fulad erTeuls. amave dros 

(9;5;0;0) warmoadgens oraduli amocanis optimalur amonaxsns. cxadia, 

rom sawarmo kidev ufro gazrdis Tavis Semosavals, Tu is gaadidebs 

mocemuli nedleulis marags, gansakuTrebiT pirveli da meore saxis 

nedleulis marags. aseTi daskvnis gakeTebis uflebas gvaZlevs oraduli 

amocanis optimaluri veqtoris mniSvneloba. amasTan, pirvel rigSi man 

unda gaizardos pirveli saxis nedleulis maragi, vinaidan am SemTxvevaSi 

am saxis nedleulis yoveli erTeulis gazrda gamoiwvevs Semosavlis 9 

fuladi erTeuliT gazrdas, maSin rodesac meore saxis nedleulis erTi 

erTeuliT gazrda gamoiwvevs Semosavlis mxolod 5 fuladi erTeuliT 

gazrdas. 

cxadia, rom aseT viTarebas adgili eqneba manam, sanam nedleulis maragis 

raodenoba icvleba garkveul sazRvrebSi (sanam oraduli amocanis 

optmialuri amonaxsni (9;5;0;0) inarCunebs mdgradobas). 

vnaxoT, ra gavlenas moaxdens pirveli da meore saxis nedleulis 

maragis Sesabamisad, 1s  da 2s  erTeuliT gazrda an Secmireba, maSin 

rodesac mesame da meoTxe saxis nedleulis maragi igive raodenobis 

darCeba. aseT SemTxvevaSi SezRudvebis pirobebs eqnebaT Semdegi saxe: 

                        





















132
5
2432
3025

62

51

2421

1321

xx
xx

sxxx
sxxx

  ,                       (8.20) 

xolo miznis funqcias eqneba isev (7.19) saxe: 

                            21 3355 xxF                               (8.21) 

Tu (8.20)-(8.21) wda oraduli amocanis optimaluri amonaxsni iqneba 

(9;5;0;0) veqtori, maSin Tavisufali iqneba 43 , xx  cvladebi da (8.20) 

sistemidan miviRebT Semdeg bazisur amonaxsns: 
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



























11
104

11
23

11
23

11
13

11
52

11
60

11
23

11
42

21
6

21
5

21
2

21
1

ssx

ssx

ssx

ssx

                          (8.22) 

xolo (8.19) formulis gaTvaliswinebiT miznis funqciis optimumi  

toli iqneba:  

                         21 59390 ssF                                        (8.23) 

imisaTvis, rom (8.23) iyos dasaSvebi amonaxsni, unda Sesruldes Semdegi 

pirobebi:  

                        ,0,0,0,0 6521  xxxx  

anu 

                     





















)(23104
)(1323
)(6052
)(4223

21

21

21

21

IVss
IIIss
IIss
Iss

                             (8.24) 

(8.23)-(8.24) wda amovxsnaT geometriuli meTodiT, romelic mocemulia 

nax. 8.1-ze.  Tu ),2,1(,0  isi maSin das-s warmoadgens OABC  oTxkuTxedi 

(am SemTxvevaSi gvaqvs pirveli da meore saxis nedleulis maragis 

momateba). magram Tu 1s  da 2s  Rebuloben nebismier mniSvnelobebs, maSin 

das-s warmoadgens LKBM  paralelograms. am SemTxvevaSi SesaZlebelia 

orive nedleulis maragis Semcirebac. 

BT  da LR  warmoadgenen sayrden wrfeebs, amitom (8.23) formuliT 

gansazRvruli F  miznis funqcia miiRebs maqsimalur mniSvnelobas B  

wertilSi, xolo minimalurs - L  wertilSi. (8.24) sistemidan advilad 

miviRebT am wertilebis koordinatebs: B (8;5;5), L  (-30;-24) xolo F -is 

Sesabamisi mniSvnelobebi ki iqneba: 

                           )(BF =489,5; )(LF =0. 
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optimumebis miRebuli mniSvnelobebidan gamomdinareobs, rom Tu sawarmo 

gazrdis pirveli saxis nedleulis marags 38 erTeulamde, xolo meore 

saxis nedleuls – 29,5-mde, maSin warmoebis optimaluri gegma iqneba 

(5;6,5) veqtori, xolo maqsimaluri Semosavali ki – 489,5 fuladi 

erTeuli. amasTan optimaluri gegmis SemTxvevaSi yvela saxis nedleuli 

srulad diaxarjeba (am SemTxvevaSi 06543  xxxx ). 

 

 

 

                                   nax. 8.1 

is, rom L (-30;-24) wertilSi miznis funqcia Rebulobs nulovan 

mniSvnelobas, mosalodneli iyo, vinaidan am SemTxvevaSi sawarmos 

saerTod ar gaaCnia pirveli da meore saxis nedleulis maragi. radganac 

es nedleuli aucileblad gamoiyeneba orive saxis produqciis 

sawarmoeblad, amitomac maTi arqona ar miscems sawarmos saSualebas 

daamzados romelime saxis produqciis sul mcire raodenoba mainc. 

SevniSnoT, rom mesame da meoTe saxis romelime nedleulis arqona ar 

S

2 

S

1 

B 

A 

O C 

M 

K 
T 

M 

R 

L 



95 
 

gamoiwvevs sawarmos saqmianobis gaCerebas, vinaidan erT-erTi saxis 

produqciis raRac raodenoba mainc SeiZleba damzaddes da amitom 

sawarmos eqneba garkveuli Semosavali. 

wd oraudlobis zogierT sakiTxSi ukeT garkvevisaTvis ganvixiloT 

ekonomikuri dagegmvis Semdegi amocana: 

saamqro standartuli formis masalisagan damuSavebis sxvadasxva 

teqnologiiT awarmoebs gansxvavebuli formis sxvadasxva raodenobis 

nawarms. saWiroa gairkves, ramdeni masala unda damuSavdes ama Tu im 

teqnologiiT, rom saamqrom gamouSvas garkveuli formis nawarmis 

gansazRvruli raodenoba da amasTan, erTad daxarjuli masalis 

raodenoba iyos minimaluri. 

aRvniSnoT m -iT nawarmebis formebis raodenoba; n -iT damuSavebis 

teqnologiebis raodenoba; ija -iT i -uri formis nawarmis raodenoba, 

romelic miiReba mocemuli masalis j -uri teqnologiiT damuSavebis 

Sedegad; ib -iT i -uri formis nawarmTa raodenoba; jx -iT masalis 

raodenoba, romelic unda damuSavdes  j -uri  teqnologiiT; maSin 

),...,,( 21 nxxx  veqtori iqneba gegma, romliTac unda ixelmZRvanelos 

saamqrom. 

 i -uri formis nawarmis raodenoba, romelic miiReba mocemuli 

masalisagan damuSavebis  j -uri teqnologiiT, tolia jij xa ; vinaidan am 

formis nawarmis saerTo raodenoba ar unda iyos ib -ze naklebi, amitom 

samarTliania Semdegi utoloba: 





n

j
ijij mibxa

1
,,1,                               (8.26) 

sadac marcxena mxare warmoadgens i -uri formis namzadis mTlian 

raodenobas. 

masalebis saerTo danaxarji F  toli iqneba: 
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                             



n

j
jxF

1
.                                   (8.27) 

amocanis Sinaarsidan gamomdinare (8.26)-(8.27) aris standartuli saxiT 

Cawerili wda. 

miRebuli wda-s oradul amocanas warmoadgens Semdegi wda: 

                           



m

i
iij njya

1
,,1,1                             (8.28) 

                           



m

i
i yb

1
.                                     (8.29) 

imisaTvis, rom gavarkvioT (8.28)-(8.29) oraduli wd amocanis 

ekonomikuri arsi, ganvixiloT ekonomikuri sistema: qarxana – saamqro. 

qarxana Tavis daqvemdebarebul saamqros amaragebs standartuli formis 

masaliT. am masalisagan saamqrom unda daamzados garkveuli formis da 

raodenobis namzadi (nawarmi). amasTan qarxana dainteresebulia, rom 

masalis danaxarji iyos minimaluri. saWiro formis namzadis misaRebad 

qarxanaSi gamoiyeneba masalis damuSavebis sxvadasxva teqnologia.  

teqnologiebi, romelic unda gamoiyenos saamqrom saWiro formis da 

raodenobis namzadis sawarmoeblad, ganisazRvreba  (8.26) - (8.27) wda 

amoxsniT, riTac uzrunvelyofili iqneba masalis minimaluri danaxarji.  

vTqvaT, qarxanasa da saamqros Soris moqmedebs „fasTa sabazro meqanizmi“. 

amitom saamqro eswrafvis Seafasos Tavisi produqcia rac SeiZleba 

Zvirad, magram ise, rom qarxnisaTvis misi Sesyidva iyos momgebiani. aseTi 

sarfiani da amave dros gamarTlebuli Sefasebis gansazRvra warmoadgens 

oraduli (8.28)-(8.29) amocanis amoxsnis arss, Tu iy - cvladis qveS 

vigulisxmebs i -uri formis nawarmis Rirebulebas, xolo masalis fass 

CavTvliT erTeulis tolad (ase ganisazRvreba SefasebaTa masStabi). 
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ganvixiloT magaliTi. vTqvaT saamqroSi sami sxvadasxva formis 

namzadebis sawarmoeblad gamoiyeneba ori gansxvavebuli teqnologia. 

ricxviTi monacemebi mocemulia matriciT: 

                  .
035
321

)( 







ija  

gamovikvlioT pirobebi, romlis drosac oraduli amocanis romelime 

optimaluri amonaxsni iqneba mdgradi, amitom pirveli da meore 

namzadebis raodenobebi aRvniSnoT arauaryofiTi cvladebiT Sesabamisad 

1b  da 2b . am SemTxvevaSi pirdapir amocanas eqneba Semdegi saxe:  

                       








221

1321

35
32
bxx

bxxx
 ,                               (8.30) 

                   321 xxxF                                     (8.31) 

xolo mis oradul amocanas ki  

                        














,13
,132

,15

1

21

21

y
yy

yy
,                                (8.32)                      

                         .2211 ybyb                                   (8.33) 

oraduli amocanis amoxsna geometriuli meTodiT mocemulia    nax. 8.2-

ze. das aris OABCD xuTkuTxedi. amasTan wveroebis koordinatebia 

A (0;1/5); B (2/7;1/7); C (1/3;1/9); D (1/3;0) vinaidan                          

  funqciis optimumi (maqsimumi) gamoiangariSeba erTerTi wveros 

koordinatebze, CavataroT analizi xuTkuTxedis yvela wveroze.   
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                      nax. 8.2 

1. A (0;1/5) wertili rom iyos maqsimumis wertili, amisaTvis unda 

Sesruldes piroba: 

                             )()( BA       

anu                     ,
7
1

7
2

5
1

212 bbb   

saidanac miviRebT: .5 12 bb  amasTan tolobis SemTxvevaSi AB  monakveTis 

yvela wertili iqneba optimaluri amonaxsni. 

