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geometriuli daprogramebis amocanebis gadawyveta 
simZimis centrebis meTodiT 

nodar jiblaZe, Teimuraz imedaZe, mixeil donaZe 

saqarTvelos teqnikuri universiteti,  
baTumis saxelmwifo universiteti 

reziume 

geometriuli daprogrameba arawrfivi daprogramebis erT-erTi mniSvnelovani 

Semadgeneli nawilia da igi Seiswavlis garkveuli klasis saoptimizacio amocanebs, rom-

lebic formulirebulia specialuri saxis funqciebis - pozinomebis terminebSi.  

aRniSnuli amocanebis gadasawyvetad naSromSi SemoTavazebulia simZimis centrebis meTodi, 

romelic mravali cvladis multimodaluri funqciis absoluturi eqstremumis 

gansazRvris saSualebas iZleva sainJinro praqtikaSi misaRebi sizustiT. simZimis cen-

trebis meTodiT gadawyvetilia atomuri eleqtrosadgurebis Tbogadamcemi aparatebis 

optimaluri daproeqtebis amocana, romelSic saoptimizacio kriteriumi pozinomialur 

miznis funqcias warmoadgens.   

sakvanZo sityvebi: pozinomi. geometriuli daprogrameba. simZimis centrebis 

meTodi. absoluturi eqstremumi. atomuri eleqtrosadguri. Tbogadamcemi aparati. 

optimaluri daproeqteba. 

1. Sesavali 

geometriuli daprogrameba arawrfivi daprogramebis erT-erTi mniSvnelovani 

Semadgeneli nawilia da igi Seiswavlis garkveuli klasis saoptimizacio amocanebs, rom-

lebic formulirebulia specialuri saxis funqciebis - pozinomebis terminebSi.  

rogorc cnobilia, pozinomi ewodeba Semdegi saxis funqcias: 

1 2
1 2( ) i ni i

i i nu x A x x xαα α= L , sadac 0iA > , 0jx ≥ , 1, 2,...,j m= . aRniSnulis 

gaTvaliswinebiT, geometriuli daprogramebis amocana, umartives SemTxvevaSi, SeiZleba 

warmovadginoT Semdegi saxiT 

( ) 1 2
1 2

1
min , 1, 2,...,i ni i

m

i n j j j
i

f x A x x x a x b j nαα α

=

 
= ≤ ≤ = 

 
∑ L                (1) 

da igi Semdegnairad CamovayaliboT: saWiroa moiZebnos damoukidebeli cvladebis iseTi 

mniSvnelobebi, romlebic uzrunvelyofen pozinomialuri miznis funqciis minimalur 

mniSvnelobas utolobebiT mocemuli SezRudvebis dakmayofilebis dros. zogad SemTxveva-

Si, geometriuli daprogramebis (1) amocanaSi SesaZlebelia utolobaTa sistemac warmo-

dgenil iqnes pozinomialuri funqciebiT.  

aRniSnuli klasis saoptimizacio amocanebi umTavresad gvxvdeba sainJinro dapro-

eqtebis amocanebSi, ekonomikur gaTvlebsa da sxvadasxva saxis gamoyenebiTi amocanebis 

gadawyvetis procesSi.  
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geometriuli daprogramebis amocanebis gadasawyvetad SemuSavebulia specialuri 

saxis meTodebi [1]. naSromSi aRniSnuli amocanebis optimaluri amonaxsnebis mosaZebnad 

SemoTavazebulia simZimis centrebis meTodi [2], romelic sinJinro praqtikaSi dasaSvebi 

sizustiT uzrunvelyofs arawrfivi daprogramebis da, sazogadod, optimizaciis 

amocanebis martivad daswrafad gadawyvetas..     

2. simZimis centrebis meTodi   

ganvixiloT minimizaciis Semdegi saxis amocana: 

( ){ }min nf x x R∈ Ω ⊂ ,                              (2) 

sadac ( )f x  miznis pozinomialuri funqcia, romelic gansazRvrulia SemosazRvrul da 

Caketil simravleze 
nRΩ ⊂ . davuSvaT, rom ( )* * * *

1 2, ,..., nx x x x= ∈ Ω  optimumis erTaderTi 

wertilia, e.i. adgili aqvs Semdeg pirobas ( )*f x f x x 
 
 

< ∀ ∈Ω . 

simZimis centrebis meTodi SemuSavebulia im faqtis mtkicebis safuZvelze, rom-

lis Tanaxmad )(xf  funqciis lebegis dayofis Sedegad warmoqmnili erTmaneTSi Ca-

lagebuli SemosazRvruli da Caketili ℜ=Ω ,...,2,1, pP , simravleebis simZimis centrebis 

{ }px  mimdevroba krebadia absoluturi eqstremumis *x  wertilSi. 