2. B (2/7;1/7) rom iyos maqsimumis wertili, unda Sesruldes piroba: 

                          








)()(
)()(

CB
AB
 

saidanac miviRebT: ,5
2
3

121 bbb  amasTan, marcxena mxareSi tolobis 

SemTxvevaSi BC  monakveTis yvela wertili iqneba optimaluri amonaxsni, 

xolo marjvena mxareSi tolobis SemTxvevSi ki – AB  monakveTi. 

3. C (1/3;1/9) rom iyos maqsimumis wertili, unda Sesruldes piroba: 

                      








)()(
)()(

DC
BC

 

saidanac miviRebT: ,
2
30 12 bb   amasTan, 02 b  SemTxvevaSi DC  monakveTis 

yvela wertili iqneba optimaluri amonaxsni, xolo marjvena mxareSi 

tolobis SemTxvevaSi ki - CB  monakveTis yvela wertili. 

4. D (1/3;0) rom iyos maqsimumis wertili, unda Sesruldes piroba: 

                ),()( CD   

saidanac ,02 b  magram es piroba yovelTvis Sesrulebadia, amasTan 

rogorc zemoT vnaxeT, Tu ,02 b  optimaluri amonaxsni iqneba DC   

monakveTis yvela wertili, e. i. D  iqneba maqsimumis wertili mxolod 

maSin, rodesac DC  monakveTi iqneba optimalur amonaxsnTa simravle. 
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Catarebuli analizis Sedegi mocemulia nax. 8.3-ze. Tu ),( 21 bb  wertili 

ekuTvnis I  seqtors, maSin maqsmiumis wertili iqneba A ; am SemTxvevaSi 

5
1,0 21  yy  iqneba mdgradi optimaluri amonaxsni. Sesabamisad II 

seqtorSi ,
7
1,

7
2

21  yy  xolo III seqtorSi ki - 
9
1,

3
1

21  yy . 

SevniSnoT, rom Tu ( 1b , 2b ) wertili iqneba sazRvris romelime wrfeze, 

maSin rogorc zemoT vnaxeT, amocanas eqneba amonaxsnTa usasrulo 

simravle - BCAB, an CD monakveTebidan romelime erTis Semadgeneli 

yvela wertili. 

romel seqtorSic ar unda mdebareobdes ( 1b , 2b ) wertili Cveni amocanis 

optimumi martivad gamoiTvleba (8.33) formuliT. magram Tu saWiroa 

vipovoT pirdapiri amocanis optimaluri amonaxsni, maSin zemoT 

aRwerili wesebiT (ix. § 3), SemovitanoT arauaryofiTi damatebiTi 54 , xx  

da 543 ,, yyy  cvladebi da davamyaroT Sesabamisoba: 

                   .;;;; 2514534231 yxyxyxyxyx         (8.34) 

 

   

b

2 

b

1 

b2=5b

1 

I

I
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I

I

I

I 

II
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 nax. 8.3 

I 

b2=1,5b

1 
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am SemTxvevaSi pirdapiri da oraduli amocanis nebismieri amonaxsni 

iqneba xuTganzomilebiani veqtori. amasTan, oraduli amocanis 

optimaluri amonaxsnebi, romlebic Seesabamebian CBA ,,  da D  wertilebs, 

Sesabamisad iqnebian: 

  A (0; 1/5; 0; 2/5; 1), B (2/7; 1/7; 0; 0; 1), C (1/3; 1/9; 1/9; 0; 0), D (1/3; 

0; 2/3; 1/3; 0), 

xolo Tavisufal cvladTa simravle Sesabamisad iqneba: 

                  .),(),,(),,(),,( 52544331 yyyyyyyy  

Tu gaviTvaliswinebT (8.34) Sesabamisobas, miviRebT rom A  wertilis 

Sesabamisi bazisur cvladTa simravle pirdapir amocanaSi iqneba ),( 41 xx , 

xolo optimaluri amonaxsni )0;0;5/( 2b  veqtori (ganvixilavT (8.30)-is    

samganzomilebian amonaxsns); Sesabamisad, B  wertilis – ),( 41 xx  da  

)0;7/)5(;7/)23(( 2121 bbbb   amonaxsni; C  wertilis ),( 32 xx  da – 

)9/)23(;3/;0( 212 bbb  ; xolo D  wertilis - ),( 53 xx  da )3/;0;0( 1b  amonaxsni. 
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$9. wrfivi daprogramebis amocanebis amoxsna  programa    

“MS Excel”-is saSualebiT 

 

 

konkretul magaliTebze dayrdnobiT ganvixiloT wda-s amoxsnis 

meTodebi programa “MS  Excel”-is saSualebiT.  

magaliTi 1. amoxseniT Semdegi wda: 

                    max32 21  xxF                         (9.1) 

                


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                          (9.2)  

miviyvanoT mocemuli amocana kanonikur saxemde, miviRebT:  

                          max32 21  xxF                         (9.3)                    

                

























).6,1(,0

213
5

162
183

61

52

421

321

jx

xx
xx

xxx
xxx

j

                        (9.4)  

Sesabamisad, (9.1)-(9.2) amocana Camoyalibdeba Semdegi saxiT: 

vipovoT (9.4) gantolebaTa sistemis iseTi arauaryofiTi amonaxsni, 

romelic (9.3) miznis funqcias mianiWebs maqsimalur mniSvnelobas.  

 CamovayaliboT dasmuli amocanis amoxsnis algoriTmi programa  

“Excel”-s saSualebiT. 

1. avmuSavoT programa Excel (Start→Programs→Microsoft Office→ Microsoft 

Excel); 

2. gavaaqtiuroT (Tu ar aris gaaqtiurebuli) Excel-is 

instrumentuli saSualeba Solver (Tools→Add-ins→Solver); 

3. amocanis monacemebi SevitanoT cxrilSi Semdegi saxiT: 

 B3-G3 ujrebSi SevitanoT (9.4) sistemis pirveli gantolebis  
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koeficientebi, B4-G4-Si - meore, B5-G5-Si mesame da B6-G6-Si 

ki meoTxe gantolebis koeficientebi Sesabamisad; 

 H3-H6 ujrebSi SevitanoT (9.4) sistemis marjvena mxare; 

 B7-G7 ujrebSi SevitanoT (9.3) miznis  funqciis 

koeficientebi; 

 4. I3-I6 ujrebSi SeviyvanoT formulebi, romlis saSualebiTac 

gamoiTvleba (9.4) sistemis marcxena mxaris mniSvnelobebi, striqonebis 

mixedviT, kerZod: 

  I3-Si - =B3*$B$8+C3*$C$8+D3*$D$8+E3*$E$8+F3*$F$8+G3*$G$8; 

I4-Si -  =B4*$B$8+C4*$C$8+D4*$D$8+E4*$E$8+F4*$F$8+G4*$G$8; 

I5-Si -  =B5*$B$8+C5*$C$8+D5*$D$8+E5*$E$8+F5*$F$8+G5*$G$8; 

I6-Si - =B6*$B$8+C6*$C$8+D6*$D$8+E6*$E$8+F6*$F$8+G6*$G$8. 

5.  I7 ujraSi SeviyvanoT miznis funqciis mniSvnelobis gamosaTvleli 

formula, Cvens SemTxvevaSi:  

      =B7*$B$8+C7*$C$8+D7*$D$8+E7*$E$8+F7*$F$8+G7*$G$8 

       1-5 punqtebis Sesrulebis Sedegad  Excel-is furcels eqneba Semdegi 

saxe:  

 

 

 
 
 

5. avamuSavoT Excel-is instrumentuli saSualeba Solver 

(Tools→Solver),  

ris Sedegadac gamoCndeba Semdegi dialoguri fanjara: 
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sadac 

 “Set Target Cell” (qarT. - miuTiTeT  miznis ujra) gaswvriv unda 

mivuTiToT is ujra, sadac fiqsirdeba optimaluri 

mniSvneloba, Cvens SemTxvevaSi aseTi ujra aris $I$7; 

 “Equal  To” (qarT. – romelic udris) gaswvris unda avirCioT 

Max an Min, amocanis pirobidan gamomdinare, Cvens SemTxvevaSi 

–Max; 

 “By Changing cells” (qarT. – cvalebadi ujrebisaTvis)-Si unda 

mivuTiToT is ujrebi, romelTa mniSvnelobebi icvleba da 

sadac mieTiTeba amonaxsni, Cvens SemTxvevaSi aseTi ujrebia 

$B$8:$G$8 ujrebi;  

 “Subject to the Constraints”  (qarT. – SezRudvebi) – Si unda 

mivuTiToT SezRudvebi. Cvens SemTxvevaSi es aris $I$3 - $I$6 

ujrebSi arsebul formulebze SezRudvebi, kerZod maTi 

mniSvnelobebi ar unda aRematebodnen HH3 - H6  ujrebSi 

dafiqsirebul mniSvnelobebs Sesabamisad; 

 “Options” (qarT. – parametrebi) – Si virCevT “Assume Linear 

Model” (qarT. – wrfivi modeli)  da  “Assume Non-negative” 

(qarT. – arauaryofiTi mniSvnelobebi) punqtebs; 
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6. bolos vaZlevT brZanebas Solve. optimizaciis warmatebiT     

dasrulebis SemTxvevaSi gamoCndeba rezultatebis fanjara, 

sadac miTiTebuli iqneba amonaxsni. Cvens SemTxvevaSi gveqneba: 

 

 amrigad, miviReT Semdegi rezultati: (9.1) - (9.2) amocanaSi 

maqsimaluri mniSvneloba miiRweva  4,6 21  xx  mniSvnelobebisaTvis, 

xolo miznis funqciis maqsimaluri mniSvnelobaa 24F . 

 

magaliTi 2. programa “Excel”-is saSualebiT ipoveT 1.1 amocanis  

amonaxsni. 

I etapi. SevadginoT 1.1 amocanis maTematikur-ekonomikuri modeli. 

miviRebT Semdeg wda-s: 
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0,
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300412
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21

21

xx
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xx
xx

                                         (9.5)                                  

max43 21  xxF                                               (9.6) 

II etapi. movaxdinoT miRebuli amocanis realizacia “Excel”-ze, 

Semdegi sqemis mixedviT: 

1. avmuSavoT programa Excel (Start→Programs→Microsoft Office→Microsoft 

    Excel); 

2. gavaaqtiuroT (Tu ar aris gaaqtiurebuli) Excel-is 

instrumentuli saSualeba Solver (Tools→Add-ins→Solver); 
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3. amocanis monacemebi SevitanoT cxrilSi Semdegi saxiT: 

 B3-C3 ujrebSi SevitanoT (9.5) sistemis pirveli gantolebis  

koeficientebi, B4-C4-Si – meore da B5-C5-Si ki mesame 

gantolebis koeficientebi Sesabamisad, anu erTi erTeuli 

produqciisaTvis saWiro nedleulis raodenoba; 

 D3-D5 ujrebSi SevitanoT (9.5) sistemis marjvena mxare, anu 

nedleulis maragis raodenoba; 

 B6-C6 ujrebSi SevitanoT (9.6) miznis  funqciis 

koeficientebi, anu produqciis fasi; 

4. E3-E5 ujrebSi SeviyvanoT formulebi, romlis saSualebiTac  

   gamoiTvleba (9.5) sistemis marcxena mxaris mniSvnelobebi, 

   striqonebis mixedviT, anu nedleulis danaxarjebi, kerZod: 

  E3-Si - = B3*$B$7+C3*$C$7; 

E4-Si -  = B4*$B$7+C4*$C$7; 

E5-Si -  =B5*$B$7+C5*$C$7. 

5. E6 ujraSi SeviyvanoT miznis funqciis mniSvnelobis 

gamosaTvleli 

  formula, anu mTliani Semosavali. Cvens SemTxvevaSi:  

                         =B6*$B$7+C6*$C$7. 

       1-5 punqtebis Sesrulebis Sedegad  Excel-is furcels eqneba Semdegi 

saxe: 
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6. avamuSavoT Excel-is instrumentuli saSualeba Solver 

(Tools→Solver),  

ris Sedegadac gamoCndeba Semdegi dialoguri fanjara, romlis punqtebs 

vavsebT qvemoT naCvenebi sqemis mixedviT: 

 

 

      

 sadac 

 “Set Target Cell” (qarT. - miuTiTeT  miznis ujra) gaswvriv unda 

mivuTiToT is ujra, sadac fiqsirdeba optimaluri 

mniSvneloba, Cvens SemTxvevaSi aseTi ujra aris $E$6; 
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 “Equal  To” (qarT. – romelic udris) gaswvris unda avirCioT 

Max an Min, amocanis pirobidan gamomdinare, Cvens SemTxvevaSi 

–Max; 

 “By Changing cells” (qarT. – cvalebadi ujrebisaTvis)-Si unda 

mivuTiToT is ujrebi, romelTa mniSvnelobebi icvleba da 

sadac mieTiTeba amonaxsni, Cvens SemTxvevaSi aseTi ujrebia 

$B$7:$C$7 ujrebi;  

 “Subject to the Constraints”  (qarT. – SezRudvebi) – Si unda 

mivuTiToT SezRudvebi. Cvens SemTxvevaSi es aris $E$3 - $E$5 

ujrebSi arsebul formulebze SezRudvebi, anu maragze 

SezRudvebi. kerZod maTi mniSvnelobebi ar unda aRematebodnen  

D3 – D5  ujrebSi dafiqsirebul mniSvnelobebs Sesabamisad; 

 “Options” (qarT. – parametrebi) – Si virCevT “Assume Linear 

Model” (qarT. – wrfivi modeli)  da  “Assume Non-negative” 

(qarT. – arauaryofiTi mniSvnelobebi) punqtebs; 

7. bolos vaZlevT brZanebas Solve. optimizaciis warmatebiT     

dasrulebis SemTxvevaSi gamoCndeba rezultatebis fanjara, 

sadac miTiTebuli iqneba amonaxsni. Cvens SemTxvevaSi gveqneba: 
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 amrigad, miviReT Semdegi rezultati: 1.1 amocanaSi maqsimaluri 

mogeba miiRweva A produqciis 12 da B produqciis 18AerTeulis 

warmoebisas. aseT SemTxvevaSi sawarmos SesaZlo yvelaze maqsimaluri 

Semosavali iqneba 108F . 

 

               savarjiSoebi 

1.2-1.4, 2.1-2.6, 3.1-3.8, 4.1-4.4, 5.1-5.6, 6.1-6.6 da 7.1-7.8 magaliTebi 

amoxseniT programa “Excel”-is gamoyenebiT. 
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$ 10. satransporto amocana da misi amoxsnis meTodebi 

 
 
 satransporto amocanebSi unda ganisazRvros mimwodebeli punq-

tebidan daniSnulebis punqtebSi saqonlis gadazidvis optimaluri gegma. 

 Cven ganvixilavT iseT satransporto amocanebs, romlebic cnobilia 

rogorc amocanebi Rirebulebis kriteriumiT. CamovayaliboT zogadad 

aseTi amocana: 

 m21 A,...,A,A  punqtebSi (mimwodebeli, sawyobi) ganTavsebulia 

erTgvarovani saqoneli (tvirTi, resursi) Sesabamisad m21 a,...,a,a  

erTeulis odenobiT, romelic unda gadaigzavnos n21 B,...,B,B  

daniSnulebis punqtebSi (momxmarebeli, mimRebi) Sesabamisad n21 b,...,b,b  

erTeulis odenobiT (moTxovna). mocemulia iA   punqtidan jB  punqtSi 

saqonlis erTi erTeulis gadazidvis Rirebuleba (tarifi, danaxarjis 

koeficienti) )n,1j,m,1i(Cij  . 

 saWiroa ise daigegmos saqonlis gadazidva, e.i. ganisazRvros iA  

punqtidan jB  punqtSi gadasagzavni saqonlis raodenoba )n,1j,m,1i(  , 

rom SesaZlebeli iyos moTxovnebis mTlianad dakmayofileba (Tu 

saqonlis mTliani raodenoba iZleva amis saSualebas) da amasTan 

gadazidvis xarjebi iyos minimaluri. 

 ganasxvaveben amocanebs, romlebSic daculia e.w. balansis piroba 

                               



n

1j
j

m

1i
i ba ,                       (10.1) 

e.i. saqonlis mTliani raodenoba tolia masze moTxovnebis jamuri 

raodenobisa da romlebSiac balansis piroba darRveulia: 

                               



n

1j
j

m

1i
i ba .                       (10.2)  
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 maTematikur models, romelSiac daculia (10.1) piroba, ewodeba 

Caketili, xolo Tu adgili aqvs (10.2) pirobas maSin ewodeba Ria. 

 vaCvenoT, rom satransporto amocana Ria maTematikuri modeliT 

SeiZleba daviyvanoT mis ekvivalentur Caketili maTematikuri modelis 

amocanaze. amisaTvis ganvixiloT ori SemTxveva. 

                  1) 



n

1j
j

m

1i
i ba   da  2) 




n

1j
j

m

1i
i ba . 

 pirvel SemTxvevaSi gvaqvs saqonlis Warbi raodenoba da rom 

aRvadginoT balansis piroba, amisaTvis warmovidginoT, rom gvaqvs kidev 

erTi daniSnulebis punqti 1nB   romlis moTxovna saqonelze 1nb    

ganisazRvreba Semdegi tolobidan: 

                          


 
n

1j
j

m

1i
i1n bab ,                       (10.2) 

xolo am punqtis Sesabamisi yvela tarifi 0C 1n,i  . 

 maSasadame, Cven ukve gveqneba daniSnulebis 1n21 B,...,B,B   punqti da 

(10.3) gantolebidan ki balansis Semdegi piroba: 







1n

1j
j

m

1i
i ba . 

axleburad Camoyalibebuli amocanis nebismier amonaxsnSi saqonlis is 

raodenoba, romelic unda gadaizidos 1nB   punqtSi faqtiurad darCeba 

Sesabamis mimwodebelTan. piriqiT, mocemuli amocanis nebismier 

amonaxsnSi mimwodebel punqtebSi darCenili saqoneli SeiZleba 

warmovidginoT, rogorc fiqtiur 1nB    daniSnulebis punqtSi 

gadaziduli saqoneli. garda amisa, vinaidan Sesabamisi tarifebi nulis 

tolia, amitom 1nB   punqtSi saqonlis gadazidvis xarji mTlian xarjze 

gavlenas ar iqoniebs. cxadia, rom gadazidvebis optimaluri gegma 
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mocemuli amocanisaTvis da axleburad Camoyalibebuli amocanisaTvis 

iqneba erTi da igive. 

 meore SemTxvevaSi, e.i. rodesac gvaqvs saqonlis deficiti, rom 

aRvadginoT balansis piroba, amisaTvis warmovidginoT, rom arsebobs 

kidev erTi mimwodebeli punqti 1mA  , romlis maragi 1ma    Semdegi 

sxvaobis tolia: 

                      


 
m

1i
i

n

1j
j1m aba ,                      (10.4) 

xolo Sesabamisi tarifebi )n,1j(0C i,1m  . 

 maSasadame, aseTi gardaqmniT Cveni amocana daiyvaneba iseT amocanaze, 

sadac ukve 1m  mimwodebeli punqtia da igive raodenobis daniSnulebis 

punqti, amasTan daculia balansis piroba. zemoT moyvanili msjelobis 

analogiurad, SeiZleba vaCvenoT, rom am SemTxvevaSic gvaqvs mocemuli 

amocanis ekvivalenturi gardaqmna. SemdgomSi, Tu ar iqneba Sesabamisi 

miTiTeba, yovelTvis SeiZleba CavTvaloT, rom (10.1) balansis piroba 

daculia. 

 mocemuli amocanis sawyisi monacemebi mizanSewonilia CavweroT e.w. 

ganawilebis (gadazidvis) cxrilSi. aseT cxrilebs Cven gamoviyenebT 

SemdegSi, ara marto sawyisi monacemebis Sesatanad, aramed amocanis 

amoxsnis procesSic. 

 amocanis maTematikuri modelis Sesaqmnelad SemoviRoT 

),;,( nijmiix ij   cvladebi - saqonlis raodenoba, romelic unda 

gadaizidos iA  punqtidan jB  punqtSi. amocanis yvela monacemi 

SevitanoT ganawilebis cxrilSi (cxr. 10.1). 
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                                                         cxrili 10.1 

 

mimwodebeli  
momxmarebeli 

maragi B1 .…. . 
jB  .…. . 

nB  

 
A1 

         C11 

 
x11 

 

 
.…. . 

         C1j 

 
x1j 

 

  
.…. . 