)(xf  funqciis lebegis dayofiT funqciis mniSvnelobaTa cvlilebis 

[ sup ( ), inf ( ) ]f x f x  intervali davanawiloT toli sididis Sualedebad ise, 

rom Sesruldes piroba: 

1 2sup ( ) ... ... inf ( )pf x f xζ ζ ζ ζ ℜ= > > > > > = ,    1p pζ ζ ζ+− = ∆ , 

sadac ℜ  lebegis doneebis ricxvia. aRniSnuli dayofis Sedegad warmoiqmneba 

simravleebis { }pΩ mimdevroba, sadac 

( ){ }x f xp pζΩ = ≤ ⊂ Ω ,   1, 2,...,p = ℜ . 

mtkicdeba, rom roca ς ςℜ→ , sadac inf ( )f xςℜ = , miiReba uwyveti mim-

devroba erTmaneTSi Calagebuli SemosazRvruli da Caketili pΩ , 1, 2, ...,p = ℜ , 

simravleebisa, romelTa zoma nulisken miiswrafvis. maSin, funqcionaluri 

analizis cnobili Teoremis Tanaxmad, aRniSnul simravleebs erTaderTi 

saerTo wertili gaaCnia. radgan  { }* * ( ) inf ( )x x f x f xζ
ℜ

∈Ω = ≤ = , amitom am er-

TaderT wertils warmoadgens ( )f x  funqciis absoluturi minimumis *x  wer-

tili 
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*
p

p

xΩ =I . 

vinaidan pΩ  simravlis nebismieri wertilic miiswrafvis *x -sken, amitom es 

ukanaskneli SeiZleba ganisazRvros rogorc pΩ , 1,2,...,p = ℜ , simravleebis sim-

Zimis centrebis { }px  mimdevrobis zRvari, roca ζ ζ ℜ→ , e.i. 

{ }* lim px x
ζ ζℜ→

= , 

sadac 

2

2

[ ( ) ]

[ ( ) ]
p

p

p

p
p

x f x dx
x

f x dx

ζ

ζ
Ω

Ω

∫ ∫ −
=

∫ ∫ −

L

L
. 

simZimis centrebis koordinatebis gamosaTvlelad algoriTmiT gaT-

valiswinebulia monte-karlos meTodis gamoyeneba, romelic saSualebas 

gvaZlevs dasmuli amocana SemTxveviTi sidideebis modelirebis safuZvelze 

gadavwyvitoT.  

amgvarad, Tu ( )f x  funqciis mniSvnelobaTa aredan raRac konkretul 

mniSvnelobebs mivaniWebT pζ -s, sadac 1,2,...,p = ℜ , da TiToeulis SemTxvevaSi 

monte-karlos meTodiT gamoviTvliT SemTxveviTi wesiT gansazRvruli pΩ , 

1,2,...,p = ℜ  simravleebis simZimis centrebis mniSvnelobebs, maSin miviRebT 

wertilTa mimdevrobebis sistemas 

{ }1px ,  1,2,...,p = ℜ , 

{ }2 px ,  1,2,...,p = ℜ , 

                                       M           M  

 { }npx ,  1,2,...,p = ℜ , 

romelTa aproqsimacia da eqstrapolacia saSualebas gvaZlevs ganvsazRvroT 

absoluturi eqstremumis wertilis koordinatebi 1 2
* * *, ,..., nx x x . 

( )jx p  funqciebis aproqsimacia uSualod aris dakavSirebuli am funq-

ciebis Sesabamisi empiriuli wertilebis mogluvebis amocanasTan da igi um-

cires kvadratTa meTodiT gadawydeba. radgan mogluvebis amocanaSi saWiroa, 

erTi mxriv, rac SeiZleba zustad aisaxos ( , )jx p  damokidebulebis saerTo 

tendenciebi da, meore mxriv, SeZlebisdagvarad "gaswordes" monte-karlos me-

TodiT simZimis centrebis gamoTvlis Sedegad gamowveuli SemTxveviTi gada-

xrebi, amitom aproqsimaciisaTvis mizanSewonilia meore rigis polinomebis 
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gamoyeneba. es gamarTlebulia im mosazrebiTac, rom, maRali rigis polinome-

bisgan gansxvavebiT, maT ukeTesi eqstrapolaciuri Tvisebebi gaaCnia. 