         C1n 

 
x1n 

 

 
a1 

 
.…. . .…. . .…. . .…. . .…. . .…. . .…. . 

 
Ai 

         Ci1 

 
xi1 

 

 
.…. . 

         Cij 

 
xij 

 

 
. . . 

         Cin 

 
xin 

 

 
ai 

.…. . .…. . .…. . .…. . .…. . .…. . .…. . 
 

Am 

        Cm1 

 

xm1 

 

 
.…. . 

         Cij 

 
xij 

 

 
.…. . 

        Cmn 

 
xmn 

 

 
am 

 
moTxovna 

 
b1 

 
.…. . 

 
bj 

 

 
.…. . 

 
bn 

 




n

1j
j

m

1i
i ba

  
  
 SemdgomSi Cven ar ganvasxvavebT ijx  cvladsa da mis Sesabamis 

ujreds ganawilebis cxrilSi. 

 cxadia, rom Cvens mier Semotanili cvladebi unda akmayofilebdnen 

gantolebaTa Semdeg sistemas (SezRudvaTa pirobebi): 

                   










njbxxxII

miaxxxI

jmjjj

iinii

,1,....

,1,....

21

21
                  (10.5) 

 gadazidvis saerTo xarjebisaTvis (miznis funqcia) ki -  gveqneba 

Semdegi gamosaxuleba: 

        
 


m

i

n

j
ijijmnmnijij xCxCxCxCxCF

1 1
12121111  ,            (10.6) 

 maSasadame, miviReT wrfivi daprogramebis Semdegi amocana 

(Cawerili kanonikuri formiT): 

(8.5) gantolebaTa sistemis arauaryofiT amonaxsnebs Soris vipovoT 

iseTi, romlisTvisac F funqcia miiRebs minimalur mniSvnelobas. 



113 
 

aseT saxiT dasmul amocanas ewodeba satransporto amocana 

Rirebulebis kriteriumiT. 

vaCvenoT, rom satransporto amocanis das ar aris carieli. 

marTlac, Tu (10.1) balansis pirobaSi maT saerTo mniSvnelobas 

aRvniSnavT M-iT, 

 
 


m

1i

n

1j
ji baM , 

maSin 

                      )n,1j;m,1i(,
M
ba

X ji
ij                       (10.7) 

aris amonaxsni. marTlac, SezRudvaTa I jgufis pirobebisaTvis gveqneba: 

m,1i,aM
M
ab

M
a

M
ba

M
ba

M
ba

i
i

n

1j
j

ini2i1i  


 . 

analogiurad gveqneba SezRudvaTa II jgufis pirobebisaTvis 

n,1j,bM
M
b

a
M
b

M
ba

M
ba

M
ba

j
jm

1i
i

jjmj2j1
 



 . 

e.i. (10.7) marTlac aris (10.5) sistemis amonaxsni. cxadia, rom es 

amonaxsni umetes SemTxvevaSi, ar iqneba ara marto optimaluri, aramed 

erTaderTic. 

 SezRudvaTa (10.5) gantolebebis konstruqciidan gamomdinare (yvela 

cvladi gantolebebSi Sedis koeficientiT _ erTi an nuli, amasTan 

erTis toli koeficienti aqvs mxolod or gantolebaSi, erTi romelic 

Sedis gantolebaTa I jgufSi, xolo meore ki - gantolebaTa II jgufSi) 

SeiZleba davamtkicoT, rom am sistemaSi wrfivad damoukidebelia (m+n-1)  

gantoleba (m+n)-dan. vaCvenoT, rom  (10.5) gantolebaTa sistemis 

nebismieri gantoleba SeiZleba warmovadginoT, rogorc danarCeni 

gantolebebis algebruli jami. magaliTad, ganvixiloT I jgufis k-uri 
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gantoleba. SevkriboT  II jgufis yvela gantoleba da mas gamovakloT I 

jgufis yvela gantoleba garda k-uri gantolebisa, miviRebT: 

       
    


n

j

m

i

m

kii

n

j

m

kii
ij

n

j
ijij abxx

1 1 ,1 1 ,11
 

Tu am gantolebaSi pirvel SesakrebSi adgilebs SevucvliT ajamvis 

mimdevrobas da gaviTvaliswinebT balansis (10.1) pirobas, miviRebT: 

kknkk axxx  21 . 

 amiT Cven vaCveneT, rom gantolebaTa (10.5) sistemaSi wrfivad 

damoukidebelia (m+n-1) gantoleba mainc. vaCvenoT, rom wrfivad 

damoukidebelia zustad (m+n-1)  gantoleba. amisaTvis sakmarisia, 

movZebnoT romelime (m+n-1)  cvladi, romelic danarCeni  

                         mn-(m+n-1)=(m-1)(n-1)   

cvladebis saSualebiT wrfivad gamoisaxebian. e.i. (m+n-1)  raodenobis 

cvladi iqneba bazisuri, xolo danarCeni ki Tavisufali. bazisur 

cvladebad avirCioT ganawilebis cxrilSi pirveli striqonisa da 

pirveli svetis Sesabamisi cvladebi. I da II jgufis cvladebisaTvis 

(10.5) gantolebaTa sistemidan miviRebT gantolebaTa Semdeg sistemas: 











njxxxbxII

mixxxaxI

mjjjjij

iniiii

,1,.

;,1,.

32

321




 

 Tu (10.8) gantolebaTa sistemis I jgufis pirvel gantolebaSi (X11- 

is Sesabamis gantolebaSi) CavsvamT II jgufis gantolebebs n,...,3,2j   

mniSvnelobebisaTvis, miviRebT: 

          
   

     mnnnmn

mnnnnm

xxxxxxbba
xxxbxxxbax








322322221

32232222111
   (10.9) 

maSasadame, Cven faqtobrivad pirveli striqonisa da pirveli svetis 

(m+n-1) cvladi gamovsaxeT danarCeni mn-(m+n-1)=(m-1)(n-1) cvladebis 

saSualebiT. es ki niSnavs imas, rom (10.5) gantolebaTa sistemaSi 

marTlac (m+n-1) gantoleba wrfivad damoukidebelia. 
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 zemoT moyvanili msjelobisas bazisur cvladebad Cven SevarCieT 

pirveli striqonisa da pirveli svetis Sesabamisi cvladebi, rac ar aris 

aucilebeli. aseve SegveZlo bazisur cvladebad SegverCia, vTqvaT me-2 

striqonisa da me-2 svetis cvladebi da a.S. miTumetes, rom am 

SemTxvevaSi Sesabamisi amonaxsni SeiZleba saerTod ar iyos bazisuri. 

 vTqvaT, vipoveT iseTi bazisi, romlis Sesabamisi amonaxsnic 

dasaSvebia. SevitanoT es amonaxsni ganawilebis cxrilSi ise, rom 

Tavisufali cvladebis nulovani mniSvnelobebi ar CavweroT Sesabamis 

ujredebSi. SevavsoT mxolod bazisuri ujredebi. amasTan, Tu romelime 

bazisurma cvladma miiRo nulovani mniSvneloba (gvaqvs gadagvarebuli 

SemTxveva) mainc unda SevitanoT cxrilSi, gansxvavebiT Tavisufali 

cvladebis nulebisagan. aseTi saxiT Sevsebuli cxrilidan yovelTvis 

naTeli iqneba, esa Tu is cvladi (ujredi) romel simravles ekuTvnis, 

bazisurs Tu Tavisufal cvladTa simravles. 

 iseve, rogorc nebismieri wdza amoxsnisas satransporto amocanis 

amoxsnac unda daiwyos sawyisi bazisuri (sayrdeni) amonaxsnis povniT. 

aseTi amonaxsnis Zebnis procesi SeiZleba daiyos ramdenime etapad. yovel 

etapze unda Seivsos ganawilebis cxrilis erTi ujredi, Tanac ise, rom 

an bolomde iyos dakmayofilebuli romelime moTxovna, an saqoneli 

sruliad gadaziduli aRmoCndes romelime momwodebelTan. 

 pirvel SemTxvevaSi ganawilebis cxrilidan SeiZleba gamoiricxos 

is sveti, romelSiac Seivseba erTi ujredi, xolo meoreSi ki - 

striqoni. orive SemTxvevaSi miiReba ganawilebis axali cxrili 

romelSiac an svetTa raodenoba, an striqonTa raodenoba erTiT naklebi 

iqneba wina cxrilTan SedarebiT. Tu ase vimoqmedebT (m+n-2)-jer, cxadia, 

miviRebT cxrils, romelSiac iqneba mxolod TiTo-TiTo striqoni da 

sveti, e.i. iqneba erTi carieli ujredi. balansis pirobis gamo 



116 
 

darCenili moTxovnis Sesabamisi saqonlis raodenoba toli iqneba 

saqonlis im raodenobisa, romelic darCenili striqonis Sesabamis 

mimwodebels gaaCnia. am ujredis Sevsebis Semdeg aRmoCndeba, rom mTeli 

saqoneli mimwodeblisagan gadazidulia da yvela moTxovna bolomde 

dakmayofilebulia. 

 amrigad, Tu (m+n-1)-jer gavimeorebT zemoT aRweril moqmedebas, 

miviRebT sayrden amonaxsns, romelic Seesabameba im xij ujredebs, 

romlebic aRmoCndebian Sevsebuli, cxadia maTi raodenoba (m+n-1)-is 

toli iqneba. 

 SevniSnoT, rom sayrdeni amonaxsnis povnis aseTi meTodis 

gamoyenebis dros SeiZleba romelime etapze romeliRac mimwodebelTan 

aRmoCndes saqonlis iseTi raodenoba, romelic darCenili 

momxmareblebidan erT-erTis moTxovnis tolia. maSin, Tu miviRebT 

gadawyvetilebas, rom saqoneli gadaizidos xsenebuli miwodeblidan 

miTiTebul momxmarebelTan, Sesabamisi ujredis Sevsebis Semdeg, cxrilis 

moculoba unda Semcirdes rogorc erTi striqoniT, ise erTi svetiTac. 

aman ki SeiZleba gamoiwvios erTi bazisuri ujredis (cvladis) dakargva. 

amitom unda vigulisxmoT, rom cxrilis moculoba Semcirdeba erTi 

svetiT an erTi striqoniT da Sesabamisad, dasaxelebul mimwodebelTan 

darCeba kidev saqonlis naSTi, romelic, cxadia,  nulis tolia, an 

miTiTebul momxmarebelTan kidev unda gadaizidos saqonlis nulovani 

raodenoba. aseTi moqmedebis Sedegad bazisuri ujredi ar daikargeba. 

 sayrdeni amoxsnis povnis am zogad meTodTan dakavSirebiT 

SevniSnoT, rom ar aris aucilebeli amovweroT yvela Sualeduri 

ganawilebis cxrili, romelic miiReba svetebisa da striqonebis 

amoSliT. es procesi unda xdebodes azrobrivad da sasurvelia erTi 

cxrilis farglebSi. 
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 ganvixiloT transportis amocanis pirveli sayrdeni amonaxsnis 

povnis ori konkretuli meTodi: diagonaluri meTodi (Crdilo-

dasavleTis kuTxis meTodi) da umciresi tarifis meTodi (cxrilis 

umciresi elementis meTodi). 

 diagonaluri meTodis gamoyenebiT ganawilebis cxrilis Sevseba 

iwyeba x11 ujredis SevsebiT da mTavrdeba xmn ujredis SevsebiT. Sevsebis 

yovel etapze Seivseba ukiduresi marcxena (Crdilo-dasavleTi) ujredi. 

 ganvixiloT es meTodi konkretul magaliTze. amocanis piroba 

mocemulia ganawilebis cxrilSi (cxr. 10.2, romelic faqtiurad ukve 

Sevsebulia) 

                                                          cxrili 10.2 

 

mimwodebeli 
punqtebi 

daniSnulebis punqtebi 
maragi 

B1 B2 B3 B4 

 
A1 

              2,5 

 
70 

                3 

 
20 

                         4 

 
                         3  

90 

 
A2 

                     4 ,5                          3 

 
10 

                      1,5 

 
20 

                      1,5 

 
0 

 
30 

 
A3 

                         2                          1                       3,5                          2 

 

40 

 
40 

moTxovna 70 30 20 40 160  

 
 
x11 ujredSi unda Caiweros 70, vinaidan es aris B1 momxmareblis 

moTxovna da misi dakmayofileba SeuZlia A1 mimwodebels. amis Semdeg 

cxrili Semcirdeba B1-is Sesabamisi svetiT, xolo A1 mimwodeblis naSTi 

iqneba saqonlis 20 erTeuli, romelic unda gadaizidos B2 

momxmarebelTan da amis Semdeg waiSleba (warmosaxvaSi) A1-is Sesabamisi 

striqoni. maSasadame Cveni cxrili ukve Semcirebulia pirveli svetiTa 

da pirveli striqoniT. B2 momxmareblis moTxovnis dasakmayofileblad 
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saWiroa kidev saqonlis 10 erTeuli, romelic SeiZleba gadmoizidos A2 

mimwodeblidan, amis Semdeg A2-s darCeba saqonlis 20 erTeuli, xolo B2 

sveti ki waiSleba.  

B3 moTxovna aris saqonlis 20 erTeuli swored imdeni, ramdenic 

darCa A2 maragSi, amitom B3 dakmayofilebis Semdeg (x23 ujredis Sevseba) 

da misi svetis amoSlis Semdeg, A2-is nulovani naSTi unda SevitanoT x24 

ujredSi. maSasadame, Sesavsebi darCa  x34 ujredi, romelic Seivseba 40-

iT (B4-is moTxovna da A3-is maragi). amgvarad, ganawilebis cxrili 

sabolood Seivso (cxr.10.2). 

 cxrilidan Cans, rom bazisuri cvladebia x11, x12, x22, x23, x24, x34, xolo 

danarCeni cvladebi ki warmoadgenen Tavisufal cvladebs. cxadia, rom 

pirveli bazisuri amonaxsni (sayrdeni amonaxsni) Semdegia: 

                             x11=70,   x12=20,   x22=10,  x23=20,   x24=0,   x34=40, 

e.i. gvaqvs gadagvarebuli SemTxveva. miznis funqciis mniSvneloba ki 

tolia 

                F=2,5 . 70+3 . 20+3 . 10+1,5 . 20+1,5 . 0+2 . 40=375. 

unda vivaraudoT, rom miznis funqciis es mniSvneloba ar iqneba 

minimaluri, raSic Semdeg davrwmundebiT. 

 axla gavecnoT pirveli sayrdeni amonaxsnis moZebnis umciresi 

tarifis meTods. 

 am meTodiT sargeblobisas, yovel etapze unda Seivsos cxrilis is 

ujredi, romlis Sesabamisi tarific umciresia, amasTan, Tu 

dakmayofilebulia Sesabamisi moTxovna, unda amoiSalos Sesabamisi sveti, 

xolo Tu sruliad gaizideba Sesabamisi mimwodeblis saqoneli, maSin 

unda amoiSalos Sesabamisi striqoni. Tu umciresi tarifis Sesabamisi 

ramdenime ujredia, maSin SegviZlia SevarCioT nebismieri maT Soris. 

magaliTad is, romlis meore indeqsia umciresi, Tu aseTebic aRmoCndeba 

ramdenime, maSin SevarCioT maT Soris is, romlis pirveli indeqsic 
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iqneba umciresi. gamoviyenoT es meTodi ukve ganxilul amocanaSi 

(cxrili 10.2-is sawyisi mdgomareoba). 

 vinaidan gadazidvebis umciresi tarifi Seesabameba X32  ujreds, 

amitom pirvelad is unda SevavsoT. am ujredis Sesabamisi B2 

momxmareblis moTxovna 30 erTeulis tolia, rac gaaCnia A3 mimwodebels 

(a3=40). am ujredis Sevsebis Semdeg unda amoiSalos B2-is Sesabamisi 

sveti. Semdeg etapze unda Seivsos X23 ujredi (unda Caiweros 20), 

maSasadame, ori etapis Semdeg ukve amoSlilia B2 da B3 svetebi, A1-is 

saqonlis maragi xelSeuxebelia, xolo A2 da A3-Si darCenilia saqonlis 

10 erTeuli TiToeulSi. momdevno etapze unda SevavsoT X24 ujredi 

(CavweroT 10) da amovSaloT A2-is Sesabamisi striqoni. aseTi saxis 

moqmedebebis Sedegad cxrili sabolood miiRebs Semdeg saxes (cxr. 10.3) 

                                                          cxrili 10.3 
 

mimwodebeli 
punqti 

daniSnulebis punqtebi maragi 
B1 B2 B3 B4 

A1      60 _ _ 
↑ 

 _ _ _ _ _   _ _ _ _ _   _ _ 30 → 
       | 

90 

A2 | 
| 

 20      10  | 

               
30 

A3      10 ← _  _ _30 _ _ _ _ _ _ _   _ _ _ _ 40 
moTxovna 70 30 20 40 160 

 

 rogorc am cxrilidan Cans, bazisuri cvladebia {x11,x14, x23, x24, x31, x32} 

da es simravle gansxvavebulia diagonaluri meTodiT napovni bazisuri 

simravlidan. amasTan, Sesabamisi sayrdeni amonaxsnia _ 

                    x11=60,   x14=30,    x23=20,    x24=10,   x31=10,    x32=30, 

xolo miznis funqciis Sesabamisi mniSvneloba tolia: 

                    F=2,5 . 60+3 . 30+1,5 . 20+1,5 . 10+2 . 10+1 . 30=335. 

 rogorc vxedavT, miznis funqciis mniSvneloba ufro naklebia im 

sayrdeni amonaxsnisaTvis, romelic napovnia umciresi tarifis meTodiT. 
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rogorc qvemoT vnaxavT, aseTi Tanafardoba ar aris yovelTvis 

samarTliani. 

 mas Semdeg, rodesac vipoviT pirvel sayrden amonaxsns, amocanis 

saboloo amoxsnisaTvis SegviZlia gamoviyenoT simpleqs meTodi, magram 

SezRudvaTa (10.5) pirobebis konstruqciis gamo amocana SeiZleba 

amoixsnas ufro martivi meTodebiT - ganawilebis cxrilis gansazRvruli 

wesebiT gardaqmnebis saSualebiT. Cven gavecnobiT or aseT meTods: 

ganawilebis meTods da potencialTa meTods.  

 Tavidanve SevniSnoT, rom pirveli sayrdeni amonaxsnis povnis 

Sedegad cvladTa mTeli simravle daiyofa or jgufad: {xij} bazisur da 

 kx  Tavisufal cvladebad. samarTliani iqneba Semdegi gantolebebi: 

                                


 k
k

kijij xx 
,
 ,                      (10.10) 

                                



,k

kk xSSF ,                        (10.11)    

sadac  ij  bazisuri amonaxsnia, S aris F funqciis is mniSvneloba, 

romelic Seesabameba  kx  Tavisufal cvladTa simravles;  k  da  kS  

arian koeficientebi, romlebic unda ganisazRvron. kS  aris kX  

Tavisufali cvladis (ujredis) Sesabamisi tarifebis algebruli jami. 

misi gamoTvlis meTodebs Cven qvemoT gavecnobiT. 

 cxadia, rom Tu (10.11) gantolebaSi 0Sk  , maSin Sesabamisi 

sayrdeni amonaxsni iqneba optimaluri da minF=S.  xolo Tu romelime 

0Sk  , maSin SesaZlebelia F miznis funqciis kidev Semcireba. amitom  

piroba 0Sk  , yvela Tavisufali cvladisaTvis SeiZleba CaiTvalos 

optimaluri amonaxsnis pirobad. 

 imisaTvis, rom gamovTvaloT (10.10) da (10.11) gamosaxulebebSi 

monawile koeficientebis mniSvnelobebi, SemoviRoT Semdegi cneba: 
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 ganawilebis cxrilSi Caxazul iseT Caketil texils, romlis ori 

mezobeli gverdidan erTi striqonis gaswvrivaa mimarTuli, xolo meore 

ki - svetis gaswvriv da misi erTi wvero Tavisufal ujredSia, xolo 

danarCenebi ki bazisur ujredebSi _ ewodeba gadaTvlis cikli (an 

ubralod cikli). 

 SevniSnoT, rom gadaTvlis ciklSi mxolod erTi wvero unda iyos 

Tavisufal ujredSi, xolo danarCenebi ki bazisur ujredebSi, amasTan 

ar aris aucilebeli, rom yvela bazisur ujredSi iyos ciklis wvero. 

nax.10.1 warmoadgens ciklis magaliTebs. 