simZimis centrebis meTodis safuZvelze SemuSavebulia algoriTmi da programuli 

uzrunvelyofa [3], romlis saSualebiT SesaZlebelia gadawyvetil iqnes geometriuli da-

programebis mravalganzomilebiani amocanebi. qvemoT warmodgenilia optimizaciis erT-erTi 

praqtikuli amocana - atomuri eleqtrosadgurebis Tbogadamcemi aparatebis optimaluri 

daproeqtebis amocana [4], romelSic saoptimizacio miznis funqcia warmodgenilia pozino-

mebiT da romlis optimaluri amonaxsnic moZebnilia simZimis centrebis meTodiT.   

3. atomuri eleqtrosadgurebis Tbogadamcemi aparatebis  

optimaluri daproeqtebis maTematikuri modeli 

atomur energetikaSi eleqtrosadgurebis Seqmna reaqtorebze, romlebic swraf 

neitronebze muSaoben, perspeqtiul mimarTulebad iTvleba, radgan aseTi eleqtrosadgu-

rebis damaxasiaTebeli Taviseburebaa saTbobis Rirebulebis Zalian dabali xvedriTi wili, 

rac gamomuSavebuli eleqtroenergiis Rirebulebis 0.1 nawiliT ganisazRvreba.  

atomuri eleqtrosadgurebis erT-erT ZiriTad mowyobilobas Tbogadamcemi apara-

ti warmoadgens. aRniSnuli mowyobilobis zedapiri aTobiT aTas kvadratul metr farTs 

Seadgens da mis damzadebaze aTasobiT tona foladi ixarjeba. amitom atomuri eleqtro-

sadgurebis teqnikur-ekonomikuri maxasiaTeblebis gaumjobesebaSi Tbogadamcemi aparatis 

konstruqciuli parametrebis optimizacias mniSvnelovani adgili ukavia.  

mcire birTvuli energetikis ganviTarebasTan dakavSirebiT aqtualuroba SeiZina 

iseTi kompaqturi Tbogadamcemi aparatebis SemuSavebam, romelTa gacivebis sistemis funq-

cionireba haeris saSualebiT xorcieldeba. konstruqciulad aseTi aparatebi warmoadgens 

Wadrakulad ganlagebuli Sewiboebuli milebis konas, romelSic siTbos matarebeli 

(azotis tetraqsidi) kondensacias ganicdis, milebs Soris sivrceSi ki moZraobs gamacive-

beli haeris nakadi. aRniSnul aparatebs korpusi ar gaaCnia da amitom maT Rirebulebas, 

masas da moculobas Sesabamisad gansazRvravs Sewiboebuli milebis konis Rirebuleba, masa 

da moculoba, xolo maTi Tbogadacemis efeqturoba damokidebulia iseT faqtorebze, ro-

goricaa milebis Sewiboebis parametrebi, milebis konstruqcia, maTi geometriuli zomebi, 

haeris nakadebis hidrodinamika da sxv. 

aRniSnuli Tbogadamcemi aparatebis saoptimizacio maTematikuri modeli SemuSave-

bul iqna Tbogadacemis gantolebebis safuZvelze [4]. saoptimizacio cvladebad SerCeul 

iqna Semdegi parametrebi: 1x  - milebSi siTbos matareblis sawyisi siCqare, m/wm,  2x  - ga-

macivebeli haeris nakadis siCqare viwro kveTSi, m/wm,  3x  - milebis diametri, m, 4x  - 

milis wiboebis simaRle, m, 5x  - wiboebs Soris manZili, m. Tbogadamcemi aparatis danar-
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Ceni geometriuli zomebi da maxasiaTeblebi calsaxad ganisazRvreba aRniSnuli parametre-

bis safuZvelze.   

saoptimizacio cvladi parametrebis gaTvaliswinebiT, miznis funqcia, romelic 10 

megavati simZlavris atomuri eleqtrosadguris Tbogadamcemi aparatis saerTo wonas See-

sabameba, gamoisaxeba Semdegi pozinomialuri funqciiT: 