 

 
 
 
 
 
 
 
 
 
      a.                      b.                               g. 
                                 nax. 10.1. 

 
rogorc nax.10.1(g)-dan Cans, gadaTvlis cikli SeiZleba iyos 

TviTgadamkveTi texilic, oRond gadakveTis es wertilebi ar unda 

warmoadgendnen ciklis wveroebs. SemdgomSi, Tu cikli ar iqneba 

gadmoxazuli Sesabamis cxrilSi, Cven ubralod CamovTvliT mis wveroebs 

im rigiT, rogorc arian isini warmodgenili ciklSi. magaliTad, nax.10.1 

b–Si mocemul cikls avRniSnavT ase: M1, M2, M3, M4, M5, M6. 

 daumtkiceblad moviyvanoT gadaTvlis ciklis ramdenime Tviseba: 

 yoveli Tavisufali ujredisaTvis arsebobs gadaTvlis cikli da 

masTan erTaderTi; 

 gadaTvlis ciklis wveroTa raodenoba luwia. 
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 gadaTvlis cikls ewodeba moniSnuli, Tu mis wveroebs miwerili 

aqvT `+~ an `-~ niSani, amasTan or mezobel wveros aqvs gansxvavebuli 

niSnebi. vinaidan gadaTvlis yovel ciklSi wveroTa raodenoba luwia, 

amitom, cxadia, yovelTvis SeiZleba nebismieri ciklis moniSvna. Cven 

SemdegSi yovelTvis vigulisxmebT ciklis iseT moniSvnas, rom 

Tavisufali ujredis Sesabamisi wvero iyos dadebiTi. 

 Tu gadaTvlis moniSnul ciklSi dadebiT ujredebSi (ujredebi, 

romlebic Seesabamebian dadebiT wveroebs) Caweril ricxvebs (Tavisufali 

ujredisaTvis vigulisxmoT nuli) davumatebT raime x ricxvs, xolo 

uaryofiT ujredebSi Caweril ricxvebs gamovaklebT igive  x ricxvs, 

maSin, Tu ciklis gareT darCenili bazisuri cvladebi SeinarCuneben 

TavianT mniSvnelobebs, yvelani erTad iqnebian gantolebaTa (10.5) 

sistemis amonaxsni. am debulebis samarTlianoba gamomdinareobs (10.5) 

sistemis gantolebaTa konstruqciidan. cxadia, rom ase miRebuli axali 

amonaxsni SeiZleba ar iyos ara marto bazisuri, aramed dasaSvebic ki. es 

yvelaferi damokidebulia x cvladis mniSvnelobaze. gadaTvlis cxrilSi 

aseT moqmedebas  x  mniSvnelobiT gadaweva ewodeba. 

 ganvixiloT Cvens mier ganxilul amocanaSi (cxr.10.2) x  gadaweviT 

ciklSi gamowveuli cvlilebebi. Tu Tavisufal ujredad (wvero, 

cvladi) avirCevT  x13, maSin misi Sesabamisi gadaTvlis ciklis ujredebi 

iqneba: x13, x23, x22, x12. am ciklSi x  gadaweviT miviRebT: 

            x13= x;    x23=20- x;    x22=10+ x;    x12=20- x.         (10.12)                    

 advilad davrwmundebiT, rom ciklis gareT darCenili cvladebis 

mniSvnelobebi da (10.12) gantolebebi erTad akmayofileben amocanis 

SezRudvaTa pirobebs. vaCvenoT es, magaliTad, pirveli striqonisa da 

meore svetisaTvis: 

               x 11+ x12+ x13+ x14=70+20- x + x +0=90; 

               x12+ x22+ x32=20- x +10+x+0=30. 
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 analogiurad gamomdinareobs danarCeni striqonebisa da 

svetebisaTvis. 

 davubrundeT isev zogad SemTxvevas. Tu gadaTvlis ciklSi x 

gadawevisas x mivaniWebT ciklis uaryofiTi wveroebis Sesabamis 

mniSvnelobebs Soris umciress, maSin bazisur cvladebs Soris erTi 

mainc gaxdeba nulis toli. Tu aseTi bazisuri cvladebidan erT-erTs 

gadavaqcevT Tavisufal cvladad, xolo mis magivrad bazisur cvladTa 

simravleSi gadmovitanT ciklis erT-erT Tavisufal cvlads, maSin 

miviRebT axal baziss da Sesabamisad, axal amonaxsns. x cvladis 

mniSvnelobis SerCevis pirobis gamo (minimaluri mniSvneloba ciklis 

uaryofiT wveroebis Sesabamis mniSvnelobebs Soris) axali amonaxsnic 

iqneba bazisuri (igulisxmeba, rom ciklis gareT darCenili cvladebi 

inarCuneben TavianT Zvel mniSvnelobebs). SemdgomSi Cven romelime 

Tavisufali cvladis Sesabamis gadaTvlis cikls SevadgenT ZiriTadad 

imisaTvis, rom es Tavisufali cvladi gadavaqcioT bazisur cvladad. 

 Cveni amocanisaTvis (10.12) gantolebebidan miviRebT, rom  

        x 13=20;   x23=0;   x22=30;   x12=0,  vinaidan  min{20,20}=20. 

 rogorc vxedavT, aq erTdroulad orma cvladma x23 da x12 miiRo 

nulovani mniSvneloba. Tu erT-erTs maTgans, magaliTad x23 gadavaqcevT 

Tavisufal cvladad, maSin meore x12 cvladi unda darCes bazisur 

cvladad. am SemTxvevaSi axali bazisuri amonaxsni iqneba: 

x11=70;   x12=0;   x13=20;   x22=30;   x24=0;   x34=40. 

gamovTvaloT F funqciis Sesabamisi mniSvneloba, miviRebT: 

F=2,5 . 70 + 3 . 0 + 4 . 20 + 3 . 30 + 1,5 . 0 + 2 . 40 = 425. 

rogorc vxedavT, axal bazisze gadasvlam gamoiwvia F funqciis 

mniSvnelobebis gazrda. 

 Tu igive cxrilSi ganvixilavT x14 ujredis Sesabamis gadaTvlis 

cikls: x14, x24, x22, x12, maSin x14 miiRebs nulovan mniSvnelobas da is 
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gadaiqceva bazisur cvladad x24 bazisuri cvladis magivrad. cxadia, am 

SemTxvevaSi arc erTi sxva cvladi ar Seicvlis Tavis mniSvnelobas. 

Tavis mniSvnelobas ar Seicvlis, agreTve, F funqciac, is SeinarCunebs 

Tavis Zvel mniSvnelobas F=375. aseT viTarebas wavawydebiT yovelTvis, 

rodesac gveqneba gadagvarebuli SemTxveva (erT-erTi bazisuri cvladis 

mniSvneloba nulis toli iqneba) da gadaTvlis ciklis uaryofiT 

ujredebs Soris aRmoCndeba nulovani bazisuri ujredi. 

 Tu avirCevT x31-is Sesabamis gadaTvlis cikls igive cxrilSi: x31, 

x34, x24, x22, x12, x11, maSin miznis funqciis mniSvneloba Semcirdeba aTi 

erTeuliT: F=365, xolo bazisuri amonaxsni ki iqneba: 

x11=60;  x12=30;  x23=20;  x24=10; x31=10;  x34=30. 

 amgvarad, Cven vxedavT, rom miznis funqcia SeiZleba gaizardos, 

Semcirdes an igive darCes imis mixedviT, Tu romeli Tavisufali 

cvladis Sesabamis gadaTvlis cikls avirCevT. 

 moviyvanoT daumtkiceblad Teorema (10.10) gantolebebis 

koeficientebis Sesaxeb, romelic mWidrodaa dakavSirebuli gadaTvlis 

ciklis cnebasTan. 

Teorema. (10.10) gantolebaTa sistemaSi k  koeficientebi 

Rebuloben 1 -is tol mniSvnelobebs imis mixedviT, Tu rogoria ijx   

bazisuri ujredebi kx  Tavisufali ujredis Sesabamis gadaTvlis 

ciklSi. kerZod, Tu ijx  ujredi dadebiTia, maSin 1k  ,  Tu 

uaryofiTia 1k  , xolo Tu ijx  saerTod ar warmoadgens am 

gadaTvlis ciklis wveros, maSin 0k . 

am Teoremaze dayrdnobiT davamtkicoT, rom (10.11) gamosaxulebaSi 

kx  cvladis Sesabamisi kS  koeficienti ( kx  Tavisufali cvladis 

Sesabamisi tarifebis algebruli jami) SeiZleba gamoiTvalos Semdegi 

formuliT: 
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     uuvrpgpgfkfkk CCCCCCCS  ,           (10.13) 

sadac  ukfk CCC ,...,,  warmoadgenen kx  Tavisufali cvladis (ujredis) 

Sesabamisi gadaTvlis ciklis wveroebis (ujredebis) Sesabamis tarifebs. 

maSasadame Cven vgulisxmobT, rom kx  Tavisufali cvladis 

Sesabamisi ciklia: 

                   uuvrpgpgfkfk xxxxxxx ,,,,,,, ,                   (10.14) 

sadac wveroebi (ujredebi) im TanmimdevrobiTaa ganlagebuli, romliTac 

SemovuvliT cikls Tu vimoZravebT kx  wverodan (cxadia, rom am 

SemTxvevaSi kfx  da ux  aucileblad uaryofiTi wveroebi iqnebian, rogorc 

kx  ujredis uSualo mezoblebi ciklSi).  

 davamtkicoT (10.13) formula. 

zemoT moyvanili Teoremidan gamomdinareobs, rom kx   Tavisufali 

cvladi miiRebs monawileobas, mxolod da mxolod (10.14) ciklSi 

monawile bazisuri cvladebis (10.10) saxis daSlaSi. amitom Tu 

gaviTvaliswinebT (10.14) gadaTvlis ciklSi bazisuri ujredebis 

mimdevrobas mxolod kx  Tavisufali cvladisaTvis, (10.10)-dan SegviZlia 

davweroT: 
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kkf
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xx

                    (10.15) 

Tu gantolebaTa (10.15) sistemas gaviTvaliswinebT (10.6)-Si da 

amovweroT mxolod kx  Tavisufali cvladis Sesabamis gadaTvlis ciklSi 

monawile cvladebs (vinaidan mxolod maTgan SeiZleba Semovides (10.6)-Si 

kx  cvladi), miviRebT: 
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  











kkkuuvrpgpgfkfk

uuuvuvrprpgpgpgfgfkfkfkk

xSxCCCCCCC
xCxCxCxCxCxCxCF

 

e.i. (10.13) formula samarTliani yofila. 

 damtkicebuli (10.13) formula gvaZlevs saSualebas CamovweroT 

wesebis mimdevroba, romelTa Sesruleba migviyvans transportis amocanis 

amoxsnamde, Tu cnobilia pirveli sayrdeni amonaxsni. wesebis am 

erTobliobas ewodeba ganawilebis meTodi. CamovayaliboT es meTodi. 

1.  gamovTvaloT yvela Tavisufali cvladis Sesabamisi tarifebis 

algebruli jami (10.13) formuliT. 

2.  Tu tarifebis yvela jami gamovida arauaryofiTi, maSin napovni 

sayrdeni amonaxsni optimaluria da gamoTvlebi unda damTavrdes. Tu maT 

Soris aRmoCnda uaryofiTebi, amovarCioT nebismieri (SegviZlia 

gamoviyenoT iseTive wesi, romelic iyo mocemuli minimaluri tarifis 

meTodiT pirveli sayrdeni amonaxsnis sapovnelad), vTqvaT, 0Sk  .  

3.  kx  Tavisufali cvladi gadavaqcioT bazisur cvladad, xolo 

mis magivrad Tavisufal cvladTa simravleSi gadmoviyvanoT erT-erTi im 

bazisuri cvladebidan, romelic miiRebs nulovan mniSvnelobas. 

4.  1-3 punqtebSi miTiTebuli procesi gavimeoroT manam, sanam ar 

miviRebT iseT sayrden amonaxsns, romlisTvisac nebismieri Tavisufali 

cvladis Sesabamisi tarifebis algebruli jami iqneba arauaryofiTi, anu 

sanam ar vipoviT optimalur amonaxsns. 

 am meTodiT amovxsnaT Cvens mier moyvanili amocana. mxolod axla 

gamoviyenoT umciresi tarifis meTodiT napovni pirveli sayrdeni 

amonaxsni (cxr.10.3), vinaidan am SemTxvevaSi F funqciis mniSvneloba 

naklebia. 

 gamovTvaloT yvela Tavisufali cvladis Sesabamisi tarifebis 

algebruli jami: 
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05,1125,23CCCCS 3231111212  ; 

0135,15,14CCCCS 1424231313  ; 

05,35,135,25,4CCCCS 2414112121  ; 

05,2235,2213CCCCCCS 24141131322222  ; 

0125,235,15,15,3CCCCCCS 31111424233333  ; 

05,035,222CCCCS 1411313434  . 

gamoTvlebi gviCvenebs, rom mxolod x34 Tavisufali cvladis 

Sesabamisi tarifebis algebruli jamia uaryofiTi. am cvladis Sesabamisi 

cikli iqneba: x34, x31, x11, x14, (cxrilSi is punqtiriTaa naCvenebi). amasTan, 

uaryofiTi wveroebia x31 da x14. amitom minimumi maT Sesabamis 

mniSvnelobebs Soris unda moiZebnos, gveqneba: 

min{10,30}=10. 

maSin axali sayrdeni amonaxsni iqneba: 

              x11=70;   x14=20;   x23=20;   x24=10;   x32=30;   x34=10,               (10.16) 

xolo F funqciis Sesabamisi mniSvneloba ki 

            330102301105,1205,1203705,2F  .        (10.17) 

 Tu axali Tavisufali cvladebisaTvis gamovTvliT maTi Sesabamisi 

tarifebis algebrul jamebs, vnaxavT, rom yvela arauaryofiTia, 

maSasadame, (10.16) yofila optimaluri amonaxsni, xolo (10.17) ki miznis 

funqciis minimaluri mniSvneloba. 

 axla ganvixiloT kS  koeficientebis gamoTvlis potencialTa 

meTodi. potencialTa meTodSi Ai da Bj punqtebs miewerebaT, Sesabamisad, 

i  da j  potencialebi ( n,1j;m,1i  ), romlebic dakavSirebuli arian 

gantolebiT 

                    )n,1j;m,1i(,Cijji                    (10.18) 

sadac ijC  aris bazisuri cvladis Sesabamisi tarifi. 
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 cxadia, rom (10.18) aris (m+n-1) gantolebebisagan Semdgari 

gantolebaTa sistema cvladTa (m+n) raodenobiT. cnobilia, rom am 

gantolebaTa sistemas yovelTvis aqvs amonaxsni, amasTan Tu romelime 

sidides mivaniWebT raime sawyis mniSvnelobas, danarCeni sidideebi 

calsaxad ganisazRvreba. 

 vTqvaT,  n21m21 ,...,,,,...,,   aris (10.18)-is raime amonaxsni. 

kx  Tavisufali cvladis Sesabamisi arapirdapiri tarifi ewodeba '
kC   

sidides, romelic gamoiTvleba Semdegi formuliT: 

                                 k
'
kC .                       (10.19) 

davamtkicoT, rom samarTliania Semdegi toloba: 

                        '
kkk CCS   ,                   (10.20)       

am tolobis dasamtkiceblad (10.13) formulaSi CavsvaT kx  

Tavisufali cvladis Sesabamisi gadaTvlis ciklSi monawile bazisuri 

cvladebis Sesabamisi tarifebis (10.18) warmodgena potencialebis 

saSualebiT: 

         ).()()(
)()()()(

lkkluvu

prpgfgfkkk

C
CS











 
       (10.21) 

Tu (10.21) formulaSi gaviTvaliswinebT (10.19), maSin miviRebT (10.20) 

tolobas. 

 amovxsnaT potencialTa meTodiT transportis amocana, romelsac 

Seesabameba Ria maTematikuri modeli. am amocanis monacemebi Cawerilia 

cxrilSi (cxr.10.4) 
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                                                         cxrili 10.4. 
 

miwodebis 
punqtebi 

daniSnulebis punqtebi maragi 
B1 B2 B3 B4 

A1                                2 

 
 
60              40 

                              7 
               _  __ _ 

          ↑ 
10       |        

                               4 

__ __ __ __  

                               0  
__ __ → 
              | 
              |    30 

70 

A2                                4                 |               5 

50       |       50 
                               8                      |          0 

              | 
50 

A3                                3 

 
                  20 

                |               6 

        ←  __  
15              25 

                               2 

__ __ __ __ 
35              35 

             ↓         0 

__ __ __ 
30               

80 

moTxovna 60 75 35 30  
 
 am cxrilSi B4 fiqtiuri mimxmarebelia, romlis moTxovna b4=200-

170=30 (Warbi saqoneli). cxrilis qveda marcxena kuTxeSi Cawerilia 

pirveli sayrdeni amonaxsni, romelic napovnia diagonaluri meTodiT, 

xolo qveda marjvena kuTxeSi ki - pirveli sayrdeni amonaxsni, romelic 

napovnia umciresi tarifis meTodiT. miznis funqciis mniSvnelobebi 

Sesabamisad tolia _ 600 diagonaluri meTodisaTvis, 610 _ umciresi 

tarifis meTodisaTvis. gamoviyenoT diagonaluri meTodiT napovni 

pirveli sayrdeni amonaxsni. davweroT potencialebis gantolebaTa 

sistema: 

                  
0;2

;6;5;7;2

4333

23222111








,           (10.22) 

mivaniWoT 3 -s nulovani mniSvneloba 03  , maSin 0;2;6 432   ; 

1;1;1 211   . axla gamovTvaloT Tavisufali cvladebis 

Sesabamisi arapirdapiri tarifebi 3C '
13  ; 1C '

14  ; 0C '
21  ; 1C '

23  ; 

1C '
24  ; 1C '

31  , xolo Sesabamisi tarifebis algebruli jamebi ki 

toli iqneba: 

            2S;1S;7S;4S;1S;1S 312423211413  .           (10.23) 

(10.23) sistemaSi mxolod 01S14  . SevadginoT x14  Tavisufali 

cvladis Sesabamisi gadaTvlis cikli. cxadia es iqneba x14, x34, x32, x12 
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(cxrilSi is punqtiriTaa aRniSnuli). vinaidan ciklis uaryofiTi 

ujredebidan minimaluri elementi Seesabameba x12 ujreds, amitom miviRebT 

x14=10;  x34=20;  x32=25, xolo x12   gadaiqceva Tavisufal cvladad. amrigad, 

axali sayrdeni amonaxsni iqneba: 

                x11=60;    x14=10;    x22=50;   x32=25;   x33=35;   x34=20,           (10.24)   

xolo miznis funqciis Sesabamisi mniSvneloba ki - F=590. 

 Tu SevadgenT axali bazisuri cvladebis mimarT potencialTa 

gantolebebs (gantolebaTa (10.22) sistemis nacvlad gveqneba 

gantolebaTa iseTi sistema, romelSic (10.22) sistemis 721     

gantolebis magivrad iqneba 041    gantoleba, danarCeni gantolebebi 

igive iqnebian) da CavatarebT potencialTa meTodis Sesabamis danarCen 

gamoTvlebs, davrwmundebiT, rom (10.24) aris optimaluri amonaxsni da 

minF=590. garda amisa, (10.24) sistemidan gamomdinareobs, rom Warbi 

saqonlis 10 erTeuli unda darCes A1 punqtSi da 20 erTeuli ki - A2 

punqtSi. 

gavaanalizoT satransporto amocanis oraduli amocana. upirveles 

yovlisa SevadginoT oraduli amocana. amisaTvis (10.5) gantolebaTa 

sistemas mivceT iseTi saxe, rom oraduli iyos maqsimumis amocana.                           











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

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

2121

2121

njbxxxbxxxII

miaxxxaxxxI

jmjjjjmjjj

iiniiiinii
           (10.25)     

aRvniSnoT Sesabamisad iu  da iu   cvladebiT (10.25) sistemis I 

utolobebis pirveli da meore nawilebis i -uri utolobebis marcxena 

mxareebi. analogiurad, iv da iv   cvladebiT aRvniSnoT igive sistemis II 

utolobebis pirveli da meore nawilebis j -uri utolobebis marcxena 

mxareebi. garda amisa, SemovitanoT iu  da jv  cvladebi Semdegi 

gantolebebiT: 
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,1,

,1,
.                         (10.26) 

Semotanili aRniSvnebiT (10.5) _ (10.6) satransporto amocanis 

oraduli iqneba maqsimumis Semdegi amocana: 

              njmiCvu ijji ,1.,1,  ,                     (10.27) 

                

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n

j
jj

m

i
ii vbua

11
.                            (10.28)    

rogorc §7-Si iyo aRniSnuli, (10.27)-(10.28) oraduli amocanisaTvis 

cvladebi iu  da jv  zogadad ar akmayofileben arauaryofiTobis pirobebs, 

amitom (10.27)-(10.28) ar warmoadgens wdsa-s.   

satransporto amocanis oradul amocanas aqvs sakmaod martivi 

ekonomikuri azri. oraduli amocanis ).1( miui   cvladi, romlic 

Seesabameba pirdapiri amocanis pirveli m gantolebebis i -ur  

gantolebas, SeiZleba warmovidginoT rogorc erTeuli saqonlis fasi 

(saqonlis Rirebulebis Sefaseba), romelic gaaCnia i -ur momwodebels. mas 

i-uri momwodeblis potencials uwodeben. cvladi ).1( njv j  , romelic 

Seesabameba pirdapiri amocanis bolo n  gantolebebis j-ur gantolebas, 

warmogvidgeba rogorc saqonlis erTeulis fasi (saqonlis Rirebulebis 

Sefaseba), romelic miwodebulia j-uri momxmareblisaTvis. mas j-uri 

momxmareblis potencials uwodeben. oraduli amocanis arsi imaSi 

mdgomareobs, rom minimumamde iyos dayvanili sxvaoba saqonlis jamur 

Rirebulebasa, romelic miwodebulia momxmareblisaTvis da saqonlis 

jamur Rirebulebas Soris, romelic gaaCniaT momwodeblebs (miznis 

(10.28) funqcia). amasTan, daculi unda iyos piroba: sxvaoba erTeuli 

saqonlis fassa, romelic miwodebulia momxmareblisaTvis da erTeuli 

saqonlis fass Soris, romelic gaaCnia momwodebels ar unda 
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aRematebodes saqonlis erTeulis gadazidvis fass, Sesabamisi 

momwodeblidan momxmareblamde (utolobaTa (10.27) sistema).   