( ) 7 0.8 1.2 1 0.8 0.2 2 1 2 2 1 2 1 0.8 1.2
1 3 4 5 1 3 4 5 3 3 4 5 3 4 5 1 310 0.4 0.4 13 5 5f x x x x x x x x x x x x x x x x x x− − − − − − −

= + + + + + +


        

(3) 

( )2 1 2 1
3 3 4 5 4 5

0.65 0.54 0.14 0.33 0.65 0.46 0.14 0.67 0.65 0.54 0.86 0.67 0.65 1.54 1.86 0.67
2 3 4 5 2 3 4 5 2 3 4 5 2 3 4 5

10 1.4 0.5 0.5

7.25 0.22 13.5 13.5

x x x x x x
x x x x x x x x x x x x x x x x

− −

− − − − − − − − −

+ +
+

− + + 
 

saoptimizacio cvladebze gaTvaliswinebulia Semdegi saxis SezRudvebi: 

j j ja x b≤ ≤ ,  1, 2,3, 4,5j = ,                          (4) 

sadac ja  da jb  mocemuli sidideebia. 

optimizaciis (3)-(4) amocana, romelSic saWiroa miznis funqciis minimizacia, 

warmoadgens geometriuli daprogramebis amocanas.  

gamoTvlebis TvalsazrisiT, aRniSnuli maTematikuri modelis opti-

maluri parametrebis gansazRvris amocana metad rTuli amocanebis katego-

rias miekuTvneba, vinaidan, rogorc gamokvlevebma gviCvena, miznis funqciis 

absoluturi minimumi metad viwro "xevis" fskerze mdebareobs da amitom ase-

Ti tipis amocanebis gadasawyvetad lokaluri meTodebis gamoyeneba ar aris 

mizanSewonili.  

4. gamoTvlebis Sedegebi 

dasmuli amocanis gadasawyvetad Cven mier gamoyenebul iqna simZimis 

centrebis meTodis safuZvelze SemuSavebuli programuli uzrunvelyofa 

Semdegi programuli parametrebiT: lebegis doneebis raodenoba 10ℜ = , sta-

tistikuri cdebis raodenoba 100S = . 

gamoTvlebis pirvel etapze, 0.1 10S =  raodenobis winaswari statisti-

kuri cdebis Catarebis Sedegad, dafiqsirebul iqna lebegis sawyisi done 

0 316 790.5ζ =  da doneebs Soris nazrdi 29 245.65ζ∆ = − , romlis safuZvelzec 

ganisazRvra mocemuli saoptimizacio funqciis mniSvnelobaTa aris lebegis 

fiqsirebuli sidideebi: 1 287 544.84ζ = , 2 258 299.19ζ = , 3 229 053.55ζ = , … 

, 10 24 333.98ζ = . xolo gamoTvlebis meore etapze, S  raodenobis ZiriTadi 
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statistikuri cdebis Catarebis Sedegad, simZimis centrebis meTodis sa-

fuZvelze ganisazRvra mocemuli  amocanis optimaluri amonaxsni: 

*
1 10x =  m/wm7 *

2 21.22x =  m/wm7 *
3 0.008x =  m7 *

4 0.002x =  m7 *
5 0.02x =  m;  

* 13 788.71f = kg 
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SOLUTION OF GEOMETRICAL PROGRAMMING PROBLEMS  
BY THE GRAVITATION CENTERS METHOD 

 Jibladze Nodar, Imedadze Teimuraz,  Donadze Mikheil 
Georgian Technical University, 

Batumi State University 

Summary 
In the article the method of centres of gravity for solving complex optimization prob-

lems of geometrical programming is offered. The method allows to determine a global extre-

mum for a multimodal multivariable function with the exactness acceptable in the engineering 

practice. The problem of optimal design of a heat-exchange apparatus of an atomic power sta-

tion is solved. 

РЕШЕНИЕ ЗАДАЧ ГЕОМЕТРИЧЕСКОГО ПРОГРАММИРОВАНИЯ  
МЕТОДОМ ЦЕНТРОВ ТЯЖЕСТИ 
Джибладзе Н., Имедадзе Т., Донадзе М. 
Грузинский технический университет 

Батумский Государственный университет   

Резюме 
Для решения сложных задач геометрического программирования в работе 

предлагается метод центров тяжести, который позволяет определить глобальный 

экстремум мультимодальной функции многих переменных с приемлемой в инженерной 

практике точностью. Методом центров тяжести решена задача оптимального 

проектирования теплообменного аппарата атомной электростанции. 
 