CamovayaliboT kantoroviCis kriteriumi (10.5)-(10.6) satransporto 

amocanis amonaxsnis optimalurobis Sesaxeb, oradulobis TeoriaSi 

ganxiluli Teoremebisa da Semotanili potencialebis gaTvaliswinebiT.  

Teorema. imisaTvis rom ,,1;,1),( njmixX ij  gadazidvebis gegma iyos 

optimaluri, aucilebelia da sakmarisi, arsebobdes momwodeblebisa da 

momxmareblis iseTi ).1( miui   da ).1( njv j   potencialebi, rom: 

     _ potencialTa sxvaoba yovel momxmarebelsa da momwodebels 

Soris ar unda aRematebodes erTeuli saqonlis gadazidvis Sesabamis 

tarifs:             

               njmiCuv ijij ,1.,1,  .                  (10.29) 

_ Tu X  gegmiT adgili aqvs romelime momwodeblidan romelime  

momxmarebelze saqonlis miwodebas, maSin maT potencialTa sxvaoba 

erTeuli saqonlis gadazidvis tarifis tolia, e.i. 

                   Tu ,0ijx  maSin .ijij Cuv                     (10.30) 

am debulebis samarTlianoba gamomdinareobs oradulobis meore 

ZiriTadi Teoremidan (formula (7.26)). 

aucilebelia aRvniSnoT, rom satransporto amocanaSi oraduli 

fasebi warmoadgenen lokalur fasebs (an fasTa namatebs erTian 

tarifebze), romelic ganisazRvreba konkretuli momwodeblisa Tu 

momxmareblis  mixedviT, rac TavisTavad ganapirobebs gadazidvebis swori 

mimarTulebebis dagegmvas. gadazidvebis gegmis optimalurobis niSnis 

aseTi interpretacia warmoadgens maTematikurad dadasturebul Semdeg 

debulebas: Tu romelime gadazidva ganxorcielda, maSin saqonlis 

erTeulis fasi jv momxmarebelTan toli iqneba erTeuli saqonlis fasisa 

momwodebelTan iu , romelic gazrdilia erTeul saqonelze satransporto 
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xarjebiT ;ijC sxva SemTxvevebSi fasi jv  ver gadaaWarbebs ,iji cu  jams, 

vinaidan saqoneli j-ur momxmarebelTan aseTi fasiT SesaZlebelia 

gadaizidos i -uri momwodeblidan mxolod satransporto ijC xarjiT. 

maSasadame, ,ijij Cuv  e.i. orive ganxilul SemTxvevaSi fasTa sxvaobebi 

ar aWarbeben gadazidvis xarjebs. 

konkretul magaliTze dayrdnobiT ganvixiloT satransporto 

amocanis amoxsnis meTodi programa “Excel”-is saSualebiT. kerZod 

ganvixiloT Semdegi satransporto amocana. 

  10.1   

miwodebis 

punqtebi 

daniSnulebis punqtebi 

 maragi 

B1 B2 B3 

A1 
1 2 3 

200 

A2 
3 4                            2 

200 

A3 
1 2                             

                      

1 
200 

moTxovna 180 180 240  
 

 movaxdinoT aRniSnuli amocanis realizacia “Excel”-ze, Semdegi 

sqemis mixedviT: 

2. avmuSavoT programa Excel (Start→Programs→Microsoft Office→Microsoft 

    Excel); 

8. gavaaqtiuroT (Tu ar aris gaaqtiurebuli) Excel-is 

instrumentuli saSualeba Solver (Tools→Add-ins→Solver); 

9. amocanis monacemebi SevitanoT cxrilSi Semdegi saxiT: 

 B3-D3 ujrebSi SevitanoT (10.1) amocaniT mocemuli Sesabamisi 

gadazidvis tarifebi; 

 E3-E5 ujrebSi SevitanoT A1, A2 da  A3 punqtebSi arsebuli 

maragis Sesabamisi raodenoba; 
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 B6-D6 ujrebSi SevitanoT B1,B2 da B3 punqtebSi  arsebuli 

moTxovnis raodenoba; 

10. am cxrilis qveviT movaTavsoT analogiuri cxrili im 

gansxvavebiT, rom – 

a. E9-E11 ujrebSi SeviyvanoT formulebi, romlis 

saSualebiTac gamoiTvleba A1, A2 da A3 punqtebidan 

gatanili produqciis raodenoba, kerZod: 

    E9  - Si - = B9+C9+D9; 
E10- Si - = B10+C10+D10; 

           E11- Si - = B11+C11+D11. 
b. B12-D12 ujrebSi SeviyvanoT formulebi, romlis 

saSualebiTac gamoiTvleba B1,B2 da B3 punqtebSi Setanili 

produqciis raodenoba, kerZod: 

    B12 – Si  - = B9+B10+B11; 
           C12 – Si  - = C9+C10+C11; 

D12 – Si  - = D9+D10+D11. 
11. F12 ujraSi SeviyvanoT miznis funqciis mniSvnelobis gamosaTv-  

leli  formula, anu transportirebis mTliani danaxarji:  

=B3*B9+C3*C9+D3*D9+B4*B10+C4*C10+D4*D10+B5*B11+C5*C11+D5*D11.     

   1-5 punqtebis Sesrulebis Sedegad  Excel-is furcels eqneba 

Semdegi saxe:  
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12. avamuSavoT Excel-is instrumentuli saSualeba Solver 

(Tools→Solver),  

ris Sedegadac gamoCndeba dialoguri fanjara, romlis punqtebsac 

SevavsebT qvemoT naCvenebi sqemis mixedviT: 

                             

   
 

sadac 

 “Set Target Cell” (qarT. - miuTiTeT  miznis ujra) gaswvriv 

unda mivuTiToT is ujra, sadac fiqsirdeba optimaluri 

mniSvneloba, Cvens SemTxvevaSi aseTi ujra aris $F$12; 

 “Equal  To” (qarT. – romelic udris) gaswvris unda avirCioT 

Max an Min, amocanis pirobidan gamomdinare, Cvens SemTxvevaSi 

– Min; 

 “By Changing cells” (qarT. – cvalebadi ujrebisaTvis)-Si unda 

mivuTiToT is ujrebi, romelTa mniSvnelobebi icvleba da 

sadac mieTiTeba amonaxsni, Cvens SemTxvevaSi aseTi ujrebia 

$B$9:$D$11 ujrebi;  

 “Subject to the Constraints”  (qarT. – SezRudvebi) – Si unda 

mivuTiToT SezRudvebi. Cvens SemTxvevaSi es aris $E$9 - $E$11 

ujrebSi arsebul formulebze SezRudvebi, anu maragze 

SezRudvebi da $B$12 - $D$12 ujrebSi arsebul formulebze 
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SezRudvebi, anu moTxovnaze SezRudvebi. kerZod maTi 

mniSvnelobebi Sesabamisad ar unda aRematebodnen $E$3 - $E$5 da   

$B$6 - $D$6  ujrebSi dafiqsirebul mniSvnelobebs; 

 “Options” (qarT. – parametrebi) – Si virCevT “Assume Linear 

Model” (qarT. – wrfivi modeli)  da  “Assume Non-negative” 

(qarT. – arauaryofiTi mniSvnelobebi) punqtebs; 

13. bolos vaZlevT brZanebas Solve. optimizaciis warmatebiT     

dasrulebis SemTxvevaSi gamoCndeba rezultatebis fanjara, sadac 

miTiTebuli iqneba amonaxsni. Cvens SemTxvevaSi gveqneba: 

 

       
 

 

 amrigad, miviReT Semdegi rezultati: 10.1  amocanaSi 

transportirebis minimaluri danaxarji Seadgens 980 lars, romelic 

miiRweva zemoT miRebuli transportirebis gegmis Sedegad. 
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savarjiSoebi 

 

10.2-10.6 satransporto amocanebi amoxseniT programa “Excel”-is 

gamoyenebiT. 

10.2 

 

miwodebis 

punqtebi 

daniSnulebis punqtebi 

 maragi 

B1 B2 B3 

A1 
2 4 3 

300 

A2 
3 2                            1 

400 

A3 
2 2                             

                      

3 
200 

moTxovna 350 250 300  
 
  10.3 

 

miwodebis 

punqtebi 

daniSnulebis punqtebi 

 maragi 

B1 B2 B3 

A1 
3 1 4 

750 

A2 
2 3                            1 

700 

A3 
4 2                             

                      

3 
750 

moTxovna 1000 600 600  
 

 
 10.4 

 

miwodebis 

punqtebi 

daniSnulebis punqtebi 

 maragi 

B1 B2 B3 B4 

A1 
3 1 4 2 1000 

A2 
2 3                            1 3                           

            

800 

A3 
4 2                             

                      

3 4 900 

moTxovna 650 750 750 550  
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10.5 

 

miwodebis 

punqtebi 

daniSnulebis punqtebi 

 maragi 

B1 B2 B3 B4 

A1 
4 5 5 5 800 

A2 
3 2                           4 4                          

            
800 

A3 
3 2                            

                      

1 3 800 

moTxovna 600 600 600 600  
 
 

10.6 

 

miwodebis 

punqtebi 

daniSnulebis punqtebi 

 maragi 

B1 B2 B3 B4 

A1 
1 7 9 5 700 

A2 
4 2                           6 8                         

            
700 

A3 
3 8                            

                      

1 2 700 

moTxovna 400 600 550 550  
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